
SIMULTANEOUS ELECTROCHEMICAL DETECTION OF MULTIPLE HEAVY 
METAL IONS IN LIQUID 

BACKGROUND 
[0001] This application relates to electrochemical detection of materials. 

5 Detection of contaminants such as heavy mental ions in liquid is important in testing 
and protecting water supplies such as rivers and streams. Detection techniques 
based on chemiluminescence require presence of a catalyst enzyme to generate a 

flash of light. For example, Hach Eclox Rapid Response Water Test Kit is based on 

the reaction of luminol and an oxidant in the presence of a catalyst enzyme-
10 horseradish peroxidase (HRP). The reaction produces a flash of light which can be 

detected when an enhancer is added. 

SUMMARY 
[0002] Techniques, systems and apparatus are disclosed for electrochemical 
detection of materials. In particular, trace levels of heavy metals ions, such as zinc 

15 (Zn), lead (Pb), cadmium (Cd), copper (Cu), mercury (Hg), arsenic (As), etc. can be 
detected using electrochemical detections. 
[0003] In one aspect, detecting trace levels of metal ions includes applying a 

voltage to a sensing electrode while enabling a sample liquid that includes metal 
complexes to flow across the sensing electrode. In response to the applied voltage, 

20 a current signal associated with the metal complexes is periodically measured. The 

periodically measured current signal is processed to simultaneously detect a 

presence of two or more metal ions associated with the metal complexes. 

[0004] Implementations can optionally include one or more of the following 

25 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 
30 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 

l 



periodically measured 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). Applying the voltage can include applying the 

voltage to the sensing electrode that comprises at least one of bismuth, gold, carbon 
5 and mercury. Also, applying the voltage can include applying the voltage on the 

sensing electrode that comprises a screen printed electrode. Measuring the current 
signal can include measuring a voltammetric signal. Measuring the voltammetric 
signal can include using a stripping voltammeter to measure the voltammetric signal. 
Measuring the voltammetric signal using a stripping voltammeter can include using a 

10 disposable stripping voltammeter to measure the voltammetric signal. Further, the 
sample liquid can be pretreated with a buffer before enabling the sample liquid to 

flow through the container. 
[0005] In another aspect, a system for detecting trace levels of heavy metal ions 
includes a detection device and a data processing device. The detection device 

15 includes a container to at least partially hold a sample liquid in the container with the 
sample liquid including one or more metal complexes. The detection device also 

includes an electrically conductive member that is at least partially submerged in the 

sample liquid. The container, the solution and the electrically conductive member 
are configured to measure a voltammetric signal corresponding to each metal 

20 complex. The electrical conductive member includes 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. 
The data processing device is configured to identify in parallel two or more metal 
ions associated with the metal complexes based on the measured voltammetric 

25 signal. 
[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 
30 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 



container is shaped to form a flow channel that enables the sample liquid to flow 
through the container and across the electrically conductive member. In addition, 
the data processing device is configured to periodically measure the voltammetric 
signal while the sample liquid flows across the electrically conductive member. The 

5 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. Also, the data processing device is configured to periodically measure 
th( 

10 electrodes ana tne otner sample liquid riows across tne otner sensing electrode. 
[0007] The subject matter described in this specification potentially can provide 
one or more of the following advantages. The techniques and systems as described 

in this specification can be implemented as a miniaturized electrochemical analyzer 

to minimize or reduce costs. The miniaturized electrochemical analyzer can further 
15 reduce costs by implementing screen printed electrodes with integrated auxiliary and 

reference electrodes. The screen printed electrodes can be disposable for easy 

replacement. Also, the electrochemical analyzer can use multiple screen printed 
electrodes to simultaneously detect multiple heavy metal ions. To detect multiple 
heavy metal ions, the electrochemical analyzer can use analytical techniques such 

20 as stripping voltammetry. The miniaturized electrochemical analyzer can detect 

trace levels of the metal ions in the ppt range (ng/L). Further, the systems and 
techniques as described in this specification can provide on-line measurements of 
voltammetric signals. 

[0008] The subject matter described in this specification can be implemented as 

25 electrochemical methods or systems for detecting the presence of materials such as, 
zinc, lead, cadmium, copper, mercury, arsenic, etc. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1a is a block diagram showing an open configuration of a device for 

detecting various heavy metal ions. 
30 [0010] FIG. 1b is 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. 



