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Abstract: Along with industrial development, more and more emerging organic pollutants enter the water
environment and pose a threat to human health and ecological environment. The traditional advanced
persulfate oxidation technology has the problems of high application cost and residue ecotoxicity, thus
finding new low-cost and environmentally friendly alternatives has become a new research direction. Sulfite
itself is an industrial by-product and is considered a good alternative to persulfate due to its low cost and
more environmentally friendly advantages. Here, the research progress on activated sulfites in recent years
were reviewed from the perspective of homogeneous and heterogeneous phases, with the advantages and
disadvantages of different activation modes introduced. The application of sulfites in the treatment of
emerging organic pollutants in water as well as the main influencing factors was summarized. The existing
research gaps in the co-oxidation mechanism of inorganic and organic pollutants, the degradation path of
organic pollutants and the limitations of homogeneous and heterogeneous activated materials in practical
applications were pointed out. Finally, the future research direction was discussed, suggesting exploration
should be focused on the new trend of heterogeneous activated material development, the actual wastewater
treatment and the degradation of organic pollutants.
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Fig. 1 Main modes, influence factors and applications of

homogeneously and heterogeneously activated S(IV)
degradation of emerging organic pollutants in water
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Fig. 2 Schematic diagram of experimental system flow
chart for electrically activated sulfite®*!
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R P e /B P AR AEIG NS AR IT . OB AR A4 . IGALRCREF . Wik, TESERERA,
I P A L, R A ST I IR 7K A7 A TR e
U R REFBAR . B0 25 PRIEAN , AR BRCRm . DO A 2R pH AUKIER I, AIAE
AR T SRS, AR B R A s
AR AR L SR FIHRSAE I, ROBLIEVER s WS IRAE A%, A B
SEEAYIE R AR NSCRE, $IEMRAANE S, TR, SRS, HikeE
(&7 CE i FESIEE TR
Ak m ARG AL e E A g Lt S L YN A N T oo DR RS D
KA AL FBRVS Y WBORAT 7 RO AR 4 8 AT AL U

3 ANIFEEELEKPEITRYE N
AERmEER

31 A

FERR FRIE ) i R v, KA Y SO, S HE 2 (1Y
WERZ—, SO, it — RIS AL S Az O B R £
FGRRRER , B S BORM ™ A1 £E Tl A= ™
M AR, 5 AR AR R 45 5 B9 BILIR
fif, AR BRR £ Y F AL R T A e A AR
SO Hr ) (AL, ey Fofs FL 1 R K b JE AL
TR IR A, R R A R £ 1 A 7K
AR LIS R B0 3k 2 AN T AR RMR R
IV i PR I A K Hh L 2K i TR A BL TS e )
(BeRERK . N T . BiE R ARG )

) o
32 HmEHE
32.1 DO

DO E#Z 5 S(IV)-AOP “ERfEH, XA
HEENEM, EENY/EWRRA (ZVIPPS) 1k
A, BRI, #LEA O, nIR CBZ
WM ez, HESam A N, WIE B R 8, 4™
HNH CBZ W%, 0 DO 1E ZVI/PPS 1R & ik
FREEMAIE; MESMESWBEIT, CBZ W)
MR IEART A 225, CAIIREN, Eix—H%
() JE R & DO 78 SO My BE R N FE i AF7E 1 I
FUE, B E, DO A e /e RS
WL S DO MHREE, AR T2 Bk IG5 4
YIvERE, W rT RS I REfEALE . an7E AR R — M it
B4R S(VYM(ID) Wk ZR g i S(IV)/Fe(1T)
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1R R EBRIREREE (BrO; ) MEHR (HA ), 1E{K DO
24T (DO B E<8.0 mg/L ), BrO; bR # i 5
FEJEH SO M Fe* BlifEH); 7Em DO & F (DO>
8.0 mg/L ),SO; Fl+OH J2&: HA ‘PR [ fire i) 3 B PR 186

