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WU (B« BRI bR, X5 3R RIR BB A 4
ARPEH T H R A EOR.

P, ARSCH Sert <2 AR X — Bt & AT 1
TE S, IEXH PR T TR, 25, R R IRk
Hh A B TS B B G B LA AR I 5 B8 T Ae b2
PEAT THER, U, SAE TS RNA BB S B XA
HTs e L BREODTFEHERE, R T3 TRk P AT L
TGP oK IR S B R SR 507 %6, B, XHZA
A IR BB S E R R A T ) AT T R 2R

1 SAkIE

BT & 4K K (complex water), HFTE NS A
B0 S I 25 A4 Fh OBV STk, o)
Rl CREREREAR) oK AR, Wl i,
g MR KRS SRR, FRATEIAY, B4k
It — RN Z 2 et s gl 43 82 24 KAk,
XA 2R KA . IRTTAR TR ARl /A% FHHEZK AN T K AR
5, BEWREZANTSYTIK WK WK, K
FHh T K5

L1 XS0k

WX A AR SRR TER™ DX R N 52 BIRA™ 52 W) 4
BRI, R 0T RO HEA S
b SR HEA R B R B <T5 /05K, AR K.
T HAK I ARIEA KRR MK MR KFIEEZ K,
AR BB R . BAK ZSBUK. HBUKRLER K
SRE, A ik G S K2 93 R A K
SR W G TP, B X AR T 43 S IR Pk
SRR RTNERIE R 2K AR, PR TE SR ok e i
e AR haE A XA AN 3 A A T AL
RS KA, S AR AR AR LR el e o T
TR R b0 73 BRI AT pHJA 1 750 177 A Fy 52
KR

" XS AR R v 5L 88 5 s BAT 8 2 B0,
PE, BIOR. BRL B B ML BE. HER. B BRL OB
ROl SEAESR, B R TBONTS K IR B AR
AR T, 1 X2 2K R i i B BN A A B, (HAK
SRAFAE—LERU TS ey, fd4s ks 25
S H A Psi K YR Gn],  A R E B TS
FAH™ Y5 LR RN LT 220 1 DXl Hh AR e 0], 1A
LeAmifilsn) . pHIEHGH ) A5 Y.t Ta X2 oK ik
R TGYE ) MR AR, W 2R T H o5
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BERTT T AIRARIA.

1.2 YEiien

SRR A S — SRR, AR
AR R, — i R R . AT
B35 32 B3 AN E K U (KT W T AR TR +
8 ) A SR A IR T A ) 5 R PSR, AR I X
ORI IR SR, R A BT )
TENFZ R 205, AR, ek At S 2 i
HiLIX, FEFR LA R I T A2 37 BLAG LSRRG o,
T RN TT R AR I R = . An20234F & A 1)
b K H IR <7 317 B W FHE, RAHEHE N
744.8 mm, Rt H DA AR B E S 1404 LISKHENE
IR . O3 — 2T AR, — R TR
[RER LN 2] N/ v 1 2 7 U B S A s R b
A b KA TS e KU

1.3 ok ik

b/ FHE K A e 2k Wk Hbak Ak
ohE S e s AR, — B TR K
WEMER, MR m N, e m L, B
WA, AR, BH TR0, mARR .
AENEAE X AR B i Ik, (HEHERIK P A 24 1y
A B R R R —R R, 55—k /A H 3
SHEK. M TEEEA IR, BB, R REERM, LA
TREEDARK. Rubm s, EARAk 20
7K KRR 7K 32 sl o HE K va) sl HAl iR 48 K
A HERR. BPEE TR 2R 0 T R X, X EHK S
ZAR. HIE, AR FHHEK, AU S A H 3
Ky EHOKSS K RERE, FERBE TR, mH
S FEUR R TR FUKARTG Y. ARk, PrAE RS0
153 FEAR A T HEZK R A
1.4 Eritokik

AT Aoy R ffam s o am . 7R 2L ik il 4
25, AL, SR SOrEAEE Tz . 24k, A EEEH
MR =y N A N O = Y G | A B L S e
Wi, VAR IR K KFSHE Y B0 & KA. 3k ey
HIEK, SRIEFAMAR. T s, Bl R AKHE
T, R L R AR 25 £ i T A A, FE Stk Ak
W, BRATTEH S R ISR B B TTHLURE SR, K
EAJE FRETEHEA AR REE S KOk



P A

BETAA Tk, 53 F], COD(chemical oxygen
demand). BOD(biochemical oxygen demand){E tiAS[F],
HHL T 2T AR, bR T &AM Rz o, GH
VL. 3. EERE T EEEE. x5k
EFACRE, U, RRBEE, BOERb .
TG KA RIEE UM, R4S <. KRS
FWIE, BHAREYIER, HEAKARINAE Y B,
RELAS S AE AR T RS, IR A AR, 2
A FEMER AT YK AR Z —, Tk E
(R GE R T 1051 LASR .

