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Biomimetic degradation characteristics of linear perfluorohexanesulfonate (L-PFHxS). CHEN Ling-xin', YANG Zhi-min% LIU
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Abstract: Based on confirming that the linear perfluorohexanesulfonate (L-PFHxS) could be degraded and defluorinated in a
biomimetic system, the degradation products of isotope-labelled ('*C) L-PFHxS (MPFHxS) were qualitatively analyzed, and the
degradation mechanisms of L-PFHxS were then clarified. Two '3C-labeled perfluorocarboxylates (PFCAs, i.e.
13C5-perfluorohexanoate and *Cs-perfluorononanoate), eight native PFCAs (perfluorocarbon chain length ranged from C1 to C8),
and seven native perfluoroalkylsulfonates (PFSAs, perfluorocarbon chain length ranging from C3 to C8, including linear and
branched PFHxS), had been identified as the biomimetic degradation products of MPFHxS. The degradation pathways of L-PFHxS
were proposed as follows: L-PFHxS were firstly reduced to C¢Fi3¢ radical by cleavage of C-S bond, and then transformed to
perfluorohexanoate through a series of hydrolysis. CgF 3 radical or/and L-PFHxS were further reduced to form C,Fy,1* (n =1, 20r 3)
radicals, and these radicals were chain-lengthened by stepwise addition of 0 ~ 2C;F4 moieties and eventually transformed to various
degradation products with different perfluorocarbon chain length via a series of hydrolysis (PFCAs) or combination reaction with
sulfonyl hydroxide radical (PFSAs).

Key words: L-PFHxS; biomimetic degradation; degradation products; degradation pathways
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Willington Lab A 7. 27K (~25%) AN (>99%)-
K M FE(Zn®,99.0%,40~60nm) HI HPLC 2% TP
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W Bt 428 ) R (1 L-PFHXS) A1 5 42 ) K (VB o+
nZn’),2H L-PFHxS VB, Fil nZn” HJ4GHE I & 4331
A 0.94pumol/L 200 umol/L Fl 1.0g/L.7F 5 NV i it &
IR P AT 1mol/L S A A0 AN RS SR I B0 1 pH
% 9.0,9FFH 0.1mol/L ¥ ik R &k 2% v i 2 7% .
MPFHxS B fift £ S 3 % b 2 i RE 1) o1 4% 3 72 b5
L-PFHxS 5&4AH A, H AR 2 5 A6 800 & AR 5¢
A AT,

YDA FE B B AR B4 G, 8 T e
k) 90r/min AL RE A 75°C (IFRIR L s .
1.3 Ff b AL B KA 38 5 HT
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A PR i AU 0y A TR T A
P K WA {635 (HPLC, Agilent 1260)- = H PU £ FT
Jii(MS/MS,AB SCIE Triple Quad™ 3500)& 7>
T L-PFHxS ¢ 5, >k H O & Hs v AH 4,385 (UPLC,
Agilent 1290Infinity)— VU Z¢ AT & AT I 8] JiT 1% (QTOF,
Agilent 6545)5E M40 MPFHXS M H A2 AR AR 4,
VR R T 2 800 W 450 Li Ui )
IR FARRREE R 11 BRI E b P BT 43
BT S 15 S5, FH R 000 25 R 45 00 1 3 B 1
HACES W sy e 5. K H & 7 8 1% (Metrohm
930Compact IC Flex)ill 5& FEAFAIE 1 R A IR
1.4  Fguabe
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Fig.1 The variation trend of L-PFHxS recovery ratio
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Table 1 Fitted parameters of an exponential decay model

24 WA FrifEiR % t P 95% Conf-L 95% Conf-U
Yo 0.615 0.010 58.652 <0.0001 0.588 0.642
a 0.378 0.021 18.054 <0.0001 0.324 0.431
kd"h 0.723 0.099 7.283 0.0008 0.468 0.979
PS4 R R WG R FrUEiR 2
0.994 0.988 0.983 0.016

T FRECE Ry = yo + are ¥ K Pyo. aMkSN TR ANTT BEAR A8 > LG L T AR 3 4 LU A8 e L R A7 R R %,95% Conf-LA195% Conf-U4p M 7R
95% {5 X 1¥1] P (4 PR L B AT ; S 86 4442 : [L-PFHXS ]y = 0.94 pmol/L,[VB,]o = 200 pmol/L,[nZn°], = 1.0g/L,pH = 9.0,7 = 75°C.

