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Abstract The research object was the sand filter outflow of a water treatment plant in Taihu Basin, and two novel ultra-low-pressure
nanofiltration( ULP-NFs) (CDY1 and CDY2) membranes were utilized to advanced treatment of drinking water. The key parameters of
the two ULP-NFs were focus on the pressure, properties recovery of chemical cleaning, removal ratio of COD,, , calcium, total
harness, et al. The results indicated that the removal ratio of CODy,,, TOC, sulfate, ammonia nitrogen, turbidity of CDY1 and CDY2
were equivalent with the conventional nanofiltration membrane ( main nanofiltration membrane products from domestic and abroad ).
Besides, the CDY1 and CDY2 could effectively control the water quality risks such as stibium, geosmin and 2-methylisoborneol.
Whereas, the removal ratio of total hardness, calcium by CDY1 and CDY2 were significantly decreased. However, due to the variance
between ultra-low pressure nanofiltration membranes, CDY2 showed slightly lower removal ratio of turbidity, COD,,, TOC, total
hardness and calcium than those of CDY1, but larger removal ratio of sulfate and stibium. Besides, chemical cleaning effect analysis
results showed that CDY2 was easily polluted by humic acid related humus, while CDY1 was susceptible to microbial metabolites +
humic acid related humus + fulvic acid and humic acid pollution.
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Fig.1 Process of Conventional Treatment + NF Process
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Tab. 1 Properties Parameters of Ultra-Low-Pressure NF' Membranes
WL P 21 o q“ﬁf"‘7k;ﬁ/4 MK A Hﬁﬂ%(ﬁi‘f{
Cgal-d™) (™) RSy MPa AW B TREIE (mge L) Bk TR /m
Gl >99.3% 10 500(39.7) 1.55 NaCI(2 000) 15% 8040(37.0)
CG2 >97. 0% 14 700(55.6) 0.48 MgS0,(2 000) 8040(37.0)
40% ~60% CaCl,(500)
CDY1 =90% 2100(8) 0.5 MgS0,(2 000) 15% 4040(7.6)
=90% PEG400(500)
CDY2 =90% 15 000(56. 8) 0. 69 MgSO,(2 000) 8040(34.2)
=80% PEG400(100)

T : PEG400 2R 2 - 400 , 2 — Tl (R A A0, B T Re A A0, dun ot R T IR 45
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Fig.2 Evaluation Process of Ultra-Low-Pressure

NF Membranes
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Tab.2 Applied Performance Research Results of Conventional NF Membranes

