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Study on Advanced Treatment of Secondary Effluent from WWTP by the Ozone-

Nanofiltration Hybrid Process

FU Wanjun', CHENG Xiaoxiang’, XU Jingtao’, WU Daoji*’, ZHU Xuewu*

(1. Zibo Luzhong Survey and Design Review Consulting Center, Zibo 255025, China;

2. School of Municipal and Environmental Engineering, Shandong Jianzhu University, Jinan 250101, China;

3. Research Institute of Resources and Environment Innovation, Shandong Jianzhu University, Jinan 250101, China)

Abstract To further decrease the organic matter in the secondary effluent of the wastewater treatment plant( WWTP) | improve the
effluent quality, and increase the reuse path, an experimental study on the advanced treatment of secondary effluent by ozone-
nanofiltration combined process was carried out. The test proved that the process had high efficiency removal rate for fluorescent organic
matter and dissolved organic matter in the secondary effluent water, and the maximum removal rate for UV,s, and total organic carbon
reached 93. 1% and 88.1%. In addition, ozone dosing concentration was closely related to membrane pollution. The field emission
scanning electron microscopy and specific flux change curve results proved that compared with the blank group without ozone treatment,
the membrane pollution of the nanofiltration membrane in the ozone-nanofiltration had been greatly alleviated, and the degree of
membrane fouling decreased as the ozone concentration increased. When the ozone mass concentration was 4 mg/L, the membrane
pollution control situation reached the optimal level. Due to the advantages of excellent quality of effluent water, no secondary
pollution, high treatment efficiency, etc. , the ozone-nanofiltration hybrid process showed a wide range of application prospects in the
field of high-efficiency treatment of secondary effluent compared with the traditional water treatment process.

Keywords ozone nanofiltration (NF) membrane fouling secondary effluent pretreatment
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Fig.3  Fluorescent Organic Compounds in Different Water Samples



ROT8R N TR, 45

RAA IR G L AR5 K A H T g kil

Vol. 43, No. 10,2024

2.2 RE-MEHABIEX UV,, 1 TOC BXE
"R

TR A K BARE K UV, (E AN
4 i, BARIE, 90K UVy,, 8 0.42 em™
1 4 PR AL HA 2R b B KIS 9 UV o, 4351
90.37.0.35,0.33.0.32 em™', G HE, REX
G K UV, B9 Z5BRF5 5158 11.9% ,16.7%
21.4% 23. 8%, UV, HR TR FZIRFE T REXH
U PSR SR 3R, 5 80R ML 25 R fei Ak, 2E i
BEAR T KR UV,g o BN K UV, 4300 R
0.087.0. 051.0. 044 0. 034 .0. 022 cm™" , ZHUEXT HLAE A
IE G IK UV s, BIEBRZE50 79. 3% 86. 2% |
87.4% 89.7% 93. 1%, 5 HRAHM L, IUEXT UV, 1)
F R R, 1 S PR E IR G 43 TR0 BELAE A

0h5r

=T
04

]
A

SR

VZzZzvv..

]
A

i

HLfrHE AR WA LA A T TSR A AR R .
A1, R TOC AR AFEHR 6 2 K H B T2 s
PR IIHEAT T RAE, WE 4 FiR, Z 97K TOC
R 19. 3 mg/L,4 R iR R R A H K H TOC
R AR 17,3 .16.6.,16.2.15.9 mg/L, 3R A
TOC 2 5 F 43 5} 10. 4% 14. 0% . 16. 1% . 17. 6%,
TOC ¥ B A RRAR 32 22 )3 PR 5L S A B A v A ) 2
A A A E ] . ADE /K P TOC ik
JEAMN 6.3.3.1.2.5.2.2.1.9 mg/L, 4HuEXT R4
Ak g K TOC 1 25 Bk 343 5 A 67.4% |
82. 1% .84.9% 86.4% 88. 1%, 5 REMCFHI L, 44
JEXT TOC 1 25 BRAKCR B oy 10 353X [RI A 2 Hh T 4008
JEE Y 23 [l BEAE FH AR A HE R AR AR BR T KAk
HXERE AN D

g roc ‘-

TOC A mg L)

=

N s I
03 § %§ : é
Z N A A A
: NN
Ko % TR ﬁ\\\% /%
=" NANANAN
NN 7
YUY
0.1
NN 7
NA ﬁ
DN
4-“\‘\:"‘ U"‘:F\ [_1.'9‘:-' dq‘*:"' 0.,\.:5,

b

)

