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ELECTROCHEM CAL DETECTI ON OF Sl LI CA SPECI ES TECHNI CAL
FI ELD [ 0001] This application relates to
web@enossehem cal detection. BACKGROUND [ 0002] BET/88100T6072585
of silicainaliquid (e.g., water) can use
colorinmetric techniques. For exanple, a
silica-nol ybdate conplex can be forned and neasured by
neasur i RGEEFBROCHEMIGADf DEFBOEIDNgRF STLACAaSBECAZSEh of
450 nm Alternatively, a silica-nolybdate-heteropoly
bl ue conpl ex can be f red by neasuring
absorption of probe IQEEEE ?ﬂg aggéﬁength of 810 nm
[ooﬁhpsewamda@ﬁnﬂbaﬂﬂdw|ﬂ§nmxﬁsmmo&a&&&&dnmemﬂﬂaﬂ|d%ﬂé@iion.
addi ti on of several chem cal reagents in various steps
with each step taking up a defined period of tinme to
all ow for sufficient nixing and_r eacti on. SUMVARY
[ 0003] This application , anong ot hers,

[00b2FNDAURS i 3y Hren® 1and, appar atiug el @.ed ,t g Aeh8CtdNg use
|norgan|c species (e.g., silica) in mater usi ng

colSJf 9‘:‘96{%891'[1 LRLIETSSES,. &Q?Qéle! Ng O ?1?8Qeﬁ51¥ date

|ng a nme conplex i nNc es app y|ng a vottage
a bufferi that incl udes

n
Comgﬁﬁﬁ|%§namﬁ PorRRued oS uarR P pBar aet i BS pabsorption of
detected. A first current associated with the netal
pro%%n%F%Qti@tn%a@@Y%HePﬁt%bgén%%Oo?mtheA%E%F@%E¥EelY' a
speci es. lnorganic species are
silica-molybdate-heteropoly blue complex can be formed and

measured by measuring absorption of probe light at a wavelength
of 810 nm. These and other colorimetric processes may regquire

the addition of several chemical reagents in various steps with
each step taking up a defined period of time to allow for

sufficient mixing and reaction.
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added into the buffering solution, and a second
current associated with the netal conplex in the
w@e@9mnise2 of t he added i norgani c species i s al BOI/US2007/072585
nmeasured. A difference between the first current and
the second current is obtaumedrvo identify a
concentration of the added inorganic species in the
[Ooga}fé¥Fﬁg@Qﬁ%ﬁQQﬁioq(ﬂﬁﬂﬂrW%%$e@&ﬂﬂ%iQW%ﬂ%hnteCh“lqueS'
optionally include one or nore of the foll ow ng.
syshemsuai@gapherfivst rahdts@condieuerents taprgantpepprecies
i ncl ude applying an accunul ati on potential followed by
(e.@. scanhing) pohendtat. uAppdyyehget hecaeninul apbronesses.
potential can include applying an accunul ati on
[0008] entd &lneofa spie ANPlddude ithata inkelaudes 12w alds.udbhe
accunul ati on potential applied can also be applied for
app &y PRET 00y 0f c L BB b hat i pel udes 6018€¢0Rd8KaA $Q-1udes the
appl yi ng the Scanning potential can include applying a
apni of enti al [ 0 gr.ou
et o e D e kB ey 1 DT BT PRI PY o p2 Berectea.
otential of 4 mlIlivolt, and a frequency of 25 hertz.
a B herPralh Srmucantrt ot Biants nifdG GUBPYFhgia Medsured
. voltage to a buffering solution that includes a netal
in gbfplrer SlichlaslachBRybdeftnt thf or ahi PATR tBnpPRXISThere
first and second currents can be neasured using a
addewr kinhg ehechbrbtier coaposedt odnbi sndt h, sgopdgd carbent or
mercury. Measuring the first and second currents using
assacwet kingieheche odeteancbupt ber ibetperpoesedcasbAgtae added
screen printed

inorganic species 1s 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 more of
the following. Measuring the first and second currents can
further include applying an accumulation potential followed by
a scanning potential. Applying 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
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el ectrode. Further, the inorganic species added can
include silica species. In addition, the first and
W@ e@omesseur rent s measured can i ncl ude vol t amnmeR€T/TS2007/072585
signals. Measuring the voltametric signals can be
volpegt ocardinsinge aaspIvppyng voltagwetera Jhefering solution
vol tammetric signals neasured using a stripping
tha¥ Ol hANTBL & 2 CAB- DE ABRASUELUsUSHNYs 83 GhSPPS@bh€m-chloranilate
stripping voltameter. [0006] |In another aspect,
cti [ nicsS j e r LN
o om [ Rat LT hal Udes B deractybh Geuice ang A aara s using
worBLOGESSLNG. devi ce, The, detegtion device,ineludes & nevcur
CONT af ner designe%p?o at °t east parti%? y’ho? a Y-
solution in the container. The solution held in the
Meagpht a7 nefei heTtidedna #etard conprexts Thelget @ctPohng
devi ce al so includes an electrically conductive menber
eleghapdescan fernshcpaptiAFT{osNDACEHRUIi A $hESSBI BT BRS
The container, the solution and the electrically
eleconddet | vieunenber ahe desrgaedctspaeassiredadcdicat include
current corresponding to the netal conplex in absences
silOtai soegansc spechesiandna sesondrstr £€at second currents
corresponding to the netal conplex in the presence of

mea%@9é8385§ §ﬁ§§ﬁ§é-th@aﬂﬁé@rP&°§§§§£D§.deMé§§u£§ng the

esigned to receive the neasured first and

' device. T
vol%&rﬁrﬁé‘@'?&'& r §P%§af£ om.f ';k‘[?% g;% £68 Jm%‘% Y4 ﬁﬁt 3, be, datang

rocessi ng device Is designed to o in a
di fference hetwe rst currfnt and second

he fi h
VoL CHIPERET - antit o7 f HETRTFLE A cOrBh T apegnuted S5FR8%

stripping voltammeter can be measured using a disposable
stripping voltammeter.

[0006] In another aspect, 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 solution in the
container. The solution held in 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 corresponding to the metal complex
in the presence of inorganic species. The data processing

device is designed to receive the measured first and second

3



of the inorganic species based on the obtained
di fference. [0007] Inplenentations can optionally
W0 p@bres2one or nore of the foll ow ng. The detRCI/USI007/072585
devi ce can be designed to neasure the first and second
curtediit €nf so@ 0t hespondttigoh odav e ybdendnght aranbtateing device
metal conplex. Also, the detection device can be

is HesbonediyR-measusBrihe segonfle cUREENboERELLSPRATE NGt
to the nmetal conplex in presence of silica species.

curggﬁt %ﬁ%t{ﬁgaﬁégoﬁ nngié @ ngﬂ@e{oC?@@Q@1§§”§°§§Hc8£tratlon
one o I smut gol d, carboh or nercury addi t
the electrlcall cond ctlv nenpber can_be

F Prfnfeder ectr o Further T Phe- ot S1T bne et b6 bance

be_ i1 mpl enent ed as a strlpplng vol tammeter. The

[00dY} &&%W@M&%F%ﬁ%%%@p%@%m%&r gore of
voltammeter. Al so, the detection device can be

thec@ﬁil@wi@@-toTh%a@@¢%0¥h@nfd@@icgn@a@e@©n@e%a@@@%t§ob@easure
appl yi ng an accunul ati on potential followed by a

the stanst ngnpotentnal cuf 6008} ¢torapopbediagpecta mofyipdénum-
el ectrical activity of a electroactive material is

chldetecl gdeimcabsenceprDéxa tRIgEl Noneliectroachi d€vice can be
material. Al so, a second electrical activity of the

des§§§§&r@§cﬁé¥§uﬂ@t€ﬁéaéeb@nge&§§£§ﬁt'BoP£§§§8§§1§§ thetne

target non- el ectroactive materi al ference
t t t
b b i gl o

centration of thg tar

n none ectroa tive
conguctlve member can e COI%pOS@g JE

blsmuth 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. Also, the detection device can be configured to
measure the first and second currents by applying an
accumulation potential followed by a scanning potential.

[0008] In another aspect, 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-

electroactive material is identified.