BEGEEAD CGl1 CG2 AL B ] BB
5@ R/ (L-m™2-h7") 21.3+0.9 20.3+1.3
K/ C 8.7+1.0/13.2+1. 1
7K SDI,5 3.7+0.3/3.5+0.2
RGN 85.6%+0. 7% 84. 4%+0. 4%
Pk EE/ (m®-hh) 2.4£0.1 2.6+0.3
7KK J1/MPa 0. 69+0. 12 0.74+0. 04
P T COD,, 81. 4%0. 2% 84.9%0. 1% igig__olli;( ;:?i ;ﬁ%ig ’E‘j;;(ﬁgﬁ
TOC 89.3%+1. 1% 89. 8%+0. 7% Brit) /2019 -02-  BIGNIERICAFIT) 5 /M
" 11—2019-04-30 @i 2, 5
AR 54.1%x1. 0% 83. 5%:+0. 8% (BB j‘;ij\o{g {8“5%“ =
VA R R A 59.1%x+1. 1% 62. 2%+2. 0%
5 62.3%+1.3% 65. 6%+0. 8%
H G 69. 3%=0. 8% 73.2%=+2. 1%
K[ 2.7%+0. 2% 15. 2%+0. 4%
TR R 96. 3%=+0. 3% 98. 6%+0. 2%
T 53.4%+0.2% 48.2%+0. 5%
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Tab.3 Operation Parameters of Application Study of CDY1 and CDY2 NF Membranes
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Fig.3 Changes of Parameters during Operation of
CDY1 NF Membranes
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Fig.4 Change of Temperature, Turbidity and SDI,5 of CDY1 NF Membranes Inflow
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Tab. 4  Analysis of Partial Water Quality Parameters of CDY1 and CDY2 NF Membranes
KB R JRH Y Bii 3 FEIK PN
U EE/NTU CDhY1 0. 19x0. 06 0.08+0. 01 52.6%+1.7%
CDY2 0. 140. 02 0. 07+0. 01 50. 1%+2. 2%
COD,y,/(mg-L™") CDY1 2.03+1.08 0. 42+0. 03 79.3%=%2. 2%
CDY2 1.870. 11 0. 50+0. 09 73.1%+3. 6%
B/ (mg-L7") CDY1 2.1x107 1. 1x107° 0.9x107*+0.2x107° 57. 1%=1.5%
CDY2 1.6x107%£0. 3x107° 0.3x1073+0. 1x107° 81.5%=1. 6%
TOC/(mg-L™") CDY1 2. 84+0. 08 0. 43+0. 06 84.9%+2. 0%
CDY2 3.57+0.07 0. 56+0. 04 82.3%+3. 4%
F4/ (mg- L") CDY1 53.8+1.1 52.9+0.9 1. 6%=1.3%
CDY2 48.7+0.9 53.6+1.0 -9.88%=1. 68%
BREAEE/ (mg-L7") CDY1 79.5+3.3 5.5+2.1 93.1%+3.9%
CDY2 78.3%2.9 2.6x0.3 96. 8%+0. 2%
WAL S E R/ (mg- L") CDY1 338+19 20314 40%+9%
CDY2 26721 143£24 48.2%+5. 0%
JABEE/ (mg- L") CDY1 126+3 70+2 44. 4%=+2. 3%
CDY2 130+2 751 42.0%+1. 4%
HA/ (mg-L7") CDY1 0. 1+0. 02 <0.02 >80%
CDY2 0. 18+0. 02 0. 090. 02 52.3%6.7%
5/ (mg-L7") CDY1 429 2423 42.9%+2. 2%
CDY2 35+8 242 38.4%+5.9%
SR/ (pSrem™) CDY1 526+32 38143 27. 6%+2. 3%
CDY2 5065 3456 31. 8%=0. 4%
RS HHIH T CDYL K CDY2 ZRREBERIFAMESE BH0( <50 CFU/mL) | 5% 7% 1 -F A 1 24 (< 500

ﬂ;ﬁl‘ﬂﬂﬁ”@fﬁwéﬁt e W OSON L Lt O s
TR A2 36 RO K K B BR ) (DB 31/T 1091—

2018) B R[4, CDY1 K CDY?2 44 E i i /K i i 75

CFU/mL) S s KT [ A5k ik, <1 CFU/ (100
mL) JFEFREIREAFR
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Tab.5 Results of Total Bacteria, Heterotrophic Bacteria and Total E. coli of Inflow and Outflow
of CDY1 and CDY2 NF Membranes

B B S/ (CFU-mL™) SIRW AR (CFU-mL™") HMAWES/ [ CFU- (100 mL) ']
ok CDY1 170 240 <1
CDY2 86 128 <1
7RIk CDY1 32 25 <1
CDY2 34 22 <1

2.2.2 CDY1 } CDY2 44 uE N Ak /K i

F 64T CDYL K CDY2 i 5% 1)
[i) P A 0 Rk K 1 B 437K i 24k, CDY1 ) CDY2
YRuE R LR e PRI R R B F AR ECI K EE
A HEOPRUE) (GB 8978—1996) M 15T (157K 454

HEChRE) (DB 31/199—2018 ) AYHFICE K, X 5%
B CDY1 J CDY2 SEBr T-F& h FH H, fe K HE s O it
IK LS EAEAR R E TS Y EA T Jo—2 il
CDY1 K CDY2 sEbr TR AR K 5K IRAE A
HeHL

F6 CDYI K CDY2 QR HR3K iS4
Tab. 6 Partial Water Quality Parameters of CDY1 and CDY2’ s Concentrated Water

ST
IK AR bR HERCRAE (—Zhre)
CDY1 CDhY2
ALY/ (mg-L7") 0. 46+0. 03 0.38+0. 01 5.0
O <7 <7 30
pH {& 7.31x0. 04 7.32+0.07 6~9
TR B A/ (mg- L") 960+21 37017 2 000
B/ (mg-L7") 9.2x107+0.2x10° 2.4x107+0. 3x107° 0.05
BAE/ (mg L") 0. 48+0. 03 0.26+0. 04 1.5(3)
COD.,./(mg-L™") 48.320.9 11.9+1. 1 50
BOD,/(mg-L™") 0. 85+0.22 1.19+0. 34 10
M/ (mge L) 0. 03+0. 02 0. 04+0. 01 0.3
M/ (mg L) 2.14+0. 55 1. 9920. 61 10(15)
BEY/ (mg-L7") 9.3+2.0 8.3x4.4 20
TOC/ (mg-L7") 1. 61+0. 33 0.95+0. 29 15