2 AR R AR BT BB R B A

594
2.1 KBRS RS

TRARGTS YIRS F8 B 2 AR A e A ARt B LA K A=
BDARGA BAEEE R KA EY AR A
SRR YIS, WEFE K AT G i il ok R K K
TR B B AL B 28 7K A BB T 25 A e 5 B0 FH K I
TR & AR E A A A FYR . 805205
Y. ATEEBUEY) MHAWE MBS, Ak, s
G BTN KA TS Y R 3O X A R AR 25
RY AR H 25 )™ 5 1A R

WK A E GRS, — ORI Fi5 7K Ak
PR P HEROIT SR, S22, b F KA TS YL 4
RARAR, ERNTAZE, i TREAREHEY
RIS G, MR AR R A TS G R AR AT, (L
KA AR, AV R R L TR
kAR, AR ES AR T AN AL/ A FHHEZK LA KA X
825K AR FETS KAL) KR, T Yk B — A
0.1~10 pg/LZ 1], i Ab B AT RIRE 2 1%, (HAEHEATKIR
ATt pl A s KU,

Z NG, BB T MR OK R AR 2 T EL
AR ARG G G T Re T, A& 2%, 2-(4-5 T 30K
TR, S I S i) Iz AR AR R A2 —. B
T KA M E B K HE TP AR 25 B, 3
P ARG I 20 A7 1 55 S H LR T 2 Aok ik
Hh G 7 ng/ L/ LI B S SIEARE SR, A9 251
TRARGTE GG R A ) B 5 L), R ER THo R
IKEEZE M T AR Y, TR R B R 125
R N HL 5 YL I PPCPs(pharmaceutical and perso-
nal care products)Z—. [ FE A G i e 28 B R RS

ZRHVER, YRR S PG Kk R i gh >, BT
TEHLFRIK . MR K EE AR N LI, WREEE
ng/L~mg/LP". 3c86 & T XU EHZ$BPs(bisphenols) {15
Y, AR T A TR — R T
ez, AL NI TR, B RTTE E PR
FRIAE N, 1V BPRT A Wit S 40 T T
PR IR A B, FE g DRI 1k F £
EY A

IKARGITS e B G 1 Y BRI 5 12 7 bR ) ) 49
FAICARI 1 i Tk A TS Y B0
i, S AR B A T RS DU Y R UKL — 1, TChRI
YA B TR AA 2R HPLC-HRMS/
MS(high performance liquid chromatography-high reso-
lution mass spectrometry/mass spectrometry )X KA T
AT, O T A R E S, A ORE R
BT R i 1 R K AR T TS G AR G LS S, PR
FHEHRAZ I8 I ok X S 5 5 AR 0 AT se 1Y Ak
2EghR, INITHEWT . SE5KIR R AE RS P4

2.2 SR PR S A

Bl G 5 K A R Y A R, A2 AR KA R DL
15 PR AN IR FREA AL G A HLTS S0 (CAnA 3
B 2GR, ZRBRMEF R L), ELEM
B Y ) (R AR, TRk, PPCPsHI
TIBRL, VERE AR ASE S 4y, Z 8 AATH £5
IR 5 S

PPCPs FEAHEYIAE R . IHRIEWZ . paziidtiin
R RG22 Kl s 2555 25 A H B A T v BT FH R
AP RSP . T B RTE AKAEEE T # R R k
PrRIGGE AN, BRI TS I FIlE < A L
AELBR—ARIIPPCPs, [HAHR/PPCPsit e BEAE 25 BR,
15 KAL) H K B 2 BUE 44K ARPPCPs T YL il B 2
WA, PORHROR, THR B A NZEE 4 . WA R
1855 R 25 RN 22 B 7R I T V5 K A FE ) (sewage
treatment plants, STPs)H /KM H. IS5 Y7E
STPstH /K Z A i, Horp R S PG P-Aa e 26, d
KU JE 55146300 ng/L. ¥} (microplastics, MPs)/2: E
/TS mmPYEARMORL. BT BN, 5—ryAnT
FFF SRR L, XKIABE R UK. Aok, 5N
B0 R A T 5 A RS e i B S
IX. Wang% APVRBH, MPsHT LA FHTT AR 2 LA 9
AT KPR R, I REOR AT LA A R

2791



MG 0B 2024578 %69% #19H

JE . 7E10 mg/L~10 g/LINaCIBF STk FE T N, P
W B RE T 32 B, AR (humic acid, HA)WREETE
0~20 mg/Lya Bl , 38 F A HIMPs-BiA: 2= AR, e
R (sodium alginate, SA)XFBi 3% Pk (amoxicillin,
AMX)HIFRN TP B (ciprofloxacin, CIP){E4FIMPs | 1)1
BV PR LR B2 (0~50 mg/L) M NS 3. Sun
a2 NPI5E 3B, MPsHIZ 3R 5% (polycyclic aromatic
hydrocarbons, PAHSs)AY{ &%) m BEE i< 42 =5 40 i N 15
P4 (reactive oxygen species, ROS)& & g ERH
AALFIDNATG 7 AR I 40 M35 ) A R s 220 43+
0 % (I A A R R ) Rk i 3 A ) % I 2
SR AR . 5 5 e b B R A L,
MPsHIPAHsIR & ¥ 1Y 3[R 2 5t i R 280 4: 7
P R F R, RIIMPsFIPAHs B AT B3 A Pp ]

BFEAH, HEs G KR 75 G B 3 #h
— ANRE B AR T, A 1 % i — B,
PR AR A [ PRI S S (] T A EE R DR SR,
B 3K 0SS e A . SN AN BEAE
BEARMTE, HETHKIRASE AV FE R R B, 25T
32 KA A B 0T G P XoF 7 A 25 RN IS M 5 1 7 S
iR R, HZE G R AR IR EL b5
AR FE R RIS, SH TS Gt i 25 R e U HOE AR AR Y
PRI Ve 1 A5 ST W T 35 4 YA BB 5 R R R
YT E R EWAE LSRR A
HEAR PRI FTCER P R A FRER
PIT & — 7 BT S T B 28 55 09K A48T s G
YW T, X e B A2 KR T TS G i A B SR
WA A R PR B AN .