2 S(IV)-AOP [ /K vhsr XA ALV Ye i ik

Table 2 Properties of S(IV)-AOP in degradation of emerging organic pollutants in water

ke, 78 UV/IS(IV)IAZ k= DO I, $k 2R
B ARP, MTEFRESLM T, FELAEIAIK
M SZBR L, UV/S(IV)/& AOP &% ARP A 1AZ,
SO; 1Y 7= 332 5] SO5 1 O, He i iy BRI,

- R - M =%
N BERIEY S FR S A TR R SN2 o -
K% Sk
gt AO7 RMBC2- pH=6. AO7 FKE N 60 mgL, SIVHKEH +OH. 'O,. HILFIFE. 953 [68]
800/S(IV) 2.5 mmol/L. 60 min SO;. 05  NaHSO;. CO}
MO Bi,MoO¢/S(IV)/  HALFIFTHIRE ] 0.4 /L. SOV R 0>, SOy pH. LA, 97  [69]
CILS 5 mmol/L. MO itk & 10 mg/L. 60 min CI'. NO;. HA
RhB FeMnO./S(IV) pH=4, ML FRHIE N 109 pmol/L, S(IV)# <OH pH. fEfbFIHR A 90  [70]
4 10 mmol/L .RhB ¥4 20.9 umol/L .10 min Na,SO0; #rim
WPEHELL BR-nZVI pH=7. AL RHIE R 0.3 /L. S(V)HEN SO+ OH  pH. fEfbinfe . 93.8 [63]
X-3B ZEMRS(IV)  5mmol/L., #RIE 20 °C. X-3B FiikE N 5 mg/L. Na,S0; # &
60 min
Sl Fe;05/S(IV) pH=8 . HEMLIBEIIES 200 mg, S(V)WkEY SO: pH. fiEfeiltt, 90 [71]
(Orange 1) 50 mmol/L Orange ¥ J% >4 0.2 mmol/L .20 min NaHSO; # & | HJ¥
PiER WHE NBCs-MnFe;O/  pH=6. LM R 10 mg. S(IV)HKEH SO5° pH. fEfLFIRAE . 84 [72]
(TC) S(Vyuv 1 mmol/L. TC i 30 mg/L. 120 min NaHSO; # it
CTC CuMnO/S(IV)  HEALFIBTEWE N 0.8 /L. S(IV)HKEH SOy, 05 H,PO;, COY . 94.4 [52]
4mmol/L. CTC itk 4 60 mg/L. 10 min DO
SMX Co-MOF/S(IV)  pH=8.4. MAbLFIFERWEN 0.1 /L. S(V)HE Co(IV). '0, pH. iREF. Na,SO; 95 [73]
4 0.5 mmol/L, SMX ¥4 15 umol/L, 30 min &, SMX &
MNZ Li3PO,-Co304/ pH= 6.7 ALFI R E R 0.3 g/L. S(IV) #E SOy . OH  pH. L. 94 [74]
S(IV) A 3 mmol/L \MNZ B E N 10 mg/L .30 min Na,SO; &, CI,
HCO;. H,PO;
HHWE  UV/S(IV) pH=8.5. UV IEN 18 W. S(N)IKER 1 e pH. Na,SO; # | 99 [75]
(crp) mmol/L, CIP &4 60.42 pmol/L. 30 min [\ E S
N4y BPA UV/s(IV) pH=9.2 . HALFIEE H 8 mmol/L, DO AWK e,. *OH pH. Na,SO; %1 . 99 [76]
T 47 1.0~2.5 mg/L . BPA ¥&[24 0.01 mmol/L | 120 min BPA ## . DO
CBZ Fe/Mn@CF/ pH=7. FFBIE N 1 mA/em®, S(IV)HkJE N *OH. SOi, MIRHE . Mgk 95 [77]
S(IV) 1 mmol/L , Na,SO, ¢ 50 mmol/L, CBZ it SO;. 'O,  Ji \Na,SO; #4it . CI,
WA 10 mg/L. 20 min NO3;
Xt BiESE Co(OH)-g- PEERIRRHIE A 0.5 /L S(IV)HE A 5.0 mmol/L, OH, O,”, pH. Na,SO; #%# . 92 [78]
iy (APAP) CiN#/S(IV)YO:  APAP %)% 0.005 mmol/L. 30 min SO;y. '0, APAP#%H. DO
PRO FeS/S(IV) pH=6 . fEALFI AT N 20 mg/L, S(IV) #EF SOy pH. Na,SO; i, 95 [56]
23 1 mmol/L. PRO ¥4 10 pmol/L, 20 min DO. CI", HCO;,
HA
ezl RO Cu(TTy/S(IV) pH=9. AL 25 nmol/L, S(IV)HkEESS SO . OH  pH. HEALFIH A . 81 [79]
0.25 mmol/L, B H ¥4 6 pmol/L. 30 min Cl'. NO;. HA
ATZ NiC0,0.@ pH=7.1, HEALFIREIRE R 0.6 /L. SAV)HkE «OH, SO;  pH. Na,SO; i, 82 [80]
BC/S(IV) 7 3 mmol/L., ATZ JFif¥kfEH 1 mg/L. 10 min DO. HA, CI”
SRR Ag@CNG/ pH=7. fEALFIBRIKIE N 02 /L. S(IV)HKE O3, SOs . pH. Na,SO; ik, 93 [81]
(DT) S(IV)/mT bt 29 2 mmol/L, DT Bk J 10 mg/L, 60 min  h” R R O,
HCO;. H,PO;
MTL Mn(VI/S(IV) pH=5.0. S(IV)#JE N 250 umol/L, Mn(VI)¥&E SO; . *OH. pH. Na,SO; &, 100 [42]
k1 50 pmol/L. MTL ¥RJEM 5.0 pmol/L, 15's Mn( Il ) . DO, NO;, CI”

