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H E VU E IR MEIE T Y (gravity-driven membrane, GDM) 7E G . L4Ed &4 T KW 7 0@ w48 1k
FRAE B FEXT R K B9 i K R, X GDM 36 B 04T T A 19 240 d 93247, SR E W . KEIE1TH) GDM 2 & 7] 4
3AEE L 2 BIh )R S (0~8 d). FRE W (9~150 d) AT R (151~240 d). GDM 3¢ #1517 9 d J i Bl O 15 £
B, ERHEWRAMNT, RRB gk 150d, HAFYE a0k (8.85£0.74) L-(m*h) ™" Lok, A[E KK
R F, G35 4 (dissolved oxygen, DO). pH. &7 HLEK (total organic carbon, TOC) FIHE % M4k, B miaE
R EA SRR, HE w0 AR A T RIS R AR, EREIHN, GDM BTt KK B
4, WIKH R LA ey (B L U . TOC AR ¥ BB b5 Mk B R E (A B RK BAARHE ) o TifE
TR (151~240 d), PEGE B FEIKE 537 L-(m*h)™", H GDM H/K PR & B BFE BRI S, Wik, #FEBET
150 d J& XF GDM #EAT i ve iy, LAWK & G & MR MoK SR o el 38 i 3% v Ve A0 T 30 s bk R ATk 2
GDM %2 & 80% I Jiid 5 . £ L ik, GDM Al @bk, KIS 4T )5 W) Byl Ve RN AT K &2 R 4r I i, 38
T AR E AN H X HE ) W H -

KHBIE MKk RAKE 4 EHREIE; R, Wik

TENAK . &3 & RMAEIRA AR R FEIKS T, R K L 4 )8 ek 2t 5
I [F] T 7 IR PR . AR, AR 2020 4, A HERANA 7.71 A NTCRE RIS OK BT A AR K T
X — AR A 0 X e U2, e E, HETIIA 15 AZRR A D TEE RS Pk, #70HX
o BAXRE A K B A RS A 0 B K RS R B Horp, FE R E DY AL R A X, KA A7 A B U8
PE K BT B K S R, 3853 4 DXATS AR K VR S 2B BRI KK IR, i T Bl et 22 . T
AR R, TR Z R AL B i, TR A AE R L R B Y R L Y AR )
RO, XoF 2 b N R B A R S T TR SR o PR, O R 3 T 1 R K TR A R AR X T AR AN s X
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T A S . WUy i B S s T ReFe = SE IR, MELATEIE . 200V 5 AR L IX )12
f S B R B3R ], By B S K B B A R W 5R BT T & T ) ik B8 U 4 R (gravity-driven
membrane, GDM). % 4% R LIJK B 5 7= 4 85 IR IK gl , JCRE AN ah T B A+ e 2Lz 170, 1E
GDM Mo g i FE v, AKAR T g Ry . AR RN G Wt A B T R R DR BRI =, o s SR
APl A Y AR R SR RIE R IR DR P AR AR AR R LRS54, fif GDM ) /K & AT R 5
K E, ETE A TR M PR EIE, GDM LHEFE . (R4Ed S H AR KA
5 AR 1 DAt 25 PRBE FR K 28 2 PR R 55 K 8 BE 325, © AR IR 0 AT b IX I Je pi FHUY . A B9
W1, GDM FEXF A 43 B K IR (R7K . K 38K . BIEK . K AF) AT AR BT, 3] 7= Az f e i
U, PLERESAU GDM b BAS [R] AU 7 A R il 0 af BRALTEE T TR AR, =
Hi T GDM iz 17 I [R] A X 285 (30~150 d),  JJo ik % H HS /K i 1) i 22728 Ak e 4 Rz A7 1 00 A i —
AL

