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Electrochemical water treatment can degrade
virtually any organic contaminant.
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1 cm

Ti/IrO2-Ta2O5

Blotevogel, J.: An electric fix for removing longlasting chemicals in groundwater. The Conversation, 04/10/2017

Field installation of mesh electrodes
as permeable reactive barrier (e-barrier)
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1,4-Dioxane is one of the most widely detected
organic compounds in U.S. water wells.

tested locations
MRL exceedance

Suthersan et al., Ground Water Monit. R. 2016, 36, 15-25

liver & kidney toxicity, 
probable human 

carcinogen (U.S.EPA)

U.S. EPA Health Guideline 0.35 μg/L
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1,4-Dioxane is highly mobile and its biodegradation
inhibited by chlorinated solvents.

1 Mile

Source: National Public Radio 2018

Zhang, S.; Mahendra, S. et al., Environ.Sci.Technol. 2016, 50, 9599
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Electrochemical treatment oxidizes 1,4-dioxane,
but energy efficiency is low.

Faradaic Efficiency
< 99.99%
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Conceptual model for bioelectrochemical treatment: 
harnessing synergistic effects.
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Pseudonocardia dioxanivorans CB1190

grows using 1,4-dioxane as the sole source of 
carbon and energy 

monooxygenase initiates 
ether bond cleavage  

1,4-dioxane is completely
mineralized to CO2

biodegradation is inhibited by CVOCs
1,1-DCE > cis-1,2-DCE > TCE > 1,1,1-TCA
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Pseudonocardia dioxanivorans CB1190
can aerobically metabolize 1,4-dioxane.

Mahendra, S. & Alvarez-Cohen, L. 2005, 2006, 2007, 2013. Zhang, S.; Gedalanga, P.B.; Mahendra, S. 2016, 2017
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qPCR reveals “sweet spot” of bacterial abundance
~10-15 cm downstream of anode.

1.E+00

1.E+01

1.E+02

1.E+03

1.E+04

1.E+05

1.E+06

1.E+07

1.E+08

1.E+09

0 5 10 15 20 25 30 35 40 45 50

BIOFILM

2.5              12.5             22.5             32.5

+

LOD

Flow

108

106

104

102

100

Distance from anode (cm)

CB
11

90
 A

bu
nd

an
ce

 (c
el

ls
/g

)



10

Incomplete electrochemical 1,4-dioxane oxidation
generates growth-supporting intermediates.

Source: S. MahendraFlow
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Jasmann, J.R.; Blotevogel, J. et al., Environmental Science & Technology 2016, 50, 8817-8826
Jasmann, J.R.; Blotevogel, J. et al., Environmental Science & Technology 2017, 51, 12619-12629
Blotevogel, J. et al., Ground Water Monit. R. 2019, 39, 36-42
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Design of a 2nd generation bioelectrochemical reactor

Ti/SnO2-X mesh anodes

1 cm
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Bioelectrochemical treatment decreased
1,4-dioxane from >100,000 to < 3 μg/L.
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The common co-contaminant and inhibitor
1,1-DCE is removed by 99 %.
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Despite ~99 % 1,1-DCE removal,
1,4-dioxane biodegradation is still slowed.

inhibition

inhibition
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Less oxidation by-products are formed
at lower applied potential.
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Bioelectrochemical treatment of 1,4-D has
lower material usage and energy consumption.



17

Electrochemical oxidation mineralizes PFASs in AFFFs,
but can biological processes help?
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Ultrahigh-resolution mass spectrometry
unravels composition of complex AFFF mixtures

Fourier-Transform Ion Cyclotron Resonance
(FTICR) mass spectrometry detects ~20,000 

compounds in AFFF.
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Current development of bioelectrochemical reduction
for perchlorate-contaminated groundwater
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Scaling up bioelectrochemical treatment

Electrobiogeochemical reactor (e-BGR) 
modified from Gamlin & Downey, Enviro Wiki

Pankow & Cherry 1996

Blotevogel, J. et al., Ground Water Monit. R. 2019, 39, 36-42
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Summary – benefits of bioelectrochemical treatment

 synergistic treatment effects:
• microbial utilization of O2 and H2
• transformation of persistent parent compounds 

into growth-supporting intermediates
• removal of inhibiting co-contaminants

 reduced electrode material usage

 increased electrode service life

 lower energy consumption

 decreased by-product formation
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