
ELECTROCHEMICAL DETECTION OF SILICA SPECIES TECHNICAL
FIELD [0001] This application relates to
electrochemical detection. BACKGROUND [0002] Detection
of silica in a liquid (e.g., water) can use
colorimetric techniques. For example, a
silica-molybdate complex can be formed and measured by
measuring absorption of probe light at a wavelength of
450 nm. Alternatively, a silica-molybdate-heteropoly
blue complex can be formed and measured by measuring
absorption of probe light at a wavelength of 810 nm.
These and other colorimetric processes may require 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.SUMMARY
[0003] This application describes, among others,
techniques, systems and apparatus related to detecting
inorganic species (e.g., silica) in water using
electrochemical processes. [0004] In one aspect,
detecting a metal complex includes applying a voltage
to a buffering solution that includes the metal
complex and is free or inorganic species to be
detected. A first current associated with the metal
complex is measured in absence of the inorganic
species. Inorganic species are 



added into the buffering solution, and a second
current associated with the metal complex in the
presence of the added inorganic species is also
measured. A difference between the first current and
the second current is obtained to identify a
concentration of the added inorganic species in the
buffering solution. [0005] Implementations can
optionally include one or 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 avoltage can include applying a
voltage to a buffering solution that includes a metal
complex such as a molybdenum-chloranilate complex. The
first and second currents can be measured using a
working electrode composed of bismuth, gold, carbon or
mercury. Measuring the first and second currents using
a working electrode can further be performed using a
screen printed 



electrode. Further, the inorganic species added can
include silica species. In addition, the first and
second currents measured can include voltammetric
signals. Measuring the voltammetric signals can be
performed using a stripping voltammeter. The
voltammetric signals measured using a 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
secondcurrents from the detection device. The data
processing device is also designed to obtain a
difference between the first current and the second
current, and to identify a concentration 



of the inorganic species based on the obtained
difference. [0007] Implementations can optionally
include one or more of the following. The detection
device can be designed to measure the first and second
currents corresponding to a molybdenumchloranilate
metal complex. Also, the detection device can be
designed to measure the second current corresponding
to the metal complex in presence of silica species.
The electrically conductive member can be composed of
one of bismuth, gold, carbon or mercury. In addition,
the electrically conductive member can be a screen
printed electrode. Further, the detection device can
be implemented as a stripping voltammeter. The
stripping voltammeter can be a disposable stripping
voltammeter. 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 nonelectroactive
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 nonelectroactive 



material is identified.[0009] Implementations can
optionally include one or more of the following
features. Detecting the first and second electrical
activities can include applying an accumulation
potential followed by a scanning potential. Also,
detecting the first and second electrical activities
can include detecting the first and second electrical
activities of a metal complex in a buffering solution.
Further, identifying a concentration of the target
non-electroactive material can include identifying a
concentration of a target silica species. [0010] In
another aspect, a target material that is not
electrochemically active is 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 value, information on the target
material is obtained. [0011] The techniques 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 