Jit Gt L-PFHxS % PFCs [ 2Bk 1 EL#EE
P, A B 7 (A I L-PFHXS FEMARAT b 25
TP IF ()T 2B L-PFHxS Jii %% (DF),
iR 2 s
DF =S =Cn 10004
13-(C,-C,)

A :DF #7252 L-PFHXS 5% % Cr F1 Cro 23

(1

S IREG TR ) ¢ IF AT A6 o AR A A v R 35 iRk
JE umol/L; C, Al Co 43 7R 537 I8 (8] Ky ¢ I FIAT] 4
BN L-PFHxS ¥ S, umol/L. 1K 2 ] 401, B i o
BB U EE R 2B L-PFHXS it 30 R Kb 25 15 5
(i) P85 Ty g RO B, e 0.25d BF1#9(1.07+0.18) pg/L
B4 10d I 19(14.4+0.4) pg/L, 2% L-PFHxS flit 5
RIFHMN I 7.22%+0.93%B4 14 15.3%+0.5%, M
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B LR Ak A WA A I 3 A g T AR A A7 AE
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Fig.2 Biomimetic defluorination trends of L-PFHxS

%2 UPLC-QTOF E£5#f MPFHxS {774 FERE =41
Table 2 Qualitative analysis of biomimetic degradation products of MPFHxS using UPLC-QTOF

(S| [T 32 A A

BEf 4 [M-H] 2370 A sl s FE e DE/ SRR T FE EIRFEAIES T DE/
. F B (cps) 6 - . 6
(min)  [(Da) th(Da) (x10°)  Jifurth(Da) (cps) Jifarbb(Da)  (x10°)
TFA (C1) C,F;0, 1291 1129858 23136  112.9856 -1.88 113.9893 528 113.9890 -2.88
PFPrA (C2) C3Fs0, 1345 162.9820 16525 1629824 242 163.9851 558 163.9858 4.08
PFBA (C3) C4F;0, 2.850 2129797 78108 2129792 235 213.9827 3406 213.9826 -0.61
- PFPeA (C4) CsF50, 3.181 2629757 54771 2629760  1.17 263.9797 3009 263.9794 -1.24
P, PFHXA (C5) CoF1,0, 3363 3129733 9748  312.9728 -1.56 313.9766 690 313.9762 -1.34
. BC;-PFHXA (C5)  G3[®ClsFi0;  3.363 3159829 7897 3159829 —0.07 316.9865 269 316.9863 -0.78
& PFHpA (C6) C7F 150, 3.545 362.9699 159971  362.9696 —0.77 363.9739 12037 363.9730 -2.52
PFOA (C7) CgF 150, 3.761 4129660 396391  412.9664 1.03 413.9683 33604 413.9698 3.59
PFNA (C8) CoF 170, 4.018 4629637 57455  462.9632 -1.01 463.9667 5536 463.9666 -0.23
BC;-PFNA (C9)  Co[°ClsF170, 4.017 4659738 36359  465.9733 -1.08 466.9762 2448 466.9767 0.99
PFPrS (C3) C5F;S0; 2.839 2489458 16363 2489462 155 249.9485 685 249.9488 1.24
PFBS (C4) C4FoS0;5 3.216 298.9435 13476 298.9430 -1.70 299.9463 713 299.9458 -1.78
EFSEIE PFPeS (C5) CsF 1,805 3365 348.9402 157448 3489398 -1.15 349.9421 9834 349.9427 1.64
TR FF  L-PFHXS (C6) 3.529 398.9366 61484 0.01 399.9391 4503 1.12

o CoF 13805 398.9366 399.9395
fiftr=4)  Br-PFHxS (C6) 3.444 398.9363 7762 0.76 399.9404 576 -2.13
PFHpS (C7) CF 15805 3.747 4489337 44980  448.9334 -0.64 449.9370 3709 449.9364 -1.32
PFOS (C8) CsF1780;5 3.996 498.9308 63350  498.9302 -1.17 499.9337 6156 499.9333 -0.89

ZHARR

K7 H-MPFHxS  C3[*C;HF,SO; 3.237 383.9559 9870  383.9561  0.50 384.9595 745 384.9587 -2.01

3/
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k2
TR ER A2 o A ol
KAtk 4) [M-H] 3720 IfR) Sl sesi by Btk DE/ SR ST MR FfLFES T DE/
. £ (cps) o " F [ (cps) i .
(min) (Da) (Da) (x10 ©) JiAir Ee(Da) Jittr H(Da) (x10 %)
=5 CF;3 1291 68.9959 20272 68.9958  —2.06 69.9990 228 69.9991 1.61
Eik v CoFs 1345  118.9928 28143 118.9926  -1.98 119.9962 637 119.9959 -2.34
LA C;F; 2.850 168.9895 155289  168.9894  -0.76 169.9924 5131 169.9927 1.92
JURT C4Fo 3.181 218.9867 71356 2189862  -2.39 219.9891 3189 219.9895 1.96
HAd ll;l—i\;fuj‘ckin CsFyy 3.363  268.9824 16183 268.9830  2.17 269.9867 875 269.9863 -1.34
e g Cz;;ﬁ%\ C5[*CL.F;,  3.364  270.9899 15079  270.9897 -0.76 271.9933 499 271.9930 -0.93
fil =4 O
H-4 5 Ok CoF13 3.545 3189792 172805 3189798  1.85 319.9835 11015 319.9831 -1.11
H-2 Rt CiFs 3.761 368.9762 138217  368.9766  1.07 369.9796 10763 369.9800 0.95
H-2 e CsFy7 4018 418.9740 101345 4189734 -1.42 419.9762 8566 419.9768 1.33
BCH- A5 5
. Cs[PCliFi; 4.018  421.9829 64133 4219835  1.34 422.9862 4162 422.9868 1.47

