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Application of Integrated Fixed Film Activated Sludge/Catalytic Ozonation Processes in
Upgrading and Reconstruction of WWTP
LIU Weigang' , ZHANG Huan™" , LIU Xin', GU Leiyan’, YANG Weihua', LIU Yingying’

(1. Water Supply Branch of Sinopec Shengli Petroleum Administration Co. , Lid. , Dongying 257000, China;
2. China Urban Construction Design & Research Institute Co. , Lid. , Beijjing 100120, China)

Abstract Dongying S wastewater treatment plant (WWTP) underwent an upgrade to comply with more stringent sewage discharge
standards. With a capacity of 20 000 m’/d, the WWTP is retrofitted with an integrated fixed film activated sludge/ozone catalytic
oxidation process. The process operation results indicate that the implementation of this novel process has significantly improved the
removal efficiency of organic matter and nitrogen. Simultaneously, C/N in the biochemical tank decreased from 5.74 to 4.53 with a
58.9% reduction in sodium acetate carbon source dosage under virtually similar influent water quality and temperature conditions. The
biochemical effluent had reductions in COD.,, ammonia nitrogen and total nitrogen from 52.2, 2.2, 14.0 mg/L before the upgrade to
42.8, 1.2, 8.7 mg/L respectively. The average COD, of the ozone catalytic oxidation effluent is measured at 20. 4 mg/L. The integrated
fixed film activated sludge system forms a dense and continuous biofilm, which includes dominant bacterial groups such as Candidatus_
competibacte and Nitrospira, ensures stable nitrogen conversion and effective organic matter removal. The dissolved organic matter
(DOM) removal efficiency in the biochemical stage increases from 32. 4% to 44. 7%, and the ozone catalytic oxidation process essentially
eliminated difficult-to-degrade organic compounds such as cresol and toluene in the biochemical effluent. Moreover, the cost of water
treatment chemicals remains essentially unchanged before and after upgrading, meeting the increased emission requirements.

Keywords integrated fixed film activated sludge catalytic ozonation dominant bacterial groups dissolved organic matter (DOM)
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Fig. 1 Process Flow before Reconstruction

1.2 JREKKBRDH

AFZEAT T EAKT ML 1 iR, hig1 ]
A TTIXRK R cOD, T H AT A (BOD,) L A
R R B &0 MRS, 24F CoD,,
4 60~400 mg/L,BOD; 4 15~ 120 mg/L, 44 B/C
BIEAM 0.29, BEAM, K Hp 0T R B 0 (e
E TR 100 mg/L) , AR FE K ik FAR T 32 5 R
%) C/NAEARAL, FEAEPE2.9~3.7,

R OAFZFEAFREIKK R
Tab.1 Raw Water Quality in Different Seasons

K BUHERR H% &

COD,/ (mg-L7") 232~400 60~350
BOD,/(mg-L™") 60~ 120 15~98
BR/ (mg L") 27~92 22~70
HME/ (mg-L7") 45~103 32~82
BB/ (mg-L7) 2.1~10.6 1.8~9.4
SS/(mg-L7") 5.3~72.4 2.9~33.6

1.3 BUSEILZ MG EE

WX A S VEKALER I 3 AR AT LA
30T SR T TE G R AR

(1) 757K AL B3k 7K BOD, ${Em i , B 25U
Pt , R HEbR o, T X K BN L BRANE R
RAEACH T A, 78 R RSO R, B A AT R
AT HEObRAE  (E A AR 24 v K bR e, 75 3
WRIRF N &, ] X s 47 A R S s

(2) 1K) Skok & D TR K, A

— 179 —



XUFENI, 5K X, X

Jike, 45

VNI A: / BAE AL AL T 25 KA B S An il R AR Vol. 43, No. 4,2024

TREEUTIE T X SS M SF A — & BBRACE (B i
PEA BT (DOM ) 38 F LA AR IR BE T 2%
HEBRAEBAR, Z R T T A5, B2 5 R4k R
BERB N &, WXE LA 2 BniE COD,, HEREEK
2 EAAETBREIEIZAR
2.1 TEERBNR

AR BR TR KK SRS O DL ) IXAT o
H, A YR SRR A T SR AT g ), Ot S A
WA T, s Al A= A A PR DL R 472 T R B A RIS i b
PRRE T, 4 1 B AIK HH 7K 45 T8 b, PR IE H 7K AR 38
br, [RIEE, HE— BT X RERE 25 RE RIS IR P i,
ZLEAN AT, R TV BEIELE T 2% AAO A4kt
HEATHCHE | PEBR A DR 48 X3 3R 20 2 ) S0k}
PER AR IR B I WA W N A1 R 2D I A Ak ; []
i, B R A AL R B T8 o — 20 LBk
Hh ) MERR A LTS G, LT RO K AR A, B
Ja T2 RBWmE 2 pis,

2wl T L
Fig.2 Process Flow after Reconstruction
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Fig.3 Layout Section of Integrated Fixed Film Activated Sludge
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Fig.4 Layout Section of Catalytic Ozonation Tank
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Fig.5 Results of Pollutant Removal before and after Reconstruction
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Fig. 6 Changes of Carbon Source Dosages and Biochemical

Tank Reaction C/N before and after Reconstruction
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Fig.7 Tree Diagram of Species Evolution in Anoxic Pools

