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Fig. 1 Release, oxidation and reduction as well as methylation of arsenic in paddy soil
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Table 2 Nitrogen-iron and carbon-iron recycling processes that may have potential influence on arsenic immobilization and reduction
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Fig. 4 Environmental chemical behavior of arsenic in flooded reducing paddy soil
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Oxidation, reduction and methylation of arsenic in paddy soil are the key factors regulating

transportation, transformation, and crop uptake of the element. Flooding is a common farming practice in
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rice cultivation, forming an anaerobic environment in the paddy soil, which not only affects the biochemical
behavior of arsenic significantly, but also is often associated with enhanced uptake of arsenic by rice,
thus further posing a health risk to those who consume rice as staple food. Studies in the past focused mainly
on those behaviors of soil arsenic in flooded anaerobic paddy soil and their relevant mechanisms, but a
comprehensive review of the studies is yet to be prepared.

In this study, the biochemical behaviors of arsenic in paddy soil is summarized, and their relevant
mechanisms and influential factors, including iron oxides, organic matter, redox potential ( Eh ) and pH
are discussed. Besides, the paper also elaborates discussed how the anaerobic condition in the flooded paddy
field during the paddy rice growing season affects those biochemical behaviors. Generally speaking, the iron
and arsenic reducing microbes in the soil are mainly anaerobic microbes, e.g. Geobacter, Shewanella and
Myxobacter, while the iron and arsenic oxidizing microbes are predominantly aerobic microbes. Therefore,
the development of an anaerobic reducing condition in flooded paddy fields favors microbial iron and arsenic
reduction, and what is more, as iron oxides are the most effective scavenger of arsenic in paddy soil, the
flooded anaerobic environment also favors release of arsenic. It is noteworthy that arsenic desorbed from iron
oxides is more prone to bioreduction. Studies in the past indicate that adsorption of arsenic by iron oxides
like ferrihydrite, goethite and hematite, especially ferrihydrite, the most abundant amorphous iron oxide
in paddy soil, retards bioreduction of arsenic. Another contributor to enhanced bioreduction and release
of arsenic is organic matter, which serves as nutritional substance and electron donor for microbes in
metabolism. In flooded anaerobic paddy soil, the addition of extraneous organic matter facilitates formation
of a reducing environment, stimulates reductive iron dissolution, arsenic reduction and arsenic release in
rate and extent. Besides, flooded anaerobic paddy soil is also favorable to arsenic methylation, which uses
arsenite as potenital inorganic substrate. Although flooded anaerobic paddy soil is not good to microbial arsenic
oxidation, anaerobic arsenic oxidation processes mediated by microbes harboring arxA gene in paddy soil
was reported in studies in the past. In terms of genes in microbes responsible for arsenic metabolism, current
researches focus mainly on the following ones: arrd, arsenic respiratory reduction gene; arsC, arsenic
detoxification reduction gene; aroA, arsenic oxidation gene; arxA, anaerobic arsenic oxidation gene;
and arsM, arsenic methylation gene. In the poevious studies, gene arsC was found in close relationship with
arsM, which is related to the response of the microbes harboring these genes to the stress of arsenic toxicity.
By studying changes in abundance, diversity and gene expression of the microbial community in flooded
paddy soil, a clearer picture can then be plotted of the biochemical behavior of soil arsenic in paddy soil as
affected changes in environment.

At the end, the paper describes prospects of the research and holds that the researches may serve as
references for prevention of arsenic contamination in paddy soil and for alleviation of uptake and accumulation
of arsenic by rice. For future researches the following aspects should be covered: (1) Effects of organic
matter, relative to type, on diversity of arsenic metabolising microbes that are capable of mediating
dissimilatory iron reduction, arsenic reduction and methylation, direct physciochemical interaction between
organic matter and arsenic, and ternary interaction of organic matter-iron mineral-arsenic as affected by
chelation, competition and coupling; (2 ) Response of arsenic metabolism related enzymes to variation
of micro-environment and its relationship with arsenic transportation and transformation, and relationship
between organic matter and arsenic methyltransferase in the microbes; (3 ) Influence of carbon and nitrogen
recycling, particularly Feammox, on biochemical behaviors of iron and arsenic, and influences of nitrogen-

iron recycling and carbon-iron recycling on arsenic redox, e.g. influences of the competition between
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dissimilatory iron reduction and Feammox on arsenic dynamics; (4 ) Systems research on dynamics of
the microbial community involved in arsenic metabolism in rhizospheric soil and bulk soil and biochemical
behaviors of arsenic at the soil interface and soil-solution interface in paddy fields subjected flooding and
draining, long term flooding or sprinkler irrigation.

Key words Paddy soil; Flooding condition; Arsenic; Biochemical behavior; Redox; Methylation
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