%41 A H15 4 tOE 4 K HE K Vol. 41 No. 15

202548 A CHINA WATER & WASTEWATER Aug. 2025

P e e

% W, DOLI:10. 19853/j. zgjsps. 1000-4602. 2025. 15. 010
£

% %

LomkmE

i %

Ly A A AN A e

RA /R ENPFER-BAC T 22T oW

FEL, EHRE', WMBRE, FRH', IR, B 42
IR, RAHE!

(1. FEXFRINBAFHR AR, T & BRI 518055; 2. S AE) LELHEEA AR
NS, TR M 510275)

i

i E: ARAEIBRMRIAK T HFT R (ECs), TR T HALH 96 m’/d 8 74 & /AR IEAL TR
JE—4 M iE % (0,/CCM-BAC) TZ X I A 3T ECs 09 £ Ta bk st foblh) . R 27, AR RAP
#4425 oh BAS AP 22 5% (PPCPs) A 1 i T 3845 (EDCs ) 3R JE 5 %) %34 313.27 #2 25.12 ng/L, A
EHAESRE, MK R O0,-BAC T AREA A EALECs 89 3 £ S KK, 0J/CCM-BAC T ¥ 7 5%
AR R K W 8 PPCPs A7 EDCs, 2 b % 9 51 334 97.64% 42 94.86% , % % H) M, T ECs #9488 % & 5 K
%, 0i/CCM-BAC T # 5+ ECs 9 & R AL Ktk £ 23 W T 454 AL 1 52 & U AL R A B BARAL A
Wy ;s A% T R AK P 6 IR R A ML  ECs 891K O/CAA S 2 Riafn o F oA L & Bk BAL X4,

X SBBALMER; REZAAA;, AMHEER; KAKKLE; FHFTLEY

FESES: TUIL XERFRIRAD: A LEHS: 1000 - 4602(2025)15 - 0068 — 07
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Abstract: To enhance the removal of emerging contaminants (ECs) in drinking water, the in-situ
ozonation/manganese-doped catalytic ceramic membrane—biological activated carbon (0,/CCM-BAC)
process was applied for a pilot-scale (96 m*/d) drinking water treatment. The removal performance and
mechanism of ECs in this process were systematically analyzed. The results indicated that the
concentrations of pharmaceuticals and personal care products (PPCPs) and endocrine-disrupting
chemicals (EDCs) in the raw water reached to 313.27 ng/L. and 25.12 ng/L, respectively, posing high
ecological risks. However, the plant’ s conventional O,—BAC process exhibited limited effectiveness in
reducing these risks. In contrast, the O,/CCM-BAC process significantly improved the removal
efficiencies of PPCPs and EDCs, achieving removal rates of 97.64% and 94.86%, respectively, thereby
largely reducing the ecological risks associated with ECs. The enhanced removal of ECs by the 03/CCM~
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BAC process was primarily attributed to the efficient in-situ ozonation of organic matter catalyzed by the

manganese-doped ceramic membrane; and compared to dissolved organic matter in raw water, the lower

0/C ratios and more unsaturated molecular structures of ECs make them more susceptible to remove.
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Fig.1 Schematic of O,/CCM-BAC pilot-scale setup
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Fig.2 Removal of PPCPs by O,/CCM-BAC process
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Fig.3 Removal of EDCs by O,/CCM-BAC process

JE T 7K EDCs Sk BEFE 22 11. 32 ng/L, 2
BRRAUN 54.95% . SR, KR T 2% EDCs i 25
B R AR, A2 R, 0,/CCM-BAC T. 2% EDCs
F 5 BRI ] S 55 . O,/COM H 7K EDCs e J3 [
k3] 2. 64 ng/l., & BAC HIC Ak B 5 ¥E — P AR E
1. 29 ng/L, B %k %] 94. 86%. 0,/CCM-BAC T.
ZRF K RS L A 3 i vk BE EDCs (19 25 BRI TE
90% LA I . 5 PPCPs ZZBRZEL, 0/CCM FITHT F3 R
EDCs &K EEAE/ . 758 W58 H T A EDCs #87%
AT R D7 I, BAR BLSEUEE X I SE GE A RN g
B ERR A A E (R0 i 1k P 28 S A e 1) R
AR SN X EDCs (19 2 BRTiE 7 58 . BAC BLITXT
W ZE S EDCs HLA R AT 1 i A W i 2 BRAICR
2.2.3 HilG YA

