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simplifying wastewater treatment procedures. These strains exhibit rapid growth, tolerance to
extreme environments, and are widely applied in various wastewater treatments. This review
summarizes the nitrogen removal pathways of HN-AD bacteria and highlights the potential of
novel immobilization carriers (composite materials, magnetic nanocarriers, and biochar) for
nitrogen removal across diverse wastewater sectors. It focuses on elucidating the fundamental
principles, application cases, current research status, and future prospects of emerging
immobilization technologies, including biomimetic mineralization immobilization, electrospun
fiber immobilization, and 3D printing carrier immobilization. The enhanced effects of novel
immobilization strategies on improving nitrogen removal efficiency and system stability are
discussed. Finally, challenges and future prospects for HN-AD bacterial immobilization technology
during fabrication and application are outlined.

Keywords: immobilization; heterotrophic nitrifying-aerobic denitrifying bacteria; biological

nitrogen removal; immobilization technology
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Figure 2 SEM image of the biofilm formed on 8% polyamide fibers (10 000%). A: Escherichia coli CCM 4517,
B: Staphylococcus aureus CCM 3953; C: Staphylococcus epidermidis CCM 441817,
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R R sk kA s Aok, Tl i RME
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4 FAE R ALA I HN-AD &
By 7% Ak 1

[ 5 AL AGE S HN-AD B R ] e 2
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R PR TR T, TR 2 [ E A B AR
A ARHBET S A AL S B T R, R 1D
ST T E AL HN-AD B 7R TS 7K A AR AECR

4.1 RESEWRFMEMIZEM

li] 5 A B A S AU E P B oA SR L
SRPTE U e A FEA I P R80T T R AR
G HE R E R . LA PVA 1B R [ fh 2 iR 52
H ¥k Pseudomonas sp. Y1, il if 1 4 i 54
(scanning electron microscope, SEM) it 17 1 25 W0
SERIL, PVA JKBEI 0 N ER 4G 1 52 B B s i)
ZAUBAR, O A KR T A T R R
b, JFHE R T AR GO A Tl i B A A 4 e )
POHES . X RIS . PVA BERS)
A DL B AR SR A Bt . HRBTK Ty e, b
R R . SR, 5T KK BE PVA Hfin A—uk
L Py (AN ) AR T RAREEE Y
igZ 11 L UKL ) 3 A 78 PVA R Jo rh S E LA
SN L FLRE KRS B Rt A R A
AR g5 22 WA N, A W R 2 22
PR ST e, FHRA 2% 1Y 3-Z BN AR
= SRR SR I T IR AT A e v, AR
Je IAAE] 800 °C #EATRRE ML, 4R A IR
U AR LT HERE 2R T 99.24% R EL, TEL
PRI 17.59% 1T B 4270 X ud Bl 2l
PEIE W — S AR 4R ik (Si—O-C) SR AL i Pk
AR TR T A A R S D Re ke, HARE R
A B 0 268 (5 4 RLAE oy il PR 05 rh R IR 2 Y
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BRI U Fe UPE R M RHAE) 1 A < oL AT
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SFPV G 1l F FeSO, ¥ M Y BE B+ 1 2K
Pseudomonas sp. H1, 4538 % B Fe* 'y Afdi
B REEAEZNIERA, ANMUETF T Bk
HI MR, b m 1 kit e, 7
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Table 1 Enhanced cases of fixed-base technology for enriching HN-AD bacteria
Strain type Wastewater type Reactor Carrier material ~ Treatment effects References
Pseudomonas sp. DM02 Aquaculture Semi- Sodium alginate ~ When treating actual aquaculture [5]
wastewater continuous  (SA), Kaolin wastewater with a C/N ratio of 10, the
culture total nitrogen (TN) can be reduced from
(21.4£1.7) mg/L to (6.9£1.3) mg/L, with
no accumulation of other nitrogen
compounds
Brucella anthropi Domestic None Electrospun fibers Immobilized bacteria cultured under [76]
wastewater NH,"-N as the sole nitrogen source, in
which 100 mg NH,"-N was completely
degraded within 16 h
Paracoccus sp. QD-21  Domestic None Polyvinyl alcohol In practical wastewater treatment, the [82]
wastewater (PVA), SA, ammonia nitrogen removal rate has
Biochar, SiO, increased by 63.31%
Enterobacter, Landfill leachate None PVA, Fe;0, The removal rates of NH,"-N and TN [61]
Pseudomonas, and nanoparticles were 93.7% and 78.3%, respectively
Bacillus Diatomite
Acinetobacter pittii SY9 Low C/N Sequencing PVA, SA, corn cob At alow C/N ratio of 2.8, there was still [83]
wastewater batch reactor efficient heterotrophic nitrification and
aerobic denitrification performance. The
TN removal rate was over 90%
Acinetobacter pittii, Domestic Sequencing Low-temperature The removal efficiencies of TN and TP [67]
Stenotrophomonas wastewater batch reactor coconut shell in the aerobic system were increased by
maltophilia, and biochar 68% and 88%, respectively
Klebsiella oxytoca
Acinetobacter sp. TAC-1 Swine Moving bed PVA For the actual swine wastewater [84]
wastewater biofilm treatment, the removal efficiencies of
reactor COD, NH,"-N, and TN within 24 hours
were 84.85%, 95.01%, and 86.40%,
respectively
Delftia sp. Y19 Low C/N None Magnetite The system achieved removal rates of  [85]
wastewater 100% for nitrate and chemical oxygen
demand, and 36% for ammonium
Zobellella sp. B307 Marine Moving bed Cylindrical hollow The abundance of functional genes [86]
aquaculture biofilm filler related to nitrogen metabolism in the
wastewater reactor strains was increased, and the removal
rates of COD, NH,"-N, and NO;"-N
reached 95.6%, 94.4%, and 85.7%,
respectively
Flavobacterium, Livestock and Membrane The rotating The removal rates of NH, -N and TN [87]
Azoarcus poultry breeding bioreactor  biological were respectively 29.23% and 31.03%
wastewater contactor forms a higher than those of the pure activated
biofilm sludge biofilm
Flavobacterium, Rural domestic ~ Moving bed Thermoplastic At a DO concentration of 1.7-2.3 mg/L, [81]
Hydrogenophaga wastewater biofilm the COD and TN removal rates of the
reactor carrier were respectively higher than