to use a disposable sensor with inexpensive and simple
electronics compared to the typical colorimeter.[0012]
Among other things, the subject matter as described in
this specification can be implemented as devices,
systems, methods of manufacturing the device and/or
system, and methods of using the device and/or
systems.BRIEF DESCRIPTION OF THE DRAWINGS [0013] FIG.
1 is a process flow diagram of a process for detecting
inorganic species using electrochemical detection.
[0014] FIG. 2 illustrates voltammetric signals of Mo
heavy metal in the absence of ligand. [0015] FIG. 3
illustrates voltammetric signals of Mo-CAA complex
showing a clear peak current . [0016] FIG. 4
illustrates voltammetric signals of Mo-CAA complex in
the absence and presence of high concentrations of
silicic acid. [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 various
drawings indicate like elements.DETAILED DESCRIPTION
[0023] Stripping voltammetry can be used as an
analytical tool for detecting heavy metal ions in a
variety of aqueous samples. Stripping voltammetry can
be implemented in various configuration, 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 surfaceactive complex of a trace
metal (e.g., Molybdenum (Mo)) with a ligand (e.g.,
chloranilate (CAA)). Thus, adsorptive stripping can be
used to measure the concentration of a metal in
presence of ligand (e.g., metal complex) . An
appropriate chelating agent or ligand may be employed.
In addition, adsorptive 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 value 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 alsomeasured. Based
on the current value and the initial value,
information on the target material is obtained. [0025]
FIG. 1 is a process flow diagram of an exemplary
process 100 for using adsorptive stripping voltammetry
to measure inorganic species that are not
electroactive . Nonelectroactive inorganic species,
such as silicic acid, may be detected by measuring the
impact of the inorganic species in the presence of
electroactive heavy metal ions (e.g., Mo) . The
process 100 provides a simplified way of determining
inorganic species (e.g., silica) indirectly by
measuring the effect of the inorganic species on the
voltammetric signal associated 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
Molybdenumchloranilate 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.[0027] Non-electroactive inorganic species
(e.g., silica as silicic acid in water) can be
detected indirectly using the square wave absorptive
stripping voltammetry. A Various concentrations of the
non-electroactive inorganic species are added to the
metal complex, and voltammetric signals are measured
(130) after each addition of a known concentration of
the non-electroactive inorganic species. The
non-electroactive inorganic species competes with the
ligand (e.g., CAA) in binding with the metal. For
example, silicic acid competes with chloranilic acid
for coordination sites available on the Molybdenum
ion, in an acetate pH buffer. Because the
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
nonelectroactive 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
mg/L Mo with bismuth film electrode (BFE) is shown. In
this example, Mo is in a solution of supporting
electrolyte, 0.1 M acetate buffer (pH 5.5).
Anaccumulation potential of 0.50V is applied for about
60 seconds with stirring. The accumulation potential
is followed by potential scanning with an amplitude of
25 mV, step potential of 4 mV, and a frequency of 25
Hz. [0029] FIG. 2 suggests that, in absence of a
ligand (e.g., CAA) , the voltammetric signal for Mo
alone cannot be determined. Therefore, a metal complex
(e.g., Mo-CAA) can be added to detect a voltammetric
signal associated with the heavy metal. Adsorptive
stripping analysis can enhance the scope of stripping
measurements of various trace elements (e.g., Mo). 



Both voltammetric and potentiometric stripping
schemes, with a negative-going potential scan or a
constant cathodic current, respectively, can be
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 mg/L Mo in the presence
of 50 mM 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 steppotential of 4 mV, and a
frequency of 25 Hz. The potential scanning may be
applied after the accumulation potential. FIG. 3 shows
the peak current 310 of the measured voltammetric
signal and the potential 320 at which the peak current
occurs are measured. [0031] FIG. 4 illustrates the
impact of silicic acid on the voltammetric signal of
the molybdenum-chloranilic acid complex 



under the same operating conditions described in FIGS.
2 and 3 . An application of a high level of silicic
acid clearly demonstrates the effect of silicic acid
on the Mo-CAA complex. A recording protocol used
includes square-wave adsorptive stripping
voltammograms of 50 mg/L Mo in the presence of 50 mM
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 mg/L Mo in the presence of 50 mM 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 2 0 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.[0032] FIG. 5 illustrates a set of voltammetric
signals 500 measured before and after adding known
concentrations of silicic acid. The measurement
conditions were designed to optimize the detection
limit of silicic acid. Square-wave adsorptive
stripping voltammograms of 50 mg/L Mo in the presence
of 10 mM chloranilic acid was implemented. The Mo-CAA 



complex was placed in a solution of supporting
electrolyte, 0.1 M acetate buffer (pH 5.5).
Voltammetric signal 510 corresponds to Mo-CAA complex
of 50 mg/L Mo in the presence of 10 mM chloranilic
acid. Voltammeric signals a-e (512, 514, 516, 518 and
520) show the effects of adding 5 mM , 10 mM , 15 mM ,
2 0 mM and 25 mM 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 mM (refer to FIG. 4
) to 10 mM to improve the detection limit of silicic
acid under these conditions from 1 mM (refer to FIG. 4
) to 5 mM . In these measurements, 5 mM 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.[0034] The detection of silica
as demonstrated with respect to FIGS. 1 to 5 can be
applied to various device form factors and
applications where detection of silica or other
inorganic species is desired. For example, detection
of silica can be used to determine the level of purity
of water. 



