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Abstract

This presentation will show results demonstrating that electrochemical oxidation through generation of hydroxyl radicals and other active oxygen species as well as powerful oxidants can be used for degradation of organics in polluted water containing organophosphoric pesticides, pharmaceutical waste and PAHs.    

Recalcitrant and not readily biodegradable organic contaminants do more and more frequently become a reason of environmental concern. It can be through waste dumps from chemical production facilities resulting in substantial soil and groundwater pollution, as emission of unintentional byproducts from combustion reactions or as discharge of micropollutants through inefficiently treated wastewater to name a few. The chemicals of concern are diverse including pesticides, pharmaceutical residues, polycyclic aromatic hydrocarbons (PAHs) and many others. 

To deal with these kinds of pollutants, advances in chemical water and wastewater treatment have led to the development of methods termed advanced oxidation processes (AOPs) that targets destruction and elimination of toxic and recalcitrant organics not amendable to conventional conversion by microorganisms in biological treatment. AOPs can broadly be defined as aqueous phase oxidation methods intermediated of highly reactive species such as (primarily, but not exclusively) hydroxyl radicals in the mechanisms leading to destruction of the target pollutants. With hydroxyl radicals as the main oxidative agents, a complete mineralization of pollutants to carbon dioxide, water, and inorganic compounds can be obtained, or at least a conversion of the organics into highly oxidized more innocuous products. 

Electrochemical oxidation applying the oxidation reaction on the positive electrode (anode) of an electrochemical cell has trough the last fifteen years been introduced as efficient technique for degradation of organic pollutants. The main advantage of the electrochemical oxidation is that no chemicals are used. In fact, only electrical energy is consumed for the oxidation of organic pollutants, and as a result electrochemistry is often referred to as an environmentally friendly approach, since the electron itself is considered a “clean”, safe and very effective reagent. The main pros as often stressed in the literature are versatility, comparative energy efficiency (compared to other AOPs), and amenability to automation.

In order to study the applicability of electrochemical oxidation, treatment of drainage water from the contaminated site known as Groyne 42 (Høfde 42) has been studied.  The primary contaminants parathion, methyl-parathion and malathion were effectively degraded as well as oxidation products and several naturally occurring hydrolysis products. Likewise, COD and TOC were efficiently removed from polluted groundwater originating from the hotspot of Pit 1 of the Kærgaard Plantation contaminated site containing pharmaceutical waste, BTEX, chlorinated solvents amo. In another array of experiments, the PAHs naphthalene, pyrene, and fluoranthene were degraded in polluted seawater originating from harbour sediment removal. The saline sea water is due to high conductivity suitable for electrochemical treatment, but the high chloride and bromide content may result in formation of problematic disinfection byproducts and larger halogenated organics. Research show that these byproducts are initially formed and most of them subsequently degraded, but their presence needs to be considered and studied in more detail.       
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