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TECHNICAL FIELD [0001] This application relates to electrochemical detection. BACKGROUND
5[0002] Detectimmwdesiica in a liquid (e.g., water) can use calorimetric techmiguas;:konexagnple, a si
ca-molybdate complex can be formed and measured by measuring absorption of probe light at a
wavelength of 450 nm. Alternatively, a silica-molybdate-heteropoly blue complex can he formed. and
10 measured by measurln absorption of probe light at a wavelength of 810 nm. These and other
colorimetric processes fridred BEZ@EP@%&UBE%‘%@@%% EermitalfeageREiFRfArious steps with
each step taking up a defined period of time to allow for sufficient mixing and reaction. 15
TECHNTCAL FIELD

(00011 This application relates te electrochemical detection.

BACKGROUND

5 [0002] Detection of silica in a liguid (e.g., water) can use
colorimetric Technigques. or exarmple, a siiica-molybdate
complex can be formed and measured by measuring absorption of
probe light at a wavelength cf 450 nm. Alternatively, a
sllica-molybdate-hetercpoly blue complex can be formed and

10 measured by measuring absorption of probe light at a wavelength
of 810 nm. These and other cclorimetric processes may reguire
the addition of several chemical reagents in various steps with
cach step taking up & defined period of time to allow for

sufficient mixing and reaction.



SUMMARY [0003]Thisapplicationdescribes,amongothers, techniques, systems and apparatus related
to detecting inorganic species (e.g., silica) in water using electrochemical processes. [0003a]In a first
aspect, there is provided a method comprising: applying a voltage to a buffering solution, which
comprises a metal complex and is free of inorganic species to be detected; measuring a first current
associated with the metal complex in absence of the inorganic species; adding the inorganic species
into the buffering solution; measuring a second current associated with the metal complex in the
presence of the added inorganic species; and chtaxnirg a difference between the first current and the

second currepb tasidentify-a concentration.of the added.inarganic species in the buffering solution.
[00031,]In aﬁse%onnd aspect, there is provided agysteme c%%?)ori%f’rfg: a detection d&VicE %Smprising a

container configured t6 at ledst partiily Kol a So1G6GH ithe contained, thewsolgtfdrecomprising a
metal complex; anerarr electiicadly €onductivesmember thatds at least parti@ly&ybmqg%én the
solution, whereinthe gantaingr, solution.and the electrically conductive member configured to measure
a first curre?]b%%ge ponding to metal complex in absences of inorganic species and a second current
corresponding the thetal tdmplex inthe predaRce of inBRgEhicispedies aritkd data prodessing device
configured teoreceivel the: measuied first and secand curkents from the detegtion device;, and obtain a

difference hgtwegen thefirst cucrent and the SQQ%QT%%rentt identify a concentration of the inorganic
species. [0003c]in a third aspect, there is provided a me?ﬁlgg cjbsmp%é?n%: ggfe&?h%rg?i?ﬁcelectrical

activity of an-eledtroactivé matiftial iff abSEHES of a BRGEHHGHSlectroactive material detecting a
second eleétriealaetivity of the electioactive:material smpresencerof the target non-electrpactive

material, wherein detecting,the; first and;sgcond glectri.cal activities comprises applying an
accumulati n P?ten,tial followed by a scanni?ijg1 potentiéﬁ; olfr)%ﬁjﬁﬁ asdﬁ?egrjéﬁge Bétwer tHe first and

second elecitical actititieS" aHd idaHiifyitig & Cohtentratic’n 6PHHE target Aoh-elettroattive taterial
based on tfe dbtainée difference. [0004]lroneiembediment;-detesting aJsnetalicomplex.acludes

applying a veltage to a buffering solutionsthat includes the m omplex and is free or inorganic
species to he detected. A first current associated witﬁ%[heamegt&:#(%m%%&eis Measurdd ih Bbsence of

the inorganic species. Thbfganic §peties Afe adtehth the'buffsting sefutiodand afsecond current
associated With-thetmetalcomplex inthe presenee of the addad inorganis species.is alsgmeasured. A
difference between:the first gurrent and the second current is obtained to identify a concentration of
the added 'ﬂ%%%%“f sbefliles in the buffering solution.

a second a&spect, there is provided a system
cemprising: a detection device comprising a contaliner
configured to at least partially hold a solutiocn in the
contalner, the solution comprising a metal complex; and an
electrically conductive member that is at least partially
submerged in the solution, wherein the container, the
solution and the electrically conductive member are
configured to measure a first current corresponding to the
metal complex in absences of incrganic species and a second
current corresponding the metal complex in the prasence of
inorganic species; and a data processing device configured
to receive the measured first and second currents from the
detection device; and obtain a difference between the first
current and the second current to identify a concentration

cf the inorganic species.



[0005]implementations can optionally include one or more _of the foIIo_wing.Measunng the f|r_st and
second currents can further include applying an accumulation pptentlal followed py a scanning
potential. Applying the accumulation potential can include gpplylng an accumulation pptentlal of anI '
amplitude that includes 0.5 volts. The accumulation potential applied can also be applied for a applying

' ' [ [ lution that includes a metal complex
scanning val can include applying a voltage toa buffering so a _
such as a m?off?}%%e%m-c%r%iléct CothpRSP TRE first AnEseddnd Bumeatiscan de medsuted using a

working electratie comppsediefsismuthy, geld, carken armerckiy:Meaguring the, firstand second

[ ' [ inted electrode. Further,
currents usi WO electroge can.further.be per,formeég using.a screen prin !
the inorgani%gs@%cie%gggded carlmq igncgli"iljnd,le(’ysﬁiIicalks%pecfaéjg.sizr{1 a&dltloon, thefirstatd’§écond Etifrents

measured canTfcHigdVoltAimmdEtHt Sigrials. Méssumgithe votammetrizsignais ean hie-performed
using a stripping voltammeterh¥he:veltammetric signalstmeasured Msblﬁg @sgﬂgglgaf’_o'{%@mggncf‘h”at
be measured,using a dispo Ipping. volt meter._ pecies can be performed using a sy

includes a eqig?tiogn dg%c):ti%%%%rsfligﬁglﬁegﬁjeln %g%g%t%r? g’ew&—:‘ 400} éndat3%788§§§?ﬁg device.The
device includes™ comtaineidedigned 6 difeagt! activities comprises applying

an accumulation potential followed by a scanning potential;
obtaining a difference between the first and second
electrical activities: and identifying a concentration of
the target non-electroactive material based on the obtained
difference.
[0004] In one embodiment, detecting a metal complex
includes applying a voltage tc a buffering solution that
includes the metal complex and is free or inorganic species
to be detected. A first current associated with the metal
complex is measured in absence of the inorganic species.
Inorganic species are added into the buffering solution,
and a second current associated with the metal complex in
the presence of the added inorganic species is also
measured, A difference between the first current and the
second current is obtained to identify a concentration of
the added inorganic species in the buffering solution.
[0005] Implementations can optionally include one or
moere of the following. Measuring the first and second
currents can further include applying an accumulation
potential followed by a scanning potential. Applyving the
accumulation potential can include applying an accumulation
potential of an amplitude that includes 0.5 volts. The
accumulation potential applied can also be applied for a
period of time that includes 60 seconds. Also, applying
the scanning potential can include applying a scanning
potential having at least one from a group that includes an
amplitude of 25 millivolt, a step potential of 4 millivolt,
and a frequency of 25 hertz. Further, applying a

Za



hold a solution in the container.The solution the container includes a metal complex.The dgwce also
includes an electrically conductive member that is at least partially sut_)merged in the solutl_on. The
container, the solution and the electrically conductive member are designed to measure a first current
corresponding to the metal complex in absences of inorganic species and a second current

corresponding 1@ ke metal com@gégéthea%ef nce ofailnor‘ggf'{ca%%ecigg.Thae d%tg &rgggisqmg device
is designed to receive the measured first and s cord

solution that includes a metal complex such as a
molybdenum-chloranilate complex. The first and second
currents can be measured using a working electrode composed
of bismuth, gold, carbon or mercury. Measuring the first
and second currents using a working electrode can further
be performed using a screen printed electrode. further,
the inorganic species added can include silica species. In
addition, the first and second currents measured can
include voltammetric signals. Measuring the voltammetric
signals can be performed using a stripping voltammeter.
The wvoltammetric signals measured using a stripping
voltammeter can be measured using a disposable stripping
voltammeter.

