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A review of transparent exopolymer particles and
their membrane fouling mechanisms
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(1. College of Chemistry and Chemical Engineering, Shanxi Datong University, Datong, 037009, China;
2. Institute of Carbon Materials Science, Shanxi Datong University, Datong, 037009, China)

Abstract ; Transparent exopolymer particles (TEP) are highly viscous organic microgels and consist
predominantly of acidi¢ polysaccharide. TEP are ubiquitous in most source waters, such as sea,
surface water, ground water and wastewater, etc. They affect the migration and circulation of carbon,
microorganisms_and particles in various water environments. TEP have been identified as important
organic foulants in.membrane systems. They can attach on the membrane surface or on the inner
walls of membrane pores during filtration, significantly increasing the membrane resistance. In order
to understand membrane fouling induced by TEP in membrane filtration process, the definition,
biotic and abiotic formation and determination methods of TEP were introduced, and the membrane
fouling mechanisms of TEP were discussed in this paper. The research evidence showed that the
species and growth stages of algae and bacteria influenced the formation of TEP which led to serious
membrane fouling. It was identified that TEP correlated strongly with the formation and early
development of biofilm, which could potentially lead to biofouling. The processes of flocculation,

sedimentation and filtration could improve the TEP removal efficiency and substantially reduce TEP-
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associated fouling. Finally, the further research areas of TEP in membrane separation process were
proposed.

Keywords : transparent exopolymer particles, membrane fouling, gel layer, biofilm, biofouling.
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B Py e 25 L BEL S , 8 7 9 T R 6 T2 B A )2 R 2 0 e B T BEREL > e A AL
¥ (dissolved organic matters, DOM) fE7N R 5% (extracellular polymeric substances, EPS) & fi# PEUAE )
Wy oS5 03 B AR e h i A HLIS Gy, 51 R E R e ) R EPS S U A FH K rh s A e A L
WG LA WS 1) SR L I 43l 2o M R P T RIS G T 110 A R A P 36 I, 43k 152 1 EPS R fff# EPSTY.
VEARE EPS RV L A W) Bt 2 /K i s i A ALY B 32 R IR 503 B R v, BPS. TR B SR TP I
AOBREIRE S 0 | R ik AN AT A S 3% T 1) S T 336 R 386 B0, 42 A 0 05 e T8 SR R Y Y
] B 7

B AN A BRI (transparent exopolymer particles, TEP ) 1Y 322 5 43 Ry R 22 B | HoAth i 43184
FEAE I R AR R IR AN 4B A U TEP L ) SR AN R A A ML A R R BB
AT R 2 E W B B R S D ) R ek DL sE o A M A i 2 i TEP ELA B B AL A L
FRAGDRE " R R AR 1A AL R 3 ek W B 286 A R R A R I A M R A A TEP (T
JA K IR A AT LA T RS AL AL B R 2 1 ot R AL A RS
AN VAR AR IR, JURE ) 1) SRS RN 45 K # J ZE/E T2 uBerman I Holenberg 42 4 TEP AE{E #Ef
AW RIREE AR FE B, TEAK A AR IR TE 18 AR e e 42 B A T, 2 3 I K IR AR T K
AbER) PR ER RS e i S ER N S R TERAS B R UE T AT A ) BN 438 AT P B
(AT B DA G20 Rt 5T TEP X 7K Az 28 W ERUIE A= V75 Y I Ui v e A FH R L5 Y LB, A
BT BRAR AR ) TEP 7R850 85 R GE Ay BT Y.

ARICEHR T TEP BB RS 1 A IR AR i35 i R0 1 TEP X A= Py I AR A= )
15 YL TV BT AE S I, A IS 43 B 4o R P ARSI Y LB, D R G2 i TEP AH G5 G 1) 5 vk e Je L T
TEP 724K FE 7K Ak 385 1] YR 73 B AR vt B ik — 20 5 A8 s

1 TEP K2 EX ( Formation of TEP)

TEP & —28)  1Z fEAE Fouk A8 v, BT 5k A (i S B M A ILREE I 7, ]l o A= W i 4
AR
1.1 TEP WAEDIE iste