—E VR, BT G IR IR B T2 b mR A A R Y ORI, R A S B T AR I s 17 Ak
RABITRRERME LK R . GDM FETLIEYE . R4 500 T RS, BERE Ry KE 2R
XF HAZ AT 0 7 T K RCRE 04 52 W 5800 9 A B o [RDERE, PR B 0 5 R T 7 AR AR Y K GE B
GDM T2 m9A% e, SR AR e 3 5 i R e i M AR AT 1. T GDM & — o A iy 7K Ab 3T
20, iz A7 JE 0y A AR o S P 0 R 7 SN Ok BUE o BEXS BRI, A BIF S 400 o B Y
GDM K 3z 17 4 53 o A1 KK ARk, BB GDM B K 18 K R85 oKl = KW sh &
A AR S H OGS i K R, B WA [RD k7 6 GDML g A&k Re i E AL, DL b 2257 GDM
KINFR A 147 A GE 3P AL LA R AE AR AT b DX ) g FH S e 2 A 40 .
1 MRS
1.1 SCIEAK

A 5E v BT FH T K SRy b i KR B R I A i v RR K o AR i TR P G B L DX RS K K BT R
fIE, 38 AR L TS e A5 Ty A K OK BT AR AR 2 S BR KA, IR i K OK B RS E AR —
FlN . GDM K & K A8 bR 40 T« /KR N 19~24 °C, MUEE S 2.35~6.96 NTU, 4%y 35~50
B, pH 4 6.39~7.30, #fit4 (dissolved oxygen, DO) }4.59~7.35mg-L™", KA HLEK (total organic carbon,
TOC) A 1.19~9.71 mg-L™", K& B %M 1 800~20 000 CFU-mL ™",
12 XBRE
) GPM e lEER 7J<‘ ‘{ﬂ{: It jn i fﬂ F 3 3B e | [0
gy (B 1), FAZ U B R A T R b 1 IR
#l, R R AW £ M (polyvinylidene fluoride,
PVDF) s 2P 422 . 2224414220 30 nm,
e R 4> 7 B R 150 kDa, GDM i3 A i)
BEDCA IR RKIE , T 4ERe oK AL fE e, S
PRUEE & 1Y 85 5 25 . FEE I R8T, Rk E
FE A K T A B, 5 28 b as SR 4R R A i
UE R AEKAR R . A5 GDM 3 R % 2k
WAL, AR K Sk (I H E 1K 60 em Wit
Ab) T izdT, BEIREORAFLE 6 kPa. BB K 1
WA, TR 53 B B AE 1= R RSERE T
B F AT Y 240 d. 1 BENRBREETER

Fig. 1 Schematic diagram of the GDM setup
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1.3 MBI A

FE B 4538 AT B B, X E 7K RS 7K K BT W D 4 A 32 AL 4G LA K TS A% (pH. DO. 7K ).
TOC. PEE . (R Ffd A M B 45 . o, FRAR K T 5 A R FH A 48 =X 22 2 50K 5 43 I 2 43 (HT
98194, FAYNIRAE) M s o (AR . URE 4R bR o 0 4 R A 4 485 5K 43 06O B 3 (DR 1900) i B A
(WZB-170, F5#E) M . TOC K H S A HLARM & X (558, TOC-VCPH) Ml % o WA= H /K 5T 48 bn AR
AT IR K AR HEREL 55 5 15 (GB/T 5750-2006) 1l 7 o

PeEIZATHAN], GDM S W #% H 7K 38 i o v F 5 A R K T i S T AR LA R4S, GDM %6
AR RS REL 1y Al AR =X (DGR Y 2 ) TR

AP
MR
Kb JARE R, L(m>h)'; AP REERRE 125, Pas; w H/AKBIKIE, Pass; R FEFHT), m™'

HRAE B 22 i pl dg 2liK s i, A S (D) TG B T (R,). RNERIZITARIA, fEAHF M T
I 2 i IR A R S (R). M T IR AR EIHT GDM K Wiz 171 B v i iy e bl 2K R Bl
R 100) 25 Ak B AN Bt 8 B 7, [RIE, R X 52 %42 AT AW F 2 B 77 (R,) A PR BE AL IS ZE 5 i A
PFRBE ) (R) HEAT T 43 M7 o R s AT 45 ke, FH Al I I 2 I S 2 T /) A P B E U2, OF T 0.9%
NaCl W o vk, SRE K IR F B A B p 247 24 hfe, Wil , R (1) THEIE D2
BHLTT (R, UEVEIEBETT (R) SHIMRRERE T (R,,) 1 2518 B0 A BEEALBE T (R,)-

