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Text S1. Definition of hydrated electron formation rate (𝑹
𝒇

𝒆𝒂𝒒
−

) 

Hydrated electron formation rate (𝑅
𝑓

𝑒𝑎𝑞
−

) under monochromatic light sensitization are described 

by the following relationship:  

 
𝑅

𝑓

𝑒𝑎𝑞
−

=
∅𝐼𝑜

𝑉
(1 − 10−𝐴𝑇) (

𝐴𝑆𝑂3
2−

𝐴𝑇
) 

 

Where 𝐴𝑆𝑂3
2−is the absorbance of light (254nm) by sulfite (SO3

2-) at pH10, 𝐴𝑇 is the total 

absorbance of the solution, 𝐼𝑜 is the photon flux (E/s), ∅ is the quantum yield of sulfite to 

generate e-
aq (0.116 mol/E),1 and V is the volume of the solution. Through the Beer-Lambert 

relationship, 𝐴𝑆𝑂3
2− is linearly related to the light pathlength (l), the molar absorption coefficient at 

254nm of sulfite (𝜀𝑆𝑂3
2−, 18.14 M−1cm−1),1 and the concentration of sulfite (𝐶𝑆𝑂3

2−): 

𝐴𝑆𝑂3
2− = 𝑙 𝜀𝑆𝑂3

2−  𝐶𝑆𝑂3
2− 

 

The total absorbance of the solution, AT, is the sum of the absorbances of all components in the 

mixture in the given wavelength of light, 254nm. Here, we’ll define it as 𝐴𝑆𝑂3
2− plus the 

absorbance of everything else in solution (at) which can include constituents in the water matrix 

and our particles: 

𝐴𝑇 = 𝐴𝑆𝑂3
2− + 𝑎𝑡 

 

The expanded relationship for 𝑅
𝑓

𝑒𝑎𝑞
−

 is as follows: 

𝑅
𝑓

𝑒𝑎𝑞
−

=
∅𝐼𝑜

𝑉
(1 − 10

−[(𝑙 𝜀
𝑆𝑂3

2−𝐶
𝑆𝑂3

2−)+𝑎𝑡]
) (

𝑙 𝜀𝑆𝑂3
2−𝐶𝑆𝑂3

2−

(𝑙 𝜀𝑆𝑂3
2−𝐶𝑆𝑂3

2−) + 𝑎𝑡

) 

 

For the purpose of our analysis, we define the fraction of light absorbed by the sulfite sensitizer 

(𝑓𝑎𝑏𝑠,𝑆𝑂3
2−). We can simplify the 𝑅

𝑓

𝑒𝑎𝑞
−

 equation by including 𝑓𝑎𝑏𝑠,𝑆𝑂3
2− as follows: 

 

𝑅
𝑓

𝑒𝑎𝑞
−

=
∅𝐼𝑜

𝑉
𝑓𝑎𝑏𝑠,𝑆𝑂3

2− 
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To estimate the percent change in 𝑅
𝑓

𝑒𝑎𝑞
−

 based on the impact of 𝑓𝑎𝑏𝑠,𝑆𝑂3
2− with the introduction of 

particles, we performed the following calculation assuming that 
∅𝐼𝑜

𝑉
 remains constant despite the 

addition of particles:  

 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝐶ℎ𝑎𝑛𝑔𝑒 = 100 ∗ (1 −
𝑅

𝑓,𝑃𝑎𝑟𝑡𝑖𝑐𝑙𝑒𝑠

𝑒𝑎𝑞
−

𝑅
𝑓,𝑁𝑜 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒𝑠

𝑒𝑎𝑞
− ) = 100 ∗ (1 −

𝑓𝑎𝑏𝑠,𝑆𝑂3
2−,𝑃𝑎𝑟𝑡𝑖𝑐𝑙𝑒𝑠

𝑓𝑎𝑏𝑠,𝑆𝑂3
2−,𝑁𝑜 𝑃𝑎𝑟𝑡𝑖𝑐𝑙𝑒𝑠

) 

 

 

 

 
Figure S1. MCAA and PFBA recovery.  
MCAA (Co=10 ppm) and PFBA (Co=12uM) mass fraction recovered in the aqueous phase after 
24 hours in suspensions of CNTs, GAC, or Lignin in 20mM sulfite (SO3

2-) solution at pH 10. The 
dashed reference line indicates 100% mass fraction recovered in water.   
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Figure S2. Dark control experiments. 
Dark control experiments of PFOA and PFBA with initial concentrations of 12µM, 20 mM sulfite, 
and pH10 without particles. The solutions were constantly stirred (800rpm) in the glass 
photoreactor throughout the experiment. Markers represent single measured aqueous samples 
at each time point.  
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Figure S3. Extraction percent efficiency.  
Percent efficiency of the extraction protocol for PFOA equilibrated in a 1g/L suspension of GAC 

or carbon nanotubes (CNT) in 20mM SO3
2- solution at pH 10. The X marker represents the 

mean, and the circle markers represent individual samples. 
 

𝐸𝑥𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 (%) = 100 ∗ (
𝐶𝑠

𝐸𝑥𝑝

𝐶𝑠
𝑇ℎ𝑒𝑜) 

𝐶𝑠
𝑇ℎ𝑒𝑜 = 𝐶𝑎𝑞

𝑇𝑜𝑡 − 𝐶𝑎𝑞
𝑒𝑞

 

 

● 𝐶𝑠
𝐸𝑥𝑝

: Experimental solid phase concentration measured after the extraction procedure. 

