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Abstract In view of the problem that the current effluent of an industrial wastewater treatment plant (WWTP) in southern Jiangsu is
difficult to meet the discharge standards of Discharge Standard of Main Water Pollutants for Municipal Wastewater Treatment Plant & Key
Industries of Taihu Area (DB 32/1072—2018) , the design idea of MBR+catalytic ozonation is proposed. The original MSBR process is
transformed into AAO-MBR process, and the original flocculation sedimentation tank is transformed into catalytic ozonation tank. The
influence of factors such as catalyst pollution and cleaning measures in the catalytic ozonation unit on the COD, removal rate are analyzed
emphatically. Results shows that, as a technical route for industrial wastewater upgrading and reconstruction , the MBR + catalytic
ozonation occupies less land, has a stable operation effect, and the effluent quality can reach the standard stably. However, the catalytic
ozonation is greatly affected by catalyst pollution and other factors, pretreatment and cleaning measures need to be strengthened. The
project additional investment is 1 596 yuan/m*, and the additional operation cost is 0.73 yuan/m’, which has good economic benefits.
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I A S Tl ¥5 K AR BT SR K DL Tl e XAk T
BN B AR RS ATAV R AKOh 32, P roRs A S i ek
G A P2 K N A 70% , PG LT MR
AR T A B A = R K S o 15%, 15K 4
PRI AT — A48 i B, £5 Ak A 77 B K HE ik
ZEMATE T XA T R B, HA B T2
HIREETIVE FEE T2,

— M TRET 2011 4% 4 A @ A BT, #iX
FBH 2.0 75 m’/d, R Kb+l B =05 51 )
B N # (MSBR) +HIREEUUIE + 7% £ 8" b B T2,
THITRET 2016 4F 5 A ABAIT, P EHE N 2.0
T m’/d, R IRBEDIE + /K SRR b+ AAO+ — T+
R LTE A e T2, YA — Wb B K
2.0 7 m’/d Yridch 1.0 5 m'/d, 5K ) B
FRRESI M 3.0 0 m/d, HZKEAT (ORI Hh X 3k B
IKARFR T R B Tl ATl 3= K5 e HE R AE )

(DB 32/1072—2007) % 3 H{k 2 Tl HAth HE 75 B
DL HE A B B A 2SR A0 Ak 2 Tl 2 2K T g
YIHECFRUE) (DB 32/939—2006 ) — 2 b ife, & 7K HE
AKIT,

il 25 AR T 1 DX 34 75 K AR B ) R S Tk AT
b EK TS G HEOR (A ) ( DB 32/1072—2018) )
WiAR A5 KT PR e TAE S AE AT, X5
IKT % BTGB AT IR Btk 7K K 5 A 434, e 4
TE R A SN 7% (MBR) + 5 S AL S8 A E S 4R A5 A
T2,
1 BT Rt H kKR

15 KT 3R K I B 7 ) A fige R K, K B 43
BRI Z | RN RRLE AR T 28 T sl AR 4
PR AL A4, 0 T K G b e
1.1 BEHKKR

15K #E M AOK BEHE R AN 1 TR

=1 5K HEKOK B bR
Tab. 1 Influent and Effluent Quality Indices of WWTP

I o i CODCL/ BODs_/I 55/7l TN/ﬁl %:(?E{] TP/il
(mg-L™")  (mg-L™") (mg-L7)  (mg-L7)  (mg-L7)  (mgL7)