[0O06T In another embodiment, detecting inorganic
species can be performed using a system that includes a
detection device and a data processing device. The
detection device includes a container designed to at least
partially hold a soclution in the container, The soluticn
held 1in the container includes a metal complex. The
detection device also includes an electrically conductive
member that is at least partially submerged in the
solution. The container, the solution and the electrically
conductive member are designed to measure a first current
corresponding to the metal complex in absences of inorganic
species and a second current corresgponding to the metal
complex 1in the presence of incrganic species. The data
processing device is designed to receive the measured first

and second



currents from the detection device.The data processing device is also design_ed to obta_ln a dlff_erence
between the first current and the second current, and to identify a concentration (_)f the inorganic
species based on the obtained difference. [0007]Implementations can optionally include one or more
of the following.The detection device can be designed to measure the first and second currents

[ - i he detection device can be
correspondi molybdepum-chlor J tetmetal om Iexﬂ_ Also, t _ . e
designed to@rg(f,\tgéﬂulre%he9 sggor%i%rrgaé}l (?grré“soﬁlon ing 1o the mért%?coﬁﬁl@x NTPteséncé of silica

species. The%féctfically cohdactirsienitser tan Beteompesedidfone:at-ismuthgotd, casbon or
mercury.In additien, the-electricallycopductive member can.he a s%legn printed electrode.Further, the

detection device can be implemented as a stripping voltammeter. The stripping vcﬂtém%gt%r can be a
disposable Srppfify véitdrimhetét L Alsb he detesticiidevice ean besconfigaret! toaneastise the first

and secondctureents dyapptyingan-accumulation potential followed by a s_car_ming potent_ial.
[0008]InanoEB%r bodin?nt,ﬁfirstelectrical activity of a electroactive material is detected in absence of

a target non-electroactive matenal Ao 85ecoffl ele tHCAIHGY of #ie eledtroattive niaterial is
detected in‘presencefof thedarget nom-glegtroactivehe detection device can be

designed T¢c  measure the first and second currents
corresponding to a molybdenum-chloranilate metal complex,
Also, the detection device can be designed to measure the
second current corresponding to the metal complex in
presence of silica species. The electrically conductive
member can be composed of one of bismuth, gold, carbon or
mercury. In addition, the electrically conductive member
can be a screen printed electrode. Further, the detection
device can be implemented as a stripping voltammeter. The
stripping voltammeter can be a disposable stripping
voltammeter. Alsoc, the detection device can be configured
to measure the first and second currents by applying an
accumulation potential followed by a scanning potential.

[ooos; In ancther embodiment, a first electrical
activity of a electroactive material is detected in absence
of a target non-electroactive material. Also, a second
electrical activity of the electroactive material is
detected in presence of the target non-electroactive
material. A difference between the first and second
electrical activities is obtained, and based on the
obtained difference, a concentration of the target non-

electrocactive material is identified.



material.A difference between the first and second electrical activities is obtained, apd based on the
obtained difference, a concentration of the target nonelectroactive matgrial Is identified. . .
[0009]Implementations can optionally include one or more of the fqllowmg fgatures.Detectlng the flrst
and second electrical activities can include applying an accumulation potential folloyved by a scanning
potential. Also, detecting the first and second electrical activities can include d_etect_lng the first and
second electf@Hctivitiesaf eermetalcomplex inarbufferingesolution. Rurthergidentifydng a-

. ) . . : o . f a target
concentrati th r nopelectroactive.material can include |d§nt|fy|n a cqngent.ratlon 0 ata
silica specigr!s?? %Ol%ﬁ %ﬁ%thé? é%%%ﬁrﬁ%en%g arget matefiaithat id'fot %%éf’ctr&hec’rﬁlcéiﬂﬁactlve is

detected bysmeasdringzam initidloslue ef-ar electrochemical propertyof %n_gﬂ)%(}{lg,qq;lber?i%qﬂy at_:tivl?
[ j ial. The target material is introduced into the electrochemically
active medium.A currert valué of the

Also, detecting the first and second electrical activities
can inciude detecting the first and second electrical
activities of a metal complex in a buffering solution.
Further, identifying a concentration of the target non-~
electroactive material can include identifying 2
concentration of a target silica species.

00107 In another embodiment, a target material that is
not electrochemically active 1is detected by measuring an
initial wvalue of an electrochemica property of  an
electrochemically active medium that is free of the target
material. The target material is introduced into the
electrochemically active medium. A current value of the
electrochemical property of a combination of the target
material and the electrochemically active medium a also
measured, Based on the current value and fthe initial
value, information on the target material 1is cbtained.

[GGL1) The technigues as disclosed in this specification
can be used in ways that provide one or more advantages.
For example, an electrochemical detection gystem can be
implemented to use a disposable sensor with inexpensive and

simple electronics compared to the typical colorimeter.



electrochemical property of a combination of the target material and the electrochemically active
medium a also measured.Based on the current value and the initial value, information on the target

material is abtatedqa011]The techniques as disclosed in this speC|f|cat|onP e used in ways that

.«(m?
provide one or more advantages. For example, an electrochemical detection system CAH &

implemented tyse Aandisposable sensar-with mexgeogge and simple ¢ Qel,ecJ;ro S compared to the

e

typical colorimeter. WO 2009/005522PCT/11 S2007/072585 [0012]° Among other thlngs the 'sun ect

matter astdeseribed ini this-specification can begrimplemented as.deyices, systems, mmeggods of
manufacturing the devic.e and/or seseee, and method.s no r= dev s and WO o
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process flow dlagram of a process for detectlng inorganic species usmg “electrochemical detéction.
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[0014] FIG. 2 illustrates voltammetric signals of No heavy metal in the absence of ligand. [0015] FIG. 3
illustrates voltammetric signals of Mo-CAA complex showing a. clear peak current. [0016] FIG. 4

illustrates vel@anuatosgignals of No-CAA complex in the absence and presengeseidlighsss
concentrations of 10silicic acid. [0017] FIG. 5 illustrates voltammetr ¢ signals of Mo-CAA complex in
the absence and presence of rious congentrationsvoftsiliciciacidin predefined levels.  [0018] FIG.
6ais a bli%q.ig ragg@ovging anaopernOlCS g%nf]'[qurati%n of a detection device. LOOl)% FIG. 6t is a block
diagram showing a closed coﬁﬁguraﬁon of & detection &éﬁc@?‘”[oazoﬁpﬁ.of% 2 systém for detecting

inorganic&gggiggiu%ngi %Iectr%chemical detection. 20[00: 1!ij. 8isa .pfgiesgeflow diiaégram of a

G ANCrgAanlc speCies UsSin rochenpic Tac I
process for using an electrochemical detection sysiLe ] Like Teference symebo?s and

designatiqnsyinhe yarious drawings ipdicate e, elements. WQ 20091005522PCT/US2007/072585

I1C 3ldnals o
5 metal ir the absence of ligand.
[O0L5] FriG. 3 illustrates voltammetric signals of Mo-CAA
complex showing a Cclear peak current.
[001l6] FIG. 4 illustrates voltammetric signals of Mo—-CAA
complex in the absence and presence of high concentrations of
10 silicic acid.
fCCL7] FIG. 5 illustrates voltammetric signals of Mo~CAA
complex in the absence and pressence of various concentrations
of silicic acid in predefined levels.
{0018] FIG. 6a is a block diagram showing an open
15 configuration of a detection device,
[COL8] FIG. 6b is a block diagram showing a closed
configuration of a detection device.
[0020] FIG. 7 is a system for detecting inorganic species
using electrochemical detection.
20 [0021] FIC. 8 is a process flow diagram of a process for using
an electrochemical detection system.
(00221 Like reference symbols and designaticns in the various

drawings indicate like elements.



DETAILED DESCRIPTION [0023] Stripping voltammetry can be used as an analytical tool for
detecting heavy metal ions in a variety of aqueous samples. Stripping voltammetry can be
implementeslgrevariassza configuration, such as deposition stripping voltamgagtiys ang@adserptive
stripping voltammetry. Example techniques, systems and apparatus described in this specification use
adsorptive stripping voltammetry. AdsorptiveIstRpping atralysisiinyvolves formation, adsorptive

accumulati éa)%'dr c%u_ctio,nofasur ce- 10 active complex of a trace metalg?e ., Molybdenum (Mo))
af@ae_.,;%cﬁéﬁﬁﬁg%CX$§}%%Petr e SOMbA LSé% a5 an an é% bé%)t o)

with - ligand us, agsorptlve stripping can be'uSe measure the

e aoh A meta iy Pressnse 1910 (5,0 (1o cAmpiex) A 2opropdate sl aoent or

ligand may be emplo on, a&sorptlve stripping can be used to measure

non-elect lye inorganic i y measuring the,i ct of inorganic spegies in the presence of
acive el denicaRRAss Y measing e maact oG NPIOAIE $Bed

- 5 T ) .
heavy metal ions [0024] In one aspect, striping voltammetry Is Used to detect a target material that is

not electrachemigally asive. An,20 ntelyalus. ot an electrociemical propery,of an elegiygchemicall

active medium that is free of the target matérial is measured. The target material is introduced into the

electrochemically active medium. Acurrent yalhe.of the %&%@g@@ﬂ(@ém&ﬁﬂy&f a,6ypbjpation of

