Removal of PAHs in seawater by electrochemical oxidation: Influence of anionics on degradation efficiencies and hazardous byproduct formation


Jens Muff1 and Erik Gydesen Søgaard1

1Section of Chemical Engineering, Department of Biotechnology, Chemistry and Environmental Engineering, Aalborg University, Niels Bohrs Vej 8, DK-6700, Esbjerg, Denmark (corresponding author: jm@bio.aau.dk)


Polycyclic aromatic hydrocarbons (PAHs) are by-products of incomplete combustion of organic materials that due to their benzene analogue structures generally possess recalcitrant and strong mutagenic/carcinogenic properties. The compounds are hydrophobic and their persistence in the environment is mainly due to their low water solubility where they stick to soil and sediment. Sediments of harbors are regularly dredged for various reasons: maintenance of navigational depths, recovery of recreational locations, and even environmental recovery. In the past, harbor sediment have been dumped at sea, however, in many cases environmental regulations now prohibit this action due to risk of contamination from PAHs, heavy metals, TBT etc. In Denmark, contaminated harbor sediment is pumped ashore to inland lakes or upland sites where treatment of the runoff water is required before discharge to the recipient. In this study, electrochemical oxidation was studied as an advanced oxidation process for treatment of the discharge seawater addressing primarily the PAHs. 
The experimentals comprised model solution studies, where the influence of different anions in the electrolyte and operational parameters as current density on the removal rates of naphthalene, fluoranthene, and pyrene, as well as bench scale tests on the actual discharge seawater from a dump of contaminated sediment. The electrochemical cell comprised a Ti/Pt90-Ir10 anode (60 cm2) and SS 316 cathode operated galvanostatically.
[bookmark: _GoBack]All three model PAHs were removed during the electrochemical treatment, and all of the conducted experiments confirmed the removal rate of the two-ring structured naphthalene to be significantly faster compared to the four-ring structured compounds fluoranthene and pyrene. In particular, the presence of chloride in the electrolyte increased the PAH removal rates by a factor of two to six due to the chemical oxidation contribution from electrolytically produced active chlorine species. With the real seawater both a direct full treatment approach and a side stream intermixing-with-oxidant approach (electrochemically generated oxidant solution - active chlorine: 2 g L-1) resulted in a successful degradation of 5 PAHs to fulfil the discharge limits of 0.010 µg L-1. The intermixing-with-oxidant approach can also be applied as a method to address the actual sediment matrix.
The important role of the chemical active chlorine oxidation for achieving fast removal kinetics of the PAHs and the presence of especially bromide in high concentrations in seawater, lead to detailed studies on the potential formation of hazardous halogenated byproducts during the electrochemical process. Using GC-MS(MS), brominated naphthalene species were identified as the primary byproducts, when bromide was added to a saline electrolyte in concentrations comparable to seawater. Despite a more recalcitrant behaviour, all of the considered byproducts were degraded at prolonged treatment times, and these studies demonstrated the necessity to evaluate on overall parameters as AOX and not only specific contaminants, when designing AOP treatment systems.