BT KK BT 6~9 500 150 400 60 35 8

PR BE T i 7KK BT (DB 32/1072—2007) 6~9 80 20 70 15 5 0.5

PR — 31 HH 7K oK B 6~9 80 15 48 7.7 2.3 0.2

PR 41 K oK B 6~9 55 6 15 6.1 0.8 0.2

PR S KK T 6~9 63 9 26 6.6 1.3 0.2
PEARBOE BT B KK T 6~9 500 150 400 60 35 8

TR AL LR ST KK BT 6~9 63 9 26 6.6 1.3 0.2

b7 fE Bt KK BT (DB 32/1072—2018) 6~9 50 10 10 12(15) 4(6) 0.5

T ARSI > 12 CR PR RIEER , 55 WEUE K IR < 12 CR sl ts, T,

H % 1 Al , — 8 TR 7K COD, \BOD; SS A~
FIE TS A AT DX 3nf B 7 A A B R o A Tl A7l
FER TG R HECR1E) (DB 32/1072—2018 ) %
SR T TR KK B AR XT3 A, COD, \SS AN BETH
JE R b DX R 5 7K Ab BT R o A Tl A7l 2 22
KI5 G HERL FR(E) (DB 32/1072—2018) 2K ;5 &
7K COD, \SS ASRETH E  AM Hb X Ik B8 775 7K 4b 3
J7 R EE i T A7 3 E K S Y HE G BR ) (DB
32/1072—2018) K, % 535 K T LLME B fig
COD, 7 & & [ Tk B K R 3, A R IE B K
COD, T J& ORI 1l DX IR T 7K A 31 R o Tl
11l FEEK 5 G YRR &) (DB 32/1072—2018)
BRI RTA R R BRAERE AR A DL AL BT

1.2 BT

157K — 1 T 72 MSBR b i5 e 5= B3 s} [a] ( SRT)
AR RGO AR FE (MLSS) &, S 805 e &
™5 TR RIME 2R BEDTIE ML SS 17 faf & Je 7K 73 B8
BCRANG DB AT UE M O % 5% I TR A B
TG e 2 L M IR AT IR B R I T XN A TE AT
23 L, T AE BURA S 9 A T s, et B T 5 R
1K) A B BURAC BR Y 172 VUL, Z5E % &
Je X HE AT — TR A T R AN T
Ko T RRURBE AL PR ST T TRk
2 IZRES5IRIEIT
2.1 L&

K SS A Gk TR B | o U8 A Oy kAT IR B Ak
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PP BOD, Al i ol A A AL B BT ISR, MBR T
ZEA b BT ep s TR | KK BT A AL
AR I X SR MERE AR COD, 1 25B%, T &
LB R TN R R VBN X =R AP (SR
JEANBRT 2 2B 5 BB I5 K T B AT Bk &) X
FHHE L, [R5 5 380 S5 T 20 25 7 A A8 R 1 il —
W59 e R FH SL AR B R A S AT T
HiiR e
2.2 Hikidie
2.2.1 TEfis

R A R A KA B R R A R
SRR R A G U 42 8 B, e R ™ A B
AR, vT DAL R S A K T i B o, e A
FIL A ML (- OH) , AR I HL A7 136 2.8 eV,
REAE IV Ak 3 A AL, RN AR i el R T
kS22 - OH M EE RN, & —Fhak =i e
LT L0l & 152 7

WAk, AL b E Bz W H T T
JB 7K ) I i TR B Ah B v (LR 22 R FH A LR R
RS Mg A AR R 3K A7 AR R EUR R Ak P
BORAR AW B RCR AR E G L, A TR

Wl A B OC-4 5 A 2 A i i Ak 5
IR FH 5L 4RI FH 25600 w5 9 S v e OB o, R
W A S — o AL R B o6 AL RN VR B s g R A,
1k 7S X L AR 1 A WA P T A, S i
25 B 7K U Y 5T 22 4 F Bl A 4 fif BB TR 31K
b IR B BG K o AR R RS B EOR G Ui
KRG T 5 U AR AL 2 B 1 A5 I T
12 B, U R R AR AT — IR A, 1 AWM
TR E
2.2.2 HRTZSH

F R EE TR K 220 MERE N 50 IF 5
AT SO AU AR TR A A7 e ) e e A
WS4, F 2018 4 8 A7eui H Bt AT T R A
AL T2 ik

FRI I K R T5 K R AR O A — 2
BEULTEND . I8 A gt AOTR A K 2 B g R Ak
MWAESE—A AN (10,20.30 mg/L) , BEA
)AL 75452 B F ] (0, 10 min A1 15 min) F COD,,
LR,
2.2.3 #ER54518

Fg A R R 5 SR A 3R 2 s

®2 YL COD,, EFRACR
Tab.2 COD, Removal Effect of Single-Stage Oxidation Tank

0 10 62. 04 58. 54 5. 60% 2.86 R M S A
20 62. 04 56. 45 9.01% 3.58
30 62. 04 50. 92 17.92% 2.70

10 10 59.26 40.28 32.03% 0.53
20 59.26 36. 83 37.85% 0. 89
30 59.26 34.77 41.33% 1.22

15 10 59.97 41.67 30. 52% 0.55
20 59.97 38.21 36.28% 0.92
30 59.97 38.21 36. 28% 1.38
30 57. 86 34.83 39. 80% 1.30

