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Abstract; ‘We cultivated simultaneous partial nitrification, anaerobic ammonium oxidizing ( ANAMMOX ), and denitratation granular sludge in a novel air-lift internal
circulation reactor using low C/N wastewater as the substrate and ANAMMOX sludge matched with ordinary activated sludge as the inoculum. The results showed that the
mature and stable granular sludge could be cultivated after 225 d of continuous operation, and the total nitrogen removal rate was as high as 91. 4%. Compared with flocculated
sludge, the ANAMMOX activity in the granular sludge increased significantly, and the ANAMMOX activity was highest among the four nitrogen removal processes followed by
partial nitrification, and the specific denitratation activity was 2. 1-times higher than the specific nitrite reduction activity. High-throughput sequencing results showed that the
dominant bacteria in partial nitrification and ANAMMOX were Nitrosomonas and Candidatus _Brocadia, respectively, compared to flocculated sludge, with abundances
increasing to 0. 70% and 0. 57%, respectively. Thauera may also be the potential dominant bacteria for denitratation, with an abundance of up to 0. 26%. RT-qPCR analysis
showed that compared to the inoculation stage, the transcript levels of the amoA and hao genes for partial nitrification increased 3. 5-and 1. 5-fold, respectively, and the
transcript levels of the hzsA gene for ANAMMOX increased 2. 1-fold. During denitrataion, the overall abundance of napA and narG transcript levels was 4. 8-times higher than
that of nirK and nirS. The results of this study provide new insights for the treatment of low C/N wastewater.

Key words: granular sludge; partial nitrification; ANAMMOX; denitratation; structure of microbial community
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Fig. 1 Schematic diagram of the novel air-lift

internal circulation reactor
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# 4, K dk | W /g | /mg-L! ik ok
> ! B 93‘f|6 663 __‘,',J 9.3 f/ﬂ' 138 T 300.0 4<1.0 15.3
ull ¥y ' 83 4 Ldis"y/,/f 21.9 300.0 <1.0 17.6
/64 f.',-*'-:“ 9245 54.6 9.2 8.0 300. 0 <1.0 22.4
8 N 9574 50.3 10.9 7.1 300. 0 <1.0 28.4

10" 98.5 42.2 17.1 6.8 300. 0 <1.0 32.9

12 98.9 42.5 4.7 17.3 300. 0 <1.0 35.3

14 98.2 19.6 4.3 19.2 300. 0 <1.0 56.0

16 97.7 7.7 8.6 10.2 300. 0 <1.0 72.6

18 98.3 5.8 5.1 0.6 300. 0 <1.0 88.2

20 100. 4 6.5 3.5 0.3 300. 0 <1.0 90. 0

22 96.7 6.5 2.7 1.0 300. 0 <1.0 89.2

24 9%. 1 8.3 0.9 0.3 300. 0 <1.0 90. 4

26 96. 5 5.7 0.5 0.1 300.0 <1.0 93. 4

28 97.7 7.9 1.1 0.1 300. 0 <1.0 90. 6

30 99.0 2.2 0.3 0.2 300. 0 <1.0 97.3

32 99.0 7.1 0.6 0.1 300. 0 <1.0 9.6

34 98.6 4.6 0.1 0.4 300. 0 <1.0 9.8

£3 LEAERREEH SRR
Table 3~ Comparisons of different reactors in nitrogen removal performance and COD removal performance

) Es/ et SR A" TN JBRF/ % COD £BRH/% 3k
1 2RI ALR + CSTR 81.3 — [32]
2 U5 R SBR 86. 1 77.0 [33]
3 A MBBR + MBBR 82.0 >82.0 [34]
4 LRIV + A SBR + SBR 91.2 >40.0 [35]
5 A 5 )8 ALR 71.8 — [36]
6 RS )8 ALMR 91.4 ~100 NG

1) ALR (airlift reactor) Fn S F+3 LW %%, CSTR( continuous stirred tank reactor) 3678 5¢ 24 1% 2230 IV #% , MBBR ( moving bed biofilm reactor)
TR BN IR A W I v 2% , ALMR (airlift inter-circulation modified reactor) 7~ %S F+20 B PG S 4%
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ﬁ%ﬂclﬂv\ﬁlT %fﬁﬂ%ﬁfﬂﬁﬁﬁ?,
Candidatus_Brocadia H AN I PR 40 48 fai o
IIEAT 340 0| AR (0. 019% ) R B
(0.002% ) , HAEB B T i S BE R I 220. 59% .

R4 RERETIRPEHRSEAN(BKTE)

Table 4 Bacterial abundance in the reactor( genus level )

. FHE/ %
I & -

R BrEe 1 (65 d) MBIl (225 d)
y-Proteobacteria Thiothrix <0.001 <0.001 41. 11
y-Proteobacteria Pseudomonas 39.01 3.58 2.09
B-Proteobacteria Denitratisoma 0. 002 1.30 4.70
B-Proteobacteria Thauera 0.85 5.82 0.26
B-Proteobacteria Nitrosomonas 0.13 2.06 0.70
B-Proteobacteria Candidatus_Nitrotoga 0.00 0.41 0.91
y-Proteobacteria Acinetobacter 0.01 0.33 0.53
B-Proteobacteria Comamonas 0.57 0.27 0.05
a-Proteobacteria Paracoccus 0.002 0. 00 0. 37
Planctomycetes Candidatus_Brocadia 0.01 0. 002 0.59
Planctomycetes SMI1A02 6. 86 0.02 0.19
Planctomycetes norank_c_OM190 0.22 1.72 0.25
Chloroflexi OLBI5 2.92 0.02 0. 002
Chloroflexi OLBI3 0.11 0.54 0.40
Chloroflexi norank_ f~Anaerolineaceae 0. 40 0.19 0.16
Bacteroidetes OLBS 0.00 26.29 0.76
Bacteroidetes norank_o_OPB56 0.12 0.82 3.81
Bacteroidetes norank_ f_Saprospiraceae 0.01 0.98 1. 11
Bacteroidetes norank_ f~Chitinophagaceae 0.003 0.29 2.00
Bacteroidetes Lewinella 0. 00 0. 08 1.08
Bacteroidetes Flavobacterium 0. 00 0.54 0.17
Nitrospirae Nitrospira 0.37 0.01 0.04
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