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Trace metal speciation is key to understand/predict bioavailability and potential toxicity of metals to biota and will, undoubtedly, be incorporated in future regulations. Electroanalytical methods have a role to play in such development: they offer a wide range of advantages such as speed, portability, economy, solid interpretation backgrounds and low limits of quantification. This review focusses on three selected stripping techniques: Competitive-Ligand Exchange -Cathodic Stripping Voltammetry (CLE-CSV), Scanned Stripping Chrono-Potentiometry (SSCP) and AGNES (Absence of Gradients and Nernstian Equilibrium Stripping) reporting their working principles, characteristics (strong and weak points) and recent applications to systems of environmental relevance (such as seawaters, freshwaters or soil extracts).

List of nomenclature and abbreviations:

Introduction

Speciation (i.e. the distribution of an element among its different chemical forms [START_REF] Templeton | Guidelines for terms related to chemical speciation and fractionation of elements. Definitions, structural aspects, and methodological approaches (IUPAC Recommendations 2000)[END_REF])

has been recognised as a key factor for trace metal (bio)availability to biota, as postulated by hegemonic ecotoxicological paradigms such as the Free Ion Activity Model (FIAM) [START_REF] Anderson | Growth limitation of a coastal diatom by low zinc ion activity[END_REF] or the Biotic Ligand Model (BLM) [START_REF] Paquin | The biotic ligand model: a historical overview[END_REF], both assuming that the free ion is the only bioavailable species. The limits of these models have recently been reviewed [START_REF] Zhao | When are metal complexes bioavailable?[END_REF], highlighting numerous cases where specific fractions of metal complexes can be internalized, either directly or through the dissociation of labile complexes. Thus, there is a need to design, develop, apply and interpret analytical techniques able to provide reliable speciation information [START_REF] Pesavento | Analytical methods for determination of free metal ion concentration, labile species fraction and metal complexation capacity of environmental waters: A review[END_REF][START_REF] Feldmann | Critical review perspective: elemental speciation analysis methods in environmental chemistrymoving towards methodological integration[END_REF][START_REF] Filella | Food for Thought: A Critical Overview of Current Practical and Conceptual Challenges in Trace Element Analysis in Natural Waters[END_REF] that can be used by regulatory bodies.

Although there are numerous non-electrochemical techniques [START_REF] Pesavento | Analytical methods for determination of free metal ion concentration, labile species fraction and metal complexation capacity of environmental waters: A review[END_REF][START_REF] Feldmann | Critical review perspective: elemental speciation analysis methods in environmental chemistrymoving towards methodological integration[END_REF][START_REF] Filella | Food for Thought: A Critical Overview of Current Practical and Conceptual Challenges in Trace Element Analysis in Natural Waters[END_REF][START_REF] Chito | Determination of free Zn 2+ concentration in synthetic and natural samples with AGNES (Absence of Gradients and Nernstian Equilibrium Stripping) and DMT (Donnan Membrane Technique)[END_REF][START_REF] Fortin | An ion-exchange technique for free-metal ion measurements (Cd2+, Zn2+): Applications to complex aqueous media[END_REF][START_REF] Cremazy | Development of an In Situ Ion-Exchange Technique for the Determination of Free Cd, Co, Ni, and Zn Concentrations in Freshwaters[END_REF][START_REF] Alberti | Determination of the Total Concentration and Speciation of Metal Ions in River, Estuarine and Seawater Samples[END_REF][START_REF]Diffusive Gradients in Thin-Films for Environmental Measurements[END_REF][START_REF] Gonzalvez | Non-chromatographic speciation[END_REF], those that are provide attractive possibilities such as speed of analysis, low-cost and miniaturization in view to on-site (and in-situ) measurements [START_REF] Bansod | A review on various electrochemical techniques for heavy metal ions detection with different sensing platforms[END_REF], and can also provide thermodynamic (i.e. equilibrium) information (such as the amount of the free metal, the amount of complexing sites, the stoichiometry of complexes and their stability constants [START_REF] Dytrtova | Electrochemical and spectrometric detection of low-molecular weight organic acids and their complexes with metals[END_REF]) as well as dynamic information (such as kinetic rate constants and diffusion coefficients [START_REF] Mota | Electrochemical Methods for Speciation of Trace Elements in Marine Waters. Dynamic Aspects[END_REF]). However, the correct signal interpretation can be difficult in natural media [16;17]. Stripping techniques, due to their low detection limits, are well suited for environmental analysis. They are two-stage techniques, where the first stage is a deposition step that accumulates the analyte (at the electrode surface or in its volume), followed by a second stage that quantifies this analyte. Anodic Stripping Voltammetry (ASV), in its multiple variants, is the most popular and has the advantage to possibly be measuring a potentially bioavailable fraction of the metal, as shown again recently [18;19].

