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Abstract [ Objective] A wastewater treatment plant (WWTP) in a mechanical and electronics industrial park in Jiangsu Province
faced challenges including insufficient treatment capacity, complex influent composition with poor biodegradability, and non-compliant
effluent quality. Through expansion and upgrading, the treatment process of " regulation tank + high-efficiency sedimentation +
hydrolytic acidification + Bardenpho system + magnetic coagulation sedimentation + ozone catalytic oxidation + precision filtration +
combined constructed wetlands" is implemented to achieve stricter discharge standard. The main indices of effluent quality including
chemical oxygen demand (COD), 5-day biochemical oxygen demand (BOD; ), ammonia nitrogen, and total phosphorus ( TP) are
required to meet class IV standard of the Environmental Quality Standards for Surface Water ( GB 3838—2002). [ Methods] Pilot
tests verifies the feasibility of the main process: magnetic coagulation sedimentation reduced suspended solid (SS) mass concentration

to 10 mg/L while creating favorable conditions for subsequent ozone catalytic oxidation. At an ozone dosing ratio of 1.0 : 1.8, the
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integrated system achieves 65%—73% total COD removal, with magnetic coagulation contributing 8% —11% and ozone oxidation 57%—

62%. Key design parameters and operational characteristics are detailed. [ Results ]

Two-year operational data demonstrates strong

adaptability to complex industrial wastewater, particularly in refractory organic treatment. The ozone catalytic oxidation unit maintained

stable COD removal >55% for influent COD <100 mg/L. Constructed wetlands provides ecological removal rates of COD is 31.2%,

TN is 41. 6%, and 66. 7% TP. [ Conclusion ]

The physicochemical-biochemical-ecological synergy mechanism overcomes traditional

industrial wastewater treatment limitations. The innovative " high-efficiency treatment + ecological buffering" model offers technical

advancement and economic viability for industrial park wastewater management under stringent discharge requirements, demonstrating

significant environmental benefits and industry-wide promotion potential.
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Tab. 1 Original Design of Influent and Effluent Quality

Ei=L7n HEK/ (mg-L7") K/ (mg-L7h)
i H AR % & (BOD;) 350 20
b2 A B (CoD) 500 80
SS 400 70
M (TP) 8 0.5
A 45 15

2 it KKRR T ZRE
2.1 itk

KT BERR Y BB 2x10* m/d, I
(27K A S HILBOIN T K H oo A 7 I K 4
FRTEAOKBUKEAR BB E AR, WX &l R
F——E B 00 K ik = e KR K, 48
FRUE AT LB TS 4 W HE TSRS HE) (GB 21900—
2008) £ 2 #xifiE, pH, COD | SS & & %5 $ AT (75 K HE
AT R AKE K BEFRAE) (GB/T 31962—2015) , i
RIS FR IR A TR B I T E AKOK BAn i, (2%
JEEH AN AR 3 KK BUAE AR A 5 1, DR AR BT
HATK AR

AR IETT AR KTE K 0T AR AR R % T
FEZLR H 7K COD  BOD, & A TP % EZFEFRIAT
(M K IR AR EY (GB 3838—2002) IV 257K 5
HE, SA(TN) #4710 (12) mg/L A ife, HARTEIRIN
T KA BT 5 YRR E ) (GB 18918—
2002) Y —2% A HERhRE, Bei i KoK AN
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Tab.2 Design of Influent and Effluent Quality

5 AR 95% PR B 2K K 5T/ TR e v A 7K K L/ WK K T Bt KoK B
(mg-L7") (mg-L7") (mg-L7") (mg-L7")
BOD; 152 280 350 6
COD 425 511 500 30
SS 340 435 400 6
TP 4.5 7.8 8 0.3
HA 40 50 45 1.5
TN 58 72 70 10(12)

TE 35 5 WBUE KL < 12 C I Y38 B3, 355 SMEUE A /K IR > 12 °C I AYFE IR T

HPAC—R A FE A  PAM— R M Bz
1

T L

Fig. 1 Process Flow
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BRI, VA R H P HERR AT, (A5 v] LAk 2
10 45 AR LAAE i R ZE 8], COD 2% bR % ] L ik )
40% L) £

