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Abstract: The anammox autotrophic denitrification process has distinctly low-carbon characteristics,
and the addition of carriers to form biofilm is a common strategy for achieving anammox in mainstream

municipal wastewater. However, relatively few studies have been conducted on the evolution of the
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microbial community structure and functions during anammox biofilm formation under low-
temperature and low-substrate conditions. Therefore, in this study, an anammox sludge-biofilm system
was first established under low-substrate conditions with NH;-N of (32.6 + 2.4) mg/L and NO,-N of
(43.9 £ 1.9) mg/L. The evolution of microbial community structure and functions during the formation
of anammox biofilm was thoroughly investigated. The results showed that anammox biofilms could
form in about 20 days under low-substrate concentrations, and the total nitrogen removal efficiency of
the reaction system could be maintained at 67.1% + 2.5%. The addition of carriers provided a diverse
ecological niche for the anammox sludge and significantly increased the species richness and diversity
of the sludge-biofilm system. The addition of carriers also played a selective role in the anammox
bacterial community. The relative abundance of the filamentous Chloroflexi, which served as a
structural skeleton, decreased from 20.9% in the seed sludge to 18.6%. In contrast, the relative
abundances of norank f norank o _norank ¢ WWE3 and norank f AKYH767 increased
significantly from 1.9% and 0 to 13.8% and 7.6%, respectively. The results of B-nearest taxon index
also demonstrated that the low-substrate conditions and the addition of carriers increased the role of
homogeneous selection in the process of microbial community construction. In addition, the formation
of biofilm enhanced the metabolic functions of anammox communities related to cell growth, such as
amino acid metabolism, translation, replication and repair, nucleotide metabolism, and cell growth and
death. At the same time, it also strengthened ecological functions such as denitrification, nitrate
respiration, nitrate reduction, and processes related to the carbon cycle. However, metabolic functions
such as energy metabolism, membrane transport and signal transduction related to information

exchange, as well as nitrogen respiration, nitrite respiration, anammox function, and ecological
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functions related to the sulfur cycle, were significantly reduced.

Keywords: Anammox; Biofilm; Municipal wastewater; Community structure; Community

function
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Fig. 1 Schematic diagram of the SBBR
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Fig. 2 Macrograph of blank carriers (a) and

carriers on day 30 (b)
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SN A E R Anammox 75 U8 2 TR T 5 20
K135 A7 00 18 M T K 5 T8 AR R O A, 4 R
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FL R0 5 BN A% TR B W A U A o B 4 o AR
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AR 5 AR N T BE 1 () TE AL A B T5 K,
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mg/L, HAth 32 B I 4 R 0 2R AR WL A3
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Table 1 Main components of synthetic wastewater

FEERBS (gL | BlTRRAR (gL )
NH,CI 0.115 Na,EDTA 7.500
NaNO, 0.197 H;BO, 0.035

NaHCO;, 1.000 ZnSO, 7TH,0 1.075
KH,PO, 0.025 CuS0,5H,0 0.625
CaCl, 0.300 MnCl, 4H,0 0.495
MgSO0, 7H,0 0.300 NaMoO,-2H,0 0.550
FeSO, 7H,0 0.015 CoCl,6H,0 0.600
Na,EDTA 0.020 NiCl,'6H,0 0475

1.3 ®iERSFHE

R, B H OGSO A K BRURE O 38 i —
UAE L IE 25 (0.45 um) 33 3E, /K A 7P NH] N,
NO; -N FINO; -N ¥ Ji 5% H [ S8 br o 7 ik A7
SEN SRR I MOULE 5 SR PR B e 1 A T 00
W Al Soagn R 15 P AE i 5.0 KBk o,
TRAEAE-80 °C FREEH 4 . R A DNA PR BGA
#|£; FastDNA" SPIN Kit for Soil( MP Biomedicals,
FEE) X5 IR AR Y DNA P4 T 8RR, 25 £ 41 5 1Y)
i 514 338F( 5'-ACTCCTACGGGAGGCAGC
AG-3') il 806R( 5'-GGACTACHVGGGTWTCTA
AT-3")%F DNA #4471 16S rDNA | V3-V4 X iEfT
P44, SR H Numina F- 5 X579 3= P4 70 7504

2 #HRE5IFE

2.1 KHIETHR

S % FEAR B faf 21T 42 d, K NH-N
We M (32.6 + 2.4) mg/L, NO;-N #k i Jy (43.9 +
1.9)mg/L, B A i NLR 2y 0.23 kg N/(m’-d) .,
P 3 7N, I 2 o0 R0 A5 SR 2 Ay S e 48 I /K
W sh, JE R R K AR AE o

TERTIHERE R BE(1~17 d), 207 2% K NH; -N
e i 2 W AR OT AR E 7E(15.2 + 2.9) mg/L, 17K
NO; -N i B IR A AR 80 (7.3 £3.5) mg/L,
7K NO; -N ¥ B % #7 I T+ I 58 5 78 (30.1 = 3.1)
mg/L. 5 Z AR, S 45 NH; -N 2 B2 % i 1-
Tt I Fa EAE 53.1% £ 9.2%, NO;-N % [ K Hh &
YEFEAE 83.4% + 8.1% MY K, BA LB &
(Nitrogen Removal Efficiency, NRE) & 32.9% =+
9.8%. MJ7{#H Anammox P TR AR, A0 58
I B FE ) Anammox UKL {5 JeFTHUE H FHAP
— 7 T ORI e d T R R AT A BB A
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Fig.3 Long-term nitrogen removal performance
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Table 2 Microbial community diversity and

richness indices

\ ERERESR R E B
R

Shannon Simpson Chao Ace
A 2.42 0.428 203 202
TR 3.12 0.159 281 281

Shannon & % Fil Simpson $5 B2 fif & i A= W)
T B 2 FE P A 45 b5: Shannon $8 5 K, Simpson
Fekt/ N, iR pe e, AKX H, Shannon
e ECR BE>Fh e, Simpson 5 AR A <Fiie, X B
&R IS I m T AR VR 2 HEPE . Chao
TR Ace $580n] H T s iU AE MRV 0 B R
Ji, HARBOK, Byl b R w1 AR b, R
JERE B4 Y Chao $8%UHT Ace 65X . /& T Fh ke,
FUIEDR A I i T RUE R S R, H
B, BT LA A A P A K ) i B S Z A PR
AL, X AT RE R AEARIE AR 2544~ Anammox
TR AP 2 BE RS A E 227K . Anammox
HEVR ZAEPE R 6 B R 3N, e 2 AR i TR o
SR SO i ) e O T A

Kl 4 Jé7 1 A e R il vh o 845 5ot
(Operational Taxonomic Units, OTU) ) 22 57 4 .
2 4HREE R ILA 1 OTU M 106, 245 & OTU(191)
(1) 55.5%, Vi WA= ) BT 1 ik 72 vh G0 A ) B 7 46
T A B A AR Ak o e AT e B A S A A Y
OTU 4350 17 F01 68, 435115 & OTU #Y 8.9%
1 35.6%, A7 OTU I [ W25 4R i v sl A i A
e AN 22 etk . R TP A ) OTU LE A AI,

17 106 68
(8.9%)  (55.5%) (35.6%)

B4 ETFOTUKFEMRMEDNEE Venn E

Fig. 4 Venn diagram of microbial community based on

OTU level
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Fig. 5 Relative abundance of microbial community at the

phylum level
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Fig. 6 Relative abundance of microbial community at the

genus level
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Fig. 9 Functional prediction based on FAPROTAX
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