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SI MULTANEQUS ELECTROCHEM CAL DETECTI ON OF MJULTI PLE

HEAVY METAL I ONS IN LI QUI D BACKGROUND [ 0001] This
wappbiizwmei on rel ates to el ectrochem cal det ectP@RUSH008/059467

materials. Detection of contam nants such as heavy

mental ions in liquid is inportant in testing and

protecting water supplies such as rivers and streans.

Det ecti on techni ques based on chem | uni nescence

SIMYLTAN PO ELECTFRQCHEMIGAL DEECEIQN Qf MULTIPLE HEAVY

flash of light. For I x Rapi d Response
Water Test Kit is b@gﬂ‘gﬁsﬁmgh@'[@n of | um nol and
an oxidant in the presence of a catal yst
enzynmehor ser adi sh pero em@% The reaction
produces a flash of be detected when
[006°] €MABg ghéa?uo%%%ies %J%’gﬁ?éch@r%%] gé@éﬂBh @ Bfaterials.

syst ens a appar atus are I scl ose
Det@tmofmﬁm&mm@ntsﬂm@cm beawf mentarionrs i liquid aimpartanaim testing
evel s of eav

and g S A RRIE EHED 25 db e Ag ElIpaMiRe aclBy g niaues

baséd %ﬂrﬁh@rﬁlrﬁﬁdme%éhce%aub@ pisderceast UsdtBy st enzyme to generate a
el ectrochem cal detections. [0003] In one aspect,

flaskyef behti rirpriexanwle dvets EsoxRarid RasponsaWaigsd eshlitys hgsed on

the BakSbh PP RubRameRE AR AL BT Rt B SRR S e
horsaeadish pehexidgses (HIBPR! R‘hérr@aimonl protaseoaseshf liget which can be
applied voltage, a current signal associated wth the

detagedvhes @ @%@é‘qeﬁ i9addeHi cal I'y neasured. The
periodically measured current signal is processed to
si mul t aneously detect a presence of two or nore netal
i ons associated with theSHYMARGNpI exes. [0004]

(00d]P! SHEMRIANS SamORia gABLIENJ A6l 4d80008 (o BB Seriinica

ow ng at ures.

detednohwﬂenappalxsl Mgy partlcmdmutmbele\@ts plot @antyi rabtd’I@Idnewedcrbas zinc
scannin ot ent éggr ng a scanpi ng potenti
a

(Zn) cé?r‘?‘q W)y rﬁ'yb'ﬁ‘ %5% cq n@‘%@f@r‘ﬁ%larﬁ%@'Pr(éS)atetC can be
detéc%@éhsuﬂgeel&;trcﬂ:h%ﬁq ?éllllde]lté{&btns( nV) anplitude, a step

pot enti , and a frequency of 25
[0008]r t ZIn o‘ﬁeeasmﬂdt a@eciam ﬂnaaceatewelsemf metaﬂ hmsseolﬂdeg applying a

I de whi
ol 1.4 SERMGeiatipRavhliy piading 5 Sae Fid thalnoBies gueta
comphdkeao R a@r@sé ‘fh@@é’rﬁilﬁ@ efioidey |8lresidridacht laBplied voltage,
another sanple liquid flows across the other sensing
acww%em@baswwdmnﬁhthesngmpow@;@msoamapdyﬁaﬂxemasgced The

perbdea SRR T RIGR 1l ERET Fo Sop Bl TRt 2

prede®@d df R or eashe MBI (Ghs aserRREsd (M)the metal complexes.

[0004] Implementations can optionally include one or more of the following
features. Applying the voltage can include applying an accumulation potential
followed by a scanning potential. Applying a scanning potential can include applying
a scanning potential having at least one of a 25 millivolt (mV) amplitude, a step
potential of 4 millivolt (mV), and a frequency of 25 hertz. The voltage can be applied
to the sensing electrode while enabling the sample liquid to flow across the sensing
electrode. In addition, the voltage can be applied to another sensing electrode while
another sample liquid flows across the other sensing electrode. The current signal is
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mercury (Hg) and arsenic (As). Applying the voltage
can include applying the voltage to the sensing
web@etizwde t hat conprises at | east one of bi snEETPS2008/059467
gol d, carbon and nercury. Also, applying the voltage
can include appl yi ng the voltage on the sensing
el ectrode that conprises a screen printed el ectrode.
perlwlaalw megistitez lousimeitinsowsipdetsnh ai prebernee ofetasuor mgr@metal ions

SR o T s AR o S ST )
mergllu‘glnaé@ ) AR EEMIE ( ﬁbﬂ”ﬂﬁplyh’?ﬁﬁéwoﬂa é'&%n%ﬁélhéﬁ?‘ﬁggfy'l the

using a Stri Pp!I amTet r can I nc
voltagejtcsm@wﬂsmgselecwpde@axmonmﬁ@esat least mpasafismui, gold carbon
t her uid can be

and (ReicR BT AlsouroTilduhe MalegS capdSuag APRG g BeLGIER8 oPrthe

sendihg i ébttRief th@%élhbﬂk@é‘atsbﬁeéfpﬁr‘irﬂba@Iectfd&oﬁﬂﬂehéhnng the current
anot her aspect, a systemfor detecting trace |evels of

signabeany inekuds meeakring 8l vetiemractdetsianal.oMessuriog thenolammetric

sior i A 348 'HbBp A BT 1 Rt 65 AP sione
Meagmrlhbehéoﬁlt@mﬁ%’[rlc\!\lslghat bﬁnﬁmhgpuhgmﬂtdmm@ﬂeudam‘h@me using a
or nore netal conpl exes e detection device als

dispogaPlgdfddrRing é’pgémmq,tﬁr t%/m@@ﬁ'd'%mie\)@ltﬁmm%ﬁr'ct%al Eugher, the
sanJgﬁc%ﬁ(%wB%%'t?e]ljf.l)ﬁétr%lram{ﬂewﬂﬁ% b r%a%hh 44é damPliquid to

I ner, e solution an |ca
flowdbrtmgtmhee:onmmlberr are confi gured to rreasure a

[tammetric signal corres ding to each t .
100G5] 1 Bt P St dRUdEIc R0 Faradevaln el Haae Ml ions

mclm%es‘@ﬂ@te%ﬁﬂﬁ'd&c%‘é‘rﬁ é‘é’ﬂf‘eF Fﬂc%‘étslhb%%v'idé Cﬁﬁ@léﬁgﬂoﬁ Revice

series, and a reference el ectrode”coupled to
inclydas alcblytanrmrte@ﬁ tahist padiatly heldatsaotds quumud is hize edntainsmgvith the

sampe i Ao BOERE i o' Mo P Rno ot O ESHEBY® aiso
|ncIudlé‘ssarﬁé@éﬁric%‘lI?‘éoﬂﬁ&&hﬁeﬂﬂel"fﬁie@'thé’cqgﬁ't @s@@ Pﬁﬂ@ﬂ sOBnief§ed in the
measur ed _vol tanmetric signal. [0006] enent ati ons

sampiligiei Jigl santainer, dae sehdiosangidhe ab@*cttlwlyfcmdmlvg member

are bS5 MEBEIS BN GRS SbiEsBRRg 16 Bcn meta

compiné UT ye elBeericall eohductivel rylemb@duwlud& endrehor@sensing
i nclude a_screen printed el ectrode. The detection
elecegdlre eleddiically copReriagia$esesaard Aj rﬁfﬁrﬂ@c%ﬁepgﬁ%tcéﬂmed to the

ean ‘Vcﬁﬁéc% Q(?ﬂéf%f’é@%ﬁ%% a?l’@”sm'?&é Hﬂﬁ)rfgl onss%ew L&g%trr]odes.

