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B OFE TR RN IR AR A ARRER R R, Gl RS 5 T 3 MR AR TR (B 100, 300,
500 mg-L ") RAE AR ERAERRHCR, IR BTG £V HEREE ML . AT RSP RS W10 /K- DL R A e
VRO RRAE S AT VS AEVE RO, 25 SRR 100, B 300, VAL 500 ZHAEM AR VR I IR R B A R BR R

Xt TBH NRTE T 13.6% ., 4.5% . 1.8%, HERZAGHEAWEHBART X EA ., X2H TAYRIENB TN SE, @t
A BTG YE LS AR JE MR S N M NR S WA AR, sk T A PGt MO 2E TR ZME R, HoR

A 100 HRCR B, WL IEANREY AR, BE 100 Y BA S FYX AN G Wik i, IR S
AT B SN, BUR T R AU S e R NAR R ELE e R A R AR, (R EPS fE b ME— IR A, ES 5T
FIE DR A R Y AR R BT .l B DL e KEGG T 241 22 BH A= 9 s e AR A S fr 214 F X IR B R B AL
Candidatus Kuenenia U )% Acinetobacter . Afipia 55 A A 3B AR TR 3, FIRE B4 100 A9 H
EC: 1.7.5.1. EC: 1.9.6.1 ¥4 A iRk I il i AH G D) B3 PR A B R I ZRA /KT, 4878 TARAE Sl T A s fb &
FBRACR T AR

K AT A IREESEIL; S, YRR

REAESAI (Anammox) T ZAEN—I0H7H . PRERIEVI AR, 28 TR &0 2k, HHEE
HREFMT, FRHEA . WAHENE N B FIURAE T2, f 38 R R S SO AR 2 2
PR SRIMZOE RIS A FE 1% BIMIRER A RY, A RARLBRRAE k. ARE AL
(AnAOB) fEHAIHAIKS, HA YA . IR SRS, 523 Mk B R R Al fE T,
NI REM AR 2 A R 2 BRASCR AR 1

T ek HAT Anammox AR RAFAEIAFISRAE, BImADmmh T —F 2 RS, Ak
AT LA 78 H A SRR Anammox K H RS EUR 2T B R 2 BRACRY, [l R i fie
PN LANR AW (EPS) AY43-AI0 | S85m D REIE N () F 3R LGRS iy 4 28 v R B o B i 2 il o
LI T WF5845 H7E 100 mg N-L™' Y Anammox OWARZR T, AW il ZUA s R 48T+ T 2.2 4%,
HAY =TT AnAOB I iH{LEE (DNB) S5IRE4N R AYFRE ; CHEN 461 5315 Anammox 1 PHEAE B
RITEIRERT 250 mg N-L™' BHZHT RS, Bl BBRFEE 28 300 mg N-L™'; ifif LI 55" B3R A AU
HREETE 440 mg N-L' B, 1RZR BA TS0 EPS 43 B B LA K ) AnAOB AR
I, AEYIBAEAFRI A ST FX Anammox VR R AUFEIRECR 22 740K . HRETHIE 2 R B—Gfar B A%t
Anammox R Z AR, TAFERAM FAEY RN S Anammox WA R ESFIE A2 5 S5V YL
W, [FIBSARIR T s A= o A A o A s R A A A R — 49T

Rl AT TR SR EE T 3 FRARMMAE T (B 100, 300, 500 mg N-L™) AE¥) s
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SRR BB T 529 B3 H (P20794)
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fb Anammox KRB AMERERVEFE, 55 RFSRES YRR . EPS., MuEY A . BRELHILI IR
T T, BRI T AP A AN R U far S A Z M R A A 25 S S B R L
1 #REREE
1.1 MRS SIEHERNE