water column [START_REF] Thompson | Dissolved copper speciation in the Tasman Sea, SW Pacific Ocean[END_REF], stormwater [START_REF] Nason | Determination of copper speciation in highway stormwater runoff using competitive ligand exchange -Adsorptive cathodic stripping voltammetry[END_REF]), and identity (e.g. humics [START_REF] Whitby | Evidence for copper-binding humic substances in seawater[END_REF],

polysaccharides [START_REF] Hassler | Iron associated with exopolymeric substances is highly bioavailable to oceanic phytoplankton[END_REF]) to their seasonal [START_REF] Sander | Spatial and seasonal variations of iron speciation in surface waters of the Subantarctic front and the Otago Continental Shelf[END_REF] and spatial [35;36] variations, as well as stability [START_REF] Muller | Alteration of the Copper-Binding Capacity of Iron-Rich Humic Colloids during Transport from Peatland to Marine Waters[END_REF].

Recent analytical developments to note include the catalytic detection of Fe by oxygen in presence of SA [START_REF] Abualhaija | Chemical speciation of iron in seawater using catalytic cathodic stripping voltammetry with ligand competition against salicylaldoxime[END_REF] and the use of reverse titrations [45;46], where the concentration of the ligand, not that of the metal, is varied. New methods for the determination of humic substances, HS (based on the adsorption and quantification of Cu-HS complex at the Hg drop electrode [START_REF] Abualhaija | Competition between copper and iron for humic ligands in estuarine waters[END_REF], similarly to the Fe-HS method [START_REF] Laglera | Determination of humic substances in natural waters by cathodic stripping voltammetry of their complexes with iron[END_REF]), have demonstrated that the same HS are involved in the complexation of both Cu and Fe in coastal waters of Liverpool Bay, accounting for 97 and 65% of the total ligands for Fe and Cu, respectively [START_REF] Abualhaija | Competition between copper and iron for humic ligands in estuarine waters[END_REF]. This competition for ligands implies that the complexation of Fe-HS might be dependent on Cu levels, or other metals, and vice versa. Various fitting methods can be used to determine speciation parameters from the titration curves (current vs. total metal concentrations). However, both the experimental [START_REF] Laglera | The relevance of ligand exchange kinetics in the measurement of iron speciation by CLE-AdCSV in seawater[END_REF] and fitting [49;50] procedures are far from trivial and latest recommendations [START_REF] Pizeta | Interpretation of complexometric titration data: An intercomparison of methods for estimating models of trace metal complexation by natural organic ligands[END_REF] are, if time allows, to run multiple titrations at different detection windows (i.e. with different concentrations of the added ligand e.g. [51;52]) to decrease errors. Freely available software such as ProMCC [START_REF] Omanovic | ProMCC: An all-in-one tool for trace metal complexation studies[END_REF] or others (see [START_REF] Pizeta | Interpretation of complexometric titration data: An intercomparison of methods for estimating models of trace metal complexation by natural organic ligands[END_REF] and references therein) are available to help fitting the data correctly. However, no matter how well data are fitted, CLE-CSV does not give any indication related to potential kinetics and bioavailability of the various complexes. When internalization is fast enough to develop a free metal concentration profile close to the consuming interface, fast dissociating organic complexes (e.g. Cu-HS substances [START_REF] Gibbon-Walsh | Pseudopolarography of Copper Complexes in Seawater Using a Vibrating Gold Microwire Electrode[END_REF]) may also participate to the metal flux to organisms and methods based on anodic stripping voltammetry can estimate this bioavailable fraction [19;55]. CSV in presence of relatively high concentration of added ligand(s) is also widely used as a detection technique and is very helpful in gaining insights into the cycling of various metals, such as that of Zr, Mo, V and Ti at increasing salinities [START_REF] Schneider | An experimental study on the mixing behavior of Ti, Zr, V and Mo in the Elbe, Rhine and Weser estuaries[END_REF]. Although the Hg drop electrode is still used for developments of new CSV methods (e.g. for Ga [START_REF] Grabarczyk | A new voltammetric strategy for sensitive and selective determination of gallium using cupferron as a complexing agent[END_REF], Te [START_REF] Biver | Direct determination of tellurium and its redox speciation at the low nanogram level in natural waters by catalytic cathodic stripping voltammetry[END_REF] or Fe [START_REF] Monticelli | Miniaturization in voltammetry: Ultratrace element analysis and speciation with twenty-fold sample size reduction[END_REF]), a large amount of research is now devoted to greener and more user-friendly solid and/or film electrodes. Latest development for analysis of water samples include methods for Ni [START_REF] Saidin | Analysis of trace nickel by square wave stripping voltammetry using chloropalladium(II) complex-modified MWCNTs paste electrode[END_REF], Ag [START_REF] Zhiani | Selective voltammetric sensor for nanomolar detection of silver ions using carbon paste electrode modified with novel nanosized Ag(I)-imprinted polymer[END_REF], Co [START_REF] Zhang | Rapid and sensitive determination of cobalt by adsorptive cathodic stripping voltammetry using tinbismuth alloy electrode[END_REF], Mn [START_REF] Rusinek | Bare and Polymer-Coated Indium Tin Oxide as Working Electrodes for Manganese Cathodic Stripping Voltammetry[END_REF], V [64;65], U [START_REF] Zhang | Rapid Determination of Uranium in Water Samples by Adsorptive Cathodic Stripping Voltammetry Using a Tin-Bismuth Alloy Electrode[END_REF],