detec
Thehmta pnjoq;;smfgcbewcerfsamnﬂgumd toainteetiflyiic pargetwdpr more metal
t i on pot

B ohale Blndfe el serBpces Based ondPechvarradabammetic
3|gn§ﬁn”p| e i nI et and a sanple outlet connected to the
[0006] Implementations can optionally include one or more of the following
features. The electrically conductive member can include at least one of bismuth,
gold, carbon or mercury. The electrically conductive member can include a screen
printed electrode. The detection device can be configured as a stripping
voltammeter. The stripping voltammeter can include a disposable stripping
voltammeter. Also, the detection device can be configured to measure voltammetric
signal by applying an accumulation potential followed by a scanning potential. The
system can also include a sample inlet and a sample outlet connected to the
container to enable the sample liquid to flow through the detection device. The
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container to enable the sanple liquid to flow through
the detection device. Thecontainer is shaped to forma
w0 b@wizheahinel that enables the sanple |iquid tRCT/USM08/059467
t hrough the container and across the electrically
conductive nenber. In addition, the data processing
device is configured to periodically neasure the
contadragskraped 0 pnad a owl ahanhel hatpheables doe damptensquid to flow
across the electrically conductjve mber. Th "
throfigh flaf Feptainer ARBARIOE b ek FF 8 1 FORRHAIVEImARBES  tn-agdition.
the §8RPBBcbESN ggpilcé i$ bSHFigﬂJrég% E@riBBi‘é&{l? er%ﬁ‘éQFb feevoltammetric
contai ner and across one of the sensi'hg el ectrodes and
signahwhhe thes aampipte liquid fldws @crdgsiheralecighaliyheoruetive megmber. The
nd acrpss of her. one of the sensing el ectrodes. I
confiiiey ¥ sRaSeA IRl LG My Sl aEls W sheP 8 uple tiquia and
to flPRth@Aighahk oRRAseH £nd Acro¥8lohansTehé sensihg R ctitftiesaarid@nother
sanple liquid flows across one of the sensing _
sampletquidde dowrbraugh themantajaepard Prpss@NoteiONeceidss sensing
t i | . .0 . i . mat
clecBfed! B, MO PP BEHF 8 LBy S 0T BRI Hidacure
the polearnshetrinsigasl weilethef sdrhplefliguicbiid wg aabsardragsisthe Bedising
techni ques and systens as described in this

elecirodes anedhe &ﬁh%r a?r@"ﬂi@ei”ﬁiﬂidefrlﬁé’f’ﬁ garq§§ the pihfrsensingeRlectrode.
00 T oA A ockdn Thi Pt ool BERE Rl AT provide
onercedoare afdse ollmwingrpbeartayeag Therteemigues tied sgbiects asldsscribed

AR P LSS S B0 e
to nfiffize BPIRRRBRYsts. AYREO mihBfLrBlcBCd I E QPO aTENsiBh| /A 240N further

can use nultiple screen printed el ectrodes to N
redudencdsts by dupleynerdingcscreen pripled ¢lealvgderewih integatedauxiliary and

detect, nultiple heavy netal . ipn the el ect.rocheni cal
refeficR defede Bue SRep R rro ElinebE Cah LECASEETHETE féF easy
replatdrnBt. NBIsY OlheadTBE dohentiBgl 4R AdrWainZ @& multiple screen printed
el ectrochem cal anal yzer can detect trace | evels of

electregesie éimmltarﬁ@quls!ytd@egtpvuw@legaeqwgm_@;al iCPT_!ﬁ- t he fdetachgnultiple
heag%érteﬁglﬁga?,ﬁg%%g%rlo%ﬂgﬁligﬁ a‘#é ol QSH us8 ér',y'[}éticgl tecpniques such
provi de on-T"neé neasur enents o0

as syipdiagneltdimestygriles mihi@floidbd Bhectsidbieatital ramialyerer can detect
escribed in this specification can be inplenmented as

d
tracg|lQals etihernetal iQFEt'Hdag PBE raigs @_l%'—)f JrUrHE e W_@tqrﬂé and
oo BRSPS Blc BSOS B BB et o

voltarHEeDRABINELS. [ 0009] FIG 1a is a bl ock di agram show ng
oo, O HORL4EEREE S0s7be S5t epe thatlet BEA biiplgmented s
electioBAERB S A HGs Br 6} S8R BPBEIBHAG O Predente S YALEriAI8 such as,

~ detecting various heavy netal ions.
zinc, lead, cadmium, copper, mercury, arsenic, etc.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] FIG. 1ais a block diagram showing an open configuration of a device for
detecting various heavy metal ions.
[0010] FIG. 1bis a block diagram showing a closed configuration of a device for
detecting various heavy metal ions.
[0011] FIG. 2 is a block diagram showing an example sample-to-electrode

interface.
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[001 1] FIG 2 is a block diagram show ng an exanpl e

sanpl e-to-el ectrode interface.[0012] FIG 3 is a
w@e@eas®43 | ow di agram an exanpl e process for JdRCBHUS1008/059467

mul ti pl e heavy netal ions. [0013] FIG 4 shows exanple

current-vol tage rel ationships for different heavy

metal ions. [0014] FIG 5 shows exanple calibration
[001[2]ot SFIG: @ isenprocess owrdiagram de peadete pjodess foi détectmy

net al ons [0015] FIG 6 shows square wave

mu"é\‘ﬁ@ﬁeﬁ y\r,réetg PM8pi ng vol tanmet he signals for trace

[oo1Rvel spia é’rgj; téééé‘)t‘é?rﬂgévwr@{tﬂ)oltﬁgé%lah&%rﬁﬂ)s kr@iffdrehBhdavy

system for [tiple I ons usi ng
metel ieosr ocheni cal det ect| on. [0017] FIG 8 shows an

o0 {4 T, ST B bR A hea e g Blrep Bt tation

dep&hiddiey f@r@#ffd@ﬁt%@aw eman iBhghe various draw ngs
i ndicate |ike elenments. Detailed Description [0019]

[001Rchrft I@@ssfmﬂs squAreEa e absirptivye skiwping valianasetriggsignals for
tracd§d Iég ﬁarjlcﬂﬁ Hé}éé)gﬁggfatﬂ as water. In particular, an