XT 7K H PPCPs 9 Az 285 U i #F 47 1138 PE AL &
P, UK AT 8 B PPCPs 2 55 AN [R) B2 1 A9 AR 2%

<71 -



FA1E B 158

B oE 2 K HE K

www. cnww 1985. com

AU (UL IEL 4) o v il e FEY SR e 1 2 285 XU i o
1.36, B T U FRAE (XU > 1. 0) , B4 X
B D R AR R MVUIR R S T 0. 1~
1 OZ ], B b B s sep B 2 L =Sk BT E R R
K+ B R KA T 0.01~0. 1 Z A, B ALK
Ko TR T 2% PPCPs B R R A R, R T2
B K A AR AR S XU B PPCPs 415 A 6, 43 5 Ky L
25 H XU B4 i PR O SRR AR R A
HAMNAR s R amRktaH5R. 0y
CCM-BAC T. 25 %f PPCPs H. A7 5 1k 2 BR & 31, 0./
CCM S BAC 5 7K v 345 I v JRUS: i JXUIS: PPCPs 46
o BAC HI K AUA S b AL A i P S0 nae 7 e
PPCPs S HUIL XU , HoAy PPCPs #0428 XU

BFUK © JRT K A 0/CCM /K v BAC HiIZK

'y 7
10° w1 KU *
- -
o A;[lewﬁ? 5,a "] v
m m |
2% 107 .V,TE\EJ)_(LF\% Ay A A m A 8 5]
il v v A
= " aVa Y ¢ o® 20y al
> 10 m =] = v v
¥ A mPm A % @ B V
-4
S L I & 6, %a .
107
10 R " =
-7
1 S N N N SRR
S e e
SHTikzE LDHESSEHRTIFEXHIRREEROUERHFEER &)
B2 R B RE PRRT  WRAEHE | |
= PPCPs

B4 PPCPs#1EDCs 4 A KK
Fig.4 Ecological risks of PPCPs and EDCs

JEK R B EDCs A S R A 25 XU, ik
2R BT S ok AR A KU " B R AE .
o R e P ) A S KU AR O 3. 25, B R AR AR XU
JUAE e A SR K P e B A 0. 33 /L, BH AR
T A ECs ¥ FE , {H B0 J 174 0 I 250 1 2 (B AN
0.1, B R A SR R R R R s KT 1
AR o TR K H R A XU A 0. 22, B
RV 5 o SE B | e S e — B ELA IR XURS . K
T D5 T2 T A A A0 o AT e o T Y v DRSS, g 33
AR ZE AR RS, , 3 S4TSR A XURS: , T e
SRR AR R TSR . HAR 0/CCM BRIT LT
A e e e o XS FAATG, {HL BAC HE 7K v ke P e ol
Dy 2= XU o BEAh , BB A 7E O/CCM Hi7K
Bl G ARG KU 41, o4 5 Bl EDCs 7 0,/CCM AT BAC
K T B bR B AR S S K. AR MR T
KR T2, 0/CCM=-BAC T. 25 Al i 3% b B A /K o
PPCPs Fl EDCs A v B, Sk 35 Il 98 ECs 7EIR K

