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Perfluoroalkyl and polyfluoroalkyl substances (PFASSs) consist of a group of environmentally persistent, toxic and
bio-accumulative organic compounds of industrial origin that are widely present in water and wastewater. Despite
restricted use due to current regulations on their use, perfluorooctanoic acid (PFOA) and perfluorooctane sulfonic

acid (PFOS) remain the most commonly detected long-chain PFAS.

PFAS uv VUV oxidation water

| 1. Introduction

Perfluoroalkyl and polyfluoroalkyl substances (PFASs) (C5—C18) are widely used in different industrial applications
(clothing, paper packing, non-stick cookware, food packaging, pesticide formulations, waterproof fabrics, fume
suppressants, photographic films, masking tape, firefighting foams) due to their unique properties W2 These
special properties of PFASs are associated with characteristics such as: (1) the hydrogen atoms on the alkyl chain
are replaced by fluorine atoms [, and (2) the presence of both long hydrophobic perfluorinated (CH,p+1) carbon
chain and hydrophilic functional group (-SO3~, -COQ"), i.e., in PFOS and PFOA . PFAS have been found in both
influent and effluent of wastewater treatment plants which are considered as one of the major sources for their
occurrence in surface and groundwater RIBI, | jke several other micropollutants, PFAS are found at very low
concentrations B, but their refractory nature and unique physicochemical properties (Table 1) exacerbates the

challenge of their degradation and/or removal.

Table 1. Physicochemical properties of various PFASs (adapted from Espana et al. ).

Property PFOA (Free Acid) PFOS (Potassium Salt)
* Physical description White powder/waxy white solid White powder PFOA
Molecular formula CgHF 150, CgHF1703S
Molecular weight (g mol™) 414 538
Water solubility at 25 °C (mg L™) 9.5 x 108 680
Melting Point (°C) 45-50 >400
Boiling point (°C) 189-192 Not measurable
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Property PFOA (Free Acid) PFOS (Potassium Salt)
Vapour pressure at 25 °C (Pa) 4.2 2.48 x 1078
Organic—carbon partition coefficient 206 w* 57
(log Koc)
Henry’s law constant (atm-m® mol™) Not measurable 3.05 x 107°
*%k% *kkk *%% *kkk
Half-Life ?0 days, >92 years (at }14 days, >41 years (at
25 °C) 25 °C)
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Investigating PFOA degradation using VUV/Fe3*, Cheng et al. [28 identified intermediate by-products containing
C,—C- perfluoroalkyl groups in agreement with previous investigations (12129 The longer chain intermediates
including PFHpA (C-) and perfluorohexanoic acid (PFHxA) (Cg) reached maximum concentration after 1.5 h and 3
h, respectively, followed by decreased concentration with increasing irradiation time. The remaining intermediates
(C,—Cs) increased throughout the 4 h irradiation period. The order of concentration followed PFPeA > PFBA >
perfluoropropionic acid (PFPA) > trifluoroacetic acid (TFA) demonstrating the longer chain intermediates appeared
at the start of the reaction followed by decomposition to shorter chain products. Investigating PFOA degradation
using 254 nm UV during UV/H,0,/Fe?* process, Tang et al. 27 found that the degradation intermediates included
the short chain perfluorocarboxylic acids containing 2, 3 4, 5 and 6 carbon atoms and fluoride ions which is in
agreement with others 13281 | jang et al. 22 also identified perfluoronated carboxylic acids with 2—7 carbon atoms
during VUV/Fe3* degradation of PFOA. It was further noted that the shorter chain degradation products were
higher in concentration, i.e., PFPA > PFBA > PFPeA > PFHxA > PFHA 22, Jin et al. BY while investigating the
degradation of PFOS using UV/Fe3* found C,—~Cg PFCAs in addition to sulphate and fluoride as degradation by-
products. Theses intermediates are similar to that reported in earlier studies using UV/Fenton 27 and
VUV/Fe3t [29],
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2.4. Photochemical Oxidation Using MP UV—Impact of Experimental Conditions

Some studies have investigated the degradation of PFAS using medium pressure UV lamps. For example, Hori et
al. (18] investigated photochemical degradation using MP UV lamp (220-460 nm) of PFCAs containing 3-5 carbon
atoms (PFPrA, PFBA, or PFPeA). They reported that the absorption of UV light was much higher for deep-UV
region to 220 nm but was much lower for 220-270 nm. After 24 h of direct photolysis, 24.3% of PFPeA was
degraded yielding 12.1% F~. The other two PFCAs (PFPrA, PFBA) showed lower but comparable degradation and
F~ yield of about 16% and <10%, respectively. Degradation of these short chain PFAS enhanced when 5 mM
Fe3* was used such that the degradation of PFPeA, PFBA and PFPrA was about 2.7-, 3- and 3.8-fold greater when
compared with UV alone after 24 h. Similarly, the amount of F~ yield was greater although it did not follow the trend
of degradation. The degradation followed pseudo-first-order kinetics with increasing rate of degradation with
increasing initial concentration of PFPeA demonstrating that the complexes formed between Fe3* and PFPeA
resulted in photo-redox reactions that led to the formation of Fe?* and oxidized PFPeA. The degradation of PFPeA
was markedly higher in the presence of oxygen (64.5%) than argon (35.6%) and so was the conversion of Fe3* to
Fe?*, i.e., 93.3% and 0.70%, respectively. It was concluded that oxygen was required for re-oxidation step of
Fe?* conversion to Fe3* since the presence of oxygen could increase the formation of HO, that can expedite the

re-oxidation process.
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