● 𝐶𝑠
𝑇ℎ𝑒𝑜: Theoretical solid phase concentration based on the initial concentration before 

sorption (𝐶𝑎𝑞
𝑇𝑜𝑡) and the equilibrated aqueous phase concentration after sorption (𝐶𝑎𝑞

𝑒𝑞
). 
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Text S2. PFCA and MCAA Analysis 

Analytical Methods.  

To separate background PFAS present in the HPLC pumps from sample peaks, a C18 delay 

column (ZORBAX RR Eclipse Plus, 4.6 x 50 mm, 95 Å, 3.5 µm, Agilent Technologies, US) was 

installed between the binary pumps and autosampler. A C18 analytical column (Poroshell 120 

EC-C18, 3.0 x 50 mm, 2.7 µm, Agilent Technologies, US) was used for analyte separation with 

the column temperature maintained at 40 oC. Injection volumes were 20 µL. Mobile phases 

were A: 20 mM ammonium acetate in Milli-Q water and B: MeOH with a flow rate of 0.4 mL/min. 

Mixtures of PFCA were separated using gradient elution. PFCA were detected with multiple 

reaction monitoring using quantitative and qualitative ion transitions (Table S3) and quantified 

via external calibration.  

MCAA samples were separated through isocratic elution. Mobile phase ratio of A and B was 

98:2 with a flow rate of 0.6 mL/min. MCAA was separated used a larger C18 analytical column 

(Eclipse XDB-C18, 4.6 x 150 mm, 5 µm, Agilent Technologies, US). MCAA was detected using 

single ion mode and quantified via external calibration. All other conditions were the same as 

the PFCA method. 

Quality Assurance and Quality Control (QA/QC). 

Laboratory reagent blanks and controls were run along with continuing calibration verifications 

(CCVs) at least every 10 samples to ensure calibration validity throughout sample runs. Method 

detection limits (MDL) were determined using the EPA MDL Procedure, Revision 2. In brief, 7 

spiked samples three times the estimated MDL were prepared along with 7 method blank 

samples. Method blanks returned no numerical results, so the MDL was calculated as the 

standard deviation of the 7 prepared samples multiplied by t(6,0.99) = 3.143.  

Table S1. Optimized MS/MS transitions and Method Detection Limits (MDL) 

PFAS 

MRM Transitions (m/z) MS Voltages 
MDL 
(µM) Precursor 

ion 
Product 
ion(s) 

Fragmentor 
Collision 
Energy 

PFOA 413 368.9*, 169 92 0, 12 0.0040 

PFHpA 363 319*, 169 72 0, 12 0.00089 

PFHxA 313 269.1*, 118.9 56 0, 12 0.0036 

PFPeA 263 218.9 56 0 0.012 

PFBA 213 168.9 56 4 0.0079 

MCAA 93 35 0 - 1.6 
 

*Indicates quantifier ion if more than one product ion listed 
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Text S3. Fluoride Mass Balance 

The moles of fluorine atoms per PFCA molecule is described as follows: 𝐶𝐹,𝑃𝐹𝐶𝐴 = 𝐶𝑃𝐹𝐶𝐴 ∗ 𝑛𝐹 

Where the fluorine equivalent concentration for each PFCA is 𝐶𝐹,𝑃𝐹𝐶𝐴, 𝐶𝑃𝐹𝐶𝐴 is the molar PFCA 

concentration, and nF is the number of fluorine atoms in each PFCA. For PFCAs the relationship 

of fluorine per carbon is as follows: 

𝑛𝐹 = [2(𝑛𝐶𝑎𝑟𝑏𝑜𝑛 − 1)] + 1   

Total initial fluorine (𝐶𝐹,𝑇𝑜𝑡𝑎𝑙
𝑜 )is the total fluorine mass balance before particles were added: 

𝐶𝐹,𝑇𝑜𝑡𝑎𝑙
𝑜 = (∑ 𝐶𝐹,𝑃𝐹𝐶𝐴) + (𝐶𝐹,𝐹𝑟𝑒𝑒) 

Where 𝐶𝐹,𝐹𝑟𝑒𝑒 is the concentration of free fluoride detected with ISE. All values are normalized 

to this initial concentration thus providing the maximum value for the fluorine mass balance. The 

percent PFCA fluorine in a sample at each time t is:  

%𝐹𝑃𝐹𝐶𝐴
𝑡 =

𝐶𝐹,𝑃𝐹𝐶𝐴
𝑡

𝐶𝐹,𝑇𝑜𝑡𝑎𝑙
𝑜  𝑥 100 

The total fluorine at each time t is: 

%𝐹𝑇𝑜𝑡𝑎𝑙
𝑡 = (∑ %𝐹𝑃𝐹𝐶𝐴

𝑡 ) + (100 𝑥 
𝐶𝐹,𝐹𝑟𝑒𝑒

𝐶𝐹,𝑇𝑜𝑡𝑎𝑙
𝑜 ) 
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Figure S4. MCAA mass fraction recovered in the aqueous phase. 
MCAA (10 ppm) mass fraction recovered in the aqueous phase after 24 hours in suspensions of 

