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AU LEBRFOCRA R, IF MR 25 B/ AR vh T DB A, (B9 31X — 2 B XS 2 S A I %)
AN FEEA PR L BRI A 3 . tbah, RZBF5E R A 0 A P T W (mg L) e
TABRIK A BT R B (ng L' ~pg L™ 9h), X FEAR 25 5 22 A0 00 R R A FH X 8 12 BR S R 1) ik
BEXT B — 1% B R A ALY B9 2 BRAESE BOR A R T i A A i A 27 e R v i B A iR A, (AL S i e T
AFFG S PR A v 22 R R B B A ML IEAE 0 S R O . E T D ISR TR R Ak AR
AHZS G T [ B 25 R IV B2 1 22 Fh s i A LA -

PRI, AS BIF 5 8BS B i K AR BT g ok b W 19 5 At i A BLY . &P R L ol
L SEFEI IR . R BE LA KR S P9 ARy HARA LU, IF X205 /KR A 3 9 KRR 33K,
S FRAGH IR RS K (387.148.7) . (35.8+1.7). (442.2+47.4). (14.9+3.0) F1(151.0£27.2)ng- L',
BT LRk KT, AR 500 ng L VE KM EE, HIRFBE IR LS A M % Rl i A3 WL )
AEPEROR . E e, AT SRS RE L TR LA AS [R) B S 0 A AT A0 e ) R A L
VIR R BRRCHR, AT T A [a) P B i i A AL A A BRI 3 s Y, 3 e S R S S A 2R
etk —2 7 i 37 . H Ak A A A DA R AR T R R G A ALY B B BR AR s e, R R
M EE A e — g X HRF T T H AR IS 194 255 () o7 B G 28 X Bl i A ML) 2 B 25 2R 1) 2 i LA
FOwt R T AT BEAFTE 1Y HR AL A R
1 MR *E
1.1 R R R

AN EOF . BFEIE R o Bl RE BL R 57718 A 72 [ Dr. Ehrenstorfer 20 7], 1g'L™
WA DAL o o G AR AE 1 mL B ) I B2 A A B A L i B A R R LR 1, [
AH A BUAE A Oasis HLB(500 mg) ZE Bk, WA 2& & waters 23 7] o SE56 AF FH B AR 34 2 mm J& 19 £ 58
B, WA SRR A A SCE SR M SR EN . SRR AN . SRS DL SRR A R AN A 25 R 3
ATl SRR KR S AR AL S Ao 500 ng L, HEUK pH AR R A SCA AL BN T .
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Table 1 Basic information and physicochemical properties of the target TrOCs

pKa(25 °C)"

ALY 53 Fa 4y F I tE/Da B
[yl C,;H,;N;0,S 341.43 9.98+0.0 8.97+0.50 3
W ] C.H,\N,0, 194.19 — 0.52+0.70 0
ESiRIVIN C,;H,,NO, 267.36 13.89+0.20 9.43+0.10 2
Fl R C,H,,CLLN,0, 249.09 12.13+0.70 ~1.04+0.50 1
TR C,;H,,N,0 236.27 13.94+0.20 ~0.49+0.20 2

i DR pKall S AHAKE K H SciFinder Scholar (ACS)4# .o

1.2 LWREBEMFGE

S BT R FH Y 28 9 £ 4 (polyvinylidene fluoride, PVDF) Fl & i X (polyethersulfone, PES) £4 i
A B, LA 0.1 pm, 230000 A B AR A1 SE ERFIRA A o kR St ad uk, JRE  T
HEK A KRR GE Z (8], JEREE R ST 1 100 mm, B8 SO mm, JAR G TR B 0T 38 O 4 ACAS [ R B A 4O
W, AR A OB BE T AR 50 em? (&1 1) HLBRBARE M IR EE 2 mm A7 S5 EE B BH AL B PR R DR R A
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4 mm. SLHAE (25+1) °C WA N iE T, B4
SigyE/DEE 3R, LI Z AT, PR AR Al
KR 24 h, SR 5 L 8 4l K B & iR
A, IR 25 B T B A B B S R S B,
O3 B 2 W U BN AR AR E s AT, BRI T
30 kPa, %F YK Hi7K 200 mL, i@ i3 KOF L
I, BWRIBATEE 258 20 min, HARBHK 2R