Ga [START_REF] Grabarczyk | Adsorptive Cathodic Stripping Voltammetric Method for Determination of Gallium Using an In Situ Plated Lead Film Electrode[END_REF] and Cr [START_REF] Ouyang | Improved Bi film wrapped single walled carbon nanotubes for ultrasensitive electrochemical detection of trace Cr(VI)[END_REF]. These methods are developed using common carbon paste electrodes [60;61] or screen-printed ones [69;70], but also use more recent substrates such as e.g. lithographically produced Bi microelectrode array [START_REF] Kokkinos | Microfabricated chip integrating a bismuth microelectrode array for the determination of trace cobalt(II) by adsorptive cathodic stripping voltammetry[END_REF], tin-bismuth alloy [62;66] or indium-oxide [START_REF] Rusinek | Bare and Polymer-Coated Indium Tin Oxide as Working Electrodes for Manganese Cathodic Stripping Voltammetry[END_REF]. Although progress is coming fast, up to now, only the Hg drop electrode is used for CLE-CSV speciation studies (due to yet unrivalled stability over the time required to perform a titration).

SCP/SSCP (Scanned Stripping ChronoPotentiometry)

Stripping Chronopotentiometry (SCP) was developed in the early 2000's by Town and van Leeuwen [START_REF] Town | Fundamental features of metal ion determination by stripping chronopotentiometry[END_REF] mainly to address the problems caused by electrodic adsorption of organic matter in trace metal analysis in environmental waters. The main difference in this technique is that, in the stripping step, a sufficiently small reoxidation current is used such that a small diffusion gradient inside the electrode is created. Therefore full depletion of the accumulated analyte is accomplished effectively, and the integrated recorded signal is essentially proportional to the accumulated charge, almost immune from electrodic adsorption of organic matter, distorted peaks [START_REF] Town | Effects of adsorption in stripping chronopotentiometric metal speciation analysis[END_REF] or heterogeneity of metal complexes [START_REF] Town | Significance of wave form parameters in stripping chronopotentiometric metal speciation analysis[END_REF]. SCP truly reaches its potential when a thin mercury film electrode is used [START_REF] Rocha | Evaluation of nanometer thick mercury film electrodes for stripping chronopotentiometry[END_REF] due to the low detection limit associated with these electrodes, and ever since full depletion is always maintained, allowing the decrease of both the analysis time and the oxygen interference [START_REF] Parat | Determination of trace metal speciation parameters by using screen-printed electrodes in stripping chronopotentiometry without deaerating[END_REF].