CNTs, GAC, or Lignin in Milli-Q water at pH 5 or 20mM SO3
2- solution at pH 10 (reaction 

conditions). Dashed reference line indicates 100% mass fraction recovered in water. 
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Figure S5. Suspension pictures in photoreactor. 
(left to right) Pictures 1 g/L of GAC, CNT, and Lignin suspensions in the photoreactor, 
respectively. 
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Figure S6. Percent fluorine mass balance of PFOA degradation. 
Percent fluorine mass balance of all detected compounds (PFCA ncarbon=8-4, and fluoride) 
during the reaction of 12µM PFOA with 20mM sulfite irradiated with 254nm UV light at pH10 in 
the presence of 1g/L carbon sorbents (A) GAC, (B) CNT, or (C) Modified Lignin. Note that each 
PFCA was detected either in the aqueous phase (aq) or extracted from the sorbent (s). The 
yellow columns illustrate the released fluoride detected. For reference, the orange dashed line 
in the graph indicates 100% fluoride mass balance determined from the initial fluoride 
equivalence concentration before particles were introduced. Error bars represent the standard 
error of replicate measurements (n=2 for all and n=4 for sorbent phase PFOA(s) in GAC). The 
relatively larger error bars of PFOA(s) in GAC are associated with the error in measuring small 
particle masses (20-3mg). 
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Figure S7. Detected transformation PFCA products of PFOA reaction with UV/SO3
2- in the 

presence of (A) GAC, (B) CNT, and (C) Lignin. 

 

 

 

(A) (B) 

(C) 
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Figure S8. Desorption rate and reaction modeling 
(a,b) Fitted desorption rate from 1g/L particles (GAC or CNT) in dark control, (c, d) desorption 
and reaction modeling, and (e,f) PFOA aqueous concentration data (markers) with modeling 
profile (dashed lines) for aqueous phase with GAC or CNT. The model was created by 
measuring the desorption rate of sorbed PFOA (12µM) once the pH was raised to 10 and 20mM 
SO3

-2 was added (a,b). The model was formed by including the desorption and reaction rates 
(c,d), both parameters measured separately. Data points are degradation experiments with the 
sorbents (e,f). The model was not fitted to the reaction datapoints shown.   
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Figure S9. Fluoride mass balance for the reaction of lower initial PFOA concentration in 
CNTs. 
Fluoride mass balance for the reaction of lower initial PFOA concentration (1.2 µM) in UV/SO3

2- 
treatment in the presence of 1g/L CNT. PFOA was the only compound detected either in the 
aqueous phase (aq) or extracted from the sorbent (s-CNT). Error bars represent the standard 
error of replicate measurements. The test was run in 20 mM SO3

-2 irradiated with 254 nm UV 
light at pH 10. For reference, the orange dashed line indicates 100% fluoride mass balance 
determined from the initial fluoride equivalence concentration of PFOA before particles were 
introduced. 
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Figure S10. PFOA decomposition kinetics 
PFOA (CPFOA,o=12 µM) decomposition profile without and with particles (1g/L) under UV/sulfite 
treatment (20 mM SO3

-2 at pH10 irradiated with 254 nm UV). For GAC, measured PFOA 
concentrations are only from the aqueous phase ([PFOA]0,aq=0.1 µM), thus excluding adsorbed 
PFOA, the rest of the systems (No Particles, CNT, Lignin) is total PFOA concentration 
(aqueous+sorbed). Markers represent single PFOA measurements. The experiment was run 
twice; therefore, there are two markers for every time point. The dotted lines are the linear 
regression of the profile representing pseudo-first-order kinetics for each condition. 
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Figure S11. PFBA decomposition kinetics. 
PFBA (CPFBA,o=12 µM) decomposition profile without and with particles (1g/L) under UV/sulfite 
treatment (20 mM SO3

-2 at pH10 irradiated with 254 nm UV). Because most PFBA is desorbed, 
aqueous phase concentrations were monitored. Markers represent single PFOA 
measurements.The experiment was run in replicates (n=2 for No particles, GAC and Lignin: 
n=2; CNT: n=3); therefore, there are n number of markers for every time point. The dotted line is 
the linear regression of the profile representing pseudo-first-order kinetics. 
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Table S2. Measured pseudo-first-order rate constants for PFOA and PFBA for all particle 
systems. Standard error (SE) was obtained from the linear regression of the replicate 
experiments. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  kobs ± SE (min-1) 

PFOA 

kobs ± SE (min-1) 

PFBA 

No Particles 0.0807 ± 0.0020 0.0375 ± 0.0064 

GAC 0.0292 ± 0.0065 0.0216 ± 0.0013 

CNT 0.017 ± 0.001 0.0031 ± 0.0005 

Lignin 0.0114 ± 0.0007 0.0011 ± 0.0001 
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Figure S12. Inverse MCAA kobs as a function of initial MCAA concentration. 
Inverse MCAA pseudo-first-order rate constant (k-1

obs, MCAA, min) as a function of initial MCAA 
concentration. Each marker represents the inverse profile slope of a single degradation 
experiment where MCAA is decomposed with 20 mM SO3

-2 and 254 nm UV light at pH 10 
without and with 1 g/L particles. Dashed lines represent the linear regression of the markers. 
The slope of the linear regression is equivalent to the inverse hydrated electron generation rate 

(1/𝑹
𝒇

𝒆𝒂𝒒
−

).  
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Table S3. Linear regression parameters and statistics of Figure S12. 

