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Plutonium isotope anomalies on the Southern Hemisphere glaciers 

The results of the newest investigations carried out by scientists from the Institute of 
Nuclear Physics PAN shed new light on the processes of accumulation of plutonium 
isotopes on glaciers of the Southern Hemisphere. Analyses of samples of cryoconite, a 
sediment that accumulates on glaciers, reveal not only differences in concentrations 
between the hemispheres but also indicate unprecedented isotope anomalies that may be 
related to accidents such as the fall of the Mars-96 spacecraft. 

 

Glaciers do not only add majestic charm to the mountain landscape, but they also play a vital role 
in fresh water supplies. Their melting, caused by global warming, may have serious consequences 
– from sea level rise to the reduction of water resources that are of key importance for the 
production of energy in hydro-electric power stations. Additionally, radionuclides and other 
contaminants that are released from the ice may migrate to the nearby ecosystems, where they 
may accumulate and affect the food chain.   

 
Radioactive elements are present in the environment as a result of natural processes and human 
activity. Artificial radionuclides, such as plutonium, are released into the environment mainly 
through nuclear tests, reactor accidents or failures of satellites and space probes containing 
radioactive sources of energy. These substances, transported mainly through the atmosphere, 
accumulate in different ecosystems, including glaciers, in the form of dark sediments called 
cryoconite. A typical cryoconite hole is no more than a few dozen centimeters in diameter and 
depth. At its bottom, there is a dark sediment called cryoconite. It contains organic material and 
contaminants, i.e. radionuclides, heavy metals, pesticides, microplastics, or antibiotics. This 
sediment may pose a potential threat to local ecosystems.  

 
The newest investigations conducted at the Institute of Nuclear Physics of the Polish Academy of 
Sciences (IFJ PAN) with the use of novel methods of mass spectrometry allowed researchers to 
create a database for plutonium isotopes (238,239,240Pu) in the glaciers of the Northern and Southern 
Hemispheres. The analyzed samples of cryoconite come from 49 glaciers of nine regions of the 
world, including the Arctic, Alpes, Himalayas, and Antarctica. The material was collected by an 
international team of researchers over the years 2000-2020, and the studies were financed from a 
National Science Centre project. 

 
“These are the first analyses of plutonium concentration in cryoconite samples carried out on such 
a large scale” – says Dr. Edyta Łokas (IFJ PAN), the initiator and first author of the article published 
in Science of the Total Environment. 

 
The results of the study have provided unique information about the accumulation, distribution and 
sources of plutonium isotopes in glaciers. The concentration of 239+240Pu activity turned out to be 
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much higher in the Northern than the Southern Hemisphere, which reflects an uneven deposition of 
Pu coming from nuclear weapon tests between the hemispheres. As for the Northern Hemisphere, 
the highest concentrations are observed in Scandinavia and the Alps. No relevant differences have 
been noticed between the hemispheres in the case of 238Pu. The cryoconite from the southern 
hemisphere is characterized by high heterogeneity in terms of both Pu activity and mass ratio. 

The isotope ratios of 238Pu/239+240Pu, so far unprecedented in the literature, have been for the first 
time observed in the cryoconite of the Exploradores Glacier in Patagonia. Researchers 
hypothesize that the excess of 238Pu may be related to the fall of the Soviet space probe MARS-96, 
which sank in the ocean off the coast of Chile in 1996. The space probe contained a generator with 
238Pu, which may explain higher concentrations of this isotope on the nearby glacier. The results of 
the study are the first observations of their kind showing anomalies in plutonium isotope ratios in 
the Southern Hemisphere. 

Additionally, the cryoconite samples from South American glaciers demonstrated 240Pu/239Pu mass 
ratios significantly deviating from those found in the literature, which may suggest that the 
dominant source of Pu is related to low-altitude nuclear tests conducted in the area of French 
Polynesia. 

 
“The concentrations of plutonium activity in the cryoconite that we have observed are – especially 
in the Northern Hemisphere – orders of magnitude higher than in other environmental matrices 
used to monitor the environment, such as lichen, moss, soil, and sediments. Simultaneously, our 
discoveries emphasize the importance of cryoconite in the accumulation of radioactive 
contaminants that may pose a potential threat to the surrounding fauna and flora, and at the same 
time they may help us to track the diffusion of those pollutants”. – notes Dr. Edyta Łokas. 

 
The group of researchers from IFJ PAN continue their work. The next investigations, conducted in 
cooperation with the AGH University in Kraków, took place at the ice cap of Jostedalsbreen in 
Norway. The expedition, organized in August 2024, aimed at better understanding the processes of 
contaminant accumulation in glaciers and their sources. 

The Henryk Niewodniczański Institute of Nuclear Physics (IFJ PAN) is currently one of the largest research institutes of the Polish 
Academy of Sciences. A wide range of research carried out at IFJ PAN covers basic and applied studies, from particle physics and 
astrophysics, through hadron physics, high-, medium-, and low-energy nuclear physics, condensed matter physics (including materials 
engineering), to various applications of nuclear physics in interdisciplinary research, covering medical physics, dosimetry, radiation and 
environmental biology, environmental protection, and other related disciplines. The average yearly publication output of IFJ PAN 
includes over 600 scientific papers in high-impact international journals. Each year the Institute hosts about 20 international and national 
scientific conferences. One of the most important facilities of the Institute is the Cyclotron Centre Bronowice (CCB), which is an 
infrastructure unique in Central Europe, serving as a clinical and research centre in the field of medical and nuclear physics. In addition, 
IFJ PAN runs four accredited research and measurement laboratories. IFJ PAN is a member of the Marian Smoluchowski Kraków 
Research Consortium: “Matter-Energy-Future”, which in the years 2012-2017 enjoyed the status of the Leading National Research 
Centre (KNOW) in physics. In 2017, the European Commission granted the Institute the HR Excellence in Research award. As a result 
of the categorization of the Ministry of Education and Science, the Institute has been classified into the A+ category (the highest 
scientific category in Poland) in the field of physical sciences. 
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A typical cryoconite hole (Source: IFJ PAN)  
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Dr. Edyta Łokas collecting a cryoconite sample from a glacier (Source: IFJ PAN)  
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A diagram showing plutonium isotope depositions on the surface of a glacier. (Source: IFJ PAN) 
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