I iy

the target 25 material and the electrochemically active medium a also
and apparatus described in this specification use adsorptive

stripping veltammetry. Adsorptive stripping analysis involves
formation, adsorplive accumulation and reduction of a surface-

10 active complex of a trace metal (e.g., Molybdenum (Mo)) with a
ligand (e.g., chloranilate (CAA)). Thus, adsorptive stripping
can be used to measure the concentration of a metal in presence
of ligand (e.g., metal complex). An appropriate chelating
agent or ligand may be employed. In addition, adsorptive

15  stripping can be used to measure non—electircactive inorganic
species by measuring the impact of inorganic species in the
presence of heavy metal ions
[0024] In one aspect, striping voltammetry is used to detect a
target material that i1s not electrochemically active. An

200 initial value of an electrochemical property of an
electrochemically active medium that is free of the target
material 1s measured. The target material is introduced into
the electrochemicaliy active medium. A current vaiue of the
electrochemical property of a combinaticn of the target

25  materlal and the electrochemically active medium a also



WO 20091005522PCT/US2007/072585 measured. Based on the current value and the initial value,
information on the target material is obtained. [0025] FIG. 1 is a process flow diagram of an exemplary

process 10@or:usingsagsorptive stripping voltammetry to measure inorgania speciag ihatsase not
electroactive. Non electroactive inorganic species, such as silicic acid, may be detected by measuring

the impact®#f therinargartic species.incthe presence:ofelectroaative heavy metalions £e.gs Mo). The
process 100 provides a simplified way of determining inorganic 10 species (e.g., silica) indirectly by
measuring the effectiof the indrganic speciesron:the Moltatnmetrie signakassociated with an
electroactive metal complex. [0026] A metal complex, e.g. molybdenum-chlo-anilate complex
(No-CAA)} idformed (110) hsiamreagent. ddsing abserptive 4 5:stripping volkamametry-(e.9., square wave
absorptive stripping voltammetrv), the voltammetric signal of the metal complex (e.g., Mo-CAA) is
measured (¥20) it an @cefate pkEbuffers(or other suitabile biffieling sodions)uildervolttmmetric signal is
measured, in this and other implementations, using a work 20 electrode (e.g., bismuth, mercury, gold,
etc.) The Mulybdenuhichie anilatesgomplex iscélettreactive @ndecamie detectedtby voltam e ry using a
working electrode. An accumulation potential of a predefined amplitude is applied to the metal complex
in tne buffer§6i-d pretetermingd perivd of ks 265ollewed: by potentiat scarming withavptedefined
amplitude, a predefined step potential and a predefined frequency. 9
detected by measuring the impact of the inorganic species in
the presence of electroactive heavy metal ions (e.g., Mo). The
process 100 provides a simplified way of determining inorganic
10 species (e.g., silica) indirectly by measuring the effect of
the inorganic specles on the voltammetric signal associated
with an electroactive metal complex.
[0026] A metal complex, e.¢. molybdenum-chloranilate complex
(Mo-CAA}, 1s formed (110} as a reagent. Using absorptive
15 stripping voltammetry {(e.g., squars wave absorptive stripping
voltammetry), the voltammetric signal of the metal complex
(e.g., Mo-CAA) is measured (120) in an acetate pH buffer (or
other sultable buffering solutions). The voltammetric signal
is measured, in this and other implementations, using a working
20 electrode (e.g., bismuth, mercury, gold, etc.) The Molybdenum-
chloranilate complex is electroactive and can be detected by
voltammetry using & working electrode., An accumulation

potential of a predefined amplitude is applied to the metal

complex in the buffer for a predetermined period of time,

2
Lh

followed by potential scanning with & predefined amplitude, a

predefined step potential and & predefined frecuency.

9



WO 2009/005522PCTAIS207fi72585 [0027] Non-electroactive inorganic species (e.g., silica as silicic
acid in water) can be detected indirectly using the square wave absorptive stripping voltammetry. A
Various coneenredionsf the non-electroa7e inorganic species are added tecthameiakessnplex, and
voltammetrac signals are measured (130) after each addition of a known concentration of the
non-electiddt? Vé indrgaric species.cEherron-etectroactivesinergaric species cempetes with the ligand
(e.g., CAA) in binding with the metal. For example silicic acid competes 10 with chloranilic acid for
coordinationLsitescavailableion thed¥olybdenumdonsn an:acetatedanbuftery Because thiec
Molybdenum-chloraa late complex is electroactive, the metal complex can be detected by voltammetry
using a wotkiag electrodeaPhe toncentrationilevelof Molybdenwm-chloranildfe 4 5complex is held
constant, and when a known concentration of the silicic acid is introduced, a reduction in the
voltammetfig Sighal isdetected.S THé feductions frthecoltamme-Fiesigrals and tise cerresponding
concentrations of the added nonelectroactive inorganic species are compared (140) to obtain a 20
relationstip Betivéen thessigisd redaction &nd therconcentrativreofthe atfdeddnsrganic species.
[0028] FIG. 2 shows a voltammearic scan 200 of molybdenum metal on in an acetate PH buffer.
Square-wWatve adsefptive strippiig Yéltamfiogiams 'of B0 jG.b/15 Me With: bisfiuts filis 225 efectrbde
(BFE) is shown. In this example, Mc is in a solution of supporting electrolyte, 0.1 M acetate buffer (pH
5.5). An the non-electrcactive inorganic species. The non-electroactive
incrganic specles comeetes with the ligand (e.g., CAA} in
binding with the metal. For example, silicic acid compstes
10 with chloranilic acid for coordination sites available on the
Molvbdenum ion, in an acetate pH buffer. Because the
Molvbdenum—chloranilate complex 1s electroactive, the metal
complex can be detected by voltammetry using a working
electrode. The concentration level of Molybdenum-chloranilate
complex is held constant, and when a known concentration of the
silicic acid is introduced, a reduction in the voltammetric
signal is detected. The reductions in the voltammetric signals
and the corresponding concentrations of the added non-
electroactive inorganic species are compared (140} to obtain a
20  relaticonship between the signal reduction and the concentration
of the added inorganic species.
[0028] FIG. 2 shows a voltammetric scan 200 of molybdenum
metal ion in an acetate PH buffer. Sguare-wave adsorptive
stripping voltammograms of 30 Wg/L Mo with bismuth f£ilm

25 eiectrode (BFE) is shown. In this example, Mo 1s in a soluticn

cf suppcrting electrolvte, 0.1 M acetate buffer (pH 5.5}. An

10



WO 2009/005522PCUUS207/072585 accumulation potential of 0.5017 is applied for about 60 seconds
with stirring. The accumulation potential is followed by potential scanning with-an amplitude of 25 my,

step potentigpidkamvssand a frequency of 25 Hz, 5[0029] FIG. 2 suggests that/inkaksapsessof a ligand
(e.g., CAA), the voltammetric signal for Mo alone cannot be determined, Therefore, a metal complex

(e.g., Mo-CAA)ycarehe added teedetect a woltamietric signab assaciated with the heawemetals
Adsorptive stripping analysis can enhance the scope of 10 stripping measurements of various trace
elements¥é g, Mo). Both yoltammetric: andupbtentiometric stripping schefmes), withca pegative-going
potential scan or a constant cathodic current, respectively, can be employed for measuring the
adsorbedrcomplex.aWhite adsonptive stripping procedures=aretygically’15 implemented to show
reduction of metal in the adsorbed complex, reduction of ligand can also be shown. [0030] FIG. 3
illustratesc0 duaeessivedneasurements of the nidlyddenum complex with chloranilic acid, showing
good reproducibility. As can be seen when comparing FIGS. 2 and 3, 20 the complex ion is quite
evident. TEH S Itcedsive-véltaimaiogmams 6E50 lig/: Mo irethespresence. 0f:50:tiM (ehlgranilic acid are
shown. Mo was placed in a. solution of supporting electrolyte, 0.1 M acetate buffer (pH 5.5). The
recording‘protocof tiSed fo¥ théseeineasurehaems inchudés ar applcationrof aneccumulation 25
potential of 0.5017 applied for about 60. seconds while stirrin g, and a potential scanning with an
amplitude’6f25 MV @stepTherefore, a metal complex (e.g., Mo-CAR) can be
added to detect a veltammetric signal associated with the heavy
metal. Adsorptive stripping analysis can enhance the scope of
0 stripping measurements of various trace elements (e.g., Mo}.
Both voltammetric and potentiometric stripping schemes, with a
negative—-going potential scan or a constant cathodic current,
respectively, can be emploved for measuring the adsorbed
complex. While adsorptive stripping procedures are typically
15 implemented to show reduction of metal in the adsorbed complex,
reduction cof ligand can also be shown.
f00230] FIG. 3 illustrates 10 successive measurements of the
melybdenum complex with chleoranilic acid, showing good
reproduciblility. As can be seen when comparing FIGS. 2 and 3,

20 the complex iocn is guite evident. Ten successive voltammograms

of 50 Mg/L Mo in the presence of 50 UM chloranilic acid are

shown. Mo was placed in a solution of supporting electrolyte,
0.1 M acetate buffer (pH 5.5). The recording protocol used for

these measurements includes an applicaticn of an accumulation
25  potential of 0.50V applied for about %0 seconds while stirring,

and & potential scanning with an amplitude of 25 mV, a step

11



WO 2009/005522PCT/US2007/072585 potential of 4 mV, and a frequency of 25 Hz. The potential
scanning may be applied after the accumulation potential. FIG. 3 shows the peak current 310 of the
measured woltamyesagsignal and the potential 320 at which the peak curient@esws@egneasured.