[0012] FIG. 3 is a process flow diagram an example process for detecting 

multiple heavy metal ions. 
[0013] FIG. 4 shows example current-voltage relationships for different heavy 

metal ions. 
5 [0014] FIG. 5 shows example calibration plots (current-concentration 

dependence) for different heavy metal ions. 
[0015] FIG. 6 shows square wave absorptive stripping voltammetric signals for 

trace levels of various heavy metal ions. 
[0016] FIG. 7 is a system for detecting multiple heavy metal ions using 

10 electrochemical detection. 
[0017] FIG. 8 shows an example screen printed electrode that includes multiple 

working electrodes. 
[0018] Like reference symbols and designations in the various drawings indicate 

like elements. 

15 Detailed Description 
[0019] Techniques and systems are disclosed for detecting materials in liquid, 

such as water. In particular, an electrochemical detection device is provided to 
detect trace levels of heavy metals ions, such as zinc, lead, cadmium, copper, 
mercury, arsenic, etc. in water. The electrochemical detection device can use 

20 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 

25 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 

30 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 



as adsorptive stripping voltammetry. The device 100 includes a reference electrode 
140, a sensing or working electrode 150, and a housing or container 125 for at least 
partially holding liquid. When the device 100 is implemented as a flow-through 
device, only a portion of the target liquid is actually held in the container 125. In 

5 some implementations, the device 100 can optionally include an auxiliary reference 
(not shown). 
[0022] The reference electrode 140 is a conductive member that is constructed to 
at least partially conduct electricity. The reference electrode 140 can be 

implemented using various conductive materials. For example, a modified silver 
10 wire provided as an electrode (e.g., silver/silver-chloride (Ag/AgCI) when coated with 

AgCI and immersed in the recording solution) may be used. 
[0023] The sensing electrode 150 can be implemented using any one of a wide 

variety of carbonaceous electrodes, such as carbon paste electrodes, glassy carbon 
electrodes, bare carbon electrodes, reticulated carbon electrodes, etc. Other 

15 suitable conducting electrodes, such as metallic electrodes can be used. Metallic 

electrodes can include gold, mercury and bismuth electrodes, for example. Further, 

the sensing electrode 150 can include bismuth coated or plated conducting 

electrodes. Alternatively, conducting electrodes with bismuth included analyte 
solution can be used. Bismuth based electrodes may provide good conductivity and 

20 low toxicity. 

[0024] In some implementations, the sensing electrode 150 can be coated or 
plated with a thin film that contains conductive materials, such as bismuth. The 
conductive material-coated sensing or working electrode 150 can be a carbon fiber 
or glassy carbon electrode. The sensing electrode 150 can be coated with any 

25 conductive material, such as a flat screen-printed carbon electrode. For example, 
the sensing 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 
30 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. 



5,292,423, which are incorporated by reference, can be implemented as the sensing 
electrode 150. Briefly, screen-printed electrodes, such as the ExacTech Blood 
Glucose Strips of Medisense Inc, can be implemented. These strips include working 
and reference electrodes, made of carbon for example, printed on a polyvinyl 

5 chloride (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/AgCI) from another strip serves as reference during voltammetric 

detection. Potentiometric stripping can also be performed using conventional 

10 Ag/AgCI electrode of the TraceLab unit. In addition, a platinum wire auxiliary 
electrode can be used. 
[0026] The working electrode 150 can be constructed by coating and/or plating 

with different forms of bismuth. For example, solid bismuth in particulate or granular 
form can be used. Similarly, bismuth salts can be used as the active electrode 

15 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 

150. 
[0027] Also, the device 100 can include various optional components. For 
example, the device 100 can optionally include an inlet port 160 and an outlet port 

20 170 to enable operation as a flow-through cell. When implemented as a flow-

through cell, a stream of liquid (e.g., water) can flow through the device 100 using 
the inlet port 160 and outlet port 170. The presence of target heavy metal ions, such 
as zinc, lead, cadmium, copper, mercury, arsenic, etc. in the liquid flowing through 

the device can be continuously detected. 