L¥E

e s i ey | B
2% o g7 ¢t e

B4 REAE-IEHA TN UV, M TOC 12 BR0R
Fig.4 Removal of UV, and TOC by Combined Process of Ozone-NF

2.3 RE-MEAESITEZXEHRYERIR

WE S iR, Z 2K R FURLH R SHE 260 ~
600 nm, ZESLAEACIR S, FIURLH) ) RT3 B i 2 0
N, FEAENTE 150~400 nm, X250 F T RAR
MR EAEE T, BT LK K T BB A N o T
Y bk, WA KL g AL L | WU )
EE] T HE— SR, LT 528 T XK T 5
MISE B . X BT 25 T 98 I 1% 2 8] 407 BELAS Rz
FFR A HERR RN R Ik, SRty o P B 40T 25 % Bk
PR EBRECRA IR . R R A -9 G T2 M

AT DU 850K H5 W5 4 1 L 34 B A MVE T, AT 52 B
S R AR
2.4 BRE-MEARAIZHENNS FESHHN
=AU

E 6 Fios , B L SN FH R 0% 435
ERESTTRAEWN A 1E(~18 000 Da) [ K 6
(a) ] ARRIEFE Y FAY B % (~1 800 Da) [ K] 6
(b) 17, R TR AW RN AU, B LT
KEATREYN A GIRERS, MET 9
KA T P A i A Y B4R - 4 U K b Y 83 1R



ook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 43 ,No. 10,2024
October 25th, 2024

40" ¢

—a— THi g
—e— RALK
—=— S hE i

1] 200 400 G0 LIEH]

FidEinm

5 RE-GIIEH G T ZXTRURAY) 1 2 BRECR
Fig. 5 Removal of Particulate Matter by
Combined Process of Ozone-NF

(ap

48 HH Ak 2
—— NF-1 i
s NF-2 .'“
—— NF-3 .
002 b 3 i
i —«— NF-4 s
= it
=t .
E
E !
wy H
0,00
T 1=
5 Flit =
(a) F4r 55
(b

1 ,\ 10¥
i
(b F g 5 45 58y
Bl 6 RA-IUELALA TN 554 (5
Fig. 6 Effect of Combined Process of Ozone-NF
on Molecular Weight Distribution

BRI AN A W8 R IR G L K 15 P o o SR A A
A FHAZN 1 4 25 T2 BELA FH A B Fi 1R e AR

FATRAEVILT e KB, B SR 1Y
T, B0 143 B 320 AT A AR, 3 T O 48 o B8 Ak i 25 4
FR AR AL A T2 0 BEACR , DT $a = X T
FEIRIS R0 B, Ak, Zead g IE A B LS , 4N
JE K T Y B R 0 — 25 K e E R, X
VO i R R - IE 2 & T2 AT LU — g bk R iy
i3 B O 00 o R i B B
2.5 RE-MEASTZRTENN

WE 7 FioR 3l R A HTE 3 il 1 ARk X
TG K U B AR R g SR B TS YA T NI T T R
Sitoe, e IERALAS] 300 mL A, BRI 1 L
R EER, BRI E, 2 A4 i 5k
F] 0. 53 ;M40 5 E FAL BRI 50 41 (ON-1~ ON-4) |
H @4 50 0.62.0.70.,0. 74 F1 0. 82, 453
B, 25 1AL I 98 0 R et o Dl R e K, R A AR
2 LR UL B 25T, AR IR T 2R ) 2% 5005 e
AN, BifiE LAEVR FE 13 1% ( A ON-1~ ON-4) |, [b i
AR I N AR B 3 U B B TR B
Y NS e b ) B AT 3 O ) R, BB AR
JE 1 18 00 B8 0% A R 4R T N 8 I X VS g 1 45

BN

FLE B 00

{ sl 100 150 200 250 300
iR mL

7 ORTRIE AR KT 290 0 5 3 £ A5 Y 5 i)
Fig.7 Influence of Different Influent on Flux Variation

of NF Membrane
o 2 a1 o N L% N R e S TR
FE R, %X 5 Rk 300 mL 2% H K 44 3k
LRGN UE AT T R IE S0 Hr, SEM (145
W 8 Fion , M T IR AN I AR, 5 43R 56 B 494 3 s
FM R AN R AR B 075 Je 1 L. 7 10 000 £
F120 000 £5 A BCRATEL T 7T LAY B b & 30, Bifi 45 5L



