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Abstract: [Objective] In order to investigate the influence of Mn®" on the removal efficiency and
microbial community diversity of A/O-BAF system, the removal efficiency of Anoxic and Aerobic
Biological Aerated Filter were analyzed under different concentration of Mn*" at 15 °C. [Methods]
Manganese ions were added into the influent water to investigate the change of reactor treatment efficiency
under the temperature of 15 °C, hydraulic load 0.50 m*/(m*-h), gas water conditions than 10:1. The BAF
biofilm samples were analyzed by high-throughput sequencing. [Results] The results showed that the
removal efficiency of COD, NH,"-N, TN and TP in Anoxic and Aerobic Biological Aerated Filter under
concentration of 2.0 mg/L Mn>" were increased by 3.51%, 2.21%, 6.26% and 12.13%. Under the
concentration of 4.0 mg/L Mn”", the removal efficiency of COD, NH,"-N, TN and TP were increased by
4.24%, 1.92%, 7.75% and 10.73%, respectively. The number of denitrifying bacteria and Nitrobacteria
increased significantly, and the number of Nitrosomonas decreased. The number and activity of biofilms
also increased. The results of high-throughput sequencing showed that the community diversity increased
significantly under 2.0 mg/L and 4.0 mg/L Mn*", and the number of OTU samples increased from 4 430 to
5 659 and 5 556. The relative abundance of Proteobacteria, Firmicutes, Xanthomonas, Rhodocyclaceae,
Comamonadacea, Comamonas, Aedonia, Denitratisoma, Sulfuritalea and Thermomonas increased in
BAF. The relative abundance of some microorganisms, such as Denitratisoma, Sulfuritalea, and
Thermomonas, decreases with higher concentrations of manganese ions. The relative abundance of
Nitrosospira and Nitrospirae decreased under the action of manganese ions. [Conclusion] Manganese ion
can improve the removal effect of pollutants in the Anoxic and Aerobic Biological Aerated Filter mainly
by promoting the nitrification and denitrification and the growth of phosphorus removing microorganisms
at 15 °C, but the promotion effect on nitrification is not obvious. Nitrosomonas are more susceptible to the

toxic effects of manganese ions.

Keywords: sewage treatment; anoxic and aerobic biological aerated filter; manganese ion; bacterial
community structure
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Figure 1 Schematic diagram of A/O-BAF system.
1: feed tank; 2: peristaltic pump; 3: air compressor;
4: anaerobic filter column; 5: BAF filter column; 6:
retainer layer; 7: filter material layer; 8: backflush
pump; 9: the reflux pump; 10: effluent; 11: reflux
pipe; 12: backflush water pipe; 13: air pipe; 14:
backflush drain pipe.
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Figure 2 Removal effect of BAF under the action of manganese ions. A: COD removal efficiency; B:

NH, " -N removal efficiency; C: Nitrate nitrogen and nitrite nitrogen of effluent; D: TN removal efficiency; E:
TP removal efficiency.
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A1 2B ATAL, AR TN LBRERE 2T+
TR F A LBREFCR AT . X UL Mn* 3%
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AR TREEER AR, TTEE & RO A A4
BRBERFCRUS™ S —J5 i, Mo FEK A )
A AL W) (Mn,Os 55 A8 38 1o Wt f 2 &5 55 2
PP ERAL A Ve I BRBERY . BEZE Mn® VR JE (34
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T Mo 12 K R o 285 5 R 24 357K Min®
W N 1.0, 2.0, 4.0 mg/L if, AO-BAF #%ifa
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Figure 3 The manganese ion concentration at each
stage.
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x1 HMEITHER

Table 1 Counting results of denitrifying bacteria

Bacteria name Mn®*/(mg/L) 107  10*  10°  10°° 107 10®  Bacteria count/(CFU/mL)
Nitrobacteria 0 5t 5t 5" 2% 0 0 5.0x10°
1.0 5t 5t 5% 4* 1" 0 1.7x10°
2.0 5t 5t 5% 2" 3" 1" 1.5%10°
4.0 5t 5t 5% 4* 0 0 1.0x10°
Nitrosomonas 0 5" 5" 5" 2% 1" 0 7.0x10°
1.0 5 5 5% 2" 2" 0 9.5x10°
2.0 5 5 5% 2" 0 0 5.0x10°
4.0 5 5 5% 1" 1" 0 4.5%x10°
Denitrification 2.0 5 5t 3+ 1" 0 0 1.1x10°
4.0 5 5 5% 3" 3" 1" 2.1x10°
=~ a Q €W ey T sl L, 23 8r
BCiAT B B B, {FLSE 6 2 0l TR 1 00k ) = ) [ BAF-1 EEIBAF-2
FE 2.0 £%, ASHR E ECE A X BR 2] R A - I
T e e e . o = 61
BB RO AL RO BEE Mn® U 5 19 #2555 g
S b N ~, 5 I
TR AR T UL B, Mn® A 2
AR I T RS20 149 2K 5T 42 5 £,
2 2 D 2 ey s s E I
ARG RS AL RSB A SO, (RS R o i A K =
5 5 A |
232 BAF HRNAEYRESIHEE 0
@4@?%%4.0 mg/LMn%WE_FBAFHEV\] 0 cm 55 cm 110 cm