[0031] FIG. 4 illustrates the Impact of sllicic acid on the voltammetric signal of the
molybdenem-ehtonanilic acid eamplexdndef the;sameopefatitg conditions=deseribed.iniFIGS. 2 and
3. An application of a high level of silicic acid. clearly 10 demonstrates the effect of silicic acid on the
Mo-CAA camplexnA meegrding protoccot dsed includes:-squaresvave-ddsorptive=steipping rIc.
voltammograms of 50 kg/L Mo in the presence of 50 kM chloranilic acid, During the measurement, the
Mo-CAA Eomplexswas placedin asohution of stipportinigeelectealytes 0. 1M I acetate: buffer (pH 5.5).
Voltammetric signal 410 corresponds to Mo-CAA complex of 50 t.g/L Mc in the presence of 50 kM
chloranilhe’acid.lVeltammetic Bignals- a4 (412, A4 14; 416, 418,420 and:422):show theveffects of adding
0.1,0.5,1.0,50, 10 and 20 mM silic ¢ acid respectively. The recording protocol 20 further includes
applicationtof arcacounsuylation potential of 0.50V applied for about 60 seconds while stirring. The
accumulation potential may be followed by a potential scanning with an amplitude of 25 mV, step
potential P8 7\, ahd @-frdquiehey Dt 2512 WE 2000/005522PCTIUS2007/072585 [0082] FIG. 5
illustrates a set of voltammetric signals 500 measured before and after adding known concentrations
of silicic atid."FHEmeasGretreht tondifiohs vere desigried o optinizethbidetectioh lmitof siticio acid,
Square-wave 5 adsorptive stripping voltammograms of 50 u.g4L Mo in the
under the same operating conditvions described in FIGS. 2 and 2.
An application of a high level of silicic acid clearly
10 demonstrates the effect of silicic acid on the Mo-CAA complex.
A recording protocol used includes sguare-wave adsorptive
stripping voltammograms of 50 Ug/L Mo in the presence of 50 UM
chloranilic acid. During the measurement, the Mo-CAA complex
was placed in a solution of supporting electrolyte, 0.1 M
15 acetate buffer (pH 5.3). Voltammetric signal 410 corresponds
to Me-CARA complex of 50 Mg/L Mo in the presence of 50 uM
chloranilic acld. Veoltammeric signals a—-f (412, 414, 416, 418,
420 and 422) show the effects of adding €.1, 0.5, 1.0, 3.0, 10
and 20 mM silicic acid respectively. The recording protocol
z20 further includes application of an accumulation potential of
0.50V applied for about 60 seconds while stirring. The
accumulation potential may be followed by a potential scanning

with an amplitude of 25 mV, step potential of 4 mV, and a

freguency of 25 Hz,



presence of 10 uM chloranilio acid was implemented. The Mo-CAA complex was placed in a solution
of supporting electrolyte, 0.1 M acetate buffer (pH 5.5). Voltammetric signal 510 corresponds to
Mo-CAA compleseoh&B1g/L Mo in the presence of 10 .LM 10chloranilic acid¢yaltammeriessignals a-e
(512, 514, 516, 518 and 520) show the effects of adding 5kM, 10uM, 15uM, 20uM and 25 uM silicic
acid. respegfively. Antaccuinulatiorspatential af G:50V wasvapplied-fer-6Q seeangds:=with stirring. The
accumulation potential was followed by a potential scanning 15 with an amplitude of 25 mV, step
potential o4 m\f,cahdoa frequercyciok2s bz, 00331 hieramount of. chloranilici acid adted to the
Mo-CAA complex was reduced from 50 gm (refer to FIG. 4) to 10 .LM to improve the detection limit of
silicic acich underithese 20-contiitiorsdrom degm (tefectolElGL &) to SauM. ladhese measurements, 5
gm of silicic acid approximately equates to about 300 parts per billion (ppb) of silica. Further
improvent&rits inithe detectiornlimit arerpossible by medifying the:measureivertconditions. WO
2009/005522PCT/US20071072585

5 adsorptive stripping voltammograms of 50 UMg/T Mo in the

presence of 10 UM chioranilic acid was implemented. The Mo—-CAA
complex was placed in a solution of supporting slectrolyvte, 0.1
M acetate buffer (pH 5.5). Voltammetric signal 510 corresponds
to Mo-CAA complex of 50 Ug/L Mo in the presence of 10 UM

10 chloranilic acid. Voltammeric signals a—e (512, 514, 516, 518
and 520} show the effects of adding 5uM, Z0uUM, 15uM, Z0uM and
25 UM silicic acid respectively. An accumulation potential of
0.50V was applied for 60 seconds with stirring. The
accumulation potential was followed by a potential scanning

15  with an amplitudse of 25 mV, step potential of 4 mv, and a
frequency of 25 Hz.
[G033] The amount of chloranilic acid added to the Mo-CAA
complex was reduced from 50 UM (refer to FIG. 4) toc 10 UM to
improve the detection limit of silicic acid under these

o F'iG. 4} to 5 UM. In these

s

20 conditicons from 1 UM (refer
measurements, 5 UM of silicic acid approximately egquates to
about 300 parts per billion (ppb) of silica. Further
improvements in the detection limit are possible by modifving

the measurement condltions.
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[0034] The detection of silica as demonstrated with respect to FIGS. 1 to 5 can be applied to various
“device form factors and applications where detection of silica or other inorganic species is desired. For
example, detectisbohsilica can be used to determine the level of purity of wateru{ea3ahbasaddition, the
systems, apparatus and methods based on what is described in this specification can be used to
implemenit &sitplearne costeffective electrddhemicakdetectiorssystemd For exampley;acommercial
colorimetric instrument can 10 cost US about $1000 or more while an electrochemical detection
system a§ distlosedtin this specificatiom Maycost less itham k) SA$100: < hecfinal feanufactukng cost for
a detection system based on this specification may depend on the user specifications and the desired
applicationsrandombde of 16bperation(5)-[0036] FIG s6d shiows an example. oba deuice 600 for
detecting inorganic species such as silica using an analytical process (e.g., adsorptive stripping
voltammetBE)Y-The dévicé 600rincludes areferencel electtode 640 0a sensing electrode 638; 20 and a
container or a holder 625 for at least partially holding liquid. When the device 600 is implemented as a
flow-throuigttélevice, iy Apottiort bFthetarget diguielis Hetually held-iithe container. WO
2009/005522PCT/US2007/072585 [0037] The reference electrode 640 is a conductive member that is
constructéd 15 &t ledst paitialiyicohduct eleifitity " Fhe féferehte electinter640:eals be dmplémented
using various conductive materials. For example, a. silver wire which 5 provides an electrode (e.g.,
silver/silveFcHidfile {AgRL§ED Wiiéh édated WithSR§C 1 ahddmniersed in #ie reedfding solution) may

be used. ‘ . _ ‘ _
implement g simple and cost effective electrochemical detection

system. For example, a commercial colorimetric instrument can

10 cost US about $1000 or more while an electrochemical detection
system as disclosed in this specification may cost less than US
$100. The final manufacturing cost for a detection system
based on this specification may depend on the user
specifications and the desired applications and mode of

15 operation{s}.
[0036] FIG. 6a shows an example of a device 600 for detecting
inorganic species such as silica using an analytical process
(e.g., adsorptive stripping voltammetry.) The device 600
includes a reference electrode 640, a sensing electrode 650,

20 and a container or a holder 625 for at least partially holding
liguid. When the device 600 is implemented as a flow-through
device, only a portion c¢f the target liguid is actually held in

the container.