WE 1R T8 TEP BIAE YT BGRAE b | B AAR AT K o s e A L 2 5 0 A it i i
21 T VR A Ak 4 T R, R 400 e DR S R N 0 B (A MILEER ) BRI S AR BRI i TEP
8¢ TEP FifA"? 3 TEP BHi4E 0.04—200 pm'™ ™ TEP A& 42 1—3 nm, K 100—2000 nm, HARE
FIZEBIPE, AT LR ST FLAR 8 kDa BB i T TEP 1 TEP A4 St AE 40 355 43 06 B Jic 174 L Py 5 B 2
S, ELA AN SRS AR TE A Wi Y i 0 T, A7 2R AN TEP S oK b — 2R ik Y LB Ok 1
FEX B EPSUT AT SR M 4 s i TR SE P EPS A R PE EPS AHELFE 4L

TE RN AR BB DL B 54 50 TEP F TEP R4 59 7= Ak s SR AN B 1) Hong 2516 % W ifs
)R M b e o T R AR ) TEP ¥ 5 T LA R ke T AR T 7 2k 1Y TEP R EENS 210
3 88 H ORI A (RO 5 DR R P VR RS I TR 7E 168 h I35 E T, 4351k 0.08 mg X,- (L+h) ™ Al
0.30 mg X,.- (L-h) " 35 TEP ok TEP iR A8 B B ™ I BARE s i i 450 7e 45
B AR 2 W AR R B TEP  7E 55T 307 2 m Wk TEP ; 11 A7 FCOUR 86 47 s 25 07 i ) 7 4 B0
FEAE TR EE TEP . FNRZE BT 5348 HRARTE 3—20 wm AL IR IEAR Y /NI A ) X BRVT. 1D TEP
(A TE B BT R TR MK P A A R R AN B S A0 B 5 TR R S A SR R, T4 O T U R A R
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Fig.1 Formation process of TEP and relationship between TEP and EPS'

12, 39]

1.2 TEP WAEAWIE gt

WE 1 FR 78 TEP BAEAYIE s, S YN B AL A TEP B4 35 2238 o I B B8R B A
S AR T K B, P — 20 R AR TR I, TEP L' %0 okorft 45 S PE A5 ML) 38 238 43— ] 4y BB Ak 2 58 B
FE R TEP P i K i JCHLBHES F (40 Ca™ F1 Mg™ ) fit ELE 25 & ZHE3E TEP Fifk (I s men) 47 i)
FRILFNIRIEL T LA — 2 W25 BE 2548, [RIATU BE S 3k TEP 1A Sl A 1 A ML 9 0T RI S8 AR
AT I BAT 850 B K 5 H B AR A A TEP SR 564 TEP (4 A W 1 ad 420 A7 78 10 B s i
AL L TEP BIAIE 1 TEP (133 T2 ANTG BG4 4, X o i B 1 7 HE S0 VA A (Wi 52 5 ) 197K
A — 5 TEP 7775, i Ak B IX ISR AY FE 8 AR ok S 15 1 1 2 A A s e 0

2 TEP Wl €7 %% & 2 ( Determination and content of TEP)
2.1 TEP (&7 %

TEP 23#E sk P& I Jo i H U8 (0 TEP 2589 h i R A6 R 1 B 1 (—CO00 ™) Fifies £k R B 58+
(—08S03 ) REFI K PE BB FYL BT /R SE W TE pH = 2.5 I S AR R AR B T AL (0 5 e 5 5 1Y
TEP 55 (5 H T WL , Gesiact W s ol o3 ot 0% BE T UL L8 AR AR sk A 7 40 i an 18l 2 s, (IR
U TEP (7K FEE R FLAR N 0.4 pum (1% SR G R RSN | H5 2 1A 4680 BA 40 R AT 7% = i G €0 Ah 381 2% - I f3
BRI )5 1Y TEP #5828 A b, 76 WA T BRI TEP A9 %50 1 [R] B W88 % o
TEP WIEAEFAR/INE 2a) .1 TERE BB A B9 Y@ TEP Al f 2 & AR TS, i A B & 1
AE L B M — 2 TEP, I LAY 6 - B SUBE T HBURAFE AR A TEP & 2 nT 8.