VE AR S MBI E R AR 11 ] —WAE 2 1 BATROHER (.
2.2.3 CDY1 % CDY2 4NENET5 e b

D AR BRI E I

CDY1 J CDY2 27 5 i) Ak 2 3 e SR FH AR T 1
Jr3, AL N2 7 frs, HER 7 AT R 0. 5%
R E AR TR + 2% R+ 1% BRI, #40] 528 CDY 1
J CDY2 20 6 B 0 90 46 32 47 e ik &2, 35 2 3k
100% ; HI#ELEE1T 24 h, WIhG R 1 AR BN K, X
CDY1 ZHUERE, AT IS AR H 0. 5% A AL A T
K 2% B, BRI AT S2 L CDY2 By kK IR F K & (>
95% ) ; AL EAL A RN LEXT CDY2 4438 AR A B
L EBREEXT CDY?2 BRI 52 511 CDY 1 4438 B IS
PRI, e BEAR S AR TR R + B + PR VR RISV . 7T
HI,CDY2 i 2% ) AR B is Je 5 CDYL B, H

CDY2 YRUE R 10 (1415 Ye W o8 2 o0 IR 15 Y . B
SEIGANEA 5 PR AR ST A% T 7R B R Uk 11 32 7K g
PR ASEA 5 AR AR B

2) A2 BRI K S b

RN T f# CDY1 .CDY?2 2038 s Yedi i, | %t
PR SRR AR T B 149 2 3 Ok I R R AT 4 A, B 4y
Wrs b1 K 4 )8 B F (ICP-MS) . A ¥L ¥ ( DOC .
UV,,, SUVA Je =#E5¢510) 45 3k 8 s, &
5 A [R) 24 700 e o o o2 2R 0 1 25 B s e AP R
HTMEERA G 2ES, K25 Y iAF,
H CDY2 44 8 B i 0% Ve B8 F Ik BBk b T
CDY1,iX Ut H] CDY2 4008 A 1Y 1k 27 15 Ve BH =5 175
YRR AL,



Vol. 43 ,No. 1,2024
January 25th, 2024

weook HoR
WATER PURIFICATION TECHNOLOGY

R7 CDY1 J CDY2 A EIEAL 7T Ve O
Tab.7 Overview of Chemical Cleaning of CDY1 and CDY2 NF Membranes

B JE SR BEmfl A/ (L-m™ ™) REEWCE 22 L/(m?-h) @ T K E S/ MPa Jit k%
A4 BERT CDY1 22.4 82. 1% 0.94 58.7%
CDY2 73.2 50. 1% 0.68 73.1%
AL AR (0. 5% ) CDY1 22.3 82.3% 0. 89 58.7%
CDY2 73.5 50. 8% 0. 65 73.2%
BTE(2%) CDY1 22.4 82.1% 0.53 58.5%
CDY2 73.3 50. 2% 0.24 73. 4%
FRUE(1%) CDY1 22.5 82.2% 0.30 58.7%
CDY2 73. 4 50. 3% 0.21 73.3%
THBEFIE1T(24 h) CDY1 22.4 82.3% 0.23 58. 6%
CDY2 73. 4 50.3% 0.21 73.2%
*8 CDY1 Jz CDY2 AU AL VR 4 K S 4
Tab. 8 Partial Water Quality Parameters of Chemical Cleaning Waste of CDY1 and CDY2 NF Membranes
TR 4 ARSI (0. 5% ) % (29%) FRE(1%)
KBEZH CDY1 CDY2 CDY1 cDY2 CDY1 CDY2
BB/ (ug-L7h) 167 162 3034 3411 R 2773
B/ (pg L) 124 33 204 2312 497 183
#/(pg-L™h) 68 62 2115 3023 2211 328
/(g L") 2 978 10 76 6 19
B/ (pg-Lh) 0. 024 0. 041 0. 057 0.23 0.091 0. 41
DOC/(mg-L™") 320.6 241.1 313.1 860. 5 195 297.5
UV ,5,/cm™! 0. 86 0. 62 0.73 1.26 0.17 0.11
SUVA/(L-mg ' +em™) 2.68x107° 2.57%107° 2.33x107° 1. 46x1073 0.87x107° 0.37x107?