ROT8R N TR, 45

RAA IR G L AR5 K A H T g kil

Vol. 43, No. 10,2024

(d) ON-2E1ERTEAR

[Fy ON-4ET SRt
8 {5ULJR NN SEM &
Fig. 8 SEM Image of NF Membrane
SECHC LS T, 0 8 5 3 T £ T e R O W )N
CUE I A R MR 4 75 G e B Bt SR S e R 8 386 T i Dk
NI SRR A 1 7 A S o T SRRV B s

EPE R R A AIEE ), AT RS K s e
M RE , BEMTHE TH R R K K B, R4 KK R
Rk, AT DL B R8s Y I TE B R R AR 2R
T VR 5 e AR S

3 4ig

(1) RE-9EH A T AN g K UV,
F1TOC A R 2 BRZR 51000 93. 1% F11 88. 1%, SEHL
T XK A HL A B

(2) RAATALBEAT DL G 3 PR 2 AR 4
JEs R RS T5  , HH L TR AL, RA -IE A A
T2 Eb i e T R 54, 7%

(3) B B AR BT 2 K v i TR
AV EBRBORA B, LA -G & T 25K
A DL SE BT MERE AR A B 0 56 2 R BR

(4) RE-IEA A T2 H&BAEB TR H K
AR PRALR R NP RIS Y AR TR K
TR BE A FRATUS Hr ELA 5N FH AT 5

57 Sk

[ 1] CHEN M, DING W, ZHOU M, et al. Fouling mechanism of
PVDF ultrafiltration membrane for secondary effluent treatment
from paper mills [ J].
Design, 2021, 167.
2020. 12. 021.

(2] A, &R, R, & E4EE TN s e iys
KB T]. B TR R, 2010, 4(10) : 2173-8.
HUO P S, GUAN Y Q, ZHOU K X, et al. Effect of heavy metal

Chemical Engineering Research and

37 - 45. DOI: 10.1016/j. cherd.

ions on wastewater treatment with activated sludge[ J]. Chinese
Journal of Environmental Engineering, 2020, 4(10) ; 2173-2178.

(3] FEMvH, Jafhfh, wiLE, 55 sfbmiab s - aag 4 &

T2AFE KA = g oK R BRBE R (], GKHEK,
2022, 48(sl) . 94-99.
WANG Y X, ZHOU W W, MENG F H,et al. Study on the
treatment of secondary effluent from wastewater treatment plants
by the enhanced pretreatment-ultrafiltration-nanofiltration hybrid
process[ J]. Water & Wastewater Engineering, 2022, 48(sl) .
94-99.

[4] LIK, XUW, WEN G, et al. Aging of polyvinylidene fluoride
(PVDF) ultrafiltration membrane due to ozone exposure in water
treatment; Evolution of membrane properties and performance
[J]. Chemosphere, 2022, 308: 136520. DOI. 10.1016/j.
chemosphere. 2022. 136520.

[ 5] EPELLE E I, MACFARLANE A, CUSACK M, et al. Ozone
application in different industries; A review of recent
developments[ J]. Chemical Engineering Journal, 2023, 454,
140188. DOI: 10. 1016/j. cej. 2022. 140188.

[ 6] JINP, CHERGAOUI S, ZHENG J, et al. Low-pressure highly



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 43 ,No. 10,2024
October 25th, 2024

[10]

[11]

[12]

permeable polyester loose nanofiliration membranes tailored by
natural carbohydrates for effective dye/salt fractionation [ J ].
Journal of Hazardous Materials, 2022, 421. 126716. DOI.
10. 1016/j. jhazmat. 2021. 126716.

ZHU X, SUN Z, TAN F, et al. Xylitol-based polyester loose
nanofiltration membranes with outstanding water permeance and
efficient dye desalination performance [ J ].
Purification Technology, 2023, 334 126048. DOI: 10. 1016/].
seppur. 2023. 126048.

HOSCHE, SRAEE, ARAER, 45, HIE-GNIE XN T 2Rk
RIRFACGREE[ ], HoKEAR, 2024, 43(1) . 74-80.

HAO W R, LAI C X, ZHU X W, et al. Experiment of UF-NF

Separation and

hybrid membrane process of advanced purification for natural
rainwater[ J ]. Water Purification Technology, 2024, 43 (1)
74-80.

SUN Z, ZHU X, TAN F, et al. Poly (vinyl alcohol ) —based
highly permeable TFC nanofiltration membranes for selective dye/
salt separation [ J]. Desalination, 2023, 553. 116479. DOI.
10. 1016/j. desal. 2023. 116479.

ZHU X, SUN Z, TAN F, et al. Tailoring high-performance
polyester loose nanofiltration membrane for selective separation of
salt/dyes: The equilibrium of condensation and hydrolysis|[ J].
Separation and Purification Technology, 2024, 333. 125848.
DOI; 10. 1016/j. seppur. 2023. 125848.

