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Performance of Nanofiltration for Improving the Drinking Water Quality in a

Water Supply Plant with Micropolluted Water Resource

WU Yu-chao', CHEN Lii-jun'** , LAN Ya-giong®, LIU Rui’"

(1. School of Environment, Tsinghua University, Beijing 100084, China; 2. Zhejiang Provincial Key Laboratory of Water Science and
Technology, Department of Environment in Yangtze Delta Region Institute of Tsinghua University, Jiaxing 314006, China)

Abstract: Four nanofiltration membranes connected in series were used for improving the drinking water quality in a water supply plant
in south China with micropolluted water resource. The performance of the nanofiltration for improving the drinking water quality was
investigated. The results showed that nanofiliration was efficient for removal of both traditional water pollution indicators and organic
toxicants. More than 95% of TOC and UV, were removed from the effluent of the traditional water purification process in the water
supply plant. The NF effluent had a TOC of no higher than 0.3 mg-L™" and a UV, of below 0.005 ¢cm™'. The removal rates of
haloacetic formation potential, trihalomathanes formation potential, polycyclic aromatic hydrocarbon ( PAHs ) and organochlorinated
pesticides (OCPs) were 62% , 85% , 50% and 95% , respectively. Genotoxicity of the NF effluent was undetectable in the umu-SOS
test. Moreover, no significant difference was observed in the organic pollutants removal of haloacetic formation potential,
trihalomathanes formation potential and OCPs among the four NF membranes but in the removal of PAHs with relatively smaller
molecular weight. Nanofiltration showed higher removal rate of high-molecular-weight organic matters over low-molecular-weight organic
matters. By comparison, only 17% of PAHs, 62% of OCPs and 80% of genotoxicity were removed by advanced treatment of ozone
(0,) followed by treatment with biological activated carbon (BAC) in this water plant, indicating that nanofiltration was better for
removal of organic pollutants.

Key words : nanofiliration ; ozone-biological activated carbon; PAHs; OCPs; genotoxicity

UTAEk B TR 2T e . WAL R SRR TR TR R IR BEDLE-IE LA Z S,
TR LA B A Al 2 it B Bl S AN I FRE R 4y B TR AR TR R TR AR PR T AT
WX A A TE AR E Z 2R [F AR BE A TS e K IR & PR K P &UE R A R HLGRGS Sy &
A A DTS R SR =8 (Bom . B, Bk BEAFRIRBOIR B I . AR, B G AR T KT
AR ) BT BN, K UK SOS Ye R H 2 e E, AW R R B AOK BRI, anfer 3145 5
PRIk 22 4RI E 35 58 ), i s B IR AR K v TROTTRERERK AR 0 d 2.

I B AE S BE I HLAR 3T 2 (IR BE-TC ML%; EiTHH: 2016-04-19
Ve IE-IETE) N AEA R ERMOE YK UK A EETB AL (502016000457

EZEE T REM(1990 ~ ), 5, Wl LWF5E A, FZWF5ET5 15 9 O

m%@ﬁ%% s Xﬁ%%@ﬁﬁ*ﬁﬁ N UV254 P8l %ﬁ%ﬁ*ﬂ% /ki?{ﬁﬁé[%?i* s !ﬂ—mail; Wuyug:ha()52139@ sina. com
w IR N, E-mail ; chenlj@ tsinghua. edu. cn;

%%&&%Xﬂ% s %iﬁ ﬁ)ﬁ EUFWWEQ‘?% s Jﬂﬂﬁﬁz liuruitsinghuazj@ gmail. com



9 SR FS JRKUR A KK T B IS TR L b PSRBT ST 3467

Y1 ( nanofiltration ) 1 4 —Fg B IEL A |, H
FLARVE A T8 15 5 U8 I 22 8], 35 A 53 25 AH
X P AE 300 ~ 500 Z 8] (AN FHI 1
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LB K. KT AT IR R KR K A 22 | TR K
PRI ER R RS UV, M, AN T T Rl
Y e R L AR RS T — R B
GuuEde s, LI IREEUTTE M oK A3k K, a8 798
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AEFR(O4-BAC) [RGB AT Al A ZOKTEN 6 m,
PR BRI 12 min, RA R KBIMEE RS

gL SOV 5. 5 m, A RS IR LR K 2
m, FEARES ] 12 min, JEHA 10 m-h "
H R BEACOK B B I3 1.
®1 KITIRAKKE(2015 4F 1 ~11 )
Table 1 Raw water quality (January to November, 2015)

I gE| L FHE
pH 7.6~7.8 7.65
REE/C 15 ~25 18

U /NTU 20 ~55 35
TDS/mg-L~! 350 ~430 380
TOC/mg-L~! 3.6~5.7 4.1
UV,s,/cm ™! 0.065 ~0.110 0.084
R PR TE B/ mg - 1.1 4.5~5.5 4.8
AR/ mg-L"! 0.2~0.5 0.45

