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MEFEAEZE AR OLA, K TUE A A (b FRKIAEE AR ) (GB 3838-2002) K (1) Hi & 7K
I 2EhRiE . KT iR R 3x10% t-d™!, H MK R 1.7x10% ¢, HigoK T2 B a5 K 1R A Fdr
M it PP UTTET .V BUR A UE M A A, $5 R 0N 2 i B AL JE K AL /ms /AR . R BPUE S
K (5 SEfRTRR U8 5 7K) NG LA B T 7K AhEL, KT Hh 7K 48 78 T i I I 48 I B 3 1 34
1.2 HRARESWIELR

ST 2022 4F 6 H (A7) f 2023 4F 2 H (478) XK JROK FE Je /K 3E 47 R T, X He g s
K5 JFEAK AT LAFAL K ) A oK T AWM ATROR . RHLRE S LG 2 40FA7FE, HEASREESRE T 4 C
ORAE VR g, o i MK BT A A 12 h N E i, &R & i 7dINE . XF Tk H i
TrOCs, R B AHZE B K BEHEAT & B2 )5 1 BRI o 55 — i, KoK ) B8 T KAV S 40 08 52 56 1F
K, BEYNUE T LXK KK B HETE850CR o 90 U8 S 06 e S el e 2 B L Se e, SR AAS R
Kis 7, FERBEWE 1R 2Kl R KRS 488 1 b B2 0 e 2 A 40 8 B2 14, oK Tl 3 &2
Ji 7K Ak 22 Tk 4 o 08, 7 K N 7 KA o
2 308 Ah P O R P e B Y 3B AT R R K I
SEIRUN I ) = N S 7 ) N I i = g
il IR R K LR AT R T . S I ik B G
NF270 40 3E 5, BT ALk 50 em®, 18476 1R
0.8 MPa, /Kt A 1.5 L'min™', 8717 i

15 Co IR (BN 77 7K 335 ) 80%) Xt < e
9N uE 77K SEAT BUORE 43 B, AR AR DR AE L K H1 BESREEREE
FE5K) R /UE TG KA TE . Fig. 1 Schematic diagram of nanofiltration(NF)
13 A& experimental setup

. /

KAEE pH R kil , S35 B R 1A (TDS, total dissolved solids) 13t & | 43 1] 3 52
X Z S B (A, Sension378) MUY (W5 Ay, 2100N) 152, ZKHE Ay BB B . SVAE B (AR Bl 48
7N 2 1) K CODy,, 1B (R 4 FR A0 %) SR H AR 7 ¥ 0 52, 55 Al ad 58 40 -0] WL 2 6 B 3 (W8 A
DR6000) F1 & A LK 73 1A (858, TOC-VCP) 43 5l 3R 15 UV s, 18 S fif 1 A Bl (DOC), 7K H ¢
Se VA MUY 1 9 6 G EE T (FLHLZE, Cary Eclipse) 3K 15 19 = 4k 3% K JE 17 £ AE /0 M1, Na, Ca.
Mg fil Fe. Mn. Zn, Cu. As % 4J& 703 W53 51 R FH BN A 45 8 1K & 51 615 (R 2, Prodigy
7)) i E SRR A A B TR A (B4R /K R, NexION 300X) #EA7 & MAh, RIE F@is Y @
%, 1CS2000) Xf /K CIy F', Br ., NO; . SO %% FiE4TI % . DBPs >R HIfic & HP-5 B 4145 (i
FE (30 mx0.25 mm, 0.25 pm) A9 AR (L% ASCRT FEL FJ AR A 2% (L HE1E, Agilent 7890A) T, HEFE{A
FUR 10 pL. TrOCs /3 Mr i e 4ot SPE & 4E . HU 1 L KRR BEBELF 4R yE R, I pH £ 2.5, Jin2.5mL
EDTA-2Na(0.2 mol-L™") % i ; K FH HLB /ME (6¢c 500 mg, Oasis) & ££, #HHERE N S mL min™', &
L FFHATMRVE . FT, 10 mL B EEPE /ML, VRV & Wk K T I 400 pL H BT 600 wL
ai K ZY%, LHLIEE, TrOCs (A2 & 43 B R BE 4 C18 3% 4 (100 mmx2.1 nm, 1.8 um) 948 &
HH €0, 1% B 06 DU AT AL (Z2HEAE . Agilent 6420), HERERF R 5 ul; 5 M0 4 )R FHAC 46 C18 8
TEAE (100 mmx2.1 nm, 1.8 pm) B8 i 00 AH € 1% 5 005G DU A AT - AT B[] B B Bk FHAY (B FEAT L, XS00R
QTOF) #H 47, HEARIRFN 10 uL, Y HARTS YW+ 8 T 60 i gk . (Rt el . R R FEE
TR A 85 S TE PE DT E R 2 =70% I E R H o
2 #HR512
2.1 EHKERIBIREERR