4
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material is identified.[0009] Inplenentations can
optionally include one or nore of the follow ng

WO 2@v00822 Detecting the first and second el ece€T/T81007/072585
activities can include applying an accunul ati on

[0009] emtripdlenfcoltdaavieth sby-aan spanninag 1Igotientlivale. Aless@,r more of
detecting the first and second electrical activities

theCaP1iBgl Hgerdet esting phecti{sy and secondaghestebeal
activities of a netal conplex in a buffering solution.

elegyfig f’a£9§9£{13£n8a§ fﬁ?f&@érgééfgag&i%Hea&?ﬁﬁgiation

non-el ectroactive material can | entitTying a

concentration of a target silica species. 010] .In
por R e rbr [ e peRe A 47 Gor Wab & ParSERGt L1« hbror adlecting

electrochenicallg active is detected by neasuring an
thejhi ¥l aval 8ecor a%l%F%E%?%%h%ﬁ?h%%tb?%p%??yl%?l%ﬂe
el ectrochem cally active nediumthat is free of the
detegf ey Watefinft Tne targed phterrafaisa¢hivodueddof a metal
into the electrochemcally active nedium A current
compadxyeinfatief eeechgoshent cah. prioperhyr of idegonby nati an
of the target nmaterial and the el ectrochemcally
conasht ver tedi oM ahal sorgeasusede 1 Basedaobnivbemguereal can
value and the initial value, information on the target

inciBberiabnt srebh@i nedon QAL The techni gUes-asilica species.
di sclosed in this specification can be used in ways

[ooiﬁ?tz%T %BQ%e%“%_gkm%gf%_%%Mg&&?%%%erﬁ%ﬁ_%%%ﬁph%’ngﬁ

el ectrochem cal gtectlon system can be I mpl enent e
electrochemically active i1s detected by measuring an initial
value of an electrochemical 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
the initial wvalue, information on the target material is
obtained.

[0011] The technigues as disclosed in this specification can
be used in ways that provide one or more advantages. For
example, an electrochemical detection system can be implemented

Lo use a disposable sensor with inexpensive and simple

electronics compared to the typical colorimeter.



to use a disposable sensor with inexpensive and sinple
el ectronics conpared to the typical colorineter.[0012]
wo\rwagoseher things, the subject matter as desRCT/beH07/672585
this specification can be inplenented as devices,
[0032 5t emngrettheds tofi nmanufcaet wunig dthenadewirce sand/satiribed in
system and net hods of using the device and/or

thi8Ysbesss BRhEF PESCRIFT| Ohb Cbmd b DRAW NGS: 0913y Ht &,

1 is a process flow diagram of a process for detecting
j [ j in I hemi i 0

e A R S T ie T aras Vol { ammett o s gnars’ of e thods

of lr11ealr\% et a(lje\ify thaengébggnges%ml igand. [0015] FIG 3
FPTUSt rat eSTVorTamet 71 c 47 gnar s of Mo- CAA conpl ex
showi ng a clear peak current . [0016] FIG 4
illustrates voltametric signals of M-CAA conplex in
t he absence and presence of high concentrations of
silicic acid. [0017] FIG 5 illustrates voltametric
signal s of Md-CAA conplex in the absence and presence
of various concentrations of silicic acid in
predefined | evels. [0018] FIG 6a is a block diagram
showi ng an open configuration of a detection device.
[0019] FIG 6b is a block diagram show ng a cl osed
configuration of a detection device. [0020] FIG 7 is
a system for detecting inorganic species
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usi ng el ectrochem cal detection. [0021] FIG 8 is a

process flow di agram of a process for using an
web@enossehenm cal detection system [0022] Li kePCT/US2007/072585

reference synbols and designations in the various

draw ngs i ndBerate bEkerebement or DEFAI hERWDESERI PTI ON

£ 02€] Strlpplng vol tammetry can be used as an
[00L3}) ytli%all toold PoP GetSedtidy HeSRPmtfalr PERSsss £0r

vari ety of aqueous sanples. Stripping voltametry can
detpetinpl enendedi¢nsvasiotsugonti guratronlesuenl agetection.
deposition stripping voltametry, and adsorptive
[0034]i ppichg 2valltlarstetates Exdrnpimenctechmnisques,] ssyst evs hamdy
apparatus described in this specification use

met &USON pthyeassehPpi Bg vohianuetry. Adsorptive stripping
anal ysis involves formation, adsorptive accunul ati on

umfmj@%@C@qnﬂ&m%éﬁﬁ%%ﬁ%%ﬂﬁﬂ&ﬁ@ﬁ%&ﬁs%ﬂ&%@mA
(e.qg., Molybdenum (M)) with a ligand (e.g.,

comﬁéS ﬁb%%% uré@f% %Qg§ adsgrptive stripping can be

ncen ration of a netal in

e of and (e. net al :
100Bh T G- atte CHE AT “SdBHE SOT I dand Sy e Smpicoy 2
In addition, adsor t|ve strlpplng can be used to
comppa¥ute HOR- %@%%@?%a%@@v@r?%%?@%n?ﬁ %b%%l%%n%?ntratlons of
nmeasuri ng the inpact of inorganic species in the
silpeesemcedof heavy netal ions [0024] In one aspect,
striping voltammetry is used to detect a
[0017] FIG. 5 illustrates voltammetric signals of Mo-CAA

complex in the absence and presence of various concentrations
of silicic acid in predefined levels.

[0018] FIG. 6a is a block diagram showing an open
configuration of a detection device.

[0019] 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.

[0021] FIG. 8 is a process flow diagram of a process for using
an electrochemical detection system.

[0022] Like reference symbols and designations in the wvarious

drawings indicate like elements.
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target material that is not electrochem cally active.
An initial value of an electrochem cal property of an
web®@evessehem cal ly active nmediumthat is free RPET/UR®07/072585

target material is neasured. The target material is

I ntroduced into themizzurdEurcETyONCtTi ve medium A

current value of the el ectrochem cal property of a
[00Z3hbiStatliven "of Vo Fegety rateicalts aﬁhén analytical tool

el ectrochem cal ly active nedium a al soneasured. Based
forodetpet tugrientvyaheeahndothel i ndt varivay uef aqueous samples.

information on the target material is obtained. [0025]
StrBbGing vslaapnecegschhove dimglaneofedniexeaplany

process 100 for using adsorptive stripping voltametry
confOghRasus e, | fetgans cdspesiesot hatrapeiN@tvoltammetry, and

el ectroactive . Nonel ectroactive inorganic species,

ads§9§@1@§ sthighengchdic fmyebey detecte %1QYt8€ﬁ§Hﬁu8§ thestems
i npact of the inorganic species in the presencé of

ande£§%££99q%03539§§8¥dn?ﬁa{hi?n$$é§191@a@$%%e%ggeadsor tive

rovi des a si ed wa erm ni
lnor%anlc sgec es ca) indire

st R TG FRERE e BrtoRet 1iD) bt e EftciadYgnlspinvolves
vol tammetric signal associated with an el ectroactive

LOTHRE AP c oRPFXPT F 00 26T C ARkt ol OB ofpf ek deChion of a surface-
mol ybdenum chl orani | ate conpl ex (M-CAA), is fornmed

act{vdoycrmsleaxrehgentratsingtabséepri velstypppiwg (Mo)) with a
voltametry (e.g., square wave absorptive stripping

ligayolit &éemet r ydhlothei Vet¢amdedyj ¢ sTignal afisthet et abtripping
conpl ex

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

stripping can be used to measure non-electroactive 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 is not electrochemically active. An

initial wvalue of an electrochemical property of an

electrochemically active medium that is free of the target

material is measured. 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
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(e.g., Mb-CAA) is neasured (120) in an acetate pH
buffer (or other suitable buffering solutions) . The
waolwaeserri c signal is nmeasured, in this and PEHES2007/072585
i mpl ement ati ons, using a working electrode (e.g.,
mea S saUt h, Bagscuoy, tigel duredct )vdhee and the initial value,
Mol ybdenunthl oranil ate conplex is el ectroactive and

inf&ARabecdetected byryot t@mPeLL Y1 usk ngpea Weski Ng
el ectrode. An accunul ation potential of a predeflned

r0og8P! e 1 § Appleflo e, Telal, CMRleXd 1 dhe 1

fer for a predeterm ne perlo

progoten%bel scannln%tMAth a redeflned anpl

v &def { het” st &p" Pot ent P& chhd a ﬁ%%%e??ne%itamme@ry to

frequenc 0027% Non- el ectroacti ve |norgan|c speci es
meagiarg. l“%F? (o1 p%?%?%lEh%Elﬂr?n“%%t%%ﬁ canepetve. Non-
detected indirectly using the square wave absorptive
clegErPppt hge vol oaamet ¢ ySPAC VAR i otisCtontent F ati onsColl, thay be
non- el ectroactive inorgani c species are added to the
detaetall bonptexyrand viott anpetticf stgpnalsongeniheaspeedes in
(130) after each addition of a known concentration of
thetbeecponcel ect ¢ Dact ryvgct NOE gavh ¢y Spechesiodbe(e.g., Mo). The
non- el ectroacti ve i norgani c species conpetes with the

pro&é§§ngO©ep90V1&$§0a|Qlﬁbﬂgfﬂgdm%£$ bheqoetahin 9% inorganic
exanpl e ilicic acid conpetes with chloranilic acid

speé?ésCQQrglnaginc§ fﬁ%@??&%f@l oﬂegggﬁe 5ypg§ng9%ect of

, In an acetate p ause t
bdenum chl or ani s, el ectroac

the PO RaRS S el bel Er S TRk By o T e dRo ueFaathtrea

, morklng ,
with an electroactive metal complex.