AT RIFRER HERANRE o BARBETESIFFHN, F 300 C &4 N 2 h R HE=R, K
yalid 18 B 35 HMEH 75, EHEkAR 0.5~1 mm AR TSR

A (A AR AT SIS (Nicolet 1820, FEEFEER G IH/REHE 2 7)) M AW LI B aeH; &5t
T BB (Quanta650F, JE[E FEL A7) $A5A W s L4 5 KBTI 00 2 ) e ik S s A (i
200 Hif) , B 50 mg AR AR LA EARRE 10 1509280 (C, HO) LA 1:6 BLLERESIFEA 30 min, fff
HFe ol BHREATEWIRIN 100 uL FHEREN F, 35 °C HEFE B H k% TARu (CHIG60E, |
JRARNZSA PR F]) 5 = R 2R F A (5FH 100 mL) A TIEFMAZEH: (CV) ME, FRAF RN RTEAE YA
Hifb2 AP ERE AR L
1.2 fRRIRERHRE

ARGl R A S50 F R BT I ORISR IR (expanded granular sludge bed, EGSB) i+,
BATIRE R 35 °C, /KI5 BB EFE] (hydraulic retention time, HRT) & 10 h, i35 g i & ¥ & MLSS.
MLVSS 4354 7 500, 4 700 mg-L™", ksl 2L 0, WIERTVERAE, IMALEEFKIRS S0 Ly
WHEE 3R, LIEBRIREE NH, . NO, #l NO,, Wi/ XHRI A2 m . YR ¥ 78 TAE AR
100 mL A IS T, ROBIARZR SRk E MLSS, MLVSS 4351 1 100, 700 mg-L™". EBHHTH
AR 3 min DLIRBRIMEIEAS, I BRI ZERER 2% 3. IrA it pGR g B AE e iR s vh ik
17, PRy BRI HIAE 120 r-min™' 135 C.
1.3 TR

BB 3 HEER TR, R EZ 100, 300, 500 mg-L™", f44 TN100, TN300, TN500, K/
NTHEOK, WS 120 mL A IS A 50 mL &350, 15 mL FeLl & 35 mL 255 F/K IS
100 mL A9 TARARL, APz h 10 ¢ L', SRR 1.

* 1 EREFIRAR

Table 1 Composition of substrate solution

Gy SR EIRRALS (g L) TR IR A WY
(mg-L™) (NH,),SO,  NaNO,  CaCl,  MgCl,  KH,PO,  NaHCO, mL
TN100 100 0.47 0.49
TN300 300 1.42 1.48 0.07 0.05 0.22 1.6 0.2
TN500 500 236 246

1.4 ®NIREKRG*®

1) AKFFEFRIE . [ 1 mL R BUE KRS 2L 128 (0.45 pm) 198, S iEE KRR T3
Br NH,". NO, . NO, IRk . NH,-N RAPEHI O EEENE, NO, -N KA N-(1-%55)-24. %
FEEEEE , NOy-N RS SR /- ORI

2) HIANR EYIHRBUSIE . BURLER A 25BI5 R MA 50 mL 204, N4k E 45 mL, HeE.OHLE
4 °C, 4000 rmin' Z.0» 10 min, B FERGSEEISE] SMP (soluble microbial product) ; LA 70 °C Y 5%t
NaCl AW % 45 mL. #BEYET% 1 min, 6 000 rmin' 2.0 10 min fi5 3 1€ b 74 WS R B 45 4 ) EPS
(LB-EPS) ; & B LA 70 °C /) 5%l NaCl % % 45 mL, Jf7E 70 °C 7K 30 min, 6 000 rrmin”’
B0 10 min g FIEWASF S8 45 57 EPS (TB-EPS) 'Y, $1X EPS J5HET58, ffiH D8l ibs ) i
S EFEITEMEY IR (g vss) o FEHUE 3 FiSNE GV /3 HIER FIR B -6 AR . Folin-Brikill e 28 (PS) .
HAT (PN) FIBTRIREE
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3) =SSO G E . R H SO EEEEH (F-7000, HAS Hitachi 23 ]) E EPS 2O GHEHE,
FHFERIERE N 200~500 nm, AP N 250~550 nm, FHEIFE 5 nm, FEEE A 12 000 nm-min™',
1.5 HEEE

RAEA (D~(5) HAEALRICE (TNRE) . BALBRHES (TNRR) . ZALBRHESR (NRRyy) « Al
REBRHEF (NRR 00 SAHRARSGHER (NRR )

