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Sorption-stepwise regeneration and UV/sulfite process for
PFAS removal

LIANG Yaorong, YANG Zhengheng, ZHOU Fuhao, HE Di

(School of Ecology, Environment and Ocean; Key Laboratory for City Cluster Environmental Safety and Green

Development of the Ministry of Education, Guangdong University of Technology, Guangzhou 510006, P. R. China)

Abstract: High concentrations of nitrate ions (NO3) and humic acid (HA) significantly inhibit the degradation
efficiency of per- and polyfluoroalkyl substances (PFAS) in UV /sulfite systems, limiting their application in
complex water bodies. This study developed a combined “sorption/stepwise regeneration with UV /sulfite
degradation” process to achieve efficient removal and degradation of PFAS in complex water. First, the study
compares the sorption performance of three anion exchange resins (AmberLite™ IRA67, IRA410, and IRA900)
toward PFBA, PFHxA, and PFOA. The results indicate that the strongly basic resins IRA410 and IRA900

W #s B #:2026-02-03
EETE I RHE ) (KCXFZ20240903092404006)
EZ B RS (2001- ), 55, FENF 2 HILE W L5, E-mail: 2571480513@qq.com,
s GEAF EE ), 9, 8082 11 4 30, E-mail : di.he@gdut.edu.cn.
Received: 2026-02-03
Foundation item: Shenzhen Science and Technology Program (No. KCXFZ20240903092404006)
Author brief: LIANG Yaorong (2001- ), main research interest: treatment of PFAS, E-mail: 2571480513@qq.com.

HE Di (corresponding author) , professor, doctorial supervisor, E-mail: di. he@gdut. edu. cn.



2 K5 3% £

FAROF & L)

% XX A

demonstrated excellent sorption performance for PFAS of varying chain lengths. Under conditions where NO3
and HA coexist, PFAS can still be effectively removed using IRA410 and IRA900. Based on these findings, a

stepwise regeneration strategy was proposed. In the first regeneration step, high-concentration NaCl was used

to preferentially elute co-existing NO3 , achieving NO3 desorption rates of 99% - 100% on both IRA410 and
IRA900. In the second regeneration step, a 1% NaCl solution is heated to efficiently desorb PFAS, achieving
PFAS desorption rates of 71.0% - 95.7% on IRA410 and 32.1% - 91.8% on IRA900. Combined with UV/

sulfite treatment of the desorbed solution, PFAS degradation rates exceeded 99% , with defluorination rates

reaching 73.0%-80.1%.

Keywords: per- and polyfluoroalkyl substances; anion exchange resin; sewage treatment; sorption; degradation
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ST K B PEAS MR JE 1 45 . Bl an, 26 6 36 5%
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W BE (MCL) B 5E A 4 ng/LP. Rk Al X3 2k B K
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Table 1 Physicochemical properties of resin

Tl AL L5y L5ty HhE 384 4% i/ (mol /1) Btz /pm
IRA67 P AL B e AU 1.60 500~750
IRA410 KM -— LA =i 1T 784 7 4% 1.25 600~750
TRA900 K- LI H KAL Ik 1.00 640~800

4S5 T mol /LAY T 1eq/L.
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Fig.1 Schematic diagram of the experimental setup

1.2 XWAHRREMK A X
1.2.1 AMEE

AN TR AR i 450 o £ 8 B 52 56 < 4 0. 01.,0.05.,0. 1,
0. 2 g(XF 5 & 24 50,250,500, 1 000 mg/1.) Ay & F
4 s (TIRA67 . TIRA410 3% IRA900) fil A 200 mL
PFAS % # (1 mg/L) i 250 mL $e# h , #& & 1 200
r/min F3EHE 24 b, 54 0 BFF 7

pH fH 5 W 52 56 - % 0.1 g B 1 3¢ e B R
(IRA67 . IRA410,IRA900) fill A 200 mL PFOA ¥
W (1 mg/L), & HCl 8% NaOH ¥ 1% % pH {8 4 15
% 3.5.7.9, 7 200 r/min F ¥ £ 5 B, I 4E 0,10,
30.60.,120.,240.480.720.1 440 min BLkE . 78 pH
RS, R TEl A E Na fCL B 7, KA pH
EHEATRRE FRENRAERMZES HHT
PE R RN B T A AR A R X I B AT
18 5 i) ] 228 66 S T AR 9 R A1 T R R A o
il B8 5 EE

We Bt B e S . 0.02 g BT A e IR
(IRA410 F1 TRA900) fill A 200 mL PFAS ¥ # (5
mg/L) , 7E 200 r/min N i ¥ 5 3, 78 0.5.10.30,
60,120,240 .360,480 .1 440 min HUFE 53 #r .