PR IR U8 JE K B AR ug =K AT K B o b, i BUOK B8 bRl s R an e 1 s . %
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Table 1 Regular water quality indices of raw water, filtered water and NF permeate in the drinking water treatment plant

VN L
I ] KEE . WiEE/ W%/ TDs/ MW/ MG cop,, SO CI/ NO,/
P NTU  (uS'em™) (mgL") (mgL"') (mgL") (mgL") (@mgL") (@mgL') (mgL")

JEK 7.040.1 1.05£0.16 95.040.7 45.040.3 31.941.0 29.3+0.5 2.07+0.17 2.0740.17 7.2+0.4  1.0+0.1
20224F6H  IBRZK 7.040.1  0.06+0.01 110.2+1.4 51.040.7 345422 34.1+2.4 097+0.11 10.1£02  6.2+0.6  1.0+0.1
PHUETK 6.9+0.1  0.05£0.01 73.4+1.6 333+£0.7 25.0£33 20.3+£1.2 0.18£0.14 22+04  3.0402  1.240.1

JEK 6.9+0.1 1.88+0.06 82.7+0.6 39.1+0.3 21.0+1.0 25.5+0.7 2.07+0.01 8.6+0.1  3.2+0.1  2.9+0.1
20234F2]  BEJEJK 71201 0.06£0.01 93.740.1 44.5+0.1 22.041.4 29.041.4 1.02+0.08 8.9+0.1  4.7+0.1  2.7+0.1
UE“K  6.940.1  0.04+0.01 382+0.7 18.3%04 11.040.7 11.5%0.7 0.35+0.01 0.6+0.1  3.240.1  2.4+0.1

KT TR K K B B AR #t, i 1.0~1.9 NTU, COD,, %} 2.0 mg- L', 6 JJE/KAH TDS., H &
RO ,uﬁ)jzr“ﬂﬁéﬁ?zﬂo XA RESE T 2022 AR B MM L A TR FEIL T 5, KE
IKOERAR, KUK R Z 3 — R0 . KT A oK T2 e A 8% 22 BR IE K H A9 i Fil coD,,,, Xt
I B 25 B 2853 500 R 949%~97% 1 519%~53%, i & BT RTIK BAEARUE ) (GB 5749-2022) 1 R {22
Ko UBJEKIY TDS. G B B RSO0 35 RK A T, R IRAE Tk A 38 o s im i ad A . R
Y T2 8 5 7K HEAT IR B Ak B AT gk — 2 [ AR COD,,, {H & 0.18~0.35 mg-L ™', I & K r I
HLES ¥, AEF'FE#&&%%ﬂJzE@ﬁtﬁ SO, (86%) > CI(42%)> NO, (6%). X J& [H iy NF270 Ji§ = [fi 7 171
L, AT R AR R K R T H 2 M PR R m TR0 70 4038 7= K b SO, 1 CIdy
KT 3.5 mg L™, W] B Job B8 ALK AR FH 7K i T Ao 2 7 A IR0 g ot XU, (LA — TzeE’Jm ZIKEJM TDS.
B . RVARRE Y R BR R I AT 60%, KT A4 SCHERIRAE 1Y) 75%~90% LA 7Y, X W] fig 5 AW 5T
IR TEHLEG % e AR H R LR NF270 BT 38 G,
22 ERBTHER

IKTIRAK . BEJE K Bl ug =K b i L 4 B B TR SRR AN 2 TR . Ca, Mg & F3oh
103 mg L' Al 1.5 mg L', UMK REELL CatififiE y+ . 5 iR TDS 45 KL, Zn, Fe & & 1E
6 A JE K E S (b Zn & 55 021 mg'L™); {HMn, Cu. As & f87E 2 YR b 22 B4R K BT
2pg L'y KA T2 K Zo A1 Mn B 25 BR B8 7 B0, 5 BR F 50 I TE 36%~97% F1 62%~
64%, T HAL 48 B T LRBCR A E . B E, K EKT A &R E A TR KKE HEE
KR 4 R A VR AR T AR R . g TR — KSR E TR, WP