H B 0. 55, 110 cm AbIEUREF 10 A W) B it
BRI ELE R o AT ILPI SR %, BAF-1 B4 BAF HREMBES R

FIH BAF-2 & 38406 45 P T Sy Figure 4 The biomass SOUR of BAF column.
MER SOUR AR AR L5 i 5 A %P B 52

45 FAREAL, SOUR JRil iR % Alk— gjﬁ_ —IBATL EBAR-2
(S REEFE I S P 5y TTC 2 ool
SEE AR, MR B T W4 o
AR TR, WE B ARG, KIE, SOUR £
BB A A2 AN AR Y, T T 4 2 "0
BT BAF I 1 W AT (AR T 2 000
233 BAFHAEMES g 0002
] 5 PR Ay M e 4.0 mg/L A4 R e

BAF #HH BT 0. 55, 110 cm Ab3ER
WA R R E SR . EYBEIEAE BAF BN ms BAFHKAMES
5 | I =SB < I~ O 2 R g P [V - Figure 5 The biomass of BAF column.
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BAF-1 1 BAF-2 H EMMi T 0 cm &b pyA4= Y&t
BRI, {HJE BAF-1 H i F 55 cm #1110 cm
b 3EORE T A W) Bt BAF-2 4 il =
0.002 9 gVSS/g 1 0.003 3 gVSS/g, ¥Rt
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EPSU), AT fin e 2 4 S 1y W, A R Ak
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Py A wE AR HZ A BB
2.4.1 [15EKET BAF #ERRE B E AN
WK 6 Fon, 3 MR FE ARG
I'1 A A8 & W '] (Proteobacteria) . 4 ¥F 1 I']
(Bacteroidetes) . TR¥T il 1(Acidobacteria) . 1%%F

Table 2 Index of microbial community richness and diversity
Sample OTU ACE Simp son Shannon Phylum Class Order Family Genus
name number index index index
RO15 4 430 1053 0.894 6.61 1034 944 868 508
MO215 5659 1324 0.981 8.22 1299 1207 1108 672
MO415 5556 1297 0.903 7.13 1269 1192 1 090 674
100 B Other W 1] (Planctomycetes) 1 fid b 12 Jig W I']
52}135};10[%1&&‘[& (Nitl’OSp irae) ° Mn** /ﬁE Ly /E 2 _l% l‘j
B Spirochaetae (Proteobacteria) i M F %F 3= B e & 19 A #5d
80 -Actlnobaczferla _ s . . s
=Z§rruf0mlcmbla ﬂ:‘ , Eﬂé@l]%*ﬁ#ﬂﬂ‘]ﬁé&lﬁﬁéﬂﬂ@ ,
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B 4cidobacteria TE V5 KAk B3 i A X A5 AL 40 A it R g R e L
[ [€ d
ti 1 S s
W micutes - VEFAPEL 2.0 mg/L Mo fE RS B IR
o 60 Chl j =i N +3 2
: B oroflexi BEARTHR NI, W 24.9%, BEZ Mn? k) 4k
E =g;l;’z‘z%2?feria Zetahn, AW ] (Proteobacteria) M Xt = FE 12
2 . FHAEFF ;2.0 mg/L 1 4.0 mg/L Mn* fEfF
3 JELBE B T RILR BT T7EAE A MO415 Fl MO215
R T ROLS, JEREGE AU T H
2 HIRAYY R TIRE, EBCER AT 52 41 1R
REMEBR 85 M YEFI T EEA MO415
MO215 " ASAL IR TE I | ] (Nitrospirae) i =F & #
Fb ROL1S ¥4 Frgi> . Mn® 5 R A= ¢ B ep HL

ROI5S  MO215 MO415
Bl6 [IKFTHEMBZFANS

Figure 6 Analysis of the composition of sample
bacteria at the phylum level.
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Figure 7 Analysis of the composition of sample
bacteria at the family level.
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Figure 8 Heatmap and clustering tree analysis of dominant genera.
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