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ABSTRACT

The effect of UV-B irradiation on the ATP content
of natural assemblages of planktonic micro-
organisms in the upper 30-m water layer of the
Weddell Sea (Antarctica) was studied. After five
hours of irradiation with UV (290-320 nm) of 1.35
W-m~2 a 75% decrease in the ATP content of the
microorganisms was observed.

1. INTRODUCTION

The reduction of the stratospheric ozone layer by hu-
man pollution results in an increase in the solar UV
radiation reaching the earth’s surface. An enhanced
UV level penetrating into the water column can lead
to damage of living cells in the upper layer of the
aquatic environment, resulting in e.g. inhibition of
primary productivity, carbon and nitrogen meta-
bolism as well as reduction in cell components
(BAKER & SMITH, 1982; DOHLER, 1985, 1989; HALL-
DAHL, 1979; SmMITH, 1989; WORREST, 1982, and refer-
ences therein).

The photo-inhibition effect detected near the sur-
face of the water in primary production measure-
ments is caused by UV-A radiation, whereas the
effect of UV-B is of minor importance according to
BUHLMANN et a/. (1987). However, less knowledge ex-
ists on the impact of UV-B on the biological systems
of the Southern Ocean. In Antarctic waters with a low
amount of particles and no yellow substance, the UV
penetrates deeper (down to 50 m) (GIESKES et al.,
1989) than in more turbid waters. The transmittance
of radiant energy of 310 nm in clear seawater exhibits
maximum values of 86% -m~" (JERLOV, 1976).

The microorganisms (bacteria, algae, protozoa)
play a central role in the foodweb and in the carbon
cycle of marine ecosystems. In biological oceano-
graphy the total microbial community is often quanti-
fied by measuring the adenosine-tri-phosphate (ATP)
(KARL, 1980; VosJaN & NIEUWLAND, 1987). This ATP
is continuously formed in the catabolism and con-
tinuously used in all energy-consuming reactions of
living organisms. So if there is any effect of UV-B ir-

radiance on the synthesis of ATP, it will be reflected
in all other reactions of the organism. If there is an ef-
fect on anabolic synthesizing reactions it will also
have its consequences for the biomass to be formed.
This study assesses the effect of UV-B radiation on
the ATP content of the microbial communities in the
upper layer of the Weddell Sea.
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2. METHODS

Water samples were taken with a Rosette sampler
from the upper water layers to describe the ATP pro-
file in the water column. The ATP content was esti-
mated after the luciferine-luciferase method (VOSJAN,
1988). Without prefiltration all the organisms in the
samples were concentrated on a 0.2 ym cellulose
acetate filter and then extracted for the ATP analysis.

Experiments were performed with water samples
from 2, 10 and 30 m depth of the stations 258 (74°
41.8" 5-29° 238" W), 259 (74° 415’ S-29° 49’ W) and
260 (74° 39.1" 8-29° 30.0' W) of the EPOS-III cruise
in 1989 in the Weddell Sea. The samples were put
into plexiglass cuvettes, which were illuminated in
the laboratory with white light from one side and from
the other side with ultraviolet (Philips,12 TL, 20 W) at
a distance of 20 cm from the cuvettes. Cut-off filter
(WG 305, Schott & Gen., Mainz) was used for remov-
ing the shorter wavelengths of the UV. One cuvette
was not UV- transparent and served as a control,
whereas the other cuvette allowed penetration of UV-
B light into the water sample. The intensity of the UV-
B light (290-320 nm) was 1.35 W-m -2 as measured
with International Light equipment (IL 1700; UV-B de-
tector Nr. 5436) and that of the white light 240
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W-m—2. Ambient solar UV radiation determined after
the same procedure was 1.12 W-m~2. The samples
were stirred and bubbled with normal air and kept at
2°C. This is a few degrees above the in situ tempera-
ture, After 1/2 or 1 h adaptation the UV irradiation was
started and every 1/2 h an aliquot of 10 cm® was
taken out of the cuvettes and the ATP content
measured.

3. RESULTS AND DISCUSSION

The distribution of ATP in the organisms of the upper
water layers of Halley Bay (Weddell Sea) is given in
Fig. 1. The highest amount of ATP was found in the
upper 20 m of the water column with values between
1100 and 1800 ng ATP-dm 3, quickly decreasing to
~ 300 ng-dm~3 at 40 m depth. As a result of the very
calm weather, the biomass of microorganisms was
not mixed over a deep water column but accumulat-
ed in the upper few metres.
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Fig. 1. ATP concentrations (in ng.dm—3) of the upper water
column at various water depths (m) of Halley Bay (Weddell
Sea) (74° 40’ 5-29° 30" W).

The initial concentrations of ATP in the samples
used for the experiments were between 270 and 650
ng-dm 3, For our experiments we used the samples
of 2, 10 and 30 m depth. Fig. 2 shows the ATP con-
centrations of the plankton collected at station 258 at
2 m depth in UV-B irradiated and non-UV treated
samples plotted against exposure time. The aliquots
of the non-UV transparent cuvette (control) showed a
slight decrease in ATP concentrations. However, the
ATP content of the plankton samples from the UV-
transparent vessel decreased after 2 hours of UV-B
radiation, and showed a strong reduction after longer
UV-B exposure. After 5 hours of irradiance the rate of
ATP decrease slowed down.
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Fig. 2. The effect of UV-B irradiation on the ATP content of

Antarctic plankton (station 258). The ATP concentrations of

control and irradiated samples are plotted against irradia-
tion hours. Arrow indicates start of irradiation.

Fig. 3 shows the percentages of the ATP content of
the irradiated samples compared to the controls
(=100%) at the same time. In 4 experiments with
samples from the surface, 10 m and 30 m depths, on
average a decrease of ~75% was found after 5
hours. The ATP content of the organisms in the UV-
transparent cuvette, compared to the control, was
reduced to 20, 26, 27, and 28% (average 25%). This
clearly shows the damaging effect of UV-B irradiance
on the ATP content of natural microbial populations.
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Fig. 3. ATP content of 4 irradiated samples given as percen-
tages of the content of the controls, plotied against time
(hours) of UV-B irradiation (stations 258, 259, 260).

However, the effect may not be so dramatic in the
aquatic system itself because of lower irradiance lev-
els in the water. By vertical movements of the parti-
cles in the upper mixed water layer the exposure
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time of the microorganisms to UV fluctuates, particu-
larly during stormy conditions. Severest damage
would be expected during calm wind conditions,
when the plankton is concentrated in the upper water
layers.

Further studies on the amounts of UV radiation
that organisms may receive in the upper mixed layer
of the ocean and studies on the influence of UV-B
radiation on organisms of the mixed layer will lead to
more information on the consequences of UV radia-
tion for the total microbial ecosystem. The above
results are preliminary. Research about the natural
levels of UV-B at different depths and locations is
planned.
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