TNRE = ATN/Cry 1

TNRR = ATN/AT ()
NRRy; = ANH; /AT (3)
NRR 5 = ANO; /AT 4)
NRR5 = ANO; /AT (5)

A ATN: ROAETA S AR BRI, mg L Cn: WIREEEKRE (FA . WHA . HEAZ
A, mgL'; ANH;. ANO;: WHTFZEA . WAHANEREZL, mgL"'; ANO;: RFUHAEEK
FE R RAE S RO SR R E2, me L'y AT XN EmHaE 2, h.
1.6 WEVBEERENSIhEES T

RV ZE R G A S0 B 5 AR Wy 5 e FEAR— X AR AT 16S TeER 280y, i E.Z.N.A™
Mag-Bind 13 DNA 7] & (M5635-02, 3% [E Omega Biotek 2\ ) H#EHURETS KL 2H DNA, f#i ] Qubit
4.0 Pl DNA RUBTERIE, BRHRIUR IR M DNA JBE. 7E40PE 16S rRNA JERMEAEIX V-V, i
IEM 51 (341F, CCTACGGGNGGCWGCAG) #7514 (805R, GACTACHVGGGTATCTAATCC) i
17 PCR Y4, MF5eain, (A PEAR AbHE fastq SCIFA EAAAY fasta AT qual SO, st Usearch XFAH{
PERIT 97% 19 OTU $HTRZE, FFRE S bmic P WE A REERMEERITS, FIF RDP 0l EXT4H
B OTU RTINSO B TR R RSB0 T2 . R PICRUSt S4BT HE BRI RETIN ST

2 FR5ITR

2.1 EYRFTAER SRR R R R RS 4

TN100, TN300. TN500 X} FEL A BA RN 86.4% . 85.1% 1 88.2% , A=Wt iz} iagH
BRI HHRE T 13.6% . 4.5% 1 1.8% (K1 1) , BIAEH RS R A a7 R i 2 s B LR 1Rk
R, HARSERUR TN100>TN300>TNS00, [RAT, S 45 W5 45 5256 2 H i TN100 A= 9 s 2 B A e s 1)
TNRR (0.103 g N-L"-d"™") DK TNRE (100%) , PiWMK G 40F R Ao IR A R B AR R B A L%
AIBRTHRC R A . bl B RUTORR B AL, R e R ] Sl oA DRt 1 1oy B B3 DA R bk i g i B2 3 il
e Anammox WA 22 SR B BAS AL s IAE 12, 25, 54 he FEPRE BB, A S WA
B, REERUREZENN (Anammox) 5 FEMHE RN ET, WASERIFEHE Anammox [/
R DB S5, X RRAURA= P ] PR R A A S BRI R R A TR I R, ORI TR
R KA TR A ER (partial denitrification, PD) , iZid FEAEE bR HOE BB 2FUAE ZGE IR T
UM Anammox 7618 5 [ BEREEIE TSN .

FNEERIE 3 A% IRZH A A IRIAY 11,8, 37.1, 54.9 mg-L™, Wik AL B A0 B LR IR ZH
ZREf# T 11.8, 6.7, 3.5 mg' L' [RINHRAEHFMIEEER (3% 2) R, TN100. TN300. TNS00 =¥/
SRR IR B AR R 2 7 2.1, 1.8, 1.4 4%, UiBAERAH s e 2GRk T PD i f2,
MITE—4 5 T Anammox WK R EALBRECE, (HAMRAIESHEREM AR & N EmEE, X
WG N R AR R SR BN AT —2L, TN100. TN300 LK TNS00 A=W fc4 SRy = 4
W TREH 12.9% . 7.1% LIS 4.2%, SR,

