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Characterization of organic compounds participating in formation and scavenging of

aqueous-phase reactive oxygen species.

Abstract

Reactive oxygen species (ROSs) are the oxygen species with high reactivity except for grand
state molecular oxygen. The ROSs include hydrogen peroxide (HOOH), hydroxyl radical (+OH),
superoxide anion, hydroperoxy radical and singlet oxygen. Although many studies reported sources
and sinks of the ROSs in the aqueous-phase, details of reaction mechanisms are not well
understood. Photochemical formation of peroxides was studied in the seawater collected along the
coast of Okinawa Island, using solar simulator. HOOH was photochemically formed but organic
peroxides were not. Strong correlations were observed between HOOH formation rate and
dissolved iron concentrations (R = 0.75) and absorbance of seawater samples at 300 nm (R = 0.83).
Dissolved organic carbon concentrations did not show a strong correlation with HOOH formation
rate (R = 0.30). Salinity showed a strong negative correlation with HOOH formation rate (R =
-0.76), suggesting that major HOOH-forming chromophores originate from land. Photochemical
formation of peroxides were further studied together with changes in fluorescent intensities (FI) of
water-soluble fraction (WSF) solutions of bulk aerosols (n = 28) collected in Okinawa, Japan. The
FI and HOOH photo-production rates were only weakly correlated (R < 0.36), and the correlation
between FI and dissolved organic carbon concentrations was also weak (R < 0.75). These results
suggest that the photochemistry of fluorescent dissolved organic molecules may not comprise a
dominant pathway to form HOOH in the WSF solutions, but that HOOH is formed as a result of
complex processes in the WSF solutions of aerosols collected in Okinawa. In order to determine the
lifetimes of organic compounds, the bimolecular rate constants for reactions between *OH and
organic compounds were studied. Many studies have determined bimolecular rate constants for
reactions between *OH and relatively small inorganic and organic compounds, but only a few
studies have determined rate constants for the reactions of *OH with very large organic molecules.
A competition kinetics technique was used to determine effective bimolecular rate constants with
organic compounds. The results showed that the changes in pH and temperature hardly affected the
bimolecular rate constant of *OH with Suwannee river fulvic acid (SRFA) and Suwannee river
humic acid (SRHA), both of which are very large naturally occurring organic compounds. These
results suggest that the factor that determines the lifetime of organic compounds is the steady state

+OH concentration rather than the bimolecular rate constant.
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