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Snow has a high efficiency for washout of aerosol-bound radionuclides from the atmosphere.
Once deposited in the snowpack, radionuclides are continuously concentrated during the
winter due to evaporation, sublimation and partial melting. Consequently, stored amounts of
contaminants can be delayed released into surface and drinking waters in relatively short time
periods after snowmelt initiation in spring. They are able to cause severe impacts on the water
quality and provide a risk for radiation exposure to humans.
In the framework of the joint research program VAO-II (Virtual Alpine Observatory) the
influence of climate change on wet deposition of radionuclides, their transport in snowpack
and release to aquatic ecosystems are investigated. Current concentrations of the
environmental radionuclides 7Be, 210Pb and 137Cs were determined in seasonal snow profiles
at the end of the snowfall seasons 2014/2015 and 2015/2016 on the alpine summits of
Zugspitze, D (2,650 m a.s.l.), Hoher Sonnblick, A (3,110 m) and Jungfraujoch, CH (3,450
m). The radionuclides as well as measured stable water isotopes δ2H and δ18O are used as
tracers to better understand transport processes of contaminants in snow covers. All three
sites are located in altitudes where no snowmelt runoff at the snow base occurs between
November and at least April so that the total inventory of deposited radionuclides can be
balanced before snowmelt runoff starts from May on. Snow was sampled up to the depth of
the last summer surface and radionuclide contents were determined in each snow layer (10 l
snow water equivalent) by HPGe gamma spectrometry after concentration by evaporation.
Stable water isotopes were measured in samples of every 10 cm depth by cavity ring-down
laser spectrometry.
Depth distributions of environmental radionuclide activity concentrations in the seasonal
snowpack of the last two winter seasons on the three summits are shown in Fig. 1. Slight
enrichments were observed in sediment-rich layers that represent longer-time exposed former
surfaces, as for example the summer surface 2014 in the Sonnblick profile in a depth of ~70
cm. Small activity concentration peaks are also visible in layers that contain silty material of
Sahara dust, e.g. in the Jungfraujoch profile 2015 in 260 cm depth as well as in all three
profiles of 2016, where the event of April, 5th/6th was proven in the snow layers in 180 cm
(Zugspitze), 220 cm (Sonnblick) and 140 cm (Jungfraujoch) depth.
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Figure 1. Depth distributions of environmental radionuclide activity concentrations of 7Be,
210
Pb and 137Cs in seasonal snowpack (winters 2014/2015 and 2015/2016) on three alpine
summits. Data gaps stand for values below the detection limits of the gamma spectrometry
measurements.
The comparison of the stable water isotopes in the snowpack with the values in freshly fallen
precipitation (Fig. 2) provides information about meteorological influences on alteration
processes in a snowpack causing evaporation, sublimation or snowmelt. More positive δ18O
values in snow than in precipitation in the top layers of the profiles are related to such
processes at the snow surface by the end of the winter season. They indicate beginning
snowmelt and associated transport of potential contaminants in the snowpack that is restricted
to periods of ambient temperatures above 0°C and percolation of liquid water in the snow
cover. The fractionation and enrichment of heavy isotopes is also visible in the upper thirds
of some of the profiles, which are characterised by several ice layers representing old surfaces
and high evaporation rates. Continuous snowmelt leads to a homogenisation of the isotopic
content (decrease in δ18O amplitude) of the snowpack that can for example be observed in the
2015 profile at Sonnblick. It was sampled late in the year (02.07.2015) when snowmelt had
already started. If the isotopic signatures of the snowpack and precipitation are similar (e.g.
profile Zugspitze 2016), it can generally be assumed that snow textures are still original and
only little snow metamorphism took place. Large divergences of both δ18O curves can result
from snow losses by wind drift or large distances between the sampling locations for the
snow and precipitation samples (e.g., isotopic data for Austria is determined at Mt.
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Feuerkogel (>100 km distance), 1,618 m a.s.l., altitude corrected; snow water equivalents for
Jungfraujoch were taken from precipitation station Grimsel, 1,980 m a.s.l.).

Figure 2. Depth distributions of δ18O concentrations in seasonal snowpack and fresh
precipitation samples on three alpine summits. Values are normalised for direct comparison
of precipitation and deposited snow in the profiles. Stable isotope data in precipitation at
Mt. Feuerkogel, Austria for 2016 was not yet available.
Stable water isotopes appear to be useful tracers for the determination of general trends in
snow alteration processes. However, spatiotemporal variability in the snowpack isotopic
composition is also transferred to snowmelt. The knowledge of the isotopic content evolution
in the meltwater is currently used to create more realistic and reasonable input functions of a
residence time model for radionuclide transport in the hydrologic catchment area of
Zugspitzplatt, Mt. Zugspitze. This contributes to the development of tools that aim at
predicting spring (radio)isotopic composition and outflow. The results help to predict
potential radionuclide contaminations in different compartments of alpine ecosystems under
changing climate. Counteractions can be planned in time in order to protect the essential
resource water.
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Internet data bases:

http://www.schneefernerhaus.de/en/forschung/vao-ii.html
Collaborating partners/networks:

• Staff and consortium of the Environmental Research Station Schneefernerhaus, Zugspitze,
Germany (VAO) (M. Neumann et al.)
• University of Augsburg, Institute of Geography, Augsburg, Germany (K.-F. Wetzel et al.)
• Bavarian Avalanche Warning Service, Bavarian Environment Agency, Munich, Germany
(H. Schmölz et al.)
• Staff of the Sonnblick Observatory, Austria (B. Niedermoser, E. Ludewig et al.)
• Zentralanstalt für Meteorologie und Geodynamik (ZAMG), Vienna, Austria (B. Hynek et
al.)
• Staff of the HFSJG Jungfraujoch, Switzerland (M. Leuenberger et al.)
• Eidgenössisch Technische Hochschule (ETH), Zurich, Switzerland (A. Bauder)
• Paul Scherrer Institut, Villigen, Switzerland (M. Schwikowski)
Scientific publications and public outreach 2016:

Refereed journal articles and their internet access

Bernauer, F., K. Hürkamp, W. Rühm, J. Tschiersch, Snow event classification with a 2D video disdrometer - a
decision tree approach, Atmospheric Research, 172-173, 186-195, 2016.
http://www.sciencedirect.com/science/article/pii/S0169809516000119
Hürkamp, K., S. Tafelmeier, J. Tschiersch, Influence of melt-freeze-cycles on the radionuclide transport in
homogeneous laboratory snowpack, Hydrological Processes, doi: 10.1002/hyp.11110, 2016.
http://onlinelibrary.wiley.com/doi/10.1002/hyp.11110/full

Theses

Zentner, N., Temporal dynamics of isotopic composition in snow - from snow melt to catchment runoff, Master
Thesis, Helmholtz Zentrum München – Institute of Groundwater Ecology and Technische Universität Dresden Institute of Groundwater Management, 2016.

Data books and reports

Hürkamp, K., R. Lindner, E.-M. Schiestl and J. Tschiersch, Deposition von Umweltradionukliden mit Schnee,
Report, Sonnblick Observatorium - Höhenobservatorium und Forschungsplattform - Wissenschaftliche Aktivitäten
2016, Zentralanstalt für Meteorologie und Geodynamik (ZAMG), Wien, p. 22, 2016.
https://team.sonnblick.net/egroup/share.php/4MiUTAIZAbT47hB0HFKbdCpgDDQM6eJm/

Magazine and Newspapers articles

“Schnee steckt voller Faszination”, Interview with K. Hürkamp, Grenzenlos, Winter 2016/2017, p. 50, 2016.
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