3 s REAVKIKIIRIL S 25

3.1 PRME AL PREAR

Py EAl s A BEEOR FAT R B TG PR R A L
Ab 3 P R A BRAE 3. AR R AR R AR A
B HBORSCHEAE T b £ 5 3 )35 1R 5 A8 LR IR
KRR KRR IR A ERLIR DL, A B 2
H 32 A [ 8 2 H R S IR 52 i K AR e s e g U
5o E, PR ug ik UK 1 22 Sl )1, AR IR A4
B RIE, F AR TS Y2 oA T, HA
PLBLA AU 73, PR S8R IR e — Wy P 7,
AFERAAE, REFERLAR, A Ak B 3 SR A 7
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1925 AN Ry B2 KA o A I T A sl e A 2
HERTRE, 520w LA HALR ) 3222 PR 2 AL A A AR
pH. SCNEIRIE R I D) AR50 B R 7 M AT R 4

TG PR B T2 A 4G BURLIG Ml B ATE R 2R
PTG R RN A . 0TS e Wit A K IR 1) 32 1
PR T5 AL B BB K. S S e BRER TR K
i, Tk AR BT HER T A — T bR K A B
157K, EET, BPIRIE PEs W Bt — R IR AT B i 25 bR Ts
HKAEERT 5 R EOR, JF AT BT . A5
W], FHMBRCRIBO TEAE AR H] . RE R
AR ) KRR AT A ML, RS pH).
RIS PR B R (ki AR . R, fLAR. SR
fap) RS G AR R (o 7 Bt B REA
SO YRR, B R A K R TS
PR SEHPPIE TR, Haftiit, 4 re Tt
HLIF (dissolved organic matter, DOM). 1.5~3.0 ghpiRi
PEREFIGEE, ATRLFE S LBR TR KPR 2
HOMom et ™. e TG s IR REAE . R
Yr. wEERA . R, WRHEE Ty am SE 0 A,
S 25 NP 1o 4 i IR BE R A ITAR (life cycle
impact assessment, LCIA)FI4A:=Ar AR (life cycle
cost, LCORARIFALRW, AHIL TRgd bR Rkt
PRHAR S HABF ARG, WG e W R BA e/ N ER S
IS REMAEE. Zhang® A& T — Rk 7 ki
AT G AR IR P e L PR W BRSO, PRl i mT
PIBARAL G e s K, DAy Ra i a]; Ao s
VEN GRS N 53 My R 7 o ) R o I
HE TR, TR, BR TR R, %K
PR A 0TS Y P B AR P LA A AR . &b
TRFE Y. AR IR A SRR
REWHRIRRE LR AW 5914

02 K AR TS Y ) 2 B P P TR B Ak 3 7
AR50 9 (nanofiltration, NF)BEHA . RiB5E
(reverse osmosis, ROVEHIA. ZHUEHE = —FupiRLnY 43
TR B A, /T #E (ultrafiltration, UF) I B 152
). AN — M AE1~2 nmZ [A], HA B A7 Ha A,
BER B > THROMECE DY, i, F s A%
Z2 T BUR AR e B S Y R IR AKGHE A TIR R
ACPRIRSCR, 25 R R, BURBIGNIE R G R R AR T
MLERBS TR A DL, BTS2 JoHLEs S Fn
EERIIRGE i N A il i N IR A e S P R LK SR
B, EHIREH 2)454 4 MU AR (HES mmol/L, pH



P A

12)3 Yk T A 3500k 5 R i B AR /KF. BB
AREARAEM. T2 A bR m il
TEAA RIS YL S ZoK R AL FE T 25, ROBEFR HI1AAE R
. SIS YE LA Si. FefIAIREEF, HA IR
FHIS. XS EPES IR R, S350 HIRIEROMEN)
PR I, T IEKROBEM S FH %4, WangZs A7
P T AR R AR, AFESEEIROME. St
TR FEANTE 2 1 2550 45, B iERs A M E ik T
ARG KR R S G T T R R RO,
HHA T2 HA AT LU AR Y (1) e S
FRAAE AR BIRA S, RS IEE T
B (2) BLLiE S MR A AR — R, RIS
5 Y A R it 5 0

T Dl A B — R R AR B A B . 2
Qb T m ASRIAI R BE B, R 7R AN S (A T P Ak 2
PR R A AR, AT LR R A b R 52 2K iR p 7 7R
(RTS8 1 4 P B B A
W, UUF=A e Sl b e = A 2s A, Sk
N, R R R (4200~5273 K) AR S
(97.5~100 MPa), ¥47K 5+ 53 fif it S AL & (hydrogen
peroxide, H,O,)FIi& M [ &, 4n-00HAN-OH".
Xiao%i A% 420% (continuous  wave, CW)FIk ik
(impulse wave, PW)#i75 H TREE 2590 (K S6F. A
I W OMERIENY . B H e RN AT VD 2 ) A
APER (B T RRABE AR IR OHR), 458k
B, S5CWHILL, PWIl X/ INME A 0 1 [ i o %
P, PR A A P B i RS, BERIRBUNT
130 mL/mol i #/INPPCPAL A W REBE 45 5 7 3 i A
[ ER <L e A TF TN

