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Table S1. A summary of some representative applications of coupled technologies for PFAS removal. 

a Electro-oxidation; b Electro-coagulation; c Not available 

Types Processes PFAS Anodes pH Applied voltage 
/Current density 

Time 
(h) 

Removal 
performance 

Reactor 
configuration 

Energy 
consumption 

(kWh/m3) 
Ref. 

Tandem 
arrangement 

Ion exchange + EOa PFOA 
(100.5 mg/L) Ti4O7 n/ac 10.0 mA/cm2 17 77.2% Batch 450.0 (Liang et al., 2018) 

Ion exchange + EO PFAA 
(n/a) BDD 7.7 50.0 mA/cm2 8 >99.0% Batch 173 (Maldonado et al., 2021) 

Nanofiltration + EO PFHxA 
(774 mg/L) BDD 7.7 50.0 mA/cm2 1.47 ~100% Batch 15.2 (Soriano et al., 2017) 

Nanofiltration + EO PFHxA 
(204 mg/L) BDD ~7.0 50.0 mA/cm2 9 99.0% Batch 11.6 (Soriano et al., 2019) 

Nanofiltration + EO GenX 
(1 mg/L) BDD ~7.0 50.0 mA/cm2 4 ~60% Batch 47.5 (Pica et al., 2019) 

Nanofiltration/ + EO PFAA 
(70 μg/L) BDD 6.3 350.0 A/m2 46.7 99.9% Cross-flow 26.0 (Soriano et al., 2020) 

ECb + EO PFOA 
(0.05 μM) Zn, Ti4O7 6.0 10.0 mA/cm2 1 >95.0% Batch 0.95 (Shi et al., 2021) 

Integration 
arrangement 

Nanofiltration + EO PFOS 
 (10.0 μM) Ti4O7 REM 7.0 3.6 V 11.3 s ~100% Flow-through 6.7 (Le et al., 2019) 

Ultrasound + EO PFOA 
(60 mg/L) 

Ti/SnO2-
Sb/Ce-PbO2 n/a 15.0 mA/cm2 3 ~100% Batch 55.3 (Xu et al., 2020) 

Ultrasound + EO PFOA 
(100 mg/L) SnO2-Sb/CA n/a 20.0 mA/cm2 5 91.0% Batch n/a (Zhao et al., 2013) 

Ultrafiltration + EO PFOA 
(10 mg/L) 

TixO2x-1 and 
Pd/CNT 4.6 4.5 V 480 94.1% Flow-through 381.0 (Xie et al., 2022) 

PMS activation + EC PFOS 
(5 mg/L) Fe 3.0 60.0 V 1 ~100% Batch n/a (Li et al., 2022a) 
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Table S2. A summary of some representative applications of electro-oxidation, electro-adsorption, and electro-coagulation technologies for PFAS removal. 

Types Anodes  PFAS Applied voltage 
/Current density  pH Time 

(min) 
Electrolyte 

type 
Removal 

performance 
Reactor 

configuration 

Energy 
consumption 

(kWh/m3) 

Removal 
mechanism Ref. 

EOa 

BDD PFOA 
 (1 mg/L) 21.4 mA/cm2 n/ad 240 Na2SO4  

(14.2 mM) 99.5% Batch 143.0 n/a (Uwayezu et al., 2021) 

BDD PFOA 
 (0.1 mg/L) 75.0 mA/cm2 ~7.0 480 PBe  

(100 mM) 80.0% Batch 88.0 Cycles II and III (Pierpaoli et al., 2021) 

N-BDD PFOA 
 (50 mg/L) 4.0 mA/cm2 4.8 120 Na2SO4  

(50 mM) 100% Batch n/a Cycles II and III (Liu et al., 2019) 

Ti/SnO2-Sb PFOA 
 (100 mg/L) 10.0 mA/cm2 5.0 90 NaClO4  

(10 mM) 98.8% Batch n/a Cycles II and III (Lin et al., 2012) 

SnO2-Sb/CA PFOA 
 (100 mg/L) 20.0 mA/cm2 n/a 300 Na2SO4  

(100 mM) >91% Batch n/a n/a (Zhao et al., 2013) 

Ti/RuO2 PFOS 
 (0.1 mg/L) 100.0 mA/cm2 n/a 60 NaCl 

(5 g/L) 100% Batch 60.3 Cycles I, II and III (Barisci and Suri, 2021) 

Ti4O7 PFOS 
 (2.0 μM) 4.0 mA/cm2 n/a 120 Na2SO4  

(100 mM) 98.3% Cross-flow n/a Cycle II (Shi et al., 2019) 

Ti4O7-Pd PFOA  
(120 μM) 10.0 mA/cm2 7.2 60 Na2SO4  

(50 mM) 2.02 h-1 Batch 57.1 Cycle II (Huang et al., 2020) 

Nano-Ti4O7 PFOS 
 (2.0 μM) 10.0 mA/cm2 n/a 840 Na2SO4  

(100 mM) 99% Batch 4.7 n/a (Wang et al., 2022) 