25 [0028] Alternatively, the device 100 can be operated in a batch mode to retain a 
discrete 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. 
30 [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 



150 and the liquid housing 125. The first member 110 can be the top portion of the 
device 100, and the second member 120 can be the bottom portion of the device 
100. Also, the first member 110 can be connected to the second member 120 
through a joining mechanism 155 such as a hinge, a ball and socket joint, a tab, a 

5 dovetail, etc. 
[0030] FIG. 1 b shows a closed configuration view of the example device 100. 
When the device 100 is closed and liquid flows through the inlet port 160, an 
electrical current path is provided across the reference electrode 140 and the screen 
printed sensing electrode 150. 

10 [0031] In addition, the form factor of the device 100 can be modified to simplify 
the analytical process of detecting trace levels of heavy metal ions, such as zinc, 
lead, cadmium, copper, mercury, arsenic, etc. in liquid. For example, the device 100 

can be designed to simplify sample preparation and accelerate analysis time. The 
device 100 can be designed to use stripping voltammetry in batch mode using a 

15 discrete sample or in flow through mode. Little or no interaction between the user 
and the device 100, other than introducing the sample liquid and/or standards are 
needed. 

[0032] FIG. 2 is a block diagram illustrating an example interfaces for detecting 
trace levels of multiple heavy metal ions, such as zinc, lead, cadmium and copper. 

20 The housing or container 125 of the example device 100 can be structured to 

provide various sample-to-electrode interfaces. For example, FIG. 2 shows an 
example sample-to-electrode interface for using multiple screen printed electrodes 
212, 222, 232, 242 and 252. These screen printed electrodes can be constructed 
substantially similar to the screen printed sensing electrode 150. 

25 [0033] Each 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 
30 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. 



[0034] The example housing 125 can include two or more separate flow channels 
216, 226, 236, 246 and 256 to simultaneously perform different sample 
pretreatments. Pretreatments performed can includes sample cleanup and 
processing, such as removal of interferences, acidification, etc. Through the 

5 separate flow channels 216, 226, 236, 246 and 256, the device 100 can monitor an 
increased number of heavy metal ions from a single sample 202. For example, the 
bismuth based working electrode described with respect to FIGS. 1a and 1 b can be 
used in one flow channel (e.g. 216). In a separate flow channel (e.g. 226), a screen 

printed gold electrode that is selective for arsenic, selenium and mercury can be 

10 used. 
[0035] The screen printed sensing electrodes 212, 222, 232, 242 and 252 can be 
constructed using a rapid and reproducible method. A carbon working electrode is 

screen printed, and a conductive material, such as gold, is selectively sputtered on 
carbon. The screen printed electrode can include both the reference and auxiliary 

15 electrodes. Each of the flow channels 216, 226, 236, 246 and 256 can house a 
separate screen printed electrode, conceivably with two different working electrodes, 

such as bismuth and gold that can be used simultaneously for their respective 

measurements. 
[0036] Further, the different flow channels 216, 226, 236, 246 and 256 enables 

20 application of different pretreatment systems 210, 220, 230, 240 and 250 to each 

flow channel 216, 226, 236, 246 and 256. The pretreatment systems 210, 220, 230, 
240 and 250 can provide a specific buffer and/or ligand to each flow channel to react 
with one or more heavy metal ions for parallel detection of multiple heavy metal ions. 
[0037] The multiple electrochemical routes or flow channels for detecting multiple 

25 heavy metal ions simultaneously in water offers distinct advantages 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 
30 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, 



236, 246 and 256 and pre-treated 304 using one or more buffers and/or ligands. 
The pre-treatment can produce, for example, a metal complex, such as nickel-
dimethylglyoximate (Ni-DMG), molybdenum-chloranilate (Mo-CAA), iron-catechol 
(Fe-catechol), etc. Using absorptive stripping voltammetry (e.g., using square wave 

5 absorptive stripping voltammetry), the voltammetric signal of the metal complex is 
measured 304 in an acetate pH buffer or other suitable buffering solutions. The 
voltammetric signal is measured, in this and other implementations, using the 
different working electrode 214, 224, 234, 244 and 254 (e.g., bismuth, mercury, gold, 
etc.) in each flow channel 216, 226, 236, 246 and 256. 