One of the limitations of SCP is the absence of an expression relating the peak potential and the metal complex speciation in the matrix solution. This led to the development in mid-2000's of an extension named Scanned Stripping Chronopotentiometry (SSCP), which is composed from a series of individual measurements performed at different deposition potentials (Ed), varying from values where no metal reduction occurs to the diffusion limited region where the free metal concentration at the electrode surface is nil [START_REF] Town | Depletive stripping chronopotentiometry: A major step forward in electrochemical stripping techniques for metal ion speciation analysis[END_REF].

In SSCP, the shift in half-wave deposition potential in the presence of complexing agents species can be interpreted straightforwardly, analogous to the DeFord-Hume expression for a voltammetric wave [START_REF] Town | Stripping chronopotentiometry at scanned deposition potential (SSCP) -Part 2. Determination of metal ion speciation parameters[END_REF], while the decrease in limiting transition time (i.e. the stripping time when accumulation is under diffusion limited conditions) provides information on the dynamic nature of the metal complexes, namely their diffusion coefficients and association rate constants [START_REF] Pinheiro | Scanned stripping chronopotentiometry of metal complexes: lability diagnosis and stability computation[END_REF]. Additionally, the slope variation of the SSCP wave provides information on the degree of heterogeneity of the complexing ligands [START_REF] Serrano | Full-wave analysis of stripping chronopotentiograms at scanned deposition potential (SSCP) as a tool for heavy metal speciation: Theoretical development and application to Cd(II)-phthalate and Cd(II)-iodide systems[END_REF].

SCP in environmental analysis was reviewed in 2007 [START_REF] Serrano | Stripping chronopotentiometry in environmental analysis[END_REF], while SSCP applications in the development of chemodynamics theory and applications in seawater analysis were reviewed in 2012 [START_REF] Mota | Electrochemical Methods for Speciation of Trace Elements in Marine Waters. Dynamic Aspects[END_REF]. We are focusing here on published works from 2012 which can be clustered in four groups: SCP/SSCP technical and methodological developments; trace metal interaction with humic matter; nanoparticle studies and, finally, trace metal bioavailability studies (see Table 1 for applications).

SSCP was first used with solid electrodes for the study of Pb(II) speciation using bismuth electrodes [START_REF] Pinheiro | Scanned stripping chronopotentiometry at bismuth film rotating disc electrodes: a method for quantitative dynamic metal speciation[END_REF]. Pb(II) speciation in seawater required attention to the correct interpretation of the calibration, due to the formation of PbClx complexes [START_REF] Diaz-De-Alba | Lead electrochemical speciation analysis in seawater media by using AGNES and SSCP techniques[END_REF], while ligand size polydispersity was investigated using the binding of Pb(II) and Cd(II) to three different sizes of otherwise identical polymers [START_REF] Rocha | Ligand Size Polydispersity Effect on SCCP Signal Interpretation[END_REF]. The study of Cd(II) binding by clay minerals provided interesting dynamic information [START_REF] Rotureau | Analysis of metal speciation dynamics in clay minerals dispersion by stripping chronopotentiometry techniques[END_REF] and, finally, the effect of temperature in the lability of Cd(II) and Pb(II) complexes was investigated [START_REF] Rotureau | Addressing temperature effects on metal chemodynamics studies using stripping electroanalytical techniques. Part 1: Lability of small complexes[END_REF].

SCP methods were developed for the Hg(II) analysis using Sequential Injection Analysis (SIA) and screen printed gold electrodes [START_REF] Do Nascimento | Sequential Injection Assisted Stripping Chronopotentiometry at Screen Printed Gold Electrodes for Determination of Hg(II) in Adsorption Studies[END_REF]; for the metal detection in the acceptor solution of a DMT device [START_REF] Parat | ISIDORE, a probe for in situ trace metal speciation based on Donnan membrane technique with related electrochemical detection part 1: Equilibrium measurements[END_REF]; for sulphide determination in hydrothermal seawater samples using a vibrating gold micro-wire [START_REF] Aumond | Sulfide determination in hydrothermal seawater samples using a vibrating gold micro-wire electrode in conjunction with stripping chronopotentiometry[END_REF]; and for the speciation of Cd(II) and Pb(II) in the acidified ultrafiltrated solution (<1kDa) [START_REF] Monteiro | Towards field trace metal speciation using electroanalytical techniques and tangential ultrafiltration[END_REF].