2.3.1 /MABHL

REIREEDTVE T2, #im PAC 100 mg/L, PAM
1 mg/L, &% S0 I 18] K 2 min, #4185 I )
2 min,%&@%ﬂﬂ‘l‘tﬂﬂﬂ 4 min,?ﬁﬁﬂﬂ‘l‘lﬂﬂﬂ 20 min,

SR AL T2 AR il oD KBk
60 mg/L AT, S N B A 1 b, AR5 2R
ZALTCHIIA B} B AL T
2.3.2  RERFEEM AT H AR5,

Xof ORI A 2 4, 1#2H KRR 3R F PR
i K EFT R U AL E A, 284 KA
TREEDTIE 5 EAT R A A A LIRS, 2 433K 6 4
FEAXT R 6 B BB L, 435 1.0 0 1.0,
1.0:1.2,1.0: 1.5,1.0 : 1.8.1.0 : 2.0,1.0 :
2.5, SR, Ut K K AE COD Bk N
105 mg/1.,SS Ji ¥k Bk 20 me/L, 4 W4 1R Bk DT

J&,COD Joi vk JF [ A 2 94 mg/ L, SS JFi T Mk B [
RZE 8 mg/L, XI5 R L 3 MK 2 Frs,
3 BEURFEHIN )R iR 56 S0

Tab.3 Experimental Data of Different Ozone Dosing Ratios

M5 RESIMILH  disk COD/(mg-L7')  COD ERR#
1# 1.0:1.0 83 20.95%
1.0:1.2 77 26. 67%
1.0:1.5 67 36.19%
1.0:1.8 60 42.86%
1.0:2.0 59 43.81%
1.0:2.5 58 44.76%
21 1.0: 1.0 60 36. 17%
1.0:1.2 52 44. 68%
1.0:1.5 40 57.45%
1.0:1.8 36 61.70%
1.0:2.0 36 61.70%
1.0:2.5 35 62.77%

B2 SR ] T s S

Fig. 2 Experimental Data of Different Ozone Dosing Ratios

1 F RS B AT : (1) BEIR BEDTVE REUE A7
RUBEAR SS, K SS AT LAPRBE A 2] 10 mg/L LI,
[ XT COD HA — 5 1) R BRECE , X% N 10%
Zidis (2) RESFNES COD ZERRIEM X, {1k
G I P ) (W EAIOR DI = =
TR COD [ R BR R A0 4, (025 B A B L
FFAEL1.0: 1.8 LI LS5, COD 2B R inAs 2%
RO TRE ; (3) TE A 58 AN 4T, 241K
B 2H 17K COD AN T 1440 B S ARG, AT L 3 B
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Fig.3 Experimental Data of Same Ozone Dosing Ratio

IRIRZE SRR TR EEDTTE 5 S Ak A b4l
A T AR AT H 5 7K b B %5 R 0936 A, XA
ML L BRRCRE e e, COD LR ILF] 65% ~
76% , H: v 1R Bk U YE X T COD 25 bR R AE 8% ~
11% , RAAMEIL EALRT T COD 2 HAE 57% ~62%,

LA /MR 25 3, i e R RGIR BEDTE 5 R
AL AL T2 AT B IR AL T2 A%
TN HE A 1.0 ¢ 1. 8, IEFiaf7 i A% vp il MR 5 5
PrAg i A TR
3 FEMHEYMEBRDIZ TS
3.1 AT

VAT AR Sk B4 4 s AKOK K & S Rk
ERTH A A, WIS 1.5 7 m'/d, 8BRS
FE(B) X (L) xZ (H)=44.3 mx30.3 mx8.4 m,
(ERAIHE R 12 h, REKETIE 3 &, A E &
(0)=350 m*/h,H=3.5~7.0 m,HI#%(N)= 11 kW,
W 4 6,8 HR (D)= 1.8 m,5# (r)=
57 t/min,N=3.1 kW,
3.2 JKfRER{LH