10 [0040] Some heavy metals may not form complexes and thus do not require 
complexing agents. Examples of this heavy metal include lead (Pb), cadmium (Cd), 
mercury (Hg) and copper (Cu). In these types of heavy metals electrolytic 

accumulation can be used without such complexing agents. 
[0041] The metal complex is electroactive and can be detected by voltammetry 

15 using the sensing or working electrodes electrode 214, 224, 234, 244 and 254. An 
accumulation potential of predefined amplitude is applied to the metal complex in the 

buffer for a predetermined period of time, followed by potential scanning with 

predefined amplitude, a predefined step potential and a predefined frequency. For 

example, square-wave adsorptive stripping voltammograms of 50 |ig/L zinc with 

20 bismuth film electrode (BFE) can be implemented. In this example, zinc is in a 
solution of supporting electrolyte, 0.1 M acetate buffer (pH 5.5). An accumulation 
potential of 0.50V is applied for about 60 seconds with stirring. The accumulation 

potential is followed by potential scanning with amplitude of 25 mV, step potential of 
4 mV, and a frequency of 25 Hz. 

25 [0042] FIG. 4 shows an example simultaneous detection of zinc, lead and 
cadmium at various concentrations using the screen printed bismuth electrode 150 

in the flow cell 100. 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 

30 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 



select flow rate (e.g., 1.0 mL/min). In addition, bismuth plating potential of -1.1V vs. 
Ag/AgCI can be used with bismuth plating time of 1200 s. The X-axis represents the 
potential used for the measurements, and the Y-axis represents the currents 

measured in JIA. 

5 [0043] FIG. 5 shows the current-concentration relationship for Zn, Cd and Pb. 

The X-axis represents the concentration in parts per billion (ppb) of Zn, Cd and Pb. 
The Y-axis represents the measured current corresponding to the concentration of 
Zn, Cd and Pb. The current-concentration relationship appears to approach a linear 
relationship. 

10 [0044] FIG. 6 shows the reproducibility of the screen printed electrodes 150, 212, 

222, 232, 242 and 252 used in the flow-through cell 100 for 1 ppb of cadmium and 
lead. The left panel 610 shows current-voltage relationship for a blank without 
cadmium and lead. The right panel 620 shows the current-voltage relationship for 1 

ppb of cadmium and lead. The current-voltage relationship for cadmium and lead 

15 shows clear current peaks for cadmium 612 and lead 614. The sizes of these 
current peak heights 612 and 614 are big enough to be visible even for the small 1 
ppb concentration level. Thus, FIG. 6 shows that even lower trace levels can be 

detected under the same operating conditions. 
[0045] FIG. 7 shows an example system 700 for detecting heavy metal ions, such 

20 as zinc, lead, cadmium, copper, mercury, arsenic, etc. in liquid using electrochemical 
detection. The system 700 includes a detection device 710 (e.g., implemented in a 
dedicated flow cell design as shown in FIG. 1) coupled to a data processing device 
720. The detection device 710 can be substantially as described with respect to 
FIG. 1. Alternatively, the detection device 710 can be implemented using other form 

25 factors. 
[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 

30 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. 



The recording protocol can include the accumulation potential and the potential 
scanning with an amplitude, step potential, and a frequency. 

[0047] The data processing device 720 receives the data from the detection 
device 710 through a bidirectional communication channel 730. The bidirectional 

5 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 

10 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 the internet. 
In some implementations, the system 700 can be implemented as a stand alone 
system or as a part of a larger system such as network system. 

15 [0048] In some implementations, the system 700 is implemented as a specific 
detection system that uses square wave absorptive stripping voltammetry. The 

detection system can use a bismuth electrode 150 to measure the voltammetric 
signal of the detected metal complex. The system 700 can be developed as a 
suitable and inexpensive system for electrochemical detection and measurement of 

20 heavy metal ions in pure and ultrapure water. 