[0026] A metal complex, e.g. molybdenum-chloranilate complex
(Mo-CAA), is formed (110) as a reagent. Using absorptive
stripping voltammetry (e.g., square 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 suitable buffering solutions). The voltammetric signal
is measured, in this and other implementations, using a working
electrode (e.g., bismuth, mercury, gold, etc.) The Molybdenum-—
chloranilate complex is electroactive and can be detected by
voltammetry using a working electrode. An accumulation
potential of a predefined amplitude is applied to the metal
complex in the buffer for a predetermined period of time,
followed by potential scanning with a predefined amplitude, a

predefined step potential and a predefined frequency.

9
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el ectrode. The concentration | evel of

Mol ybdenum chl orani | ate conplex is held constant, and
wak@n/0essenown concentrati on of the silicic aciBCT/ES2007/072585

i ntroduced, a reduction in the voltametric signal is
[0022] eclced-c 1 e roaditdticonsidryairie wplddmmet (d.¢ .51 grdlisa as

and the correspondi ng concentrations of the added

si1Denel gelhoagt €=+ NOFGANHE SPEELESH AL 83 cLaPAL fdu{1A) the
to obtain a relationship between the signal reduction

squ ?9%28%?\‘?%? §§Pﬁ>%§$é Of¢ gi %Dﬁ%ea{t}’glfgaﬂgrggg Egn' Ca 3@&?& &3s

con l’l gte:lr_](ljll’rpsne%al Ieol’rI]Olilne ](f:gg.g%J?VPHll’kl)gr anic spe eSS are
%% ar e- wave adsorptlve StYippfhg vorta %rans 3P B0

Mo with bismuth filmelectrode (BFE) is shown. In

add%%i%OeR%%pm%takbC?%P%%xa St ut P O BRCStppof t Phgts are

el ectrol 0.1 Macetate buffer (pH 5.5).
mea%@é@@uﬁtg%i|®ﬁt©@t%ﬁ$ba@d@¥t90%0®fl@ appii edoheenBbauton of

60 seconds with stirring. The accunul ation potentia
theisgofhotl ovedobyt pot entdafjascanspagiast h a@ne anpht¢ udet npactive

25 nV, step potential of 4 nV, and a frequency of 25
inoHzan{ 0028t c R & c@mpaggest sthhate 1hgabsensegof @aar) in

ligand (e.g., CAA) , the voltammetric signal for M

bln@l§§9w9@ﬂn@ﬁebﬁeggier”F@?dexgﬁﬁigfOéﬁllélgeﬁéldcéﬁﬁﬁg%es
(e.g., Md-CAA) can be added to detect a vol tametric

Wltﬁ'gﬂ%rg‘ﬁ%%&%g%%w égﬁrﬁﬁﬁ‘é@’ Ot §lteéd$\%9£éﬁffe on the
ri ppl ng anal ysis can enhance t e scope of strippi
Mol% SULEMEOLS Of yarious lragg gl ppents ]&ecguge M)
Molybdenum-chloranilate complex is 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
relationship 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. Square-wave adsorptive
stripping voltammograms of 50 Wg/L Mo with bismuth film
electrode (BFE) 1is shown. In this example, Mo is in a solution

of supporting electrolyte, 0.1 M acetate buffer (pH 5.5). An
10
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Bot h voltanmmetric and potentionetric stripping
schenmes, with a negative-going potential scan or a
W@ omgesse2 cat hodi ¢ current, respectively, can BPET/US2007/072585
enpl oyed for measuring the adsorbed conplex. Wile
accadsbapionepstehpphngoproceour es apeliypi cakl yoout 60 seconds
i npl emented to show reduction of netal in the adsorbed

witﬁ0§Pl§%in??dU@EéOQc@ﬁmﬁiQ@DQn9§@t§$§9apei§h9&@lo&Q@3Q}
FIG 3 illTustrates 10 successive neasurenents of the

pot§9{¥gge98%%f?¥€!ﬁ%gﬁﬁ59 %ﬂﬁ?[@@&éi8fa§5dmv§h9¥é%?%§§8gtial

r epr oduci can be seen when conpari ng

nd. 3 he conplex ion_is.quite evident. Ten
of gu%%és%?éeavgfgg%%%ﬁ¥aﬁg %? " nmg/L M in the presence
f 50 MM chloranilic acid are showmn. M was placed in
[OoggkoFGFPo@ SHISESHOT tHRG e e PSIyE, . B MigeedatE-9- -
buffer (pH 5.5) . The recording protocol used for
CAA} heske measupr@ieht 5Ci aedudestan Mpphieati onnodt ape
accumul ati on potential of 0.50V applied for about 60
detgsegonds. whrherstorei ng, nandl acpop eaki & . gcaniongAid t han be
an anplitude of 25 nV, a steppotential of 4 nV, and a
addédaeguensycot 25vbiztamhetr pot est iahl sgannt ngcdaywbeh the heavy
applied after the accumul ation potential. FIG 3 shows

methhe pgakos E{@@ts@ﬁ@gﬁin§h§nﬂ§?§ﬂé?Qaﬂoéﬁﬁﬁﬂgérﬁﬁe scope of
signal and the potential 320 at which the peak current

str?ﬁ%yﬁﬁ ﬂ%gsﬁfgﬁgﬁgg'o£09§}1 EEG% gcéléyéﬁéﬁ{gs(éhs. Mo) .
Impact of silTicic acid on the voltammetric signal ~ of
Botﬁh&of@é%ﬁ@???@*§Qé°£§@é£{foﬁéﬁgigogPLf%ping schemes, with a
negative—-going potential scan or a constant cathodic current,
respectively, can be employed for measuring the adsorbed
complex. While adsorptive stripping procedures are typically
implemented to show reduction of metal in the adsorbed complex,
reduction of ligand can also be shown.

[0030] FIG. 3 illustrates 10 successive measurements of the
molybdenum complex with chloranilic acid, showing good

reproducibility. As can be seen when comparing FIGS. 2 and 3,
the complex ion is quite evident. Ten successive voltammograms
of 50 Wg/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 application of an accumulation
potential of 0.50V applied for about 60 seconds while stirring,

and a potential scanning with an amplitude of 25 mV, a step
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under the sane operating conditions described in FIGS.
2 and 3 . An application of a high level of silicic
wa@eood/oeidsear | y denonstrates the effect of sili cPCI/H8I007/072585
on the Mo- CAA conplex. A recording protocol used
poténcl atdest squay g- aay ea atdsogpéhye Streppiing The potential
vol tammograns of 50 ng/L Mo in the presence of 50 ni

scaﬁﬁl@dﬁ afh{ i 6e aghP1 i LM h pPet henaeasuhgeat i oh hgoMnCMY .  FIG.
conpl ex was placed in a solution of supporting

t y. 0 e e.pu r )
3 G anmet P ST gnal 910" So7fespanis ts Mo, CAN BBRSI 5
. _of,50 L M in the. p ence of 50 nM chloranilic
>0l oo FanmerTel ST L Act Fagd, I asoa o anpie a9geurs
and 422) show the effects of adding 0.1, 0.5, 1.0,
aregeasyHeend 2 0 nM silicic acid respectively. The
recordi ng protocol further includes application of an
[003tEumilGat idor 1gotséntitals ¢hep 13pacappifi &d figricabsud 6@ the
seconds while stirring. The accunul ati on potential may
volbenhet t ovedibyad poOtentiadlgicaamimgciv ¢ haanl anph¢tddeomplex
of 25 mV, step potential of 4 nV, and a frequency of
und@b tie[ H832] o tat bndyl tostital €5s adsetrobenyolharmmesti £ and 3.
signal s 500 neasured before and after addi ng known
An &§OPLERLFabhops 9fnshhi chgeache. sThe-Measuignentarly
conditions were designed to optim ze the detection
L 0] Silicj id. S - . adsorptiv
dem&ﬁg%Eagés {ﬂ LEFBLL Oy 9¥?£§1§g¥§1ﬁb§8 Pﬁ% ®o-Can complex.