JROK 28 g B , FR K P 2% A R I AR B, MR d  BE R i n M s
WAL R R, N TIRE IR, 728 Basir R, SHBEA LR T R i ve. &, MK
A IEAT R TEVE, BRI A B LR I2 AR 0.9% EALAN I WA Babh b, T M il 2 e 4 S
272, WAL RME N EWIEYIZE, JEH 0.9% ) EACEE AT ok, 15 VERT S X I 22 BURE R A7
T F14 B 5% (scanning electron microscope, SEM) F/F . RGP G IR B HrisfT, 24 h 5@ 4l
A, HOR, TERMIE PER LA DX B2z A7 eovp st o BN S vb e il /8, ALK B 2%
PR, Y KR EER T 0.1 NTU JG 8 1k e vk, I %L {2 i 4l Gl i 047 o dieJim, 78 S ik i il
1, FIH 1000~2 000 mg L™ WK SR 4R X A AR AT Ak 20 Uk, KRR T2 1T, 24 h 5k T8
I E .

1.4 HEHH

A 5 A P23 B 38 3 Origin 2019 58 /% . S8t 40 Hr, &0 TR 56 (T-test) A1 7 22 43 H1 (ANOVA)

%, FIH Microsoft Excel ¢ i, FH 46 56 45 48 b ] f4) AH OGP 1 22 S 1

2 ZFER5TR

2.1 GDM KERIZITHR M T @ = MAEME ST HFE

GDM % 4t K W32 17 1 18 2 e JREBE 1 A8 Ak a0 18] 2 7% o M 4l G K ol 2 2% 58 BEL g 28 1 3R A ] 45
GDM iz f5 i B3 7 R 3 AN B Ja s (0~8 d), F&E ] (9~150 d) Al R F ] (151~240 d)(&] 2(a)). 1
BT EIEL, GDM H/KGE R (T s R A, 78 8 d AWK 38.46 L-(m*-h) ' FFEE 8.33L-(m*h) ',
R TP A Y . BRI . RO ALY &S AR ALIR - ER T, A
ERERE, REMRFEEREE . FROEDZ, FECEEREEIN, maER e, B2 RmiE
PHZE ey R W 2 )5, BEPHE H R RIS e W nT g A IR Sh A . R
SRERBR, EUEDR SRR | B A I AR L N FRIE AL BRE5 A (1] 3), BB D2 XK G 4 BE D
i BRI, 58 22 3¢ i HE W M s Yo W Ui B A 0 BEL 0 5 3 A 015 3 08 I L B 45 4 8¢ e 7 BEL g 38
PP, B R R AR RS . AW, GDM R 1T 9 KJG /Kl BB Wl TRUE,
FEFE 150 d INPRFFTE (8.85+0.74) L-(m*h) ™',

Q)
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Fig.2 Long-term operation of GDM
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Fig. 3 SEM image of the outer surface of membrane filaments

SR, B A7 0F R A 34 in, GDM H /Kl & 7€ 150 d J5 H 8L % 8 B AR O 38 3] ik Reoe i
B, F 240 dIBITHHREE, A TR HOKGE 8O 5.37 L-(m™hy !, B KT AR B K
(P<0.001), FEWEIE 39.3%, i ad Xt iz 17 A A WERH 1 43 A B 19 20 A7 & B (] 2(c)), B AR 5 AL
FEA K, SRR, Wiz BFHTy . UEYHZ T AU ALEE ZERH T 43 G B BH T Y 14.6% . 54.2%
31.2%, H gt 2B 1 b AR T A 5% 4238 09 K P (2 70%~87%) . [RIES, th FuEvEE BA
L PR, PTG R G U ) AR FL R, SR, MUk, @EEN T, GDM K
FLIEZER S 7 B — AR T 109020, M HLZ T, AHESE H GDM 16 T4 B 45 11 F 3% 2242 17 Ao ) 4
K, P, BT ARMBALISZEME 5 AT 31.2%, @ THAPIE SR, ZMEH0, Kz
Pl fE b, GDM g f 2 BH ) 3 i i Ak A L3 2E B B, S 3OH: oK B B RIS, R
FERACR . L, TR IR B AR JC A SRR T W R RGE S TAER RN A T 150 d, SBATEE R
J 5 W R 22 AT TG VR A, Al Gl SR S R E AT .

