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Phosphate and arsenate adsorption on iron mineral surfaces 
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Phosphate and arsenate are of major concern in environmental chemistry. Phosphate is essential for 

plant growth in natural systems and is a nutrient that usually limits algal growth and eutrophication 

in surface water bodies. Arsenate, on the other hand, is a contaminant that may be present at high 

concentrations in groundwater. Even though both species are analogous, there may be very 

important differences between phosphate and arsenate since their biogeochemical behaviour is 

completely different. In fact, whereas phosphate is a macronutrient constituent of most biological 

tissues, arsenate is a toxic substance even at very low concentrations. 

It is well known that both phosphate and arsenate have relatively strong affinity for mineral 

surfaces. They are strongly adsorbed at the surface of metal (hydr)oxides, especially iron and 

aluminium oxides, which are important constituents of soils and sediments and key solids for the 

control of the transport and bioavailability of many nutrients and contaminants in the environment 

(Gao and Mucci, 2003; Li et al., 2010). 

In the present study, extensive adsorption experiments for phosphate and arsenate on different iron 

oxide (goethite, ferrihydrite) were conducted. Effects of pH, ionic strength, surface coverage and 

the presence of competing ions, Ca2+ or Mg2+, on the phosphate and arsenate adsorption were 

analyzed. The experimental results for the anion retention were explained by means of the CD-

MUSIC model (Hiemstra and van Riemsdijk, 1996; Hiemstra and van Riemsdijk, 2006). This 

surface complexation model has been developed to macroscopically quantify ion adsorption onto 

mineral oxides under various conditions and has become one of the most popular models to 

describe the surface reactivity of iron mineral surfaces. For the modelling calculations, the available 

spectroscopic and molecular information were used to select adequate surface species for both 

phosphate and arsenate. The combination of the experimental results and the modelling calculations 

showed that the dominant surface species in the whole pH and ionic strength range studied are the 

bidentante species.  
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