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Phosphorus (P) is an essential nutrient for plant growth. According to the vision of circular
bioeconomy, the management of nutrient-rich wastewaters should include both treatment and
utilization goals (Battista & Bolzonella, 2019). Consequently, the application of in-situ resources
utilization (ISRU), using typical Martian soil (e.g., Yen et al., 2005), is vital for the sustainability of
future long-term settlements on Mars.
Martian soil simulants, provided by The CLASS Exolith Lab from the University of Central Florida,
were tested for their phosphorus sorption capacity. Sorption of phosphate anions (PO4-P) from
aqueous solutions (AS) of KH2PO4 and sodium bicarbonate, as well as from hydrolyzed human
urine (HU) was examined at a preliminary stage, using three Martian soil simulants (MGS-1;
Rocknest soil, MGS-1S; M-WIP Reference Case B and MGS-1C; M-WIP Reference Case C; Cannon et
al. 2019). In particular, isothermal, kinetic, pH, temperature, initial sorbent concentration (5 g soil
simulant/L AS or HU, 10 g/L and 15 g/L) and desorption experiments were carried out, the duration
of which ranged from five days to three weeks.
The percentage of phosphorus removal was up to 60 % for the aqueous solutions and 24 % for the
hydrolyzed human waste. The sulfate-rich simulant (MGS-1S) exhibited the best results. The major
phases of MGS-1S are: gypsum, plagioclase, basaltic glass, pyroxene, and olivine. Temperature and
the initial pH seem to be the dominant factors affecting P sorption. Equilibrium between sorbent
and AS was achieved between five and seven days, as indicated by kinetic experiments. Isothermal
experiments at 25 ⁰C with AS of different P concentrations displayed a linear correlation between
adsorption capacity (q) and P-concentration (r2=0.98). Maximum q was observed at 8.5 and 27
mg/g for AS and HU experiments respectively, when 5 g/L of initial sorbent concentration was
used. X-ray diffraction (XRD) of the sorbents treated with AS showed the presence of the newly
formed phases berlinite and brushite. Perhaps due to hydrolysis of the pre-existing illite,
aluminum bound with the solution’s phosphates, forming berlinite and buffering AS’s pH to lower
values. Formation of brushite is possibly indicative of gypsum (predominant phase in the raw
material) dissolution subsequently releasing sulfate anions. In a similar approach, XRD evaluation

of the sorbents treated with HU revealed the newly formed phases calcite and hannayite.
Phosphate and ammonia ions were likely to bind to the sample and were precipitated within
newly formed calcium-bearing phases.
These experiments form a preliminary study of Martian soil simulants, and initial results indicate a
possible use of Martian soils as waste recipients or as fertilizers in future missions.
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