W BFF 45 L £R S B - 0.02 g B T A8 e W IR
(TRA410 5 TRA900) fil A 200 mL A [&] ) 4 ¢ B ()
PFAS % # (5.10.,20,50, 100, 200, 300, 400 mg/
L), 7E 200 r/min I i3 24 h DLk 2] 0% B 45

HAEAL A W) 5 S2 5 TRA410 5% TRA900 B i
(Fm#4 1000 mg/L)MIA :1)200 mL B — PFAS
(1 mg/L) ¥ W ;2)200 mL &% 47 PFAS(1 mg/L)
TR AR (20 mg/L) IR & ¥ 5 3) 200 mL % A PFAS
(1 mg/L) fH R AR (20 mg/1.) A1 J& 58 g (20 mg/L.,
TOC 2 8 mg/L) MR G # W . A& HTE 200 r/min
TR N, I AE 0.10,30,60,120, 240,360,480,
7201 440 min BUEE
1.2.2 BASH

P& IRA410 F1 IRA900 # i (4% i & &y 1 000
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mg/L) , A H XA [7] 55 K PFAS /9 W B 1 i 1 T
IRA67, 156, & MALLE A0 5 W5 e 52 50 14 20 B ik
A7 W2 B Ak B, 9K F5 T 25 8 K e A i LA 25 B gk BR
VST, R T 6 o 0 ft W S 6 ARSI 5

FESS 1AW S5, 43 53R A 200 mL 5% .10%
F1 20 %0 NaCl s W0 1 FAR g 25 17 75 28 b 31, i Wi
BFIE] R 15 ming 255 F /K vh PR A4 R LA 25 Bk ok B3 1%
WG AT 20 MAE . B 28 MW st g, A 200
ml 1% NaCl# & , 7 1€ 60.70.80,90°C F Jin #4 fift
W, e W BFTR) A 24 ho R 285 IS I A i U D A%
PFAS W B, I 1153 MR R 805
1.2.3 MBREMMEL

16 9 AR o R v R4S B PEAS i Wi T %5
VAR RN R NEN o s o i N RS @
1 H bR PEAS W) IR W B — B0y 50— PFAS I WAE R
XFRRZH o W WCR T X B KBS, AL A H AR
PFAS, A& i W th A7 75 19 126 NaCl K HAth 3 77
TEOLEA B BT, 1T PPl A 082 0 35 Jo XoF I fie ok 72
45 1)

T i E B — PEFAS R R AR i, DLPE A i
W R S S5 v T B AR N S A7 BT R 58 Ak /I A 1R k1R
F AR ACR 1 5

P A A 3R 10 0 2 k70 4 vk BB 34 ) 10 mmol/
L, 50 A4 2 90 46 pH (B )R H] NaOH i 5 % 10, Jf
1 254 nm 2 AP 6 B 2 S 24 he g i 7
H 3 HIHE 0.30.60.120.,240.480 .1 440 min HURE , il
JE VW PEFAS KO3 B W B2, JF 48 I 1 H 53 PFAS
F14) 3 ffe 30 O 9%
1.2.4 LB #7

K FH R 8% A {43 (HPLC, Agilent 1260) 1k F
= DU AT B3 (MS/MS, SCIEX QTrap 5500) 43
Br PEAS. B AR HI 67 25 Ha Wi 55 L 25 (EST) I
A Z N W (MRM) #5580 40 B 4F 8 Adlantis
Premier BEH C18 AX (1.7 um, 2. 1XX100 mm,
Waters Technologies) , 3 it #& UHPLC C18 { §" 4
(1.7 pm, 2. 1 X5 mm, Waters Technologies) , # i
HeFEAE 40 °Co JshAH B 285 (A) F1 10 mmol/L &
MR e (B ) 4 8, B0 B2 e R e T WL 36 2.