15 15,
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Fig. 2 Concentrations of metal ions in raw water, filtered water and NF permeate
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HIL ] TR BE =E E hy B O . Hoh Ca Mg B9 SF- 38 2 B 4 B A 67% 1 63%, Zn. Fe. Cu,
As [ 35 2 PR B WAL RRE 50% DL b, (B 2 RGNIESLES T Mn 1 R BRBHAL. Kk, 4838 L
AR AREE B, I X 7K K 80 1t 3 4 J 5Bk 509% L I
23 BUHHERER

D) XS EEA AL BRSO . = 4E s T K i A LY B e, AR Ok
WK N 2% B I A A 22 ) DR % TR 40 5 A DX e DA X531 LA R R R AR 25 4 A 4 T 2 YRR BE S IR i
T2 (2022 4F 6 A . 2023 4F 2 H) IR JRIK | B85 7K B 9N 77 oK () = 4E DS e g g 3 R o KT
JEOK N8 S K G R AR WA —E 2R 6 A B EK FNE G 7K 726 T IXCA 358 0 i,
A . VXS A 55, Ui K AR B, EOE. BHREAILY (&
3(@)~(b)); 2 HMEUKZEEHEANLY FE N E B2 . EHEMRISA VLY, (HUEJE /K I X Ry 3 5
(1 3(d) FEl 3(e)), PIAES A =08 il e BEAG . IBRHS B G, KT A T2 REA ML
I K 2 S 1 0 O T 40 0 B R A b AR B X R I, R IAE R R T g ok T T, VXK
M 17 #4842 B AR (181 3(c) R 3(D)o
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Fig. 3 EEMs of the water samples

X} 2022 4E 6 F K FE I DEEE RSB #E4T PARAFAC R4 A0, Wi E T 3 Rhae b4l 4y, &40
STE B R E WA 4 s . Hh, ClAGARIEE AR ANY , £ <240 nm /350 nm 4t B
Ex/Em ft KAl ; C2 W& BHRRZEA WY, 15<250 nm /420 nm 4b EL A Ex/Em fx KM ; C3 N HIEEA
BA LY, 7E 220 nm/330 nm b E A Ex/Em s KfE . HE 4751, K BA T ARGEA LR Lk
3PSy, HUEE/KE BRI FEGEABA YY) & S WA . X 0] 68 fh T 08 R e A ik
AR UERE R T AU W AR KRR T B, TR A Y 0t S b A O DAARAIE S AKOK BT . g8 T AN
KivE BiRs . EMRIRE A ALY HA BRI EBRSER, BBRFRLN 95%, X 517 A0
FELE AN, B RS MIE A R A LY 2 DBPs IO ETAY) , HEBA B T sl &
FRA5 A 5% DBPs A 42 1l .
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2) XF 14 2% /il 77 %) (DBPs) By 45 808 . 1k
FH7K v DBPs 4 4= i 5 7K v A7 LA &5 1 B 25
BB, KR K B DOC 5 K 2% 5748
AN, A R 1.22~1.24 mg- L7 Fl 1.29~1.60
mg- L', T KA TE 254 nm &b B9 W OG B (UV,s,)
23 %1 4 0.015~0.016 cm ™ 1 0.022~0.044 cm™',
LU AL FL S, JKEER) DOC F UV, (A
BRI TR (53908 37%~74% F1 50%~94%),
X 17 ) FE W B SUVA (A T 2.0 L-(mg-cm) ™,
FKHK A ML R J5 FPEWSS , DBPs JE X
B A AR, Sy B 2 BT A5G T2 % DBPs 945
IR, 0.4 mg L™ AR &N (UL A SR
) 2 LRKEES, BT EE RS T RV 24 h

o i H17 %
0.8
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Fig.4 Abundances of PARAFAC components in raw water,
filtered water and NF permeate (June)

DAL T K AE A8 R0 o A B BRI OO, A0 e 17 J 7K A v = i H 6 1 i £ 0 25 11 7k DBPs £ 75 4