3.2 WAAERIA

PR AT AR BT R A RAM AL Sl
Ak, fbsEE L, R R L, DLROR . JEIF
LITEERA Tl = e

LeeZ5 N\ AN, BUARHRAT TG Y ek ik iG 3
A i A T 2 —. BRI A
3L (COH) Ay F= A Sy e E R R, PaAfae, A
AL ARG, R AL R 85% 1Y RE it 23 Fifi
PEFTINEL. $E AlameddineZE A ORFST R, YA TE
P LR SR LA CIE B A LIS G 0 R
R, TR R R TG R MR AR SR L P I, 5
LR, FERARTEYE R EIER T, 050

AL R PR AT A RERS H B B el AT Hh (R ) I
B, R B S SRR 4R 1 PR A LR, Lim % A
Xof T A R AR R R - B RS 1Y) 8 2 RRL B e
AT TR, il RO 8h 1 404k h 2 AN RO B
RE 1A 4 B A MILAR 540 %) 2 B IS WA A LA R 7= 2 1)
AR, TS, KRBT ARG P
FL B SRR SRR A B, 3K 2 S = L G S Iy A7 a7
e THR. R TR AT, A T T A2
PEA T IX Sk .

IR, B 22K KA R B B «OH ] H
T LBRPPCPAEF T Y™, 24 BN A AR,
S PR R ROR e  25. —SARER(TiO,) M4 Ak
BE(ZnOYE A YEHEAL T AE T TLAF — BLAL Ti5 YK i rp
A HLIG G ARSI A CHEAL BT Tio, i % M2y
YRk noeede s, oA EMASME . 5Tk, JEE
HARE R ERA ROE. SR, 5Tio M, Znoxf
LT HA E AR R (H T TIO, MZnO A
(A48 S AR A 5, IR R B AR R R R Mk 11
Wz —, BiVO,. Cu,0. WO;. MoS,Flg-C;N, & 7E
KBABEF A AT Lide N i R A A
T — R R CDs(carbon  dots) &4 i) g-C5N,/SnO
JEAE T (CDs/g-C3Ny/Sn0,). ZER] WOGIRSS T, Frighy
CDs/g-C;N,/SnO, A AL 7 X 15|k 52 5 (indometacin,
IDM) (1 [ fife 2 B0 A0 S (0 e Ak TG . 45 SR e 1,
0.5%M CDs 1 25 5 e = i IDM PR %, R i g-
C,N,Y5.6215. AN, g-C3N, 5 SnO,MIZH &k 164
IR IFRIN T R, A A HEHE T
(0, RIELE 2SR (W YFE A Ak e i ke 25 G AP .

T HAM A = 95k T2 (advanced oxidation pro-
cesses, AOPs)Xi & 2% /K AV i pH Y T BRI [R] Asf
PR w =S, B PR T2 R — R
BRI E. Hrb, e b R m 5 i Ak
R AL, n-OH™. AOPST. BIF & —Fhaf k. JiE
ey R @B REE FRATES IR, ELRR
B RIERE IR A BEA DU ey AR A w0 il
BAENIABALE R AL T2 W= R iR AL R /Y
AE1Hcom, O R A K AR TR S e AR R
FYIC. Souza®E N CR ATHLAL S EALBFSE T M
IK PR g . 25 A . XGRNTR . IR SR U
ISRl A, e BRH ARG SR A R 253 A > U
PRI Sy > AT S > TR IE . Feijoo2E NPVR IR, 5
IKHR RAIRAEAE (A 8 1 N B R AR 1 1 B el 7 Ik
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TN RESR M A I RE ) X ROV AR AT 0T A0 A B
. AT A G X RN LA, BERH T R T AL
AOPsHyHILLy, HHRTZRSIM i, RN A] Rk
PR 2 b s RE VR T AR T4 m B AR, R, Stk
ML, DUty ARz R S5 s Y ) ks
IKHECY T ol A 2. 165, TR 60% I RERE, R
AR B A5 7K Ly B 3 4 SN 2 A B .

ARk, BOR B RS e AT BRI L 1
TR B e maa B AT etk BB T
AL PR PR L A AL B ) —BRAR ER/PMS(HSO; )
FIT —HRR£5/PDS(S,04°7). PMS(peroxymonosulfate)
FIPDS(peroxydisulfate) )76 LA AR R AR A H1FE(SO, ™)
FeOH. MRIEIEA T A, B 75 5% (n
Fe'. Co'". 4@ R &bk s
LEHNBARIE . AL R E A DY, B
R AR R R A EA R, AR, 1 e TR EIE
AEARBHH R AR AL I, TR A THOR 2
2 SRR FIAETS YooK R LB Hh A R AR, Tian
A NPT R, FESRALIN 4 T, NCNT/PSSF(ni-
trogen doped carbon nanotube membranes/phenol in the
structured fixed bed)iHfLPMSTET hiN A] ££:45100% 1) 4%
MG, R T BN K I 25 7 B L —F R0 2 A e Sk
Hb, BIBZIE A SEARE T 2 RTE AL MERER
VE it 5 S, b IRt B IR ZPMS N L+, 774
*OHFISO, . Wang N\ i iR fh 2y & oy i 4 Bk
117 —4k(two dimension, 2D)#AH 25 fLCos 0,44k A, LA
T ALPMSHEAT A R IEFEPE A A, Cos0,40K 1 1E
30 minP SEHE 1 98.0% A ALY A (bisphenol A, BPA)REfi#
FOeR. HTFS0,” B FIlRE AR (electron paramagnetic
resonance, EPR)I & 1A K 5L 56 UE P 2 32 2 0 6 444,
PMS/Co30, 44K i 4 HA7 B I A A1 (B)I-OHAI-CH3)
(D R I Y v B IR A Ak, XS T HA 1
L (4n-NO, F-COOH) B AL | & L i AH XA AT 1Y)
AR

