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			Abstract

			With the objective of analyzing metal ions simultaneously in several samples which can be applied in various areas, electrochemical methods based on anodic stripping voltammetry are prominent due to the fact that their analytical performance can be increased by electrode modifications. The development of electrodes and methods together with the availability of small and low cost instrument would be beneficial for onsite analysis and makes it much more practical.
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			Heavy metals (HMs) have caused several problems for all living things on earth so far [1]. They do have both beneficial and harmful effects. Some of them in specific concentrations, oxidation numbers and forms are essential to the body of living things whereas others can be deleterious. HMs have been well known for a long time to play important roles in a number of samples especially environment and food. The greater role they have in everyday life, the greater the need for monitoring their concentrations. Several techniques have been developed to gain better figure of merits and advantages. And it would be rewarding if those techniques are able to analyze HMs simultaneously and onsite, especially for environmental analysis.

			Normally in standard metal ion analysis, the techniques require costly and sophisticated instruments, not to mention sample preparation. However, the main advantages of these techniques include limit of detection and analytical performance [2]. In the case that these characteristics are not the top priority compared to capability of simultaneous analysis, then electrochemical methods become very attractive and outstanding.

			The most useful electrochemical method for metal analysis is anodic stripping voltammetry (ASV) [3], followed by probably amperometry, cyclic voltammetry, electrochemical impedance spectroscopy (EIS) and potentiometry. ASV consists of three steps namely deposition, equilibration and stripping. With pulsing of the potential namely, square wave (SW) and differential pulse (DP), the sensitivity can be increased significantly due to the increase of Faradaic current. However, the selection of pulsing is still a matter of experimentation. In other words, there are no such ways to determine that the pulsing should be SW and DP. This is because it depends on the nature of systems under investigation a lot. It must be stated here that the prominent and unique feature of ASV is the way that the stripping peak of each metal appears at different potentials , not to mention the way that these potentials very much depend on specific conditions to make method selectivity successfully controllable. Additionally, another specific aspect that currently helps increase the sensitivity and well as specificity is the modification of the electrode.

			There are a number of ways to modify the electrode, mainly by increasing the surface areas by using a number of porous nanomaterials such as graphene, nanometals or nanosilica [4]. Of course, it has to be mentioned here that the first thing to think about here is the substrate electrodes which glassy carbon seems to be the most common but not necessary to be the best and the opportunities are overwhelming, so more investigations are encouraged here. Next is the use of another specific metal to support the deposition which is very useful in ASV analysis. Bismuth (Bi) is the most common to use instead of mercury (Hg) with the main advantage of no oxygen interference and low toxicity [5]. However, other metals should also help in specific applications as well, such as tin(Sn) and antimony(Sb) among others, of which further investigations in details are also still of challenge. The next strategy is to use special compounds to help attract metal ion via for example complexation and at the same time the compounds can provide selectivity. However, with the focus on simultaneous analysis, the compound should be able to facilitate as many metals as possible. Also, as in conventional ways, the use of masking agents and specific compound for each metal to improve individual analyte might also be applied. And when talking about onsite analysis, in situ preparation and small scaled equipment  such as the use of screen-printed electrode (SPE) [6] need to be highlighted. In the case of voltammetry, at present small and not expensive instruments are commercially available and used increasingly to serve this purpose [7].

			Currently, there are many current research articles in this area of metal determination by ASV [8]. In our case, we have shown that Bi/chitosan/mesoporous silica can be used in the determination of Cd (II) and Pb (II) in water lily in polluted water resources [9]. Our work might also prove that certain compounds can be used in-situ for simultaneous ASV analysis of various metals in addition to Cd (II) and Pb (II) [10]. However, the fact that Boron doped diamond (BDD) works well with Pb (II) [11] might turn out that BDD alone can be applied here for simultaneous analysis which would make it easier for onsite applications. BDD has so many advantages and the price is not that high when considering the ruggedness and less noise. Furthermore, the compounds that were used in other techniques and have been used before but with less satisfactory results should be further experimented and developed as well for simultaneous electrochemical applications [12]. Typical involving applications along with the analytical performance have been summarized in Table 1 as well as references for further research development. 

