% A5 55 4 AR5 R I AEFROP XD Vol. 45 No. 4
2023 % 8 A Journal of Civil and Environmental Engineering Aug. 2023

D
Tk A5 (F R IR %) 47 12 A OSID: :!‘* s

DOI: 10. 11835/j. issn. 2096-6717. 2021. 124 &

il A0 JURE OR8] 38 TS 7 P IS S g i K b BE T E

SFEE R R B, X G
(ZHKRF FRBEEZATRFR, LH 40 212013)

i B ABRGFRAEER ARNDPeBREALSEDANNER T REYER S, @iT 5k
HAR-HERGF KIER B ANAA A DAY BELE T XERASFAR, 8L T HERTRAEBRER
IEHEHRERAE, FRAXEILRCODFRA. ZILELTERE  ERANRGER),FRE
A o Bk A ik, R AR (GAOs) ¥ A M R #40 h fe M R £ A8 (PHAS) , 3 & R 7
K ey NH, -N, A3 RN B (HEK), B3 RBEE AHALEH o LA E 6 L RAERA 3535 5 B M6
NH, -N#WULARA MEFEVRFRDIERERAARLE, W oBEE T REDBERE BAEFRTF
ThBEAGTR,EFHXRE-FAXEEBAEXNT,2ANARD R ; KHPiEIT P 5K COD,
NH, -N#fe TN &R 55 4 87% .83% #283% , B b R P A h Al AR, K MiEHFE R BN A
# B # A VA Thauera . Candidatus competitivebacter . Nitrospira 28 8 & A £, €M% & R COD #= it
REGREEMAED .

KPR B R AR %9 e B RAEH (GAOs) ; R#Z K Iw 8 (PHAS)

RE SRS :X703.1 MERARERD A X E4HE:2096-6717(2023)04-0192-09

Non-aeration wastewater treatment process using
zeolite particle based fixed-bed biofilm bioreactor

GUO Qiyi, CHENG Liang, LI Qiming, WU Xiangyang
(School of the Environment and Safety Engineering, Jiangsu University, Zhenjiang 212013, Jiangsu, P. R. China)

Abstract: In order to reduce the energy consumption of sewage treatment, this study uses zeolite particles as
biological fillers to build a fixed-bed biofilm reactor, and the biofilm on the filler surface in the reactor is placed
in an alternating anaerobic-aerobic environment through the sequential batch water-drainage method. It avoids
the large amount of energy consumption required by the traditional sewage treatment aeration process, and
effectively removes COD and denitrification at the same time. The main principle of the process is that in the
anaerobic stage (influent), the sewage is in contact with the biofilm and zeolite particles, and the glycan bacteria
(GAOs) convert the organic carbon source into intracellular polyhydroxyalkanoates (PHAs), and the zeolite

absorbs NH,'-N in the sewage. In the aerobic stage (drainage), the combined action of glycan bacteria,
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nitrifying bacteria and denitrifying bacteria converts the NH, -N adsorbed by the zeolite into nitrogen, so that

the biofilm and zeolite particles can be regenerated. The zeolite particle fixed-bed biofilm reactor uses activated

sludge as the inoculation sludge. Under the sequential batch anaerobic-aerobic alternate operation mode, it

successfully started within 2 weeks; in the long-term operation, removal of COD, NH, -N and TN rate in

sewage was 87% , 83% and 83%, respectively, and no nitrate nitrogen was detected in the effluent; after long-

term operation, the biofilm flora in the reactor was dominated by Thaurea, Candidatus competitivebacter , and

Nitrospira. They are the key microorganisms for COD removal and denitrification.

Keywords: fixed-bed biofilm reactor; zeolite particles; glycogen accumulating organisms (GAOs); poly-

hydroxyalkanoates (PHASs)
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Table 1 Composition of artificial wastewater (trace

elements included)

DL K A mrﬁi (D& ST S3(T % ng
(mgL™ ") (mgL.™ ")
CH,COONa 660 L R (EDTA) 15
NH,CI 160 ZnS0,7TH,0 0.43
NaHCO, 125 CoCly*6H,0 0.24
KH,PO, 44 MnCl,+4H,0 0.99
MgSO,+7H,0 25 CuSO,*5H,0 0.25
CaCl,2H,0 300 NaMoO,+2H,0 0.22
FeSO,-7H,0 6.25 NiCl+6H,0 0.19
17 B: 50 NaSeO,*H,0 0.21
R JC R I 1 H,BO, 0.014
NaW0,-2H,0 0.05
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Fig.1 Schematic diagram of bioreactor and

treatment procedure
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Fig. 2 Removal of COD and ammonia nitrogen by

fixed biofilm reactor
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Fig. 4 Production of nitrogen and consumption of oxygen

during the aerobic phase of bioreactor

P50 B A B e (R A L) o BF AR N AW AR
B S A A 3k A AT U PR A R e AR v R R
1 A2 Ak, H A A5 A= W N AE AR BRI B
Stewart 25" Hl Cooney ZE5 A Hy , 78 A= W) I N 175~
220 pm (A2 W) B85l R TR N IR B ) b /A B 458
EWIHFE
2.4 EYERNFRE-FEEMAPHAs TN
A B K B, 98 PR B A Y PHASs e 48
B  BR, R T figt S0 i AN TR 32 A 7 B B (R -
U0 AR W N PHAS 9284k 65 A= 9 Bk 47 95 1
B, K 5(a) b B e T IR AR B4
RO ) A= W g 5 &L S5 R R AR AN A
B I 0 2 e i PN i Ok . & 5 (h) iy Rl — it A
FEE G 20 B B 45 R A e 1R, 5 R R A R
PUAFAEPE YL 0 X — AR fLUE 5 1 IR 48 B B A ) i
4 N PHAs 19 R, HAE 2830 47 A B Bt )5 PHAS
B A 4 2K o 3X — & L5 Hossain 58571 WL 58 25 5 —
0, WA T AE Y N RBE R GAOs FIFATE

(a) REFIEL6h

A

2
RS é‘

\
‘;.

(b) A=Wy fe % Ze g 18 h
T B AR R IR A B PHAS
5 EYMBEFARBMBEILREE

Fig.5 Staining pattern with Sudan black B and safranine

R T AR KR JE I R PH A R A d5e K (E/
e /IME 78 IR 480 B 45 3R S B 485 SR 43 i BCAE )
JRECIR A A5 R B A I RS B A) & A
Yy R N PHB (PHASs 1y — ) FUOBE J5 ) & &, 45 21 W



g\

%4

FEE,F . hoHEAHE T RAEYR B LT RALE LD 197

F 2, MR B R, IR W B 45 BT 0 2% A= 9
JEE L N PHB 5 5 W] W i 747 480 Be 45 R, b I 15 i
() 78 Al B A 2, X 5 Wei 2245 1 i GAOs 41
JitL P PHA s R Ji 114 25 £k R AH ]

*2 REBEYEMANPHBMERMNEE
Table 2 PHB and glycogen contents in biofilm of the

bioreactor
FE S PHB/(mgg ") BEIE/(mgeg 1)
A UREZER) 7.07+0. 39 0
A hF 450 1.65+0. 10 4.62-+0.16
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Fig. 6 Removal effect of COD and ammonia nitrogen
under long-term operation condition of fixed-bed

biofilm reactor
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Fig.7 The relative abundance of OTUs in genera classification
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