 
Slope 

(min/M) 

Standard Error 

(min/M) 
p-value 

y-int 

(min) 

Standard 

Error (min) 
p-value R2 

n 

No 

Particles 
8.08 x 104 9.39 x 103 0.000057 -8.1 4.3 0.10 0.91 9 

GAC 9.37 x 104 1.62 x 104 0.0022 11.3 8.2 0.23 0.87 7 

CNT 2.05 x 105 5.07 x 104 0.0157 33.3 26.3 0.27 0.70 6 

LIG 1.51 x 105 4.22 x 104 0.0116 9.925 27.3 0.73 0.68 12 

 

 

 

Table S4. Estimated mean hydrated electron formation rates. 

 𝐑
𝐟

𝐞𝐚𝐪
−

 (M/min) Standard Error (M/min)  

No Particles 1.24 x 10-5 0.144 x 10-5 

GAC 1.07 x 10-5 0.185 x 10-5 

CNT 0.488 x 10-5 0.121 x 10-5 

LIG 0.662 x 10-5 0.185 x 10-5 
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Table S5. Total absorbance at 254nm of sulfite (20mM) solutions at pH 10 at varying particle 
(CNT and Lignin) concentrations. Fraction of sulfite absorbance (Aso3/AT) and fraction of total 
light absorbance by sulfite. 

 CNT Lignin 

Particle 
Conc. 

Total Abs in 
SO3

2- (AT) 
Aso3/AT 

Fraction 
light abs by 

SO3
2- 

Total Abs in 
SO3

2- (AT) 
Aso3/AT 

Fraction 
light abs by 

SO3
2- 

0 g/l 0.288 (Aso3) 1 0.485 0.288 (Aso3) 1 0.485 

0.1 g/L 0.332 0.868 0.464 0.428 0.672 0.422 

1 g/L 0.609 0.473 0.356 0.944 0.305 0.270 

 

Table S6. Percentage of total light absorbed by sulfite (20mM) at pH 10 with increasing particle 
concentration.  

 

 

 

 

 

 

 

 

  

 Percent Light Abs by SO3
2- (%) 

Particle Conc. CNT Lignin 

0 g/l 48.5(±2.0) 48.5(±2.0) 

0.1 g/L 46.4(±1.0) 42.2(±1.0) 

1 g/L 35.6(±2.0) 27.0(±1.0) 
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Table S7. Literature values for bimolecular rate constants of target compounds used in this 
study with e-

aq 

Compound k (M-1s-1) Reference 

PFOA 

5.10 x 107 
Huang, L.; Dong, W.; Hou, H. Investigation of the Reactivity of Hydrated 
Electron toward Perfluorinated Carboxylates by Laser Flash Photolysis. 

Chem Phys Lett 2007, 436 (1–3) 

1.70 x 107 
Szajdzinska-Pietek, E.; Gebicki, J. L. Pulse Radiolytic Investigation of 

Perfluorinated Surfactants in Aqueous Solutions. Research on Chemical 
Intermediates 2000, 26, 897–912 

7.10 x 108 

Maza, W. A.; Breslin, V. M.; Owrutsky, J. C.; Pate, B. B.; Epshteyn, A. 
Nanosecond Transient Absorption of Hydrated Electrons and Reduction of 
Linear Perfluoroalkyl Acids and Sulfonates. Environ Sci Technol Lett 2021, 

8 (7), 525–530 

PFBA 

1.27 x 107 
(pH 9.2) 

C.K. Amador et al. Chemosphere 311 (2023) 136918 

1.29 x 107 
(pH 12) 

C.K. Amador et al. Chemosphere 311 (2023) 136918 

MCAA 1.00 x 109 
Journal of Physical and Chemical Reference Data 17, 513–886 (1988). 

https://doi.org/10.1063/1.555805 
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Text S4. Sample calculation of Scavenging Capacity (k's) and Particle Bimolecular rate 

constant (kparticle) 

Hydrated Electron Steady State Concentration: 

[𝑒𝑎𝑞
− ]

𝑠𝑠
=

𝑘𝑜𝑏𝑠,𝑃𝐹𝐵𝐴

𝑘𝑃𝐹𝐵𝐴
 

[𝑒𝑎𝑞
− ]𝑠𝑠,𝑁𝑜 𝑃𝑎𝑟𝑡 =

0.0375 (±0.0049)𝑚𝑖𝑛−1 (
1 𝑚𝑖𝑛
60 𝑠

)

1.28 (±0.04) 𝑥 107𝑀−1𝑠−1
 

[𝑒𝑎𝑞
− ]𝑠𝑠,𝑁𝑜 𝑃𝑎𝑟𝑡 = 4.88 (±0.66) 𝑥10−11𝑀 

 

Scavenging Capacity: 

𝑘′
𝑠 =

𝑅
𝑓

𝑒𝑎𝑞
−

[𝑒𝑎𝑞
− ]𝑠𝑠

− 𝑘𝑃𝐹𝐵𝐴𝐶𝑃𝐹𝐵𝐴,𝑜 

𝑘′
𝑠, 𝑁𝑜 𝑃𝑎𝑟𝑡 = [

(1.24 (±0.144) 𝑥10−5 𝑀
𝑚𝑖𝑛

) (
1 𝑚𝑖𝑛
60 𝑠

)

4.88 (±0.66) 𝑥10−11𝑀
] − (1.28 (±0.04)𝑥107𝑀−1𝑠−1)(12𝑥10−6𝑀) 

 

𝑘′
𝑠,𝑁𝑜 𝑃𝑎𝑟𝑡 = 0.407 (±0.088) 𝑥 104 𝑠−1 

 

Particle Bimolecular Rate Constant: 

