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Abstract: Temporal and spatial variations of the hydrogen peroxide accumulation were measured in off-shore
waters and in intertidal rockpools near Jubany Station, King George Island, South Shetland Islands. As H,O,
photoformation is mainly driven by the short wavelength radiation in the UV-B and the UV-A range of the solar
spectrum, the study was conducted between the beginning of October and the end of December 1995, the period
of Antarctic spring ozone depletion. Wet deposition of H,O, containing snow was identified as a major source
of hydrogen peroxide in the surface waters of Potter Cove. As the concentrations of dissolved organic carbon
(DOC) in Potter Cove surface waters were low ( 12 I 59 pmol C 1-I), when compared to the highly eutrophicated
waters on the German Wadden coast (6000-7000 pmol C 1-I),direct UV-induced DOC photo-oxidation was of
only limited significance in the Antarctic sampling site. Nonetheless, under experimental conditions, H,O,
photoformation in Potter Cove surface waters amounted to 90 & 40 nmol H,O, h-’ I-’ under a UV-transparent
quartz plate. When high energy UV-B photons were cut-off by a WG320 filter formation continued at a rate
of 66 29 nmol H,O, h-’ I-’ due to UV-A and visible light photons. Samples from freshly deposited snow
contained between 10 000 and 13 600 nmol H,O, I-’, and a snowfall event in mid November resulted in a
maximum concentration of 1450nmol H,O, 1.’ in the upper I0 cm layer of Potter Cove surface waters. Maximal
H,O, concentrations in intertidal rockpools were even higher and reached up to 2000 nmol H,O, 1.’ after the
snowfall event. During a grid survey on December 17 1995, H,O, concentrations and salinity displayed a north
to south gradient, with higher concentrations and PSU at the south coast of the cove. The reasons for this spatial
inhomogenety are as yet unknown, but may relate to a minor local input of photo-reactive organic matter from
creeks entering the cove in the south-east, as well as to waste water discharge from the station, located on the
south beach.
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Introduction

concentrations (Cooper et al. 1987,Gunz & Hoffmann 1990,
Fujiwara et al. 1993, Kamiyama et al. 1996). However the
actual contribution from these sources to surface water H,O,
concentrations is not easily quantified.
Hydrogen peroxide is a cytotoxic reactive oxygen species
(ROS), which can elicit oxidative stress in marine organisms
(Viarengo et al. 1998). As an uncharged molecule, H,O, is of
relative stability in seawater (Pctasne & Zika 1997) and has
the capacity of permeating cell membranes (Halliwell &
Gutteridge 1985), thus entering living cells from outside.
ROS induced damage is referred to as “indirect effect” of
ionizing radiation in aqueous media and distinguished from
the “direct effect” of radiation, where molecules are damaged
directly by the absorbed light photons (Stark 1991). H,O,
elicits oxidativedamage ofmembrane lipids (Thomas & Reed

Formation of hydrogen peroxide (H202)in temperate surface
waters is primarily driven by UV-induced photochemical
activation of dissolved organic carbon (DOC, Cooper & Zika
1983, Moffet & Zafiriou 1990, Karl et al. 1993), and daily
changing accumulation patterns with maximum values around
noon are observed in field studies (Herrmann 1996, Scully
et ul. 1996, Abele-Oeschger et u l . 3997b). The net
accumulation of H,O, is largely determined by the rate of
DOC photo-oxidation and biologically-mediated H,O,
breakdown (catalase, peroxidase) in water and surface
sediments (Cooper & Zepp 1990, Cooper et al. 1994, AbeleOeschgeretal. 1997b). This rather simplistic view is challenged
by the fact that atmospheric wet deposition of rainout and
snow may carry high loads of H,O,, reaching micromolar
131
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1990, Stark 1991), proteins (Neuzil etal. 1993) and nucleic
acids (Schulte-Frohlinde & Sonntag 1985) via liberation of
highly reactive hydroxyl radicals inside the cells. Thereby it
can interfere with membrane transport (Jones 1985, Hitschke
er al. 1994, Mense et al. 1997) and generally disturb cellular
homeostasis (Boraso & Williams 1994,Abelc-Oeschger etal.
1997a, Abele et al. 1998).
The area of Potter Cove investigated receives considerable
freshwater run-off during spring from the melting glaciers
(Kloser etal. 1994), carrying an unknown load ofDOC. Since
the time of ice melting coincides with the Antarctic ozone
minimum, increased UV-B radiation may enhance photooxidation of UV-absorbing DOC (Backlund 1992, Amon &
Benner 1996, Miller & Moran 1997), increasing the
bioavailability of the bulk of dissolved organic matter (DOC)
and thereby fuelling microbial activities in surface waters
(Moran & Zepp 1997). Concurrently, this could result in
increased H,O, concentrations in surface waters.
The objective of the present study was to describe the
dynamics of H,O, in surface waters of a permanently cold
coastal ecosystem in Antarctica. The aim was to identify the
primary sources for H,O,, and ascertain if nearshore DOC
water concentrations could sustain significant H,O,photoproduction during the ozone hole and ice melting period.
The potcntial for other sources like atmospheric deposi tion or
planktonic production (Palenik et al. 1987) to contribute
significantly to bulk H,O, accumulation was also considered.