él éctrochem cal I Oh'devi ce is provi ded to det ect

[0016]acer R Ek S 9fstdeduydseicahg niutisle eavh nastakions usirepd,
cadm um lEhPper mercury, arsenic, etc. in water. The
emc@@@ﬂ?'ﬁ‘&@ﬁé’ QGPNdet ecti on devi ce can use anal yti cal

h f ;
[00{788 2B\TI@é%f?@wwn%ﬁ%éﬁﬁ{glé’Qéf‘rré%n‘cfg,nttrgd;HFljetcfr de tﬁ’%t Hﬁ&‘lﬁHBé Pultiple
worldnglejecticalest ool for detecting heavy netal ions in a

100153" | e RefRreli s¥roBiF 608 dasiiayBRaTT HoVarGiS Fraeings ndicate

like dRIPQSHEI on stripping vol tammetry and adsorptive
stripping voltametry. Exanple techniques, systems and
apparatus described in this specification use

adsorptive stripping D%Hll"é@'@é{f)ﬁ tiGesor ptive stri pping
anal ysi s invol ves formation rptive accunul ati on

[00t2]d rEshiriques arid aysiemfsaarecmnlma@ oo gigtestingfmateriatsca liquid,

suc B grasht | B sarbus  SRetoHdrathl dedetiaf BRst i Siayinagtio

deté&%cé%ﬁ&@éﬂh@a&ﬁﬁle@@é‘% sath a8 Ac, 2I’eaﬂ‘fv‘tcié&:irﬁuﬁ‘m copper,
presence of ligand (e.g., netal con‘pl ex) .
merapifys 8[AENg, @t@,h@|V\sﬁtemnga@@lﬂctr@chedeemyonedeym@l caredse
analytical techniques such as stripping voltammetry, for example.
[0020] Stripping voltammetry can be used as an analytical tool for detecting
heavy metal ions in a variety of aqueous samples. Stripping voltammetry can be
implemented in various configurations, such as deposition stripping voltammetry and
adsorptive stripping voltammetry. Example techniques, systems and apparatus
described in this specification use adsorptive stripping voltammetry. Adsorptive
stripping analysis involves formation, adsorptive accumulation and reduction of a
surface-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.
[0021] FIG. 1a shows an example device 100 for detecting trace levels of heavy
metal ions in liquid. The device 100 can detect heavy metal ions, such as zinc, lead,

cadmium, copper, mercury, arsenic, etc. in liquid using an analytical process, such
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[0021] FIG 1a shows an exanpl e device 100 for
detecting trace | evels of heavy netal ions in |iquid.
wab@dzssite 100 can detect heavy netal ions, SRCHUS208/059467
zinc, lead, cadm um copper, nercury, arsenic, etc. in
liquid using an anal ytical process, suchas adsorptive
stripping voltamretry. The device 100 includes a
as aosbmtwecstrimbing voldenietf;,. Bhe dasicad OOringlodks mgeference electrode

1407 8 S80S BRIy WG ORI GH HF ToGuATH 2 HRGA O coBlALee Ye qrat loast
artIdW'h%ﬁB?H%ﬁgu@S \:?hfeh e betied a8 inpRmeHIEY 28 LMok Riugh

I's actually held in the contalne
devitgsonlyra ;s@'ﬂrenuqﬁﬂneetwgeutqm§ acthell;dleealdoretn@mmtamer 125. In

aII |nc de an a rence (not shown
sompisimontatpBfeliErisiiug t0 rafiobuatARLRaTRe R fRY Rrerence
(notrenaaey). that is constructed to at |east partially
conduct electricity. The reference el ectrode 140 can

[0027 i e rafatesge rieditpdeat 4G issa @@ﬂ@mmwemema@eéthadu%cowructed to

at IGEERR Bl BoBBELr oty ) o Vb PoaRietbafs ST 80er Pounen

impleoasried weing \/é@iGUsajmehdum’w ﬁ@deriaﬂst Fer exgapld, agnodmed silver
solution) may be used. [0 The sen3|ng el ect

wire Ve 45cAn HSCERERES. L@I.vﬁgsw C@J%'Clﬁ (K535 isan segted with
A B RARREE T ISl aRISaBH T ashen past e

el ectrodes, gl assy carbon are carbon
[0023]ectThmIeensmgBienMoaiBekBOcmrbbe |mbk9mgmdewslngtany Gdef a wide

v B TS LA hECH LS p e LTI, ey cavon

elec'tr’é%gd@a@%aﬁ’boﬁ%féé%*oﬂe@%h@blﬁf@ﬂ E'ar%bﬁ(‘élé&ﬁﬁj%s BRY Other

exanpl e. Further, the sensing el ectrode 150 can .
suitabie lcondublingrelentredes, edicoraspnatadiit elentdodes agn be used. Metallic

| ectrod Al t tivel d
elecoBRb RN ey e o8 LAk S b 2o BRI elibihoRE [ S amii Furner
the H&sdfly elertoteded dayinelLe HIsmaaPeofes G pldted itynadetidgPw

toxicrty. [0024] In sone inplenentations, the sensin

elecaod@ﬁr dtlernayeliasopaueing @lacwsradqzﬂ witb &I Ut BOLARA analie
{ i e
o a5 3 SRR o BB P A3 By anc

low edxésityr ode 150 can be a carbon fiber or glassy car bon
el.ectrode. The sensing el ectrode 150 can be coa

ed
[00241; 1 Iarsprea RIS MaralARise thexpensing Rlegdroger i can bé Coated or
plat€4 With" fHin ﬂﬁﬁ%éé%?%ﬁn&l:&ﬁ%f&% Efé’naﬁsxg[]gﬂ; Gs didtRuth. The

sensing electr can enrent e
condictjvesahtesiatcoatea q@nlsrnge@r wbmng eléetrotdat! 5Droainuzkea carbon fiber
print

uxiligry electrod The d osabl e reen

or oSSk crBity SRR A8 SShSEAIRG OHS b RRGeLIGALET Bt any
con§@tRerHSiPiA, léﬁ'cﬂgisbé ﬁ&i‘%d?eerg-@rlﬂtéﬁ c&%bﬁ%ctﬁio%o Féd&ample,

screen printed el ectrode can 1 nclude the reference 140
the agraking electrode 150 can be implemented as a disposable screen printed
electrode that includes an auxiliary electrode. The disposable screen printed
electrode can include a sensing or working electrode constructed using bismuth,
gold or carbon. Also, the screen printed electrode can include the reference 140 and
auxiliary electrodes, typically, silver/silver chloride and platinum, respectfully. In
operation, the example device 100 implemented as a flow cell can be dismantled
and the screen printed working electrode 150 can be replaced when desired.
[0025] In some implementations, other electrode constructions may be used. For

example, the electrodes as disclosed in U.S. Pat. No. 6,682,647 and U.S. Patent No.
5
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auxiliary electrodes, typically, silver/silver

chloride and platinum respectfully. In operation, the
we@x@aptw4zievi ce 100 i npl enented as a fl ow cel | PECHES1968/059467

di smantl ed and the screen printed working el ectrode

150 can be replaced when desired. [0025] In sone

i npl ement ati ons, other el ectrode constructions may be
5,2925428, vittuch exainzoeporates ey sxfererdescars bdiimlememtedrasUhS sensing