StTTpping voltanmograns o _ in the présence
a o480 MY shiorani 1) g gcl 4. v83. L "plsuent ed.,  The M- COA

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
acetate buffer (pH 5.5). Voltammetric signal 410 corresponds
to Mo-CAA complex of 50 Ug/L Mo in the presence of 50 UM
chloranilic acid. Voltammeric signals a-f (412, 414, 416, 418,
420 and 422) show the effects of adding 0.1, 0.5, 1.0, 5.0, 10
and 20 mM silicic acid respectively. The recording protocol
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

frequency of 25 Hz.

12



10

15

20

conpl ex was placed in a solution of supporting
el ectrolyte, 0.1 Macetate buffer (pH 5.5).

wo/Riaesser ri c signal 510 corresponds to M- CAAPCDIRI08%072585
of 50 ng/L Mo in the presence of 10 nMchloranilic

[0032] dF IVl ttammarise rsitgialas sate 5511 thidhe toliG, sSHRhadnrd 500
520) show the effects of adding 5 nM, 10 MM, 15 nM,

meaduPeMbANEr25a M sELE LT gaachd kesPectbNE Y rfMions of
accunul ati on potential of 0.50V was applied for 60

Sllfgf?ngél&”thTﬁé'ﬁéé&@reﬂgﬁtaQSHﬁyﬁﬁé'an@PQe@Itu n&@sto

by a potential scanning with an anp

otential.of 4 nd.a fre uen 25
oot f Y B BaRet hbtnt 5t crlor aflTi € ACRd aaade®rs Vaee
Mb- CAA conplex was reduced from50 nv (refer to FIG 4
adsyrplii® airipPinprovetaheogeseet PbnoPiMy{Loflosinkhe
acid under these conditions from1l mM (refer to FIG 4

predeh®SofMo I theseaRNEasHr 8ABAt $as Sifl OheStbdiCi CThe Mo-CAA
acid apprOX|nater equates to about 300 parts per

conBLLLT 90 (RDAOT 3TL1 o1 FULANSE LIBLOVETROLS: LA EhPyee,

are pOSSI

rement condjtio 0034] The detect on. o
M o R oRe T Faf oot b Qfegp‘é%ﬁ%mefeec $LeRs hef ghffesponas

applied to various device formfactors and
to Mpplikatdopsenhef eSdetectildn of Sh¢ipecoenothef 10 UM
i norgani c species is desired. For exanple, detection

chl@?aﬁili@aaéﬁﬁ.bev@ﬁ@ﬁmﬁ@rﬂ@t§£@ﬁ@§stﬁee|@5@2,051@Hr51g, 518
(0] wat er .

and 520) show the effects of adding 5uM, 10uM, 15uM, 20uM 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
with an amplitude of 25 mV, step potential of 4 mV, and a
frequency of 25 Hz.

[0033] The amount of chloranilic acid added to the Mo-CAA
complex was reduced from 50 UM (refer to FIG. 4) to 10 UM to
improve the detection limit of silicic acid under these

conditions from 1 UM (refer to FIG. 4) to 5 UM. In these

measurements, 5 UM of silicic acid approximately equates to
about 300 parts per billion (ppb) of silica. Further
improvements in the detection limit are possible by modifying

the measurement conditions.
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[0035] In addition, the systens, apparatus and net hods
based on what is described in this specification can
wWhe00dses2z o | npl ement a sinple and cost eff ect PUBEUS2007/072585
el ectrochem cal detection system For exanple, a
[00BOMENG aleteaitdronmetsy isd liirst rasmerkinceat reastd WS tabaudispect to
$1000 or nore while an el ectrochem cal detection

rIcSystemas dischosgsol Nelihis SREECHhL CALL PR NBYrKOSLctors and
| ess than US $100. The final manufacturing cost for a

appgj‘?&&@%&%‘ v?%éi&”&i@@é@?i&?i Lhi s $PEg $£Cﬁ{eﬂ189 I‘Ré!aganic

epend on the user specl cations and t desire

applications_and de of operation . 036] . FI G

spe QR R el B0 By e BT £ 05 Fhen e ettt gt am be
i norgani c species such as silica using an anal ytica

used bedet tENYe R ot pYF Ve St P hpihgPortaffetry .) The
devi ce 600 includes a reference el ectrode 640, a

[003%hsilig aslddéticgde th50 S VARG ¢ GRiPaingériso gl Hsitderdse s sed
for at least partially holding liquid. Wien the device

on @GRAti ssidptenent@diastiai$fl ewmet hf oughideveee, bonhyed to
portion of the target liquid is actually held in the

impTenéat ners{008<] adbect ef e encer elrecé1oderb4RQemnsca@l detection
conductive nenber that is constructed to at | east

sysPahtiabby €Rayct, electhheitya1 Th16efREEPCE EhECLIMES: can
640 can be inpl enented using various conductive

cos@aﬁgr£@$§t 59 ngggpﬁg eaw§£i¥e£nmé%§c@@égﬁ ﬁg?%}g§§tection
an el ectrode Qe.g., STTVer 7siTver-chrori de ? g/ Ag

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
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,
and a container or a holder 625 for at least partially holding
ligquid. When the device 600 is implemented as a flow-through

device, only a portion of the target liquid is actually held in

the container.
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when coated with Agd and imersed in the recording
sol ution) may be used. [0038] The sensing el ectrode

WG 3®ness2be i npl ement ed usi ng any of a w de vaPCBU$2001/072585
car bonaceous el ectrodes, such as carbon paste

[0038T pcithedes fcglcassy cdardiandel ector ades, doardeitdrmeomember that
el ectrodes, reticul ated carbon el ectrodes, etc. O her

is éé‘hé@?u@té@ngélcétngeﬁé@%é?@ﬁ&l? Qondlﬁr@tt,aélé@trlclty The
el ectrodes such as gold, nercury and bisnuth

ref§£§ﬁ&é OQfécfung%%eQ%n RyLt le‘rgﬁler%@ £ S§NSL NGy el griLpde

can inc e bisnuth coat ated con uctlng
Conguectrodes and fondu§t|n Xaeleftrodes yﬁtg bi s
Act ided"anaf Je° sol UPT on "B shuit h bas &d eWec?ro
provi des %ood conductivity and |?MItOXICIt¥. %ﬂ
Pro%%e%eﬁ%u et B2t F ode- 650 %JahV%Jé toated of %Fh‘fl%d {Hocl)
athin filmthat contains conductive materials (e.g
whepi spath) viTheAgohduedi venpasedi an- E@%té@cgéﬁsm%gSOlutlon)
el ectrode 650 can be a carbon fiber or glassy carbon
may ebectsede. Alternatively, the sensing el ectrode 650
can be coated with any conductive material, such as a
[0088 At & eamrsinigntead tardaien sltectanode. e caxatpice udtime; any
sensing el ectrode can be inplenented as a di sposabl e

of SCHEED PLinLed @ESBQEBO§5§§5r§d§leM@£§@e§ansuB§|Qgecéﬂbon
auxiliary el ectrode, typicall y platlnun1[0040] O her

R T S IR SR LI
electrodes, reticulated carbon electrodes, etc. Other
suitable conducting electrodes, e.g., metallic electrodes such
as gold, mercury and bismuth electrodes can be used. Further,
the sensing electrode 650 can include bismuth coated or plated
conducting electrodes and conducting electrodes with bismuth
included analyte solution. Bismuth based electrodes provides
good conductivity and low toxicity.

