123.gif 848x1100 pixels

Environmental Laboratory Exercise

Analysis of Hydrogen Peroxide by Fluorescence Spectroscopy
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Gaseous hydrogen peroxide is found in parts-per-billian
by volume coneentrations in clean and polluted atmos-
pheres. Studies show that H20z and organic peroxides are
deleterious to plant tissues (7, 2), and may play a part in
forest decline in Europe (3). Anumber of analytical meth-
ods have been developed for determining atmaospheric per-
oxides; these methods and their applications in the field
are the subject of two recent reviews (4, §).

Episodes of high concentrations of ozone, hydrocarbons,
particulate matier and oxides of nitrogen that oceur in ur-
ban areas during the summer, sometimes referred to as
“Las Angeles smog”, are complex chemical events initiated
by sunlight and invelving the free radicals OF [+ and HOge
as intermediates. Figure 1 illustrates the key chemical re-
actions invalved in the production of photochemical air pol-
lution. In spite of the central role played by free radicals,
low ambient concentration makes their measurement in
the field difficult. One of the ways we verify our under-
standing of photochemical air pollution is by comparing
field measurementa to the results of computer models (e.g.,
6, 7) that predict the time evolution of key chemical species
under specified meteorological conditions. Products such
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Figure 1. Principal reactions of gas-phase species implicated in the formation of acid rain and

photochemical poliution,
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as O, NOg, 1INOy, and Hz0g are easier to measure than
their highly reactive free-radical precursors. Such meas-
urements in conjunction with medel caleulations provide
information about free radical concenirations.

The effect of acidic precipitation on streams and lakes in
the Northeastern United States and Canada was well-
documenied during the 1980's (8, ¥, as were the conse-
quences to building materials and the ecosystem (9-110. Tt
has been demonstrated thal precipitation in these areas
contains sulfuric acid, the oxidation product of SOz gener-
ated during the combustion of sulfur-rich coal. The princi-
pal reaclions involved in acid rain formation are illus-
trated in Figure L. Although gas-phase oxidation of 502 by
OHe radical contributes to acid formation, aqueons-phase
oxidatlion pathways are believed to be more important, as
illustrated by the substantial increase in 50 oxidation
rates in power plant plumes that impact fog banks (12, 131,
Prineipal agueous-phase oxidants for 802 are HaOa, Oy,
and, in the presence of transition metal ions, Og, with
Ha0g playing the mest important role in the Northeast
(147, Its large Henry's Law coefficient, 7.4 x 10% M/atm,
ensures substantial partitioning of HzO2 into the agueous
phase (15). Field studies have demonstrated that cloud
droplets typically contain either dis-
solved SOz or Ha(lz, but nat both, sug-
gesting that the reaction belween
them goes to completion during a typi-
cal cloud lifetime (16, and laboratory
studies have elucidated the mecha-
nism of the HaOe—S(IV) reaction,
which exhibits pH-dependent kineties
DROPLET (17, 18). Beeause HzO2 may be the hm-
iting reagent in the vieinity of 502
emitters, predicting the extent of 502
oxidation requires accurate determi-
nation of HzOg in the atmosphere (18],
Recent evidence has emerged suggest-
ing thal organic peroxides are present
in the atmosphere and also play a role
in S(IV) oxidation (20, 21},

Tn this experiment, students ana-
I¥ze precipitation samples for trace
concentrations of HaOa using a newly
developed fluoreseence Lechnigue (22).
Analysis is based on the production of
OHe radical by the reaction helween
Hx(0g and ferrous ion (Fenton's re-
agent) with subsequent radical scav-
enging by benzoic acid:

—_—

Feill + 40, —» OHe + OH + Fellll)

(11
)

OHe + CyH,COOH = CHOH GO0
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