SRR T 2 AR IR BB B2 rh— P E Y
BT FRAOPs)Y . i, - OHZ 12 Fe(11) 5 H,0,
AR IR, SR, AEGE B ARSI REAT IR 32 Bk
TAEAAF(pH  2.0~3.5)Fl2e B R e ke S5t i B
157, TR bR A AR D 7 A PSR SR S
FLNE. BB IRAE W) ¢ B 2R G Fey O/ FeSA AR BRI /E
AR A 0 R R R SR SR AL R, il 25 1 Fe/S-4:
P AL TR R 58 (4 pHE 161 A 2R B 1 O S5 %) A T o fe
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HOR, AMELETPIESAE T (pH  7.0) UL RETHBROS Y% i K i
FEARA5CR. RIS 2 B TAE AT AR AR i 2 2
Z LA AL T RN TG A 5 I FO I A FL R
F. IOk, Fe/SEAM B EISO, S AT A BR PEER
SR T ISR N (pHIE R, 2 T Fe’ e’ 1ok
fk, AW T DL BR il Fe 12 H A b e dE 1R P15
SEPECY

FET P RIRPDEMEIL T S A B K A SR 7R
Z—, XATBE S THAR R ARG @ T 21, kG40
FEALT AT LR R BH e ™= A AR B, Ak
— TR E(ROS), BB A, KA
LIS YA R/ N EE O . Ligk AL i 2ok 5l
Fets 4225 BAH A ALk (graphitic carbon nitride, g-
CN )P HECT 51 Sz 7 7 ik e 115 D) B Ak i 27 248 S 35
b, HTERBEAILE YY), HEEM ) 1% L FetB 4= g-
CN AR AL 24,065, JF HAESRIRIE RS (pH 12)H
BRI BRI Z AN E G YE. LR 4RIR AR vT DL i 1
S d-m R o, MEDEA LT Mg-CiN, i Fe’ 167

H 25 T 25 e A B Ry T s AT R, 4R
1M, WTFEHATREINITY, DLk A iE i AR A Rt
Sk P H,0, Y, Al — Rt B2 S8 AL, HyO,) 12
I T I R A B T AR L AT S AL B
W) H TR i E R AT Y. A
P Ak, R R R e FIH,0, 5 0 AR AR 46,
fEF10H. ZhangZ: N FIFetB 24 ZnOMMR, 75 H:
MK A H,0,, B H TG K Gy H i, [
i, SR A (ofloxacin, OFX)AE Ay #3075 ey
SRV BRSUR, K PLOFX AL BR R M LR H#B A A

REITem
=

3.3 AEPAbREIAR

FE 58 H WAL BB AR BT DLy R e W I ANy PR U
SR I 5 NI £ B 1 (7 NN 57 N T | e
PETIRE 2 s oK Ia BB R . Hrp, A=Yk
TEFE LA SR FHAE W RRAS R RNV I 15 e KA Ak
BOTvE, 3SR Bl IR A PIIR 0 #f (moving-bed biofilm
reactor, MBBR) 5/ 4 5 i #§ (membrane bio-reactor,
MBR)%F; it ek @ ¥ 5K SiEtERIES, JIf
FERE T BRI, 135K A LG 3
TRBN R G AL, PPk B A Ui
15 VR B9 R G0 A SR 4 15 PR HERCSE TLAS 3843 H4 1.

SCERRH, F AL A Y b B R B K AR S



P A

ge, AR RS A VE 8 SR B e A7 AR AR
5, NI R A2 /KA b A s ey, X P b 387 =Y
E S e 7 N T E I (ERVAPS BN N T U W e ey O i
A2 BT GR ). WF5E & L, MBBRX HESAE |

AR S I 1% S A3 R 2 R s R, MBRX
BLGHER . whifs R MG &R E3MPIAERA —E
A BRSO 3 S PR X A 0 ) A e A LR A4
B AR SR AR A DAk, RTXHE K AR A
AHLA, TG UXE LS A T A VIR, R
WU G FEAR AR, — BB TR b BRI BB S % i
WSy, (HRAE . g NTVR M, HrEis i
REXT &R 3 WU A — i LBRAEHL, W51 a)
BTG V5 e e (sequencing  batch reactor activated
sludge process, SBR)XT X4 HI IR FI S 165 77 1) e B
RO W27 R IR & £k T2 (anaerobic
digestion, AD)W AL LPREEHSTAR . VIR RIS
AR FIMRAT R 2L DU B FLIE 1508 1.2 (conven-
tional activated sludge process, CAS)ZbHAH R B PUIA
FMBERER, 2R WRPIE LRFHERR, KA