Mn(V)
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A
N BHEFEEY RNIERR g I8 TEE R AT %ﬁi /%
/% SOk
HoAth A b UV/S(IV) pH=9 . S(IV)¥JE N 500 pmol/L. IPM ¥y €uq pH. Na,SO; & . 100 [82]
B4 (IPM) 50 umol/L. 2.5 min IPM, UV 5 & |
o HCOs;. HA
Tl P 7-Fe:0y/S(IV)/  pH=6. LB E R 0.1 g/L. S(IV)HEHR 0.5 SO; pH. Na,SO; | 90  [83]
(Iohexol) wJ WOt mmol/L . Iohexol Fifw ¥ 4 10 mg/L. 15 min PO}
iy Mn,0;@ pH=4.0. BALFIFREWE N 0.2 g/L, S(V)HEN SOy, «OH pH, COT . ffbFI# 100 [84]
MnsOs/S(IV) 0.7 mmol/L. ZEy#eE 59 50 pmol/L. 150 min it Na,SO; f it

FHAMER Mo(V/S(IV)
(ASA)

pH=5.0, S(IV) ¥ 250 pmol/L, Mn(VI)ikJE R SOL

50 pmol/L, ASA V£ 5 pmol/L, 15s

pH. Mn(VI)$iz

71

[41]

{: RMBC2-800 24 800 CHYFAMHRE T, LAARJESIRAM BiE Ly 2 0 1 S RINENRAEY R E SR, NBCs HABIAY)
%5 Fe/Mn@CF RERERIRE S 5 il Ag@CNG 4R QU ACKL T &4 ) 4 Ak A7 B B 48 ) 10 SR AH AL S 5 b1 R

322 % pH
W pH J& S(IV)-AOP [ A HLT5 Y4 1) itk
SRz —, AR S(IV) 5 Biris 3zl
B A ELAE F DA R & PR B i 7= 3, AT 52 5 e 4
Y BT

