Heavy metals detection using screen -printing electrodes
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INTRODUCTION

Heavy metals detection is being one of the most requested aspects in the current environmental industry due to their high toxicity over animal and human health [i,ii]. Chemical analysis for water quality measurements
are usually carried out in laboratories using several techniques such as colorimetry, fluorimetry, spectrophotometry, etc. which sometimes require a complex set-up and specified personnel to carry out the operational
procedures [iii]. For many years the in-situ water monitoring in-the-field has been considered very important. This control can be achieved by developing small and easy-to-maintain water monitoring tools. The most used
methods for heavy metals analysis, between electrochemical methods, are stripping techniques. These techniques enhance selectivity and sensitivity by combining separation, pre-concentration and determination in one step
[iv-xi]. In addition to the mentioned advantages the miniaturization of the detection system by using screen-printed electrodes (SPESs) is possible.

The application of SPEs along with the anodic stripping voltammetry technique as a robust heavy metal detection method is proposed in this work [xii]. Mercury-coated carbon SPEs were used for trace heavy metal
detection (Cd, Pb and Cu) in connection to voltammetric stripping analysis. The use of mercury film electrodes reduce the amount of mercury used in the analysis in comparison to conventional hang drop mercury electrode
(HDME). A detection limit of 1.8 and 2.9 gL-1 for lead and cadmium respectively, using the mercury modified electrode, is reported in a batch system [xiii].

It is well known that mercury is highly toxic and the increased risks associated with its use and manipulation have caused a trend for more environmental friendly materials used while performing an analytical
procedure. For this reason the development of mercury-free screen-printed electrodes has been one of the most important focuses of our research.

The use of mercury-coated and mercury-free SPEs including their analytical performance parameters in a flow through system and their morphological characterizations are presented.The obtained results show that

— Mercury-coated SPEs in a batch system

system using mercury-coated SPEs.
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RESULTS AND DISCUSSION

Lineal calibration intervals for Pb (a) and for Cd (b) with detailed view of the working interval. Also the stripping voltammograms for increasing levels of Pb (c) and Cd (d) in seawater are presented for the batch

Analytical performance of the measurements performed by SPEsin  spiked Cantabric Sea seawater
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Mercury-coated SPEs in a flow through system

The analytical performance parameters of the mercury-coated SPEs parameters in a flow through system
such as the linearity range of response, coefficient of variation, limit of detection, limit of quantification,
repeatability, lowest detectable change and the calibration method have been determined. The
morphological characterization using SEM has been also performed.
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Regression equation / y=0.0211x - 0.0856 /
Correlation coeficient (2) 0.9929
Coefficient of variation (CV) / % 138

Morphological characterization

coated WE (of the SPE) after
activation (300 s under -1.1 V)

Limit of detection (LOD)/ gL 63
Limit of quantification (LOQ) / gL 88
For 20 ppb : 1.69 - 102
For 80 ppb :5.27 - 102
For 20 ppb : 5.07 - 102
For 80 ppb: 0.158

Repeatability ( , and )

Lowest detectable change ( ,and )

Multidetection

Real and spiked sea water samples (Cantabria,
Mataré, Mar Menor, North Sea) have been tested.
SWYV for the multidetection of 100 ppb of cadmium
(Cd), lead (Pb) and copper (Cu) in Cantabria sea
water matrix is shown. The measurements were
performed using a mercury-coated SPE and the flow
through system.

Standard addition method
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Typical Square Wave Voltammetric (SWV) curves obtained in one day measurement for mercury-coated
SPEs are presented above along with the standard addition curves for lead (sample, sample + 20, 50
and 100 ppb) in real sea water matrix. The flow cell used was designed in UAB-ICN laboratories.

SWV curves in one day Standard addition for a 20 ppb
measurement (100ppb Pb) . sample of lead

Lifetime measurements
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Mercury-free SPEs in a flow through system

Mercury-free SPEs have been designed and fabricated in UAB-ICN laboratories in order to avoid the
use of toxic mercury. Analytical parameters as well as the morphological characterization were also
determined.

) o oo used Vorlogical characerzatn
Regression equation / y=0.0087x~0.007 / SEM images for mercury-  SEM images for mercury-free
Correlation coefficient ( 12) free SPE WE before SPE WE after activation
Coefficient of variation (CV) / % 9.99 activation (overnigth under -0.15 V)
Limit of detection (LOD)/ gL 3.00
Limit of quantification (LOQ) / gL 8.14

For 20 ppb : 8.94 - 102
For 80 ppb :1.18 - 107
For 20 ppb : 2.68 - 102
For 80 ppb: 3.56 - 107

Repeatability ( , and )

Standard addition curves for lead (sample, sample + 20, 50 and 100 ppb) in real sea water matrix for
mercury-free SPEs are presented above. A calibration curve in the range of 1 to 100 ppb is also shown
with the typical SWASV curve for each concentration.

Lowest detectable change ( ,and )

Standard addition method

STANDARD ADDITION FOR LEAD WITH MERCURY-FREE SPES LEAD CALIBRATION WITH MERCURY-FREE SPES
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Lifetime measurements

The stability and lifetime study for mercury-free SPE for a five week monitoring period using a solution
of 100 ppb Pb (in sea water) measured in a flow through system is shown. The standard addition
method should be used to determine the amount of metal in the sample due to the variability of the
SPE sensibility between different days.
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CONCLUSIONS

Screen-printing technology is successfully used for the fabrication of mercury-free screen-printed electrodes (SPEs). The square wave anodic stripping voltammetry (SWASV), selected as the measuring technique, using
SPEs is an efficient tool for rapid and low cost detection of heavy metals in sea water. The application of both batch and flow through systems using mercury-coated and mercury-free electrodes, have been described with
an emphasis to the sensor lifetime. Analytical parameters (linearity, LOD, LOQ, repeatability and lowest detectable change) related to lead detection have been given. The sensor response is stable for up to 5 weeks
continuous measurements in sea water checked for mercury-free SPEs . The obtained results show that the designed SPEs should be a valuable alternative for future applications in automatic analysers with interest for

environmental monitoring of sea water.
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