88.4% and 67.8%
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oM (19.5042.36) mg/gl”, SRR G BE 17
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/I I S S i ek 7 I 11 R NI/ S O
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A= W) 22 ) ) 5 2 2 53 Wi i L TR 19 A X =
JEPAL S — i, — S o A B i Rl R
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I FIRAARGEMNA ERFH AT 91%™), 3
B0 4 & e ) AT 8 42 & 204 16 (Cupriavidus
metallidurans) TX6 7£ Cu® ¥ B K T 15 mg/L i}
REMG L BRAEAT 75% A9 NH, N FI TN, B4k, if
A — L B AR . SR SRR HN-
AD FPE, BT RERS i e m A T R bt
PE, R8I [ A F AR LE K s a] e P2 i e
%, fiHAZ RIS, R R AR
ENE, IRBIERA M H . Fe-C MBS
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88.6%, A% Fe-C ¥ BiHIILA 552% TN R
R JC Fe-C Wyiant HURAERS A M 2Bk, 2 AR
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PURR IR 3G Tn, 3458 T s R0 R A, JFH
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R A B Y5 R4 3 BOET TS el Hod ) e
SRR R BN R KBRS, Hh
HEA B rp K AR AE T Ak, RIS
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o TG T4 RS/ o X DI Y REFE TR oK
EATREFERKPRAR; [ Ak nT LA & Al
R KD TR A, Flan, 4% HN-AD #
[ 7 FE UK AR L CUn A AL 2R gh oK kD) |, [
FE AL RS 5 58 J5 T A PR 2R AT 4 g A il
W, ABRALTS K Ab B0 wE DL R 37 & A 20
PR 1 7T R FHBT 28 ) [ e A R, s o i R
I KA 55 380 N2 I 2 - TV T B A B AR e
BTSN W BT i SO H M T
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FIH
43 HEFEFVRIBSMIE

HN-AD [ 52 b3 R A B T 20K,
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53.6% — 79.9%) ] DL 8¢ £ K s Bk UE B IR
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