[0035] In addition, the systems, apparatus and methods
based on what is described in this specification can
be used to implement a simple and cost effective
electrochemical detection system. For example, a
commercial colorimetric instrument can cost US about
$1000 or more while an electrochemical detection
system as disclosed in this specification may cost
less than US $100. The final manufacturing cost for a
detection system based on this specification may
depend on the user specifications and the desired
applications and mode of 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 liquid. When the device
600 is implemented as a flow-through device, only a
portion of the target liquid is actually held in the
container.[0037] The reference electrode 640 is a
conductive member that is constructed to at least
partially conduct electricity. The reference electrode
640 can be implemented using various conductive
materials. For example, a silver wire which provides
an electrode (e.g., silver/silver-chloride (Ag/AgCl) 



when coated with AgCl and immersed in the recording
solution) may be used. [0038] The sensing electrode
650 can be implemented using any of a wide variety of
carbonaceous electrodes, such as carbon paste
electrodes, glassy carbon electrodes, bare carbon
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.[0040] Other
electrode constructions may also be used. Fore
example, the electrodes as disclosed in U.S. Pat. Nos.



6,682,647 and 5,292,423, which are incorporated by
reference, can be implemented as the sensing electrode
650. For example, screen-printed electrodes (ExacTech
Blood Glucose Strips of Medisense Inc, for example)
can be implemented. These strips include working
(carbon) and reference electrodes printed on a PVC
substrate (with carbon contacts on the opposite side)
. One printed carbon contact serves as a substrate for
the mercury film electrode (since the original
working-electrode target area is covered with
enzyme/mediator layers) . 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. In 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.[0042] The device 600 can
optionally include an inlet port 660 and an outlet
port 670. For example, when implemented as a flow
through device, a stream of target liquid (e.g.,
water) can be flowed through the device 600, using the
inlet port 660 and outlet port 670. The presence of
target inorganic species such as silica in the liquid
flowing through the device can be continuously
detected. Alternatively, a sample of the target liquid
can be deposited into the inlet port 660 to detect
silica . [0043] In the open configuration, FIG. 6a
also shows 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 liquid 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 inbatch mode (e.g., in
a beaker) or in a flow through mode. Little or no
interaction between the user and the device, other
than introducing the sample liquid and/or standards
are needed. [0046] Further, the device 600 can be
designed to use bismuthbased (or any other conductive
material-based) electrodes in a screen printed format
for a limited amount of measurements (i.e.,
disposable). Such disposable device 600 can be
manufactured as an inexpensive consumable for a user.
For example, the cost of a screen printed electrode
can be in the order of 5 US cents per sensor. [0047]
FIG. 7 is 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. In addition, the
data processing device 720 can include various
components such as a central processing unit (CPU)
designed to execute software programs, such as a
program(not shown) that perform data acquisition and
analyses of the data received from the detection
device 710. [0049] For example, the program can
communicate an appropriate recording protocol for
stripping voltammetry (e.g., the accumulation
potential and the potential scanning with an
amplitude, step potential, and a frequency as
described with respect to FIGS. 1-5.) Also, the
program can be designed to compare the received
voltammetric signals with the concentrations of the
added silica to determine the effects of different
concentrations of silica on the voltammetric signals.
The determined effects are used to determine an
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) , orthe internet. In
some implementations, the system 700 can be
implemented as a stand alone system or as a part of a
larger system such as network system. [0051] FIG. 8 is
an exemplary process flow diagram of a process 800 for
operating the system 700 for detecting inorganic
species such as silica. At 810, using adsorptive
stripping voltammetry, data (e.g., voltammetric
signals of a metal complex) is collected through the
detection device 710. At 820, the data processing
device 720 receives the collected data. At 830, the
received data is processed to determine the presence
of silica and its concentration. [0052] In some
implementations, the system 700 is implemented as a
specific detection system that uses square ware
absorptive 



stripping 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 thesubject matter described in
this specification can be implemented as one or more
computer program products, i.e., one or more modules
of computer program instructions encoded on a tangible
program carrier for execution by, or to control the
operation of, data processing apparatus. The tangible
program carrier can be a propagated signal or a
computer readable medium. The propagated signal is an
artificially generated signal, e.g., a
machine-generated electrical, optical, or
electromagnetic signal, that is generated to encode
information for transmission to suitable receiver
apparatus for execution 



