
 

Superoxide produces hydroxyl radicals that
break down dissolved organic matter in water

April 30 2020

  
 

  

Superoxide can drive autocatalytic production of hydroxyl radicals in the
presence of complexes of natural dissolved organic matter and iron. In the
autocatalysis, hydroxyl radicals possibly transform aromatic moieties to
hydroquinone-like moieties, which can reduce iron associated to them. Credit:
Luca Carena/The University of Torino

According to a study published in Water Research in April 2020,
superoxide produces hydroxyl radicals in lake water. Hydroxyl radicals
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break down poorly biodegradable organic matter such as humic
substances and anthropogenic pollutants.

In the aquatic environment, microbes, light and reduced compounds
produce superoxide. Superoxide is a reactive oxygen species but
relatively unreactive against organic compounds in water despite the
prefix 'super' in its name.

Superoxide however can initiate a pathway of redox reactions. It can
reduce ferric iron to ferrous one or be reduced itself to hydrogen
peroxide. The Fenton reaction between ferrous iron and hydrogen
peroxide produces hydroxyl radicals, very effective oxidants of organic
matter. According the above mentioned reaction pathway, the
production of one hydroxyl radical requires three superoxide ions.

"Superoxide is ubiquitously produced in lake water and thus a potential
source of hydroxyl radicals." says Dr. Anssi Vähätalo from University of
Jyväskylä, "We tested the reactivity of superoxide with the ferric iron
complexed with dissolved organic matter."

A recent work published on Water Research shows that the introduction
of superoxide triggered the formation of hydroxyl radical in lake water.
A big surprise was that the amount of hydroxyl radicals produced was
24-times larger than expected from the introduced amount of
superoxide. The hydroxyl radicals reacted with dissolved organic matter
and broke it down extensively. These reactions likely regenerated
superoxide and were responsible for the autocatalytic production of
hydroxyl radicals.

"Superoxide has a hidden superpower, as it can initiate autocatalytic
production of hydroxyl radicals in lake water. Hydroxyl radicals are the
nature's own cleansing agent that can remove persistent natural and
anthropogenic organic matter from the environment. Superoxide earns
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its prefix "super" when it produces hydroxyl radicals in an autocatalytic
manner," Vähätalo concludes.

Recent studies have shown that nearly all microbes produce extracellular
superoxide. Because microbes are ubiquitous so is superoxide too. In
surface waters, iron is associated with dissolved organic matter and can
catalyze production of hydroxyl radicals from superoxide. Superoxide-
driven production of hydroxyl radicals is likely an important part of self-
cleaning mechanisms that breaks down refractory organic matters in
lakes.

The extreme reactivity of hydroxyl radicals is beneficial in the advance
oxidation techniques that aim for the breakdown of anthropogenic
pollutants.

"In our study, the produced amount of hydroxyl radical was several times
larger than the amount of superoxide introduced into the solution of iron
associated with humic substances. This type of autocatalysis of hydroxyl
radicals from superoxide is naturally a high desirable property in
advance oxidation techniques and worth of further studies," Vähätalo
explains.

  More information: Yihua Xiao et al, Superoxide-driven autocatalytic
dark production of hydroxyl radicals in the presence of complexes of
natural dissolved organic matter and iron, Water Research (2020). DOI:
10.1016/j.watres.2020.115782
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