Pat .. . 6,682,647 and U. S Patent . 5,292 42
e'eCHPQe*%or%&fEYv SArasy-prdyied &‘%VOd@énSlEa‘ R Reat ha@'OOd

[ Cr

Ol M 0B S Loe b dpteR TR RIP Elude working
andgefenenies elestroties, made obeaibopl ferexaragle, Phistasl gn aigedyvinyl

and r feren e el ectrodes,
chiog BB Lok AR chiH GEeiS e Rt S, ag Printed
cardoiVéantastselridd s Wi dubsgrafeden tﬁ‘é’ Ricredirsy fim élé‘@crédépﬁﬁbé ¢he original
side. One printed carbon contact sefves as a substrate

working-alerirader iergst areain epwred ydd enzveee/mesiaier tayaes. The printed
elec\ﬂ%% n(gg;r@@ﬁrroﬂg ndRk ggfnpﬁ%%eé §§ O x%r?c%t éﬂ'ﬂﬁﬁeb voltammetric

ayer s e pri
dete(oﬁghAg?@téntfdm@mawmmg stiniassies pesorned ebRigattt®entional
ing voltammetric detection. Potentionetric

Ag/AgEN Pprirede ahing tigcskapenitoliragddiignng PRsMyERWirgxXiliary

elecﬁ%/dé‘%% @éggéd' ode of the TraceLab unit. In addition, a
inumwre auxiliary electrode can be used. [0026]

[OOZB]e V\B1lé<wng<neg etdcotrode 1BR0carabe lbenstounced Wyteedtiby and/or plating

withi Bssenp 101y Of BiSRITL  Parbainbles Rl DRYAN peticate gF aranular

forrr%é’f‘i‘BbEUsefjorSWrﬁlﬁﬂ Dsistgafsal #ad BE lbedRissRE RS klcttrode
can be used as the active electrode material. I n sone

matern@l dmsoms ingplemesitdtionshéaliclipiamuith br bismuth salts araeed in a
pastéo BE0 v AREE Suafiey R B PRI o TheiRld néirRtsbgipetroce

15oAI so, the device 100 can include various optional
onponents. For exanple, the device 100 can optionally
[0027r]cl LRIE0 alei davige b@@tCaflGEC'léﬁﬁjV%\rrl\OLdﬁJ@H)t&n%QﬂmpPTﬂ@ntSo For

I t
oxafFA e BBSEBLILe Ao AFUAY B 158, bon 983 o et o
17o(te epablevepetlioran afﬂlcwwmrbughghllt Wh@ievnplerrﬂdmedlaé agflow-
he inlet port 160 and outl et rt 170. The presence

throggh pgp,g%ﬁtrﬂgw ligeichie.g-oMatery ggﬂ flggv tfrcmgh thegevice 100 using
I
the ﬁf’%ﬂoﬁgﬁ ?ﬁ%@%ﬁtleﬂﬁéﬁ% ﬁgﬁﬁ@%@mc&&ﬁarg& H#&Q/y rh84 fbns, such

rough the devic e conti nuous
as zihed, madscd:adfr@m&:omere rrrmbtur\yeagaenid] eta élVIthEElldlﬂG floadthrough
retain a discrete sanple

t
the agv'{:%égﬂ&?sqoﬁ’ﬁ'”f%gw% letting the liquid flow
[OOZd]r OWIEbrnEWeI?ﬁﬁme%em 1] 8§r¢be‘6ﬂe‘r‘£@d‘?ﬁ attﬂﬁcﬁ AMPREto retain a

can be’ 'deposited into the inlet port
dlscrete sample in the housing 125 without letting the liquid flow through. For
example, a preset volume of the sample liquid can be deposited into the inlet port
160 and held in the housing 125 to detect the presence of one or more target heavy
metal ions, such as zinc, lead, cadmium, copper, mercury, arsenic, etc.
[0029] In the open configuration, FIG. 1a shows a sealing member 130 made of
rubber or other suitable sealing material designed to provide an air and/or water tight
seal between a first member 110 and the second member 120. The first member
110 includes the inlet port 160, the outlet port 170 and the sealing member 130. The
second member 120 includes the reference electrode 140, the sensing electrode
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160 and held in the housing 125 to detect the presence
of one or nore target heavy netal ions, such as zinc,
wo ed/123sdm um  copper, nercury, arsenic, etc.P¢D02D)8/059467
In the open configuration, FIG 1la shows a sealing
menber 130 made of rubber or other suitable sealing
materi al designed to provide an air and/or water tight
150mlthbertqwejemnwrﬁg n85. Mhelfest héthbend 10hanses thedtopgydréon of the

f 110 | t | et 160, .
deviERd 0BG e SPEON BICRET 140 Grhp N REHRIBHOCrED o dévice
1003 208N RE HorkB) 1 S HASE LRlEARB R G RBaBor 120

the sensing el ectrodel50 and the |iquid housing
thromgB a Jailmmg meghamemaéSS such eard hisge ha batpngsockenowt, a tab, a
e devi ce 100, and the second nenber 120 can be the
?EHt%W1port|on of the device 100. Also, the first

[0030DeFIGLYR Stwde cmaewrmgum.ohhﬁe\ﬁWWe@ﬂberdé@& 100.

t hrough a j oi ni ng nmechani sm 155 such as a hi nge,
Wheynthe ice beR és closedanddiquighilovss Hyoeghithe wﬁetdoor[ D@)@Cﬁn

elec'tzrjic%I cﬂ]ﬂeap@% .éfg%\ﬁ&%ﬁ a8r%'%% tHE Y F&{Efoejgx\fr&ﬁ HHS é‘”g r;[ge screen
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[0038])€ OEach of the screen printed electrodes can be designed to monitor one or
more specific heavy metal ions. By implementing multiple screen printed electrodes
212, 222, 232, 242 and 252, multiple heavy metal ions can be monitored
simultaneously or in parallel. In the example shown in FIG. 2, the housing 125 is
designed to enable the example device 100 to operate as a flow through cell that
can include multiple different screen printed electrodes 212, 222, 232, 242 and 252
with each screen printed electrode having a different working electrode 214, 224,
234, 244 and 254, such as bismuth, gold, carbon, etc. Each working electrode can
be constructed using the same or different materials selected from bismuth, gold,
carbon, etc.
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nore specific heavy netal ions. By inplenenting
multiple screen printed electrodes 2 12, 222, 232, 242
wW@rw9I2s®4s mul ti pl e heavy netal ions can be nonP@DDEW08/059467
simul taneously or in parallel. In the exanple shown in
FIG 2, the housing 125 is designed to enable the
exanpl e device 100 to operate as a flow through cell
[0034]at 'ﬁwexmbledleaoummg i1 pb eadiifi¢lede two ¢ news swparatedlow channels
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electradben bashkif ige Bbwathavdels 216 &26eRA3Hr 246 and oBhican house a
conductive such as ect
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Each of the flow channels 2 16, 226, 23 246 and 256

measyiieel$e a separate screen printed el ectrode,
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e

appﬁictamlnt(ﬁra:&f@erehypﬁemreatthent syﬁeme@@v%ﬁpﬁ(wgrﬂmmkﬂw to each
Further, the different_fl ow channels 2
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heaPAhftA8bnE 8inRRtdrRBUSly iAW dtbPbReReR¥iNCTBHI N8BS of speed,
miniaturization and sensitivity. Thus, the device 100 can be implemented for field
testing of various species of heavy metal ions. Also, by using bismuth or gold, the
device 100 avoids the use of environmentally hazardous mercury.