F 1 BFEYIEES AN R TR RS RIH S

YR T 7 (biological aerated filter, BAF)AbHH#;
P RT5K, X V5 Y EEARAS B LB, R TR
T Z:(constructed wetland, CW)n] Z:Bx84%LA 1Y+ %55
Eyi| IRy

MBBREWHEATERAESRMT, HEA LR
FAIRFI], 39l AT AT 200 25 BR R 318 90% 9 CODFI95 % Y
TEFYEIBOD. X INAT KA EE R S —Fp
BA Az, oA E R, BB H S THYE.
MBBR HPEREHR T S B i P AR BER A BT 23 B
AEPEARRER R ARA L. TR
RO B a BE 5, I 20 R A ) RS R Ak
A W) (extracellular polymeric substances, EPS). JZfil§
AL IR E e A (nitrite-dependent  anaerobic methane
oxidation, N-DAMO)fHEGT R LMK #R AR F &M, XF
MBBRE AR EN EEAE. A T35 4ok ik
TRPLAYMBR, A= )5 R B8 T H AN S B . AR,
A R Y BR S AL BTs s, AR AT
REXT G A ) Z2 A R A 7 A2 RIS 52 . Torresi&s
NS 5l A B o 52 56 2 ML i A MBBR M it Ak A

Table 1 Various biological treatment techniques for the removal of different micropollutants

i sy W R (ug L' d ) KR (%) BH R
SIS 835.5 100
g2 889.2 95
KA 653.3 72.8
MBBR [70]
R PG 9.4 1.1
R p S 46.4 47
AR 113.6 14.9
BOAFR 71.3
MBR RIS 72.2 [71]
b2 B 2 71.7
poE=S- i >90
SBR [72]
gl >90
i % 65.1
AD PUAFE ISR 82.6 [73]
MATEER 98.1
PUIRZR 28~35
CAS [74]
FIRER 4~5
BAF W & 99 [75]
+HE 34
CW [76]
TR E 84

2795



MG 0B 2024578 %69% #19H

FHAN20 Z F A HLGTS G 2 BRI J 1 SE g it 5%
SAREEEI AN P o B A5 SRR I (1) BRI
(500 pm) X 2270375 G4 i i 140 B o5 e R
He WAk R Kl (biological conversion rate constant,
kbio); (2) AW 5 AEY 2R IEARDE, XPA
AR B kbio ik 1) F B Z; (3) WF—Lbimufk
KA A BT e (B SU o R R ) T P ), e TP A=
YIRR(50 pm)FE B0 e s AR AL %R . S AH R 20 B (am-
monia oxidizingbacteria, amoA)J& [ = J&F Hikbioff. AJ
WL, A YA R T A TS PR AN B — e s G
Yy, (HR 5 ST RUEA Y I R S, LIRS
TS Y 2Bk

3.4 IBA/HRRIALRLE WA

R/ b ) b BEE A A P AL A BOR (W BfE . NF
JiE. ROMEFIE A PAF) . B P EABAR (R L
e AR Al i BRR R AL A AL 2 ) Rl AR

2 EFIHFELCES AN TR RS RIE £

YA PR G P TS Ui A AR W I S0 M B8 4, HE T
IRFN PRI FESCR, M3 = 52 A K A b s Gt iy
R E ) AN L BRASCR.

Fe245 0 T A5 A R Ak BB AR N T AN R 0T G
WIRERRR. Jiang® \NKE 2 HIBR AL 5 0 3R A W %
(biochar, BC)(CdS@BC) I F F M4k iG fLPMS LA BR
B i % (thiamethoxam, THM), Fif5CdS@BC e &R
TPMSX THMPFERE D GAEMERE, JEBCRY6OTE. HldE
W5, MG a5 B Tal F RO 1285, A
ARG PMS A TR I, T THMAIRE . Liu
ai NSy T — R R B S i A - E B B R
B B4 (three-dimensional electrochemical oxidation
coupled with forward osmosis and reverse osmosis,
3DEO-FO-RO) A4t T ZBRPPCPs, HLEHUI8FhH 4% i
PPCPstE N Hinis edy, 4R K], TERREE R
1 mA/cmf3DEO-FO-ROT. 2, 4bFE8 him, 4Fh
PPCP R MRl R I #E198.5%, #HFH itli199.4%. Li

Table 2 Various synergistic treatment techniques applied to the removal of different micropollutants

Fik CeEE Y] FBRF(%) E= DTN
CdS@BC/Vis/PMS I g2 99.5 [79]
TR AR
TZRIEIK
THRET
3DEO-FO-RO FEFIG 89.4~99.8 [80]
E2iwal
UIEZN-N
K&
XA
EAS
WRTD R
Ag/Ti;C,@BiPO,/MW/PDS i 100 [81]
WA
WA
TR HR-3
MoS,@BL-BiVO % TR HR-3 100 [82]
Solar/FAC HEE 100 [83]
g 89
WA ISR 71.91
3D-EBAF ) [84]
AAm 58.92
PDISA/Bi,WOg Y FHH% UEZS 98.4 [85]
CdS/LED U7 95.6 [86]
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P A