𝑘𝐺𝐴𝐶 =
(𝑘′

𝑠,𝐺𝐴𝐶 − 𝑘′
𝑠,𝑁𝑜 𝑃𝑎𝑟𝑡)

𝑚𝐺𝐴𝐶
  =

(0.619 ± 0.118𝑥 104 𝑠−1 −  0.407 ± 0.088 𝑥 104 𝑠−1)

1
𝑔
𝐿

  

𝑘𝐺𝐴𝐶 = 0.212 (±0.147)𝑥 104
𝐿

𝑔 𝑠
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Table S8. Estimated mean hydrated electron formation rates (𝑅
𝑓

𝑒𝑎𝑞
−

), scavenging capacity (k’s) 

for each system, scavenging capacity ratios for each over the no particle case (
𝑘𝑠,𝑃𝑎𝑟𝑡𝑖𝑐𝑙𝑒

′

𝑘𝑠,𝑁𝑜 𝑃𝑎𝑟𝑡𝑖𝑐𝑙𝑒𝑠
′ ), and 

weight normalized particle bimolecular rate constant with hydrated electrons (kparticle) with 
standard errors (SE).  

. 

 
𝐑

𝐟

𝐞𝐚𝐪
−

  

(10-5 
M/min) 

SE 
(±10-5 

M/min) 

k's 
(104 s-1) 

SE 
(±104 s-1) 

𝐤𝐬,𝐏𝐚𝐫𝐭𝐢𝐜𝐥𝐞
′

𝐤𝐬,𝐍𝐨 𝐏𝐚𝐫𝐭𝐢𝐜𝐥𝐞𝐬
′  

SE 
(±) 

kparticle 

(104 L g-1 

s-1) 

SE 
(±104 L 
g-1 s-1) 

No 
Particle 

1.24 0.144 0.407 0.088 - - - - 

GAC 1.07 0.185 0.619 0.118 1.5 0.4 0.212 0.147 

CNT 0.488 0.121 2.01 0.587 5 2 1.61 0.590 

Lignin 0.662 0.185 8.49 2.19 21 7 8.08 2.19 
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Figure S13. PFOA kinetics of filtered water after particle exposure to UV/sulfite 

Spiked PFOA (CPFOA,o=12 µM) decomposition profile under UV/sulfite treatment in filtered water 
from control (no particles) and particle suspensions (1g/L) previously subjected to UV/sulfite (20 
mM SO3

-2 at pH10 irradiated with 254 nm UV for 3 hours). PFOA spiked filtered water was 
readjusted to pH10 with H2SO4 (1M) as the pH of each system increased after 3 hours of 
exposure to UV/sulfite. (A) The concentration of PFOA over reaction time and (B) measured 
pseudo-first-order rate constants (kobs). For (A), each data point represents a single aqueous 
sampled measurement. For (B), the error bars represent the standard error of each linear 
regression.  

 

Table S9. Measured pseudo-first-order rate constants (kobs) for PFOA degradation in filtered 
water after particle exposure to UV/sulfite and the estimated scavenging capacity ratios for each 

over the no particle case (
𝑘𝑠,𝑃𝑎𝑟𝑡𝑖𝑐𝑙𝑒

′

𝑘𝑠,𝑁𝑜 𝑃𝑎𝑟𝑡𝑖𝑐𝑙𝑒𝑠
′ ). Standard error (SE) for kobs was obtained from the linear 

regression of the replicate experiments. 

 
kobs 

(min-1) 
SE 

(± min-1) 

𝐤𝐨𝐛𝐬,𝐍𝐨 𝐏𝐚𝐫𝐭𝐢𝐜𝐥𝐞

𝐤𝐨𝐛𝐬,𝐏𝐚𝐫𝐭𝐢𝐜𝐥𝐞

≅
𝐤𝐬,𝐏𝐚𝐫𝐭𝐢𝐜𝐥𝐞

′

𝐤𝐬,𝐍𝐨 𝐏𝐚𝐫𝐭𝐢𝐜𝐥𝐞𝐬
′  

(unitless) 

SE 
(±) 

No Particle 0.052 0.006 - - 

GAC 0.032 0.002 1.6 0.2 

CNT 0.0280 0.0009 1.9 0.2 

Lignin 0.0074 0.0004 7.0 0.9 
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Text S5. Scavenging Capacity Ratios 

The increase in scavenging capacity of the dissolved species relative to the no particle 

case can be roughly estimated. To estimate the relative contribution of dissolved species to the 

total scavenging capacity of each suspension, we calculate the hydrated electron scavenging 

capacity ratio of the filtered particles suspension exposed to UV/sulfite over the no particle 

control using the following relationship:  

kobs,No Particle

kobs,Particle
=

ki[eaq
− ]

No Particles

ki[eaq
− ]

Particle

=

(
R

f,No Particles

eaq
−

kiCi + ks,No Particles
′ )

(
R

f,Particle

eaq
−

kiCi + ks,Particle
′ )

 

Because all the particles are filtered out of the solution, it is assumed that the hydrated electron 

generation rate is the same for these samples as the particles are not affecting light penetration. 

For the filtered solution after particle UV/sulfite exposure:  

R
f,No Particles

eaq
−

≅ R
f,Particle

eaq
−

 

kobs,No Particle

kobs,Particle
≅

(kiCi + ks,Particle
′ )

(kiCi + ks,No Particles
′ )

 

As the PFCA contribution to hydrated electron consumption is smaller than those of the 

scavengers (kiCi << k’S) the equation can be simplified to the following working equation: 

kobs,No Particle

kobs,Particle
≅

ks,Particle
′

ks,No Particles
′  

This last equation is the relationship used to estimate the ratio for the filtered samples. 

