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Abstract: Moving bed biofilm reactor (MBBR) is an efficient biological nitrogen removal process,
which is one of the most popular processes in the upgrading of wastewater treatment plant ( WWTP).

Based on the continuous upgrading of a WWTP in North China, actual operational performance of AAO
and Bardenpho processes coupled with MBBR (named as MBBR-AAO process and MBBR-Bardenpho
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process, respectively) were analyzed. The nitrification capacities of MBBR-AAO and MBBR-Bardenpho
processes were 0. 158 kg/(m’ + d) and 0.208 kg/(m’ « d), respectively, which were much higher than
that of the activated sludge process. Moreover, the MBBR-Bardenpho process had a stronger impact
resistance and more stable effluent. TN concentrations in the effluent of the two processes were (20.9 +
3.8) mg/Land (7.4 £2.3) mg/L, respectively, and their removal rates were 71.4% and 88.8% ,
respectively. The TN concentration in the effluent of the MBBR-Bardenpho process could be lower than
12 mg/L, which met the quasi class IV surface water standard and had an outstanding advantage in TN
removal. The water quality analysis results along the process showed that, MBBR-Bardenpho process
could further reduce the TN concentration in the effluent of the aerobic zone by adding an anoxic zone,
which greatly improved the TN removal efficiency of the biochemical tank. Microbial communities of
suspended carriers and activated sludge were detected by high-throughput sequencing. The suspended
carriers had stronger enrichment ability for nitrifying bacteria, in which nitrifying bacteria was mainly
responsible for nitrification and their relative abundance was more than 10%. However, relative
abundance of denitrifying bacteria in activated sludge was higher than that in suspended carriers, and
they were mainly responsible for denitrification. Footprints of the MBBR-AAO and MBBR-Bardenpho
-d™") and 0. 136 m*°/(m’ - d°'

advantages of MBBR, the effluent standard can be further improved and the footprint per ton of water will

processes were 0.162 m’/( m’ ), respectively. Based on the
be further reduced. Both processes can achieve good pollutants removal efficiency, in which MBBR-AAO
is mainly applicable to WWTPs with conventional low substrate influent which meets the first level A
standard, while Bardenpho process is suitable for WWTPs with effluent requirements of quasi class [V
surface water standard and stricter standards.
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Fig.2  Comparison of COD removal efficiency between MBBR-

AAO process and MBBR-Bardenpho process
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Terrimonas/DNB |2 figfk] 0.67 3.22| 0.83 3.90
Methylotenera [ figfk| 0.66 |10.76] 0.71 |15.45

15K A TRE AL DI RE A IR A ) T B i fL IR e
J& Nitrospira ( NOB ) FI . fif 1t ¥ Ml & J&
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#  F,% .3 T MBBR # AAO F= Bardenpho T ¥ %% s R 3f b

%37 % H%TH

Nitrosomonas ( AOB) , H. /1 Nitrospira B & FE & &
PERYRE ST, BV AT LS8 R R R AU S R i 2, 4t
Pk Comammox , H oAz 4 3 AR AL, Xof K& 5 114 55 1
JIEER, TE 2 R W B B 7 36 855 b B 2L 58
BLONE 6 I 1A LLE W, R R o
Nitrospira FLA7 538 1) & JE 6 1, XK Y AAO HN
Bardenpho T. 75 8 2 7 28 AR AL 5 7, Nitrospira 1) 4H
KRS IEE] T 8. 44% F 13. 50% , 31 7 T[] 3
TEAG Y T PR TS YR AR S (AR 2 BE AL 0. 49% FiI
0.40% ) . MLANETFEHARX) Nitrosomonas B s 4 fiE
DARIER YW IR R/ A -3 Ao S ek = A L (K )
AR FREIR B T 10% DL b 3R 2 512 1 HoAt R
JH MBBR T2 5K BB Pk il 25 58, v LB
i , Nitrospira ¥4 2 il A A0 5 s , 5 06 P95 e A
FE , BRI B AR A A TR 0 5 AR BB D B0 , i AL TR A
X EE A RE A IR B TS PRI Je i 10 f5 L0 B ATk
AW A B HE— 2 UESE T MBBR X5 Ak Ak i)
YERT, A A B i Dt s $ At 1 il
F2 B BRFHREEMENFTETRPELED

A EE
Tab.2 Relative abundance of nitrifying bacteria on suspended
carrier biofilm and activated sludge in WWTPs %
5B | e I
HTETG Y | BIFEA
stk Nitrospira 2.04 28.59
Nitrosomonas 0.19 0.88
I 1 i A Nitrospira 0.01 6.96
e S Nitrosomonas 6.97 7.64
WP g k) Nitrospira 0.97 6.08
Nitrosomonas 0.15 1.35
HEE sk Nitrospira 1.09 8.51

