Trends in hydrogen peroxide levels in relation to solar radiation in the Water of Leith
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Introduction
Hydrogen peroxide is an important mediator of redox
processes in natural waters (Cooper and Zika 1983). For
example, H2O2 can affect the fate of organic material and
the bioavailability of nutrients (Cooper and Lean 1992;
Scully et al. 1996). In natural waters, H2O2 is
predominantly the product of reactions involving sunlight
and chromophoric dissolved organic material (CDOM).
Previous work has shown that quantum yields for the
photochemical formation of H2O2 in natural waters are
greatest in the high-energy UVB band ( = 290-315 nm)
(Cooper et al. 1988). Based on unusually large summertime
increases in solar radiation at sea level in southern New
Zealand, particularly with regard to the photochemically
important UVB band (McKenzie et al. 1999), we
hypothesized that H2O2 concentrations in surface water
would be higher in summer than in winter. The objective of
this project was to test for a relationship between solar
UVB irradiance and hydrogen peroxide concentration in
The Water of Leith over seasonal timescales.

Hydrogen Peroxide Measurements
Water samples for 24 hour diel-timescale experiments
were collected from a specific site in the Water of Leith at
several times throughout the course of a day. Water
samples for the seasonal-timescale experiments were
collected from the same site in the Water of Leith at 1:00
pm New Zealand Standard Time on most days from
September 2003 to March 2006. The time of day (1:00 pm
NZST) was chosen both for the sake of consistency, and in
order to represent local solar noon, when photochemical
activity in the Water of Leith is greatest. H2O2
concentrations were measured immediately after collection
of the samples using flow injection analysis with a

UV Instrumentation
Solar radiation was measured using Skye High-Output
Sensors, models SKU 420 (UVA) and SKU 430 (UVB).
Sensors are located on the roof of the University of Otago
Physics building (45º52'S, 170º31’E), which is adjacent to
the Water of Leith sampling site.

Results and Discussion
Results from the diel-timescale experiments show that
hydrogen peroxide concentrations changed dramatically
over the course of a light-dark cycle with the maximum
H2O2 concentration occurring shortly after solar noon. On 3
August 2005, the maximum H2O2 concentration of 140 nM
was measured at 2:00 pm NZST. Later in the day, H2O2
concentrations decreased as the rate of H2O2
decomposition, which is most likely biologically-mediated,
exceeded that of photochemically-mediated production
(Figure 1).
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most stable of the reactive oxygen species produced by
sunlight-driven photochemical reactions in natural waters. To
assess the long-term trend in steady-state hydrogen peroxide
levels in relation to solar radiation, we have been making daily
measurements of hydrogen peroxide in surface water samples
from the Water of Leith, in combination with measurements of
solar radiation intensities, over the past three years. Our results
show that concentrations of hydrogen peroxide in this surface
water stream fluctuated roughly concomitant with the intensity
of solar UVB radiation. Over seasonal timescales, maximum
hydrogen peroxide concentrations were observed in summer,
and minimum values in winter.

chemiluminescent acridinium ester reagent (Cooper et al.
2000). The acridinium ester reacts specifically with H2O2 in
the sample to form an intermediate compound. When
alkaline solution is added to the water-ester mixture, the
intermediate compound decays, emitting a single photon (
470 nm) for each molecule of H2O2 in the sample
(Kaltenbach and Arnold 1992). The number of photons
emitted was counted using a photomultiplier tube, and was
proportional to the amount of H2O2 in the original sample.
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Figure 1.
Diel changes in UVB irradiance and the
concentration of H2O2 in the Water of Leith on 3 August 2005.
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Figure 2. Seasonal changes in the concentration of H2O2 in the Water of Leith and UVB irradiance at Dunedin, New
Zealand. Each UVB irradiance value represents the mean of 73 instantaneous measurements recorded at 5-minute
intervals from 7:00 am to 1:00 pm NZST on the indicated day. The origin of the x-axis is the southern winter solstice (21
June). The graph shows pooled data collected between 29 August 2003 and 30 March 2006.

Results from the seasonal-timescale experiments suggest
an annual pattern in H2O2 concentrations with maximum
levels in the summer when solar radiation is most intense,
and minimal values in the late winter. (Figure 2). The
maximum concentration of H2O2 measured in the Water of
Leith was 687.9 nM + 8.9 nM on 7 January 2004. The
minimum concentration of H2O2 measured at 1:00 pm
NZST was 72.2 + 2.7 nM on 28 October 2005. The data
shows a clear seasonal pattern in concentrations of H2O2 in
the Water of Leith. Of the parameters that we tested, UVB
irradiance was the best predictor of H2O2 concentrations.
The relationship between steady-state hydrogen peroxide
levels and solar UVB intensity is best described using a
kinetic-type model, which takes into account both lightdependent formation rates, and light-independent
decomposition rates of H2O2.

Conclusions
A multitude of variables affect the formation and decay
of hydrogen peroxide in The Water of Leith. Our data
confirm that a sunlight-driven photochemical mechanism is
primarily responsible for formation of H2O2 in this surface
water stream, and that concentrations of hydrogen peroxide
fluctuate roughly concomitant with the intensity of solar
UVB radiation. There is a clear seasonal cycle in hydrogen
peroxide concentrations in the Water of Leith. This
seasonal trend in H2O2 concentrations in the Water of Leith
has important implications with regard to temporal patterns
in redox cycling and bioavailability of metals, organic
material, and nutrients in natural waters.
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