et -t a7k (18 2b) ok e 5 )5 1 TEP 58 2 55 51 80% 1 H, S0, %W, 7€ 787 nm T il &
H, SO, WA W R, FH B i e A0 o 40 A TE 0 4t 45 SR A5 21 1 TEP ¥ B FH 4 7K v 5 0 D A 22
(pg X L) FR U TR AR T SR 3 35 G (658 RO A9l TEP A5 BL4) (AR 1) T 3 & 45
R LA - ek i 2t Al K R TEP St

5 TEP (7K AR UGHE 12— R YA [FIFLAR A SR B R TR R, FH 4 €0 - L 6072 D00 g1 R T PR 0 T
DR EIARRAR TG E Y TEP &5 (% 1) A&l 2¢ FiR, Villacorte S84 28 BRALAE 0.4 pum 1Y) SR Bk R i FEE 20
DR R U8R Ak 2238 1 BEALAR 0.05 wm P SR B IR TR st 8 | FH 4 €6- LU 40 10 2t ) FL AR 0.05 pum R THT 48
B 24 M IEARSS TEP B4R TE 0.05—0.4 pum Z ], i HFLAE 0.4 pwm JE 25 H 149 TEP W4 Ay 45 ki
i TEP!
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Yot Ltk Heil it TEP 7 & (R JCIAM3 8] TEP AMESF A B 5 0 e (- 1 S T80 6 D et
KIAR KT 0.4 wm 89 TEP &8 JF W5 HIE 25 DRI AE 52 B I i mb e AR FL A 0 1 45 A9 ) 5
RS TR T TEP RIARFE RS R 9 A5 A, BRI FH % (- W OB T 02 A5 1 TEP = 2 0
e - L RISy TEP WREA R RRMECR DT

£24L420.05 um A R BRER B AR
((RERORT

Filtrated through polycarbonate —l—> P B
filter with pore size of 0.05 um H ermeate
at low pressure

P ZFLAR0.4 um By RERAR B ARAICE IS I8
A TEPKAE —i—| Filtrated through polycarbonate filter el >
Sample with pore size of 0.4 um at low pressure. | Permeate

BATRE D s
TEP retained on the filter lTEP retained on the filter

pH =258} FI¥k B A0.02 %0 i /R 3215 Y,
HAEEFREHS R GEH]
Stained by 0.02% alcian blue solution at pH = 2.5.
The excess dye was then rinsed by ultrapure water

() (b)
o, o [
SR C G B E AR | MERE B ME IS0
Stained TEP were transferred from HoSO 2 he

Filter and stained TEP were soaked in 80% H,SO,
solution with regular shaking over a period of 2 h

! ! !

T T
i et s s { T o
§ ﬁﬁ%ﬁqj}g@gﬁ&;}nﬁ The absorb_amce of H,SO, solution was measured
counted under a microscope using a spectrometer at 787 nm.
Gum xanthan was used as a standard substance
of TEP for calibration.

the filter to a glass slide

'

TEP:Ji WKL TEP B JEARZSTEPH &
Abundance of TEP Concentration of particle TEP Concentration of colloidal TEP

B2 TEP &R
(a) Yefa-WRUBETBIE T 5 (b) A (o) Yefa-th ik 30 5]
Fig.2 The process of TEP determination

(a) staining-microscope-counting method*”); (b) and (c) staining—spectrophotometric method 30 %3]

® 1 SURHGE R TEP A
Table 1 Size of TEP reported in literature

A2 TEP KiA81u 27 30k
No. TEP size range References
1 > 0.4 um (PRI TEP) ;0.05—0.4 wm( BRAAZS TEP) [31, 54-55]
2 0.4—300 pm [32]
3 2—200 um [33]
4 > 0.4 um(TEP) ;< 0.2 pum( TEP FifA) [36]
5 > 0.4 pm(TEP, ) 50.1—0.4 pm(TEP,; ,.) 510 kDa—0.1 pm(TEP o) [56]
6 > 0.2 pm [58]
7 > 0.4 pm( PRI TEP) ;0.1—0.4 pm( 1AL TEP) [59]
8 0.04—200 wm [60]

