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Phosphorous
• Plant essential nutrient

• PO4
3─  is plant available

 Comes mostly from mineral sources in inorganic forms
 Availability influenced by mineral solubility 
 Can leave soil through leaching or erosion

• Usually supplemented by fertilizer
 Rock phosphate (Ca10(PO4)6(X)2)

 Fluorapatite
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Factors impacting P availability
• pH

 More soluble around neutral pH
 Binds with Ca at high pH
 Binds with Al and Fe

• Organic matter content
 C promotes P mineralization

• Aeration
 Aeration promotes adsorption

• Eh
 More available when oxidized
 Reduced form is prone to leaching
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Why use wastewater?
• Byproduct that is reported to supply >70% of P for plant growth (Davand et al.)

 Through precipitation of struvite (Omidire, 2022)

• Sustainable alternative to rock phosphate

• Environmental concerns and application limits
 Depends on the industry

Photo courtesy of Davand, 
et al, 2022

Can we modify wastewater for use as 
a source of P fertilizer?



Wastewater composition
• Water was collected in West Azerbaijan, Iran

 70% domestic & 30% Industrial

• We are not interested in EC or BOD
 Do not impact the ions within water
 Tells you about those ions at a specific condition

• TOC  acetate

• IC  carbon



Original output



PO4
─ & pH

• What if we change pH?
 Optimal pH of wastewater is between 6.5 to 8.5 (J mark)



Changing Fe and Al activities
• More Fe and Al are available to bind with PO4 

 Less available solution P

• Legal limits: (LIQTECH)     Fe < 7 ppm
Al < 0.2 ppm



PO4
─ & organic carbon

• Increasing carbon results in P mineralization
 Double the amount of SOC



Takeaways

For this particular wastewater:

• PO4
3─  is higher at higher pH

• Fe and Al don’t really impact available P
• Increasing SOC doesn’t impact available P

We can modify wastewater to serve as a 
viable source of P 
• May not be economically feasible
• Within legal application limits



Modeling P sorption in PHREEQ
• Sorption is how sticky something is to a surface

• Phosphate is an anion
 Cannot be modeled in PHREEQc
 Davand, et. al, models in a different software

• Utilize PHREEQ-N-Titration-PO4-Adsorption Model
 coding program developed in 2021 by USGS & 

Pennsylvania Water Science Center
 Single or mixed solutions
 Stagnant or flowing
 Can be modeled on a mass or mol basis
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IPhreeqc runs in the 
background of the PO4

3─ 

sorption GUI





The Bradley Run Case
• Spellman et al., 2021

 This example is programmed into the downloaded zip file

• Simulates the interaction of stream water, municipal wastewater and mine 
drainage

• Shows that P sorption is impacted by available quantity of previously 
accumulated HMeO sorbent 

• PO4
3─ is able to precipitate and thus sorb by reducing (Al)

 Adjusts the of gibbsite and Al(OH)3









Conclusions
• We can now model sorption of both anions and cations!

 Informs management practices to avoid P loss
 Can be used for a wide variety of scenarios

• Lots more to be done and learn
 In order to model this particular water, we would need to add ions to the database

• For more information this software download can be found on the summary sheet
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Pictures
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