Material and methods

Area u j investigafiun
The investigation was carried out i n Potter Cove, King George
Island, South Shetlands (62" l4'S, 58'40'W) during an
Argentine-German spring expedition. Potter Cove is a small
inlet opening into Maxwell Bay, one of the two large fjords of
King George Island. The inner cove has asurfacc areaof3 km2
and a maximum depth of 50 m. To the north-cast the cove is
bordered by a glacier, rising to 50 m height above sea level in
a steep slope. Submerged glacier fronts and icefalls result in
a patchy and intermittent release of' fresh water and ice floes
to the north side of the cove (Kloser eta[. 1994). The southern
coast is lined by a beach of coarse sand and gravel. This is also
the location of the Argentine research station Jubany, where
this study was carricd out.
Sampling and experimental set-up
At the end of October 1995, a permanent sampling station
(35 m water depth) was positioned in the cove about 200 m
offshore by hacking a hole into the 1 m thickice. The hole was
thereafter kept open and marked with a buoy, to allow a return
to this position after the ice retreat. Between 27 October and
15 December 1995, water temperature and salinity profiles
were recorded daily at this station, using a CTD type ME
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Ecosonde. After the sea ice melted, sampling was continued
from an inflatable boat. Ninetcen samplings of H,O, werc
carried out between 1 Novernbcr and 7 December 1995. All
samplings were conducted with aNiskin sampler around noon
and collecting 25 ml from 0,5, I0,20 and 30 m depth. Parallcl
samples for DOC analysis wcrc collected in the surfacc Iaycr
only. Two additional high resolution profiles of H,O,
concentrations within the upper 1 m layer at 10 cm intcrvk?;
wererecordedon lONovemberand 19November 1995, using
a specially designed syringe sampler (10 x 20 ml), which
allowed simultaneous collection of the whole profile.
On 17 Deccrnber 1995,a two-dimcnsional grid was samplcd
on three transects between thc north side (glacier) and ilic
south side (beach) ofthe inner covc. Each transect compriscd
four stations in N-S direction. At each station readings oi'
temperature and salinity were done at Om and 5 m water dcptli
and water samples were collected for subsequent analysis o f
thc H,O, concentrations at both water depths. At this tinic
Potter Cove was ice-free and snowfall had not occurred.
Samples of about 500 ml of icc wcre collected from icc Hocs
in Potter Cove. Each of these samples was melted at rooin
tcriiperaturein thedarkand analysed immediately after melting.
Water samples were obtained from arocky shoreabout 1 kin
from the station by sampling individual rockpools during 1 0 ~
tides. Parallel mcasurements of temperature and oxygen
saturation were done with a WTW oxymeter. Water samplcs
from the same rockpools were frozen to -20°C for analysis ( 1 1
DOC in Bremerhaven. These samplings were carried out ;tt
irregular intervals between 27 October and 20 Decembcr.
An incubation experiment was conducted on a sunny day
with intermittent cloud cover (IS Novembcr) to study thc
effect of difl'crcnt UV-ranges and of PAR (photosynthciic
active radiation) on photochemical hydrogen pct-oxidc
formation under in situ conditions. For these cxpcriincnis
threesamples of500ml unamended seawater wereexposcd i o
natural radiation in glass jars (8:15 cm) topped with 3 m m
thick cut-off filters from Schott, Germany GG420 (only
PAR), WG320 (PAR and LW-A) and a quartz plate which
permits penetration of PAR, UV-A and UV-B. The incuhaicd
water volumes were bubbled with air and werc thcrmostatcd
with ice, so that the temperature remained below 7°C. Thc
experimentstartedin themorningat09h30and l O m l sarnplcs
from each jar were taken at 30 min intervals to allow f o r
triplicate determination of the H,O, concentrations. Sarnp1i.s
for DOC analysis werecollected at the end of theexperinictus
and stored frozen at -20°C. In parallel, H,O, decomposition
was measured in two 500 ml samples of the same water in thc
dark at 1.4"C.
Analyses