G5 RUNE 5 7R o & KFERY DBPs A2 il Y B AR T EARBRAE , X 5 /KHEEAK R DOC K& SUVA fH
AHXT R« =54 %¢ (TCM, trichloromethane) 7E £ 7K A 1 B9 A2 5t 24 85 &1 (2.7~9.0 pg'L™"), 1 = 5L /Y
i =S WM. WM. W OIEAG . 6 7 JSUK RIS K DBPs 974 ik 4 8 5 T
2 7, AT K %) DBPs A B i W = 5 08 5 /K TS 35 )2 8 J5 7K DBPs A Bt By o 3 5 6 B 7K
FER = DL R (B 3) AH—3k, #F— DUtk 347 T 2% DBPs #= il 2CRA R . XIS, A~
7] 2= 948 7 K Hh i DBPs 2B A BT R, TCM, —5—RH 5t (DCBM, bromodichloromethane) |
R LNME (BCAN, bromochloroacetonitrile) . 5 £ 5 (DCAN, dichloroacetonitrile) 434 Jit 1t ¢ J& AH X
UE S5 KR D 50% DAL, FHHLIAE T-48 08 BT LU o 8 A8 VR 25 BRoK v s v P 1 DBPs [ 561,
AR 5 SR T SCHERHGE A9 BE T2 X TCM . DCBM (1 25 B U4 5 R AT 8 [R AR 7E T A R 55 Hh 40
UEHF AR BT M R GE N 2250 . £ BRI, AR TR BA T2, 4huEn] B 2 H js DBPs 19 % #5 X

W, T O K Ao e A

12
FUK S AR 8 9K

DBPs/(ug - L)
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2 NE o N Y
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Fig. 5 Disinfection by-products formation in raw water, filtered water and NF permeate

3) X i A LTS YW (TrOCs) 19 S BRBCR o % 2 YCRFERE R AR K . B 7K B 4 87 K

f TrOCs FEATARRE o] i A, At A 25 W) 2695 Qe R 2R 3 2 Bl o 3 KRR R A 22 Ff TrOCs %
Kt , X 2Ey5 5L SOk T8 A 7K I rh iR 25 2 s e At S, iSOl . mIIATD A L 6
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Table 2 Detection of trace organic contaminants in raw water, filtered water and NF permeate

S 2R ST BiE/Da UK UEEK AETK
WNAELE (CAF, caffeine) 194.2 J y
+ P4 F(CBZ, carbamazepine) 236.3 \/ v N
Z AFN(DDS, diaminodiphenylsulfone) 248.3 \ y
HEIIZ(DEET, N,N-Diethyl-3-methylbenzamide 191.3 J
Hi P2 (DEP, diazepam) 284.7 J y
435 /K (MET, metoprolol) 267.4 v N N
Bk HEMK (MIC, miconazole) 416.1 J y J
KA (MZP, mirtazapine) 265.4 S v
P Al 4E (SDN, sildenafil) 474.6 J \ J
A AV F(SPX, sparfloxacin) 3924 S
i i — H 485 5 (SDM, sulfadimethoxine) 3103 J y J
fisf e s Sk (SQ, sulfaquinoxaline) 300.3 v \/
fisf g F SEmk (SMX, sulfamethoxazole) 253.3 v v
Tk MBI (STZ, sulfathiazole) 255.3 J v
fish i F JL 1 5E (SMIR,, sulfamerazine) 2643 N
fiski it B — I (SML,sulfamethizole) 270.3 \
4807\l (TMP, trimethoprim) 290.3 S RN S
W22 /K (PROP, propranolol) 259.3 v RN \
4L VR (BF, bezafibrate) 361.8 S v
B %57 SR (ATE, atenolol) 266.3 J y
SR F (NOR, norfloxacin) 319.3 N v J
Z P (DOX, doxycycline hydrochloride) 444.4 v Y N

Jhig FEY R e | e R s S 4 RS Gl A SRR TR A L BEBHOK T B T2 RE A R R BRI s
YLy o ik e v ST OB ZE DK HR A G T AE DB S K R B, T B I AR AR U e R SR I T AR AT
R Bt A K Pt . M PE P . ORECT . B mEmE | BRI IR AE 4 R Y W A G g K 3
KA L, RUPIE T 20 LR Y. o, 57F 13 Fl TrOCs 78 3 A /K B B4 K
o BT R A Ry M A, A OC TR K 25 20 e 1) S BRAUR A B JE S A 3 A o