22 EYPRERER A FRAR RN IE
1) AW A s b A X i R R s o A LTS T R R AR LR A A R 3 PR
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Fig. 1 Variations in nitrogen concentrations and TNRE in the biochar and control groups under different nitrogen loads

ey B ARG AR R R RERI AR, 255 ®2 AAMMERMUGLER

K 2(a) TR , = IV E"J ﬁi%ﬁ%@ﬁﬁﬁgﬁﬁ Table 2 Fitting results of total nitrogen removal rates
PR E L R RERT, BEE A AT TR ek 2 R B B M3 B
L A AN R R BE A s s, Jrh, B R G5 NRRyy/ NRRygs/  NRRyy/  NRRyy/
(d:3410 em™, -OH) LLRZERIEA (b:1 610 cm™) (mgLh") (mgLh?) (mgL ) (mgL'h)
TR EIFTE, ARV RREA AR I A i K2 3.17 0.07 0.21
Rt FRE AN BRISEREMAT ] 7 4 AN nY i BC 412 430 0.05 0.45
HMETFRZAR, Sl nl ) AR M E A CK 386 5.66 0.07 0.20

R BAIE Y [FI A RRER] (2:800 cm ™, TNV Lo 6.85 0.06 036
c:2880 cm ', -CH) Wil RAL PRI « CK 426 6.31 0.10 0.20

T RGN IR R A FA RS, AW IS A TNS00
i, FCRTEPERGR, SR EBEH AL RS
TN, XM TR RN T AL A RN, HL Tl B T PRy 3 B P IR S ik 55
AT AR R PRSP RS E 2 EREAIRR R, AR R I RE A B St TR
AR, HIAY R HRE S R Anammox S AR SVA L bR HA T BB MR R . A s A= fl
ANRVE S e SO E AR AR RMA A IR B s (18] 2(b)) L IRaAE Y aeth &b B 1 — XA ] i 4k
W SRR, HAG— R EARIRRE ST o AN G B e A i 1) 2 T b ade s e 20 A — S5OR2 BE Pk 557
5 SRR AT s A — 2, SRR AR s B IR RE N R B for S B AR R AT RE, T
TRNGTEETE S, BV IR B RN AAR 2 BA AR

2) AN BPS 2150 K i FE ARSI o 455 FRZ S5 A= 28 F-DRGs sy B B 1 o S o B B
IFMEHRH (TN100: 12 h, 28 h; TN300: 25h. 90 h; TN500: 54 h. 195h) , $2HL EPS #HATHICHEFR

BC 5.22 8.30 0.12 0.35
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Fig. 2 Characterization of physicochemical properties of biochar before and after reaction

5Eo. EPS 5 AnAOB BRI AITE S VIAHSC B2 55 EE/EH, F2h PS A PN 4™, HE 3(a) AIAL
AR AR L EPS (PN+PS) &g AR = T IRA, HAARIRZH A EPS vk e bt A i A4
MR, X5 YANG %00 fRF9e 25 3T REIR T EPS rPA A NN S SR AR E 35 R T
FEo MR EISFEY BPS SR SR TR B, OE T m AN iR R A=A w0 REH AR,
ifii EPS ZEJCAMINBRIE ) I F70R 22 b 70 24— A ALERIE,  TRIE S SRR R A A v T R i e K
TN100 AR5t EPS e B AR TR e,  HLARTHRCRIEE Tufr A3 I I, X 54 Yiscfe i aGe
JHE R AR —E,  ATRER A Y pGE i AR JE P SOt FRE et TR RUAIFERE, M5
TEANERIES EPS AU/
-
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Fig. 3 Components analysis of EPS

EPS 405353 Mrisn, PN J& EPS BYF LA, HAEKSLIRAH EPS &t il 80%, X FIHEVE
H T EPS ZEMUEYIAIRY Z BIVEN B e FiliE R 1 LU 2 S sk 1. AR,
PN/PS 3R k5 I taE EnFas, B PN/PS 255 S50 Anammox k5 IR IR BRI AT BE
TFRER, T TN100 X B2 54440144 PN/PS fER 6.6, 6.2, fikF TNS00 1 8.0, 7.1, Zf LAk, A4
AR S Fafl Anammox RNAAZR EPS /b B, [RINFEA ARE) PN/PS L, Uil
BB R TR R AR tE, AIMSEBRAE S far B A= el S b Ao i PR e )

