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Photochemical Degradation of Perfluorocarboxylic Acids Induced by
Ferric lon: Effects of pH and Carbon Chain
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Abstract Perfluorooctanoic acid (PFOA), as a typical perfluorinated compounds, is one kind of emerging persistent pollut-
ants appearing in natural water. The existence of ferric ion in aquatic system improves the degradation of PFOA under the
irradiation of 254 nm UV light. pH is an important factor for not only the distribution of photo activity species of ferric ion
but also the degradation of PFOA. When the initial pH of reaction solution was 2.53, 3.04 and 3.71, respectively, PFOA was
decomposed effectively and no obvious difference was observed whether for the degradation ratio of PFOA or for its corre-
sponding defluorination ratio. On the contrary, when pH was 4.92 and 7.05, respectively, the degradation and defluorination
of PFOA was inhibited markedly, which further confirmed that dissoluble iron played a key role in the decomposition of
PFOA. And Fe(OH)*" was the dominant species of the hydroxy complexes of Fe*. At the same time, the degradation of
short chain PFCAs bearing C,~C; caused by ferric ions under the irradiation of 254 nm UV light was also investigated. As
for PFCAs with C4~Csg, the degradation ratio at 240 min was as follows: PFOA>PFHpA>PFHxA, which showed that the
longer the carbon chain was, the easier the degradation of PFCAs was. While, for PFCAs with the number of carbon element
less than 6, their degradation ratio at 240 min was as follows: PFHxA>PFBA >PFPeA. The relationship between the degra-
dation of PFCAs and the length of carbon chain of PFCAs was not clear. More short chain PFCAs were identified by LC/MS
as the primary intermediates of these short chain PFCAs. Based on these, it was proposed that the degradation of PFCAs
bearing C;~Cg was mainly caused by the formation of complexes between ferric ion and PFCAs, and then hydroxyl radical
formed from photolysis of Fe(OH)2+ and the redox cycle of Fe*'/Fe*! further improved their degradation. As a result,
PFCAs were decomposed step by step.

Keywords perfluorooctanoic acid; short-chain perfluorocarboxylic acid; ferric ion; UV light; decomposition mechanism
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Figure 1 Effect of initial pH of reaction solution on degradation (a) and
defluorination (b) of PFOA, [PFOA]y: 48 pmoleL ™', [Fey(SO4)s]o: 25
pmolsL ™!
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Figure 2 UV-vis spectra of mixture solution of PFOA (48 pmol-L ")
and Fe,(SO,); (25 umolL™") with different pH. The insert figure shows
the change of UV-vis spectra of mixture solution of PFOA (48 pumolsL ")
and Fe,(SO,); (25 pmoleL ") at pH 3.04 with the reaction time

684 http://sioc-journal.cn

TRA VMR -] WA 1], B SN AT, 290
nm P AARIIROE BB HT IR A L, PFOA R Hi# b4
fift. U TTHEWT, 290 nm A8/ PFOA Rl Fe* JE i &
YRR RO K

WRHERR PFOA 520, /KA T AN H] Fe(L)Hpf
(R S b L T Fe® R AR T /KRR Y, RIE 1R OH-
Fe A= T A RTEAS IR e B 2. R AE K
BB T LL Fe'', FeOH?', Fe(OH)S , Fe(OH)) (aq)lyF
JERAALE. W TR IR N [Fels, OH MEIREE N
[OH 1u, R4 Fe''5 OH Z A& A R e S N K
AR (K BBV BCE (R DARLT, 13k 7
J AR RS A T o e R U X [Eq. (D)~
Eq. (4)].
R HR(I-FE LR P ) BBV B 2

Table 1 Cumulative formation constants for Ferric complexes with
hydroxide ligands
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Figure 4 The relationship between the degradation and defluorination
of PFCAs and the length of carbon chain
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Figure 6 Change of PFHpA and its degradation intermediates with
reaction time, [PFHpA]J,: 48 umolsL ™", [FeCls]o: 50 pmoleL ™
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Figure 8 Change of concentration of ferrous iron formed with reaction
time in the mixture of FeCl; and PFOA
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4 SKIGERSY
41 &7

42 5 5F 1R (PFOAH,0, 96%). 4= % JE % (PFHpA,
96%). H IR (PFPeA, 97%). 4% ] FR(PFBA, 99%)
DA K 4> S R (PFPTA, 97%)0 T Aldrich 445387 A ]
(GEH, BrEv), 4% IR (PFHXA, 97%)F = 1%
(TFA, 99%)I¥JT Sigma-Aldrich 1b2#iR7 A a (HAS, %
50). [Fex(SO4)3xH,0] 1 Fe(IlD) ) 2k & 4 22%~
23%, FeCly*6H,0 Jy43#ir4t. H 0.1 molsL™' HCI 5% 0.1
molsL ™' NaOH 135 pH {H.

42 BT E

Jeba S N AE N B 2O N g R REATIO L RO
AN A

PFOA J¢%i% PFCAS(Cy~ Co) ok K P & A Ha
SR I 2% (Shimazu, CDD-10AVP) [ 1 2% ¥ A €7 335 1
(Shimazu, LC-10AD)W| 5&, Ah#5 & 5. 4> B4 N
Supelcosil™ C18 column (25 cm lengthX4.6 mm i.d., 5
um packing, Supelco, Japan), FEi AL Sth il & 5 E A
40 C. HARKTIFR > 5104 0.5 mgeL '(PFBA). 0.5 mgeL '
(PFPeA). 0.3 mgeL '(PFHxA). 0.2 mgeL '(PFHpA)fi
0.1 mgeL '(PFOA).

PFCAs % fift ™= W) ¥ %0 55 5 & 73 #r R 5
LC/MS 43 #11%(Shizuma 2010EV LCMS), PFCAs [%fi#
(8] 7= ¥ 1) 5 25 K ] Discovery® C18 43 & #1(150 mm
lengthX2.1 mm i.d., 5 um packing, Supelco, USA), i
WE N 40 C. 5 mmoleL ' [ LRI A F R TR A v
YE R B A, N 0.2 mLemin ™', BAEEVEBORE U0 R
£ 10 min N HEE HTLRIEE D 30% T4 100%, fREF 2
min, FRJFIEAE 2 min N B BIWILEAE A 30%, f5)5-
7 6 min. JHRIG TR ESTYR 002 PR, M
AR R T4 PFCAs [y T3 FIE[M—H] (€ 2), X
F AR SIM B AT s PER e 20 A, e S50k
BN B s —2 kV, CDL HiJi 12 V, SA0SR%
7 1.5 Lemin . TFA [FACEMBR N 0.01 mgeL ™', H4
575 0.001 mgeL .

K2 RRIRIRANNL 5T 88 TV KL T b
Table 2 Parent and daughter peak and m/z of PFCAs

kS Ry T mlz
R C-F;sCOOH [C/F,5CO0]~ 413
A TRRTR C¢F1;COOH [C6F15COO0] 363
AR CsF;,COOH [CsF,CO0] 313
AR TR C,FsCOOH [C4FoCOO0] 263
A TR C;F,COOH [C;F,CO0]1™ 213
AN TR C,FsCOOH [C,FsCOO0] 163
=R CF;COOH [CFCOO0] 113
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W F F R

MR

T TR R B T 3 { (Metrohm 761 compact
IC)M5E . WRYEHRA NayCO5 (3.2 mmoleL ™)l NaHCO5 (1
mmoleL )R A, N 1.0 mLemin ', SefA
B4 0.01 mgeL ™.
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