Calculated values are reported in Table S9.  

  



 

26 
 

 

 

 

Figure S14. Adsorption of PFOA and PFBA onto particles before and after UV/sulfite 
exposure 

Adsorbed fraction (CS/Co = 1 - Cw/Co) of 12 µM (Co) (A) PFOA and (B) PFBA on 1g/L of GAC, 

CNT, and lignin (LIG) in solutions of Milli-Q water at pH5. Adsorption was performed on particles 

before (solid colored bars) or after (stripped colored bars) particles were exposed to UV/sulfite 

(pH10, 20mM SO3
2-, 245nm light irradiation for 3 hours). Particles exposed to UV/sulfite were 

filtered from solution, rinsed with Milli-Q water, and then freeze dried before adsorption test. For 

the adsorption test, the suspension pH was adjusted to 5 with a 1mM hydrochloric acid solution. 

Aqueous phase samples were measured after 24 hours of adsorption. Error bars represent the 

standard error of experimental duplicates. Dashed reference lines indicate 100% sorbed mass 

fraction.  
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Table S10. Values for 𝑅
𝑓

𝑒𝑎𝑞
−

 and k’s used in the model. 

 𝑹
𝒇

𝒆𝒂𝒒
−

 (M/min) k's (min-1) 

 minimum maximum mean minimum maximum mean 

No Particles 1.09E-05 1.38E-05 1.24E-05 1.91E+05 2.97E+05 2.44E+05 

GAC 8.83E-06 1.25E-05 1.07E-05 3.00E+05 4.42E+05 3.71E+05 

CNT 3.67E-06 6.09E-06 4.88E-06 8.56E+05 1.56E+06 1.21E+06 

LIG 4.77E-06 8.47E-06 6.62E-06 3.78E+06 6.41E+06 5.09E+06 

Maximum = Mean+SE 

Minimum = Mean-SE 

Text S6. Sample Calculation of Modeling PFOA degradation 

No Particles, fastest rates: 

● kPFOA = 2.04 x 109 M-1 min-1  

● Max e-
aq Formation: 𝑅

𝑓,𝑁𝑜 𝑃𝑎𝑟𝑡

𝑒𝑎𝑞
−

= 1.38 x 10-5 M/min 
● Minimum scavenging: k’s, No Part = 1.91 x 105 min-1 

 

Initial Conditions t=0 min: 

Total Consumption Rate 

𝑘𝐶,𝑡
′ = 𝑘𝑖𝐶𝑖,𝑡 + 𝑘𝑠

′  

𝑘𝐶,𝑁𝑜 𝑃𝑎𝑟𝑡,𝑡=0
′ = [(2.04𝑥109 𝑀−1𝑚𝑖𝑛−1)(12.0𝑥10−6 𝑀)] + 1.91𝑥105𝑚𝑖𝑛−1 

𝑘𝐶,𝑁𝑜 𝑃𝑎𝑟𝑡,𝑡=0
′ = 2.15𝑥105 𝑚𝑖𝑛−1 

Hydrated Electron Concentration 

[𝑒𝑎𝑞
− ]

𝑡
=

𝑅
𝑓

𝑒𝑎𝑞
−

𝑘𝐶,𝑡
′  

[𝑒𝑎𝑞
− ]

𝑁𝑜 𝑃𝑎𝑟𝑡,𝑡=0
=

1.38𝑥10−5 𝑀
𝑚𝑖𝑛

1.91𝑥105 𝑚𝑖𝑛−1
 

[𝑒𝑎𝑞
− ]

𝑁𝑜 𝑃𝑎𝑟𝑡,𝑡=0
= 7.23𝑥10−11 𝑀 

 

Observed Rate Constant 
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𝑘𝑜𝑏𝑠,𝑡 = 𝑘𝑃𝐹𝑂𝐴[𝑒𝑎𝑞
− ]

𝑡
 

𝑘𝑜𝑏𝑠,𝑁𝑜 𝑃𝑎𝑟𝑡,𝑡=0 = (2.04𝑥109 𝑀−1𝑚𝑖𝑛−1)(7.50𝑥10−11 𝑀) 

𝑘𝑜𝑏𝑠,𝑁𝑜 𝑃𝑎𝑟𝑡,𝑡=0 = 0.147 𝑚𝑖𝑛−1 

Rate Expression 

𝐶𝑖,𝑡 = 𝐶𝑖,𝑜𝑒𝑥𝑝 [−𝑘𝑜𝑏𝑠,𝑡 ∗ 𝑡] 

𝐶𝑃𝐹𝑂𝐴,𝑡=1 = (12.0𝑥10−6 𝑀) 𝑒𝑥𝑝 [−(0.147 𝑚𝑖𝑛−1) ∗ (1 𝑚𝑖𝑛)] 

