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Radioactive Cesium from the Chernobyl Accident in

the Greenland Ice Sheet

C. I. DaviDsoON, J. R. HARRINGTON, M. J. STEPHENSON,
M. C. MONAGHAN, J. Pupykiewicz, W. R. SCHELL

Measurements of cesium-134 and cesium-137 in Greenland snow together with
models of long-range transport have been used to assess radionuclide deposition in the
Arctic after the Chernobyl accident. The results suggest that a well-defined layer of
radioactive cesium is now present in polar glaciers, providing a new reference for
estimating snow accumulation rates and dating ice core samples.

UCLEAR WEAPONS TESTS IN THE

1950s, 1960s, and 1970s emitted

large amounts of man-made radio-
isotopes into the atmosphere. Some of this
material eventually reached glaciers in the
Arctic and Antarctic regions, providing a
permanent record of the deposition of ra-
dioactivity associated with specific tests.
These radioactive signatures have been used
to determine snow accumulation rates, to
date ice core samples analyzed for other
contaminants, and to study long-range at-
mospheric transport (1). Emissions from the
explosion and fire at the Chernobyl nuclear
reactor in April 1986 have resulted in an
additional radioactive layer in polar glaciers.
This layer is of considerable interest: unlike
weapons tests, which injected radioactive
material into the stratosphere where resi-
dence times are more than a year, the Cher-
nobyl emissions were confined to the tropo-
sphere where residence times are at most a
tew weeks (2). The resulting deposition thus
occurred over a relatively short period, and
this enables us to assign a narrow time
interval to the radioactive layer. In the pre-
sent study, we identify the Chernobyl signa-
ture in the Greenland Ice Sheet. We also
attempt to relate characteristics of the de-
posited radioactivity to the atmospheric
transport pathways and deposition processes
involved.

Samples were collected from a snowpit 23
km southwest of Dye 3, Greenland, in late
July 1986. This location is near the ice
coring site established by Mayewski et al.
(3). The snowpit walls were sampled in
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continuous adjacent layers to a depth of 1.5
m under strict contamination control (3-5).
The density was measured in each 5-cm
layer, and the presence of ice strata and
other distinguishing characteristics was re-
corded. Samples were collected each 5 cm
for 8'"®0 analysis (6), and each 10 cm for
radioactive cesium analysis (7).

Results of these analyses show that detect-
able levels of '**Cs and *’Cs occurred only
in one layer, between 10 and 20 cm below
the surface. The concentrations in three
identical samples extracted from this layer
are 2.0 = 0.8 pCi/lliter for '**Cs and
6.2 = 1.4 pCilliter for "'Cs (average +
standard deviation). If we take into account
the thickness of the layer and the density of
the snow, these values correspond to total
(wet plus dry) deposits of 0.072 + 0.030
mCikm? for 'Cs and 0.22 = 0.05
mCi/km? for '¥"Cs. All of the data have been
corrected to 1 May.

These deposition rates are much smaller
than corresponding values measured in Eu-
rope shortly after the accident. For example,
deposition onto soil and vegetation was
highly variable throughout Scandinavia,
Germany, the United Kingdom, and the
Mediterranean region, with values for both
radionuclides ranging from <1 to several
thousand millicuries per square kilometer
(2, 8). Deposition rates to bulk wet-dry
collectors in North America were closer to,
but still somewhat greater than, the Dye 3
snow values. Seven sites in the Canadian
Arctic had total deposition rates averaging
0.3 mCi/km? for '**Cs and 0.7 mCi/km? for

B7Cs during May (9). Total deposition rates
of '3Cs at sites in the western United States
were typically 1 to 2 mCi/km?, with Mid-
west and East Coast locations reporting 0.1
to 1 mCi/km? (10, 11). Values for '*’Cs in
the United States were generally two to
three times as large as those for '**Cs,
consistent with the *’Cs/'**Cs activity ratio
of 3.0 = 0.24 observed in Greenland. A
single sample of the 10- to 20-cm layer was
also analyzed for *Sr, giving '*'Cs/°Sr
equal to 20.2 corrected to 1 May (12). In
comparison, values of this ratio in accumu-
lated deposition on soil and vegetation were
19.0 in Denmark (I3) and 24.4 in Italy
(14).

