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Arsenic
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• Natural environmental toxin.

• First symptoms are skin 
legions (keratosis, 
melanosis)

• Carcinogenic: lung, bladder 
cancers cause heavy 
mortality

• Impact of children (birth 
weight, impaired cognitive 
development)



Arsenic and rice
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DMA

Modified from Punshon et al., 2017

As

• Arsenic accumulates in rice 
grains

• The concentration of As in 
rice varies greatly based 
on:

• geographical origin
• rice variety 
• rice processing
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Microbes chemically transform arsenic

As(V)

Soil microorganisms drive As methylation and volatilization
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Rice cultivation requires irrigation

Flooded rice paddy 

groundwater

well

Rice paddy

Groundwater irrigation

However, groundwater can contain arsenic



Arsenic in groundwater
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Engineer biological arsenic volatilization
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Stimulate As 
methylation

As

Arsenic methylation 
microorganism (bio-
augmentation)

Chemical compound that 
stimulates existing arsenic-
methylating organisms (bio-
stimulation)

Allow partitioning to atmosphere

methylated As

Trap gas-phase and remove As
Land management to 
stimulate arsenic 
methylation
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How to promote arsenic methylation in soil?

▪ The absence of oxygen
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Anaerobic conditions promote As methylation

▪ The absence of oxygen (flooded soil) promotes arsenic methylation. 
Therefore, keeping the soil flooded even in between cropping cycles 
could promote volatilization. 

Gao et al, 2024 ISME J
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How to promote arsenic methylation in soil?

▪ The absence of oxygen (flooded soil) promotes arsenic methylation. 
Therefore, keeping the soil flooded even in between cropping cycles 
could promote volatilization. 

▪ Nutrient limitation
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Nutrient limitation promotes As methylation

▪ Nutrient limitation (low organic carbon) promotes microbial arsenic 
methylation. Therefore, in between cropping cycles, it is important to 
remove rice straw and keep the soil flooded and bare.

Increasing 
organic 
carbon

Increasing 
methylated 
As

Qiao et al, 2024 ASM
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How to promote arsenic methylation in soil?

▪ The absence of oxygen (flooded soil) promotes arsenic methylation. 
Therefore, keeping the soil flooded even in between cropping cycles 
could promote volatilization. 

▪ Nutrient limitation (low organic carbon) promotes microbial arsenic 
methylation. Therefore, in between cropping cycles, it is important to 
remove rice straw and keep the soil flooded and bare.

▪ The amendment of sulfate (for instance as gypsum) promotes arsenic 
methylation (in the absence of oxygen).

▪ Goal in the future: identify very efficient arsenic methylating bacteria that 
are anaerobic (live without oxygen).
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Function of arsenic methylation
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Detoxification:

Volatile

Detoxification mechanism.

• Lower toxicity of the 
pentavalent 
methylarsenicals.

• Volatilization by 
trimethylarsine.


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14