			Table 1: Typical recent simultaneous analysis focusing on more than two metals and onsite applications by electrochemical methods.

			
				
					
					
					
					
					
					
					
					
					
				
				
					
							
							Entry

						
							
							Metals

						
							
							Electrode

						
							
							Dep. Pot/Time

						
							
							Solution Conditions

						
							
							Pulsing

						
							
							Lowest LOD

						
							
							Sample

						
							
							Ref

						
					

					
							
							1

						
							
							Pb(II), As(III), Hg(II)

						
							
							Gold-sputtered plastic electrode

						
							
							-0.6V/240s

						
							
							0.8M HNO3-0.1M KCl

						
							
							DPASV

						
							
							0.5mg/L Hg(II)

						
							
							cosmetics

						
							
							13

						
					

					
							
							2

						
							
							Cd(II), Pb(II), Cu(II),  Hg(II)

						
							
							Fe3O4 nanoparticles/ fluorinated multi-walled carbon nanotubes (Fe3O4/F-MWCNTs)

						
							
							-1.2V/180s

						
							
							0.1 M acetate buffer solution (NaAc-HAc, pH=5.0)

						
							
							SWASV

						
							
							0.02nM  Pb(II)

						
							
							River water/soyabean

						
							
							14

						
					

					
							
							3

						
							
							Cd(II), Pb(II), Cu(II), Hg(II)

						
							
							Polypyrrole-Reduced Graphene Oxide (PPy-rGO) Nanocomposite Hydrogels

						
							
							-1.0V/720s

						
							
							0.1M HCl and 0.3M KCl

						
							
							SWASV

						
							
							0.3nM Pb(II)

						
							
							Lake water

						
							
							15

						
					

					
							
							4

						
							
							Cd(II), Pb(II), Cu(II)

						
							
							A rotating disk of glassy carbon electrode modified with thin mercury film (RDGCE/TMF)

						
							
							-1.2V/300s

						
							
							0.1M HCl

						
							
							SWASV

						
							
							approx. 30 ppb for all HMs

						
							
							Leaves and soil

						
							
							16

						
					

					
							
							5

						
							
							Pb(II) 

							Cd(II)

						
							
							Disposable polyethylene dioxythiophene and polystyrene sulfonate carbon cloth working electrode (PPCCE)

						
							
							-1.0V/160s

						
							
							NaAc-HAc, pH=3.5

						
							
							DPASV

						
							
							0.005μM (1.90mgL-1) Pb(II)

						
							
							River water

						
							
							17

						
					

					
							
							6

						
							
							Zn(II), Cd(II), Pb(II), Cu(II)

						
							
							BiE on GCE

						
							
							-1.4V/120s

						
							
							NaAc-HAc, pH=4.5

						
							
							DPASV

						
							
							0.65ppb Pb(II)

						
							
							River water

						
							
							5

						
					

					
							
							7

						
							
							As(III), Pb(II), Hg(II)

						
							
							Gold nanostar electrode

						
							
							-0.6V/180s

						
							
							0.1M HCl

						
							
							SWASV

						
							
							0.8ppb As(III)

						
							
							Ground water

						
							
							18

						
					

				
			

			All of the above have laid the background for the development of methods for onsite simultaneous analysis of metals. Electrochemical methods seem to work best for this objective and ASV is the method of choice. With refined modifications and miniaturized instruments, the purposes can be further achieved and can be applied well in practice for the analysis of real samples. Newly developed techniques hopefully can be used onsite conveniently in the near future, at least for environmental samples.

			With typical references for each subtopic, this article is intended to initiate more and greater experimentation which of course there are a lot more to search for, not just to help solve currently encountered problems, here in particular from the presence and absence of a number of metals, but should prevent the forthcoming situations that might be harmful to living things and involving ecosystem. Also, it would be great to have a lot more creative scientific treasures and innovations in the new world but with careful consideration of the effects and impact that those new things may have to lead to scientific assets that are purely green, but not so fast or not that fast to be frightened short time or long time later, and are based on detailed investigations in all dimension, to be delivered as well as to educate all individuals of concern. And, with the narrow context of metal analysis, of course the new innovations for onsite simultaneous determination would be expected to be one of the sciences which are of great help to the future world.
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