[0039] The sensing electrode 650 can be coated or plated with
a thin film that contains conductive materials (e.g., bismuth).
The conductive material-coated sensing electrode 650 can be a
carbon fiber or glassy carbon electrode. Alternatively, the
sensing electrode 650 can be coated with any conductive
material, such as a flat screen-printed carbon electrode. For
example, the sensing electrode can be implemented as a

disposable screen printed bismuth electrode, which can include

an auxiliary electrode, typically platinum.
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6, 682,647 and 5, 292, 423, which are incorporated by
reference, can be inplenented as the sensing el ectrode
W@ 3®9/0055e2 exanpl e, screen-printed el ectrodes (BEXHUI®OTI072585

Bl ood G ucose Strips of Medisense Inc, for exanple)
[004QN e Haplearentredie Tiese rsidtipsid nelyudda swordd nged. Fore
(carbon) and reference el ectrodes printed on a PVC

exa®ybst rahe £Wthr6aEH0As CONLACES<@Nithhe. 9pPPLstt ensi de)
One printed carbon contact serves as a substrate for

6,6§§e E?rgH?Y5fbb§7@b?Ct%QPSh(§£QC§D&Q§$8£5Qé@aﬁy reference,

|ng electrode target area is cove
diator |aye rs) The pri nted ele ode
Cane*;x & NI LRt PS seer plabriBaEheTr cF e gncgor exameie,

durln t he voltannetrlc ex nments. Potentionetric
SCISErT %? RgeCaft afsboBes pé@%‘g?%ﬂh U%Jr?@d cOhventF onaf lPS of
Ag/ AgCl el ectrode of the TraceLab unit. In addition, a
Medp$%ﬁ$ﬁuﬁﬁﬂnrEOéu§¥@m@¥9)e¢@@tb%démﬁhﬁm%@t%§ed These strips
Further, the sensing el ectrode 650 can be coated
inchudéowopkEMQd(mﬁthonht@mdatefhaen¢ﬁcéUdesr@@esoprnnted on a
conductive materials such as bisnuth. [0041] Different
pvCT otinst it bi slth canobe dsetat©s CONStraCbpopbeisensiag) . One
el ectrode 650. For exanple, solid bismuth in

prlﬁ@é&|§g£@6§ QkngienularvEor iy cans Pes Usede §%B1$@é|ﬂercury
bi smuth salts can be used as the active el ectrode

fil é?é&ﬁLg%%tS§9H§e'@ﬂée&?fg?ﬁé?”§0r§9+§depééfyggeo{arget

snut are used past e,
ar eg‘aEsrégx'ze%Q&CQl%ﬁ 889§§8/8éd9£959d1ayers> The printed

electrode (Ag/AgCl) from another strip serves as reference
during the voltammetric experiments. Potentiometric stripping
can also be performed using conventional Ag/AgCl electrode of
the Tracelab unit. In addition, a 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.

[0041] Different forms of bismuth can be used to construct the
sensing electrode 650. For example, solid bismuth in
particulate or granular form can be used. Similarly, bismuth
salts can be used as the active electrode material. 1In some
implementations, solid bismuth or bismuth salts are used in a
paste, gel or polymeric material which is coated or plated on

the sensing electrode 650.
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the sensing el ectrode 650.[0042] The device 600 can
optionally include an inlet port 660 and an outl et
WQEoow/0gse2 For exanpl e, when inplenented as a PEDUS2007/072585
t hrough device, a streamof target liquid (e.qg.,
[00&2] erThecareviied lcowe d arhropudoriang ydevicderd@0G,n usileg thet 660
inlet port 660 and outlet port 670. The presence of

andt @K 08t t 1801 9aht Co3PeCi BSr SHLhn@Se si hhéR Lhptbechiyi ds a
flowi ng through the device can be continuously

floﬂe{ﬁﬁ$§%h @%&?é@atéVS{X aft §?”P£§ of iﬁg iérgs "qwgéer>

can eposited into t e inlet p rt 66

sili 043 n the en _co guratlon FIG
cana Sofg é S%aghn%hnen% 0%356% 1D%H %n b%ort 660
or other SU|tabIe naterlaI% desi ned to rOV|de a air
and angF b7t water £7ght Seal Phettren %ff’F%?eFreh%%Fg@ibcaﬁlﬂeCles
t he second menber 620. The first nenber includes the
suchnpetspbita 660, thhel buitl et fporing7onapdd hehsedfvhge can be
menber 630. The second nenber 620 includes the
contefepente étectrode 64Dtandat heesensangamwpeet oddeh€50arget
[0044] FIG 6b is a closed configuration view of an
ligqexenpharye devpcei 6808. ivhenchbeidevt ceob00668 €bosetlect
and liquid flows through the inlet port 660, an
si1ekgctrical current path is provided across the
reference electrode 640 and the sensing el ectrode .

[00£9g4?J &%% Eﬁﬁkq u%%ﬁﬁ%%qd%%kﬁeE%Q%fqugﬁ%ws a sealing
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 660, the outlet port 670 and the
sealing member 630. The second member 620 includes the
reference electrode 640 and the sensing electrode 650.

[0044] FIG. 6b is a closed configuration view of an exemplary
device 600. When the device 600 is closed and liguid flows
through the inlet port 660, an electrical current path is
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 to simplify sample
preparation and accelerate analysis time. The device can be

designed to use stripping voltammetry designed to perform in
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sinplify the anal ytical process of detecting silica.
For exanple, the device 600 can be designed to
W@ R0oplodFs92 sanpl e preparati on and accel erate anedCERR07/072585
time. The device can be designed to use stripping
bat ¥l hateet ¢ ygdesi gnedot akpey f or mih nbat thw modeo@gh gmodé 0
a beaker) or in a flow through node. Little or no

Litt DEesAckd Oy DeLMBENok NS tis8En aNdet NEc deyhgernOt B8Fice, other
than introducing the sanple |iquid and/ or standards

tha%é?n@?@%&glnﬁogﬁ ]snﬁ%%%efi%ﬁyg 9§¥P8§ ﬁpQD&QP Qeare needed.

I gne ase or any ot her COI’] ucti ve

[Ooggie%hlth_aseq%mgunftg%g%%oln a %gr%g%_prqu%d q%kp%lsmuth_

Séd Ao measUrenent s (i@

di sposabl e). Such di sposabl e devi ce. 600 ca
base@nd u‘P Bt Y edt A8T aﬁo?%%éﬁ%u YRt ebhitinadf %d’f of l%%%%?e $ in a
For exanple, the cost of a screen printed el ectrode
screan belihedheovrder fof & USitend sapernsensorcasopargnts
FIG 7 is an exenplary system 700 for detecting
(i.¢norgaspessipee] es Such assgobalode udeéngcel €e¢d rozhene cal
detection. The system 700 i ncludes a detection device
mandfifcfergd, as nphemrakedns iva dedsgasetef fow gehber. For
design) coupled to a data processing device 720. The

exafSt&CtinD deyicer 710s6a8-hepsubstantiati yoas deschibed the
with respect to FIG 6 . %ernatlvely, the detection

ord$§V55657& be éPD£SH§8£ed using other form

actors ?o%ggi The data processi ng device 720 can be
[00&9?|%qﬁﬁt%dls an exemplary system 700 for detecting
inorganic species such as silica using electrochemical
detection. The system 700 includes a detection device 710
(e.g., implemented in a dedicated flow cell design) coupled to
a data processing device 720. The detection 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
one of various electronics for receiving data from the
detection device 710 and processing the received data. For
example, the data processing device 720 can be implemented as a
personal computer, a server computer, a portable computing
device, etc. 1In addition, the data processing device 720 can

include wvarious components such as a central processing unit

(CPU) designed to execute software programs, such as a program
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one of various electronics for receiving data fromthe
detecti on device 710 and processing the recei ved dat a.
wo-00980#epl e, the data processing device 720 cR@I/b82007/072585
i npl enented as a personal conputer, a server conputer
(noa postapl ehconputfogndexyteeacetitsit hoaddndli analybes of the
data processing device 720 can include various

dat §OPPONENLS BUER B8ec A 6€BLE dbnPaOGESSI NPounit (CPY)
desi gned to execute software prograns such as a

[ooPéP%%'I(% w?l%"m)thteh g%%\r/nprcﬁo f?rhnf'{‘z% WS 10N 889 opriate

ana ySes O he "dat a etection

I ce 710 004 For exa I ogr am can
recor n%l%a?e énPa%%Foprré?%gp%c%?%F%ﬁﬁ%F%¥oéor Itort

strl ng vol tametr % .g., the accunul ation
aCC%%% %ﬂg %%e%éabo%% t?]g? BeaAhf hgl wiEhnantg with an
anpl i tude, step potential, and a frequency as
amp HeseEe bedt WP t ROFeRpbet / t®n¢l@£irqq%eycﬁj@% d¢peribed with
program can be designed to conpare the received
resyott anmef FGE. sighal s M b, t hlee concenamatannise ofles hgned to
added silica to determ ne the effects of different

comp@nsenh¢ até0asvefl sbltaamenribesvoht asmeithcriségnal s.
The determ ned effects are used to deterni ne an

con@@%@?%@1§§§csﬁt RLI 9ROk siliea o &@%@fmlﬁgrtﬁéagﬁfgcts of
by neasuri ng the reduction in voltamretric signals.

dlf%gpég% Jggcgﬁﬁ§a9{88553fn919§850§%7gﬁ r@&ﬁ%ﬁﬁﬁe%?fe signals.

romthe detection device 7
bi.dj recti onal gonnun i cation.channe]l 730.

the pidr rebtionart %%ﬁn?%%t?%%dc:%%nﬁ%?e%b“%a%“ unknown

concentration of silica in water, for example by measuring the
reduction in voltammetric signals.