SSCP was used in several works investigating the binding of trace metals with humic matter, namely the binding of Cu 2+ and Ni 2+ with aquatic fulvic and humic acids [START_REF] Town | Chemodynamics of Soft Nanoparticulate Complexes: Cu(II) and Ni(II) Complexes with Fulvic Acids and Aquatic Humic Acids[END_REF],

the effect of Ca 2+ on the chemodynamics of Pb(II) complexation by humic acid (HA) [START_REF] Town | Metal ion complexation by soft nanoparticles: the effect of Ca 2+ on electrostatic and chemical contributions to the Eigen-type reaction rate[END_REF] or the effect of electric condensation on the HA binding of Cd 2+ , Pb 2+ , Cu 2+

[93], among others.

There are several examples of SCP and SSCP studies to elucidate the speciation of metal ions in presence of nanoparticles and/or to study the dissolution of the nanoparticles. For instance, SSCP was used to investigate the structural effects on Cd(II) binding to multi-responsive carboxylated PNIPAM particles (temperature, pH, ionic strength) [START_REF] Rotureau | Structural effects of soft nanoparticulate ligands on trace metal complexation thermodynamics[END_REF], the role of charged polymer coatings of nanoparticles on the trace metal speciation [START_REF] Domingos | The role of charged polymer of nanoparticles on the speciation and fate of metal ions in the environment[END_REF], the impact of electrostatics on the binding of Pb(II) and Cd(II)

with highly charged nanoparticles [START_REF] Duval | Impact of Electrostatics on the Chemodynamics of Highly Charged Metal-Polymer Nanoparticle Complexes[END_REF] and the dissolution of Cd-based quantum dots in seawater [START_REF] Rocha | Toxicokinetics and tissue distribution of cadmium-based Quantum Dots in the marine mussel Mytilus galloprovincialis[END_REF].

There Saccharomyces cerevisiae in presence and absence of polyhydroxyfullerenes [START_REF] Pradhan | Polyhydroxyfullerene Binds Cadmium Ions and Alleviates Metal-Induced Oxidative Stress in Saccharomyces cerevisiae[END_REF],

while SCP was used, for example, to follow the bulk Cd(II) depletion due to biouptake by Pseudomonas putida [START_REF] Rotureau | Evaluation of Metal Biouptake from the Analysis of Bulk Metal Depletion Kinetics at Various Cell Concentrations: Theory and Application[END_REF]).

AGNES (Absence of Gradients and Nernstian Equilibrium Stripping)

AGNES technique provides direct access to the free metal ion concentration in solution 
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where Y is the gain (or preconcentration factor), F the Faraday constant, R the gas constant, n the number of electrons, T the temperature and Eº' the standard formal potential of the redox couple. If at equilibrium, the amount of reduced species is directly proportional to the free metal ion concentration in the solution. The aim of the second stage is, thus, to quantify that amount of reduced M 0 accumulated. In the variant AGNES-I, M 0 is reoxidised under diffusion-limited conditions and the current (I) is One of the most attractive characteristics of AGNES is its simplicity: there is a linear relationship between the measured signal and the free metal concentration. In AGNES-I

M n IY  +  =  (2) 
while in the other variants

Q M n QY  +  =  (3) 
where 



Conclusions and perspectives

The three selected techniques have been successfully applied to a large number of environmental systems. is based on several assumptions; iv) SSCP provides dynamic information on complexes.

v) To avoid changes in the original speciation due to e.g. purging, mixtures of N2 and CO2 (or other strategies) might be used. vi) Miniaturization of equipment in the future should reduce the current minimum amount of needed sample (of the order of 10 mL).

vii) The study of the impact of temperature effects on the application of the techniques have just started. viii) The improvement of mercury film electrodes (especially when combined with more effective and reproducible decreases of the diffusion layers due to some kind of stirring or moving) will lower their limit of detection. ix) 10% uncertainty in the retrieved concentration values is usual. x) Even though there is extensive published documentation, training with experienced practitioners is strongly recommended before using any of the 3 techniques.

