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Treatment efficiency and microbial community diversity in reflux
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Abstract: [Background] Biological aerated filter performs well on organic matter and ammonia nitrogen
removal, whereas exhibits bad on phosphorus removal. [Objective] To improve the phosphorus removal
efficiency of the BAF system. [Methods] The experimental group was an A/O filter, followed by a
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limestone-filling filter column. The control group was an identical one only without limestone filter. The
treatment efficiency of reflux BAF system in experimental group and control group was compared and
analyzed. Additionally, based on MPN method and high-throughput sequencing technology, the
nitrifying bacteria quantity and microbial community structure in aerobic column were also investigated.
[Results] Comparative tests showed that, compared with the BAF system without reflux, the removal
efficiency of the reflux BAF system for COD, NH,*-N, TN, and TP increased by 3.16%, 41.21%,
40.62% and 18.93%, respectively. The removal efficiency of COD, NH,-N, TN and TP in the
experimental group increased by 1.75%, 2.3%, 2.2% and 23.1%, respectively. According to the results of
high-throughput  sequencing, the abundance of Proteobacteria, Actinobacteria, Firmicutes,
Alphaproteobacteria, Betaproteobacteria, Gammaproteobacteria and Xanthomonadaceae in the aerobic
filter column of the experimental group increased by 25.2%, 4.8%, 5.5%, 7.4%, 7.3%, 12.0% and 6.6%,
respectively, compared with the control group. Meanwhile, the amount of different species between the
experimental group and the control group at the genus level was 170. [Conclusion] The removal efficiency
of TN and TP could be significantly improved by the reflux of limestone filter column. Calcium ions could
improve the removal efficiency of phosphorus by chemical precipitation, and enhance the effect of

biological phosphorus removal by improving the structure of bacteria in aerobic column.

Keywords: biological aerated filter, limestone, microbial community diversity, high-throughput sequencing
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Figure 1 Test device diagram

e 1 BEAOKAE; 20 8REIEE; 3. #EKE; 4. SunhiiEk;
5. BEEIERE; 6. WENEM:; 7. ARAIRAIEM:; 8. RIT
25 09: UEENZ; 100 HUKE; 11 RPGEE; 12: R

13: Z5 RS

Note: 1: Feed tank; 2: Peristaltic pump; 3: Sewage feed;
4: Backwash water discharge; 5: Anoxic column; 6: Aerobic
column; 7: Limestone and zeolite column; 8: Graded gravel layer;

9: Filter material layer; 10: Effluent; 11: Backflush water pipe;
12: Reflux pipe; 13: Air compressor
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Figure 2 Influence of reflux or not on pollutant removal
efficiency of BAF
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Figure 3 Influence of reflux of limestone filter column on
BAF removal
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Table 1  Nitrifying bacteria count results index

HE AEAR B BE Dilution A% H
Device Bacteria 10°10% 10 10°® 107 10 Bacteria

name count
(CFU/mL)

BAF1 Nitrosomonas 5° 5 5° 5 2% 0% 5.0x10°
Nitrobacteria 5% 5° 5% 3° 2 0' 1.4x10°
BAF2 Nitrosomonas 5° 5" 5% 5% 1 0' 3.6x10°

Nitrobacteria 5° 5% 5° 0" 4" 0°
W+ HESREER RN, FAAENIR TS (W AERR 1H)
Note: +: The culture result is positive, and there are nitrate
bacteria (nitrite bacteria)

7.5x10°

2.3 ARAEMHEEHKERN BAFHEPMENS
FEMER ST
231 WMEYMEEETL

IR BAFL RGE AN B4 BAF2 R4 I
FE AR B A W AR AS 43 3 ARid S CO #i RO, HUEE
AR IR H 100% . K36 0.5 m*/(m*h)Fis,
K 10:1, & 20, T, W, H. B J&.
Pl 2K -F, COMEAILA 7 020 4~ OTU (#¢/¥
SIFIPE IS B /M) , RO FEA LSS 5 6594~ OTU,
B HIKE FREA CO ) OTU ¥ F RO, CO K
A ff) Chaol $5%0f ACE #85ith 5T RO FEA
232 IHLEKTELEBEM S

& 4 FTH, TR0 B, ZBIBET]
(Proteobacteria) . #fF 5[ ](Bacteroidetes) ., JERE K

*2 WMEMFEEE

Table 2 Microbial richness
A OoTU T[] 9 H # J& ACE Chaol
#F B Phylum Class Order Family Genus index index
SampleOTU

name number

CO 7020 1579 153114711389 985

RO 5659 1337 131812051106 674

1571.01581
1337.71337
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W Bacteroidetes
=3 BRCI
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3 Actinobacteria
B Firmicutes
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Figure 4 Analysis of the composition of sample bacteria
at the phylum level
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Figure 5 Analysis of the composition of sample bacteria
at the class level
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Figure 6 Analysis of the composition of sample bacteria
at the family level
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Figure 7 The top 20 OTU abundance distributions under
the classification level
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Figure 8 The heatmap and cluster analysis at genus level
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AR 5 BAF2 REAFAEBCHW RS, HAR
DR DG A TR T & [ 2D A %) A T
J&Z, COD [ fifp Fl S AL S RE 14 1 JEE G 1 J 24-2°)
SIS LA B 5 X AR $h A A A A i
PRI B P X RS Y TR TS K A B R AL
A — MR 1 A H SRR AT R R A
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