[0038] FIG. 3 shows an example process 300 for electrochemical detection of
heavy metal ions in liquid. In particular, adsorptive stripping voltammetry can be
used to measure and/or detect trace levels of heavy metal ions, such as zinc, lead,
cadmium, copper, mercury, arsenic, etc. in water.

[0039] Obtained sample, such as sample water, is added 302 to the device 100
(via inlet port 160). The sample is separated into different flow channels 216, 226,
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[0037] The nultiple electrochem cal routes or flow
channel s for detecting nmultiple heavy netal ions
warelizmweously in water offers distinct advane@nes200$/059467
speed, mniaturization and sensitivity. Thus, the
device 100 can be inplenented for field testing of
vari ous species of heavy netal ions. Al so, by using
236p246rand 256 aal |olre tréstede80dcesing One\ooindsretthdfeus andfor ligands.
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potdfRfbr § 869! € 5pblicA 15 A 8 Lbns WRISHAHAT 778 BELAthion

poten scanni n
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4m¥d§6‘? atffW%‘le’l % ddZ-vol t anmmogr ans of 50 ny/L zinc

1004 R T g o e S T B B P enal
cadmiientat whybles cOnderitadioat atsen doilnief saredrp pribted) bisAath electrode 150
in the ffow cel? b8n While not shown in FIG. 4, other heavy metal ions such as
copper can also be detected using the bismuth electrode 150. FIG. 4 shows the
typical calibration peaks of zinc 412, cadmium 414 and lead 416 detected
simultaneously using the bismuth electrode 150 in the flow cell 100. The calibration
peaks for zinc 412, cadmium 414 and lead 416 as shown in FIG. 4 corresponds to a
select concentration (e.g., 450 ppb ) of Zn, Cd and Pb in 5 mM acetate buffer (pH
4.4). The peaks 412, 414 and 416 shown in FIG. 4 can be measured using a
deposition time of 1 min with a sample liquid flowing through the flow cell 100 at a
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potential of 0.50V is applied for about 60 seconds

Wth stirring. The accunul ati on potential is foll owed
whyoopatswt i al scanning with anplitude of 25 nWWCHUS08/059467

potential of 4 nV, and a frequency of 25 Hz. [0042]
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6 shows that even |lower trace | evels can

FI G
FIGqkt AdieetativRtyeihq detestiam dS}zS'@?a?thOr@'ﬂ‘rb'@%HT‘P'lem%”tef[’ G‘éwﬂg] other form
factbisG 7 shows an exanpl e system 700 for detecting heavy
metal ions, such
[0046] The data processing device 720 can include various data processing

devices for receiving data from the detection device 710 and processing the received
data. For example, the data processing device 720 can include a personal computer
(PC), a server computer, a portable computing device, etc. In addition, the data
processing device 720 can include various components such as a central processing
unit (CPU) designed to execute software programs. The execute software programs
can include a program that performs data acquisition and analyses of the data
received from the detection device 710. For example, the program can
communicate an appropriate recording protocol for performing stripping voltammetry.
10
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as zinc, lead, cadm um copper, nercury, arsenic, etc.

in liquid using electrochem cal detection. The system
wqao@oiizeskuides a detection device 7 10 (e.g., PCT/US2008/059467

i npl enented in a dedicated flow cell design as shown

in FIG 1) coupled to a data processing device 720.

The detection device 7 10 can be substantially as
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systeRITHMES 63JarO6 &l’:h"f‘@é‘reé sféf-subhe ohétivoRe 584,

conmuni cation channel” 730 can include any one of wired
[0048] wi Inelosss incplementatioms, th sydemofiibistimpramentiediss a specific
| e . wi.th Universal Bus connect i ons

deteR PR ST it er SalElS Brud RSty SRS Sblfifrery. The

detéé'hbﬁ's%ﬁanﬁ ean @@b'ﬁﬂ@ﬁmﬁ‘ eletroaBPH0 tbl Aexbird tﬁé weliaehtbtric
Wnax, etc. In sonme inplenentations,
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swtékﬂe%nd |h8x Qfs&é ?ys‘i’ems‘fHFple%ﬁroéhgr% I8Fte‘ﬁﬂ§yﬁra)anrﬁi%aesurement of

esting a er source a renpte [ ocatl on
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such as network s 0048] .1n so .
for GanE s Bhto o ESE) ubafy e fars ABeenatinaly, the system 700
enaﬁl@g%é uSed®y |ﬁfédt aTixe¥SloRihe 'Eﬁtthéiﬁﬁﬁeét%%ra@nd@\éﬁd the pre-
absorptive stripping voltametry. The detection syst em
treatraentane aetiection proasisses cad delBdiaroaceesiine, wikkout the user
neegﬁlgttgr{g&‘éﬁ the sample and potentially contaminate the sample.
[0050] Further, multiple electrodes 150, 212, 222, 232, 242 and 252 can be used
with the system 700 to increase the number of heavy metal ions that can be
detected in parallel. Such multi-detection system 700 is faster and more efficient
than other processes that use one working electrode at any given time.
[0051] In some implementations, stripping voltammetry measurements obtained
using the same screen printed electrodes 150, 212, 222, 232, 242 and 252
described with the flow-through device 100 can provide amplification of the detection
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signal of the detected netal conplex. The system 700
can be devel oped as a suitable and i nexpensive system
wo 2009a23d3 r ochem cal detecti on and neasur enent PCF/UBO8/§59467
metal ions in pure and ultrapure water. [0049] In
addi tion, the system 700 can performon-Iline
vol tammetri c nmeasurenents using a dedicated flow cell
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detetdnendiletltectl onsensitivity. Thus, trace |evels of the
avy_net i ons .can be detected. The, sensiti Vi
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des&RdBini tﬂr§§ﬂécﬁﬁ:atl[)9(%§ﬁ]be': h%let%eﬁféa’\fﬁ cﬂggltéf)éfl’é%ld?nc circuitry, or in
representation of the cells-in-series Conce
complukeri qﬂffevaaiadflrrrmaneu, oahamwamn@cmdmg thed@tsucsurlaz ,disclaged in this

soofpbfiostor B SRR Bp Pl P BBl B pRB e o
therﬂZEn%dd}me&tsl@f th% skidjeut en B diserised et dpédificRionasan be
and share one reference 822 and one auxiliary

implemanted a8 I7L. 01 MOKLPRIMPHIST SFegTERT PORKICIS, hes &NeLATtMpresmodules

o B4R S4B RGP Erai e o e
exetutiomniby),orcakcbaoinol tbbmperaticriot, Uamprdcbesmglapip%\’rame The tangible

el ectrodes can be operated under different neasurement
prograrysarfighgan §G<ﬁ1pr§§a§é£ﬁ%$'9F%'rprr?o%rﬁp%ﬂ@e%%b'wmﬁﬂiw The

hg
propaltlled SRR arPAHCH SoRPRig SiPet & 008 PaRARc deRBipa
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he structures disclosed in
readable storage substrate, 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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specification and their structural equivalents, or in
conbi nati ons of one or nore of them Enbodi nents of

w0 b@gedspect matter described in this specifi cCBET/UBR00$O59467
be i npl emented as one or nore conputer program
products, i.e., one or nore nodul es of conputer
program i nstructions encoded on a tangi bl e program

