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Abstract Based on the reactor unstable and low nitrogen removal rate when Partial Nitritation and Anammox
(PN/A) process treat municipal wastewater, a new composite bioreactor named sequencing batch-baffled-separate
membrane bioreactor (SASMBR) was designed and manufactured. This reactor was applied to the treating of
municipal wastewater using PN/A process to explore the performance and analyze the operating costs of the
reactor. The results showed that highly efficient and stable denitrification processes had been achieved using PN/A
process in this reactor, with TN removal rate up to 80%—-85%, nitrogen removal rate (NRR) up to 0.20-0.22
kgN/(m*-d) and the effluent TN concentration was below 8 mg/L. 16SrRNA gene sequencing analysis found that
the baffles set inside the bioreactor could enrich ammonia oxidation bacteria (AOB), which ensuring a good
treating performance of the reactor. Non-woven fabrics in the SASMBR could effectively retain anaerobic
ammonium oxidizing bacteria (AnAOB), and the increasing abundance of AOB in the SASMBR could provide
anaerobic environment and NO, -N substrate for the growth of AnAOB. As such, the combination inevitably
accelerated the quick startup of the reactor and maintained its highly efficient and stable running. The operating

costs was 0.307 yuan/m® which was significantly lower than the traditional municipal wastewater treatment plants.
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Fig. 1  Structure and connection of SASMBR in PN/A process
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Table 1 Water quality of influent in partial nitritation SASMBR
NH,-N/
(mg'L™)
28~53 0.5~2.5 15~45 12~38

COD/(mg'L™") SS/(mg-L™") TN/(mgL™") pH

6.8~7.3
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Table 2 Sample numbers of partial nitritation SASMBR
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PEATIE . DO, pH, ORP I % JH 78 28 34 &
(WTW, =)W,

1.4 DNA IZEXFIE = PCR

K Fi DNA $2 B0 7] £ (Fast DNA Spin kit for
soil), XF&EANPRAF B R i B 0.2 mL ¥5 R # 17 DNA
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£3 RESHEMW SASMBR TRERES
Table 3 Sample numbers of anammox SASMBR
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kgN/(m*-d), Trojanowicz % !"51R F IFAS J2 I #% i&
17 PN/A T A4 F 3 757K, TN L BR# A 3 44%.,
E AT TAEA L, A58 R SASMBR J v # iz
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iE17 PN/A TARA SRR E M.

AT R A, 4 87~90 KiE/K NH, -N ¥ &
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95% /47, TN RERFBIRE 3 80% A 47 ML ATHI,
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A 3 S B AR TS K ATY 8K R A R AT G 45 = 1 NH, N
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Fig. 2 Total variations of NH,'-N and NO,-N, NO; -N and NH4'-N concentration removal efficiency (a) and
variations of TN concentration, removal efficiency and nitrogen removal rate (NRR) (b) in SASMBR
when treating municipal wastewater with PN/A process
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R I A W7 1% B DO N 0.4~0.6 mg/L, 5 5B SRT
H12 K. il 3(a)FiR, MRS L SASMBR A 3
BB 1~4 K, Kk NO, -NAE 1 mg/L 247, T4

5 K4i% HRT £ 12 h i, HKH NO, -N Bk B4}
SRTE 1 mg/L 247 . LiuZU7I%} SBR #H47 14 K4
SAVERALBE, R 3517 R NO, -N FH R G5 $2 71
% 95%LL |, HAFEE, NO, -NFH BRF L W 2
13.6%. Pk, ARFFAES ST BRIEE 7~14 RYE+y
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Fig. 3  Variations of NH,'-N, NO, -N and NO; -N (a) and variations of nitrite accumulation rate (b) in partial
nitritation SASMBR when treating municipal wastewater
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Fig. 4 Variations of nitrifying bacteria abundance at different periods in partial nitritation SASMBR
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V5K G, AnAOB 135 MoK 32 B K K B52 M, 4
I R IR 404 4 Ak SASMBR LA BL 4T 114 TR 46 31 455
FIA R AnAOB [ fig

FE SR BRI, 32 0F 7K NH,-N ¥ B2 S0 BRI
B2, TN 25 BR 2R TR, HH K TN WK IH
HeHFTE 10 mg/L LR, sFEMAT SR, TN ZBR%E
PRHK S 3 80% A Ay, 1 I R AR 4 4 ik SASMBR
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A T KR EETT.
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., Wang FPVLITCYi A Bk, FEF WK KT
BRE A A, KL AnAOB 1] LW Bt 1 JC 25 1 1Y
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W, SCIR A Z B TR 3. ABE5E
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i EAR, KBis T b B i E AT RAE ST
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Fig. 6 Variations of microbial community structure at different periods on genus level in anammox SASMBR
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Table 4 Power consumption cost table for the whole operation of each hydraulic retention time (HRT) in stable operation phase

B AR Bt/ ThERAW B4Rl /min FEHL /(KW -h) PM/OTRW TR Bk /m? WAR/OG-m ™)
KR 5 0.5 20 0.83 0.7 8 0.072
[ 1 0.3 80 0.40 0.7 8 0.035
BiRERAL 2 0.75 80 2.00 0.7 8 0.170
A shiEH R 5 1 0.1 180 0.30 0.7 8 0.026

BBl B S I B LA

monas W F-J& R 0.05%, K& N #4%i281T, Nitrosomo-
nas (ERTERTG AR P HEER 0.6% (A_2_1).
L1%(A 3 _DFI2.2%(A_4 1), FEZELTE; 17EH
ERTGRMAES T FEER15%A 2.2). 2.1%
(A3 2)M32%(A_4.2), FEWEL ET+. IFH,
[) s 31 B 25 2575 e 9 Nitrosomonas 5 17 T & 0%
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