1.2 YRUEIREE S YR B

YRRV A IR R AR AR A L UL 1 AR 2. DLE
T BB BEDTYE th Hh K A SR itk oK i SR 1 e
SERAEIRAER) LH3-8DD 8 I8 4 K 25V M i B 42
PR uE AR AR E K rh A R ORI ) T 5 b S >R FH Y
BEYNIE IR IE AT LR R AN E T 25 P K R (R KR
=75% ) , WUERRTC 1 R 55 [ B [ w4t 5 — B
Bk NF270-400, J5 = B R NF90-400, 5 ok 5 it
Mesd A FLAR R 1 ~2 nm, BRI R AR Ry 37
m® X E AN R B R 50k 75% ~95% F130% ~
50% . MCHESCHER[13 ], & it 90 g ik K & 7 0.30
MPa, = /K# 180 L-h ™", J2k R 75% ,Hh s — 24
VU B4 U R Y 7 7K £ 4374 80, 47 . 33,20 L-h ™',
XoF I B =K A 0 R 33% . 29% | 29% | 25% . T
JEESLIE TSN B A 30 min IEWYE 1 min, WY
SRFE A 400 Loh '

Bl1 Migig&Esty

Fig. 1  Photograph of NF water treatment system
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2015 49 ~ 11 H ZUCRAEK) £ ab 3 350
K, VAT 45 B 4y i Ak B M K BRORE S5 A0 1R 3, G
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B L AL 2 (0CPs) | Z 377K (PAHs) LA K



3468 ¥

i

F

37 %

B

NF270
UF

NF90 NF90 NF90

- — — Kk

L L L Bk

1 2 3

Lo KA 2. MIEIEZIRAS; 3. GIURARTHAE; 4. ARt
B2 PNERFEERETRE

Fig. 2 Schematic diagram of NF water treatment system
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I 40 mg SEALER , 288 W5 7K I N 26 FH 3 101 o
B, FH TR K0 2 5 FH 10 L T4 PVC SR
REKEE, 1L 0.45 wm TR A 25 4 B 2Bk 4%

FHT R AL R — i FEE A E 7E 24 h an
B, K LRI FEEUTE 48 h NSERE, 17 FhAHLE R |
16 PRI HE | BAL BEME AR AE 72 h P58 AT

AL

UMU-SOS it & B A AR 37 VL an T . Se 40
FIA S mL HEEATS mL #8467k 6 HLB 4 (500 mg,
Agilent) i fb; HH BT RER 4 L KELL 10
mL-min "' 0@ oF HLB #: 4T 5 4, SR T
KA S mL B L MIEC R G (1:1) . 5 mL
AR BER AW (9:1) . 5 mL AER X} HLB
FEVE 5 e 2 Uk 0 W O /0 AR T, = T R T AR
(DMSO) FEAZ 200 WL, FrA 14 R4 Hrat.

TRSETLIE K

E: i 0:-BAC
;kmm—-{ AL H LI (W‘E’M)I ik }—-{ WEOs-BAC "k

B3 K IZ5KERESR

Fig. 3 Water treatment process and sampling sites
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SE 3 RIS (TDS) 5§ 3R H X650 220
F/TDS AL ( i =AF A w]) M ; 2 ZCR AN Gk
FIPEC R SR UV-2450 22400 (H
A HA D) MAEN s UV, SR H] UV-2450 425143
JEGEETH(H A B HEA D) ME ; S LK (TOC) P
FERTKAEZST 0. 45 wm JEREISUE , R TOC-L B
ML ATAX ( B AR B A D) WE ;. =49 R
e i 4 M7 AL ( FLUOROMAX- 4, 7 [l HORIBA
H) Mg A AT AL PR S IR ik I SCEk [ 12];
ok g8 8 AT DA & e A R T A e Ak
R = 5 0 R, 38 0 A B A3 B R R
() = i F e AR A 5 1 R AR A (LA = 17 R e
K LERUFETT) . BE S WAL B ik W SCEk (17 ], =
i 8 T 2T R FH S5 T GC-2010 A 3543 ( El

AR EEN T ) BEAT RIS A ML AR 2 R I e
GC-2010 A AL ( EIZIK'%/i YD) HE AT AL B
SR 5 35 W SCHR [ 19] 5 2335 58k B HE LC-
2010A ERORAETEA ( H A B HEA R ) B AR b
B % L SC#ik[ 20

UMU-SOS 5t 1% 3 14 3 5 >R H 19 /2 Salmonella
typhimurium TA 1535/PSK 1002 K AT, i A AT
B/ N SRR AR AL, S0 vk WSk [ 217,
{BAELL R J5 A Frek k.96 fLA A 200 wL
WO 2 L A ST 2R R I I SRR R 2 h 2l
4 h. VLT 850 A6 5 v ok- 15 L B (4-
nitroquinoline 1-oxide ,4-NQO ) 5 4 & ¥k B >k PFA it
KRR R