17 PR AR — A SUEHE I (10,20, I TTRESE RAIEHI K COD,, ik e FE R R F° 35

30 mg/L) , B A E AL B BF A (10 min A1 15
min) T COD,, MJZBR3E, 450415k 3 R,

SHBUILER R WAW hErE T BT I R R = L
FHPI 2% ER 1K + 5 3 2% i 07 AR, COD, B %
B TR 28 00 P R M KK 5 b oE % 0 i AL
F 2 B 1E] K 10 min RN E N 20 mg/L
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R 3 PIGHREEL COD,, EBRACH
Tab.3 COD, Removal Effect of Two-Stage Oxidation Tank

|42 51 LRI/ #Ek COD,/ 7K COD,/
fpomter (iij; ijgrg Kl 0, : Acon,, B
10 10 59.26 32.02 45.97% 0.37 AR
20 59.26 32.02 45.97% 0.73
30 59.26 32.36 45.39% 1.12
15 10 59.97 37.52 37.44% 0.45
20 59.97 37.52 37.44% 0.89
30 59.97 35.45 40. 89% 1.22
10 10 57.83 32.02 44. 63% 0.39 SRR
20 57.83 29.98 48.16% 0.72
30 57.83 24.55 57.55% 0.90
10 59.97 32.71 45. 46% 0.37
20 59.97 32.71 45. 46% 0.73
30 59.97 29.98 50. 01% 1.00
30 62.12 29.29 52.85% 0.91
30 62.12 32.02 48. 45% 1.00
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Fig. 1 Process Flow of Reconstruction of WWTP

2.4 TIFi&it

(1) FBLmA%

— K A R A 5 BE K I Hh ) 25 H A 3 i — 2
— IR AR I A, TR 1.0 0 m'/d, 1
JE 2 4%, TS5 A 1400 mm, TEIHA 2 000 mm , iR

5o 8.0 mx4. 2 m,

(2) AAO-MBR

AAO-MBR 2 3 3= 28 A= it | B3t i 42
] 3 FHRAr 2, e BRAR 1 4 2 ) MSBR th 2 i
Ao AR XBLRTH Bt A XL BB 2 2 58 K
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P R G E TR, Bt 4 R B R
FIRBAMGEAT, WITRURE 1.0 7 m’/d,2 Ji 4 R
G, EOK I35 B IRl (CHRT) 2Ry 29 h, i1 34 5
WO 12.4 L/(m® - h), Bt 3% 1 F V5 U8 5 vk E R
12~14 o/L, 58K N 9.36 = 1, Bt K Eb
1.9« 1 BEE B A A 1] 3 Ll 600%

(3) WA

T HAVEA DR S BTG 1 A — AR IR S AE S ]
FETHERE G, LA 30 ok A Er i R R L A Ak
i, — RIS S e = MBI, E
YNGR, WK 2.0 7 m’/d, R EHA
F3.5m, HERN6.5m, AHBKENS 1 m, N3
FWKIETHE (2 H 1 &, 50E Q=417 m’/h,
FEH=10 m, IR N=18.5 kW) ,

(4) RAMAEL

LA S A i R — U0 22 i b i i
B, A R R AU A S A i A ROK Sk BRAR R DT
JEM TS A, BRI R 3.0 5 mP/d, 1 J& 2
R, B RB N PR A H T, R AR SR AR
A7 AT S R DA 12 min, BG0AE AL 45
B A 6 min, Z2FR% COD,, Bl & N 20 mg/L,
FEMIL A 1.2 mg 0,/ (mg COD,,), FIH7#E K
10. 65 m*/ (m*-h) S VEHEE A 15 L/ (m®+s) , K
FLPEHR I 3~5 d/ U A TH PR R4 £ 18] (5
FUHE) B 1 20 kg/h RAE LS, BT HRR
S A ]

(5) S FrEAn & E

s e R ST T A AN 2 R

7

RIEHER () Ry
7 (T T T i
B T EETT Wik

185852 FIIAB MSBR Heitit

it
@ EANE R 27

A S AN
&
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Fig.2 General Plan Layout after Reconstruction

3 A EFE R K R R AR TE

TAEF 2020 4F 7 A #E AR, 8 TE K
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L/ (m’-s) | BOFEIE . SAAGIB S8 R IE/S A2 24 h
SCH B T B0, EL SR 5 R I 0 i A 7 4
BONPE U R AL B R TR RE e s
BRI AR

