Exploration of Treatment Technologies
for PFAS Remediation
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What a mess!
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Short - vs. Long -Chain PFAS

Short-Chain
A < 6 Csin chain
(Ultra-short: 2-3 Cs)

A Water solubility increases
as C chain decreases

(solubility > 20 g/L)
A Dissolved = high mobility
A Less hydrophobic = mobile

A Persistent degradation
products

NORTH DAKOTA
STATE UNIVERSITY

Long-Chain

A 62 Csin chain

A More lipophilic as C chain
length increases

A Bind with particles present
In water

A High bioaccumulation
potential



Short - and Long -Chain PFAS

Some typical short- and long-chain PFAS compounds

Compound Acronym Mol. MW
P Y formula g/mol
Perfluorocarboxylic acids (PFCA)
Perfluorobutanoic acid PFBA C4HF-0- 214.04
Perfluorohexanoic acid PFHxA CegHF1105 314.04
Perfluoroheptanoic acid PFHpA C-HF150, 364.06
Perfluorooctanoic acid PFOA CgHF,50, 414.07
Perfluorosulfonic acids (PFSA)
Perfluorohexane sulphonic acid PFHxS CgHF1305S 400.12
Perfluorooctane sulphonic acid PFOS CgHF,705S8 500.13
Perfluoropentane sulphonic
Horop P PFPeS C.HF,;05S  350.11
acid
Perfluoroheptane sulphonic
_ P P PFHpS C,HF;<0,S  450.12
acid
Perfluorobutanesulfonic acid PFBS C4HF5055 300.10
NORTH DAKOTA Militao et al., 2021
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UV and Chlorination

A Both UV and chlorination are ineffective
A UV alone removes about 17% of PFAS acdongeta, 2019)

A PFAS - resistant to chlorination even when combined
with other unit processes

A H,0,/UV works

A O,/ H,O, works

NORTH DAKOTA
STATE UNIVERSITY



Carbon -based Materials

ACs
1. Large surface area
2. High porosity
3. Chemical and thermal stability,
4. Non-polar and hydrophobic surface

I PAC, ACF, GAC work for long chain PFAS

T Some AC removed short chain PFAS

Pauletto et al., 2022, Franke et al., 2019, 2020; Murray et al., 2019
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Carbon-based Materials

GAC: long-chain PFAS

Anion-exchange: Long- and Short-chain PFAS, but Ultra
Short-chain PFAS and precursors

Ozofractionation: Effective for many PFAS

Chemical Oxidation: Maybe but shorter chain PFAS formed
Electrochemical Oxidation: Undesirable by-products
Sonolysis: Potential destructive technology but scale up
Soils Stabilization: Only phase transfer?

Thermal technologies: >500 °C - scale up!!

NORTH DAKOTA
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Other Methods

RO and NF
1. Long-chain: 90%T1 99%
2. Short-chain 50%1 99%
3. Fouling has doomed them

Membrane Distillation
Electrodialysisi RO hybrid
Foam Fractionation

Electrocoagulation
Coagulant Aids

NORTH DAKOTA Chen et al., 2020, Tow et al., 2021, Zhao et al., 2019, Tenorio et al., 2020, Bentel et al., 2020
STATE UNIVERSITY



Other Methods

Photo-chemical Processes

1. TiO,

2. Titanatenanotubes (TNTS)

3. Fe/TNTs@AC

4. Boron Nitride

5. Pt-Bi,0, with Kl an electron donor
6. Sulfite (SO5%)/Persulfate (S,04%)
/. Plasma/Electron Beam Treatment

- VL: 400 nm
- UV: 200-280 nm

Cao,et al., 2020; Wang, Chen, et al., 2020; Xu et al., 2020; Duan et al., 2020; Li et al., 2020; Tenorio et al., 2020; Horst et al., 2020
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Metal/Metal Oxides

Nano Metal/Metal Oxides

1. AIZO3,
2. Fe,04
3. SiO2 Co-adsorption of PFOS and Cu(ll) at pH 5.0
1 2+ 2+
4. TIO, S PFOS anion

5. Fe0 (nZVI) § §§§§ §

OH,* OCu* OCu* OCu* OH,* OCu* OH,* OH," OCu* OH," OH," OH

Lu et al., 2016

Lu et al., 2016; Masud et al., 2021; Gu et al., 2018

NORTH DAKOTA
STATE UNIVERSITY



Organic Frameworks

Metal Organic Framework (MOF)
75-98% in ~10 min Iin presence of co-contaminants

NORTH DAKOTA Lietal., 2021
STATE UNIVERSITY



Revisiting PFAS Chemistry
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Hydrophilic Polar Head
(Variable Composition)

Panieri et al., 2022



Charged Adsorbents
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Learning from Self

Metabolism Organs

PFOA, PFOS, PFDA, PFNA, and PFHxS

PFOA, PFHxS, and PFOS
calciul m
' PFOA, PFDA, PFOS, PFHxS, and PFNA
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PFOA, PFOS, PFUnDA, PFDA, PFNA, and
PFHxS

PFAS bind to serum albumin and other proteins,
which concentrate in blood-rich organs

NORTH DAKOTA (Bischel et al., 2011; Bogdanska et al., 2014; Burkemper et al., 2017; Cakmak, et al., 2022).
STATE UNIVERSITY



Learning from Eggs
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Egg yolks
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Egg whites
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Learning from Human Cells

Calcium Stores

Cao and Ng, 2021
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STATE UNIVERSITY
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PFAS tend to enrich in edible parts (e.g., fruits and leaves) of plants

NORTH DAKOTA

STATE UNIVERSITY (Blaine et al., 2013; Felizeter et al., 2012; Lui et al., 2019)



