hEIRIE RS 2025,45(4): 1951~1962 China Environmental Science

ERHE A LA A T O X U TR R SR NoO BT [T]. Hh EEREERLE, 2025,45(4):1951-1962.
Wang D N, Zhou X T, Wei J, et al. Reduction of N,O emission in wastewater treatment by modified basalt fiber bio-nest technology [J]. China Environmental
Science, 2025,45(4):1951-1962.

ET MR A4 R N,O B 5

FErHR LA LS B ali LR R KA R B QTR e TR T
1T 212013; 238N R K BHAE A A R4 BRI 518031; 3.4 MM TR /KIL I vs K AL BAE R A A IT 35 F M 213001)

IR B AIREE % I T4 (MBFE) A 3 4 7 T8 S48 75 R 28, 9% MBF 754 L35 7K A0 BE 2 NoO il RCR A H LT 1 (50 A8 R AR (DOYIR 3 1 5%
DO X A4 55 NoO Wl HLIE. 25 SR B A1 1247 44~ ,MBF AR SVE APt s Vs V8 1) TN 22 BR 34281 63.87%,N20 FIFBCRE /> 77.76%.16s
RNA I 5 {27~ MBF =) 5L N 77 AE 2 Bl D BEA X, S E VAN 2 BEPE 3 Saccharibacteria genera incertae sedis b [N #% - B[RS Th 6 B, S+ FR A AL U4
S A (HN-AD) B e > E ZEA 10 U B 1, FCA AL I AR O NLO HEJSC S B A6 T R TR S AE A BP9 o ot LA RS2 3% S A AL B (HDN) A E(17.42%. 23.02%),
LEAED AN a7 5 PP L HN-AD 1824 5(29.70%. 27.53%), 5/ 8/ DRA B & 71 /B 345 S vh B0 A1, SRS AL B R A MIBF ZE) 55 SN 8 rh A0S =
JE T PPt 2T M 5 VR S %, SR SR Ak AT T8 S 1 o TR = R 2,020 NLO IS . DO K 2.5mg/L I, MBF AE4) 5 ¥ 43 (M2) TN 25 bR #4515
(86.64% £ 1.14%),N>0 HEfBU iR f1£(0.78 £0.83) mg NoO/g TN.% DO B[ A= 49 S0 A Pl Jo 28 5 F AR — SO A =E A 7 %6 5. M2 T HN-AD B g4
SR R A A 0 32 BT RE B, EH N B AR 2 I T2 44.24% 61.34%. 36.16%, 8T NoO JdiHE;HDN 2y M2 A2 s it 4k /E FH 1) 5 2.3 i 1 AR 6
FJEE T, N EANS BRI LN 20.17%. 12.00%. 21.20%,NO, -N F1 NO; -N Hi /K% 4(0.011+0.002)F1(1.65+0.46) mg/L, [tk k47 5¢ 45, FF
N2O JikHE.

KB OV X EE A e B NoO R WAL AR A

FESES: X511 XHFRIRES: A XEHS: 1000-6923(2025)04-1951-12

Reduction of N,O emission in wastewater treatment by modified basalt fiber bio-nest technology. WANG Dan-ni', ZHOU
Xiang-tong', WEI Jing"?", GENG Ru', WU Zhi-ren', LIU Zhi-gang', HOU Bing-qian', ZHU Cheng® (1.School of the Environment
and Safety Engineering, Jiangsu University, Zhenjiang 212013, China; 2.Shenzhen Water and Environment Investment Group,
Shenzhen 518031, China; 3.Changzhou Shenshui Jiangbian Wastewater Treatment Co. Ltd., Changzhou 213001, China). China
Environmental Science, 2025,45(4): 1951~1962

Abstract: This study applied umbrella-shaped modified basalt fiber (MBF) bio-carrier to an integrated fixed-film activated sludge
system to investigate the performance of MBF bio-nest in wastewater treatment and N,O emission reduction. The effect of dissolved
oxygen (DO) on N,O reduction in the bio-nest was investigated by changing the DO concentration. The results showed that under the
same operating conditions, TN removal efficiency was increased by 63.87% and N,O emission was reduced by 77.76% in the
bio-nest system compared with the sequencing batch activated sludge bioreactor. According to the 16sRNA sequencing results, a
variety of functional microregions existed within MBF bio-nests, with a high diversity of microbial populations. Saccharibacteria
genera incertae sedis were the main carbon-removing bacteria in the reactor, and heterotrophic nitrification-aerobic denitrification
(HN-AD) genera were the main nitrifying bacteria, which did not emit N,O during the nitrification process. Denitrification genera
were dominated by conventional heterotrophic denitrification bacteria (HDN) in the inner and middle layers of the bio-nest (17.42%,
23.02%), and HN-AD bacteria in the outer layer of the bio-nest and suspended sludge (29.70%, 27.53%). Aerobic/anoxic/anaerobic
genera were distributed in all layers of the bio-nest, and denitrification genera had higher relative abundance in the MBF bioreactor
than in the SBR, which facilitated denitrification and mitigated the accumulation of intermediate products, reducing N,O emissions.
The MBF bio-nest reactor had the highest TN removal rate of 86.64%=+1.14% and the lowest N,O emission of (0.78+0.83) mg N,O/g
TN when the DO concentration was 2.5mg/L (M2). The bio-nest microbial genus categories were basically the same in each DO
gradient, but differed in their relative abundance. In M2, HN-AD bacteria were the main nitrifying functional bacteria in the reactor

(the relative abundance of the layers from inside to outside was 44.24%, 61.34%, and 36.16%), which was conducive to N,O
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reduction; HDN were the main functional bacteria in the M2reactor, with moderate relative abundance of 20.17%, 12.00%, and
21.20% from inside to outside layers; the concentrations of NO, -N and NO3 —N in the effluent were (0.01140.002) and (1.65+0.46)

mg/L; denitrification was carried out completely, which was conducive to the reduction of N,O emissions.

Key words: modified basalt fiber; bio-nest; N,O emission reduction; dissolved oxygen; microbial community composition
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Fig.1 Schematic diagrams of bio—carrier and bioreactors
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Fig.2 Pollutant removal rate and concentration of nitrogen species in the effluent of Reactor S and Reactor M
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Fig.5 N,O emissions of MBF bio—nest reactors under

gradient DO concentrations
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Fig.6 Pollutant removal rate and the concentration of nitrogen species in the effluent under gradient dissolved oxygen concentration
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Fig.7 Microbial community structure at genus level in the

sludge samples of bio—nest
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