[0050] The data processing device 720 receives the data from
the detection device 710 through a bidirectional communication
channel 730. The bidirectional communication channel 730 can
include any one of wired or wireless connections. Wired
connections can be compatible with Universal Serial Bus
connections, FireWire connections, parallel connections, etc.
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 detection device 710 is
transmitted to the data processing device 720 over a network

such as wide area network (WAN), local area network (LAN), or
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i nclude any one of wired or wrel ess connecti ons.
Wred connections can be conpatible with Universa
w@2000abssBus connections, FireWre connecti ons, PEHRD8100B072585
connections, etc. Wreless connections can be
the compathdt e Wi hsBheietopl dmeMW &t j o raxhe et gstém 300can be
i npl ement ati ons, the detection device can be pl aced at

impBeh&RPLE hocationdealonei Hythenfbel ds §U§Qr@Soﬁ Bodyrger
of water) for testing a water source at the renote

sys%&ﬁ?&ﬁ@ﬂ-a§h§e9@$§k09%%§%ﬁed using the detection

device 710 is transm o the data processing

[ 72Q aver _a netwark such as w_de area networ
[Oogng%%F'locéﬁ gﬁegxﬁ€$ﬁ6¥ﬁ’€fﬁﬁfsf 5ﬂfﬁ%cﬁﬁ¥%Fﬁéfﬁkﬁn
sonme | npl enentations, the system 700 can be ,
pro?%ﬁ?eﬁgﬁtEﬂragp%r%?é%ﬂ %T%néyé9%@eﬂ9%rf%§ Epartivf a
| arger system such as network system [0051] FIG 8 is
inoppaekenpParycproeessas| ol tfagr abt of L& protessa@porpoirve
operating the system 700 for detecting inorganic
strgpecnesvelcanast sy} i data Ale 840, usingmaesorpt svegnals of a
stripping voltamretry, data (e.g., voltametric
met &1 gha@hs1e%) ai getal 1conpliex)hrosgieot hectietethi onghethee 710.
detection device 710. At 820, the data processing

at deyi cend29-fgcglyessthggcolect ethdat@ce Are830neth811ected
received data 1s processed to determ ne the presence

datQEpSA{i§§Oanghét§?§899§@tﬁg{%ggsiépgég%sé@ S0MBctermine the

| Ignpntaflons, e system i mplenented as a
ore §BSSL 107 JE1 8811 9N SYBLem bt Useg, gauare vare
[0052] In some implementations, the system 700 is implemented
as a specific detection system that uses square ware absorptive
stripping voltammetry. The detection system can use a bismuth
electrode to measure the competition of silicic acid and
chloranilic acid for the molybdenum metal ion. The system 700
can be developed as a suitable and inexpensive system for
electrochemical detection of silica indirectly by measuring
heavy metal ions in pure and ultrapure water in the presence of
the silica ligand.
[0053] Embodiments of the subject matter and the functional
operations described in this specification can be implemented
in digital electronic circuitry, or in computer software,
firmware, or hardware, including the structures disclosed in

this specification and their structural equivalents, or in

combinations of one or more of them. Embodiments of the
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stripping voltametry. The detection system can use a
bi smuth el ectrode to neasure the conpetition of
W@ R000oOd520ci d and chloranilic acid for the nol pGHEAT/072585
nmetal ion. The system 700 can be devel oped as a
sub $éitt abhetanddé nexpensi ve syst espéof £ eteci snchen sal
detection of silica indirectly by neasuring heavy

impIBhaht £@NSs| BnPULL ABHe ULLHBRUEE MREEFahNplbuPEESENCE., one
of the silica ligand. [0053] Enbodi nents of the

or ﬁ&Pée&$dH?é£? fa@9m§8@e£uﬁﬁ$§9gﬁliQQ@f@&t?@ﬁsdgﬁgé?dion a
In this specification can be inplenented in digita

cang e R S5 T ok 5, PP RoTHRE NG Ehel Lt r ot U egontrol the
di sclosed in this specification and their structura

OPe Ryt Val eht s926? PROCHFHBI hat FONITdF Udne bR nbreIBPle program
them Enbodi nents of thesubject matter described in

caryhes spechti zabrepcgancBesiapd eneht @dcaBPeher orcadrlele
conmput er program products, i.e., one or nore nodul es

medpfimconplut eprprogeraad i asgnact i onsn eacodedc oal y t aage bheed
programcarrier for execution by, or to control the

sigopey akl @n, of , mdah anpr @eRS 8 Hgd appatat Usal Thept angl pl er
program carrier can be a propagated signal or a

cleCOPPHL GFof £adabL g, B MM Thegpropagal edo stghdhel Sn@Brmation
artificially generated signal, e.g., a

for EQBQ&iQ&DSﬁ?{SdsS£€§$£éC@éce99é£09¢%g9%tu
el ectromagneti c signal, that s generated t
i nformati on f?r transmn ssi on égbfgi%ggle re

Y PR LS f or T 8%eCUF BT F<2 tum e

readable storage device, a machine-readable storage substrate,

3 SREomeeorion
ggiggra machine-
a memory device, a composition of matter effecting a machine-
readable propagated signal, or a combination of one or more of
them.

[0054] The term “data processing apparatus” encompasses all
apparatus, devices, and machines for processing data, including
by way of example a programmable processor, a computer, or
multiple processors or computers. The apparatus can include,
in addition to hardware, code that creates an execution
environment for the computer program in question, 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.
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by a conputer. The conputer readable nedium can be a
machi ner eadabl e storage device, a machi ne-readabl e
WGee@pags2substrate, a nenory device, a conposiRCDOSNT/072585
matter effecting a machi nereadabl e propagated signal,
[0055]aﬁcaﬂhﬁﬁmﬂéﬂmpﬂMQEQWE(@ﬂsﬁDmEmﬁﬁlthemlp&@@ﬁﬁhuTﬁ@ftware,
term "data processi ng apparatus" enconpasses al

sof ePRAE ah¥s1 i 88V 685, s@NOpRCHE NESaE PT - PR O6ESSI NP dat &n any
i ncl udi ng by way of exanpl e a progranmabl e processor,

I ro r
forﬁpﬁgfig%%ﬁf%%ﬁ{?ﬁ“%5%§u§?§ aﬁﬁ???%%l?o A Bar e chagerpreted
lanthat greates a §§§59é|89 enV|r a?tlggr the conputer
% ogram fn Question, ?ﬁ conetifutes
rocessor firmvare, a rotocol stack a dat abase
é@%ﬁ%n%“s@%¥eﬁ?r%n b%%%%??%% %@s?eﬂ?a%? glone program or
conbi nati on of one or nore of them[0055] A conputer
as priogiaht (aFgePRAOWA, aSuar program osoPtar eynsof fwareble for
application, script, or code) can be witten in any
usef onna of oppogi agnenyitangeage, Ancéudingrconpited dres not
i nterpreted | anguages, or declarative or procedura
necé@pguagescoandspénganobg depboyedai pianys§yordm. A program
including as a stand al one program or as a nodul e,

canCOOPONERLa SHDEOYLLNEon 06 £ O hEr 1 MNEt a8 UL BBk ecf REr USBograms
in a computing environnent. A conputer program does

or @?{a”?&e Sarbﬁ%e89rﬁ8§8°ggr£8t§ fthesgini A % +§r§%§t§§%guage

progr am can stored in a portion of
dochﬁégg)Pther pggggfe file dedicated to the program in

question, or in multiple coordinated files (e.g., files that
store one or more modules, sub programs, or portions of code).
A computer program can be deployed to be executed on one
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
processors executing one or more computer programs to perform
functions by operating on input data and generating output.
The processes and logic flows can also be performed by, and
apparatus can also be implemented as, special purpose logic
circuitry, e.g., an FPGA (field programmable gate array) or an

ASIC (application specific integrated circuit).
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or data (e.g., one or nore scripts stored in a markup
| anguage docunent), in a single file dedicated to the
WEe@gnessei n question, or in nultiple coordi natedr/ib108%072585
(e.g., files that store one or nore nodul es, sub
[00PT pgraltk e sBforpOrstuiand 1ef feadehe cAccanutero Praogicamuter
can be depl oyed to be executed on one conputer or on
pro§bhhi Phe1cQaPULEr Say et akgmbosatsdriat gONersit £n@r special
di stributed across nmultiple sites and interconnected
' ' et k 0056]
P o doserTbed Tht AL SpectT i SatT o ean pery oF eny
. _perfornmed by one or nore.progr bl e processors.
e B EBo e £ Corbeer T DV ooF aReoPes parT Qb meceive
. _functions by ogerating on input data and generating
INSHEE Pt O Tha Proted seECAnd Foof cOfF BUBRSEARY aP§o? beaidom
performed by, and apparatus can al so be i npl enented
accqss Bpeeral Opuppole | Bgfceeserbi & yolengnt s apf FPGrOMPUter
(field programuabl e gate array) or an ASIC
are(approcatson Specpértormiegratedrectcont)anfl00bd] or more
Processors suitable for the execution of a conputer
memPregian tagl ade, sbyriay ofisexanplensbohd geveral candrally, a
speci al purpose m croprocessors, and any one or nore
comPhOELSSOL$ 9fsanynkingde of o i Gbt gbe£OPPYEEY . cLEPEEAI LY,
a processor will receive instructions and data from a

reck£8d QLY PFEORY rO{rg‘né@?QOgé@&C@é,s SEMDEYR O o ROt b,
e essential elements of a conpuier are a processor

for,performng instructions and one or _nore .
mass stgrage g%vgces %or storing gata, e.g., magnetic, magneto

more

optical disks, or optical disks. However, a computer need not
have such devices. Moreover, a computer can be embedded in
another device.