These techniques have been extensively validated (independently and against each other), though further inter-comparison work in specific systems is timely. They can be complementary when applied to the same system (for instance coupling of SSCP and AGNES is important in environmental studies due to the presence of heterogeneous ligands [93;113;127]).

Electroanalytical techniques yield physicochemical information on the exposure medium, but this must be correlated with bioavailability and toxicity in interdisciplinary studies; these are needed for future implementation of adapted EQS at local level. Each titration requires a minimum of 12 samples that must be prepared, equilibrated and analysed. Depending on those, experimental time can be significant. Recent recommendation includes the use of multiple analytical windows (i.e. multiple titrations) which will further this analysis time [START_REF] Pizeta | Interpretation of complexometric titration data: An intercomparison of methods for estimating models of trace metal complexation by natural organic ligands[END_REF].The use of fully automated apparatus would help increasing sample throughput.

Tables

A well-defined full SSCP wave needs roughly 15 individual SCP determinations. Due to the nature of the reoxidation step, the more adequate electrodes are thin-film electrodes and for those the reoxidation time is negligible when compared with the deposition time. Typical deposition times are of the order of 45-180s, so that an SSCP curve requires between 20 min and 1h. [START_REF] Rocha | Evaluation of nanometer thick mercury film electrodes for stripping chronopotentiometry[END_REF] Depends on free concentration, on lability of complexes and on the size of the electrode. In the worst scenario, when complexes do not contribute at all, with HMDE, a rough rule is a deposition time (in seconds) 7 times the gain (Y) [101]. Zn from dissolving ZnO nanoparticles (in excess) at pH 7 could be measured every 5 minutes [124].

Interpretation of signal

Various methods (linear, non-linear, direct) for data fitting exist and it can be difficult to know which one to use. A recent inter-comparison of these methods has identified best procedures [START_REF] Pizeta | Interpretation of complexometric titration data: An intercomparison of methods for estimating models of trace metal complexation by natural organic ligands[END_REF] and some software tools are recommended (e.g. [START_REF] Omanovic | ProMCC: An all-in-one tool for trace metal complexation studies[END_REF] SSCP is on the low nM level with 90s deposition time using a TMFE. For SCP the detection limit can reach pM levels [START_REF] Monteiro | Towards field trace metal speciation using electroanalytical techniques and tangential ultrafiltration[END_REF].

[117].

On-field deployment No. This is a laboratory technique that uses Hg drop electrode Possible as long as the three electrode system uses a true reference electrode Negligible effect whenever the charge for a full coverage is negligible with respect to the total deposited charge [START_REF] Town | Effects of adsorption in stripping chronopotentiometric metal speciation analysis[END_REF].

Non-existing, except if there is total blockage of the electrode surface.

[103].

Impact of ionic strength

Must be kept constant. Measurements provide speciation information at specific ionic strength and pH.

Needs a calibration performed at the exact ionic strength of the determination.

Can be predicted, so there is portability of calibration across ionic strengths [ 

  via a two-stage voltammetric procedure[100]. In the first stage, the metal ion M n+ in solution is reduced and amalgamated in the mercury electrode M 0 due to the application of a potential program [101] always ending with the deposition potential E1 (for a sufficiently long time). By the end of the first stage, equilibrium has to be reached: i) absence of gradients in the concentration profiles of the reduced and oxidised species on both sides of the electrode interface and ii) metal concentrations at both sides of the electrode surface are related through Nernst relationship

  measured. Other variants for the second stage quantify the stripped charge (Q) in the reoxidation step at a fixed potential (AGNES-Q) [102] or along a linear reoxidation potential scan (AGNES-LSV) [103]. A fourth variant (AGNES-SCP), especially useful when electroactive metals other than the analyte are present, computes the charge from the recorded potentials needed to sustain a fixed stripping current [104]. The state of Companys2017_Review_Romeo.docx 06/07/18 11/46 equilibrium at the end of the first stage can be checked by constant responses with longer deposition times at E1 .