[0049] In addition, the system 700 can perform on-line voltammetric 
measurements using a dedicated flow cell 100. On-line measurements can be 

conducted by taking measurements in one or more flowing streams of sample liquid 

for continuous monitoring of target heavy metal ions Alternatively, the system 700 
25 enables the user to inject a fixed volume of the untreated sample and the pre­

treatment and detection processes can be performed on-line, without the user 
needing to touch 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 
30 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 



sensitivity. Thus, trace levels of the heavy metal ions can be detected. The 
sensitivity enhancement can be provided using the concept of cells-in-series. 
[0052] FIG. 8 shows an example representation of the cells-in-series concept. 
Multiple and identical working electrodes 812, 814, 816, 818 and 820 are disposed 

5 on a single screen printed electrode strip 810. The working electrodes 812, 814, 
816, 818 and 820 are connected in series and share one reference 822 and one 
auxiliary electrode824. In some implementations, these multiple working electrodes 

812, 814, 816, 818 and 820 can be a mix of different electrodes such as gold, 

bismuth, carbon, etc. In addition, these multiple electrodes can be operated under 
10 different measurement conditions, such as deposition potentials and window. Such 

combined structure can minimize the deposition time needed to achieve a lower 

detection limit. 

[0053] Embodiments of the subject matter and the functional operations 
described in this specification can be implemented in digital electronic circuitry, or in 

15 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 subject 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 

20 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 

25 computer readable medium can be a machine-readable storage device, a machine-

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 

30 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 

5 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 
10 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 

15 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). 

20 [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 

25 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. 
30 [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 

5 device, e.g., a CRT (cathode ray tube) or LCD (liquid crystal display) monitor, for 
displaying 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, 

10 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 
15 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 

20 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 

25 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 
30 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 

5 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 

10 described and illustrated in this application. For example, implementations are not 
limited to the described metal complex, and metal complex based on other heavy 
metals and ligands are possible. Also, the recording protocol for adsorptive stripping 

voltammetry can be varied. For example, the recording protocol can be modified to 
change the amplitude of the accumulation potential; duration of accumulation 

15 potential applied; stirring or not stirring; amplitude of potential scanning; amplitude of 
the step potential; a frequency of the potentials applied; etc. 

15 



What is claimed is: 
CLAIMS 

1. A method comprising: 

5 applying a voltage to a sensing electrode while flowing a sample liquid that 
includes metal complexes across the sensing electrode; 

in response to the applied voltage, periodically measuring a current signal 
associated with the metal complexes; 

processing the periodically measured current signal to simultaneously detect 

10 a presence of two or more metal ions associated with the metal complexes. 

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

applying an accumulation potential followed by a scanning potential. 

15 3. The method of claim 2, wherein applying a scanning potential 
comprises applying a scanning potential having at least one of 25 millivolt amplitude, 

a step potential of 4 millivolt, and a frequency of 25 hertz. 

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

20 applying the voltage to the sensing electrode while flowing the sample liquid 

across the sensing electrode; and 
applying the voltage to another sensing electrode while flowing another 

sample liquid across the other sensing electrode. 

25 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). 

30 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. 

16 



7. The method of claim 6, wherein applying the voltage comprises 
applying the voltage on the sensing electrode that comprises a screen printed 
electrode. 

5 8. The method of claim 1, wherein measuring the current signal 
comprises measuring a voltammetric signal. 

9. The method of claim 8, wherein measuring the voltammetric signal 

comprises using a stripping voltammeter to measure the voltammetric signal. 

10. The method of claim 9, wherein measuring the voltammetric signal 
using a stripping voltammeter comprises using a disposable stripping voltammeter to 
measure the voltammetric signal. 

15 11. The method of claim 1, further comprising pretreating the sample liquid 
with a buffer before flowing the sample liquid through the container. 

12. A system comprising: 
a detection device comprising 

20 a container 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 

25 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 
30 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. 

17 



13. The system of claim 12, wherein the electrically conductive member 
comprises at least one of bismuth, gold, carbon or mercury. 

14. The system of claim 12, wherein the electrically conductive member 
5 comprises a screen printed electrode. 

15. The system of claim 12, wherein the detection device is configured as 
a stripping voltammeter. 

10 16. The system of claim 15, wherein the stripping voltammeter comprises a 
disposable stripping voltammeter. 

17. The system of claim 12, wherein the detection device is configured to 
measure voltammetric signal by applying an accumulation potential followed by a 

15 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 

25 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 

30 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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