(0038] The sensing electrode 650 can be implemented using any of a wide variety of carbonaceous
electrodes, such as carbon 10 paste electrodes, glassy carbon electrodes, bare carbon electrodes,
reticulated wapmnsalerizodes, etc.Other suitable conducting electrodes, e.granaisiicmlestgedes such
as gold, mercury and bismuth electrodes can be used. Further, the sensing electrode 650 can include
bismuth cod@&i ér plated d5conelucting électrodes ahd Conduetingoeléctradesswitk bismuthtiacluded
anal yte solution. Bismuth based electrodes provides good conductivity and low toxicity. [0039] The
sensing electrodes630:cartBe toatdd dreplatedawith aahinyfilmcdhat-contaihs condudtive. matérials (e.g.,
bismuth). 20 The conductive material-coated sensing electrode 650 can be a carbon fiber or glassy
carbon elegtrde: Nlterrativaly; the seAdingelecirode6b0ca be Coatedrwitly any eonductive material,
such as a flat screen-printed carbon elecirode. For example, the sensing electrode can be
implemerftéd @s &-digposable sérekbh prirftéd biswiuth electrode; Which cahnrinclidesan auxiliary
electrode, typically platinum. WO 2009/005522PCT/US2007/072585 [0040] Other electrode
constructions fhay alse beedSed: Fote exantple, the eleetrodes asdistidsed ind). S- Pakaies.
6,682,647 and 5,292,423, which are incorporated by reference, can be implemented as the sensing.
electrode"850" For @x&Mmplte. §'scteen-phifted EBEFSdSs (ExaeTech BIsot Glitose Stips b
Medisense Inc, for example) can be implemented. These strips include working (carbon) and
referencé‘@l@cﬂ?@déﬁgﬁfmted on a PVC substrate (with carbon contacts on the opposite sidd). One ited

carbon contact serves as a substrate for the mercury 10 film electrode (since the original
Woﬂdng+ﬁg ta@%tsen51ng electrode 650 can be implemented using any

of a wide variety of carbonaceous electrodes, such as carbon
10 paste electrodes, glassy carbon electrodes, bare carbon
alectrodes, reticulated carbon electrodes, etc. Other
suitable conducting electrodes, e.g., metallic electrodes such
as gold, mercurv and bismuth electrodes can ke used. Further,
the sensing electrode 650 can include bismuth ceoated or plated
15 conducting electrodes and conducting electredes with bismuth
included anaiyte solutlion. Bilsmuth based electrodes provides
good conductivity and low toxicity.
[0032] The sensing electrode €650 can be coated or plated with
a thin film that contains conductive materials (e2.g., bkismuth).
20 The conductive material-coated sensing electrode €650 can be a
carben fiber or glassy carbon slectrode. Alternatively, the
sensing electrode 650 can be coated with any conductive
materiai, such as a fiat screen—printed carbon electrode. For

example, the sensgsing electrode can be implemented as a

[
A

disposable screen printed bismuth electrode, which can include

an auxiliary electrode, typically platinum.
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area is covered with enzyme/mediator layers). The printed electrode (Ag/AgC1) from another strip
serves as reference during the voltammetric experiments. Potentiometric strippin cican also be
performed ssingueanwentional Ag/AgC1 electrode of 15 the TracelLab unit_ pradditi@n@pkatinum wire
auxiliary electrode can be used. Further, the sensing electrode 650 can be coated and/or plated with
material thanihelLdes:ore ormore conductivesmaterials-suchras/bismuth 004k Rifferent ferms of
bismuth can be used to construct the 20 sensing electrode 650. For example, solid bismuth in
particulate oxrgrarulartformscancie-used: Similadyddismeth salts'can. be ssed asthe active electrode
material, In some implementations, solid bismuth or bismuth salts are used in a paste, gel or polymeric
material whichis €catedof platéd on253thevsensingaelectrode 650 ¥WOd by reference,
20091005522PCT/US20071072585 [0042] The device 600 can optionally include an inlet port 660 and
an outlet part 679. ForexamplesWhen implemented as & flowthroughdeVice, Astreamrobfarget liquid
(e.g., water) can be flowed through the device 00, using the inlet port 660 5 and outlet Port 670. The
preséncesof target inorgaric species sudh as Silicadi thé liguid flowing: threugBtheidevice can be
continuously detected. Alternatively, a sample of the target liquid can be deposited intc the inlet port
660 to detsct s9ras $0[0043] inctheDpEirconfigurations FiI% barssd shows alsestingtrips

include working (carbon) and reference electrodss printed on a
PVC substrate (with carbon contacts on the opposite side). One
printed carbon contact serves as & substrate for the mercury

10 film electrode (since the original working-electrode target
area is covered with enzyme/mediator layers). The printed
electrode (Ag/AgCl) from ancther strip serves as reference
during the voltammetric experiments. Potentiometric stripping
can also be performed using conventional Ag/AgCl electrode of

15  the TracelLab unit. In addition, & platinum wire auxiliary
electrode can be used. Further, the sensing electrode 650 can
be coated and/or plated with material that includes one or more
conductive materials such as bismuth.

[O0041] Different forms of bismuth can be used to construct the

20 sensing electrode 650. For example, sclid bismuth in
particulate or granular form can be used. Similarly, bismuth
saits can be used as the active electrode material. In some

implementations, solid bismuth or bismuth salts are used in a
paste, gel or polymeric material which ls coated or plated on

25 the sensing electrode 65C.



member 630 (e.g., made of rubber or other suitable material) designed to provide a. air and/or water
tight seal between a first member 610 and the second member 620. The first member includes the
inlet port 6600 thewutkezport 670 and the IS sealing member 630. The secopdmmamentidsinci.udes
the reference electrode 640 and the sensing electrode 650. [0044] FIG. 6b is a closed configuration
view of ari @Rkéiplaiidevicer606. \Whendthe dewvice G001is clasedlant:liguid flows through tiae inlet port
660, an electrical current path is 20 provided across the reference electrode 640 and the sensing
electrodea[0045] Thefbrrn factor of the. device: 668 an be, medified simplify e ardalytical process of
detecting silica. For example, the device 600 can be designed to simplify sample 25 preparation and
acceleraté -amalysisctime'Thie device cansdierdesigeed torusestrippimgivoltéammetry designed to
perform in WO 2009/005522PCT/US2007/072585 batch mode (e.g., in a beaker) or in a flow through
mode. Litfléor nd interactiontbetweeh the asercand thedévice; other than intrdducingsthie sample liquid
and/or standards are needed. [0046] Further, the device 600 can be designed to use bismuth- 5 based
(or apy othefl ceriductivetraterialiBasedeledtivdesting of target inorganic species

such as silica in the liquid flowing through the device can be
continuously detected. Alternatively, a sample of the target
ligquid can be deposited into the inlet port 660 tTo detect
silica.

10 {0043] In the open configuration, FIS. 6a also shows a sealing
member 630 (e.g., made of rubber or other suitable material)
designed to provide a air and/cor water tight seal between a
first member 610 and the second member 620. The first member

includes the inlet port 66(G, the outlet port 670 and the

J—
LA

sealing member €30. The second member 620 incliudes the
reference electrode 640 and the sensing electrode 650.
[0044] FIG. 6k is a closed configuration view of an exemplary
device 600. When the device 600 is clcsed and liguid flows
Lhrough the inlet port 660, an electrical current path is
20 provided across the reference electrode 640 and the sensing
electrode.
[0045] The form factor of the device 600 can be modified to
simplify the analytical process of detecting silica. For
example, the device 600 can be designed toe simplify sample
25  preparation and accelerate analysis time. The device can bhe

designed to use stripping voltemmeTry designed to perform in
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screen printed format for a limited amount of measurements ( e., disposable). Such disposable device
600 can be manufactured as an inexpensive consumable for a user. For example, the cost of a screen

printed eleatrodessamisezin the 10 order of 5 US cents per sensor. [0047] FigT/isamexemplary
system 700 for detecting inorganic species such as silica using electrochemical detection. The system

700 includes aldetection device 710 (eaghdmptemented ima @ledicated flewwcgl design) coupled to 15
a data processing device 720. The detection device 710 can he substantially as described with respect
to FIG. 6. Alterhatively,the detectiontdeviceo 210 eam belimplemented disirigeother-form, factors.{0048]
The data processing device 720 can be implemented as 20 one of various electronics for receiving
data from:therdetectionddevices 7 t0-and prodessingithecregeived data. Fotexample;the elataed .
processing device 720 can be implemented as a personal computer, a server computer, a portable
computingtedfce, dicrintaddition; theldata-procéssing device #20icared to use bismuth-
5 based (0r any other conductive material-based) electrodes in a
screen printed format for a limited amount of measurements
(i.e., disposabkle). Such disposable device 600 can be
manufactured as an inexpensive consumable for a user. For
example, the cost of a screen printed eliectrode can be in the
10 order of 5 US cents per sensor.
[0047] FIG. 7 is an exemplary system 700 for detecting
ingrganic species such as silica using electrochemical
detection. The system 700 includes a detection device 710
(e.g., ilmplemented in a dedicated flow cell design) coupled to
15  a data processing device 720. The detecticon device 710 can be
substantially as described with respect to FIG. 6.
Alternatively, the detection device 710 can be implemented
using other form factors.
[0048] The data processing device 720 can be implemented as
20 one of various electronics for receiving data from the
detection device 710 and processing the recelved data. TFor
examplie, the data processing device 720 can be implemented as a
perscnal computer, a server computer, a portable computing
device, etc. In addition, the data processing device 720 can