22 EMBEBEETUNEEERR

— kU, R e B BRI T KK BT, 17 3 (Y o A ) B T 2 K AR a3 K
Jo R F B AR AR I 0 B 3 a4 BT AS ) S e R (A AR AR 5 AN TR K R IR T B e O R R B,
Wi 07 G 2R ) oy B 7 R 0T T R0 38 S B R A (] 4) X T i Ok U, e 01 8% 7K
HHZ R B EIEMERR (=0.677, P<0.001)(A 4(a)). i TFaE W2 b aNLR & & 2R
A, R A AR HE T AR W R B A L R AN Oy AR, DR R R DL AR A 5 A B T
23R, HLAFREAS . RUBEFE BT &, H TR IRk MILBR S E £, B, e W0 iE RoKF
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Fig. 4 Effect of different water quality factors on the stabilized flux

Bl 5 i SR B BT BT T AE R R, B et R, JEPEE A PR R E AR Y S &
WEERN, Hoh i ORL S A ALY T o R T RS A LY, AT AR 22 R i AL B
9E, Wik, MEEES DO EMAH =—0.794, P<0.001). [IMF, #E7K TOC 8 X T Fa e il i {H Y 22
PCAERESE AN B 300 22 DA ] A Wi 1 56 R (18] 4(b)). fEfR e ), i B (E R k7K TOC ¥ & T it
1 FBEAR (=—0.672, P<0.001). FJ5 i T #EK TOC W LT &, 5 BUMUZE W B0 LA 23R &
(extracellular polymeric substances, EPS) 7 3 it i 15 B 22 3R i A= 357 o 350% 19 U8 UF 2 8l L
BKPEREAR . %P4 5 PETER-VARBANETS!" il DERLON %509 [ fff 53 45 R — 3. e N, |
HHH BE TOC #e & /Y T M S R (7=0.850, P<0.001), it Bl i 22 SR 1 I8 DF J= b B9 U E D eI 25 e R
FE kA T IR A8k, R ALY R A RCR I B R . B R SCAT R R, BEAE 1B 4T
)34, BEDFIE b A 22T AT 18 C 8 1% ZR GE R SR RE T, OI0 3 w8 ool a4 £ A AR 2L R
T —DRE WA S RGE, XA P R G 5, i U2 5 5 2 AL R A
ik, AR TE R TE

WAL, HEK R pH 5 TE v S B0 FR e T B A B —E MR, ELTEA () B B o 7 6 2R PR 4
— 2 (K] 4(c)~(d))o Horr, A2 WA T B 9 8 1 Y Bl pH A% 315 R I 3 B IR (7=—0.874, P<0.001;
r==0.610, P<0.001), Pk 7K i3 Py s i3 i =5 (=0.701, P=0.002; r=0.425, P=0.027). *4i§
P2 h A ML RO B R, SRR pH ThE, BEURZE ST AR ) ) AR i HOT
TR R, A AR ) 5 R R, D B K GE B RERYS R TR R U, Y
KA Y B E T S, AR T EURUEE N A YR TR A, AR R DR R T R A
WEVEN, G nug ot 2 a0 RS R B2 S AR Bk, 42T oKl &
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2.3 GDM KEAEITE XIS R EBRIAE

FERR A AR b, BB A R RE S A1, K K R VAL B AT R RE 1 B R bR . AR AT
e, XA KR B R AR AR TS e (bR L G . TR BBUR TOC) 78 GDM K iz 173 f2 vh
() 2 BRALRESEAT T 1F-Af (K1 5). e Eizfral b, GDM #F /K il B - 24 {6 R 2.12 NTU, i3 sh
(0~8 d). FaxE H (9~150 d) AT B (151~240 d) 14 H 7K 38 B2 4351 0.09. 0.19 11 0.15 NTU, #HKF
T E CAEWSIRAK D AR ) (GB 5479-2006) HBR{E 1.0 NTU, [FlAF, 3 4B 3] #6 H oK i G i 2%
MY GE T2 22 5 (P>0.05), RNy A 3l B JBR #8930 51y 95.87% . 90.91% F11 92.99% . *F T4 k5, J}
B HEK Y B AR AR K, {H GDM HK i i EE R AR E , FE SR sh L e R T BRI 1 O
BHES AR 5.00, 9.11 F1 7.64, ¥ikFIRE (A8 DAERHAKRTE) .
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E 24| w36 I
X
% 1.6 | @ 4L
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Fig. 5 Water quality of GDM permeate in different periods (the line represents the limits of Chinese drinking water standards)