P 3(b) SR T RN EE ARG 45 s X HRAL S5 A1 L i) = RO . EPS HhAS R F s o T AR
PEAFREE A 5 A, JFREErm L (1) - FEFFEEAmE () 5 S5 () 5 ArEtEseEy ™
Y1 (V) 5 JEHERR (V) o TEASAHZOCEIE TSI T 3 >3 20%: Ex/Em =(235~240) nm/(325~330) nm,
Ex/Em=(235~240) nm/(345~345) nm D} % Ex/Em =(275~280) nm/(335~340) nm, B HFREAKL (1) .
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FFEREAT () FATEHERCEY™= Y (IV) o AT RLA IS A o 20 v I 0G5 S DX 87 e T AH I X

A, b O AT E Y, OGRS AR S IR R B RS A P g T

o R EPS Hr AT A ) & s AT RS E I TS R, A AR R RS A
NAAR R MRS EPS i a0 s e —3, DRI far S W A4 R HAT B A=

YridtE, N TARE A A SR LR

2.3 WMEMESEEEHERKIHETIL

1) AW BT EE LGSR MR EERHE R, mnl i PEs R R, 4000 T Anammox SUWAAR ZR FRFEN J7K
5 SRR Y EALFE Planctomycetes (77851 ]) . Proteobacteria (ZFJE [ ]) . Chloroflexi (4%7% B
I"]) . Bacteroidetes ({#T51]) . Firmicutes (JEBEE[]) . Armatimonadetes C3HI & ]) . Ignavibacteria L1
unclassified Bacteria, JZAHfL R —BH)E T Proteobacteria, Firmicutes 1 Bacteroidetes, KEZ AR
)& T Planctomycetes™,

AR RN ) JE N Candidatus Kuenenia . unclassified Betaproteobacteria . unclassified Bacteria
unclassified Anaerolineaceae %5, H:HP Candidatus Kuenenia “ Anammox J W 1R Z HPf EE ) AnAOBP;
R AR R 5 £ Ff DNBIL7E, Ul Acinetobacter™ . Afi pla[zg]\ Ignavzbacterlumm]\ Pseudomonas .
Chryseobacterium®” %5 . "W HONEEE T AnAOB R, FFFSCREAEN TN100 =¥, HET
XHRZHARR T 11.0%, TN300 A=zl TN500 Aol 1 7.4% 5 4.4% (K 4(a)) 5 HIK, A9
RAMERE T Acinetobacter F Afipia iX 2 FhL# DNB FER$EE, H TN100 A=Yl s g ik
THREE e 8.4%, 5 TN100 AWl BA el B R BRI . eAl, Armatimonadetes gp5 AT
fZpEae Y, R AR INmE S, 456 EPS drh 2R fmtas.

7 . l
80% l I I I

60%

# )
a Afipia
g
= Acinetobacter
40%
Ignavibacterium
20% r Armatimonadetes_gp5
Candidatus_Kuenenia
0%
& (&} & (@] & (@] Mantel's p Mantel's r.abs
QQ’Q @g’ @’C @tb @’C Q“g’ — _
< S § 5{7 g) 53 P<0.05 <03
< < < == P>=005 — 03-06
B Others Armatimonadetes gp5 unclassified Bacteria - >=0.6
W Pseudomonas Afipia M unclassified Betaproteobacteria
W Chryseobacterium Acinetobacter m Candiatus Kuenenia