[0058] Computer readable media suitable for storing computer
program instructions and data include all forms of non volatile
memory, media and memory devices, including by way of example
semiconductor memory devices, e.g., EPROM, EEPROM, and flash
memory devices; magnetic disks, e.g., internal hard disks or
removable disks; magneto optical disks; and CD ROM and DVD-ROM
disks. The processor and the memory can be supplemented by, or
incorporated in, special purpose logic circuitry.

[0059] To provide for interaction with a user, embodiments of
the subject matter described in this specification can be
implemented on a computer having a display device, e.g., a CRT

(cathode ray tube) or LCD (liquid crystal display) monitor, for
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menory devices for storing instructions and dat a.
Cenerally, a conputer wll also include, or be
wWop@paeiseel y coupled to receive data from or tPERESWO7/072585
data to, or both, one or nore nass storage devices for
dissleying tatarmetgon btaghedi csenagnet o opybcatddas&sa
or optical disks. However, a conputer need not have

poiSHchgdeyi ces, Ab eovgrmo@3508PU£efrgéﬂbgﬁlenpydﬁﬁﬂchnthe
anot her devi ce. 0058] Comput er readabl e nedi a

use§u&£§P%§?$9&e % Pgt8°€$8L§%m€ €8£a”1b@ﬁé£“ﬁ£h8§so§”§ev1ces

dat a Ude al 1 for s atile nenory, ned

canabe usggu%?deVICegé fnC|¥g%Q b.lon of exaﬁgﬁﬁxﬁf %%l, for

seni con nenory devi ces,
flash penory devices; magnetic dISkS e.g., interna
SXaRptEr df SRSE Fr?%n%@%bP%eH|%%% b%aﬁ%%?bv% t +eaf"¥i SREY
and CD ROM and DVD- ROM di sks. The processor and the
inchp@bhry eapubelsuppPeneht edr byachi L ntoppor at ed i n,
speci al purpose logic circuitry. [0059] To prOV|de for
[0060] efattoidomeanittsh o uder ,suvénisadi mentts rofdetslver igwlj ect this
matter described in this specification can be
spet Pl egendtedcoOn lae compuUteEnhani Ng & dbsphayngeyyseem that
e.g., a CRT (cathode ray tube) or LCD (liquid crystal

incHh &Pk ay) p PRI LQF c&ﬂﬁgh§ﬁ$ayén? inforgeyion tortbe, or that
user and a keyboard and a p0|n |ng device, e.g., a

lncﬂE&ég m %&f@&gpgléomg%g L chy $§ §§91859¥bﬁeserver,
Input to the conputer er k|n devices can b
%59 tocprouLde. Tor ) ”teré‘cééﬁgone}l@ a uger as.yell:
computer having a graphical user interface or a Web browser
through which a user can interact with an implementation of the
subject matter described is this specification, or any
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 include a local area network (“LAN”) and
a wide area network (“WAN"”), e.g., the Internet.
[0061] The computing system can include clients and servers.
A client and server are generally remote from each other and
typically interact through a communication network. The
relationship of client and server arises by virtue of computer

programs running on the respective computers and having a

client-server relationship to each other.
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exanpl e, input fromthe user can be received in any
form including acoustic, speech, or tactile input.

WO 0®80)ssEnbodi nents of the subject matter descPCES200TI072585
this specification can be inplenented in a conputing

[0062Ft emitikat- Hirclspdes fd dadkrerndreenpeneniny &epgcifdssg these
data server, or that includes a m ddl eware conponent,

sho@l@ no@nbép@bhgﬂiu@@ §§rygmlt9%léﬂgtohn@h@d§§o§ef59n5ny
end conponent e.g., a client conputer haV|ng a

1nv§ﬁ ﬁhC§£ g§e%hégtﬁ£%aﬁg Qfa g@b @u9m§§{hépr9§gﬁe?criptions

a user can interact MA an Tnplenmentation o
he_sub ect_matter. described is this e |f|c

of £eaturn%lna Fon-of ~c on%p%?lg reégu%% g%f
n1dd|emare or front end conmponents. The conponents of

Partheusyst ERY RN BRSt nt eFEohhRct %ﬂt%\je%n‘;/h%r Pt or dRBaf thrd 1o
of digital data conmunication, e.g., a conmunication

thipetmoe ki Exahph edn of Ne oRPiRE Eat ? BnS PRt vk Rsehel Udenas can
| ocal area network ("LAN') and a wi de area network

als¢"NANIp lengntedhen| oo hedt 1§0064] a Thengbapathbngiment .
system can include clients and servers. A client and

ConSeryelyareagenes abéyt ieapt enfit onreagbsothieedand the context
typically interact through a comruni cati on network.

of Jh§lﬁ§1@téﬁ@§aiﬁe§{ ghheft sanNde SeRNeEMAAE S€S1 RYm¥l £ 1 Hee
conmput er programs runni ng on the respective

emb88c ﬁ@ Sg 8?%6%§¥1€%ofe££'§ﬂ§ §S{¥§B1ée£@$&8ﬂébh£t£8n

hi s” specification contains

oglmeg{s of

?pef%ﬁéﬁéh %Qggures may be described above as acting in

Moreog r
certain combinations and even initially claimed as such, one or
more features from a claimed combination can in some cases be
excised from the combination, and the claimed combination may
be directed to a subcombination or variation of a
subcombination.

[0063] Similarly, while operations are depicted in the
drawings in a particular order, this should not be understood
as requiring that such operations be performed in the
particular order shown or in sequential order, or that all
illustrated operations be performed, to achieve desirable
results.

[0064] Only a few implementations and examples are described
and other implementations, enhancements and variations can be

made based on what is described and illustrated in this

application. For example, implementations are not limited to
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shoul d not be construed as Iimtations on the scope of
any invention or of what nay be clained, but rather as
wa@le®eniise: ons of features that may be specifi cPEDUS2007/072585
particul ar enmbodi ments of particular inventions.
Mo-Ceit abmpfeat uses thatr aneadesaetbed andt higands are
specification in the context of separate enbodi nents

pos§aP1al sonpes ] Mpheneat 64l Ry COPBE HAbLL Ot Na@s S+ PYL €
enbodi nent. Conversely, various features that are
I b ' 0 Xt .0 . siingl e, enbodi
e et ol henr o T pl {7 b & enbod hoRts SepAratel j°
or i n_any sujtable supc ination_..Mrepver, although
acedlul O B0 ot S RP LR H P da uR D e het st 75 FreuBhHAPRSN
conmbi nations and even initially clained as such, one
POLGRt hdt e2PRAt &f esSF+ ot Ad cPai ?r%% tohbf hati oMRant e of
some cases be excised fromthe conbination, and the
potenhai abdsconbingt | on ARy beuderettedetdtep rotential; a
subconbi nation or variation of a subconbi nation
fre@O68Yy St ntharpytemhibesopepatednsetace) depicted in the
drawings in a particular order, this should not be
understood as requiring that such operations be
performed in the particular order shown or in
sequential order, or that all illustrated operations
be perforned, to achieve desirable results . [0064]
Only a few inplenentati ons and exanpl es are descri bed
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and ot her inplenentations, enhancenents and vari ations
can be made based on what is described and illustrated
WO poovidss2appl i cati on. For exanpl e, inplenent at PORESA0B072585
not Iimted toM-CAA conpl ex, and ot her heavy netals
anghit gapdslareceposst bl e. Al so, the recordi ng protoco
for adsorptive stripping voltametry can be vari ed
(e.qg., anplitude of the accumul ation potential of
0.50V; duration of accunul ati on potential applied;
stirring QL 094 ?5% £i§9 anplitude of potentia
scanni ng; an anp de o the step potential; a
fre ue of th otentlals | ied; e C. IS
cl%g%e X% f%?%et%od con%fgg%% Tl Wthh
voltage to bufferlng sol uti on, mhlch co rlses a

CoMpypt f c%n%?%%laﬁﬂmP%e¥r%%dofsuﬁB?%aﬁFclgﬁﬁ fRsCtgPpeles to
detected; neasuring a first current associated with
be ¢fee petal conpl ex in absence of the inorganic species;
addi ng the inorganic species into the buffering
soheid sonjingeastrrag auseeondassorenatecdssochatled metal
the netal conplex in the presence of the added
compNOX gani ebspecet est and ohbayang spdtiéerence between
the first current and the second current to identify a

COQ&@D&@a%h@nlﬁérégﬁlédgﬁéciggrQﬁﬁbCt§@9§u§§e£Dn§h§olutlon,
buffering sol ution he nethod of claim1 ,

Mhﬁégé rfﬁ&sgréggoﬁgecufféﬁt associated with the metal

complex in the presence of the added inorganic species; and
obtaining a difference between the first current and the
second current to identify a concentration of the added

inorganic species in the buffering solution.