> 0.4 pm(TEP,, ) ;0.2—0.4 pm(TEPy, . );0.1—0.2 pm(TEPy, ,,); 0.05—0.1 pm

(TEPy 05 ,0) [o1]

i3S TEP AL 5 € ATl R A T i TEP 724 Rk 44 b 1 2 5 FIURFAE , 5200 TEP JE A4 (4]
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R, A BT R# TEP 7615850 2 A2 rp (9 5075 e SR 2 FHLER. SR, G - BB s e - th e ik 1
AEXT TEP HEAT B2 . Sim 85767 FUBT /R 3 W Y ik 1 St b, $2 Hh — PR F G 2R SO R T 25 A ik
A TEP B8 v 3% By vk B 4 B BA e B 1T 1 TEP &5 i, HLAT 20 M isf IR0 G 38 oo 454
A5, H TEP AOELRI 4R T g
2.2 TEP & &

1993 4F-, Alldredge 25272 | FH Y2 € i S B8 P40 o IR A6 W 1 vh 2 B TEP . 2 I B 93 3 A 16
IK RIK e 7K v ST B R ] & F Y TEP (5 2) AF5E o , B2 [R) — KA, 767 ] 3 27 98 3 5 A 7]
BT R G ARG & CE IR S AL AR R R A TEP & s E R AR E N AL, TS
R FPR RIS AR R E AR TEP & B e E AR BRI = 2K Wetz 25 %
IS LR 2 SN AT 3 TEP & 75 8 H WIS & 2 J N, i 3500 g X, L7, At
A ) TEP &5 WA e S {E 0 23%—51%"% WF9E £, AR A TEP FIEURL A TEP 38 & 76 /K o ] i
FEAE KPR RAS TEP A5 &5 B TEP S B FL Bl ] ik 98% "> @ M — 2 44 TR L5 Wik 45 TEP
AL EEAL T R, AR K AL B IEARZS TEP FIUKIZS TEP b A= I8 B i 15 J Ji Fis A 1y 35 e [l
HAREZRMAERD T

2 SCHAGEAR FK AR TEP &

Table 2 Overview of TEP concentration in various water bodies reported/in literature

TEP ¥ sl 22 TEP ¢ sl 4 e
Kk | ?11;0;1:1‘&5:11) r:f TEP/ Kik | ((Zfllngc;rletra:_c)lr]) Zi TEP/
Water bodies or abunjiance of TEP/ Water R or ahunjlance of TEP/

(ALY (ASLThHP
B AR 34—628% WK (L3 4.4x10°—2.5%x107271P
B |NLRES 361—5672015) rh-EE TN R (LLES]) 759—2385163
S R () 131—2902! A E(RE) 5 HE 8 A 805—1801:%)
InFIRE e i 2 ( 3E ) 2.8x10*—5.0x10°L371 P %Tg?%m) 8 ARIHRRE >3500004]
PUB I (17 2%) 162004 BRZZT (7 ) 270054
WEFEIE A (LLE]) 80—1003[%% M E(EE) 1 HE 4 AJE 991—1712064)
pRGIGEED) 28—376 % BRILE () 1 H 88.7—1586.91%
HRALKPGEE,6.7 A I 124071 e () ,8 A 521.5—1727.419%)
RAGKRVGVE Bk 2 28.5+10.27" HhFIK (Fi %) 990126
BRI FE SR 3 (SRR ) 19306] J5FE O ) ( ) 1.3x100—2.3x106(72)>
TR )6 S0 1 V5 (2 PR 8—64517 HhF K ( ELAIAT) 14.8+14.003"]
MK () 3—3101% WK (LeRInT) 21437
K (PHE) 0.5%x10°—3.8x10° 741> eI (B 36—1462(7!
iR (PEPEST ) 66—90387%) K(CrP ) 5.27x10°—2.3x107[701P
K (fa2%) 400—8000>! WA SCIIR K 2 (1) 1.9x10°—1.34x10°L771P
3K (LAESI) 230—478[%) P =N (KR 4—148004!
i (VEEEST ) 4.5—94,3078] BRI (hE) 85—123504]
TSR T 11.3—289.11™! JLT (P E) 0—720(%
EE 15.4—188[8!) K AL K (LR 746—415716)
SRR HAK (LA 132—417'%! B AL B K (ff %) 27012
R K ( H A ) <5031 K AL E K (LEFIRT) 102+20"3"

. TEP ¥ B JH 4 - Ho (8 3 0 45130 Concentrations of TEP were determined by staining-spectrophotometric method.

b, TEP *)Emi@@-ﬁﬂ#&%@ﬁ“@l{f@ﬂﬁyj .Abundance of TEP was determined by staining-microscope-counting method.