Hh e A S XU ZR 6, TR RAK K 24
2.3 0,/CCM-BAC TE&@ X ECs

0,/CCM-BAC T. Z ¥ COD,, ) £ B % M
61.76% (JE T.2) HE 1 & 69. 92%, 4 PPCPs Ml EDCs
f9 25 95 25 0 SN 66. 43% Fi1 54. 95% (JR T2 4 7%
£ 97. 64% F194. 86% . WK AHE TR IR T2,
0,/CCM-BAC T [mIif s Ak 1 5 BA LTS G FIR
i ECs i KBk, X F 21545 T 0/CCM BT A fEfk
W) 25 JIE o) T Az SR AR SR A A BIL A B ) v 5 A A o
ZIHIF5E 3R B R e A B e TR T LA e R f e B ALy
fif 1 R ALRE S SR Y - OH', - OH W] AR 3k 4 H.
v R M AR A R AT AL L DT e Al B 5L A AL
PR XK AT LA R A e i

IE4h, 0./CCM-BAC T.Z5%F ECs 1) 25 B R B i
T COD,,, X ] fit 5 0/CCM-BAC T. 2.5 4k 2 &
AL o F-2E AL DG . ani&l 5 firzs , 0/CCM
K ECs MR JE 5 H O/C {8 S0 8 35 (1 IEAH S R
(p<0.001) , X J2& i1 F I 40 R B S O,/CCM BRIt P4
e A M D Ao A Ak R AU SRR 2 B LA Y 3
R ML) O/CE B, BOR R T H kAR
TR, T8 ECs TE K HP R A7 R Bk 37

«p<0.05 *#+p<0.01 *=+p<0.001

---------- 1.0
UK ok 08
= JFET MK * sk 0.6
E 0.4
g 03/CCMH'4'7J<- * 02
BAC {7k - 0
“““““ -0.2
% 0,/CCM 7K * ~0.6
2 BACHIK * 0.8
"""""" 0/C  H/C (DBE-O)C Al NOSC

ECs b2l
E5 ECsHzMREHREMEREHBEXERE
Fig.5 Heatmap of the correlations between ECs chemical
properties and their concentrations, removal rates in

drinking water treatment
JEOK S B ECs B9 0/C ¥97E 0. 41 LR (WL
6), F T ECs Ve BERAF AT 0/C 4 0. 25, BB AIK
FIFK s e A WL (DOM) /Y 0. 4570 M T
JEK H ) DOM , 6 HY Y ECs EL4& 58 5 & A8 A8 R i
HIIK O/C 43 F 45 , A A T ECs 7£ 0./CCM Hot Hh
WA K Br . TR T A K 0/CCM HE 7K AT BAC

e 72 .



www. cnww 1985. com

FL, . AR BB -BAC TE R ALHT T L F 1

%415 H 15

H7K ECs ¥ 5 ECs 19 (DBE-0)/C ¥ 5 i 2% i f 56
KR, MERRSHE MR, R ECs T
T 0 R R, RS E OJCCM-BAC T. 25 %0,
JE K A H B ECs AL (DBE-0)/C 3418 4 0. 24,
1 TR K DOM 114 0. 06, #1558 T ] 7K DOM, ECs 32 {4
B AW E AR, 5 T2 K 0,/CCM HK Y
ECs ¥k 5 ECs 19 AT 2 B i 3 (p<0. 001) fAH ¢
KFR, R OJCCM-BAC T. LW 5 T LB &S
BLAI' . BRI, JEK FR RS HE Y ECs A AT 2{E K
0. 23, ik F ) 7K # DOM 19 0. 33, #H %% F )5 7K DOM,
ECs & ARIE A HA T 5 ok S A LB o0 755 AR
#o Y, 0/CCM-BAC T. 25 %} ECs Y /& 2B nf
AE TR 25 T ECs EARAY O/C BORRAN 73 FHebE