25  include various compeonents such as a central progessing unit

(CPU) designed to execute software programs, such as & program
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25 include various components such as a central processing unit (CPU) designed to execute software
programs, such as a program WO 2009/005522PCT/US2007/072585 (not shown) that perform data
acquisition s amsabgses of the data received from the detection device 7100049 darelample, the
program can communicate an appropriate recording protocol for stripping volta etry (e.g., the 5
accumulationtpoténtial anditbe potential- scaiuling withhansamplitudestep potential; apd a frequency
as described with respect to FIGS. 1-5.) Also, the program can be designed to compare the received
voltammetac signatsswitle: thef camcentratides of thecaddedsilica to:determine the effects of 10 different
concentrations of silica on the voltamnetric signals. The determined effects are used to determine an
unknown cefééritration of siiog irewatérs for example bymeasuring the reductiondm voltammetric
signals. [0050] The data processing device 720 receives the data from 15 the detection device 710
through asidivesctional eomnunicationchanneb730.JThebidirectionay camnwunication channel 730 can
include any one of wired or wireless connections. Wired connections can be compatible with Universal
Serial Bus ¢orRectionse FireWireconinections, iparalial tonnéctionsy etol 204Wiréless eonnections can
be compatible with Bluetooth, WiFi, Wimax, etc. In some implementations, the detection device can be
placed at#@fehidted6cations(e. ¢ Cinthe field, sueH a8 L bedipehwate)sfof testinglzewatet 'sburce at the
remote location. The data collected using the detection device 710 is 25 transmitted to the data
processing-déiice 726 ovéFa network’such@wide drea netwicik (WANY Jocat afearagtwork (LAN), or

compare the received voltammetric signals with the
concentrations of the added silica To determine the effects of
10 different concentrations of silica on the voltammetric signals.
The determined effects are used tTo determine an unknown
concentration of silica in water, for example by measuring the
reduction in voltammetric signals.
[O050] The data processing device 720 receives the data from
15 the detection device 710 through a hidirectional communication
channel 730. The bidirectional communicatilion channel 730 can
include any one of wired or wireless connecticns. Wired
connections can be compatible with Universal Serial Bus
connectiocns, FireWire connecticns, parallel connections, etc.
20 Wireless connections can be compatible with Bluetooth, WiFi,
Wimax, etc. In some implementations, the detection device can
be placed at a remote location (e.g., in the field, such as a
body of water) for testing a water source at the remote

location. The data collected using the detectlon device 710 is

o]
LA

transmitted to the data processing device 720 over a network

such as wide area network (WAN}, local area network (LANY, or
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WO 2009/005522PCT/US2007/072585 the internet. In some implementations, the system 700 can be
implemented as a stand alone system or as a part of a larger system, such as network system, [0051]
FIG. 8 is arvexemplanssprocess flow diagram of a process 800 for operatingethesysien 7588xfor
detecting inorganic species such as silica. At 810, using adsorptive stripping voltammetry, data (e.qg.,
voltammetiie sigmatsrofca metdlrcomplex)isicobected througls the: tetectian device 7102 At B20, the
data processing device 720 receives the collected 10 data. At 830, the received data is processed to
determine thel presehee! of:silica ahdits cohcertration: 0052} Imsomermplemeéntations;dhe system
700 is implemented as a specific detection system that uses square ware absorptive stripping
voltammeitris Tée detectionssystam @ah usesd bismuth 15 electrode to measure the competition of
silici- acid and chloranil ¢ acid for the molybdenum metal ion. The system 700 can be developed as a
suitable ar¢fiféXpehsive system for etectrochemicat detection oF silica’indirestlybly measuring heavy
metal ions in pure and ultrapure water in the presence of 20 the silica ligand. [0053] Embodiments of
the subjetmattérand the functibrial pefationsdescibed in/this Specificatioacance implemented in
digital electronic circuitry, or in computer software, firmware, or hardware, including the structures
disclosed il 25thisispetificatitn ahdstucttrat euivatents:torn Bembinations ©f ehe of iore of them.

Embodiments of the ‘
stripping voltammetry, data (e.g., voltammetric signals of a

metal complex) is collected through the detection device 710.
At 820, the data processing device 720 receives the collected
i0 data. At 830, the received data 1s processed to determine the
presence of silica and its concentration.
[0052] In some implementations, the system 700 is implemented
as a specific detection system that uses square ware absorptive
stripping veoltammetry. The detection svstem can use a bismuth
I35 electrode to measure the competition of silicic acid and
chloranilic acid for the molvbdenum metal ion. The system 700
can pe developed as a suitable and inexpensive system for
electrochemical detection c¢f silica indirectly by measuring
heavy metal ions in pure and ultrapure water in the presence of
20 the silica ligand.
[0053] Embodiments of the subiject matter and the functional
cperations described in this specification can be implemented
in digital electronic circuiltry, or in computer software,
firmware, or hardware, including the structures disclosed in
25 this specification and their structural equivalents, or in

combinations of one or more of them. Embodiments of the
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WO 2009/005522PCT/US2007/072585 subject matter described in this specification can be
implemented as one or more computer program products, .e., one or more modules of computer
program instrictions:eseoded on a tangible program carrier for execution bycergercentrakthe 5
operation of, data processing apparatus. The tangible program carrier can be a propagated signal or a
computerngadable mediun: Thespropagatedrsignal is apartificiatly .generated signal, e.g., a
machine-generated electrical, optical, or electromagnetic signal, that is generated to encode
informatiomtQ forctrarrsimizsionte suitable receiverapparatusdgrexecution:by-a compater. The
computer readable medium can be a machine-readable storage device, a machine-readable storage
substrate; a memerydevice,sa edmposition of mattey effecting & nvachime:ceadablelpropagated signal,
or a combination of one or more of 15them. [0054] The term "data processing apparatus"”
encompasses alb apparatas,; devicesr and nfachiresfor pictessing data,tncladingtylwapof example
a programmable Processor, a computer, or multiple processors or computers. The apparatus can
include, Zinradditioh tothardwafe fcodethaticreatssat axetution Bnvirbamenbfor the eomputer
program in question, e.g., code that constitutes processor firmware, a protocol stack, a database
managenféntisystentah 6feratiRg QyStent OF ascombination 8f 6REBH AfoFe OF tHigm 1O
2009/005522PCT/US2007/072585

medium. The propagated signal 1s an artificially generated
signal, e.g., a machine-generated electrical, optical, or
eilectromagnetic signal, that 1s generated to encode information
160 for txansmission To suitable receiver apparatus for execution
by a computer. The computer readable medium can be & machine-
readakle storage device, a machine-readable storage substrare,
a memory device, a composition of matter effecting a machine-
readable propagated signal, or a combination of one or more of
15 them,
[0054] The term “data processing apparatus” encompasses all
apparatus, devices, and machines for processing data, including

by way of example a programmable processoeor, a computer, or

nultiple processeors or computers. The apparatus can include,
20 in addition to hardware, c<ode that creates an execution
environment for the computer program in guestion, e.g., code

that constitutes processor firmware, a protocol stack, a
database management system, an operating system, or a

combination of one or more of them.



[0055] A computer program (also known as a program, software, software application, script, or code)
can be written in any form of programming language, including compiled or interpreted languages, or

declarative argprosesissatlanguages, and it can be deployed in any form, inglggip@sag-astanrd alone
program or as a module, component, subroutine, or other unit suitable for use in a computing

environme®tl 5% tonputemprogeam:daoes: 1ot negessarity cariespond. ta-aditeun a flersysiem, A
program can be stored in a portion of a file that holds other programs 10 or data (e.g., one or more
scripts stared tinva:markuplanguagendocument}, in asingledile dedicated:te the programsinquestion, or
in multiple coordinated files (e.qg., files that store one or more modules, sub programs, or portions of
code). A domputer programecant be deployed ¢e be exetutédron oned5 compuiter: or-en-mdtiple
computers that are located at one site or distributed across multiple sites and interconnected by a.
communicationat#ork [0056F The processes andiogieflowsldeseribed irethis specificationrcan be
performed by one or more poogrammable 20 processors executing one or more computer programs to
perform féictions by opératingion irputdats and génerating outputaTitie ptosesses anddogicflows can
also be performed by, and apparatus can also be implemented as, special purpose logic circuitry, e.g.,
an FPGA{field prégrahtmablergate aifay) oran 25ASKC (application:spetific integratetkcirtuit). WO
2009/005522PCT/US2007/072585 [0057] Processors suitable for the execution of a computer
program inéfidel by way st exaniple Both generd andspeeial purpose migroprocessors,end any one
or more processors of any kind of digital computer, Generally, a processor will receive 5 instructions
and data ftoAta féad- orly TREMDAPEIA rartiom aeeéss mefnory bt bdtH: The-essentiabeleaients of a

computer ‘ '
can be stored in a portion of a file that holds other programs

10 or data {(e.g., one or more scripts stored in a markup language
document), in & singie file dedicated to the program in
question, or in multiple coordinated files (e.g., files that
store one Oor more modules, sub programs, or porticns of code).
A computer program can be deploved to be executed on one

15 computer or on multiple computers that are located at one site
or distributed across multiple sites and interconnected by a
communication network.

