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Soil erosion is a major threat to mountain ecosystems 
worldwide. However, there has been limited scientific 
interest in this significant environmental problem. 
Minimal attention has been given towards its mitigation 
by policy makers. Limited information in this area is 
partly due to the difficulty of quantifying soil erosion in 
mountain environments having un-ploughed soils, steep, 
complex topography, and harsh climates. In many 
environments, fallout radionuclides (FRNs) have been 
widely used to quantify soil particle movement and net 
erosion rates. A wide variety of artificial radionuclides 
have been deposited globally via nuclear weapons testing, 
nuclear accidents, nuclear weapons fabrication, and 
nuclear fuel reprocessing. Large-scale atmospheric tests 
of thermonuclear weapons resulted in the injection of 
debris into the stratosphere; following which isotopes 
such as 137Cs, 239Pu and 240Pu deposited relatively 
uniformly on a local scale. While it is unfortunate that 
these isotopes were released into the environment, it is at 
the same time fortuitous that these FRNs can serve as 
valuable tracers of recent earth surface processes, 
including assessing soil erosion. 

Decades of soil erosion studies have utilized 137Cs. 
However, in our work in mountain environments, we 
were confronted with unusually high variability of 137Cs 
reference inventories, which resulted in unacceptable 
large uncertainties in calculating erosion rates. Such large 
heterogeneity in localized environments is most likely 
due to two important contributors of 137Cs: a) uniformly 
deposited 1950’s–1960’s stratospheric fallout and b) non-
uniform tropospheric deposition from the 1986 Chernobyl 
accident. In many European locations, Chernobyl-derived 
137Cs is the dominant source; this complicates the 
potential use of 137Cs because Chernobyl fallout was 
deposited by a small number of specific rain events, as 
much of the terrain was covered with snow at the time of 
the accident. FRNs after snow melting were subsequently 
redistributed via runoff. In our study, we evaluated an 
alternative tracer, 239+240Pu. In Switzerland, Pu is expected 
to originate exclusively from 1950’s–1960’s stratospheric 
fallout, as all previous studies indicate that Chernobyl Pu, 
associated with non-volatile fuel particles, was distributed 

in limited regions of Eastern Europe and Scandinavia. We 
measured 137Cs and 239+240Pu activities in soils collected in 
two alpine valleys of Switzerland (Ursern Valley, Canton 
Uri, Central Swiss Alps and Val Piora, Ticino, Southern 
Alps; Figure 1). We sampled both reference and 
potentially eroding sites in transects along both valleys 
(Figure 1). 137Cs and 239+240Pu measurements were 
performed with a Li-drifted Germanium detector and 
quadrupole ICP-MS, respectively.  

As expected, inventories of 239+240Pu at our reference sites 
exhibited a more homogenous distribution than 137Cs 
inventories (Figure 2). The coefficient of variance (CV) 
for reference sites was 32% for 137Cs distribution in the 
Ursern Valley (n=6) and 98% in the Val Piora (n=7). In 
contrast, reference 239+240Pu values exhibited CV’s of 13 
and 17% for the reference sites at Ursern Valley (n=6) 
and Val Piora (n=7), respectively. We concluded that Pu 
is a suitable tracer for soil erosion assessment in alpine 
grasslands. The 137Cs data showed large variations and 
CV of > 30% is considered problematic in using FRN for 
soil erosion assessment. Compared to gamma 
spectrometric determinations of 137Cs, mass spectrometric 
measurements of 239+240Pu have advantages with respect 
to sample size and analytical throughput. Further, mass 
spectrometry offers the capability of source attribution via 
atom ratio measurements; our 240Pu/239Pu results 
identified 1950’s–1960’s thermonuclear tests as the sole 
Pu source, ruling out the presence of any significant Pu 
contributions from Chernobyl. The relatively long half-
lives of 239Pu and 240Pu also ensure the long-term efficacy 
of plutonium as a soil erosion tracer. 

Using 239+240Pu as a tracer, we found large local 
differences in net erosion and deposition rates.  In the 
Ursern Valley, net deposition rates ranged from 0.9 to 6.4 
t ha-1yr-1 and net erosion rates were between 2.6 and 21.8 
t ha-1yr-1. Net deposition rates were 0.7 to 77 t ha-1yr-1, 
while net erosion ranged from 1 to 5.3 t ha-1yr-1 at Val 
Piora. Our study represents a novel, successful 
application of 239+240Pu as a tracer of soil erosion in a 
mountain environment, and points to significant potential 
for its application in similar environments elsewhere.  
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Figure 1. Location of the investigated sites within Switzerland. Lower panels: Ursern Valley (left) and Val Piora 
(right). Ref = reference sites. P = pastures. Pw = pastures with dwarf shrubs. H = hayfields. T = sampling transects  

 

 

Figure 2. Comparison of 137Cs and 239+240Pu inventory change (top) and reference inventories for the Val Piora (bottom 
left) and Ursern Valley (bottom right)  