Fig 1 :

 1 Fig 1 : Schematic outline of the selected electrochemical techniques of this review. A mercury electrode is represented on the left. Some relevant concentration profiles are depicted at the interphase with the solution, while typical outputs can be seen on the right.
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 1 
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presents an exhaustive list of AGNES applications with selected recent applications of SSCP and CLE-CSV. On the other hand, table 2 outlines caveats and drawbacks of each of those techniques, so that a comparison between them is possible. As general conclusions of such comparison, one can say: i) CLE-CSV is the most established technique, currently used mostly for Cu and Fe speciation in marine systems but has also been used for few other elements (e.g. Zn, Ni, Co); on the other hand, the adsorptive CSV method is applicable for the detection of numerous elements and CLE-CSV is, thus, also potentially applicable to those, assuming that the complexation between added ligand and metal of interest is well known. In CLE-CSV, sample throughput is limited by the often-long experimental time; the use of specifically developed fully automated system for the detection (and possibly the titration) would certainly help in this respect; ii) AGNES is powerful in measuring directly the free ion concentration; once limited to typical amalgamating elements (Cd, Pb, Zn), there are now promising results for less typical ones (Sn, In, Sb, Cu) as well as future candidates (e.g Tl, Ga) and great potential development using solid electrodes (ex: Cu on gold and Pb on BiFE); iii) SSCP and CLE-CSV provide indirect access to the free ion concentration (as well as stability constant and ligand concentration), but the modelling

Table 1 .

 1 Compilation of AGNES and recent CLE-CSV and SSCP applications to selected systems, arranged in chronological order and by alphabetical order of the first author. Unless stated otherwise, T=25ºC

	Ana	System	Techniq	Electrod	pH	I/ mol L -	Range of	Comments	Refere
	lyte		ue	e Type		1	concentrati		nce
						(electrol	ons		
						yte)			
	Cd	NTA	AGNES HMDE	4.7	0.1	[Cd 2+ ]=	Proposal of the basic principles of AGNES.	[100]
						KNO3	0.14 to 1.4	Introduction of variant AGNES-I and 1 Pulse.	
							mol/L		
	Zn	NTA, EDTA,	AGNES HMDE	4.0 to 6.2	0.1	[Zn 2+ ]=	AGNES measurements are not hindered by	[101]
		Oxalate				KNO3	0.029 to 23	some irreversibility or precipitation.	
							mol/L	AGNES 2P is introduced.	
	Pb	NTA	AGNES HMDE	pH 3.0 to	0.1	[Pb 2+ ]=	Values of AGNES crossvalidated with RT	[114]
					6.0	KNO3	0.010 to 1.0		
							mol/L		
		PDCA			pH 2.8 to		[Pb 2+ ]= 1.2		
					7.0		to 88 n		
							mol/L		
	Cd	Aldrich	AGNES HMDE	4 to 7	0.1	[Cd 2+ ]=	NICA-Donnan fitting of AGNES results.	[117]
		Humic Acid				KNO3	0.017 to 96		
							mol/L		
	Zn						[Zn 2+ ]= 78		
							nmol/L to		

Table 2 .

 2 Comparison of strong and weak characteristics of the selected electroanalytical techniques.

	Issue	CLE-CSV	SSCP	AGNES
	Pre-treatment	Buffer addition + Added ligand +	Purging is necessary to avoid local pH	Purging is necessary to avoid local pH
		possibly purging	increase.	increase [112;115;132]
	Time of			
	experimental			
	determination			

  here). Strong experience is needed. The potential shift in SCP follows a DeFord-Hume type equation providing the stability constants. The reoxidation time depends on kinetic and mass transport in solution. Comparison between the two signals provides experimental information on the lability of the complexes[79].
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				Very easy. The free concentration is
				just proportional to the analytical
				signal (e.g. current or charge) with a
				proportionality factor from a
				calibration
	Limit of Detection	Low, due to accumulation at the	Depends on the electrode geometry	Depends on same characteristics as
		surface of the sensor (no diffusion	and hydrodynamic nature of the	"Time of experimental determination"
		within the sensor during stripping).	electrochemical cell.	and on the time one can endure. pM
			Best lower detection limit reported for	range was achieved with Humic Acids

  102] Elements to which can be applied Current elements are Fe, Cu, Zn, Co, Ni, Pb but potentially applicable to many others. Zn, Pb, Cd, Hg, Cu, Sn, In, Tl. Existing results for: Zn, Pb, Cd, Cu, Sn, In[105], Sb. Future candidates: Tl, Ga.
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