B, WARRRER eI 2 3 pH 52
WE 5 fras, 76 pH 4 1.76~7.20 B F, TP
HSO; B AELE ; 24 pH>7.20 5, SO /i h FE 1
e 1E pH<4.00 fFREE T, HSO; &% #iks ik
4 H,S05, #8743 HoSOs 43l HyO il SO, AR,

HWR, pH 23 52 i AL 75 114 B8 22 1 M Fh 1 7=
Ao FERLWESRGRRERAR T, Wl pH BUIE
LRI CHE . W 6 FiR, &BE T (Me™)
16 A0 TG R R A TR M B T 25 1 T R B AS [R] (9 0
FEHLAHICY, MR 2% Fe*™ . Fe*™. Mn® il Ce* ()
WARBRE AL A ], 1 Co®/S(IV)FI Cu®/S(IV)T.
AR SN RIS AP A PERE . AR T A4

Me*/Me®V* redox cycle

HSO3 S(IV)-Me-b+
Me®*jon complex
9
S(IV)-Me™
complex

HSO3

SO5 SOF
\ O, HSO; /‘
SO5

Oxysulfur radical chain reaction

Kl 6

J&, Fe? 1 Ce* i I B S5 iy pH JE IR 78 VUV/S(IV)
PR Z BRI K I MCAA 172+, pH M 6.0 34hn3
10.0, ZBRREEN MR, bEE pH 191k, KOV H
5 SO W HLBIAT AR A AR St o 3T LUSR Bl
VUV BE5F SOF =Y e, TEBRIESIF R ERaER",

100 [

o0
(=]
T

(o)
(=]
T

{ pK,=1.76 Y pKi=7.20

Proportion/%

401 — H,S0,
----- HSO;
201 803
OH =1

0 2 4 6 8 10 12 14

Bl S KA bR ] 25 43 A Y

Fig. 5 Morphological distribution of sulfite in water!®®]

Me™/MeV* redox cycle

Mer0H  _ S §(IV)-Mer+-OH
complex complex
J
S(IV)-Me™-OH
complex
SO}

SO5 SO;
\02 sor
SO5

Oxysulfur radical chain reaction

o A B U A R A 2 A e R K A v 4 R AL R R )

Fig. 6 Schematic diagram of reaction mechanism of metal ions activated sulfite systems in acidic and alkaline water
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LUK, pH X5 AT A 2 m . SMX
£ UV/S(IV)PE TR i i ol 325 S bl pH M 4.0 34
Iz 6.9 B R, B7E pH A 6.9~9.3 BHAEfL A K,
HiE SMX Y EE RO R AR T2 T SMX, X
N, SMX 1E pH Jy 4.0 B F 2L B A2,
M7E pH>5.8 J5 AL 7e. R, ik
SMX 22 i T SMX B 28 5 & A2 efi , Fird pH
XF SMX YFh oA s, FEIEZ I SMX 1)
Jef, FHURREMEREAE LR,

323 KARER

FAIRIKR A AEAE 45 Fh TCAHLBH B 7 (AnBs iR 3k
SALY . THRREL . BERRER AW RSIRENSE ) FMIRRA
BT (NOM ), —H S5KRMN AR P ROS SURY A
ARV BE A9 B R, DA 5% i SR Ak B i v BE .
Co(Ily/S(M){&RFZEH, HCO; 5 Co(IZHH4E A 1E
FAT A Co( I )/Co( )=z [a] i %5 4k, [a) if A2 i3k
Co(IV). SO; FI-OH Ry AL, i Al 45 T4 2 [
fige WLV W 4 5 R B [ RE, HPOZ ] L {2 it
Co(IN)/Co(Iith 25544k, H HPOI MITFLEH 96 T
Co(MY/S(V)RGexT £Bx RO By pH &N B, 1L
Gh, EAFRY CUX S B2 A T Uk EL A I il FE
SR, FELZEFGEH, BERRER . BRIRER IR BN
R R, Blan. 78 US/S(IVIR R, BifREh
FOLH AR BR A Y, O (1 mmol/L) T,
TCHLIT B X ER IR PO FR 25 (TCH ) R i 40 1 ot 5
4 NO;<S0F <CI <HCO;<HPO? .