KRR AL T. 25 AT 2 55 BOD,/COD (B/C) , F&AIK
Je R AR AL BB TT I B 4T, 7K )45 B B ) 2 Ak
SR B E B R 2, X & AR Tk g K,
TEK IR A A5 BA B[R] SR 2] 12 h DL B A gk 24K
TR KRR AL R T KR R Ak Tt R TR X
EF N 0.84 m/h, KBRS BxLxH=

40.5 mx28. 5 mx8. 7 m, /K FEFEHE K 12.5 h, 3t
w6 A, BAFE M KRG NIRRL HERS,
AT 7K ZRGE R FH T ik op A K 25, B Ik v 8 91
120 s, HerR 75K I a) 2 105 s, K i E) 2 15 s,
M RGE S 6 AR LG, =125 m’/h,
H=5m,N=2.2 kW,
3.3 HE¥RMi

AW bR S BRI T2, B R
RIRMRRCR . 8 1 A RN, 2 2 4%, A i
51508 5 A, IRA W i Kol 300%, 75
Ve IR L e KR 100% , F- 3B 7K &R oK 145 i
BFE]SA 24.0 h, AROKIEHR 6.5 m, RAEIXIK )15
BAISHELA 1.5 h, %36 6 A WK FERN ; BT 4 XK
FTIEREEFRIA 6.0 h, Z%e 2 W KA ; HLA% Al
ISR XK F15= R ] A 13,0 b, J5 B4 XK F1 15 5
BFEIA 2 h, 2248 2 S KIFERR , J5 4 U XK T 45
BRI N 1 h, Akt il DASE £ 5 koK AR S b
Pk KK SR T 4% B it K K i, B ROR L EOK sk
U8 WD 2B BRAE T RAR
3.4 HWHRETUEM

R TR BEUTUE Tt AE R R I P B T R AR TR BE DT
N, #E—2 Bk SS W R B R T A2 bR, BEAS A AL
M REAR K AT ok B 2 L 4RI AR RIOR . TR 5
DU B A 2.0 J7 m’/d, 43 2 ¥ IR RN
BFE) A 2 min, 86 R S R B TE) R 2 min, 28R 5 [R] S
4 min, PUIEXREAM A 9.6 m*/(m’-h) ,FH R
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F BxL=18.0 mx16.2 m, KK 7.6 m, KHHL
Lo 45 RPN, D=7.5 m,ZKHEEH 2.5 m/s,N=
1.5 kW, HERA 1 GIREHEFES , D=1.1 m,r=
70 t/min, N=2.2 kW;1 S INEHFEAR,D=1.25 m,
r=67 r/min, N=3.0 kW; 1 G L& FEL, D =
1.85m,r=36 r/min, N=4.0 kW, H:H 75 6 [l i %
H3 GBHEELHE,2H 1 %,0=25 m/h,H=
10 m,N=4.0 kW , B85 55 .00 52 HAT #5011 By 3 2E 1
RE, BRUS A AR ZER B MR, R HE 2 B E
ML,0=10 m*/h,N=1.5 kW,
3.5 REMBUAENLIEH

FAMIL AL IE I TR R 2.0 7 m’/d,
R SF BXL=26. 4 mx22. 1 m, 251355 10 ¥, a4l
SEAEAT ., UE T P IE TR 2 FL I LA ) A 3 AR b
(ZR AR TEE AL )  HEE Sl 620~720 kg/m’ , PTE
FRA 0. 4~15.0 kN, JERHERE S 2.5 m, JEh P ] %
LRI 2 s R R R RS A, S Pk
IKVESRBE R 3~4 L/(m® «s), P ) 2 3 ~
5 min; ROPUESVEIREE K 20~30 L/ (m*-s) , ik
I K 2~3 min, 10 d SOk —ik .,