ECs ¥ )% /(ng- L")
2.0 kg 5k LO ok
. ° : ‘0 05 = :10
1.5 [ 4 .0 g o 22
Q L4 o @ 0 T @30
T 10 - . ¥ ) =2 @40
. =
-05 =2 .
2 50
0.5 L ) -1.0
200 WTZik o ST Lok (1).(5) Q
5 . o . = FT L)
o 15 ¢ .- 0 T ok
= Y -0 =
1.0 ~0.5 g ®30
0.5 -1.0
2.0 01/CCM.“H/J<~ ox/c.cm.'ﬂ/k 1.0 o
] A 0.5 =ojcemilik
g ) ° . ®w [ 0 T ;%
Togop - 6| ee 2 @
o -0.5 =
05 o 10
2.0 BACHiK R BAC 7k (1)2 o
g 1.5 . 0' i BAEZ.;I'.?J(
. - o2
Lop -05 Z
osp o 10
0 01020304-2-1 0 1 2
0/C NOSC

6 ECSHERRLEIZHRANRESTN
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%1 0,/CCM-BAC 15 0,/CM-BAC T % ECs R HL

Tab.l Comparison of ECs removal between O,/
CCM-BAC and O,/CM-BAC processes

0/CCM-BAC T.Z, | 0/CM-BAC T.2
ECs 0,/CCM| BAC 0,/CM| BAC
L R S L T
FA/A| 28 | 18 | 11| 19 | 16 | 9
He i/
PGP | (nge Ly 313:27| 2535 | 739 |35.70| 19.49 | 6.35
(s 3%
H’;ﬁ’ — | 9191 |97.64] — |4541|8220
(4
MIEF| 7 7 6 5 4 4
HepE/
BDC (| 2512 | 264 [ 129 |1898] 511 1.37
ﬂi?‘ I | 8948 |oa86| — |73.08 9278
(s

WAk, 78 AN 3 mg/L &4 F,0,/CCM-
BAC T.Z LA 100 L/(m?-h) i i & % 22 4b P72
COD,, M 3.31 mg/L W JFE /K, 7 d N ATMP {45 2.3
kPa, 575 YLl 24 0. 33 kPa/d., T 75 AH [F] 3R 42 4%
HHFEE R 45 0/CM-BAC T2 S 4 3 -+
Hri JE K (-3 COD,,, 4 1. 93 mg/L) i, 7 d N ATMP
KE] T 9.0 kPa, 575 YL Ky 1. 29 kPa/d, £ 04/
CCM-BAC T M Bis Qe i il 4 1. AR, 0y
CCM-BAC T. 25 iy i A P 2 B2 45 O,/CM-BAC T
2 AR SE ALO, B B2 TR A BT Je b fig L X
Ej AR CHRE — B AR L R PiTs Yeditk 2
o 5 T 1 Ak )2 1% W 5 2 T e K P R O iR 3R T
P, 24 0/CCM-BAC T.253% JH 80 L/(m*-h) ¥
JEH I, 7 d B9 ATMP W BEAG, AUA 1. 8 kPa, {5
YR N 0. 26 kPa/d. 25 12, 0,/CCM-BAC T ZAMY
AESR L ECs 23l , H ELAT S 47 i BT Je ik
3 “Zi

@ IR UK RS H 9 PPCPs A EDCs ¥ 5 43
eIk 313, 27 H125. 12 ng/L, FEAE & AE SR . 7K
J7J5 0,~BAC T. 25 %} PPCPs #1 EDCs 1) £ R 380UR A
B, R REA RLFR AR ECs 71 & 10 5 AR 25 KUK .
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@  0s/CCM-BAC T-Z0J & s Ak 25 B sk
) PPCPs F1 EDCs, £ B % 43 5l 5 15 97. 64% F
94. 86% , ¥t PPCPs Fl EDCs & ¢ B B[ 2 10 ng/L LA
T, W HIE T ECs 1A S XU

@ 0s/CCM-BAC T. 2%} ECs () @ 8500 Ak 2 B
F YA PR T - A A P e T v A8 D 7 S AR R AL
ALY A T MR LY, ECs IR O/C B S 3
AN AR ) b A R BR . M TS
4t 05/CM-BAC T. 2, 05/CCM-BAC T. 253 H 55 ECs
FBRE RE AR B TE Ye vk, B )iz 4 R A ARG T
itk
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