[F#E, KPRy HA (NOM () F5 4 ) 5H
FRIG Y554 SO, . «OH, MM FEARAK & ROS 1)
FRASU R, PR BHAS 15 Qe IR i . 7E UV/S(IV IR
i, HA JREWES T 1.0 mg/L J5 X BrOs £ 2s
P A A A (R R I R e SO R R R SR 2
HA BT HAEBKERIN, BN AHS 2R
BT EERSS, RGN E
BrfE S0,

324 S(V)#% w3

SCIV ) Iy v B B H: 548 10 390 1) B0k HE X 8 fif it
FEESCH L, 54 sy s MW o ) 85 AR 2 )
K. 72 UV/S(IV)YIR &, B S(IV) ), Hfe
oEIPM BIREMR, fAFE 1 AEIE. 24 SAV)B s A
300 pmol/L #2713 500 pmol/L B, TPM F& A 35 % A
0.56 min ' HNF] 2.08 min", {HHE—FHI S(IV)
BRI R, FRAERR R TR g s
T, A SAV)SAER B H 3G B (HEN
HSO; 25 SOy KA hi, [AA HSOs/E A JF 5k
S PR R AR -OH ) s E S SO H 15 B
YEFT, ST AR T 95 Ye W il 25 k3900 i i R
WY CaSOs, REZRME . HLEMBER SO, nIAWI£h

FERTT ) SO3, IFAE RGP ARFRE M SO3 W .
SO3 WA FE AT, (RIS S L8R ROS, LISE
A HLYTG YD) A R A o A B S(IV )ik BE AR AT
KKFEAE ROS ) AFE, i H.nT#pE=4: ROS HI T
15 Y 7,

4 HEFRIBFBSREE

AH X PO RIS AR B AR Bl S(IV) B A Ay
PMS F1 PDS #AAWrIGE, HiGfbd B d =4 m
ROS FP2E 2L | A bMhsR, 7E/KAL PRSI A % RS0 Y
NG 1. SR, HAET S(IV)-AOP ARG AFAE— L4
I A 1) AR R AR5

(1) S(IV)FEAE B Tlb 37 5 A Bl A = Tk B L
VS ESEE TS O, RRWFIE N5 5EFR T
PR K SCHE, S S(IV)XF TEHLS A HLTE G it
AALRG T, DIAR “DURIRIE” B/,

(2) ZHF 55 TP A LTS e B R R A 8 4
B ARRAL, B X R = AT, R A
EAHER), TRE AR 2 A R, XTI
Fa g o PRI, A I BB 9 F %o A8 figt ik 42 A v ]
KRB N N e, FFEERT S(V)I AOP
Rk A AT BILTS e 1) B3 1 DA

(3) HAEr, & Wit ¥ 48 5 F M S(V)
FEAR A PRS-, AR IIAEAE A AL T [T IO N 4 T
T2 A A IR VG YL S I, AR g T
) B 2 B AR AR MG (L T2 R R

(4) ZHITESL S(IV)FEfE KA A LG Y%
FJLA RS AT, anfe B . 45 %4 ROS WA
FRA™HL . 40K i AL 570 B 38 4 I HE7E Ab K Hp i 45
0o X [n) BEAT R i g K BRIk B R 5 R R 25
Kefdt v, TEMEALIE R ORFLBR PP TAE A AOP,
HGE ROS [ 7= UL 5T el 38 [ g 8 ) 2 R0 R I
JB R
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