[0055]r r | & computenqarogtdrrtalsy knowntas & ndgram, tsoéwape,r siifivare

of , data, processin aratus. The tangi bl e praogram
applicstione s CiinOREO%E ) FAGSR 4 BEN S GRA IO OBPESHEERY anguage.
inclic %Bhﬁlllﬂﬁyrggb%pm%d%ﬁﬁgﬁg’ﬁs?‘E')é?i'e.gﬁ?%tn}esor%}ocedural languages,

artificra nerated s g.,
andriteedri e dgployedtiedny ferm, rincadingost & stdnd @lone program or as a

o cro o oDy ARG el T BRIl o GSuting

envirBRAEAL U& chRfpLRasielam desthdt PeBEESrily dhReSEuHIHces file in a file
readabl e nedi um can be a machi ne-readabl e storage

systaavi A@rogramean hersseredin @ ReroPa§é adile thatdrids etheeptrgrams or

a4 e By TR B0 I L LAGLE8 By iy sl

file @ddicatedas the peogpamt inejoestion sdh inTh@tiFI@rcmd'rdiatamd files (e.g., files
processi ng apparat us" enpconpasses all apparat us,
that $iree oM HEaRUIRSs Sﬂerprggr@(eré%,ﬁr@@rmw Gosie)-ud Grinputer
| .
profrtEin 86 BHRRK R0 B A AT B LB A Ra b o muiple computers
thatape docaies at ane isite lon diestribbuted datrassomuttipldhsitebramct interedanected by
creates an execution environnment for the conputer

t hat
a CORBYPLATION NGIEYEi on, e.g., code that constitutes
[00538]0C EBSOprdcekB¥EERd IR I8 HlscAbad th ths 85 AR@RN can be

managenent system an operating system or. a
perfooned bataneroronomprogramoradl® pradesso [S0ESUtIAg cosputraere

conBL B EEERS R FTE AiicRoBhEY Bl fFity R, At pnerating
outdu@r Mhefpres@edEHNB glcMavRegn aisddde gemernsed By | &1 8pparatus can
interpreted | anguages, or declarative or procedural

also! Qm@n@gg@nt%gs,i spacia p:yép@ﬁ@plpggpeququﬁ%@g.g anmPGA (field
prod BFHANER aft a3l B i A3 PR AT Pecft D bRay Browy

uni

[0057] a PoepssdrsGutablerfontrnéxedditionrdat @ymputeg pesyrdoeiaciude, by
not necessarily correspond to a file in a file system

way@f@rxgg}pé@ﬂ Reth dseesdl sngenasial PHEPASEIRI BPPERCPPPY St Ang any one or

morSh e SR AP RRRTS Sk, Rt BYEsgor i eceie

instmictigh®ahd ldatalrdimcareat oolytrhemprogr amandorgeeEses® menoory or both.
in mul.tiple coordinated files e.g. f.iles_ that st?re.

The e8! e BeRful & SomBUls 3 6 e AREESsor BLPETYALNG fsTuctions

and PRI m by LRARBPAE§ eRIRE T8I AAg %tﬂ%ﬂbﬁéx’ afdidatke Generallty, a

executed on one conputer or on nultiple conputers tha
comguger wi alssdingtudener be topemtiveiyscoupied talreasivesdatafram pir éransfer

datasf.ot, g bgﬁﬁl oingto?rrﬁgr%nr%%gg %tobrgg@ de0iZey ?(i)rcsé}%iriﬁg dg?af,vépé.lfmagnetic,
magneto 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
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[ 0056] The processes and logic flows described in this

specification can be perfornmed by one or nore
WEe@gnzswnbl e processors executing one or nor ePCOIRIDE059467

progranms to performfunctions by operating on i nput

data and generating output. The processes and | ogic

flows can al so be perforned by, and apparatus can al so
prodessonahe then netin @y ,casiEe s g plpmeptexkby , agiitcarporaied iny; special

n.FPGA (field programmabl e gate array) or an

purg@%doglgﬁ,rcpg@/tl on specific integrated circuit). [0057]
[0039]1°C ERS BFSVi y@rﬁ’t‘g%cfti%h \Mp?a%%FLEmS%’dl n?sepﬂ%l&ﬁfect matter

program inc y way of exanple, both general and
desenjzad ial thmr:ms‘@anon rcaprheciGwement@w@h aroprrmtﬁebha\rfng e display

cevBenF Geenbam (g TOq e Ee) A Eo Bl RS S habEOF P, for

displBAeh RPibiMARIMIothe lusar BAS AOKByRREAS EndRNBYINt Y d8At8. e.g., a
The essential elenents of a conputer are a processor

mouyserorgelraekadlingy iwtiel the usaicaanerovise ispulortae wemmufer. Other
klnd@eo\(‘:f'cgcé?/ﬁ:efs%ransr?qoﬂ td Br%tv décilo'r W& %ﬂgn%f a% ug&“&é Welllyfor
nmput’er ude 45¢ operatively

exaet limsuttfm ege Liser cmt Be frécﬂm'éd |nt araniner, ntbﬂtcﬂng acowvstic,
both, one or nore mass storage devices for storing
speeeft.£r tactle INpkignetic, mgneto optical disks, or
tic
[0063)3 I?rlnb%@lf@nre Ot\s/??\f}?é’&ub au@ggagggé%rb%aﬂ%@@g s@@%ﬁcééﬂ&ﬁ‘cam be
mplerrc&rfhed |rda\zocreputlhg@Suencdmiumcdudeseadimbkeenmemhmponent e. g asa

sui tabl e for. st ut er ramlnstructlons and
datae uor e thatn Shes BTGRPl aa et foras S0P aatipa server, or
that&duaBID ot FESmp bﬁ‘@r’\tug'dqgaeweﬂ%bngéutéﬁﬁﬁﬂﬂhg %raphlcal user

sem conductor nmenory devi ces .
inteffaes br avielp @rmmrdbmugim\ghlemacumrm intergct, withagimalementation

har i,.sks,, or bl e .di sks neto optical .dis
of G g R S P BB RAM SReCiodIEe e dodEphiftp e one or
mor@@@h)ba@ﬂ'én@e nﬁ@kﬂl@h@?@rﬁrﬁfﬁbrménd%om n‘t’@f The@ohiponents of the
speci al purpose logic circuitry. 059 rOVI e for

systefit earmbeiiiaragnnecteduRieany &rsbeli W@ﬁitlgn dtghté1 Jais ngmunlcatlon

e.g. "thfbg{nr%%ﬁé dorﬁﬁgtvdcdgk %'[x nﬁ:ﬁ@é:bf éé:rﬂH ?ﬁbal‘flgﬂ r%‘:t‘works include a