[0056] The processes and logic flows described in this
specification can be performed by one or more programmable

20 processors executing one or more computer programs to perform
functions by operating on input data and generating output.
Ine processes and logic flows can alsc be performed by, and
apparatus can also be implemented as, special purpose logic
clrcuiltry, e.g., an FPGA {(field programmable gate array) or an

25  ASIC ({(application specific integrated circuit).
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are a processor for performing instructions and one or more memory devices for stornng instructions
and data. Generally, a computer will also include, or be operatively coupled to 10 receive data from or
transfer date/toz@e otz one or more mass storage devices for storing datapeigusnagoetizsmagneto
optical disks, or optical disks. However, a computer need not have such devices. Moreover, a
computer [d¥ha5d entheddetlsin :anothertdavice. 150058} Gorputer readablesmediacsuitable for storing
computer program instructions and data include all forms of non volatile memory, media and memory
devices, inclidingby.way oflexaimplersemiconductop iremarytdevices: eqy., ERROM,EERROM, and
flash memory devices; magnetic disks, e.g., internal hard disks or 20 removable disks; magneto optical
disks; antdCPREM ahd :DYDRONBdisks. Fhelprocessorand:theanemory cams be sseipplemented by,
or incorporated in, special purpose logic circuitry. [0059] To provide for interaction with a user,
embodiméntscbfthe Subjectmattendescribed ifidhisspecificatiory canbe smplemeénted @n=a temputer
having a display device, e.g., a CRT (cathode ray tube) or LCD (liquid crystal display) monitor, for WO
20097005528 PEFNYS2007/072585 displayiny inforiiatioprtd thereser-and:a keybeardcand a pointing
device, e.g., a mouse or a trackball, by which the user can provide input to the computer. Other kinds
of device§ €4ft be UEHE provide I6tinterabiorbwith atuser as Vel Torsexaimple Siaputfrem the user
can be received in any form, including acoustic, speech, or tactile input. [0060] Embodiments of the
subject nfatter BeScHedSAtHis Specic Ao tan Be implerientbalis addaiputingsystem that includes

a back end component, e.g., as a. data server, or that
memory devices for storing instructions and date. Generally, a

computer will alsc include, or be operatively coupled to

10 receive data from or transfer data to, or both, cne or more
mass storage devices for storing data, e.g., magnetic, magneto
optical disks, or optical disks. However, a computer need not
have such devices. Moreover, a computer can be embedded in
another device.

15 [0058] Computer readable media suitable for storing computer

program instructions and data include all forms of non volatile

'_J

memory, media and memory devices, including by way of example
semiconductor memory devices, e.g., EPROM, EFPROM, and flash
memory devices; magnetic disks, e.g., internal hard disks or

20 removable disks; magnetc optical disks; and CD ROM and DVD-RCM
disks. The processor and the memcry can be supplemented by, or
incorporated in, special purpcese logic clrcuitry.
00591 To provide for interaction with a user, embodiments of
the subiject matter described in this specification can be

25 implemented on a computer having a display device, e.g., a CRT

(cathode ray tube) or LCD (liguid crystal display) monitor, for
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10 includes a middleware component, e.g., an application server, or that includes a front end
component, e.g., a client computer having a graphical user interface or a Web browser through which
a user can wterachwitsan implementation of the subject matter described isthisispecHicaien, or any
15 combination of one or more such back end, middleware, or front end components. The components
of the systemcambeimterodnnected by any form on seediamdof digital datarcoramainication, e.g., a
communication network. Examples of communication networks include a local area network ("LAN")
and 20 a widewareacnetwork-€WANY, e.g;, thedntermet. {006H Me=cmpirtingssystem:can include
clients and servers. A client and server are generally remote from each other and typically interact
through ascoimoaication netlworknThe relationship oficlient and serverrarisesdy virfueief-computer 25
programs running on the respective computers and having a client-server relationship to each other.
WO 20091805522 PCTFUS2007/072585 [0062] Wihile his specificatior comtainsarnamy: $pecifics; these
should not be construed as limitations on the scope of any invention or of what may be claimed, hut
ratter as ¢eserplicns of featurés tat'may baspetiic thpartivttarembddiments o5 particular
inventions. Certain features that are described in this specification in the context of separate
embodiméhAfséahing acoustic, speech, or tactile input.
[0060] Embodiments of the subject matter described in this
specification can be implemented in a computing system that
inciudes a back end component, ¢.g., as a data server, or that
10 includes a middleware component, e.g., an application server,
or that includes & front end component, e.g., a client
computer having a graphical user interface or a Web browser
through which & user can interact with an implementation of Lhe
subject matter described is this specification, or any
15 combination of one or more such back end, middleware, or front
end components. The components of the system can be
interconnected by any form or medium of digital data
communication, e.g., a communication network. Examples of
communication networks inciude a local area network (“LANY) and
20 a wide area network (“WANY), e.g., the Internet.
[0061] The computing system can include clients and servers.
A client and server are generally remote from each cther and
typically interact through a communication netwerk. The
relationship of client and server arises by virtue of computer

25  pregrams running on the respective computers and having a

client-server relationship to each otherxr.
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also be implemented in combination in a. single embodiment. Conversely, various features that are
described in the context of a single embodiment can also be implemented in multiple 10 embodiments
separately srar@mysiitable subcombination. Moreover, although features regbeecescribed above as
acting in certain combinations and even initially claimed as such, one or more features from a claimed
combinatidhéati in Sormescdses besexcisedifrernithe combiation, and theschaimeéd cembiriation may
15 be directed to a subcombination or variation of a subcombinat ion. [0063] Similarly, while
operationsiare depicted irethecdrawingscinasparticdlar dider sthisshduid aotbe understood as
requiring that such operations be performed in the 20 particular order shown or in sequential order, or
that all illustrted operations beperforiired, #5 achiev& ddsirablé resultss joosd] Onira fawions
implementations and examples are described and other implementations, enhancements and
variations*€art ba 25 Radé hased ok Witatis deéscribed andrifitistrated an tHiglapplicationsFerfexample,
implementations are not limited to Mo-CAA complex, and other heavy metals and ligands are
posé%k&gﬂéiﬁﬁﬁﬁﬁmg%ﬁ@@%@ﬁ@ﬁédso&ﬁV@ain features thalt are described in

this specification in the context of separate embodiments can
also be implemsnted in combination in & single embodiment.
Conversely, wvaricus features that are described 1n Lhe context
of a single embodiment can alsc be implemented in multiple
i0  embodiments separately or in any suitable subcombination.
Moreover, although features may be described above as acting in
certain combinations and even initially clilaimed as such, one or
more features from a claimed combinatlion can in some cases De
excised from the combination, and the claimed combination may
De directed to a subcombination or variation of a
subcombination.
[0063] Similarly, while operations are depicted in the
drawings 1in a particuilar order, this should not be understood
as reguiring that such operations be performed in the
20 particular corder shown or in seguential order, or that all
Lilustrated operations be performed, to achileve desirable
results.,
0064] Only a few implementations and examples are described
and other Implementations, enhancements and varliations can be
25  made based on what is described and illustrated in this

arplication. For example, implementations are not limited to
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stripping voltammeery can be varied (e.g., amplitude of the accumulation potential of 0.50V; duration
of accumulation potential applied; stirring or not stirring; amplitude of potential scanning; an amplitude
of the step patentansasiequency of the potentials applied; etc.) WO PCT/US2007/072585
2009/005522PCMJS2007/072585 What is claimed is: method comprising uffering SO, LI comprises a
metal coriplexfahd: igifree s f.idorédnit spe ciesitorbendetect ) and measurihg afirst cuisrs s
associated with the metal complex in absence of he inhrganic 5Pis adding the inorganic specie.s into
the buffetisg solufien; 10meéasuringea second-curentassociatediwith thesmetal complex in the
presence of the added inorganic species; and obtaining a difference between the first current and
the secorfdh €uiFénttd identify Bicoheenttathok df e added ofganiéBpedies e thelbufferi.ng solution,

accumulation potential of 0.30V; duration of accumulation
3 potential applied; stirring or not stirring; amplitude of
potentlial scanning; an amplitude of the step potential; a