2t NSV S 1 4 IR (microwave, MW) [ 4135 Ag/
TiC@BiPO, I fL Yk S8 R IR R = R A U A L kit
Wi, RNUD RS WD R WSS IR RN 2R -3,
1EAE/Ti;C,@BiPO,/MW/PDSHIEEALET minpy 7] LA5E
. ZhengZE NG W T —Fh AL FIMoS,@BL-
BiVO G, 7E30 minNSEEE 12 ppm — 4 H -3 1Y
SEA A AN K IAAT B A R TE. 15 ek AR g S il
H R RHEBEMEN, ENPE LB CLCLOM TG4
WAL BRSNS B ChengE A ERBLIIIA FI/K
PP T 7RIS A 3 & (free available chlorine, FAC)
TEAE Tl K BHAE A F it PPCPs Y i A2, FACHIFHYE
RN ES Ny |67 W PO WA eI 0) s ININE i W = =)
FSE B4 I A T Y IR . Guos A\ e B S A Wk
i (biological aerated filter, BAF)fJLAY |-, JF & T =4k
HE AR A IS A2 W g b (three-dimensional - electroca-
talysis coupled biological aerated filter, 3D-EBAF), n
EEPPCPsILFR%. 3D-EBAFF-¥0] R
0.73 mA/em’ [ XA IR 71.91%F10.64 mA/cm’ ¥ 5 E
[258.92%, HBAF/HILFR%(42.79%H117.52%) ¥ =,
NIRRT ER = R A AR 71 S DO P A RN L
AL AR IR EA PRVER]. Liuss A i b g
2T L& T — M A LR e, e —
JBE IV i 5044 (perylene diimide monomers, PDISA)fn-nt
G H 4123 5Bi, WO4(PDISA/Bi, WO 45 S fE—if, i
Ji g K M e L ) 22 T R AR L, DA R [
AIPDISA/Bi, WO HLH . 7EPDISA/Bi, WOt FH )
FEAE R E A BIMRIRLN T, A 2R A A iR T
i£%5198.4%. DasHIAhn" W58 K, 160 CREE:
200 W/m’) R, 768 (EATRNSERURAOTS UL R, Cdsahk
FEAE60 min P Y MU A2 R T 15 51]95.6%.

YRR B MR R L, TS
JE Y 5. NaghdiZs AR, B T4)8 4 DLE2 (me-
tal organic frameworks, MOFs)EA &5 A HLPEREAY AT
PEAPE, B CRIRARA AR 0 BRI PR AR HLTE
JeWIig Rkl MOFsFLAE AT LAJESE LIGE B H bRi5 48
. MOFstim] I Thietk, PASREEE . . nn
MEEHSERE. efTlS4E. Tk Rk ecE
MUEBARSS A, Rm MR R, Wb R -2 XE
A, WA MR W BT,

4 JETEe RIS RS RO IR TR AL 5
bl 2R ORISR, 20224F HL 2, JLoF:

BRAAE AL SR R IR AR A, R R S ),
A BRI FE R ML X AE20234F &7 T Feiin 7 A .
M S B, N A LA AR F AR
W RERCARERGEEME, NBEAREERZ
Sy, SR T XU B bR ) E K E RIS K,
15 YA ZoKIRTA L S 65 5 IHE R E R e, B
BRI A,

AT SCIRR[3,7,16,29,451F 1, R AHTIAR I &R AR
SO G U R KR TR L S B E, AL
sy S, HEER R RA T — A CO,fTH,0
VLI CH,, —SEToHUs YL 2 7= A 15 2 N,0. 1] I,
AR R [ S i e Se b (AT /K AL B R 30T
K = SR KA AR, X AR T T
W HARSEEL. A T P AN ), fis Yo dd 24K ik
IRHR S D R, R AT E Sy Bk H
b, L ARAH, 0GRS G R R el EHL
s B B BB R B2, DR RO MR 15
AR CEL A A s ok, DA T AL B R HE
() IE A 2 (E).

TATN N, FETHR AP AAIRE Y2 IR ARG S
BEH ZMEEE2): (1) gifi AR, BIEAEZ
TR = SRHE R R B AL A A B AR . AL
ARFNA WA HRH AR e A /BRI AL B R YRR,
MAFEARBRIRZ YR ZECO,. M T ik S wE
R, AR AT B AR AR, ARk AR AR H R
PR, (2) DABCZAS A YD e R = ) sl 5
SHEAYC A ERNERE N £ AR fRRESR
RSO AEHNMAEYFREL, G, o
U AT R A S, FEXENNEE)
REdE— T K i, SREAEY A VE A E—

NERAERT iRPFORIBAER T

(=S

BRI

B3 (R/EE)
Bl 1 FET R s R Aok MR B S 1A RIS 5 5 5

Figure 1 The strategy and solution for the treatment and remediation
of micro-polluted complex water based on carbon neutrality
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Figure 2 Multiple models for the treatment and remediation of micro-polluted complex water based on carbon neutrality

