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A Long Road: from Greenland 
to the Lab in Zurich

Conclusions can be drawn about past environmental changes 

from telltale footprints left in environmental records. We are fol-

lowing one such hot lead in our investigations of the 3-km-long

Greenland ice core. Layer for layer, the ice is examined to deter-

mine the concentrations of the radionuclide beryllium-10 (10Be).

From such data it is possible to obtain information about past

climate changes. About 10,000 ice samples have been prepared 

by the EAWAG laboratory in recent years for measurement in the

ETHZ/PSI accelerator mass spectrometer.

Each year, rain and snow transport around

1 million atoms of the radionuclide beryl-

lium-10 (10Be) from the atmosphere on to

each square cm of the earth’s surface. Some

of these 10Be atoms are frozen, layer by

layer, into the polar ice. Taking the global

annual mean precipitation to be 1 m, this

means that 1 kg of ice contains approxi-

mately 10 million 10Be atoms. At first glance

this would appear to be many. 10 million
10Be atoms, though, weigh just 10–15 g, the

equivalent of a single raindrop in Lake Con-

stance. To detect such a low concentration

is a challenge to analytical science. To keep

pace with the development of the acceler-

ator mass spectrometer, over the last 15

years EAWAG has developed an elegant

sample preparation method (see box). This

article provides an insight into the routine

work carried out in our laboratory and de-

scribes how 10Be atoms are extracted from

the ice core and prepared for measurement

in the ETHZ/PSI accelerator mass spec-

trometer at Hönggerberg, Zurich.

From the Arctic to the 

EAWAG Laboratory

The ice cores from Greenland (55-cm-long

sections, maximum a quarter of the total

cross section) are sealed in plastic bags and

packed in styrofoam boxes before being

sent to Dübendorf, where they are stored in

a refrigerated room at –20 °C until required

for preparation (Photo 1). Some of the ice

samples are cut to smaller size with a band-

saw (Photo 2) to obtain a higher temporal

resolution. Prior to the actual preparation

procedure, each sample is washed with high

purity water to remove any residual bore

fluid and other external contaminants. Final-

ly, the ice samples are placed in melting

trays, weighed, and an exactly known

amount of 9Be carrier added (Photo 3). The

ice is then melted in a conventional micro-

wave oven (Photo 4) and afterwards passed

drop by drop through a cation exchange

column (Photo 5), which retains the beryl-

lium ions. The cation resin with the beryllium

ions can be easily stored for months till the

next preparation stage.

In the next step, the beryllium ions are elut-

ed out of the cation resin with acid, pre-

cipitated out with ammonia as beryllium

hydroxide [Be(OH)2], separated from the

solution, and redissolved in acid. For Be to

deliver negative ions to the ion source of the

accelerator mass spectrometer, it needs to

be laced with a conducting metal. We use

silver, added as silver nitrate solution. Silver

and beryllium now precipitate out together

in hydroxide form. For the spectrometric

measurement, the Be(OH)2 must now be

oxidized. For this, the samples are dried

briefly under a UV lamp and put into a muf-

fle kiln (Photo 6), where, at 850 °C, Be(OH)2
oxidizes to BeO within 2 hours. Finally, the

samples are pressed into a small hole of

1 mm diameter in the copper target (Pho-

to 7). After about 24 hours, the beryllium

samples are ready at last (Photo 8) for meas-

urement in the accelerator mass spectrom-

eter (Photos 9 and 10).

From EAWAG to the Lab at

Hönggerberg 

The isotope ratio in our samples is extreme-

ly low – on the order of 10–13. This is outside

the range of detection of a conventional

Extraction and Detection of 10Be 

Traditionally, radionuclides are detected by means of their radioactive decay. However, this
method is only of use if the radionuclide being investigated has a sufficiently short half-life.
Within a reasonable measuring period – several days to several weeks at most – enough atoms
have to decay so that they can be detected without excessive measuring error. It is precisely
here that the difficulty lies with 10Be. Its half-life of 1.5 million years is far too long. Per year, only
about 5 10Be atoms of the approximately 10 million atoms of 10Be present in a kilogram of ice
undergo radioactive decay. The detection of 10Be by means of its radioactive decay is therefore
not a viable technique.

The mass spectrometer offers an alternative method. This instrument exploits the fact that
most elements are found in a range of isotopes of different masses. Beryllium is no exception.
Along with the radioactive isotope 10Be, with an atomic mass of 10, there is also the lighter,
non-radioactive isotope 9Be, with an atomic mass of 9. Mass spectrometry can determine the
ratio of two isotopes – in our case 10Be/9Be – so that the number of 10Be atoms can be calcu-
lated. Since the ice samples contain only tiny trace amounts of the 9Be isotope, a known quan-
tity of this isotope (typically 0.2 mg) must be added for the measurement. The added 9Be acts
as a so-called carrier and ensures that during the chemical extraction, the few 10Be atoms
present in the ice are also extracted.
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mass spectrometer, lying within the back-

ground noise level. Only by raising the

acceleration voltage to several million volts

instead of just the thousands of volts nor-

mally used in conventional mass spectrom-

eters is it possible for the detector not only

to count every individual atom, but also to

identify it by its unique mass and charge.

Only thus can the rare 10Be atoms be distin-

guished from the more common atoms. 

The actual measurement lasts only about

15 minutes. Such high-energy mass spec-

trometers require an accelerator as their

central unit, hence the name accelerator

mass spectrometer. One of the world’s first

is in ETH Zurich at Hönggerberg, and is

operated by ETH Zurich in conjunction with

the Paul Scherrer Institute. The core piece,

the tandem accelerator, which accelerates

particles by up to 6 million volts, was built 

in the 1960s, and has served for all these

years as a reliable fundamental research

tool in nuclear and atomic physics.

Over the past 15 years, EAWAG has pre-

pared around 10,000 samples and meas-

ured them with the accelerator mass spec-

trometer. Around 5 km of ice cores have

been analyzed, and the 10Be concentrations

over approximately the past 100,000 years

have been determined. Based on these 

raw 10Be data, the following four articles 

(pp. 8–18) describe how changes in climate

have occurred through time.

Silvia Bollhalder (left) and Irene Brunner (right) are
technicians in the Radioactive Tracers group in the
Department of Surface Waters. Part of their duties is
the routine preparation of ice samples.

Co-authors: Maura Vonmoos and Jürg Beer
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