3 TEP X3 &5 4K %M ( Effect of TEP on membrane fouling)
3.1 TEP XA YRR A 1175 Y i T A 52 i)
TEP fZEE L R 2B WL 2—4 151 W5 W e 45 i A= sl AR A= 1 A (RO 5 5E ) e 1, 7 7K
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A=A WA TE B 0 R B BE R EAE AT K A B R v o AR A TS e R e R 0
TERE S BSHIIG B B, =i B TEP i B4 DK v 266 B 6 165 3 1T TR i LA s B2 S8 R 1) = 2 I AR 485 4 1 G
J2, B R A R TN R M 2 e 2 1 RS A 2 VR T VR, AN AR A - R T A B 22 RN R SR
3, T L3 Fom B SR #2327, A A L) S A B 2R TE L B I B A A O i A TR T
R 1T A B T Lee ARAUBIFSE SR, H SR A ERT P 7 598 485 J 3 11 2 A %) A4 0 I A - 22 T2
T A R I T R 5 %) 9 I T S 1 S U TEP A R Yk 22 B 40 R Rk W 2R K i — ok
TR, A N B A L 1 A AR AR K B T T BB SR R S R R AN T L DR R
THAS BT SRR TEP [ TEP 1 N ASWIGFE 00 40T, LA S AR R 43 W6 1Y) EPS 2L [RITE sRsE A= Pri5 e, i 2
iﬁugﬁmjjﬁk 56-57, 86] .

G N , TR A3 U ) EPS J2: 20 5 76 B 25 11 B A A 0 FE A e — SR R ™7 7 B 43 B st A v EPS
W 25 75 B2 T W U 3R B LTS U, 4 T8 B BT E EPS TB BB BEIR 2 b B0 | bl 25 20 T 0 550 40 14 4
W) EPS SRR IN, A HLTG et — 25 & R A s Y SR, Berman 2515 F ARG # AL FE (&
TEYEANE) 52 FE R AN BLS (AR TS YEAN B ) B8 /K43 64T 50 h (R4S T B SR 5, JL AR
6 BB RS AT TR, JCI 4N B 2 58 416 BRI 2 2 98% 21 , M52 T Y 2L W IS A R BL ) EPS. 1%
TF 5 235 SR 100 H 5 2 v 7300 A s 1) S B 1 /K R %) TP T S 2 B 25 2 3 T PR B 1 Q0 3 7= A 1)
EPS.F5E TEP X7k Az A= W BRI BRI A 99075 YO0 i v 2 AR T, A B 1 2R TEP 76 R85 7 25 1 i v 1 5
TG4
3.2 TEP M5 JLALEL

3 BLET TEP 7EARFIE B B (SR S0 ) TP A TS G I G2 33t 3 A7l 0, S R U R i 18 i3
U A RS YRR R TEP ¥ B A3 o i 2200 75 Btk b Am ], TEP BH 2 55 £L 5 8080 4 B i A%
PR N[ B TEP 783 0 5 g UF2 , 50 T PR R B Wil 52, fie 2838 B A RS . 0 4
P SR TP Ve B 148 0 i JinpRe , 1 e 2 Bl Ul TEP v B2 (38 i i AR &7

RTRIREAR S5 R A TEP 76 B 43 55 o R 2 B HH AS [] A9 95 e AL Meng 26 (OB 5T & B1,
I3 IS T S IR M 1k SR LSS H 1 BE RS/ N TEP | A0 I G5 5 I FLFH ZE LB 5 1 J I
I3 F AR i3 5 (R S BROE J) TEP R 2 2% IR 2854 JH G B fu ] 1 8 F 2 3 i ML 3L 71T 76
PEIRAN 5 B R LA 121 AR FR LG TR B TR G A T aot A v [ BT B 1 )2 175 G RN AL BH 2 | It 5 [
F4) i EL 77 2 A ) e 32 U v R T i BEL 7 ) 219 7% Zhang %5 & B, WiF B 7Y TEP AR5/, 168 I8
TR P 25 5 B ZEEFL 3 Bi0™ B (4 AN A Y5 e | e L ot S b gk O X 2 i T T A A 35 S A i ) [ Y
TEP [ R a2 A0 M4 12 (2—8 pum ) 58 K25 2 1 4 1T T 1 10 O J2 s ol ] 3 5 0