AT = e, kR, AHLAELZ
EZE S i < TN I B B o TR SR = [ S
AccuStandard 23 7] ; DMSO 5 4-NQO #2443 ¥ 41,
W H 2[5 Sigma 2\ ]
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Fig. 4 Change of operating pressure and water yield

rate of NF membranes

FE 1A W il v, 7 A0 HL S 5 U9 U RE RIS
Yo GEK B A
2.2 HIEPRIRBR I

Xof Eb B AR T A e R B AL 3 0 Ak B 1Y
KK, G5 RN 2 iR, sk 7K IR K B 3k B 7E
20 ~ 55 NTU Z ], @ MR Eh 8 Bl 4.5 ~ 5.5
mg-L™' BANO0.2~0.5 mg-L™'. &t HMT L
TRBETTVE AL BT, /K P BE BRI R 0.5 NTU LAY,
AR ER TR AR 2 3.5 ~4.0 mg- L', R AT H
7E0.2 ~0.3 mg-L~ ' LA, Z3d B9 1% 1 o
(05-BAC) PR EE AL 5, b R HS /K 8 20 AU T 46
PR, MU RE#E 0.5 NTU LAY, &% R £h 35 50 fE 2.0
mg- L™ AN, H K B LS BR300 2 (AR I RO K T2
HEAREY (GB 5749-2006) ). 522 M LY, 4Nk S5
BEAG B AL B K BEAR T 4G HE FR (0. 05 NTU) |, &k
FRERFE BT T 0.2 mg-L™", TOC X T 0.3 mg-L~",
UV, M5 F0.010 0 em ™", # BLAR AR 43 #7455 R B 40
PEXTIRBETTIE /K P TR BE b BEAICRAE T R A-E W)
TR T2,

®2 EHAKER

Table 2 Conventional Index of raw water and effluent

T Z K 0,-BAC {17k g Bk
A ATk (KBRE/% ) (K% ) (KB%/% )
pH 7.6~7.8 7.6~7.8 7.6~7.8 7.5~7.7
BE/C 15 ~25 15~25 15 ~25 15 ~25
U/ NTU 20 ~55 0.1~0.5 0.1~0.5 <0.1
TDS/mg-L ! 350 ~430 360 ~445 360 ~ 445 180 ~200(50)
TOC/mg-L"! 3.6~5.7 3.1~3.9(23) 2.1~3.2(35) 0.2~0.3(>95)
UV,s,/cm ™! 0.0650~0.1100 0.0531~0.0982(17) 0.0247 ~0.0721(54) <0.0100( >90)
AR ERER TR A/ me - L ™! 4.5~5.5 3.5~4.0(13) 1.3~1.9(76) 0.1~0.2( >90)
AR/ mg-L~! 0.2~0.5 0.2~0.3 <0.2 <0.2

2.3 YRR =4ERET

KK AL BE BT H K B = dE e TR LI 5
(a) ~5(c). MHIN KT T BYA R0 R
AEXT R AN (RS54 () A HLA , iR & 2 6 5 Ha 00k
HeXF o T g, X I, T, ML IV, V
SAMRESFFEARY R, FHEEAXY R, &
BRI T | W R G E AR A B B R )
Jﬁ[zﬂ-

KRR s e EEAE RS 1, 1,
IV, BEBA K Ay B ) R L A ML E , 202
IR TP B A W 3 i A R v A ) il A S AR R %)
BT MO FE PSRN F 25 ARG LR E
XA T 2B RO G, vl LIE 1
TREETTVE 7K 6 W ik B 55 IR 7K A T B A, 13 B TR
BEDIEXN R E A TA — &M LBRBCE; R4A-

e IS R R B A B T 22— 20 R BRI W o, (W]
B, DX IV 2 i B B HA S, 15 P R S0 PR ke 1228
X P AR W ) P 1 2 0 o e I R B 1 25 B
SO IR BEURE K 2 g A B | 5O E
FHATE R SPOGIE TR E X FR AR AE 90% UL | i
RIFEF 85 L 28A ML DL R A 9 81 7= g AR X - Joit
BIRKR, G ANIE I B bR, DO g R
FEANUE AR = A K BRI s A HLA (DOM)
2.4 HRUEXTIETE R B LB

A E AT R 22 Rk b G T EE R A B
WE 6 frs, #F & d 33 % 3 ) 4R A
(HAAFP) % 3 & T = i F e A2 % ( THMEP) , £
BLERTE T JRK (TR BEUTTE K ) 59008 oK iy
AL FEARMERR |, BK 5 9008 7K Y b 22 ARl
FE(SUVA)VE T2 m ™"+ (mg-L™") ", Sk B LY
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Fig. 5 Three-dimensional excitation emission matrix fluorescence spectroscopy of dissolved organic matter (DOM)

in effluent from different treatment units
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