H,O, analyses were carried out within 40 min of sampling 111
thc Dallmann Laboratory at Jubany, using a Kontron SFM-25
fluorimeter which was connected to a y/t-chart recordcr, and
equipped with a 1 cm quartz cuvette. The assay was carricd
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out with scopoletin as fluorescence indicator in a peroxidase
catalysed reaction according to Pamatmat ( 1990) as described
in Abele-Oeschger et a l . (1997b). Samples were
centrifuged for 4 min at 6000 x g prior to analysis. The limit
of detection is below 50 nmol 1.' H,O,.
Water samples for DOC measurements were filtered through
Whatman GFlFfilters into sterilised 20ml glass ampoules and
stored at -20°C during shipment to Bremerhaven. DOC
analysis 'was carried out with high temperature catalytic
oxidation (HTCO) in a Shimadzu TOC 5000 Analyser with a
platinized-alumina catalyst.
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Measurements of UV-B irradiution
Atmospheric UV-B radiation was measurcd at 305 7 nm
with a UV sensor which was equipped with a cosine diffuser
for atmospheric measurements. The system was supplied by
W. Wulfgen of the Deutsche Aerospace, Bremen, Germany
and the sensor was calibrated with a 1000 Watt quartzhalogen lamp.
Statistics: We used parametric product-moment regression
and non-parametric Spearman Rank analysis to test for
correlation of parameters over the whole sampling period.

Fig. 1. Vertical density (W) and hydrogen peroxide ( 0 )profile in
the water column of Potter Cove. Data represent means of daily
measurements between 1November and 13 December 1995.

Results
Wuter column measurements
During fresh water run-off from the glaciers the surface water
layer of Potter Cove (PC) displays lower salinity and
consequently lower density with a pycnocline at about 5 m
water depth (Kloser et ul. 1994, Schloss et al. 1997). This
stratification prevents rapid mixing of surface waters and
thereby reduces vertical diffusion ofH,O, and insteadenhances
its accumulation above the pycnocline. Integrated over the
entire investigation, the vertical profile of H,O, concentrations
was, therefore, inversely correlated with water column density.
Figure 1 depicts higher mean concentrations of 247 f 64 nmol I-'
for the total of samplings in surface waters (0 m), while in a
depth of 5 m the mean H,O, concentration was only 141 f 24
nmol 1.' ( n = 19).
Mean DOC concentrations of 121 & 59 pmol C per I-',
equalling 1.4mgC 1-', in the upper 5 m water column of PC are
in the range expected for Antarctic waters. Thus, at King
George Island, glacier run-off does not carry especially high
DOC loads into the cove. Still, on days with slightly elevated
DOC levels in the surface, peroxide concentrations, which
normally ranged around I00 nmol 1 I, were also slightly higher
(e.g. 09 November: DOC 293 pmol I-', H,O, 300 nmol 1.'; 2 I
November: DOC 197 p o l I-', H,0,450 nmol I-'). There was,
however, no clear correlation between DOC and H,O, over
the entire time of our measurements, perhaps due to the small
number of DOC data collected. Likewise, no correlation
existed between hydrogen peroxide concentrations in 0 m and
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daily UV-B surface radiation (Fig. 2, correlation coefficient
Y = -0.40, P > 0.05). Although there was considerable UV-B
radiation of 4-8 W m-*day-', comparable to aMay situation in
Germany, the amount of photodegradable DOC in Potter
Cove was obviously too low to allow for significant
photochemical H,O, production in open waters, where surface
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Fig. 2. Hydrogen peroxide surface concentrations in Potter Cove
(nmol I-', 0 )between 1 November and 13 December 1995 in
relation to integrated daily UV-B surface irradiation (between
295 and 320 nm A).
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colonization by ice algae leads to a decrease rather than to an
enrichment of H,O, in seawater.