K H T Ly IO ) R4 RIS FLAR P AR R/ IN L 5% W 15 G W A 0 0 o A B 75 e AL B AT AL b A2 AR
FESFLAR 42 30 ol B 2 it S HEE-FL R 2 5 | dE2 2 v v HREBEL T AR AN T 3t Ry % | T s A A5 R 0y Jo D o 75 ) 7 e
K RIEPHZCY OB AS TEP AURIARTE 0.4 wm LA I 7EGMIE EIEFI B 3 1 F b 5 I 25 7 I 2 1
SETE IR RS Y SR BURRE 7 5 0 i 32 2 LA S TEP F1 TEP i AR A2 A XT3/ IN | 5 7E fUE 508
U AR P AL, IR MEFL P B B 3 i i L B 2. 35 0 AR ZS TEP AN TEP A4 v] B 42230 o f g sk
HATERESLIUE AR BB R G TIIRZS TEP Ml TEP B R EEE R Y IR, BA K MEE, 5B B
TR B BE 1 )22, A 0 W B0 A B )23 3R T T Il A O R 3 o8 AN AT s e, I 3 0 ok g BH
F112 BRI, WK R = S A K LT IS FROCE (C NP %) SR IR IIUR ) 5 e I B, B K
Tt TEP 76 B B M W25 , A BB B WS, R 23t A I F i 3% IR

ST Z, 5 TEP AHCHY RS YA B R Ge D) V2 A, 38 1 43 B i 53 ik SE ) YL il 42 | ] Ry 4
il FIZE i TEP AH OGRS Y F R i e B AN R B i — 2 A LA 4.
3.3 Bk TEP 528 TEP A GRS Y i)y ik

F 4 DL T SCHRIRGE B 2Bk TEP KX ZZff TEP AH SCRRI5 YL i Jr vk Gl 1 43 B vl 0, Sl vl 358 40 25 Bk
Wik 25 TEP , #8IE LT AT 100% 25 7K b i UK 25 TEP B2 AN 18 100 i 8 0 48 A8 30 70 25 I i 1A 45
TEP A1 TEP Rij{&. JARZ TEP Fl TEP FiiAZE B & , FEE = R 1 T Al 8 fLA2/N T B B RiAR AL, If:
TEARE ] N B Wi s B R T RS TEPR | ik TR B 1% RS A LS e AR W is Yeny
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R G 0E- R B AR - R8I 1T 100% 5Bk TEP ™
F 3 TEP (eI B R S el g

Table 3 Effect of TEP and filtration mode on membrane fouling performance

e BN R TEP B IETS G B AR5 Ye bl S5 3Lk
No. Membrane and filtration mode TEP-associated membrane fouling and fouling mechanisms References
1 MBR ), 58 i 9 £ 445 T i I 7K 3 ki TEP € 52 84948 i 1 R AIK. [24]

TR, BRI S 138 i TEP 76 55 (4 5895 Je L
NI R R AT B LA 1 1 AR LT B TR VR AE R i [58]
Tt o [ i 3 B 2 75 e R L RHLZE.

KR TEP SHBARH 1 23 A, Mg BTG e M58, M
3 MEUE- BB KRR RS MK TEP 455 52580 (JBERZS TEP 34 103 /%) (9 3 A FH [25]
5 H b, B IERE Y .

BB NES AR 5 457K th TEP & 1A 035 I AR G PE.
4 A IE BTG KA BT 00t /KRR 8 4 b J5, AT 36 R RE g AR w36 [26]
JEERE 34331 34 28 % F1 30% .