Treguency of the potentials applied; etc.)
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z.The meth.od of claim I, wherein measuring the first and second currents comprises applying an
accumulation potential followed by a sca nin potential The method of claim 2, wherein the appi
accumulatigppoiesiiglemprises applying an accumula on potential of a ampis aue como sing 0.5
volts. Thé@ﬂrf?ﬂp%% of claim 2, wherein the applying an accumulation%&/éﬁ"fg?%mﬁ‘ses
applvin.g an accumujati.en potentialfor a.time period that includes 60 seconds. WO
2009/005522PCT/US2007/1172585 The method. of claim 2, wherein applying a scanning
potentdal compr ses abdaOascannr)gncteritiai having at ase on of a 25 mmbmdbmfl nL. milland a
frequenca of 25 herts. The method of ¢ ai.m |, wherein aPPlya.P.., a vo tage des appdyidd a.

voltage t a. bufferingfhab inctudes a-metal complex comprising a mo bderadm andDT-arm

associated with the metal

1O s8Decies;

complex in abksence of tThe inore
oA i

aading the inorganic species into the buifering solution;

second current associated with =he metal
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20 3. Tne method of claim Z, wherein the applving an
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accumuiation potential comprises applyvino an accumulation

potential of a amplitude comprising 0.5 veolts.
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10complex.

The method of claim I, wherein measuring the first and second currents comprises

using a working electrode compri.sing at least one of bismuth, gold, carbon or mercury. 8.The method
of claim 7, wherir measuringfirsu and second currents using a working electrode comprises using a.
screen printed electrode.. 20The method. of claim I, wherein adding inorga §Egé¥§§ﬁé’5’ Pﬁ%s adding
silica species, 10. The method of claim I, wheru.n measuring the first and second currents

comprises measuring vbdtammetric signals WO 2009/005522PCT/US2007/072585 1 1 . The method

nc voltammeter. The
107

of claim 10, wherein meﬁwrhﬁ@fi'&%ao%%m&_eé%s'gD%%:%OP%P{};SG%%E’ iny%%o?t@ PCY AT

mewh fain measur “-r

16

J—
L

oot ent s a0l 'ty ShaR ~ H ! 3
i R G A oOom PO T STSTS 0 R 7y poud ST ATITS T Y Sl =s = = ] +
Lot i COMprises applving a SCANNInNgG portential Oaving at
lmaay o ~f o TK <7 = Oy : e
BTl ne of 40 MILAIVOLIT amplituds, a potential of 4
Lilizwvele, ana a f[reguency of 25 hertso

&. he motd of ~lade e s d o - .

I'ne method of claim 1, wherein applving a veoltage

incitudes o] o Uoltace e oo o : i i
sHtLUdes applying a voltage To & bulfferine solution «har
e R = S oy T o~ = : : b
thciuaes a metal complex comprising a molvb
comelex .,

7 The met] af olaim ] : ‘

7. fne method of claim 1, wherein measurine the first

and second currents comprises Uusing a working electrode

comprising at least one of bismuth, gold, carborn or mer

l
p
=
kot

g, ThHe athiod of o~ s iy LI S e = ; 3 ;
Tne method of claim Ty WhHRXeLn measuring the first

and second current ine = - . el ; ‘
O Second currents USing & working electrode comprises using a

o] bl £ T
‘he method of claim iy, Wherein adding inoroganic
speCles comprises adding silica specties
1 The met] c claim W ‘ ;
10. Ihe method of claim 1, wherein Mmeasuring the first
Sl S2CONnt CUrrents ComprisSes MEeasuring voltammetr e Slgnalis
ik 4 e B R TR W ER T L1 -~



voira n5 i.cxnals using a stripping volt mmeher comprise using a. disposableipping

voltammeter, vstem

cm rhnhng. a detect.ion device , ompilsinh 10a container configured to at. least part solution in the

container, thessaliorssgomprising a metal complex; and an electric
that is at least partially submerged in the solution, wherein the container, th

electrical lvconduve memhberarercenfiguhed

Alyson

1 to:measure, g first. current. c&rresggndlng to the metal

uctive member

|grq7§hd the

complex in absences of inorganic species and a second current corresponding‘thé metal complex in

the presenoe ohimorganic species: and 20@ data-processing device configured 1q .
measured, first and second currents from the detection deviceS and "

[ e 3 by ey - P - H !
L e mervhod of olaim O WIISYSsn measuring b
T Tty T S A . _— [ R - - " Y
5 VOLILAMMeL I Sidnals using a siripping voltammeror
LSLING a Cispesable stripping volrtamme:ser
134 A svstem comprising
a detection device comprising

TOMPery

recelve the
ammeoter

Che

S

10 a container configured to at least partially hold =z
solution in the container, the solurion COMPrising a metal
compiex; and

an electricarly conductive member that is at least
parctially submerged in the solution, wherein the container, the

[5 sclution and the electrically conductive member are configured
To measure a first currens corresponding Lo the meftal complex
in absences of norganic speciss and a second current
Corresponding the metal compliex in the presence of inocrganic
species; and

26 & Gata processing device configured to

recelve the measured first and second currents from
the detection device; and

cbtain a difference betwsen the first current and the
second current to identify a concentration of the inorganic

specles.
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obtain a difference between the first current and the second current to identify a concentration of
the inorganic 25species. WO 2009/005522PCT/US2007/072585 14. The sys,em of claim 13
wherein thexdetegtionsgdeyvice is configured to measure the first and second cf}%rﬁn? }?ortbﬁspgemetal
complex comprisTrbj a mci. ypdenum ora_hiate complex, IbThe system of ¢ aim 4 ,(‘\;\7%7@?‘?. the
detec.ti.on device4s configuredde smeasgresecond pyrr@g%ggg@;spgggin&tg &Q% :[noq;alci%c)‘mglex in
oresence of ir eelLes compresinn sil a 16. The system of claimwherein the electric _ conductive
member cemprisesi atleast ane ef:bismuth,-gold, €arbon or.mercury,, 4 currents
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Corresponcing

Compiex comprising & molvbdenum-
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©olenal compoex In presence of INOrganic speciss cambro ol o
S3i 0 sphodlaes
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la. ine system of claim 13, wherein *no alectrically

conductive member comprises at least onse of
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rsmuth, gold,
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rhon or mercury.
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. the system of claim 13, wherein the electricallw
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conductive membhear COMSYises a scoraan pPrrnted electrode.

< . _ .
1e The system of claim 13, whereir the detection device
15 conrigured as a stripping voltammeter
20
(8] s .
1Le The system of claim 18, whersin the stripping

4

7y ] AT e e e = 3- : :
vo.tammeter comprises a disposable S5Tripping voltammeter



The system of claim 1:3, wherein the electri conaubtive member comprises a screen printed.
electrode. 18. The system of clad._ 13,rein the detection device is configured as a stripping
voltammeter, 19. The system of claim 18, wherein t.he stripping voltammeter comprises a
disposable stripping voltameter. 20,The system of claim 13, wherein the detection device is
configured to measure the first and second currents by applying an accumulation notential. followed by
a scanr.r.ing potential. 21. A method comprising: detecting a first electrical activity of an
electroactive material in absence of a target nonbelectroactive material; detecting a second electrical
activity of the eléctrodétives idteriab incprésence ofthe target morietectroactivemateriak wh.erein 10
detectingw'gh{e.‘ fjrf}@and second electricalﬁagtivities comprises applying an accumulation potential

tomeasure the Tirst and second currents ; Dlving an
oteﬁtlaﬁ a second currents by applving an

-

followed by a Scanning p

accumuiation potential followed by a scanning potential .

2 21, A method comprising:
detecting a first electrical activity of an electroactive

material In absence of a target non-

)}

zlectroactive material:

Fé

detecting a second electrical activity of the electroactive
material in presence of the target non-eslectroactive material, wherein
10 detecting the first and second electrical activities comprises
applying an accumulation potential followed by a scanning potential;
obtaining a difference between the first and second electrical
activities; and
identifying a concentration of the target non-electrocactive
15 material based on the cobtained difference.
22. The method of claim 21, wherein the detecting the first and
second electrical activities comprises detecting the first and second
electrical activities of a metal complex in a buffering solution.

20
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obtaining a difference between the first and second electrical activities; and identifying a.
concentration of the target nonei.ectroactive 15 material based on the obtained difference. 22, The
method of claim 21, wherein the detecting the first and second electrical activities comprises detecting
the first and second electrical activities of a. metal complex in a buffering solution. 20 23 . The
method of claim 21, wherein the identifying a concentration. of the target. non-electroactive material
comprises identifying a concentration of a. target silica species.

23. The method of claim 21, wherein the ldentifying a
concentraticon of the target nor-eslectroactive material comprises

identifying a concentration of a target silica speci
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