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Abstract 

Iron (Fe) speciation is important for many biogeochemical processes. The high abundance and 

limited solubility of Fe(III) are responsible for the widespread occurrence of Fe(III) minerals in the 

environment. Co-precipitation and adsorption onto mineral surfaces limits the free concentrations 

of compounds such as arsenate (As(V)), Fe(III) and, phosphate (P(V)). Mineral dissolution, on the 

other hand, might lead to elevated concentrations of these compounds. Fe speciation is strongly 

affected by natural organic matter (NOM), which suppresses hydrolysis of Fe(III) via complexation. 

It limits the formation of Fe(III) minerals and Fe(III) co-precipitation. This thesis is focused on 

interactions between Fe(III) and NOM as well as their impact on other elements (i.e. As(V) and 

P(V)). X-ray absorption spectroscopy (XAS) was used to obtain molecular scale information on Fe 

and As speciation. This was complemented with infrared spectroscopy, as well as traditional wet-

chemical analysis, such as pH and total concentration determinations. Natural stream waters, soil 

solutions, ground water and soil samples from the Krycklan Catchment, in northern Sweden, were 

analyzed together with model compounds with different types of NOM. A protocol based on ion 

exchange resins was developed to concentrate Fe from dilute natural waters prior to XAS 

measurements. Iron speciation varied between the stream waters and was strongly affected by the 

surrounding landscape. Stream waters originating from forested or mixed sites contained both 

Fe(II, III)-NOM complexes and precipitated Fe(III) (hydr)oxides. The distribution between these 

two pools was influenced by pH, total concentrations and, properties of NOM. In contrast, stream 

waters from wetland sites and soil solutions from a forested site only contained organically 

complexed Fe. Furthermore, the soil solutions contained a significant fraction Fe(II)-NOM 

complexes. The soil samples were dominated by organically complexed Fe and a biotite-like phase. 

Two pools of Fe were also identified in the ternary systems with As(V) or P(V) mixed with Fe(III) 

and NOM: all Fe(III) was complexed with NOM at low total concentrations of Fe(III), As(V) and/or 

P(V). Hence, Fe(III) complexation by NOM reduced Fe(III)-As(V)/P(V) interactions at low Fe(III) 

concentrations, which led to higher bioavailability. Exceeding the Fe(III)-NOM complex equilibrium 

resulted in the occurrence of Fe(III)-As(V)/P(V) (co-)precipitates. 
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