TE UV, SRIT B P KAEIEATAR I, A3 RIS 10 s;SUVA =UV,5,/DOC,

AN, 8 ML T CDY1 K CDY2 443E i fk
SEVEVE R W DOC UV, K SUVA 43 Hréah it H
H, CDY 1 AB2= B BEE K DOC UV 5, & & YT
FAEEAL R BE ] ~ e >R UE, 1 CDY2 fb24 7
SR UV s, 25t 09 U A B 35 > TF 480 Ak A4S 3] >
FRYE, DOC 1Y 75 2t I3 2 B 8 > R 1k > IF Ak A T
#l, {H CDY1 F1 CDY2 1y SUVA 53R —%¢ #- K3k
AL R T R > BRBE > R e, 45 R R, AR L
CDY2 U8 AR i Ak 2235 BE JE W DOC UV, &%
HE T CDYL, X Ul B CDY2 Y 1k 2% i vk 2 1
B,

CDY1 fx CDY2 208 A5 Ak 2730 VU R R 1) — 4k ¢
ik LSRN 5 iR, 45E K S H5ER 9 h=4E%
IS DX SR I B 81 3%, oA 4 R ml o, A

AL A TR DR KRR =B 500 T 2R T IX
S AN XV 3 2 AN DX, 7 8 AR R K (B )/
RE B (E ) h 225 ~ 235 nm/335 ~ 345 nm #ll
270~280 nm/305~315 nm, iX 2 {7 EAR A g
BB A AT A R A L
Y, AT LA TR ALBRGEVE T R A AL EZEN TR
WHAHCH BT ((H CDY 1 =B /K R 1) = 2 58 5 X S A
W) o BRVEZKAE Y = 4E2E 0I5 Bl =20 A T X
V (BT E/E, } 250 ~450 nm/380 ~ 550 nm, &
BUONSHBIRIE I, MR VEK ALY =0 K]
FEI ~ VXL 34 43 A, v L3R X 3k
VEWE, L E5E E/E, N 220 ~250 nm/380 ~ 550
nm F1 250 ~450 nm/380 ~ 550 nm, = By Ji§ 5 2k
YT, 45w R A R
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B 5 CDYl K& CDY2 AEREAL- P VR i) = HE DL 1l
Fig.5 3D Fluorescence Spectrum of Chemical Cleaning Waste of CDY1 and CDY2 NF Membranes
RO SHEYOOEIEAS XX R 5

Tab.9 3D Fluorescence Spectra of Various Regions and Corresponding Substances

[16]

=TI 3N Xof 1o 4y 3
X 1 E,:220~250 nm; £, :280~330 nm FEBEAYE | (ROER)
K3k 11 E_:220~250 nm;E, :330~380 nm FEEEAY R
[X 35 1T E, :220~250 nm;E, :380~550 nm CENiESI
X3 IV 250 nm < E, < 450 nm;E, :280~380 nm AT IR
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g5 I ARSAEAL A AL B K BE ST VR T ok £
I AR 5 R 1 A B %) K RE X 45 28 ML 34
B — 2 BTE VAR, (E R & B R A AR 1 3 1ok
A FHAS R s e A B 114 7K R = B3 3 O 1 2 ) A A
K JEEHH I
3 g

TE TGS R IEMR (CDY1 & CDY2) JF )
HRL-ANUE T2 I IR K R R A B 5, 45
mr,

1) PGB AL F 490 908 I 1 K /K B 1) S B 2 B0
VM COD,, WRARER LW X0 2 il (A=
TR KK AR MEY (DB 31/T 1091—2018 ) 3k ;
PR AVR e 2 8 RS 7K K T G B 2, Ak 2
A.COD, ,BOD; | 55 45 U4 A D) 14736 2 [ R e
HECTT KRB HEBARIEE) (GB 8978—1996) I I i

(T5 K 5 5 bR ) (DB 31/199—2018 ) HETiK

2) 55 WA DB I (1 PN Sh A D8 5 R ) A
LU, PR AR A N B JE T AT ST 45 R o L mT s
BRI 13847 ABATSRE R AL L BRI A LTS AW
A F MG Y, (E R REDR B B EE 25 A 7 1) R
APERE,

3) AR AR B BT 5 e o A 25 2R s, R AR ]
IO DR 2, S 3 U 1 B PR A2 ) T 22
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