7] 5% A P B O /N 22 S i A B e sl B L o TR

S R FH 5 R A R [ Y S 2 B, SN A

L, KRR R, EShadr, afThE S B R=ErEE

4 B S B A — 5% Fig. 1" _Schematic illustration of the

microfiltration (MF) device
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PR A B A . B 200 mL ZKAE, AR 500 mg L' i £ DY R IR AT, CE 1 h,
SR G M N 1 mol- L' #h BR WG K AL pH JH 2 3 ey o IR A1 a A7 BIAH A B . KWK 5 mL 20 .
10 mL H AT S mL M 217K (pH I8 2 3 A2 47 ) ke is AL 28 BUH: , =2 )5 B KA DL S mL-min™" A 3 2t 3 1
WA, Zd)E, F 10 mL M 2K (pH W 2 3 A2 47) ke AR BORE P B2 TR AR BUHE 30 mine 25
RYK 3 mL A1 4 mL 1 0.5% R <05 7 Wbk Uk A BORE , W88 Ve IRV 0T 4 BRI WKk i &+
P I BB SR AR AR A 23 ) U S AR e (95% 119 0.3% W R /K IR T +5% B L) I
HERZE 1mL, HERGNEESIREHAE, 4 0.22 um I 185 CE T-18 C WA H 117,
K FH B v 00 R (0,33 - = T DY 2% FF I 3% UPLC-MS/MS(AQUITY TQD, Waters, 3% ) 75 1E 8 T T
K, AR ECH 0.3% W ERE WO KM s A, DL SIE A VLTSI, AR E R 40 C. AH
035K %5 ) ACQUITY UPLC BEH C18 4354 (1.7 pm, 2.1 mmx100 mm).
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Tz fib f R Sh A o A 0 A2 48 (SL200KS 5 Kino, 3% ) A& . HE 7K Hh (10 G0 i B 3 1ok s 7 100 4 £
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I 2% T RS AR [T A B A R A L4 25 BR AL B 4 - Q

sk \\%
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K PO ML 8328 K T I AT DL 1 40 T IR B ! ?\ﬁ__@\g
AL 323 LR, AR PR DL L (LG 20t §\\\
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VAT A I L R B KA RO B L A ST Fig.2 Zeta potential of membrane surface

at varying pH values
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Fig. 3 /TrOCs removal by microfiltration with different
membrane materials
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o (AHF IR, 2 RO B S A T cocfficient 1gD) of TrOCs
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DL TCHL S 7 ] DLW B J5E 2 1o DA T 52 1) B Zeta BT A T HE— 2B 2 A B MR AR ELAE TR [RD
T 5 A AL g 2 B A S e, AR S 0 1R B UL 89 S fE B (NaCl) . i 2 8 (Na,SO,) LA S 5 1k 45
(CaClL) fE M5 5@ 5, R 0. 2000, 5000 mg-L™' ¥EEASRE, 76 pH A 5.5£0.2 I #EAF8L 8, 4R
5% TR TCHLER X A WL 5 BR 52 e, LASE /s B MR A B4 R it A L) 25 BR i 52l

TeHLER A0 Fh 28 FTve BE X i A ML) 2 R B e i A B S i 25 5% (I 5). AFss ™k, BiEE
ToHLEh v BE (4 &, ELPEBEME & R BUR R I Zeta A7 TR, X HLE S(a) A& 5(b) AT AR H
SR AN RN B R A X TR A AL B R B 52 AL . 3 15 B B G (R AT HIL 2 B 4 5 e T g
AR, B E T AR A A L B0 BN R . BHE T H M BREVE F T RS B 3R 1 X
U A ML 1 o B B 0 R AR .l T B K AR B T BB R R o B R R T 2 R Y R AL
PR, BT A A AR AR XS T 2 A T A e PR AZ e N B, BRI, AR TR AN SR Ak B R B A AR
B, 3% 2 R ) E BRI AR RS ) Xt 5 GUR-REZNIK UV (O HIF 5% 45 SLARAT o i ol PRI A9 25 5
A RARMK , It LATCHLER W B K b 2 0 5 2 [ S5 1% 52 i Jf AN &b 8 00 AR RN 56 FE 9% 71 WU 1F 4 AH
K, BlATERVR BE R R, AT ORI SEFEIK IR 10 2 BRI B I R