WESENL2 G, H14,0=5.0m’/min,P=
0.7 MPa,N=34.5 kW, [a] i} it & & TAHLRE JE 2% £
G0, WE 2 10 m® BYZS SURERENE R e R R
I E R ARSI 2 6,1 H 1 &, BIREE
470 kg/h,N=22.55 kW,

RARARIE 3 G RARESR, BEHE N
35 kg/h,2 FH 128, SRR LB 1.0 ¢ 1.8,
BEACRRIE# R K, B, BT Tk E KA
Bk AR, BRI AW ET 35 C, N
PREE SRR AR EBTT, RAKREMARE 2 £
BB, IV 5K 317. 8 kW, N=63.7 kW, Al E 144
IKIRE RS % 30 CLLIF,
3.6 EELIEE

K B R 2.0 0 m’/d, P iE R
SF BxL=16.9 mx11.85 m, % &K% ikss 2 &, 54
BRFEED=1.3 m, JEMFLIE N 15~20 pum, JEHEH
10m*/(m*+h), BEERMEAKE2 &, WEN
4.0 kW =N 8 m’/h, 1N 70 m,
3.7 n#ig

T2y [a] 2 4% A A 300 m®, ik E R A ALk
(PFC) \PAM | ZTR4H A RSN 4 E25 74 R 4t
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R 5 KT BRI 32 17 808 , 57K T84 i B itk 7k
FELE B RS AS S 9 1% 0, 2E 7K TP 5 43 B B 7
1 mg/L LLT, R 08 B A= ) S0 b R AR g 38 A7, TR
TR S — AT TR il TR S R A3 I R 4, 43 ) 4%
INTFAYb R X A X, B A 7E AR L R 4
P BB RIS . PRC #7245 it it 73 50Ch 40% , %
I 3 AT R b A VR R DU b, B 43
50 mg/L 130 mg/L, PAM %24 /380N 2%0, T
LRI e 5TV Tt R TR T b, B Y
1 mg/L, LIREAEZ T8RN 25% , FEHIF
AP s A X, R KRB 462 mg/L,
RN R AT BN 10% | A 858 350 i 2 e g
A 10 mg/L,

3.8 GikMtKkZEE

TG HEA TR A K 2 5 KR 60% K VLR IR Ak
BALE BT ETISEE A 3 970 kg DS/, {5 R AR
KA EEBAEIL2 6,1 1%, 3G R
360~600 kg DS/h, N=1.5 kW ; fit. & = 12 ik 45 HL Y
HERHEA R 2 6,1 1 £,0=15~52 m’/h,P=0.3
MPa,N=7.5 kW, & E{5RIHID 2 8, s lT,
PHER A RCE U 27 m’ B S R SR R AL
26,1 H 1 &, REmALN 100 m*, N=30.97 kW,
e B R REAT R 4 5,2 2 &, @ JRIRAT 2R
Q=1~13 m*/h,P=1.2 MPa,N=5.5 kW i I&4T
% 0=13~36 m*/h,P=0.3 MPa,N=5.5 kW,

3.9 BRIATIE

AR 1 B T B0 R K T S A A, B o A
DIREES /I ot % NG i < 3| E S N e S
Yy, AR T A A AT T S K T 45 B B )
49 23.5 h, BAZKEEA 7 035 m* &R KKIE R
3.5 m, BEKAM K 19597 m®, T 4 £ KIHAE
SA BT KR AT RK T IR R A S i R
AR E RN 30 kg/d, IR AR BT N
2~5 mg/L,

3.10 BXHEMIR:

AU P B AR FH 2 Rl B G 2 LR
PIE AR BURE, LR TEFRR i3 &) AL e U
PR & B, REMERE A LY B R
TR PR | REAE A RLFEAR COD R A, =aL
AR it = A 8 B /N HLJC T I Uk, i P A 1
it V5 e AT AR S5 S AT TR A, IR R AR 1~
2 4R R P A A A K DX DR R DR K
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X, HH e IRIX 5 3 AL B IX 45 A B X3 R 22 fL
AT A AR, Z2FLARAR R A [ 5 R A AR
Wt 2 ANl & 72 AR EIT, A Ab B
JER S LxBxH=6 mx6 mx4 m,FRZEE N 2 m,
I ZEE R 0.8 m, ABUKEEHA 3.5 m, A4 5 H
R 3 799. 4 m* A BIN 9 072 m’ KI5/
BFE] A 10. 89 h, & B ZFLMHAY RS 184 m,
E UHE R B, BRI 1000 kg, N, AUA
AW 600 ke,
3. 11 SRERERITH
TR [ AR, A 2R A
BAIGIAZRE ST TR /K COD A & 12 bk