LAk, 7 GDM MKWz 7 A vt SE 3 T X TOC Wyl 5B, Ja sh 1. e A B3 1
oK TOC & 5050 0 112, 0.91 1 111 mg-L™", HAR IR T 3 B UH AR Bbs #E BRI . 55 E )
FALE, GDM TE T B Y Kol 2 BB FEAIK, (B TOC 2 BRARAEIZ AT AR IR H 0 AR OC SOk 4 18 1 K
TR BEAR I U2 X2 i T A ST 1 R A GDM 2 1 3 & W h S P ek 22, 5 iR ok
PR BBBEAR LG, H SR T R A UKL A HL AR 80, PG, i UKL 25 BIL A 20 ffe o e ) 7
A LY UL AR AR

TERSE B T A, GDM M RUE M 7R 18U B9 B RO o Ea shii s e i), oKy
WY& SIS ESM 8 3 CFU-mL™ 1 59 CFU-mL™, 8T (ARG T RME) BRAE, fFadik
IKERRIE . BRI, 76 FREH, GDM H/K B TE S50 % BT (P<0.001), HI{EATA 145 CFU-mL™,
I AR K BARMERR(EL . 1 T GDM fE KWz A7 ad fe b, U8 DFZ 31 WORL A ML T Bt o /Ny 1
HHLY A A K, Ho iyl [E 46 A PLEK (assimilable organic carbon, AOC) F1 4= ¥ AT [ fifk 15 fe 1 A
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HLE% (biodegradable dissolved organic carbon, BDOC) 1] i H 7K (1) AE Py fe e M FEAIREY Bl 28 9 mT A i
ORI AR AN, ABFFEERM, KRR (K HiZoK) hAFfE RN B R A 9,
HARRATZ /N T 0.01 pm’s [FEF, B TIZEMA Y R R F AR R, TEARFMIRE AT, Ha
JEREAT, 1) SN O ) R R, RS B WA — E LSS DAUE O J2 - ST 1) K S I A A
ZHECY, 3B GDM K R Ve BECE W . DL RSB, GDM 7ETCIE Bk . 4R Ry &
PR iE4T, AIOR R ARE W KoK B 4, (HIEEM R K I T B b UE Y e be s ik e . A
W, IEATIRDE A 150 d 5 GHE B 5 E FRAREE, WO R RS TR TR . R BOR R RS iE T
24 AEFERFXX GDM BEHRE RN

FEXT GDM K3z 47 H 0 A 3 e BRI RN A ) AR B IRD R, A SRR UCR SR THE Uk, I o isk:
AL 226 e J7 ¥ X GDM I R () 46 T8 e AT IR O . A5 R s, T DR A0 R ZE 14 1) i 24 (Eh 5.37
Lo(m*h)™", Gk R . S R A A I RS 4 2R A 4300 13,1 32.1 F136.9 L-(m*h) !,
29 00 4 NEE 1Y 32.3% . 80.0% Fl 91% (151 6). LA EZERUEH], AS[E] A3 vk Jr 2% T B8 o 1 Rk 2
B oolk, HhfE AR &M, R TR IE 1T GDM (Y38 5k 2 RCR T i 3

0r 100
=y 0l
R 7
E 30t f& 60 L
: =
'J =3
B 20t ”i-é“ w0l
1 b
§ 10+ 20 +

0 % . 0 |

WIbRiE R VHURRT  REEE Rohvk fhFE TR FTETE ik otk

Bk
(a) gli/kiEHE (b) il %

6 FTREFEXARXT GDMHEBEEREFR
Fig. 6 Flux recovery of GDM by different cleaning methods

G55 W 22 P SR H THOUL S F Y SEM RAEZ5 SR T R 3L (181 7), 3547 5 oA 1 Uk A I 22 3% i 3 o R
THUBRLY) . BRER . KT EPS KANMIGR IR, R vE (L RERE TS BR R R by . 2B e, K
T3 MR AL A5 A AR SR B L e T TR B 2, TR I AT O i BORE ) R4 i A AR R PR T R 22 3R T . L
Hb, FET N BEALBE T BR R 2> R MRS e, JCE R B AT 5 B 22 N R UURR A B 2R AT A e
U, HOE EIRE ARBAR, AU 32.3%. P, SR VRS T s A7 I A A | Ak R UK OK B
Bt ) GDM R 4E