B 6 Fige 1 af LI Y W5 e Terrimonas
FI Methylotenera 1 A8 X 3 B I & F & 1% 20 {4,
Terrimonas LE 1 P 175 Jé H (1 AH X 3= BE 45 i, 2E AR TR
AT I A 8 BRI P T U8 A R R A A TR Y
PR, T i e TS A A RE S R, B
SCREARTIRE ™ s 36 P T U8 i B I R 3 8 K
3.0% , M TE B FHRE P ARIE 1. 0% , Methylotenera
WL R %K R AR WA TUR A 5 e vh ok
FEAEAE, REAE DL IO BRI 5 T 1 T S
Jerh AR FE BERBCR, fEIA 2 10% LA L, 1 76 237
BURPAIE 1.0% o V5K B A5y £ B B A
ML P K, F A A R 5 AT BB 55 95 /K T kK & 70% 1Y

T KA O, 7T R 55 B A MU KA G, B
(LIS R 1 PR K NI =R E R i3 IR
WISl E A

5 ZFoM

1E 5 Hb J5 T : Bardenpho T. 2 5 #b 0. 136 m’/
(m® - d™"),JEAAO T2[0.162 m*/(m® - d7") 11y
84% , Z Ji L)k Bardenpho T2 (5 i sE 2, K 7 T
TR VR BRI A TE RO R AL T R G AL B AR
SCELT A AR IR A 4. BTk, R A MBBR T
2L AT D it AR e bR, ORISR T T
BrEETEK) , MBBR T 200 e B M B AR 01 H A b
(AR 2, X T A4l MBBR T.%5 8 £ (Kt
i, oI5 TR R RS ) (i K b AU S
BTG IRTE I 10% ~20% , oy B

REFE 7 T : AAO LM AEN 0. 338 kKW - b/
m’ , [fif Bardenpho T2 HLFE I 1% 5] 0. 445 kW - h/
m’ AT 0. 107 kW « h/m’ . 300 JE A 3 50 2
PR BRI, B KK b . A T 2R
LA — k) ik, B R K I RO i, i
THiE7K COD A1 TN 4351353 1 950 .80 mg/L, HAF
FER AR 1 o

ZYFETT I : 1T AR K TN YR B 5K ) 4%
TN 25% 1) CFRENTE T, IEF IGO0 T H 3480 15
t, T JE BRI LB 10 2 B B K 32 A B
Py e A AR XN BOM AR VA
6 LTE4FEVIRERME

439 A ELR JUAS J7 T & T 2 F MBBR
AAO Al Bardenpho T2 A4 5 LA B FE: -

O AbFHZL R MBBR - AAO T2 il MBBR -
Bardenpho T 25 X5 Y M35 HAT B0 1) R B 18
TN 257571, MBBR - Bardenpho T. {3, 7]
fii 7K TN YR AR T 12 mg/L HEHAL,

@ A4kt HL LT MBBR T2 8@ AL Sk 114 4
P, WA T 203 AT AR R BE R AIG i b, O FLAR A 4 o
OV T, i MR AR A8 5 A, X T el I E BT
S IR D b R R

B EfFFEH: MBBR — AAO T ¥%F TN fiy 5=
PRAKEFE I L, 25 2L R TN R BRR, 75 32 & Il 9
Lt , BEAE =y ELRG B 42 1l # X ; MBBR - Bardenpho T
ZRPEIEK BOD V& P[R9 L, [ AR, 5 R
B X TN [ 5B SR EERRIE AN, AT 45 A

JEF MBBR 1 AAO TZ2h =B T2 e,
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P il 5 B, W2 R BRSO BT, % TN K BRACR —
M, X F R BEE K, INEE TN SR 3] — 2% A bR, %
BRI Bl L, BEAE R, 38 T B B R K ) —
¢ A IKFRT57K )5 3T MBBR %) Bardenpho T.25 7%
FEBCT 2 AR il fay o, o s A R BRACR BT
X TN (9 2B AR B K 5 5 R i Ak X, 38 s 42 il o
YRR K TN W B2, w0l 2 [ K — A FRifi
BCE M RAE IV PR , 18 T KRR 3] 3 R 1
IV K UL EFRUERITS KT o

7 %

@® RH MBBR T Z 0] LS5 K ) M R54E
FH s , 52T MBBR () AAO F1 Bardenpho 1.2 %}
ZAA COD By LBRBCR Y RERR E X B E K — 2 A
FEE M RAEIV AR e, i T2 R L batsfeie )15
B4 0.158 0. 208 kg/(m® - d), Bardenpho T. %1
AR FRBE Ty S5, KK B AR E 1T B A R AT
it

@ 3T MBBR /i Bardenpho T. 2% TN ff) £
PRACH g, o] R A AL Bt /K TN fIKF 12 mg/L,
Ja B X AR, 2Rk T TN By A BR, fii A
BB TN 1y £ BR Ak 88.8%

@) T EE R B, BT A T
TR EHE R S A B, - A X FRETE 10% LU b, A
RUCPRBE T PR 250 A i R A AR R 175 TG PV
Ve SRR AR X S R R R, R AT SO AR B
R B IF ARG PETS Ve 43 B AR R T 2 & f TN 1Y
FRE B3 o

@ J:F MBBR [ AAO F11 Bardenpho T. 253
A DA el s , A . o, MBBR - AAO T
X TN L BRBE 1A IR, 322838 F T 5 HLvk B2 F
IKI)—Z% A i545Ri57K ), MBBR — Bardenpho T.Z [
TN Z:BRfeJTEcom , =2 A T /KR IR B b e v
IV R LA EFRUERTSK)
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