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Tracing sources and pathways of phosphorus in soils, water 
and air 

 
Phosphorus is an essential element for all living organisms. On the one hand, too little 
available phosphorus in soils limits primary productivity and agricultural production. On 
the other hand, too much phosphorus, e.g. from fertilizer, can lead to the transfer of 
phosphorus from agricultural fields to aquatic ecosystems causing eutrophication and 
toxic algal blooms. The transfer of excess phosphorus occurs, both, via overland flow 
during storm events, but also via subsurface flow during saturated conditions. To date, 
little is known about the relative contribution of these different flow paths, which is neces-
sary to mitigate this pressing environmental problem. 

   
Tracing the transfer of phosphorus from soils to waters  is a challenging task. In contrast 
to other light elements, phosphorus only has one stable isotope (31P). Therefore, it is not 
possible to directly analyze the ratio of heavy to light stable isotopes of phosphorus. 
However, under ambient conditions, phosphorus usually is associated with oxygen form-
ing organic and inorganic phosphates (PO4

3-). Methodological advances during the past 
decade allow to analyze the stable oxygen isotope ratios of phosphates from environ-
mental samples, which can then be used as an indirect tracer of phosphorus.  

 
Here, I will discuss the use of the oxygen isotope ratios of phosphate as tracer of phos-
phorus along the soil-freshwater continuum in riparian zones of wetland ecosystems in 
Canada. To do this, I will present my work on the biogeochemistry of phosphorus in wet-
land soils including case studies from temperate grassland ecosystems and boreal peat-
lands. Last but not least, I discuss the potential of tracing atmospheric inputs and losses 
of phosphorus to and from arctic soils during wild fires.  

 
  
 