JE 6T OB B (FLAR 0.2 um) , 3%
1 % (0.1 MPa) 33 7

TR EEAR L IR (# FA 4 F i 20 kDa) fH

5 FE(0.2 MPa) B3 i 1 JBE L2 B 1 5 TEP & i R AE L. [53]
N N PAG =N o
6 fgz‘fﬂfﬁ”ﬁ( LRI 0 100 KBRS TEP 6t 5 05 R b e S . (73]
st g L, ISR GRS LK T TER( = 0.40mm) W (0.5—
7 REROEEABBRCREI TR )0 X L) REMCTER RN e R EE  [80]

100 kDa) , #iit1:L 78 Kz,

TEMIIE TEP ¥ B R, Bl @B TEP 1 1 1% Al 386 BH 7 b it 2
BRI B (G 7 TEP W48 WFRA TEP & il i A T 398 B Jy Lb [ & & TEP
8 150 kDa) ,fH %3 3E 70 L- (m>h) ™' 0 ™ W OR A5 B 5 i 8 A TEP ¥ B (0. 2— [90]
1.0 mg X - 171 BIE .

eq

A8 8 Z GRS Y BB S K th TEP B4 9 & AR AE 35

BIEHH %
9 ST R B R, AR AR R (0.8 MPa). WEEEAERY) 12 h S E W RN B 10% , 755 12—71 h T [10]
R [% 10%.
JI3E R Rl TEP RRZERRR MR , LA S B 4 0B 1y
WG s .
A R R 4 AT S PR AN T i PR Y5 Y i R Bl TEP e &
0 k-5 s R R IR (55
v KA JEARZS TEP FUBURL A5 TEP [t 76 515 3 [ 3 1 , {8 58
AW TR
" Wb BB E AR, B TR (2 MPa) BB IEAYIEDEE TS Yedb 505 ORI A TEP ¥ J3 40 1 76 15 36 [84]
1 E T AP B B 2 0 L.

PR A 5 (A4S Bk BEVRD GRS TEP Il TEP B4R 26 i i fr | FRARER fo s 7 (R LR B
BRI TEP 8% Fe- A HLE AU, A Bl T REARME R B 1" ™). Zhang 2 (B35 1, 810 1 mmol - L™
Ca” LR 7K KR AR ZS TEP 54k ] k25 TEP , KRS IR AR TE 0.4—6 wm JEHE N A TEP &8 A
20K AR AP R D 1) AS ] 06 B g A S BH o R BHL . Lin 25 B9 5% L AR IO 6T TEP REAR 52 Wi 1 45 5 5%, A
2.76—4.64 mg-L ™' FeCl, [ V7K 7 TEP K42 M 0.29 wm 315 0.67 '™ 7 AR AR N RLAY
WOk TEP 83 HLE A R T 1 88 58 A BE Bl 25 ok , I N7 I B B I A B R GRS 5 e J iy

IR R e DIE A IR SR 4 G T AT IR TEP & 12, 22 TEP 51 % 5 7L BH 2 Fn g DF 2 15
Ye PR YRR R ) Van Nevel 454238 F TR BE-ULTE-R0 uE 41 A T 2500 5% A KT 67% 1)
TEP Li 452 RSB K R AC TR FeCl IRBE-IEAL & T2 2K ) TEP  REAT RO S B
FMRUAS TEP B E &, I B BS54 R PACI ZRE-HIEA A T 200 KBk 29%—34% 1)
B TEP' ) RS/ S5 ULTE M IR LA T 25 7E Z2 6% TEP B[R] RE R AR K rh stz 9 A L4 A0 4 5
T AP, ok 2 DRI A A W o s B A S 8 B A s e S 0
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Table 4 Methods for alleviating TEP-associated membrane fouling