#2 LC-MS T30 i %k B
Table 2 LC-MS mobile phase elution gradient

][] /min WA/ % W B/ %
0 90 10
2 90 10
5 35 65
12 10 90
13 90 10
15 90 10

2 ZXWHERE5ITR

2.1 AEBAEFXZEBIEX PFAS B T B 4 68
HEmEZR

] 2 fr 7R AN TR B 454 F L, IRA67 . IRA410
FITIRA900 %} PEBA .PFHxA Hl PFOA 1 2 B3R .
M2 0] UL Pk BB AE 4 B R TRA410 i
IRA900 7E FT A7 52 5 45 1F T ¥ 3R 90 1 % = 1) PFAS
EBRAE . it M 4E PFBA(F 2(a)) \PFHxA
(K 2(b)) i K4 PFOA(E 2(¢)) , 5B R 4 15
TE 92%~100% Z b, H BE A B 50 & 28 4k JL -7 K
I U . R IRA410 AT TRA900 ¥ 26 3t i
5 HL ARG SE 19 PFAS £ BRBE J1 (B H 454 22 5475 ]
AE B2 W W BFFAT R o AR R 6 1, IRA410 O B i A0 2%
4 , IRA900 2y K AL A G54 8 i AR g 3= 22 1t 4
J T 1 Bl L 3 T A% ST 2 R A7 VKRR R Y, K
AL A B 0 5L A T Gk H R E 1Y LB S5 R R R
(R L e T AR, A AT R AR HEBE g 62 i 35 G 4 1)
PN 3 PR AL A AT AR X T K T A 5R K i
PFAS, K ALZ5 ) A R T 43+ i AL IE IF 2l i
W 3h J 2k 47 . MR E 2 1, IRA410 F IRA900 E fig
i 1 B | iU i o= i I W= s Ry [
Aii TN AE B R BE 7T BE A7 7E 22 5, DT 52 el 5 H A/ ] it
J3 T 5 0 B B 48 2 R 0 B R AR SR AT
(LR R TN N Wi N T A (= B I PR
S RE FEAR AR B S 3 i 7R

A Z T, 859 08Pk B B3 32 3 AR IRAGT (1 1
B fiE B R A 25 . Jo HxH 4% PFBA(E 2(a) ), H
FBRBAUN 5. 1% ~16. 8%, RV fifi $1 w55 45 g 48 o &
EBRFRETE AR, X F 55 PFHxA (A 2
(b)), B 25 B B 5 I o 09 38 & B & S
59.7% o — Mk Ry, B F 3C AR XF PEAS 119 0 f
b P2 2y AR B VR R R K AR B VR R ] 3K
P W 1A, R A IRA410 F1 TRA900 B fig
UK M- — 212K (PS) R B Yy, i IRA67 I
HETFWHREE(PA) . T PSHB KL T PA,
T L TRA410 F1 TRA900 4 g B4 Al F 5 PFAS 1 C
- F 6 Az i K AH AR, DA 38 5 g B s 5

HE— 20 L 3 AR s 7E RS TR pH {H 4% 7F R XF
PFOA ) 2 BRa R (ILIE 3) . fn &l 3(b) A 3(c) B
7, o B M B B 1 52 B iR TRA410 F1 TRA900 7
pH {E A 3~9 7t Bl 4 1 26 90 11 R o L 00 S 1 O
g , X PFOA B 25 B #& R R¢ £E 95. 526 ~100% - 1M
55 Bl PE A AR TRAG7 XF pH {8 28 £k 8 o Bk (1 3
(a)). 7EpHMH N 30, RN 97. 6% , M fE pH A
RORTRER 86.700 . X —FEE SHASEREA MY
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Fig.2 Removal efficiency of different PFAS by three

resins at varied dosages
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Fig.3 Removal efficiency of PFOA by three resins at
different ph levels