AAZIRETE 1, 5 ENSRIXTT HAHTE. il LR 1A
R B2 B RN R B )™ LR AN B e 2™ W) R L TR
ABLH, EBRAHEEA R T 3) BATHKAEEE A
O AR ASBRI IS B AR, T SR AR S R SRR E
JIRABRIIRE, A4 A P E RS AR R, JF
HIA TS . 4) ETAESBENLGS
AR, FEff A AR IR RS i i R, 2252
BUARRBR IR PR AT IR S kA Gl 775 S 0 7 A ke, AT
AT Y R ERACR, B [mIOR PSS BT
IR BERALRIREIRAL. SR, 5K i o Rl i ik TS
IKALFRA B B AERE L9~ 1015 2 2, AT BT Y
KK, A AL RERE, FIRITA HAHK A r [a]
Wehgtt, 5REIOKIKESIRI SBE AL S, T8
e rh AL

5 g5

BEH KA R R H 85 B R A . B0k IR
R X Z AR IR . Aol FHEK
AR RS BB, SR H A S5 P A 1855 o 4
JERIESRBME S A TS, W2, RGUTIRE
AOKRRFPE R 23 AR IS, TRARIF K I3
TSP BUR S R R 8 ) 261 25 AR FI BT T2 SR,

T4 e AR U ST (4 F 2T [ 2 —.

W& PR EOR R R R, XK RETIR BAE 2 T
TEAEHOAR R MR A B IR I TR ey, e
SIRKRRG R R A NG B, AL TR G K AL P
[T AR TS XREE R I R ER R, X s
TS G MITHBRTEHEA K IR Z A e 4 1T s e 4 4
BRI TR B R 7 Ak LK S5 LA 2 Ak P
PR, RAfEbAl. e, Bfbasil, i
B R B AL ARSI SEF U B S i A ALk 55
PR, R IR AT PR S e S5 E WAL B
AR, PARIRE B SeHOR A T, sl AR e,
BF 4 2% 0T B e AR AR e ) B Rl D B 2R B
X LEHG AT A B BE DT AE AT BRI AR LA B nT REY
I 2 OV S IR, BTSSR g, 4
T A A5 5 K AT ey ik PRI 8 v g v A SR B9 4%
FSEHEROR, MARAS bk ki iua il 5B R a6
R K JEE ] .

BTEZ, ZAORM P G 5 BRBOR A %
AMLERTE AL BRCRADRA, 1 B2 R A
THAEEL R BR TS YW R ANl 28 UM ™ AR SR R A, A
T AE 0TS Y B2 2 K AR 9 3 31 5 46 5 v 52 3R Hh BTy
HAx.
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With increasing types of micropollutants detected in water environments, especially the discovery of a considerable
number of emerging micropollutants with major potential harms to aquatic ecosystems and human health, the treatment and
remediation of micro-polluted complex water has gradually become a global challenging environmental problem, which
needs to be solved by emerging green and low-carbon technologies. However, the end product from micro-polluted
complex water treated by advanced oxidation and other traditional technologies is CO,, undoubtedly becoming an
approach against the concept of carbon neutrality. The realization of carbon neutrality in the process of treating
micropollutants in complex water requires to break away from the existing mindset of water treatment and remediation, and
fully open up the mode of overall technological innovation. This review first defines the new concept of “complex water”,
which refers to a series of waters with complex characteristics or containing multi-components, such as complex waters in
mining areas, urban runoff, farmland drainage or agricultural runoff and oil-containing waters, and even involving
multicomponent polluted rivers, stream, lakes, seawater and groundwater; according to this definition, some examples of
typical complex water are illustrated. Then, the micro-pollution phenomena (refers to potential harms on ecosystems and
human health resulted from harmful substances with low concentration levels in waters) and the main types (including
microplastics and pharmaceuticals and personal care products such as antibiotics, anti-inflammatory and analgesic drugs, 3
receptor antagonists, psychotropic drugs, hypolipidemic drugs, as well as cosmetics and skincare products used in daily
life) of emerging micro-pollutants that occur in waters (including complex water) are systematically combed and
summarized. Afterwards, the latest progress of some advanced treatment/remediation methods including physicochemical
technology such as activated carbon adsorption, membrane treatment and ultrasonic treatment, advanced oxidation
technology such as ozone catalytic oxidation, photocatalytic oxidation, electrochemical oxidation, persulfate oxidation, as
well as Fenton, photo-Fenton, and electro-Fenton catalytic oxidation, biological treatment technology such as biofilm and
activated sludge, and combined or collaborative treatment technology of physicochemical technology, advanced oxidation
and biological treatment technology for micro-polluted complex water is comprehensively introduced and discussed. In
particular, the strategy and solution for the treatment and remediation of micro-polluted complex water based on the
carbon-neutral approach is tentatively proposed, including (1) model of pure technological innovation, based on innovative
physiochemical treatment technologies, advanced oxidation, biological treatment technologies, and their combined/
collaborative treatment technologies, with the emphasis on zero carbon emissions; (2) model dominated by changing
microbial functions (i.e. by capturing greenhouse gases) and by increasing the photosynthetic potential of green plants; (3)
model of advanced treatment technologies coupled with ecological enhancement of existing carbon sinks; and (4) model of
comprehensive utilization based on ecological remediation. Thus, the future path in treatment and remediation of micro-
polluted complex water should be created from the perspective of the overall technological innovation with multiple goals
under the framework of carbon neutrality. Finally, the future research focus and development direction of this field are
outlined, aiming at promotion of the systematic research and eradication of water micro-pollution problems, thus laying a
scientific foundation for improving aquatic ecosystems, enhancing the safety of drinking water and realizing the goal of
carbon neutrality.

complex water, micropollutant, treatment and remediation technology, carbon neutrality
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