P VR I 35 % 147 B R E =P TN
No. Methods for TEP removal and alleviating TEP-associated membrane fouling References
. MBR Z:B% 40% 1) TEP. "
MBR 2 (01515 WIHE IR R, 7T AR 60%—909% ) TEP. [24]
FRUEXT B TEP FUEAZS TEP 1925 Bk 3R 53 B & 29% A1 16%.
5 BINELEET] PACI(0.15—0.5 mg-L™" AP o] /08 g o B AR o] gl Iy e | 38 i S b DR 0% 1251
PACI ZBE-HBUEXT B TEP B RBRR N 34%.
HEIE- BB TEP 1YERZR N 100%.
3 HEUIE R GE 1009 2B T BOE K A3 33 Hh K R b 2K o A9 J50RE S TEP. [26]
4 FBUE F R 95% HBURLZS TEP 1 97% FIJEAAZS TEP. [31]
TWOIETR /25 B WURL S TEP.HIE LR 1009 HY Uk 25 TEP F1 70% Il 147 TEP.
s THE-I 35 15 R IE- I B 1B 1T 100% 2Bk P i) TEP. (58]
TREE-TUTE - DU ] 3 40 R BRURL A TEP.
TREER (15 mg- L' Fe™* ) U1 £ 90% K TEP , {HAfE5E 4 LRI A ZS TEP.
6 HBIEFEBE 26% 1Y B TEP.PACI 2 BE-#B I8 7T 22BR 29% Y & TEP. [55]
HBUE- BB N 100% 25 TEP.
7 BN FeCl(3 mg- L") ZEABUE N EIE LAY Fe-AT ML E A REE AN, w38 i S 2= . [73]
8 ABIET] 1009 2= Bk i Uk 25 TEP. [92]

FeCl ¥ EEM O BN E] 1.0 mg- L7! Fe¥* | RIS TEP [ B 3F NN ; FeGl, M 1.0 mg- L' Fe* 4 i £
6.0 mg-L™! Fe¥" JUURIAS TEP (13 IR 2.
FEUE 30 min P AGEE IR TR 7 B HIHE B FeCl, W (0—6.0 mg- LA Fe™* ) BYBGHNTI A,
R UE AL RS SB i BRI A FIURLAS TEP FIBARAS TEP ([ s 66.7%F1 71.4%.
FeCly( 1 mg-L™" Fe®* ) TR HE-#E UE HUALFE 5 2 15 5 IR IR TR S TEP 1T 2 PR 85.7%.
FeCly(6 mg-L™" Fe™* ) JRLEE - 8 T AL HH 5 S 7835 IR 4% T JG G 1A 4% TEP B35
R UE AL AR AN T B | RT3 BE R R BE ST B Ca? PR B 1—5 mmol - L71) YR i R AIK.
10 Ca® ¥RFEM 0 BEANE] 1 mmol - L', A 22 gl RS TEP JO~F 38 K, 340 RS TEP &5 &, Ca?* ¥ JBE ML [90]
1 mmol - L' 3% 2 mmol - L™' 8 5 mmol - L7 S NHSUREZS TEP &2 AN k.

4 #ZiL5RE (Conclusions and prospects)

TEP JZ /KA ih—Fh 322 5l R Rk 22 W5 i AT MLISOEE I . 5 S VAR TR B b 28 s e A AL A
RZE A5 TEP T B & & AEBRE B ik e v | S 86 TEP ZERS 3R IR BB RS2 , % A W B - T
B REEA 97 Y ) T OB B 20 Y O B0 5 (9 oL BB BH 7. TEP VR FE ORiAR 55 254 52 i L7 JEE 40 15
RGBT Gy AR B AR RS TEP FERCE , 6808 RN S 12 175 B3 T P 1 g 2 15 s s T
TAZS TEP 1 TEP A vl 8ok (o 7 i B AL AE T Ui S 02 485 I 3% T BUBE I 2=, S 8 168 M B ok 30 BHL .
IR B R B DIVE IR SE T 2680 TEP & i ulcff TEP MRS 4 A BURLAS , A RO 4 AT .

5T TEP TEAEWIBE R AL P15 Y s B ZAAE R, X4 5 M58 5 g 1l — S g i 58—, B3
BLHFM G TEP & 5t Y ta- 10 S Bs T 5ok sl e (- b o ik B ib AT B 2l i, R L i 50K TEP (7R 2k
FE SR — N EE s R T 1), B R TEP Aol e B FnvfEaf B, PR BPEAN B4 25 R i T TEP 1
S ARSI 55 = TEP 8 R BLE 2RI 73 85 R 40 vh 5 1675 GOV s VAR ¢, BERH 7 5 TEP & &
SIEARC, R I K A5 KA B R TEP X BSAR JC T2 22 B9 5200, 4 TEP AF S T FIPAf f5 75 Y 78
R AL W75 Yo Iy 0 e bn 2R AT WL 55—, Ak S 58 52 i TEP JI575 4L i R 2, i & B TEP F1Z% fi
TEP FHOCHE S G T. 2 A0SR, 1B T e O 4 v JRim .
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