𝐶𝑃𝐹𝑂𝐴,𝑡=1 = 10.4𝑥10−6 𝑀 

 

t = 5 min 

Total Consumption Rate 

𝑘𝐶,𝑡
′ = 𝑘𝑖𝐶𝑖,𝑡𝑝𝑟𝑒𝑣𝑖𝑜𝑢𝑠

+ 𝑘𝑠
′ 

𝑘𝐶,𝑁𝑜 𝑃𝑎𝑟𝑡,𝑡=5
′ = 𝑘𝑃𝐹𝑂𝐴𝐶𝑃𝐹𝑂𝐴,𝑡=1 + 𝑘𝑠,𝑁𝑜 𝑃𝑎𝑟𝑡

′  

𝑘𝐶,𝑁𝑜 𝑃𝑎𝑟𝑡,𝑡=5
′ = [(2.04𝑥109 𝑀−1𝑚𝑖𝑛−1)(10.4𝑥10−6 𝑀)] + 1.91𝑥105𝑚𝑖𝑛−1 

𝑘𝐶,𝑁𝑜 𝑃𝑎𝑟𝑡,𝑡=5
′ = 2.12𝑥105 𝑚𝑖𝑛−1 

Hydrated Electron Concentration 

[𝑒𝑎𝑞
− ]

𝑁𝑜 𝑃𝑎𝑟𝑡,𝑡=5
=

1.38𝑥10−5 𝑀
𝑚𝑖𝑛

2.12𝑥105 𝑚𝑖𝑛−1
 

[𝑒𝑎𝑞
− ]

𝑁𝑜 𝑃𝑎𝑟𝑡,𝑡=5
= 6.51𝑥10−11 𝑀 

 

Observed Rate Constant 

𝑘𝑜𝑏𝑠,𝑁𝑜 𝑃𝑎𝑟𝑡,𝑡=5 = (2.04𝑥109 𝑀−1𝑚𝑖𝑛−1)(6.51𝑥10−11 𝑀) 

𝑘𝑜𝑏𝑠,𝑁𝑜 𝑃𝑎𝑟𝑡,𝑡=5 = 0.133 𝑚𝑖𝑛−1 

Rate Expression 

𝐶𝑖,𝑡 = 𝐶𝑖,𝑡𝑝𝑟𝑒𝑣𝑖𝑜𝑢𝑠
𝑒𝑥𝑝 [−𝑘𝑜𝑏𝑠,𝑡 ∗ (𝑡 − 𝑡𝑝𝑟𝑒𝑣𝑖𝑜𝑢𝑠)] 

𝐶𝑃𝐹𝑂𝐴,𝑡=5 = (10.4𝑥10−6 𝑀) 𝑒𝑥𝑝 [−(0.133 𝑚𝑖𝑛−1) ∗ (5 𝑚𝑖𝑛 − 1 𝑚𝑖𝑛)] 

𝐶𝑃𝐹𝑂𝐴,𝑡=5 = 6.09𝑥10−6 𝑀 
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Figure S15. PFOA kinetic modeling with bimolecular rate constant taken from the most 
recent literature values.  

Modeling PFOA transformation rates in UV/SO3
-2 with estimated values of 𝑅

𝑓

𝑒𝑎𝑞
−

 and k’S,0. 

Measured PFOA degradation is illustrated by the symbols while the solid lines represent the 
modeled degradation for each system (No particles, GAC, CNT, and Lig). Experiments were run 
at pH 10 with 20mM SO3

-2
 and [PFOA]0=12 µM, irradiated with 254nm light at ambient 

temperature (20oC). Bimolecular rate constant kPFOA= 7.10 x 108 M-1s-1 taken from the most 
recent literature values (Maza etal, 2021). Markers are the means of replicate measurements 
and error bars represent their standard error. *In the GAC system, measured PFOA 
concentrations are only from the aqueous phase ([PFOA]0,aq=0.1µM) thus excluding adsorbed 
PFOA. 
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Table S11. Fastest PFOA kinetic model calculated parameters using 𝑅
𝑓

𝑒𝑎𝑞
−

 maximum and k’S 

minimum for each condition, values displayed in Table S8. 

Particle T (min) Consumption Rate, k’C,t (min-1) [e-
aq ]t (M) kobs,t (min-1) Ct (M) Ct/Ct=0 

No  
Particles 

0 2.16E+05 6.40E-11 1.31E-01 1.20E-05 1.00E+00 

1 2.16E+05 6.40E-11 1.31E-01 1.05E-05 8.78E-01 

5 2.13E+05 6.49E-11 1.32E-01 6.20E-06 5.17E-01 

10 2.04E+05 6.77E-11 1.38E-01 3.11E-06 2.59E-01 

20 1.98E+05 6.99E-11 1.43E-01 7.48E-07 6.23E-02 

30 1.93E+05 7.16E-11 1.46E-01 1.73E-07 1.45E-02 

60 1.92E+05 7.20E-11 1.47E-01 2.11E-09 1.76E-04 

90 1.91E+05 7.22E-11 1.47E-01 2.55E-11 2.12E-06 

180 1.91E+05 7.22E-11 1.47E-01 4.48E-17 3.73E-12 

       

GAC 

0 3.00E+05 4.17E-11 8.51E-02 1.00E-07 1.00E+00 

10 3.00E+05 4.17E-11 8.51E-02 4.27E-08 4.27E-01 

15 3.00E+05 4.17E-11 8.51E-02 2.79E-08 2.79E-01 

20 3.00E+05 4.17E-11 8.51E-02 1.82E-08 1.82E-01 

25 3.00E+05 4.17E-11 8.51E-02 1.19E-08 1.19E-01 

30 3.00E+05 4.17E-11 8.51E-02 7.78E-09 7.78E-02 

60 3.00E+05 4.17E-11 8.51E-02 6.05E-10 6.05E-03 

90 3.00E+05 4.17E-11 8.51E-02 4.71E-11 4.71E-04 

180 3.00E+05 4.17E-11 8.51E-02 2.21E-14 2.21E-07 

       

