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Aerosol  phase  elements  such  as  phosphorus  (P),
sulfur (S), and metals including iron (Fe) are essential
nutrients that could help sustain potential biodiversity
in the cloud deck of Venus. While the presence of S
and Fe in the venusian cloud deck has been broadly
discussed  (Zasova  et  al.,  1981;  Krasnopolsky,  2012,
2013,  2016,  2017;  Markiewicz  et  al.,  2014),  less
attention has been given to the presence of P in the
aerosols  and  its  involvement  in  the  multiphase
chemistry of venusian clouds and potential sources of
P deposition in  the  venusian  atmosphere.  A detailed
characterization of phosphorus atmospheric chemistry
in the cloud deck of Venus is crucial for understanding
its solubility and bioavailability for potential venusian
cloud  microbiota  (Schulze-Makuch  et  al.,  2004;
Grinspoon and Bullock,  2007;  Limaye et  al.,  2018).
We  summarize  our  current  understanding  of  the
presence of P in the clouds of Venus and its role in a
hypothetical  atmospheric  (bio)chemical  cycle.  The
results of the VeGa lander measurements are put into
perspective  with  regard  to  nutrient  limitation  for  a
potential  biosphere  in  venusian  clouds.  Our  work
combines the results of the VeGa measurements and
focuses on P as an inorganic nutrient component and
its potential sources and chemical behavior as part of
multiple  transformations  of  atmospheric  chemistry.
The  VeGa  data  indicate  that  a  plentiful  phosphorus
layer exists within a layer that reaches into the lower
venusian clouds and exceeds minimum P abundances
for terrestrial microbial life (Figure 1) (Milojevic et al.,
2021). Extreme acidification of airborne phases in the
atmosphere  of  Venus  may  facilitate  P  solubilization
and  its  bioavailability  for  a  potential  ecosystem  in
venusian  clouds.  Further  sampling  and  P  abundance
measurements  in  the  atmosphere  of  Venus  would
improve our knowledge of P speciation and facilitate
determination of a bioavailable fraction of P detected
in  venusian  clouds.  The  previous  results  deserve
further  experimental  and  modeling  analyses  to
diminish  uncertainties  and  understand  the  rates  of
atmospheric deposition of P and its role in a potential
venusian cloud ecosystem. 

Figure 1.  Microbial  phosphorus  acquisition  and
strategies  for  life  in  phosphorus-poor  terrestrial
environments. 
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