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	1. Introduction
In recent years, a group of unregulated organic substances known as emerging contaminants, which present a serious threat to both environment and human beings, have been frequently detected in all kinds of water bodies [1]. They include surfactants, pharmaceuticals, personal care products, flame retardants, fragrances and industrial additives, among others [2]. The risks associated to these contaminants arise from the loss of biodiversity, the emergence of superbugs, human infertility and cancer [3]. Their persistence and low biodegradability make them inappropriate for conventional treatment at municipal wastewater treatment plants and hence, advanced treatment technologies are required.
In this context, the electrochemical advanced oxidation processes (EAOPs) have shown great effectiveness for the removal of recalcitrant pollutants present in wastewater. The high oxidation power of EAOPs arises from the generation of •OH, which is able to degrade most organics up to their total mineralization [4,5]. Their characteristics have been thoroughly reviewed with emphasis on anodic oxidation (AO), electro-Fenton (EF), photoelectro-Fenton (PEF) and solar photoelectro-Fenton (SPEF) processes [6]. In this PhD, EAOPs will be employed to treat some persistent organic micropollutants like benzophenone-3 (BP-3) and butylated hydroxyanisole (BHA).

Several novel ideas are proposed to both, enhance the performance of such EAOPs and thoroughly analyze the degradation by-products:
1) Intensification of EAOPs. 
A sequential process involving electrocoagulation and EAOPs (EC/EAOPs) is proposed as an effective method to treat emerging contaminants in real water matrices. This two-step treatment is especially interesting since EC pretreatment allows the coagulation of large percentages of organic matter along with the generation of iron ions, whereas subsequent EAOPs serve as tertiary method to completely degrade the remaining refractory organics [7]. During EC process, aiming to enhance the economic feasibility, several new aspects deserve to be surveyed including the use of alternate current (AC) and polarity reversal, the devisal of three-dimensional EC reactors and their operation in continuous mode [8].
2) Working at natural pH. 
Requirement of acidic conditions to operate at optimum conditions is one of the main drawbacks that restrict the wide utilization of Fenton-based EAOPs, especially at plant-scale. To avoid this limitation, the use of iron-chelating agents like EDTA, oxalic acid, tartaric acid, citric acid and humic acids were widely considered in AOPs, but few studies have reported their use in EAOPs. Ethylenediamine-N,N'-dissucinic acid (EDDS), a structural isomer of EDTA, is proposed as an attractive alternative to complex with iron in EAOPs. The resulting iron complexes maintain their solubility within a wide pH range and, furthermore, they can be photochemically active via participation in ligand-to-metal charge transfer (LMCT) transitions [9, 10].
[Fe3+L] +h →[Fe3+L]* →Fe2+ + L (
3) Use of new electrodes materials.
Anodes like boron-doped diamond (BDD), dimensionally stable anodes (DSA) and platinum (Pt), which are commonly employed in EAOPs, will be included in this PhD Thesis. However, chloride ion is ubiquitous in natural water and wastewater, ranging from several to thousands of mg/L. It can be oxidized to active chlorine and also can be further oxidized to undesired oxychlorine species such as chlorate (ClO3-) and perchlorate (ClO4-) at the anode in EAOPs [11]. Despite the ability of active chlorine to oxidize organics, perchlorate is considered to be associated with severe health problems and, therefore, it is under strict regulations in many countries. In this PhD, a new DSA will be evaluated to minimize the concentration of chlorinated oxyanions typically accumulated in chloride-containing media.
On the other hand, carbon-based electrodes are commonly used as cathodes to generate H2O2 from the 2-electron oxygen reduction reaction (ORR). Recently, metal-organic frameworks (MOFs), a new class of porous crystalline materials, have attracted great interest because of their structure features of tunable active sites, desirable porosity and high surface area [12], showing great performance for a facile 4-electron ORR pathway. Zhao and co-workers fabricated a mixed-metal ion MOF(2Fe/Co)/Carbon aerogel, which significantly enhanced the 2-electron ORR by offering plentiful reactive sites and shortened diffusion paths for H2O2 electrogeneration [13]. Gas-diffusion cathodes are considered as very efficient for H2O2 generation. However, these electrodes based MOFs have never been described in the literature and their photocatalytic and electrocatalytic activities are yet to be explored in EAOPs. In this PhD,  different cathodes based on MOFs will be fabricated and further applied in EAOPs for treating emerging contaminants.
4) Thorough assessment of degradation by-products.
Since transformation products (TPs) formed upon treatment of micropollutants are potentially more persistent and/or toxic than the parent compounds, thorough assessment of TPs become a vital issue in EAOPs. Two main drawbacks existing in the common analytical methods are: i) Detecting TPs accumulated in the liquid phase without paying attention to gas-phase intermediates; ii) using offline GC-MS or LC-MS but failing to detect short-lived and unstable TPs. This means that the reaction pathways proposed in the literature are rather incomplete. A more advanced approach, electrochemistry coupled to mass spectrometry (EC-MS), has demonstrated a remarkable capability for the elucidation of drug metabolism [14], since the technique can get more detailed insight into identification and quantification of compounds that are generated upon electrochemical treatment. However, there is hardly any study dedicated to application of this advanced analytical approach in the field of EAOPs. Inspired by this, an exhaustive study of TPs will be carried out: i) in gas phase, an online and multidimensional GC-MS technology will be employed for volatile organic compounds (VOCs) analysis; ii) in liquid phase, an online EC/LC-MS will be applied for TPs detection. 
2. Objectives

The main objective of this PhD is to achieve total mineralization of different emerging contaminants in both, simulated and real wastewater, at both lab- and pilot-scale. In detail, the project aims to:
a) Introduce an energy-saving and efficient two-step process, EC/EAOPs, to treat emerging contaminants in aqueous media.

b) Successfully apply EAOPs to treat emerging contaminants at neatural pH by introducing iron-chelating agents.
c) Investigate a novel DSA to minimize perchlorate generation and develop a novel cathode based on MOFs to promote H2O2 generation.

d) Exhaustively study the degradation pathway for different organic micropollutants.
3. Work plan and schedule
In this PhD, the work plan mainly includes the following experimental tasks:
1) The application of EC/EAOPs to the degradation of different emerging organic contaminants.

2) The investigation the effect of Fe(III)-EDDS in Fenton-based EAOPs.

3) The fabrication and study of some novel electrodes, as well as the assessment of their performance in EAOPs.
4) A thorough assessment of TPs of different organic micropollutants via online GC-MS and EC/LC-MS.
In addition, according to a 3-year PhD timetable, the following activities are considered:
5) A short stay abroad to further study in the field of electrochemistry.

6) Attend to several conferences on electrochemistry.
7) Writing and defense of articles and PhD Thesis.
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