AR BER LR TR MR R, % A
HEALTA TS T T A Sl S ME LR BN VEAROCR
TR AR I, i S A M P N Tt ) A B

PR T SIS B A1 26 1A 2 Bk 0 5 ) s 3
WAE SID R VEE Uik I DN T A R SRR CERL T TN
piTRa i

AT SRR R 75 AL Lot IR 448 (5
TR BATRS B —E fEPTRY BUE D8 s 24T AR
SRR TR AT R R B R be i PR AL B, I
R &, AR IR 4 R

R4 SRR IMIR AL BR G R

Tab.4 Metal Content of Pollutants after Calcination and Acidification

. CIR<3:] ToHL AR AL AR
Y 2% BeRi/ Bele/
TSR b/ b/ S B S i i
AR TS S 1.029 3 0.556 1 45.97% 54. 03% 33. 86% 4.27% 0.41%
WAL B 38 0 10 22 )2 I 5 5 2 1.011 3 0.459 6 54.55% 45.45% 26.83% 4.42% 1.75%

1% 4 v SRRk Tt B RIS 4T 4 (L T UE W
DIER SRy 3 A0 B IG5 B9 A 2 1 268 B2 7
WL BAEY R, I, S TR
Rk A A Wi AR LB EE AR /)N A At
UE K SRR I A K e 28365 ol AR b ) 36
3.2 EAFITLREABMHH

(1) V5 44 R A o

HEALRI R ZMEE A2 LAY, B L)
RORFRARA 2R & 552 15 Y nfie ) i
FIRRUERT G COD,, ZBRBXT ik, 45 R AWM, R
VERTHEALFIXT COD,, Z2BR#A 30. 3% , BR Ut J5 fi 1k
FIXF COD,, 2Bk K N 37.8%, B2 ¥k I 4 Ak 7 %
COD., M EBRAEA KW B &, HohE , ik
TR JZ B & B8R B AL A 1) ok a8 ni e A 500 s e |
COD,, EBRFREARM FZHH

(2) TG YISk

R R T e iR Sk YT A A it T i Ak 3 B T
TR AT, Al KT Btk i ok g
A g H 7K MBR 727K DA S A AR S At K AT 4
R B R R 0 A T I 25 SRk 5 R

S5 RRY] I MBR Pk gk B S RARAG;
e A IR KR BB A A L, H
E , IR TE BN 2GR g | AR TR
T AR TS e ) Rk

(3) BB LI E

TR AL R s g B, AR T VR R
COD, ZBRECRE AT LIA R, XAk 500 3 1 245 591
HEAT X RS, iRXER Xt HCl NaOH 1 C,H,0, #H17
TP, a5 R R 3 K/ 4 K5k 6 i,

R5 KA ITHK PR i T R R
Tab.5 Contents of Fe, Mn lons and Turbidity in
Effluent of Each Unit

o BREsT/ BT/ g/
A FRRTTK R (mg-L™) (mg-L™) NTU
ALK 1.858 1.288 -
e ) T 103 <0.05 0. 406 2.52
B g K 0. 103 0.691 1.25
PR I 7 K R <0.05 0.672 0.23
—10 MBR =k <0.05 <0.05 0.18
F A K <0.05 0.273 -

82h w4h ®6h oO8h

JE S /(mg L)
> 88 8 2

w o

[ 0010135143152 () g101.1691.478 1.580
L sy ] o AL
HC NaOH
2y R

B3 A2 I e e T

Fig.3 Content of Fe Ions in Cleaning Solution with

[=3

Different Chemicals and Time
H1Z% 6 I, C,H,0, TEWEER A B8 W] 2 /Y
DL TEVE 4 h 5 TE e Bk RS O] B AR,
RAETVEFIR M C,H,0, W UER A 4 h,
3.3 fERIEN
BRI ] e BB PR R AR S o B, TR
BRI F e
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e2hm4he6ho8h
1.575
67 —

16

O
P
£
itz
HE 0.050  0.050
0.050 0.050
awl W s |
HCI NaOH C,H,0,
ZyFIFn

4 RI[RVZF N AL e P T
Fig.4 Content of Mn Ions in Cleaning Solution with

Different Chemicals and Time

(1) VI Ak AT e sk 8 96 3000 3 Sl Bk
B2, R AR AR A, sl Bk R 15 n i, 9k
D R DUTE ML | A RS Y B i