F2  UCENESEIBBUE YRR 1K ERAR
xR (T 10)
Tab.2 Relative Abundance of Microbial Communities
under Phylum Level in Anaerobic Tanks before and

after Reconstruction ( Top 10)

i i et
FIkE BED e e
LRSS S AHXT
Proteobacteria 50. 9% Proteobacteria 62. 7%
Chloroflexi 11. 7% Chloroflexi 7.8%
Bacteroidetes 10. 7% Bacteroidetes 6. 8%
Nitrospirae 6. 4% Nitrospirae 6.7%
Acidobacteria 4. 8% Acidobacteria 3.1%
Planctomycetes 3.7% Actinobacteria 2.5%
Actinobacteria 3.4% Latescibacteria 1.8%
Gemmatimonadetes 2.5% Planctomycetes 1. 6%
Firmicutes 1.6% Epsilonbacteraeota 1. 4%
Latescibacteria 0.8% Patescibacteria 1. 4%

WroE ' 2RI % 0 A TS IR R K R &
WA PSRRI IS e R, H 5 A Bl Ak
EVGPCUIREMEA O, il & ( Nitrospira ) FIl H 57 X
B R ( Ellin6067 ) 50 JiAH X 5 B X915 21 42

F 3 s S B S WA B SR KT B
AR EBE (AT 10)
Tab.3 Relative Abundance of Microbial Communities under
Genus Level in Anaerobic Tanks before and after
Reconstruction (Top 10)

el e
JERIKF- LD . BT LD .
AHRS = BE AR
Thauera 10. 0% Candidatus_ 14. 8%
competibacter
Nitrospira 6. 4% Nitrospira 6. 7%
966-1 4.4% Ellin6067 5.7%
Candidatus_ 2.2% Thauera 4. 1%
competibacter
Ellin6067 2. 0% Methyloversatilis 3.4%
B1-7BS 1. 9% Hyphomicrobium 2. 9%
Dechloromonas 1.7% Dechloromonas 1.9%
OPB56 1.6% PLTA13 1.9%
SM1A02 1. 5% OLB14 1. 9%
OM190 1. 4% Latescibacteria 1.8%

i, FOAT R B AR A B 3R S A A R A R 1, B
RFEALRCR ; B )T R & ( Thauera) | 224K 4 &
( Hyphomicrobium ) FlJit 5 *A-f & J& ( Dechloromonas)
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Fig. 8 Species Evolution Tree of Aerobic Pool

R4 UGG R AR BUE W R TR BB
IS (R 10)
Tab.4 Relative Abundance of Microbial Communities under
Phylum Level in Aerobic Tanks before and after
Reconstruction (Top 10)

pleciil W

Pk e kT o

AR 2 AR 2
Proteobacteria 56. 3% Proteobacteria 53.6%
Bacteroidetes 11.9% Nitrospirae 16. 1%
Nitrospirae 5. 4% Chloroflexi 5.3%
Patescibacteria 5.2% Planctomycetes 4.9%
Chloroflexi 5.1% Bacteroidetes 4. 6%
Planctomycetes 3.9% Actinobacteria 3.5%
Acidobacteria 2.5% Patescibacteria 2.9%
Actinobacteria 1.5% Acidobacteria 2.5%
Gemmatimonadetes 1. 4% Gemmatimonadetes 1. 6%
Latescibacteria 1.3% Firmicutes 1. 4%
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F 5 BOEHE T A RUE YRR TE B KT L
FHXFEE (R 10)
Tab.5 Relative Abundance of Microbial Communities at
Genus Level in Aerobic Tanks before and after

Reconstruction (Top 10)

I Hi Lieaie
AT A?;"'»'JIEE% BT Afr“ﬁléE%
AR B AR = BE
Methylotenera 6.5% Nitrospira 16. 1%
Nitrospira 5. 4% Methylotenera 2.7%
Thauera 3.8% Hyphomicrobium 2.6%
Denitratisoma 3.2% OM190 2. 4%
B1-7BS 2.3% Denitromonas 2.0%
OM190 2.1% Azoarcus 1.5%
Ellin6067 1.9% Nitrosomonas 1.3%
WS6_( Dojkabacteria ) 1. 8% Subgroup_10 1.3%
Candidatus_ 1.3% OLB14 1.2%
kaiserbacteria
Denitromonas 1.3% Candidatus_ 1.1%
kaiserbacteria
3.3 EREANMTUSH
YO 4 5 A T IR B/

E. =(220~250) nm/ (280 ~330) nm | [ Hy 2 5 1
FEHe e, FEE AR ; | X[ E/E, = (220~
250) nm/ (330 ~ 380) nm ] 11§ & 7~ 25 (0 S TR ) I
WX E/E, =(220~250) nm/ (380 ~550) nm | 3%
ARKE B, VX[ E/E, = (250 ~ 400) nm/
(280~380) nm | WY IERREE A AU, 8 T i
PRSI AR P2 5 VKSR [E/E, = (250 ~ 400)
400
380
360
340
320

300

E /nm

280
260
240
220
200

200 250 300 350 400 450 500 550
E /om

(a)JF7K

nm/ (380~550) nm | KA

(b)) BRI GHOKRREA 1S 000£#A120 000 )
B9 iSRS MG S s 5 A R SEM R AE
Fig.9 SEM Characterization of Pre Reconstruction

Activated Sludge and Post Reconstruction Biological Filler
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