Figure 1 shows the calculated dispersion
of ¥’Cs from Chernobyl during late April
and early May, based on an Eulerian long-
range transport model. The simulation was
developed by Pudykiewicz specifically for
assessing atmospheric transport of emissions
from the accident (15). This figure indicates
that a portion of the radioactive cloud
crossed Greenland near the end of April.
The cloud continued moving south and
west, reaching Canada and eventually the
United States in early May. This scenario is
consistent with available data: airborne mea-
surements show that **Cs and '*’Cs from
Chernobyl first reached the community of
Alert in the northeastern Canadian Arctic on
1 May, the area north of Hudson Bay on 2
May, and sites in Alaska, southern Canada,
and continental United States sometime be-
tween 6 and 10 May (9, 11). Furthermore,
comparisons between results of the model
and measured ground-level concentrations
at several locations in Canada show good
quantitative agreement (15). The dispersion
patterns in Fig. 1 are similar to those calcu-
lated by Lawrence Livermore National Lab-
oratory with a different simulation tech-
nique (I6).

How did this atmospheric material reach
the surface of the Greenland Ice Sheet? To
explore this question, the §'%0 data from
the snowpit have been compared with the
meteorological records from Dye 3 to iden-
tify the most probable time period and the
specific storms represented by the 10- to 20-
cm layer. The method has been discussed
elsewhere (5). The procedure indicated that
this layer corresponds to a time interval
containing the following storms (with accu-
mulation rates in centimeters of snow): 9
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April (1.9 cm), 18 April (0.3 cm), 21 May
(0.6 cm), 5 June (3.5 cm), and 7 June (3.2
cm).

It is noteworthy that very little precipita-
tion fell for nearly 6 weeks after the accident.
By the first significant snowfall on 5 June,
airborne concentrations of **Cs and "*’Cs
had already peaked and were declining
throughout most of North America. If we
assume that airborne concentrations at Dye
3 during May were similar to those mea-
sured in the Canadian Arctic and eastern

29 April

Fig. 1. Spread of *’Cs emitted from Chernobyl
as of the indicated date in 1986. Winds at 850
mbar have been used as inputs. The shaded areas
indicate calculated airborne concentrations great-
er than 3 fCi/m3, based on estimates of the source
strength.
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provinces (9), dry deposition can account
for roughly 25 to 50% of the observed '**Cs
and "*’Cs content of the snow. This estimate
assumes a dry deposition velocity in the
range 0.05 to 0.10 cm/sec, which is based on
deposition data for submicrometer aerosol
species such as sulfate and lead onto a snow
surface (4, 5, 17). Cesium-134 and cesium-
137 emitted from Chernobyl have activity
median aerodynamic diameters of 0.2 to 0.7
pm (18), similar to those of sulfate and lead
(19). It is therefore likely that a fraction of
the measured radioactive cesium in Dye 3
snow is due to dry deposition, which has
resulted in a narrow, concentrated layer. The
small cesium deposition rates at Dye 3 rela-
tive to other North American sites reflect
the very small precipitation rates on the ice
sheet during May and June. The total
amount of radioactive cesium reaching the
earth’s surface will generally be greatest in
areas of high precipitation, since wet deposi-
tion is a far more efficient removal mecha-
nism than dry deposition.

Wet deposition during the 21 May, 5
June, and 7 June storms also probably influ-
enced concentrations in the snow. Joshi (20)
reported that southern Ontario rainwater
contained 0.6 to 3 pCi/liter of '**Cs and 1.5
to 5 pCi/liter of '*’Cs during May and June.
Other values similar to the Dye 3 data have
been reported for precipitation in the conti-
nental United States (10, 11).

Overall, the measured airborne concentra-
tions from several monitoring programs and
results of the transport model indicate that
the radioactive cloud from Chernobyl
spread rather uniformly across North Amer-
ica in the weeks after the accident. Consid-
ered in light of the Greenland snow data,
these results suggest that an identifiable
signature is now present in glaciers through-
out the Arctic.
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