concentrations are moreover rapidly reduced by mixing.
By contrast, the time series of H,O,and salinity in surface
waters displayed a significant inverse correlation (Fig. 3; r =
-0.94, P < 0.01). In mid November, melting of the ice in the
inner cove and a heavy snowfall amounting to 14 mm wet
deposition between 19 November and 23 November caused a
clear drop of surface salinity from 33 to below 20 PSU.
Concurrently, H,O, concentrations increased from around
200 to a maximum of 1450 nmol 1.' in the upper 10 cm layer
of surface waters (Fig. 3). H,O, concentrations measured in
freshly fallen snow amounted to between 10 000 and I3 600
nmol I-' ( n = 5).
High resolution measurements of H,O, in the upper Im
surface layer before and during the snowfall event supported
our finding that atmospheric wet deposition was responsible
for the observedH,O, maximum around 19 November (Fig. 4).
Whereas the measurement from 10 November depicts a
homogenous vertical distribution of peroxide with values
around 100 nmol I-', on 19 November H,O, concentrations in
the upper 30 cm layer were significantly higher, maximal
concentrations in the surface reaching as high as 800 nrnol I-'.
Moreover, the latter profile documents downward mixing of
H,O, from the surface into the water column.

Figure 5 depicts the topography of Potter Cove with N-S
sampling transects (a), as well as salinity readings (b) and
H,O, concentrations (c) in surface waters (0 m) along thcac
transects on 17 December 1995. Both parameters were Icss
variable in surface waters (0 m) on the southern beach of
Potter Cove and displayed greater inhomogenity on the glacier
front. Due to freshwater run-off from the glacier, mean
salinity was lower along the northern coast line and increascd
on the transects towards the southern side. Only station 1 of
transect 1 had a higher salinity, reflecting saltwater inflow
from Maxwell Bay.
A clear trend of higher mean H,O, concentrations wils
observed towards the beach side (south) ofpotter Covc, whilc,
on all transects, lower H,O, concentrations were rccordcd
along theglacierfront(Fig. 5, r?=0.997). H,O,concentr-atioirs
followed no obvious trend in Sm water depth beneath the
surface mixing layer (data not shown).

H 2 0 2concentrations in ice samples

H 2 0 2concentrations in intertidal pools

Samples from brown ice, colonised with dense populations of
diatoms of the species Nitzschiu cylindrus, N. curtu and
N. kerguelensis had a concentration of 570 k 50 nmol 1.' H,O,
(n = 6), whereas white ice without diatoms had slightly higher
values of 970 +- 130 nmol 1.' H,O, ( n = 6). It seems that

Mean temperature and percentage oxygen saturation i n
intertidal rockpools followed no clear trend throughout the
two months measuring period (data not shown). Temperature
varied between 0" and 8°C depending on the warming eflcct
of sunshine. Oxygen saturation ranged between 80 and 140%
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Fig. 3. Hydrogen peroxide surface concentrations in Potter Cove
(nmol I-', 0 )between 1 November and 13 December 1995 in

relation to changes of salinity (V)in surface waters during a
snowfall event in mid November.
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1

Fig. 4. Vertical distribution of the H,O, concentration in thc
upper 1 m surface water of Potter Cove before ( 0 10
November) and during (019 November) the snowfall evcnt

IP address: 184.73.74.47

HYDROGEN PEROXIDE IN COASTAL WATERS

135

and was generally higher in pools colonized by macroalgae.
Between 27 October and 6 November a mean H,O,
Concentration of 220 ? 40 nmol 1 I was recorded ( n = 9). As
observed for off-shore surface waters, elevated concentrations
of hydrogen peroxide were measured following the heavy
snowfall in mid November. On 20 November, maximal H,O,
concentrations in two pools ranged around 2000 nmol I-' with
off-shore surface concentrations as high as 1450 nmol I-'.
Photochemical H,O, production under cut-off filters