Iocaeagaa netwaii (Lo’ hadd ar\ﬂwetarba)neQNoﬂl@D/\(AN t)lue d. Qhevﬂ;rﬁtefnet
di_spl_ay) m)nltor for display m(g information to th

[0061]er %CWQHy'ﬁ%ﬁV%{eﬁh@ﬁ%'Wqﬁ iegteiand servess.gA, C“ﬁnt and
serJéP‘é?@ gBhe Ig r@t‘h‘é@ rbm @%ﬁfﬂ@ﬂh%ﬁahg M?QT iAfa bl v

tot conput er. evi ces can e
commﬂcatmrpmeiwodle ﬂ' be relatiensiupiodcliemttdancaserser aﬂsewby Virtue of

m&ﬁ@erﬁ%ﬁ‘ Arﬁ%@q;ﬁ#igﬁgﬁ%]ué%e lt‘&é{g@&?g@tgrgr rngr&q\{mgsa client-server
re|at|(5}ﬁ)§ﬁ|p td 89869btHerbodi nents of the subject matter

described in this specification can be
[0062] While this specification contains many specifics, these should not be

construed as limitations on the scope of any invention or of what may be claimed,
but rather as descriptions of features that may be specific to particular embodiments
of particular inventions. Certain features that are described in this specification in
the context of separate embodiments can 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 embodiments separately
or in any suitable subcombination. Moreover, although features may be described
above as acting in certain combinations and even initially claimed as such, one or
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15

i npl enmented in a conputing systemthat includes a back
end conponent, e.g., as a data server, or that
W0 p@boeBeds a m ddl eware conponent, e.g., an appPCTHS10081059467
server, or that includes a front end conponent, e.g.,
a client conmputer having a graphical user interface or
a Wb browser through which a user can interact with
morarieatupd eiremt atiaimed fcotriénatidny @t innsdnhecades be idxeidedsrom the
hi s specification, or any conbination, of one re..
combiatiop gkt dhelcetnat! TN Aty MY SRt ORI GHBRe@DInation or
vanamﬁwgpﬂﬁgﬁéﬂhﬁm%ﬁoﬁhe system can be interconnected by
orm or nedium of digital data comrunicati on,
[006;3]9 SlmlbldynwhlleaperailonetamdleplcEmeﬂhegjranngs in a particular

orde%r?Wb C@ﬁ 151%2 b&ﬁ&ﬁ%&&ggd %tr%aﬁ |k|%9 t@@\t,\pgc r(ioaegrgfe orllshée performed
in tHe%@rhGlﬂhr ol O GRbwhhst if@@BUERE cPuSt @Rt I iMedttded o,oeranons
clients and servers. A client and server are generall
beFﬁﬁﬁﬁﬁ@dfKbﬁ¢@@ﬂ%d@ﬂﬁﬂﬂeéﬁ@ﬂﬁyplcalIy i nteract through
(008415 TBHEY £y FIBe R ons e SRl AHeRI80 RSBl b biner

d ser er ari ses

mpl@ﬂ@ht@@or@ ehhancc@’aemstancevmmtsefaﬁ tammalde\baas@da)n what is
lient-server relationship to each other, [0062] Wil e

deS@"H?%d 3 diustrated ipAhis ARPAFALOhaRYr %@Iﬁplﬁ nglem%%tlons are not
I
hmutéB%‘ tﬁ% Qg%cl;rf)bgeog@@o 1'cl tlé? drfc{@%féﬂtl ﬁT;p dé%{‘%é{é”dr gft? %Ee}fergieavy
metdlesand lanaisarefposeitalr Aot tmat rerma;dlbg ps@ecofffoc adsorptlve stripping
articul ar_enbodi s of particular |nvent P
vo't%gm%ryrp%*a% Yreed ?ﬁaf exap é*?:? [gr0iding Rratogol can be modified to
Chaﬁ@@mé éﬁ@hﬂu@l@ df'ﬂhé ﬁ%c&rﬂma%h ﬁteﬁ%@%@hﬁoﬁ@ﬁé&%ﬂﬁaﬁon
can also be i nplemented 1 n conbination Iin a single
potentiiabapmpiiact; stlmg\mrmﬁlsyrrlnmﬂméud@at potestialsnanaing; amplitude of
descrlbed in.the cont . 51 nal odi ment can
the §RBFA a1 LrapEd bEitk e Bial® BMBBet RO < separ at el y
or in any suitable subconbi nati on. Moreover, although
features may be descri bed above as acting in certain
conmbi nations and even initially clained as such, one
ornore features froma clained conbi nation can in sone
cases be excised fromthe conbination, and the clai ned
conbi nation may be directed to a subconbi nation or
vari ation of a subconbination. [0063] Simlarly, while
operations are depicted in the drawings in a
particular order, this should not be understood as
requi ring that such operations be perforned in the
particul ar order shown or in sequential order, or that
all illustrated operations be perfornmed, to achieve
desirable results. [0064] Only a few i npl enentations
and exanpl es are descri bed and ot her inplenentations,
enhancenments and vari ati ons can be nmade based on what
is
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described and illustrated in this application. For
exanple, inplenentations are not limted to the
wale®oneisedl netal conpl ex, and netal conpl ex baBEUSIV08/059467
ot her heavy netals and |igands are possible. Al so, the
recordi ng protocol for adsorptive stripping
voltammetry can be varied. For exanple, the recording
protocol can be nodified to ChAfg8 t he anplitude of
thsgaccunPLation potential; duration of accunul ation
pot ¥MALISCaPRHi®d; stirring or not stirring: anplitude
of potential scanning; anplitude of the step
potential; a frequency of the potentials applied,
et d. CLAANBeWest carspidsiagmed is: 1. A nmet hod conpri sing:

PR A 8 SRR ML PR shprago e
inclfd<Omstdl Renftadsibres e td siesing Bleckdgense to the
applied vol tage, periodically measuring a current

si gheaspasse & dieearpliechvaliagentededieahpmersyling AssEosi Aignal
asséagteﬂ%i'ﬂ?mecr‘%lel[% cﬁﬁﬁ:ﬁé&{eesd current signal to
ST nu ere

taneously a presence of two or nore netal

| opBoCSSPLY tAbabrivdically htcamired cament Qgﬁ@l-to%im[ﬁh@weously detect
nmet hod of claim1, wherein applying the voltage

a prespa @fetyvoza%mr%@% iaee apgt@ated iV Bbtherptal cPaIniexRsd
by a scanning potential. 3. The method of claim 2,
wher ei n appl ying a scanning potential conprises
apgl yi ndha rsethodiaiglgot £rwhereirhapplpiggahe veliage compoites

