2.08.09 Ultraviolet B Modulates Stress Responses of Lemna minor
to Gamma Radiation at Multiple Levels of Biological Organization
L. Xie, NIVA - Norwegian Institute for Water Research / Section of
Ecotoxicology and Risk Assessment; Y. Song, Norwegian Institute for
Water Research (NIVA) / Section for Ecotoxicology and Risk
Assessment; K. Petersen, NIVA - Norwegian Institute for Water
Research / Section of Ecotoxicology and Risk Assessment; K. Solhaug,
Norwegian University of Life Sciences (NMBU) / Faculty of
Environmental Sciences and Natural Resource Management; O. Lind,
Norwegian University of Life Sciences, Center of Excellence in
Environmental Radioactivity (CERAD) / Faculty of Environmental
Sciences and Natural Resource Management; D.A. Brede, Norwegian
University of Life Sciences / Centre for Environmental Radioactivity; B.
Salbu, Norwegian University of Life Sciences (NMBU) / Centre for
Environmental Radioactivity (CERAD); K. Tollefsen, NIVA Norwegian Institute for Water Research / Section of Ecotoxicology and
Risk Assessment. Climate change, such as global warming, has been
shown to have important implications for future stratospheric ozone
depletion, which determines the intensity of UV radiation at the Earth’s
surface. In the aquatic ecosystem, UV radiation and ionizing radiation
may co-occur and pose cumulative hazards to aquatic organisms such as
macrophytes. However, the combined effects and underlying
mechanisms of different types of radiation in aquatic plants remain
poorly understood. The present study aims to provide in-depth
understanding of how chronic (7 days) exposure to a single irradiance
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(0.5 W m ) of ultraviolet B (UVB) radiation modulates gamma (?)
-1
radiation (14.9, 19.5, 43.6 mGy h ) induced stress responses in the
aquatic macrophyte Lemna minor. In contrast to a majority of combined
effect studies that focus on either molecular or apical endpoints, the
present study used a suite of bioassays to quantify stress responses at
multiple levels of biological organization. The combined effects
(additivity, synergism, antagonism) of the stressors were determined
using a combination of two-way analysis of variance (2W-ANOVA) and
a modified Independent Action (IA) model. The single and combined
effects of the stressors, and the potential causality between toxicological
responses were further visualized by assembly of putative toxicity
pathways. The results show that exposure to ?-radiation or UVB alone
commonly induced oxidative stress and programmed cell death (PCD),
and impaired oxidative phosphorylation (OXPHOS) and photosystem II
(PSII) in L. minor. ?-radiation also activated antioxidant responses,
DNA damage repair and chlorophyll metabolism, and inhibited growth
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at high dose rates (?20 mGy h ). Additive effects of the two stressors
were predominantly identified for antioxidant gene expression, energy
quenching in PSII, frond size and frond weight for all dose rates,
whereas antagonistic effects were observed for DNA damage, PCD,
oxidative stress, OXPHOS and chlorophyll metabolism. Synergistic
inhibition was observed for reproduction (fronds number) for all dose
rates. The present study provides substantial mechanistic knowledge,
quantitative understanding and novel analytical strategies to decipher
combined effects at different levels of biological organization and is
anticipated to facilitate future cumulative hazard and risk assessment of
multiple stressors.
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