Starting at a concentration of 130 nmol I-', mean H,O, net
production was considerably higher under WG320 (66 rt 29
nmol 1.' h-') and under the quartz plate (90 ? 40 nmol I-' h-')
compared to GG420 (20 ? 15 nmol I-' h-I). Under the quartz
plate as well as under WG320 maximal H,O, concentrations
were reached within four hours (at 13h10), culminating i n a
steady state. H,O, production under all filters was best
modelled by a second order polynomial function. The best fit
was obtained for the quartz-topped sample (y = -2.3968~'
+53786x + 130, ?= 0.8457) and yielded end concentrations
around 480 nmol I-'. Correlation with the second order fit
under WG320 was less good (9= 0.7089), while there was
next to no increase observable under GG420 (? = 0.2261)
which permits only PAR light to pass. Hydrogen peroxide
concentrations under WG320 correlated with UV surface
radiation(Fig. 6)(Spearman-Rankanalysis, rx0.53. P=O.O5,
IZ = 14), but no correlation was found for the quartz sample
( Y = 0.32, P = 0.252, n = 14).
Darkdecomposition ofhydrogen peroxide was not observed.
In natural seawater ( 1 30 nmol I-' H20,) no changes were
observed during three hours. In seawater spiked with H,O,
(1360nmol1-' H,O,), concentrationsdiminished atanextremcly
slow rate of 10 nmol 1.' h-I.
Hydrogen peroxide production rates (nmol I-' 11.') were far
higher under the quartz plate than under WG320 in the
beginning of the experiment (Fig. 7) and decreased linearly
with time (?= 0.93). By contrast, hourly UV-B surface
radiation (305 nm) increased throughout the day. Peaks in
UV-B surface radiation reflect cloudless periods around noon
and in the afternoon. DOC concentrations in the incubation
water varied between 135 and 166 pmol C I-' at the end of the
experiment.
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H20, photoproduction via UV-excitation of DOC appears to
be of minor significance in the Potter Cove ecosystem, even
during the spring ozone minimum. This can be concluded
from the generally low H202concentrations in off-shore and
intertidal waters, in combination withlow DOCconcentrations
in water and the lack of correlation between H,O, surface
concentrations and daily integrated surface radiation
throughout the time series of our measurements. Surface H,02
concentrations between 100 and 200 nmol I-' have previously
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Fig. 5. Data from a grid-survey of Potter Cove surface waters
(0 in) on 17 December 1995. Potter Cove topography and
a. three N-S transects, b. salinity readings, and c. H,O,

concentrations.
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been reported from the Atlantic ocean south of 60"s (Weller
& Schremsl993) and seem comparably low to ours for a
coastal environment.
Experimental exposure of Potter Cove surface waters to
different ranges of the solar spectrum supports this view.
Although the intensity of surface irradiance also increased
during the early afternoon, steady state H,O, concentrations
were reached between 13h00 and 14hOOunderthe quartz plate
and under the WG320 cut-off filter. As no biological
decomposition was found under dark conditions, it seems that
steady state H,O,concentrations are indicative of the potential
for DOC driven peroxide production being exhausted after
about four hours exposure. Obviously, the concentrations of
photoreactive chromophores in the water sample (500 ml)
were exhausted (see Zika 1990). The linearly decreasing
trend of H,O, production rates under the quartz plate (Fig. 7)
indicates that maximal DOC driven peroxide formation was
independent of the variability of incident radiation in this
particular sample. This means that throughout the entire
duration of the experiment, photon energy per surface unit
under the quartz plate exceeded the maximum yield of DOC
driven H,Oz photoproduction. This was different under
WG320, which keeps out photons in the UV-B range. (To be
exact, the turning point of the cut-off characteristic of WG320
is at 320 nm, which means that at this wavelength 50%of all
amiving photons are absorbed and that this proportion increases
rapidly towards shorter wavelengths). Although they constitute
only 1% of the total solar spectrum, depending on their
wavelength, UV-B photons exhibit 1000 to 10 000-fold
greater efficiency for H,O, photoproduction, compared to a
PAR photon at 550 nm (Abele-Oeschger et al. 1997b).
Obviously, if these high-energy photons are removed, H,O,
formation proceeds at considerably lower rates and will not as
quickly exhaust the DOC pool in a given water sample. This
explains why the time course of the H,O, concentrations
500