CNT 

0 8.80E+05 6.92E-12 1.41E-02 1.20E-05 1.00E+00 

10 8.80E+05 6.92E-12 1.41E-02 1.04E-05 8.68E-01 

20 8.77E+05 6.95E-12 1.42E-02 9.04E-06 7.54E-01 

30 8.74E+05 6.97E-12 1.42E-02 7.84E-06 6.54E-01 

60 8.72E+05 6.99E-12 1.43E-02 5.11E-06 4.26E-01 

90 8.66E+05 7.03E-12 1.43E-02 3.33E-06 2.77E-01 

120 8.63E+05 7.06E-12 1.44E-02 2.16E-06 1.80E-01 

150 8.60E+05 7.08E-12 1.44E-02 1.40E-06 1.17E-01 

180 8.59E+05 7.10E-12 1.45E-02 9.06E-07 7.55E-02 

       

Lignin 

0 3.80E+06 2.23E-12 4.54E-03 1.20E-05 1.00E+00 

10 3.80E+06 2.23E-12 4.54E-03 1.15E-05 9.56E-01 

20 3.80E+06 2.23E-12 4.55E-03 1.10E-05 9.13E-01 

25 3.80E+06 2.23E-12 4.55E-03 1.07E-05 8.93E-01 

30 3.80E+06 2.23E-12 4.55E-03 1.05E-05 8.73E-01 

60 3.80E+06 2.23E-12 4.55E-03 9.13E-06 7.61E-01 

90 3.80E+06 2.23E-12 4.55E-03 7.97E-06 6.64E-01 

180 3.79E+06 2.23E-12 4.55E-03 5.29E-06 4.41E-01 
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Table S12. Slowest PFOA kinetic model calculated parameters using 𝑅
𝑓

𝑒𝑎𝑞
−

 minimum and k’S 

maximum for each condition, values displayed in Table S8.   

Particle T (min) Consumption Rate, k’C,t (min-1) [e-
aq ]t (M) kobs (min-1) Ct (M) Ct/Ct=0 

No  
Particles 

0 3.21E+05 3.40E-11 6.94E-02 1.20E-05 1.00E+00 

1 3.21E+05 3.40E-11 6.94E-02 1.12E-05 9.33E-01 

5 3.20E+05 3.42E-11 6.98E-02 8.47E-06 7.06E-01 

10 3.14E+05 3.48E-11 7.10E-02 5.94E-06 4.95E-01 

20 3.09E+05 3.54E-11 7.22E-02 2.89E-06 2.40E-01 

30 3.03E+05 3.61E-11 7.37E-02 1.38E-06 1.15E-01 

60 3.00E+05 3.65E-11 7.44E-02 1.48E-07 1.23E-02 

90 2.97E+05 3.68E-11 7.51E-02 1.56E-08 1.30E-03 

180 2.97E+05 3.68E-11 7.51E-02 1.80E-11 1.50E-06 

       

GAC 

0 4.42E+05 2.00E-11 4.07E-02 1.00E-07 1.00E+00 

10 4.42E+05 2.00E-11 4.07E-02 6.66E-08 6.66E-01 

15 4.42E+05 2.00E-11 4.07E-02 5.43E-08 5.43E-01 

20 4.42E+05 2.00E-11 4.07E-02 4.43E-08 4.43E-01 

25 4.42E+05 2.00E-11 4.07E-02 3.61E-08 3.61E-01 

30 4.42E+05 2.00E-11 4.07E-02 2.95E-08 2.95E-01 

60 4.42E+05 2.00E-11 4.07E-02 8.69E-09 8.69E-02 

90 4.42E+05 2.00E-11 4.07E-02 2.56E-09 2.56E-02 

180 4.42E+05 2.00E-11 4.07E-02 6.55E-11 6.55E-04 

       

CNT 

0 1.58E+06 2.32E-12 4.73E-03 1.20E-05 1.00E+00 

10 1.58E+06 2.32E-12 4.73E-03 1.14E-05 9.54E-01 

20 1.58E+06 2.32E-12 4.73E-03 1.09E-05 9.10E-01 

30 1.58E+06 2.32E-12 4.74E-03 1.04E-05 8.68E-01 

60 1.58E+06 2.32E-12 4.74E-03 9.03E-06 7.53E-01 

90 1.58E+06 2.33E-12 4.75E-03 7.83E-06 6.53E-01 

120 1.58E+06 2.33E-12 4.76E-03 6.79E-06 5.66E-01 

150 1.57E+06 2.33E-12 4.76E-03 5.89E-06 4.91E-01 

180 1.57E+06 2.34E-12 4.77E-03 5.10E-06 4.25E-01 

       

Lignin 

0 6.43E+06 7.42E-13 1.51E-03 1.20E-05 1.00E+00 

10 6.43E+06 7.42E-13 1.51E-03 1.18E-05 9.85E-01 

20 6.43E+06 7.42E-13 1.51E-03 1.16E-05 9.70E-01 

25 6.43E+06 7.42E-13 1.51E-03 1.16E-05 9.63E-01 

30 6.43E+06 7.42E-13 1.51E-03 1.15E-05 9.56E-01 

60 6.43E+06 7.42E-13 1.51E-03 1.10E-05 9.13E-01 

90 6.43E+06 7.42E-13 1.51E-03 1.05E-05 8.73E-01 

180 6.43E+06 7.43E-13 1.51E-03 9.14E-06 7.61E-01 
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