ZHU X W, SUNZY, XUJT, etal. Poly(vinyl alcohol) -based
polyester nanofiltration membranes for fractionation of dye/salt
mixtures; Alcoholysis degree matters [ J ]. Separation and
Purification Technology, 2024, 328 125076. DOIL; 10. 1016/].
seppur. 2023. 125076.

AR, S HIRAR, 55, BB -ANIE XU T 2R AL PR
VUK KBRS (1], ZaUKHEK, 2018, 44(3) ; 28-32.

ZHU X W, DANG M, GAN Z D, et al. Pilot study on advanced
treatment of Nansi Lake water by UF-NF hybrid membrane

[13]

[14]

[15]

[16]

[17]

[18]

process| J]. Water & Wastewater Engineering, 2018, 44(3):
28-32.

FAN Q, CHENG X, ZHU X, et al. Secondary wastewater
treatment using peroxymonosulfate activated by a carbon nanofiber
supported Co;0, ( Co;0, @ CNF)
ultrafiltration [ J ].
2022, 287 120579. DOI. 10. 1016/j. seppur. 2022. 120579.

LIAN J, CHENG X, ZHU X, et al. Mutual activation between

catalyst combined with

Separation and Purification Technology,

ferrate and calcium sulfite for surface water pre-treatment and
ultrafiltration membrane fouling control[ J]. Science of the Total
Environment, 2023, 858. 159893. DOI: 10. 1016/j. scitotenv.
2022. 159893.

LAI C, ZHU X, LI J, et al. pH-regulated interfacially
polymerized nanofiltration membranes to achieve high separation
of NOM and moderate desalination for purifying ground water
[J]. Desalination, 2022, 544. 116148. DOI. 10.1016/j.
desal. 2022. 116148.

BEPK. AR B G A AR AR TG Al B R £k 3 [ I I a1
ZHHORBETE [D]. B INAREHIRE, 2023

FAN Q S. Study on purification of secondary effluent by nano-
carbon supported cobalt catalysts activated peroxymonosulfate
coupled with UF membrane [ D ].
University, 2023.

WANG J, CHENG X, LI P, et al

peroxymonosulfate with biochar-supported CuO ( CuO@ BC) for

Jinan: Shandong Jianzhu

Activation  of

natural organic matter removal and membrane fouling control[ J].

Chemosphere, 2023, 341:. 140044. DOI. 10.1016/j.
chemosphere. 2023. 140044.
CHENG X, LIAN J, REN Z, et al. Coupling sodium

percarbonate ( SPC) oxidation and coagulation for membrane
fouling mitigation in algae-laden water treatment [ J]. Water

Research, 2021, 204. 117622. DOI. 10.1016/j. watres.
2021. 117622.

(L% 76 1)

(2]

PEFT, Ay, 20 HACCP MR RIEHIKAE = 2R
SR, BOKEOR, 2022, 16(5) : 162-169.

NONG J Q, ZHANG J S, LI'Y. The HACCP system construction
and application in the whole process of water production[J].
Water Technology, 2022, 16(5) . 162-169.

XIS, HACCP A ZR7E F KA P Al s R v g i (0]
RHERIH SHA, 2020(33) : 160-161.

LIU L. The application of HACCP system in the production and
transportation of tap water [ J ]. Technology Innovation and
Application, 2020(33) . 160-161.

PVE, BT, WEE. HACCP RR T4k F) g
HIRGTEFELI]. HEZKHEK, 2007, 23(13) : 1-6.

SUN F, CHEN J N, ZENG S Y. Application of HACCP system
China

to turbidity control in conventional waterworks [ J ].

Water & Wastewater, 2007, 23(13) . 1-6.

HOR, s, . RAEA K R AT R A B
TRA IR K [T]. BREERLA, 2016, 37(5): 1837~
1844.

DONG B Z, ZHANG J L, HE C. Influencing factors of
assimilable organic carbon ( AOC) formation in drinking water
during ozonation process[ J]. Environmental Science, 2016, 37
(5): 1837-1844.

TR, A, TL3CHE. K R AR AR A R G B I AR 2k
I A GE LT A ST (1], BOKEER, 2021, 15(2):
19-22.

YIN Y S, JIANG Z H, JIANG W H. Comparison and application
of online monitoring system for ozone in water by full spectrum

scanning spectrophotometry [ J |. Water Technology, 2021, 15
(2):19-22.