(2) ISR HLE R i, 15 5L AR A
SR Tt 1 S R HR s A, SRS T )2 R K Y
HEZS I Frhoileas 48 UE LU AL U A AR B 1k D8Rk
K IRUEMHEN 3~5 /R EE 1~2 d/IR, SR
vEE ik,

(3) M AR5 Ab T VeSS it 19 m B A AL
FIFRPESE B TS Ve A 4 b B0 32 75 e (A 1k 571
AT LIS B RO TR RHIE COD, B BRACK

R 6 AR IGEE TR b & Jm B &t
Tab. 6  Proportion of Metal Mass in Pollutants Washed by Different Chemicals in a Single Cleaning

HCl {515 4 NaOH 3§15 948 C,H,0, HkIs Y
YRR /h
i b B L Bk L 5 [73e1: 1 B
2 0. 64% 57.93% 0.57% 2. 40% 16.30% 61.92%
4 0.95% 66.01% 0.83% 2.40% 22.07% 63. 46%
6 1.01% 70. 53% 1.04% 2. 40% 22.58% 65.43%
8 1. 10% 75.72% 1. 12% 2. 40% 22.92% 67.79%

(4) s AT H s AT dE it . FEARAEfL
FH R Ve, PSR T 8 ~ 12
L/ (m?-s) , Jel/b i HLTE R IR AR A 530 B
4 BITHIRERRRRARSS T
PR SE U % TR T 2021 4R) ik Al

BB, s 17 0 fm) oK B UK coD, #E bR K R
SR EA BRSNS . 2021 4E 3 A—8 Aitizfr
$918] K OK B YR (B B SRR ) nsk 7
Fiis .

F % 7 Al 5K R T Rl H K OK R E

®7 UK BT A KK R bR
Tab.7 Influent and Effluent Quality Indices of WWTP during Trial Operation

H I H COD,/(mg-L™") SS/(mg-L7") TN/ (mg-L™") BA/(mg-L) TP/(mg-L™")
S KK B 332.5 234.9 18. 4 12 1.6
S H KK B 42.2 4.5 5.4 1.1 0.1
BT 7KK JE (DB 32/1072—2018) 50 12(15) 4(6) 0.5
- F 87.3% 98. 1% 70.7% 90. 8% 93.8%

AT A B T 7K AR B T 95 e 9 HE il bR oE ) (GB
18918—2002) —Z% A il Ko € i Hb X 38 B 75 7K Ak
PRI R H S T ATl 32 2K V5 Y M HE R FR {A) (DB
32/1072—2018) H# A ife

T H T 2021 4F 9 Hi#E AIERE17H, & 2022
4E 12 HRHBLHIK COD,, #br M At 75 35 4 i
O, IR H O 285115 2022 4F 1 A—12 A
KK YA, 45 50 g 8 B,

F& 8  {5/k) IERIB AT HE KK B bR
Tab. 8 Influent and Effluent Quality Indices of WWTP during Official Operation

He 5 B COD(,/(mg-L™") SS/(mg-L7") TN/(mg-L7") A/ (mg L) TP/(mg-L™")
SR B 326.5 235.2 19.0 12.8 1.5
B H KA 44.8 4.8 5.9 1.2 0.1
PN =S 86.3% 98. 0% 68.9% 90. 6% 93.3%
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AW T AT R 1596 J0/m’, Hilis
FFRAR M 0. 73 J0/m? AR AL T RREAIR
5 g

MBR -+ 5 5 3R S8 it v SOW 2L S AL A A
J T 5K SR FR & A B T 25 /b | A BEACR
Fa , KT il (OB T AK Ak BT e 1 HE bR
HEY (GB 18918—2002) — 2 A R vfE B A Hb [X I
FEGK AR PR T R S Tl AT b 322K 5 Y P HE kR
{EL) (DB 32/1072—2018 ) H 45 /™ A o 5 58 38 £ 92
1596 Jo/m’, F ¥ 27T AN 0.73 Jo/m’, XK
IG5 SR SR Ak 40T B 0 T it T Ak B e A Ak 513 ok
FE Wt AE A LI T 35 K A B HE R bR o4 v
KEFT ZHE T LA BA B R 171
PSEE3 TSN A R E IR I TR A RERE Y %
Vi S ZEDTER , I R Tl 5 7K ) $ A e i
TR,

S 3k
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