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Introduction

Per- and polyfluoroalkyl Substances (PFAS)
—CF; or —CF,—

Perfluoroalkyl acids and perfluoroalkylether acids (PFAA), e.g. Precursors to PFAA, e.g.
( N\ 2

perfluoroalkane sulfonyl fluoridess (PASF)

perfluoroalkyl carboxylic acids (PFCA), C,F5,.,-COOH, e.g. PFOA perfluoroalkanoyl fluorides (PACF) and their —  side-chain fluorinated polymers
derivatives, C,F,,,1SO,R/C,F,,,1CO,R e.g. (meth)acrylate, urethane, or

— oxetane polymers with non-fluorinated

perfluoroalkane sulfonic acids (PFSA), C,F5,.,-SO;H, e.g. PFOS n:2 fluorotelomer-based substances backbon‘;s an fuorinated side-chains

CrFone1CH,CH,-R :
s o | non-polymers

perfluoroalkyl phosphonic acids (PFPA), C.F,,.1-POsH, per- and polyfluoroalkylether-based — R = NH, NHCH,CH,OH, stc.
substances  —

perfluoroalkyl phosphinic acids (PFPiA), (CFy,.1)(C,Foms1)-POH €.9. C,F30410C,Foms1 -R

perfluoroalkylether carboxylic acids (PFECA), e.g. C,F;0C,F,OCF,COOH some hydrofluorocarbons (HFCs, e.9. C,Fy;.1-CrHjp.1), hydrofluoroethers (HFEs,
e.9. C,F5,410CHo1) and hydrofluoroolefins (HFOs, e.g. C,Fy,.-CH=CH,);

perfluoroalkylether sulfonic acids (PFESA), e.g. C¢F430CF,CF,SO;H perfluoroalkyl (C,F,.1C(0)C,,Fom.1) and semi-fluorinated (C,F,,,1C(0)C,Hyy.1) ketones;
perfluoroalkyl alcohols (CF,,.,0H)

\§ J \ J
Fluoropolymers, e.g. Perfluoropolyethers, e.g.
polytetrafluoroethylene (PTFE), -(CF,CF,),- <CF20>——CF2CH2—<OCH2CH2)_O OH
; FEFEFE FJ[F E q n e
polychlorotrifiuoroethylene (PCTFE), -(CF,CFCI),- F4CO YA CFq HO Yo
polyvinylidene fluoride (PVDF), -(CF,CH,), - F,C F 2 & (0cr.crsj 0ck ZC“AOC“ZC“Z).TRP/OH
Za
fluorinated ethylene propylene (FEP), -(CF,CF,),-(CF,C(CF3)F),- s ! n=1,2 p/q=0.5-3 HORNO

Other PFAS*, e.g.

perfluoroalkanes, e.g. perfluoroalkylethers, e.g. perfluoroalkylamines, e.g.
FRFR FFF Ll F TRaSRChe
F (0)
B F F N
FFEFF E A GRCR CFCE GF CFCE CR:

* These PFAS have been less discussed in the public domain, but they meet the definition of PFAS as recommended in Buck et al. (2011) and OECD (2018). They are primarily PFAS with limited chemical reactivity.

2 (Kwiatkowski et al., 2020. ES&T Lett.; Wang et al., 2021. ES&T)



Introduction

Microbial Cleavage of C—F bonds

Man-made organofluorines

. Fact sheet
F+H* _
\HAD/ _+ ’ O\)CJ)\ - The strongest single bond
H - O |- The highest electronegativity
@ _ Glycolate 1 Much lower redox potential
Fluoroacetate . ¥, (reaching the physiological | F
5 limit)
X S - Toxicity of intracellular F
L-2-haloacid (Wackett, 2021; Gribble, 2002; 7 '
dehalogenases (HAD) Bpr00530 Park et al., 2009)

(Chan et al., 2021)

substrate channels
1/

¥ (Bommer et al., 2014)

Reductive dehalogenases (Picture source: google.com)



Introduction

Bioremediation of halogenated contaminants and co-contaminants

Spill Site ‘_U n :i* Ground Surface

Contaminated Zone y Water Table
llenge 1: Efficient e~ transfer Groundwater Flow
—
- alogenation
H H\ /C|
0 C=C/ /CZC\ *’
0 H W cl H

aerobic biodegradation

Anaerobic reaction zone _ e
Challenge 2: Deeper dehalogenation E j _~.cO
2

@)

Challenge 3: Simultaneous biodegradation of co-contaminants

Aerobic reaction zone

* The goal: address the bioremediation challenges using a synergistic
materials-microbe interface



Introduction

Synergistic Material-Microbe Interface towards Faster, Deeper, and
Air-tolerant Reductive Dehalogenation

[e ]
“Natural”’ bioremediation I\/Iaterials-microbe @( Faster
. hybrids X

Diffusion-controlled

» Renewable * Iw “‘Deeper”

Microbe A electricity —>-
% =

Photovoltaics

Substrate

Contaminant
CI\ /CI 0 -free Air

C=C PFAS
CI/ H [Oj - O( 0( Air-tolerant

Co- contamlnant degradtlon



Research Questions

Biological reductive defluorination  Bioelectrochemical reductive defluorination

, \ E\\ «—0as outlet Que stions
| 0
I LN ol _0 &l : N /
: FF F H or F = | O Can
: T U F ey ! biodefluorination be
612t g%“2 I .
; : : enhanced in the
! Ao ; electrochemical
| F H
TN T | system?
: Organohalide-respiring Cstizsél | @) And If SO, Vla WhICh
: \ microorganisms (KB-1) I mechanlsms,?
| :
: %; 80 | o Enhanced
G 02 ! biodefluorination by
S 60- 160 = I
S (e £ | enhanced e~
| < 9
I % 404 L40 8 I transfer?
- 30 S | . o Synergies between
: 20 20 : e"’; di | PFMeFUP’: '4H o, ° biological and
L s : N | e electrochemical
3 ,’ e \ = o efe e . .
: 20 40 60 80 100 120 140 160 (Yu et al., 202 0)_!, ) ooy I MF m . ... defluorination? /

6

Cation Exchange
Membrane
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Peak area
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Results
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Microbial community change in the bioelectrochemical system
100%
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Questions

&Zan biodefluorination
be enhanced in the
electrochemical
system?

o And If so, via which

mechanisms?

o Enhanced
biodefluorination by
enhanced e-
transfer?

o Synergies between
biological and

electrochemical

defluorination? /

Take-home Messages

« Faster and deeper reductive defluorination
was achieved In the bioelectrochemical
system.

* The mechanic understanding:

* The synergies between biodefluorination
of the parent compound and
electrochemical defluorination of the
biodefluorination products.

* The electrochemically facilitated
biodefluorination of intermediates.

14



o Optimize the electrochemical system to
better support sustainable growth of the
defluorinating culture.

o Integration of other novel nanomaterials
to further enhance defluorination.

o Test different PFAS compounds.

o Test different defluorinating cultures
obtained in the lab and from other labs.

_________________________________ O,
""" G _ _ -
N e Vol https://environmicrobe.weebly.com/opportunities.html
Congjpou;’:ndl .' [
Pl 1l el
l?/'evZJ-. _LIA
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