S i i 22 3 T SEM R AE S5 SANTE] 7(c) From o BR & B BOBRLIR Y ot , 122 413k 1 T ik
PEZ S 2 DO I, R T AR L n] RO FL K S e T AR T BE S B IR 22 3R 1 (P<0.001), iX
AWl i S ke, R ECHE K by L b i, AT R 22 e R TR BAN TR, DT B R R R
B R, e R o I A R T AL ()7 5K, DR 3% 28 I L A ORE ) L2 38 8 A AL P B B I
VeI o AH L T ERTETE UE, S e T A R B T S R, (H R g R 22 3 R TS 0 vk e A
WAZ A Ko BT RUBEZ Ay PVDF, BAWCRE KM, X 20, 8 E 59 BRA B
W B RE Ty, B LR B AR B T 22 N ER RS OK O A BEALEY, e, FERorbik s, R
A2 T vt — A R AL Bl K A AN 7(d) B, @A i . 22 N ER Ak B B SR 2R )
AR SR I AAAL IO BE TS Ve WCHE B A, SR T IURL ) B A R I, B T AR PN AT B U
LB RIE— DI L, ERIKE AR 91%. 2 ERTiA, 20d KEIZ1 7R GDM JBEZH 4 J0 ik i 1o 1
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(a) RIF B2 (b) FRIATHBEE 22K H
o :

() S ke FA M 22 2 (d) fe2A Tl iem i 22 2K 1H

E7 AREXAFRNGRLIREFEBERIELSR
Fig. 7 SEM images of the outer surface of membrane filaments after cleaning with different ways

R R THD T DR S e, A, R R b e A AL A T TR R B PR T s R R A A, e S PR
AR B 37 25 A KOs AT G, 06 VS GDM RYIE UE 7 =X, DATITIA 295 58 R R T R 2 K R L
3 FHIRFEIW

D) KIIZ1TH GDM R G e AL F A B b, FasE ) (9~150 d) A% K OK BORT sk B e 15 €A
WK BAARHE ) 5 (B TR (151~240 d), BEEFLBH ) AN 7 38 5 30 GDML A4 i 7K ik e 25 T
W, H KR AR A e AR R, HOK AR WA e PO A B R B . D, R BGE AT IR
i 150d, FFTET RN AT Ve 4R
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Evaluation of long-term water purification efficiency and cleaning method of
gravity-driven membrane filtration
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Abstract To understand the characteristics of flux change and rainwater purification efficiency of the gravity-
driven membrane (GDM) filtration process in long-term operation without any cleaning and maintenance, the
GDM was operated for 240 days. The results showed that three different periods occurred during the long-term
operation of the GDM, namely, the start-up period (0~8 d), the stabilization period (9~150 d) and the decline
period (151~240 d). The permeate flux could stabilize at (8.85+0.74) L-(m*-h)™" after 9 days operation, and the
maximum stable operation time could reach 150 days without any cleaning and washing procedures. In addition,
the influent water quality factors, including DO, pH, TOC and total plate counts, were the key factors affecting
the stable flux, and their effects showed different patterns in both the stable and decline periods. During the
stable period, the GDM setup could greatly remove the typical pollutants (including turbidity, color, TOC and
total plate counts) in the rainwater, the effluent water quality met Chinese drinking water standards. However,
during the decline period (151~240 days), the permeate flux decreased to 5.37 L:(m*-h)™" and the total plate
counts in the permeate could exceed the standards, so it was recommended to clean and maintain the GDM at the
end of stable period (about 150 days) to recover the permeate as well as the function of water purification.
Meanwhile, surface cleaning and manual backwashing could recover 80% of permeate flux. Accordingly, this
study showed that GDM could stably purify the rainwater, and the permeate flux could recover by simple
cleaning after long-term operation, which was suitable for the application in rural areas of China.

Keywords rainwater purification; drinking water safety; gravity-driven membrane filtration; stable flux;

cleaning method
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