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Text S1. Procedure of sequential phosphorus extraction analysis 

Phosphorus species bound in minerals in the sludge were analyzed using sequential 

phosphate extraction methods. The 2,2’-bipyridine + KCl and bicarbonate dithionite (BD) 

extractions were used to quantify phosphate bound in vivianite (Bipy-P) and with 

reducible metals (e.g., Fe(III)) (BD-P), respectively, following the methods described by 

Gu et al. (2016) and Wang et al. (2021). In brief, the samples were oscillated with 25 mL 

mixture solution of 0.2 % bipyridine and 0.1 M KCl at 50 °C for 24 h. The suspension 

was filtered by 0.45 μm filter membrane and an extraction solution in red was obtained. 

1 mL of the extraction solution was then added into 10 mL colorimetric tube with 0.2 mL 

2 M H2SO4 and 8.8 mL deionized water. When the solution became colorless, the 

phosphorus content in vivianite was measured according to molybdenum antimony anti-

spectrophotometry methods. The remaining extraction solution from the previous step 

was incubated in 25 mL 0.11 M BD solution and shaken for 1 h to extract BD-P. Notably, 

the bipyridine solution does not require N2 purging, as Fe(II) oxidation is inhibited by the 

binding of bipyridine to the sample surface. 
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Table S1. Summary of research results on Feammox activity in different habitats reported in previous studies, including natural wetlands, 

farmland soils, lake catchments, constructed wetlands, and batch or bioreactors.  

 
Sampling environments Feammox-related microbes Reference 

Natural wetlands 

Intertidal wetland Geobacteraceae, (Li et al., 2015) 

Riparian zone Anaeromyxobacter, Pseudomonas, Geobacter (Ding et al., 2017) 

Yellow River wetland Anaeromyxobacter, Geobacter (Guan et al., 2023) 

Farmland soils 

Paddy soil 
Geobacter, Desulfovibrio, Clostridium, 

Pseudomonas 
(Zhou et al., 2016) 

Paddy soil Geobacter, Pseudomonas (Li et al., 2019) 

Wheat-rice rotation area Bacillus, Geobacter, Anaeromyxobacter (Qin et al., 2019) 

Farmland soils 
Geobacter, Anaeromyxobacter, Pseudomonas, 

Thiobacillus, Bacillus 
(Ding et al., 2020a) 

Paddy soil 
Bacillus, Anaeromyxobacter, Pseudomonas, 

Geobacter 
(Ding et al., 2021) 

Farmland soil Sphingomonas, Clostridium (Ma et al., 2021) 

Farmland soil Geobacteraceae (Ding et al., 2022) 

Paddy soils Geobacter, Anaeromyxobacter, Clostridium (Ma et al., 2024) 

Soil or sediment samples 
Pseudomonas, Rhodanobacter, Acinetobacter, 

Thermomonas 
(Ma et al., 2022) 

Lake catchments 

Taihu estuary region Geobacter, Anaeromyxobacter, Pseudomonas (Ding et al., 2019) 

Taihu watershed Geobacter, Anaeromyxobacter (Ding et al., 2020b) 

Eutrophic lake Geobacteraceae (Yao et al., 2019) 

Shallow freshwater lake Geobacteraceae (Yao et al., 2020) 

 

Constructed wetlands 

Wetland-microbial fuel cell Geobacter (Yang et al., 2021) 

Iron-carbon micro-electrolysis 

constructed wetlands 
Pseudomonas (Zheng et al., 2023) 
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Batch or bioreactors 

Anaerobic microbial culture 

tank 
Pseudomonas, Geobacter (Li et al., 2018) 

Multistage Feammox 

Bioreactor 
Pseudomonas, Geobacter (Nguyen et al., 2023) 

Electrochemically assisted 

Feammox system 

Geobacter, Clostridium, Achromobacter, 

Thermomonas, Pseudomonas, Thiobacillus 
(Wang et al., 2024) 

Hollow fiber membrane 

bioreactors 
Geobacter (Cerda et al., 2024) 

Iron-mediated anoxic-

microaerobic (A/O) process 
Ignavibacterium, Geobacter (Xu et al., 2024) 
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Fig. S1. XRD patterns of α-Fe2O3, Fe3O4 and synthesized amorphous FeOOH.  

 

 

 

 

 

 
Fig. S2. SEM and EDS results of the solid products. 
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Fig. S3. Different phosphate fractions bound in iron minerals in the bottom sludge and 

the fully-mixed sludge collected on day 310. Bipy-P is phosphate bound in vivianite 

“Fe3(PO4)2·8H2O”, and BD-P represents phosphate bound in oxidized vivianite, ferric 

phosphate and other Fe(III) compounds like amorphous FeOOH. The proportions of 

Bipy-P and BD-P in the fully-mixed sludge were consistent with the results obtained 

using the bottom sludge. The concentrations of Fe(II)- and Fe(III)-vivianite in the bottom 

sludge were significantly higher than those in the fully-mixed sludge. As known, the 

density of vivianite crystals of 2.68 g/cm3 is much higher than the approximate density 

of sludge at 1 g/cm3. As a result, vivianite crystals preferred to settle at the bottom of the 

bioreactor. 

 
 

 
Fig. S4. Mössbauer spectra of the sludge sample collected from the bioreactor on day 310. 
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Fig. S5. Changes of the DO concentrations in bioreactor taking the measurement on day 

120 as an example. The fluctuations in DO concentrations during the first 2 hours were 

likely due to the installation of the DO sensor. After stabilization, the DO concentration 

decreased by less than 0.06 mg/L, indicating a consistently low DO level in the bioreactor.   

 
 

 

Fig. S6. Relative abundances of bacteria at genus level in the sludge samples collected 

from the bioreactor on days 0, 90, 164, and 267. 
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