FN 10% ~20% , TN F1 TP ()2 B30l LIA E] 50%
DALY Ak v R M K N 0.8 m, UK
JIEEABITEA 30 h, A 2 AR 31 930 m*, F i
fai A 0. 66 m*/(m?-d) , WHb P E 208 S, 48
KOKFA B, B 1k R B B U, T8 P i i A |
A1 5 B RE 7SR I B SR 28 1 R SE K AR YY) 5
FERE Y EE BURIAR R34 W Ak, B P 7K kA

4 BITHREBAETH
4.1 EITHRHW

TREELTIG 4 T A B Y L bR FEAG
FIBEHE, L 2023 4E 10 H 15 H ik H 7KK 5 R 1]
WK 4 Fis,

B4 KT ZBUsfrich
Fig. 4 Operation Effect of Each Process Section

F P& 4 ], R R K R Ak b RE i A Rk
Bk COD, EBRFR AT LIGAE] 209% LA L, 28K, 7K fift
RALIIE R B/C 15% ~25% 32 TFRCRE I i, R
AL AL TSN AT H YER R COD HA 3R
EBR, =K COD Bk il 88 mg/L, /K Fi kit
W 32 mg/L, EBRRIAF] 64% , HATEHXT COD

x4

MR AR LR E 9 M 31. 2% 1 40% , %F TN F1 TP
BIEBRRA 0N 41. 6%F1 66. 7%

TR, CREETT 2 2, N TIRRA
KK RS A SR 2 R HE PR M, B2 A R A 4R A
AR I 27K b o, HLRFE AR an 6 4 | 5~ &l 8
FiR,

X3 KK B

Tab.4 Average Influent and Effluent Qualities

SEXE K KB ( mg-[fl )
Ay

15K AROK B/ (mg- L)

TR A4 KK B/ (mg- L)

CcoD A TN TP CcoD A TN TP CcoD AR TN TP
2023-07 446 17 29 3.5 24 1.0 8 0.22 18 0.4 5.6 0.10
2023-08 427 18 28 3.8 28 1.1 11 0.25 17 0.5 4.5 0.08
2023-09 468 22 33 3.5 30 1.2 10 0.31 20 0.7 6.0 0.15
2023-10 401 17 35 4.9 35 1.3 12 0.3 21 0.6 7.1 0.16
2023-11 356 17 32 3.7 39 1.2 12 0.28 24 0.6 7.5 0.13
2023-12 417 16 30 2.9 36 1.5 13 0.35 26 0.8 6.9 0.18
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5 gk COD e M ERRHR

Fig. 5 Concentration and Removal Rates of COD in Influent and Effluent

6 KB B IR

Fig. 6 Concentration and Removal Rates of Ammonia Nitrogen in Influent and Effluent

B 7 Bk TN W R ik

Fig.7 Mass Concentration and Removal Rates of TN in Influent and Effluent
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B8 ik TP YR KRR

Fig. 8 Mass Concentration and Removal Rates of TP in Influent and Effluent

4.2 BITHAES

AT H Pk AL G MR 2 Oy 46.5 B
(1 B =~666.67 m*) , 41& A T3 b 5 H i B4
106 Hi, MR % R 24 670 Fi T, LA BT AN
2.609 Jo/m’ , H 255 Ak 0. 713 Jo/m’ , L 3% H
0.704 Jt/m* , N T. %% 4y 0. 244 J0/m’ . & 47 WA 4
=5 R,

®5 BIRARE
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