5 mllivolt anplitude, ste otential of 4
appfind #1.PFUmuIROR FOtT LS BBA RERPINTRteTAL et hod
of claim1, wherein applying the voltage conprises:
appl ying the voltage to the sensing el ectrode while
f 1 8wi ng Theensthwplad ddiou?,dviaeretsapprliiegsescanning potential

corBy B8 ARG R SRR AU HEPb 20Tk PR BB AMoiuce.
a stéppordrtiar os£ Asilinalt,elrRr4 Fredgendy offd& herkhod of claim 1,
wherein the processing conpri ses processing the

periodically nmeasured current signal to sinultaneously

detect r - tals ] -

it uded "BARe g o e i PSSR Ao BBt ABfec Bhmerises
( Cdpplyirapthervat@ge to ties seinsing i ctianie wahikeivwingAle safple liquid
The nethod of claim 1, wherein applying the voltage

acrassipe iseasing AIeSHede @Re vol tage to the sensing

el apbiyRftheRitagRTH ahdfier&enkfiySdic QRSP ivhiE FIBWHY another

sample liquid across the other sensing electrode.

5. The method of claim 1, wherein the processing comprises processing
the periodically measured current signal to simultaneously detect a presence of two
or more metal ions that includes two or more of zinc (Zn), lead (Pb), cadmium (Cd),
copper (Cu), mercury (Hg) and arsenic (As).

6. The method of claim 1, wherein applying the voltage comprises

applying the voltage to the sensing electrode that comprises at least one of bismuth,
gold, carbon and mercury.
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gol d, carbon and nercury.7. The nethod of claim®6,

wherei n applying the voltage conprises applying the
woi0as4dNn t he sensing el ectrode that conpri SBGI/HS2008/059467

screen printed electrode. 8. The nmethod of claiml,

wherei n neasuring the current signal conprises

nmeasuring a voltamethc signal. 9. The nethod of claim

8, 7wher &he methedrdf tpitrhe wiedreanapplying the yoldbge copprises

using a stripping voltameter tg nmeasure the :
applypia Benisttaoe d HRensing eereosk M Goatorisesid-saeen printed
clectdgeei N neasuring the voltametric signal using a

stripping voltamreter conprises using a di sposable
stripping voltamreter to neasure the voltametric

signal . - 11. The thod of claim1, further conpri.sing

or B r ealThgnemeod e 1wl driinersiiio e SRR G
confprigds Ateddiging W &irhin@tHdsighaiough the container. 12. A

system conprising: a detection device conprising a

container to at least partially hold a sanple liquid

e met 3F Heer sfelm el HeaPutay HE TR Bloiona

compeigbs usingad siripphig Veiastmparttd ahéasuse e vgethmimetidisignal.
sanple liquid, wherein the container, the solution and
the electrically conductive nmenber are configured to

el cone ARl o & AR Ao S aRRT e WollnRAL, signal
usingearbigip ponyol issersetancoorprizes alstena idigposhblet stodeieg voltammeter to

el ectrig(glal(% connected in series, and a reference
MeqeuER INGOURIIATBMEIKS1982k he serial |y connected sensing

el ectrodes and shared anong the sensing el ectrodes;
and a data processing device configured to identify in
pafal | ellhewoeitwodrad ciimet £Lrthensorapdsing qreideatinchthersample liquid

with G bitto B g anE ReBbie PG RTE o Gk ©

electrically conductive nmenber conprises at |east one
of bismuth, gold, carbon or nmercury. 14. The system of
cl dPm 12 SYHRIN&IOMRIISNG| ectrical |y conductive menber

L o e A A
conf i guaemnasiner to at least partially hold a sample liquid in the container, the
sample liquid including one or more metal complexes; and
an electrically conductive member that is at least partially submerged
in the sample liquid, wherein the container, the solution and the electrically
conductive member are configured to measure a voltammetric signal corresponding
to each metal complex, and wherein the electrical conductive member comprises
two or more sensing electrodes electrically connected in series,
and
a reference electrode coupled to the serially connected sensing
electrodes and shared among the sensing electrodes; and
a data processing device configured to identify in parallel two or more metal
ions associated with the metal complexes based on the measured voltammetric

signal.
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a stripping voltammeter. 16. The system of claim 15,
wherein the stripping voltameter conprises a
waele®poswitd e stripping voltameter. 17. The sysPEnU8$008/059467
claim 12, wherein the detection device is configured
to neasure voltametric signal by applying an
accunul ati on potential followed by a scanning
poti8nt i dhe si8tenT loé clayrati@witereinahenelettri¢aliytdomductive member
conpri sing.a sanpple inlet and a sanple outl et
comEBRRB &l Ikt N6 b DISHRHUE] Hee PeTOBREBITBCTHE -sanpl e | i qui d
to flow through the detection device. 19. The system
of claim 12, wherein container is shaped to forma
f | dd chdheelystamof elaibl1és wheseindhplededtiicpliyccanduttivwmember
t hrough the contajner, and across the electrically
COmMPLISET &IV HRHBIE ;egﬁtao%erei n the data processing
device is configured to periodically measure the
voltammetric signal while the sanple liquid flows
acflbss tThe systa of elaimyl 2 yihgueinithe deteation. depice isragnfigured as

ast,ﬁ%@hg%ﬁgm%ébp 12, wherein the container is shaped to

two or fore channels that enable the sanple
liquid and to flow through the contai ner and across

one of the sensi n? el ectrodes and anot her sanpl e ,
[ dﬁi d dHeraysien g 6'@@1‘1 Toh Whespindhe StRao ¥eliyygmeter comprises a

dispggﬁg@egtriﬁﬂﬁgQ/foltéll?ﬁenest@ﬂs! ng el ectrodes; and wherein the

processing device is configured to periodically
measure the voltametric signal while the sanple

liquid ows across, one of the sensjng el ectrodes and

t hd ot haPOSise O Bialiid 2 ISR ST ERENGaIISe Seahdured to
me RS UbR&Bmetric signal by applying an accumulation potential followed by a
scanning potential.

18.  The system of claim 12, further comprising a sample inlet and a
sample outlet connected to the container to enable the sample liquid to flow through
the detection device.

19.  The system of claim 12, wherein container is shaped to form a flow
channel that enables the sample liquid to flow through the container and across the
electrically conductive member; and

wherein the data processing device is configured to periodically measure the
voltammetric signal while the sample liquid flows across the electrically conductive

member.

20. The system of claim 12, wherein the container is shaped to form two or
more channels that enable the sample liquid and to flow through the container and
across one of the sensing electrodes and another sample liquid to flow through the
container and across another one of the sensing electrodes; and

wherein the data processing device is configured to periodically measure the
voltammetric signal while the sample liquid flows across one of the sensing
electrodes and the other sample liquid flows across the other sensing electrode.
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