XT LGB 5(a) FEL S(c) AT LAGE Y, 858 F X G A B0 2 B 0 52 e B 55 TR ES . B TS
T A 2, [FIEHE R AR/ T R 0, R, B ES A L AN B T AR ) W R AR AR R
T, BEARRE R T A Zeta LA, DN B AR AR 26 100 SRl A LIRS R L 51 ) o 7255 58 F AR 7E 91 0
T, A BEMR SR LRREW RN T R ARG, X AR M T R 555 W 7%
M, T4 TR R DL SR BV 5 BRI sK AR B AE o X T EF LRI RISEFEIK IR, A BN
SZ U BE R B S BE RS B PR T R, X 2 R e A WL B R BR RH 60% 22 A [ E] 10% LA
o XU, 5 B A R SR T W 6 2 T e A TG R T B A, DA A0 ) B T X 3 2 A AT L
VI B VR o BRI RT L, R PR A R I F e SR A LA 25 B Y AL
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Fig. 5 Impacts of inorganic salts at varying concentrations on TrOCs removal
2.3 K pH M EANMERIF N
R TR A RE DL K H i T RR 2 ORIk B, UK pH [RIAE AL 23 5 e B R A HLA Y S BR AR . kK
pH R AL 2 5| IR T Zeta FLALAYZEAL, 3023 520 B GO A HLY) B9 SR K VERTIT A fL AT, A
1 AR5 SO R S RO A ML A AR R AR o BT L, R EEOK pH 3 3. 5.5, 7.2 1A
J29.5, K PVDF JBE#EAT T JBEad DB L4
HIIE 6 AT LA, pH B9 AZ AL X &7 o0 A M SEFLIR /R BBRRE w8, HRBH —E %,
X )y B R R T PG P 5 BR AR I AN R . i 3 RTRUE B, A BE AR B VS S Y 1gD A BE
pH ZZAL M2 AL . X ULHT, 3X 2 Bl B HA E 2 B SR B K P, DRI, X 2 iy Joi 5 3 T ) it /K
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AR T R 22 5 pH A (LR B . L T
Se R, R PG AE R A I T T R A A [P SN
A, BTLL, B 2 X T "I &

BBt ok, i | AT, 7E pH 3~72 wl B ns
B, GF AR R AE I R A E R TR g !

T 415 A 01 0 L 77 Bk B pH (0 5 11 7 5, T =
X 2 A ML S I T R B ] 1R i | YH
W, BT DA BR R A W fE ey . LIU AR thﬂ
QLB Y, P I H A A B A ML A 25 B R K o L .
BT SIER . 124 pH N 9.5 B, &Fa6F] ﬁﬁwuwﬁéiﬁgﬂﬁﬁfﬁﬁﬁ
FEFCIE R A T g, 5 B2 T 1) Fl P I ey 4 B
{0 8 v PR AR T B AL 4 SRR A i ittt
B Fig. 6 TrOCs removal at varying pHs
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M1 7(a) FTLAE 1, RS SN R TER o oA PL 0 R BRI, T D R
ML R R 4.19%~21.7% 27 3 3V BT 1Y 44.2%~82.8%. Sk o FHE sl 1 Vi, Bk5
PEF4, HAbR R A ALY KPR R AR T . X Tt T B3 A AR A A5 Al H for i A L
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WA LYY BRI BT