<PFHxA<PFOA., ffi% C - F 85 K , PFAS
Oy F AR B K PR G 5, T 5 S5 A B Y K B AR R R
B KA BRI, R, 76 AH RS2 50 45 8 F L PFOA
(4 W B 25 B 2% B i, LR B PEHXA, T R % PFBA
T B K PR R 55, W R X BE AR X 8K . BE T iR &k
SRk R BE R BE PRAS 226 30 A S5 2 i
AE Y IRA410 AT IRA900 I J& 22 W B 5 52 F 5% -
2.2 PFAS 7ERRE _E IR Bt 3h 1 2 5 R Bt &5 iR 4R 45 1E

K’ 4 Ff 78 , PFBA. PEFHxXA il PFOA 7E
IRA410 AT TRA900 A4 i I A Wz Bk 2o 72 15 3 BHL o B
PR R B B B B S R T . Bl ) S R R
AaE (£ 3) R, HE G Bl J1 25 (PSO) #E T (1) A1
KAB(R>0.95) B WAL T e — % 3 J1 2% (PFO)
BEAY 3k — S5 JL R W, W B b AR 2 A2 3R T R B
b2 W BEE ML ) 42 ) T IR R Al o B R
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Fig.4 Adsorption kinetics of PFAS on IRA410 and IRA900

S, AT RE W K L VR LB K RH AR T R SRR
S FAE AR S, ASTE PFAS 76 W F A4 g LY
W B 2 s R B 25 5 . AT PFBALIRA410
[ 0 4 W BAF SR (Vo) O i W B B (g0 43 i
0.271 1 23. 717, i IRA900 43 51 #2 & & 0. 391 Al
31.932., X} T PFHxA,IRA410 1 V, Fl g. 53 5 N
0.308 il 35.271, i IRA900 43 % 4 % 0.429 Fi
38.276, XF ¥ PFOA, Wi Fl B g (1) 3l ) 2% 2 B0tk —
B R, Hod IRA410 19V, Fl g, 43 51 4 0. 394 il
46.562, 1 TRA900 ik ] 0. 537 F1 49. 597, B A i
5L biE PEASHEERK B3, VoMl g 38 &2 I3,
LK AE PFAS i F 5158 (19 51 K P 4 [ VE
15 S B R W B, TE BT A RS AR R R,
TRA900 & B 1 T fm 119 7] afs WAL R 3880 2% 60 B K 19 ~F- Aty
WG B 2%, AR IRA4L0 HAT W] i p e 34, X —
25 5] IH A F IRA900 1) B AL FL &5 4 (R AL &5 ) .

&3 IRA41071IRA900 Xt PFAS IR Bt 09 /# — R0/ — i 5h
hESH
Table 3 Pseudo-first-order and pseudo-second-order

parameters for PFAS sorption by IRA410 and IRA900
PFAS ) ) 2 A ZH

IRA410 IRA900

M — 3 Sy il k/(1/min)  0.008 55 0.009 41
q./(mg/g) 21.121  28.369
R? 0.910 0.949

PFBA o )
We s SRV /(mg/(g-min))  0.271  0.391
q./(mg/g) 23.717  31.932
R? 0.955  0.970
W — K3l Sy 24 AR £ /(1/min)  0.006 94 0.008 39
q./(mg/g) 31.011  34.188
R* 0.950  0.949

PFHxA o '
=B S V/(mg/(gomin))  0.308  0.429
q./(mg/g) 35.271  38.276
R? 0.978  0.970
HE— 3 Iy 2B k/(1/min)  0.006 38 0.007 79
q./(mg/g) 41.541 44.561
R? 0.938  0.908

PFOA R )
We =R sh SR V/(mg/(g-min))  0.394  0.537
q./(mg/g) 46.562  49.597
R? 0.968  0.954

VE sy ME— SR B J 2 HE A, 1/ min I B AR V7, o
LR () B %, m/ (g min) 5 g, 8 BRE F 0 R , mg/
@3 RO A6 M, P F AP 0 B 0D A DR B . ok LB R K/ B
B g5 50 B0 A8 (1) 42 30 B 0 W A A 1) 53 R
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