a

T

0

correlates with incident radiation under WG320. The
experiment clearly underlines the key role of UVR in DOC
photooxidation during the ozone deficiency of the Antarctic
spring season, as practically no H,O, production occurred
under GG420.
Nearshore areas in Antarctica can be highly productive
(Clarke et al. 1988). In Potter Cove, local winds and water
currents prevented an accumulation of phytoplankton biomass
in spring during previous campaigns, while later on during [ h e
austral summer discharge of suspended particles from the
melting glaciers and creeks restricted light penetration and
thereby further inhibited phytoplankton growth (Schloss et u l.
1997). This situation was not exceptional and phytoplankton
production was also found to be low during the spring campaign
1995, when maximal chl avalucs were below 1 pg 1.' (Schloss
1997). Apparently, melt water discharge from the glaciers
does not provide a significant source of allochtonous DOC.
The ecological implications for the ecosystem in Potter Cove
are that DOC photodegradation, which in other areas enhanccs
DOC bioavailability and thereby fuels microbial biomas 3
(Moran & Zepp 1997), could be another factor limiting water
column heterotrophic and autotrophic production required.
Further investigations of the microbial loop in the waicr
column of Potter Cove are indicated, to elucidate, how a
pelagic system of relatively low productivity can sustain ;i
massive benthic production at the sea floor of the cove. First
results indicate benthic diatoms to be a major food supply for
many invertebrate filterfeeders (Kloser & Arntz 1994).
DOCconcentrationsofbetween 150-400pmolCl-'in K i n g
George Island rockpools are also insufficient to sustain
significant photochemical H,O, formation in intertidal
environments. These concentrations are lower by far, than in
pools on temperate zone intertidal mudflats, in whichextremely
high DOC concentrations between 6000 and 7000 pmol C I ~ '
have been measured (Abele-Oeschger et al. I997h).
Consequently, at a comparable surface irradiance (8 Wati.
m-2nm-' at 305 nm in Germany and 6 Watt rn-, nm-' at 305 n m
in Jubany), photochemical H,O, formation on intertidal1
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mudflats near Bremerhaven yielded a gross production of
more than 300 nmol 1-I h-' (Abele-Oeschger et al. 1997b),
whereas at King George Island gross production in the morning
amounted to only 110 nmol 1-I h-I, i.e. one third of the
Bremerhaven values.
Elevated hydrogen peroxide accumulation of between 1000
and 2000 nmol I-' H,O, in intertidal and off-shore surface
waters of Potter Cove primarily relate to deposition of snow
on the sea surface. Moreover, melting of peroxide containing
ice floes may contribute to enrichment of off-shore waters
with H,O,. Both ice melting and the snowfall reduce surface
salinity and thereby contribute to the stratification in off-shore
waters of Potter Cove (Schloss et al. 1997). Atmospheric
hydrogen peroxide is concentrated in water vapour and snow
(Kamiyama et al. 1996). Therefore, H,O, concentrations in
Antarctic snow deposits reflect the intensity of atmospheric
UV-radiation, yielding higher concentrations in summer,
especially during the ozone minimum period, while
concentrations decrease during the Antarctic winter.
It has generally been found that atmospheric wet deposition
can contain micromolar amounts of H,O, (Cooper etal. 1987,
Cooper & Lean 1989), especially in polar regions, where
snow deposits accumulate on the ice plateaus without the
chance of vertical mixing. Sigg & Neftel (1991) measured
highest concentrations of 13 000 nmol 1.' in Greenland icecores. Slightly lower concentrations of between 53 and
5020nmol I-' were measured in snow samples from the surface
of the Weddell Sea sea ice (Eicken et al. 1994). In spite o f a
rapid H,O, decomposition in surface snow after deposition
(Jacob & Klockow 1993), several authors could clearly
distinguish strong seasonal cycles of H,O, deposition in ice
core profiles, which are, however, smoothed out during
firnification (Sigg&Neftel 1988). These authors also propose
to use H,O, as a marker for ice core dating. A seasonal study
of H,O, concentrations in snow deposits at Queen Maud Land
(Antarctica) is documented by Kamiyama etal. (1996), who
found concentrations ranging between 6700 and 12 000
nmol I-' in October 1991, while during July/August 1992
maximal concentrations were 1700 nmol I-'. Thus, the
concentrations between 10 000 and 13 600 nmol 1.' found in
Potter Cove snow samples appear in the range of what can be
expected during the ozone minimum of the Antarctic spring.
The corresponding increase of surface water concentrations is
indicative of the considerable importance of H,O,atmosphereto-ocean flux in Antarctic coastal ecosystems.
Another detailed study of hydrogen peroxide dynamics has
been carried out by Karl et al. (1 993) during the long-term
Palmer ecological research study (LTER 1992-93). In this
investigation, comparable salinity/H,O, depth profiles have
becn recorded in off-shore waters, although maximum H,O,
concentrations were only around 20 nmol 1.' (Resing et ul.
1993) in theLTERregion of Bransfield Strait during November
1992. According to these authors, steady-state H,O,
concentrations in surface waters in the Palmer LTER-region
are controlled by other processes than DOC photo-oxidation.
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Tien & Karl (1993) also published data on H,O,
concentrations in snow samples collected in the LTER re,(),
in March 1993. They came up with relatively low values
between 55 and 600nmol H,O,l~'ofmeltedsnow and concluded
that atmospheric wet deposition was only a weak source of
H,O, in surface waters around Palmer Station. Additionally,
thawed samples from ice floes yielded no more than 5 nmol 1.'
H,O,, but these samples were thawed for between 10 and 15
hours, so that H,O, decomposition during thawing time may
have been significant. By contrast, our OctoberDJovenibcr
1995 data set from King George Island indicates that
atmospheric wet deposition is indeed an important source for
H,O, in intertidal and off-shore surface waters in Potter Cove,
during the period of the Antarctic ozone depletion.
Inverse H,O,/salinity depth profiles have been reported
from the Palmer LTER-study, as well as from the Mexican
Gulf (Zika et al. 1985) and the Mediterranean Sea (Johnson
et al. 1989). These latter authors propose H,O, to be a useful
marker for vertical mixing. This also applies to the highly
stratified waters of Potter Cover during the time of glacial
melting (Fig. 1). Small scale recordings of diminishing H,O,
surface concentrations throughout the upper 1m surface laic;
(Fig.4) show that this may even apply for high resolution
studies of the stratification in the air-water boundary layer,
especially when H,O,surface deposition is high.
Likewise, horizontal zonations of H,O, concentrations, like
the north to south gradient we found in the grid survey of H,O,
surface concentrations, may reflect different water bodies or
water qualities with respect to DOC concentrations. As melt
water does obviously provide only a minor source o r
allochtonous DOC, it might well have been an input from two
small creeks and presumably also the waste waters from
Jubany, which could have led to a minor local enrichment of
dissolved organic matter along the southern shore of Potter
cove. As waste waters are now being clcaned by a newly
installed sewage plant, H,O, concentrations could providc a
useful indicator for any changes this may have initiated in the
Potter Cove ecosystem.
Conclusions