2. The method of claim 1, wherein measuring the first
and second currents comprises applying an accumulation

potential followed by a scanning potential.

3. The method of claim 2, wherein the applying an
accumulation potential comprises applying an accumulation

potential of a amplitude comprising 0.5 volts.

4. The method of claim 2, wherein the applying an
accumulation potential comprises applying an accumulation

potential for a time period that includes 60 seconds.
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and second currents conprises applying an accumul ati on
potential followed by a scanning potential. 3 . The
woredonoossef claim 2 , wherein the applying an PCT/US2007/072585
accunul ati on potential conprises applying an
accunul ation potential of a anplitude conprising 0.5
volts. 4 . The nethod of claim2 , wherein the
appl yi nghanmaceyaub at & 081 0L enfhdle CONREHLSESn@PR! ¥E88ning
an accunul ation potential for a tinme period that
i e n .. Ih f ' :
POt T E e Ry 1 DErentdl PEoaey ] Shgaving at
applying_a_sganni hg. potential . having_at, | east, one.of a
rea SRR e or s 2ot | Phiet Carabhn Bt ooe P g rByrne: 8L 8¢ 4
..mllivolt, and a frequency of 25 hertz. 6 . The nethod
mll%fv%i%in?ﬁd,amﬁﬁ?%?%n%prﬁi%B Be%bFt age i ncl udes
applying a voltage to a buffering solution that
i ncludes a netal conplex conprising a
nol ybdenum chl orani l ate conplex. 7 . The nethod of
cl @i m 1IThewhetleo® otasuzimglt hehé¢resth apdlgecona voltage
currents conprises using a working el ectrode
incToaPs i Spply ahgl £asd 1 0age of o ba St her 904 dso Tat bon ©rat
mercury. 8 . The nmethod of claim7 , wherein nmeasuring
inciNgefi fshetNd S6RONEk CHERERE S1HST AONE YORKI G- chloranilate
el ectrode conprises using a screen printed el ectrode.

ComgleXThe nmet hod of claim1l , wherein adding inorganic

7. The method of claim 1, wherein measuring the first
and second currents comprises using a working electrode

comprising at least one of bismuth, gold, carbon or mercury.
8. The method of claim 7, wherein measuring the first
and second currents using a working electrode comprises using a

screen printed electrode.

9. The method of claim 1, wherein adding inorganic

species comprises adding silica species.

10. The method of claim 1, wherein measuring the first

and second currents comprises measuring voltammetric signals.

28



speci es conprises adding silica species. 10. The
met hod of claiml1 , wherein neasuring the first and
W@ 2@oMesseur rent s conpri ses nmeasuring vol t anmret PETYUS2007/072585
signal s.11. The net hod of claim 10, wherein measuring
t helvol tasmetthed sognal sieonpy i sesSrdsh Nge as St LhPptng
vol tammeter. 12. The method of claim 11, wherein
volBRSHE EDE tDEny 0Lt FMBLL €5 ShONAY Sa USE RYpR1 84T HPE Bneter.
vol tamret er conprises using a disposable stripping
vol tammeter. 13. A system conprising: a detection
devi ce conprising a container configured to at | east
parti al hold a.solution in the container, the
ol bt oh R aprrEingr s bt Thongress Aihsnt My cne
electrically conductive nmenber that is_ at |east ,
S volpabteafty StBhet§edSiidt AeStbiRidn, ViherBPRt ehecompPrises
~container, the solution and the electrically
usiggndudt PRespehbert AreP tonf Vglf 2@ ¢S heasure a first
current corresponding to the netal conplex in absences
of inorganic species and a second current
corresponding the netal conplex in the presence of
I NOB gani Cs gpeshesomands angat a processi ng devi ce
configured to receive the nmeasured first and second
cusrgntsc£rom tbe; det eghpons deyi ce; and

10 a container configured to at least partially hold a
solution in the container, the solution comprising a metal

complex; and

an electrically conductive member that is at least

partially submerged in the solution, wherein the container, the

15 solution and the electrically conductive member are configured

Lo measure a first current corresponding to the metal complex
in absences of inorganic species and a second current
corresponding the metal complex in the presence of inorganic
species; and

20 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 of the inorganic

25 species.
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obtain a difference between the first current and the
second current to identify a concentration of the

WO ppgesser speci es. 14. The system of cl ai m 13 »EBEDSI007/072585
the detection device is configured to nmeasure the
first andesegobdmcofr €hssmCOBrespoathnghé odataet abn device
conpl ex conprising a nol ybdenunthl oranil ate conpl ex.

is d&nribersystemolsclai tnd3rinberehd tbeodet 86tiOR s
device is configured to nmeasure the second current

corf8£$8§@998|95 Loplhe, et .1&9”@%ﬁ5ri918 ?§eﬂ8f%$é%%%m—

I nor gani ¢~ speci es conprising silica species. 1
chl§¥§t§f1€£ gé%i 6%3, wherein the electrically
conduct Ve er “conprises at |east one of bisnuth,

gol d, carbon or nercury. 17. The system of claim 13,
wherein the electrically conductive nenber conprises a
screen printed el ectrode. 18. The system of claim 13,
wheb ei nThpesyetert pbncHevice3i sweohtigutled @staction device
stripping voltameter. 19. The system of claim 18,

is ebwefejnrétietstnepping vViokt apneterceonpni sesraesponding to
di sposabl e stripping voltameter.20. The system of

the chat M 18omphexein phesdetectfommdeyateci Speonés guseerising
to neasure the first and second currents by applying

Silg@aaggggyégtion potential followed by a scanning
potential .

16. The system of claim 13, wherein the electrically
conductive member comprises at least one of bismuth, gold,

carbon or mercury.

17. The system of claim 13, wherein the electrically

conductive member comprises a screen printed electrode.

18. The system of claim 13, wherein the detection device

is configured as a stripping voltammeter.

19. The system of claim 18, wherein the stripping

voltammeter comprises a disposable stripping voltammeter.
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21. A nethod conprising: detecting a first electrica
activity of an electroactive material in absence of a
WO 20090055e0Nn- el ect roactive material; detecting BCHESWAT072585

el ectrical activity of the electroactive material in
presencehof sy bechas get 1 avmnel ectwioactivethat @stattion device
obtaining a difference between the first and second

is GbEEiFhcal Bshvistires tnang iirdentintyised o acencertiat ign
of the target nonel ectroactive material based on the

in Lffer . et f . glaim 2
P ee T Rg TR o Tt ann Sechad &l bt igarnin
otggtig'ties conprises applying an accumul ation

P po%en ial followed by a scanning potential. 23. The
met hod of claim 21, wherein the detecting the first
and second el ectrical activities conprises detecting
the first and second electrical activities of a netal
cofpt ex? i ReBh®Af f@PPAgSsBY Ut i on. 24. The net hod of
claim 21, wherein the identifying a concentration of
t héeetargehgnanterect ebact rveamtetrialtgonpragsegslectroactive
identifying a concentration of a target silica species

material in absence of a target non-electroactive material;

detecting a second electrical activity of the
10 electroactive material in presence of the target non-
electroactive material;
obtaining a difference between the first and second
electrical activities; and
identifying a concentration of the target non-

15 electroactive material based on the obtained difference.

22. The method of claim 21, wherein detecting the first
and second electrical activities comprises applying an

accumulation potential followed by a scanning potential.

20
23. 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.
25
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24, 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.
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