by a computer. The computer readable medium can be a
machinereadable storage device, a machine-readable
storage substrate, a memory device, a composition of
matter effecting a machinereadable 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.[0055] A computer
program (also known as a program, software, software
application, script, or code) can be written in any
form of programming language, including compiled or
interpreted languages, or declarative or procedural
languages, and it can be deployed in any form,
including as a stand alone program or as a module,
component, subroutine, or other unit suitable for use
in a computing environment. A computer program does
not necessarily correspond to a file in a file system.
A program can be stored in a portion of a file that
holds other programs 



or data (e.g., one or more scripts stored in a markup
language document), in a single 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) .[0057]
Processors suitable for the execution of a computer
program include, by way of example, both general and
special purpose microprocessors, and any one or more
processors of any kind of digital computer. Generally,
a processor will receive instructions and data from a
read only memory or a random access memory or both.
The essential elements of a computer are a processor
for performing instructions and one or more 



memory devices for storing instructions and data.
Generally, a computer will also include, or be
operatively coupled to receive data from or transfer
data to, or both, one or more mass storage devices for
storing data, e.g., magnetic, magneto optical disks,
or optical disks. However, a computer need not have
such devices. Moreover, a computer can be embedded in
another device. [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, fordisplaying information to the
user and a keyboard and a pointing device, e.g., a
mouse or a trackball, by which the user can provide
input to the computer. Other kinds of devices can be
used to provide for interaction with a user as well;
for 



example, input from the user can be received in any
form, including acoustic, speech, or tactile input.
[0060] Embodiments of the subject matter described in
this specification can be implemented in a computing
system that includes a back end component, e.g., as a
data server, or that includes a middleware component,
e.g., an application server, or that includes a front
end component, e.g., a client computer having a
graphical user interface or a Web browser through
which a user can 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.[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 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 toMo-CAA complex, and other heavy metals
and ligands are possible. Also, the recording protocol
for adsorptive stripping voltammetry can be varied
(e.g., amplitude of the accumulation potential of
0.50V; duration of accumulation potential applied;
stirring or not stirring; amplitude of potential
scanning; an amplitude of the step potential; a
frequency of the potentials applied; etc.)What is
claimed is: 1 . A method comprising: applying a
voltage to a buffering solution, which comprises a
metal complex and is free of inorganic species to be
detected; measuring a first current associated with
the metal complex in absence of the inorganic species;
adding the inorganic species into the buffering
solution; measuring a second current associated with
the metal complex in the presence of the added
inorganic species; and 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.5 . The method of claim 2 ,
wherein applying a scanning potential comprises
applying a scanning potential having at least one of a
25 millivolt amplitude, a step potential of 4
millivolt, and a frequency of 25 hertz. 6 . The method
of claim 1 , wherein applying a voltage includes
applying a voltage to a buffering solution that
includes a metal complex comprising a
molybdenum-chloranilate complex. 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.11. The method of claim 10, wherein measuring
the voltammetric signals comprises using a stripping
voltammeter. 12. The method of claim 11, wherein
measuring the voltammetric signals using a stripping
voltammeter comprises using a disposable stripping
voltammeter. 13. A system comprising: a detection
device comprising 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 solution and the electrically
conductive member are configured to 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 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 species.14. The system of claim 13 wherein
the detection device is configured to measure the
first and second currents corresponding to a metal
complex comprising a molybdenumchloranilate complex.
15. The system of claim 13, wherein the detection
device is configured to measure the second current
corresponding to the metal complex in presence of
inorganic species comprising silica species. 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.20. The system of
claim 13, wherein the detection device is configured
to measure the first and second currents by applying
an accumulation potential followed by a scanning
potential . 



21. A method comprising: detecting a first electrical
activity of an electroactive material in absence of a
target non-electroactive material; detecting a second
electrical activity of the electroactive material in
presence of the target nonelectroactive material;
obtaining a difference between the first and second
electrical activities; and identifying a concentration
of the target nonelectroactive 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. 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.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
. 