(Ti1-xCex)4O7 PFOS 
 (20 μM) 20.0 mA/cm2 n/a 120 Na2SO4  

(10 M) 100% Flow-by 13.6 n/a (Lin et al., 2021) 

EAb 

P(TMAx-co-
TMPMA1−x) 

PFOA  
(100 μM) 1.0 V n/a 30 NaCl 

(20 mM) >1000 mg/g Batch n/a EIf (Kim et al., 2020a) 

Graphite PFOA  
(10 μM) 1.2 V n/a 0.17 n/a 2.52 mg/g Flow-by n/a EI (Shrestha et al., 2021) 

CC/PPy PFOA  
(5 mg/L) 0.4 V 5.5-

6.0 1440 NaCl 
(10 mM) ~6 mg/g Batch n/a EI (Tian et al., 2021) 

ACF PFOA  
(1 mg/L) 0.5 V 6-7 2880 Na2SO4  

(10 mM) ~80 mg/g Batch n/a EI (Saeidi et al., 2021) 

Cu/F-rGA PFOA  
(10 mg/L) 0.8 V 6.0 720 Na2SO4  

(1 mM) ~6.31 mg/g Batch n/a EI and F-F 
interaction (Liu et al., 2021) 

CNTs-20% 
graphene 

PFOA  
(100 μM) 0.6 V 3.6 240 n/a ~2.42 mg/g Batch n/a EI (Niu et al., 2017) 

ECc 
Al  PFOS  

(1 mg/L) 12.0 V 7.0 0.17 NaCl 
(1 g/L) 100% Batch n/a HIg (Bao et al., 2020) 

Zn PFOA  
(250 μM) 1.0 V 3.5 45 NaCl 

(10 mM) 99.8% Batch 0.14 HI (Mu et al., 2021) 
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Al PFOA  
(1 mM) 5.0 mA/cm2 3.0 30 NaCl 

(10 mM) 100% Batch n/a coagulation (Li et al., 2022b) 

Fe PFOS 
(0.25 mM) 25.0 mA/cm2 5.2 50 NaCl 

(2 g/L) 99% Batch 7.4 EI (Yang et al., 2016) 

Fe PFOA  
(24 μM) 40.0 mA/cm2 9.0 360 NaCl 

(35 mM) 100% Batch 23.2 coagulation (Kim et al., 2020b) 

a Electro-oxidation; b Electro-adsorption; c Electro-coagulation; d Not available; e phosphate buffer; f Electrostatic interaction; g Hydrophobic interaction 
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Table S3. A summary of advantages and disadvantages of electro-oxidation, electro-adsorption, and 

electro-coagulation technologies for PFAS removal. 

Types Advantages Disadvantages 

Electro-oxidation 

 High reactivity due to direct electron transfer 

 Direct mineralization of PFAS may be achieved 

 No additional toxic chemicals are required 

 Modular reactor design and easy automatic 

control 

◊ High energy consumption and low efficiency to 

the treatment of low concentration PFAS 

◊ Electrode fouling and corrosion issues 

◊ External supporting electrolyte is needed for 

wastewater with poor conductivity 

Electro-adsorption 

 Low energy consumption and simple operation 

 Environment-friendly because no by-product is 

generated 

 Electrode can be regenerated when reverse 

voltage is applied 

 No additional toxic chemicals are required 

 Modular reactor design and easy automatic 

control 

◊ Degradation of PFAS cannot be achieved 

◊ Low adsorption efficiency to the treatment of 

high concentration PFAS 

◊ Susceptible to interference from the background 

matrix 

Electro-coagulation 

 Multiple harmful pollutants may be removed 

simultaneously 

 No additional flocculants are required 

 Modular reactor design and easy automatic 

control 

◊ Higher operating costs due to the need for 

anodic dissolution 

◊ A large amount of sludge may be generated 

◊ Electrode surface is easily passivated, reducing 

dissolution efficiency of metal ions 

◊ Short lifetimes due to anode sacrifice 
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Table S4. Current challenges and future research directions of electrochemical technology for 

removing PFAS. 

Challenges 

◊ Reports on the effect of operation parameters (e.g., pH and current density) on electrochemical 

decontamination of PFAS are not consistent; 

◊ The degradation pathway of PFAS by electro-oxidation technology is still unclear; 

◊ The reported removal mechanism of PFAS by electro-coagulation is sometimes contradictory; 

◊ The reported PFAS removal performance may be overestimated since most studies were conducted in 

synthetic wastewater. 

Outlook 

 Novel electrode materials to minimize the competition effects of the coexisting species are highly demanded; 

 Characteristics and toxicity of degradation intermediates should be focused on; 

 Effectiveness of electrochemical methods for removing short-chain PFAS needs to be further evaluated; 

 Long-term experiments and on-site demonstration tests of electrochemical methods should be carried out; 

 Electrochemical coupling technology for PFAS removal should be continuously developed; 

 Electrodialysis with excellent selectivity should be explored for PFAS removal; 

 The TEA and LCA of electrochemical technologies need to be carried out. 
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