HIE 7(b) FTLAE H, fEHE R 2V A3 VAL T, #2581 oK rho i 204 Sl A k. SAE N
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{14 24 Uk B Kb & A ) B T B R gk Ak, RO N (1)~ 3) i .
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M UE S 1 SO i A HLA B 26 By — 5 ik . ARSI S AR R e, BRI A AL A B R
AP, BB AFRIAAAE R AT, B A PR L BR RS IRBEE B A T mmi ot s, 3
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Fig.7 TrOCs removal by an electric field

W R 37 0 e A L Y R R R B B EAE AT . Be Ak, BT 0V R R TR AR A LAY 3 AR
W RE 25 BR, 3V U MR MUY T 20 A M A DA R A s AR SR R Bk, i3 v
FL TR T S0 S A 3R R R A DL 0 o r A T B DA R i S B R B, s e 3 Vo R
R BRI EBRSTERBEAT 10 (B 7(0)).

T R AR ST SO B A R RO A ML S BR R, AR RE K R A i i S R R AT i
2 kK S8, 3a 4T 20 min 5 UTWT LR, R 22 I UK PR A ML R & R I8 7(d) AT, b
3V LR, UK R RO LA K BT R R R RN D e — T, AR R T A AT HL A ]
AR 51 47 AH B HL A A L 55—, BB Z 8] A BE B A 4 mm, B SO B S 00
A3 A L m] RE 2 K A= WAl DT o A F AR X (ol i AT AL R S I/ T AL 2 R R BR A T
BT B . YIRS, X 2 MR, oA HLY Al BE SO SR Rl K b, 3
KRB T KRG . (HIE 7(d) KW, HUA RIBIR R K & T TR, AR B
ANHEAE K o BE w8 T RE K O B0 o X BRI, AN 7 BR T S A e R R o O A L R 25
B [RIIS i A RT RE I8 Ao A7 F AR e T i R A AR B 8 IR B ORI, AR I EIE TR,
TR AT AL B4 1o B il 745 PR RS 30 ol A LDV BE T s, BRI T AL BRE 0, AT A ) T 4 v
R AR R B 2R
2.5 EBIABEAHMIEXNBEANINER

B g ML IAARSE S, L2 000 mg L™ A S@AL BN 75 SR iR 0T, 78 pH 9 7.0+0.2 9 25 AF T AT
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Fig. 8 Schematic illustration of two operation modes-in microfiltration coupled with electric field
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Removal of trace organic compounds in water by an electric field enhanced
microfiltration
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Abstract  Although microfiltration can effectively remove turbidity and suspended particulate matters, its trace
organic compounds removal was very limited. The combination of applied electric field and microfiltration
could improve the removal effect of trace organic compounds. The removal of five typical low concentration
trace organic compounds (sulpiride,  caffeine, metoprolol, linuron, and carbamazepine) in water by three
processes of sole microfiltration, sole electric field, and electric field combined microfiltration were investigated.
The effects of membrane material, ion species, ion concentration, and pH in the feed water on the removal of
trace organic compounds were studied. The results showed that membrane adsorption was the main approach for
trace organic compounds removal. The adsorption mechanism included hydrophobic interaction and electrostatic
attraction, which ~corresponded to the removal of hydrophobic trace organic compounds (linuron and
carbamazepine) and positively charged trace organic compounds (sulpiride and metoprolol), respectively.
Moreover, the formation of hydrogen bonds between trace organic compounds and the membrane surface could
enhance the adsorption of trace organic compounds on the membrane. In the sole electric field, the electric field
force promoted the adsorption of trace organic compounds on the electrodes, and the chlorine generated on the
anode could also strengthen the removal of trace organic compounds. At 3 V, the removal rate of trace organic
compounds was 44.29%~82.8%. Electric field combined with microfiltration could significantly improve the
removal of trace organic compounds. In the mode of the feed water successively passed through the cathode,
anode, and membrane, and over 90% removal rate of trace organic compounds occurred when 3 V voltage was
applied. However, the corrosion on the membrane surface by chlorine produced on anode might reduce the
service life of the membrane.

Keywords microfiltration; electric field; trace organic compounds; water treatment
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