Although, during the Antarctic spring UV radiation ovcr the
Antarctic Peninsula can reach intensities comparablc to a
spring situation on the North German coast, H 2 0 ,
photoproduction in intertidal and off-shore waters of the
Potter Cove ecosystem yields far lower Icvels. This relates to
the lowerconcentrations of DOC in off-shore as well as in tidal
pool waters which amount to only between 2 and 5%: of the
DOC loads measured in intertidal pools on mudflats off ihe
north German Wadden Sea coast. Elevaicd H,O,
concentrations in offshore and intertidal surface waters of
Potter Cove result from snow deposition, which can carry
micromolar H,O, concentrations during the Antarctic spring,
when stratospheric UV radiation is high. At only slightly
higher concentrations H,O, affects marine organisms. We
~i
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have shown that this reactive oxygen species induces oxidative
damage and reduces the metabolic rates of the Antarctic
intertidal limpet Nacella concinna at concentrations of
4 pmol I-’(Abeleetal. 1998),which is only twice themaximum
concentrations measured in tidal pools of Potter Cove. The
problem may become crucial if the progressive destruction of
the ozone layer continues. This will then result in a further
increase ofUV-B surface irradiance (Frederick & Snelll988)
and consequently lead to increasing atmospheric wet deposition
of hydrogen peroxide in Antarctic environments. Moreover,
given that photochemical H202formation in surface waters is
limited by the relatively low DOC water concentrations,
changes may be expected in the vicinity of Antarctic stations
with uncontrolled wastewater outflows. The significance of
DOC photo-oxidation under elevated UV-irradiation for the
heterotrophic production in DOC limited Antarctic coastal
areas warrants further investigation.
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