XoF SCHR H R TE 5 2 1 25 0 28 TS Qe W kAT R AR 3 B APEAR K T 3R T2 K gl g Ak B TrOCs 1)
ZBRACR . B 6 IANTRIZETT K TR L U8 5 K B 40 18 7= K e b G 25 0 1) o v AR AR AR . 6 H DR
AR B R AL 2 ng L7 9 TrOCs A 7 Fh, TiAE 2 Ak T 4, Hop SMX, CBZ. MET #lI
STZ 1£ 6 F J5i & ¥ B 73 % &5 35 1661.5. 471.8, 99.7 fil 125.1 ng-L™", i 2 A ¥ % & ) DOX N
147 ng' L™ K BA T2 X% SMX 1 STZ(6 H 2 B 53 5l 4 83% F1 79%) VL I DOX(2 H 2B % h
75%) 4 25 BR AR B AF , ABXS HA 5 Qe W i s bR pe ) ol e 25 . Ak, B ZE RS K T g MET M
CAF i TRk, BB T f LBR BN, 5500 mT 8BRS Y ¥ 25 0 6 1 (n TS I 4G I 1) &5 5 5 3%
Ak Rl Ay 1 pl A ) I Tt Rk 2 T R B M AR B K. NIE T A RR R AL A BRIE R KT R R
#B4r TrOCs, Hr 6 J] SMX. MET il STZ 1Y) £ BR R 43i5 %] 93% L) I, CAF 1y LBRFR2H 68%, 1H
CBZ G LB E 2 2 7 SMX. ATE #il NOR B KB %N 62%~100%, {H DOX 2Bk FAUH 31%.
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(a) SMX .CBZ .MET .STZ .CAF(20224£6 /1) (b) SDM .PROP(20224E6 /) (¢) SMX .ATE .NOR . DOX(20234E2 1)

Bl6 KITEK, EBEKRMELKPFEERE C2ng L") BAYNRERE
Fig. 6 Concentrations of main pharmaceuticals in raw water, filtered water and NF permeate

YA NEXT TrOCs 1Y 2 BR HIL ] £ 45 4 FHAE B2 0 vl W2 B4 T2 1Y, 30 34 TrOCs £ BR AR 22 5 1)
SRR FEF AT 2 80 — 5, TS 050 1 i AR ALAR AR R/ 5 — 7, 153
FETK AT LI A A N AR TR . NF270 B985 B8 43 F i o4 200~300 Da, i il . Rk, 4+
e BRI ECE VIS FIE S EN A LIS RS 68 E . XTE—ERE BT CBZ(r i
w0 B HPE) A PROP(ITF it/ . FHES FIE ) BARM G UE MR B 32 . ook, Kb AE g ToHL s
RIS M A AL 38 2 K g 8 P #URA B D P AR s e, DT BOAS [RGB 1Y TrOCs 25 BR20%
AR, R, JERKH Y Ca & ALZN 10 mg- L™ HH A 5 i i e A AL B B A U8 1t
JZ R HE 238 TrOCs MYV 22851k, A FIF TrOCs B B2 KBk o Ja 2 b BT e Bl 37 1) 3% 22 1k S0 56
DL A 908 T 28780 . SRS, 4998 T2 XK TrOCs 1 & BR324 Tk ) 3
AL, ATk — LB R K 4k 22 KUK
3 ZEip

1) Wi VLR KT 30A ¥k T2 X M (L BR 2 =94%) . COD,(=51%) K &84y 4 J& 2 F (Zn.
Mn 25 53R =36%) FIi4> TrOCs(SMX . STZ., DOX %[5 =75%) £ MR R &4, HMELL L BR K b
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Performance analysis of a drinking water treatment plant in river-network
regions of eastern China and water purification by nanofiltration
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Abstract To understand the drinking water quality in Eastern China where a complex river network exists, this
study investigated the control effects of regular water quality indice, metal ions, disinfection by-products and
trace organic contaminants (TrOCs) by the current water purification process (coagulation-sedimentation-
activated carbon/sand filtration) of a drinking water treatment plant in Zhejiang Province. Meanwhile, the
efficacy of water quality improvement by nanofiltration was also evaluated based on the bench-scale tests.
Results show that the produced water by the conventional drinking water treatment process could meet the
national standards for drinking water quality, while the nanofiltration treatment significantly increased the
removal rates of some regular water quality indice, fulvic acid and protein organics, and reduced over 50%
generation of disinfection by-products. Twenty-two different TrOCs were detected in the raw water and
activated carbon/sand-filtered water, and the removal rates of sulfamethoxazole, metoprolol, sulfathiazole,
caffeine, atenolol and norfloxacin by nanofiltration ranged between 62%-100%. For drinking water treatment
plants located in developed regions with a high risk of source water contamination by TrOCs, nanofiltration
could be employed as the core treatment process to improve the treated water quality.

Keywords drinking water treatment plant; water quality; nanofiltration; trace organic contaminant
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