VBRI A1 3d; 55 A 50 R 7R A S 1) A S B S8 DA 22 578 22 7 N E 1Ak A5 W R VR T4y LG 22 572 1R 22 (DE) 15 X 10-6 P R XA 5
35 444 [MPFHxS]o = 0.94 umol/L,[VB,]o = 200 pmol/L,[nZn"]y = 1.0g/L,pHy = 9.0,T = 75°C.

% 3 MPFHxS #RAEdh P R B S FEFERRREAN B4 H 4% s RO I E R

Table 3 Peak areas of impurity compounds in decomposition treatments and various controls

e LI FEAARE nFe’ 7 HlkE VB, #E ik R B 4 A
e [M-H] - 750 N : — : — e : —
fift(Da)  RT(min) U T FR RT(min) UEMF!  RT(min) UEHIA  RT(min) WA
L-PFHxS 3.529 855986 3.529 105640 3.529 99878 3.529 101396
CgF13S0; 398.9366

Br-PFHxS 3.443 68063 3.443 21547 3.444 20223 3.443 22019
H-MPFHxS C;[ISC]3HF|'_>SO3 383.9559 3.237 14346 3.237 13827 3.237 14139 3.237 13937
MPFHxA C3[13C]3F||02 315.9829 3.363 48728 3.363 6212 3.363 6710 3.363 6605
PFHxA CgF 1102 312.9728 3.363 82464 3.363 12125 3.363 12209 3.363 11091
PFOA CsF 50, 412.9664 3.761 2431508 3.762 97305 3.761 96826 3.762 97983
BC,-H- 2k C3[I3C]2HF10 270.9897 3.364 32933 3.363 3277 3.363 3135 3.363 3201
H-4> 5% CsHF o 268.9830 3.363 56124 3.364 4021 3.364 3879 3.364 4115
H-4> 5 B C;HF 14 368.9766 3.761 1147301 3.762 41013 3.761 40652 3.762 38355

v B 5% I 1] 3d;RT b 4 B I 18] 5 e 100 A A 76 1% A6 45 4 PG 0 7 BE 25 5 1% 72 (DE)£15x 107 A $2 B AR (5 1% 06 17 A9 92 36 4% £ :[MPFHxS], =

0.94pmol/L,[VB12]o = 200umol/L,[nZn°]y = 1.0g/L,pH, = 9.0,T = 75°C.

f 2 Ik 3wl A= B MPFHXS X AE %
T 550 PC FRiC B, 5 B PCs-PFHXA L P Cs-
4R TR (PC3-PFNA). PCo-H-2 e BCs—H-
SRR T KEAE PC bl B,
F5 7 Fh 4 B R SS(PESAs) . 8 B 4> iR 2 25 (PFCAS)
18 Bl H-AH bk s,

MPFHxS (1] PESAs ZKB& M= 1143l AE °C b
WA, BRI LT C3 ~ C8 ZIH), 73l
4% 9 TN i 1% (PEPrS,C3) . PFBS(C4). 4 % K fiff 1
(PFPeS,C5). L-PFHxS(C6). Br-PFHxS(C6). 4=
JJ 1t % (PFHpS,C7) F1. PFOS(C8), 31X it W 115 7t % it
MPFHxS Jd 2 1, 2 Sl i i BEANM BE i gk 1 ~ 3
A CF, 3[4, i HAak ] LABEIN 1 ~ 2 A CF, JE 4] [ i,
Y TR P C AT PRSAs S AR =40, 1t W 2E i o

FEE K PFSAs JEA Ml I 15 20 i i CF, SEH S,
ERTHT AR = 208 JR 12K FAi# PFOA B¢ PFOS 1]
g R AR— O AR Li SR A 2 A
RIE AR PFOS [¥145 AL [RIAE, AR i KB K
PFSAs th W AZA R % 0§ I CF, B4 SEBLT).
MPFHXS (1] PECAs B )5> 1 PC bRic A
4k BC FR07 7 H1.°C FRIC PECASs 7Y 2 Filt, 43 51 2
BC;-PFHXA(C5)H1 *C3-PFNA(CS), {H Rl 1
HAE BC bR 1,81 PFHXA FI PENA(F 2 FilE 3),
XYL ERf# PROS 1L Fh AR Al = ml fg L
17 2 P 42 A1 C AT PECAS = I A il e
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