W Ignavibacterium

(a) BT MRV (b) SKHEYIFR SR TAHICHE ST
B4 REVRETEESTT

Fig. 4 Analysis of microbial community structure

ETHIFREARIAT T Mantel #5255, Z3HT T OCHE R 5 A RBREE B 7 Z [RIIAHOCHE (151 4(b)) o Z5R .
7N, K4 AnAOB Fll DNB fY=E 5 TNRE HAMKNME, U Candidatus Kuenenia (| r 1 =0.67, p<0.05) .
Acinetobacter (| v 1 =0.73, p<0.01) , AN$EFt TNRE B9 EZAEHE#E. 10 Ignavibacterium 5 PN, PS Jiiig
WeE BLATHIEHE (11 =0.86, p<0.05, PN; |71 =0.82, p<0.05, PS), UM Ignavibacterium W] HEFE
EPS BTG R P A EEAE M. IR, Pearson MHOCHEZMT /R, TN 5 PN/PS SIEAK (7=0.82) , UiHd
RIS T EPS AZHAG; TNRR 45 PN PS BLERIR (7=0.94. =0.95) , PRBLHIIR R0 AR R S
TRREA TR EPS 4H0KF-
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AR (& 5) B, TEARREORANT, MEDREFNEA —E 25 . WRAEF kS
TRHEFFIEAS (B 5d) nlAEYIR EEOEEAERIR, SR 0 AR R P AR & AR A
—2., 7 3 F Anammox WIRZRH, HT TNS00 A= ¥ 2H R Gy e i i EA BB K B SOR s, AR
A RETE IR, DA R R E R OIE ST A AR Yy e e o AE AR RS A i N AR R Y
TN100 A=W, OB e A SR R ) e SRR AR, PR e B g S AR 28 v v e P AR R A
FHSEMaCE I, A i A R U e S S S B N SR R e Ak

2) s b il R4 KEGG B Fxt 25 SR e BGR Chm % (M00910) #7508, —IfAs 38 4%
AR, BRI 18 SAH G HE MK I He AN R D RE AR 140 Ak 7 25, W&l 6 i, A4l il EC:

3 ) *EP -

(b) TN30OZH KL J5 A=# %, 15 0005
[5: e (».\‘ 3

(NSOO?E&KEEQE%Z%, 15 0001 » (d) RS R IR, 10 000FF
E5 SR SHcRIEEER

Fig. 5 SEM images of biochar and Anammox granular sludge

l 40 000

30 000

20 000

I 10 000

EC:1.7.99.— MWL FRLE NG

El6 KEGG RRSHEXIIREERTUNFEE

Fig. 6 KEGG predicted relative abundance of nitrogen metabolism-related functional genes
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1.7.5.1, EC: 1.9.6.1 MU AsRER A G F A W00,  FLREE R A frimites, aRMK s fr s h
AR (TN100) HA T SRS R s AP B in 7 A2 S5 (EC: 1.4.1.2/3/4) 5 &ERR G
fiti (EC: 1.4.1.13) AU, RIUHIAEY)RIEIE T Anammox SUWAIR R AL GG TE, 1 TN100 A9 5c4HAH
KIIRERE A iR, IS T AR T B RV R R LB R T =2

3 g

1) AFEE ST AP R R A SR L BRI R TN100>TN300>TN500, HARXSFXJ i
SIHHETE T 13.6% . 4.5%. 1.8%, [RIEF TN100 A= 20 HAT fe i LS A BRI (0.103 g N-L-d ™) DA
B B R BRACE (100%) , BEHMRA AT 25 0F N AEY s IR A A A AR R S A LBRA IR T, X
FEPUARAE S VAR R P AEY R fEdE PD i BB, SO T RN AS BB 5.

2) AW & SR B RE R IL A BT . AR AR B B SR AR JEURE 1 A AR R 9 EPS 43 ek Ak i
BB FRAY R 2, A LRRCERE I TN100 AE )k 240 EA B i EPS 3 ik B LA AR
PN/PS,

3) AW IR T T e WK 2 35 AnAOB: Candidatus Kuenenia 5% DNB: Acinetobacter F1
Afipia =R, [FIBTAPackbnm T iR A IR BEAR XS DI BE R (A TE M, Horp TN100 A= gl B e s 5
SEER T A AR IR AT ROV R SR AR T B B AR

2 % X
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Effects of nitrogen load on nitrogen removal efficiency of biochar-enhanced
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Abstract  To investigate the effects of biochar on the nitrogen removal efficiency of Anammox, batch
experiments were conducted. The total nitrogen removal efficiency of the anammox system under three different
nitrogen loads (100, 300, and 500 mg/L total nitrogen) was examined. The underlying mechanisms were
analyzed based on changes in biochar performance before and after reaction, bacterial extracellular polymeric
substances secretion levels, and microbial community succession characteristics. Results showed that biochar
addition increased the total nitrogen removal efficiency in all groups (TN100, TN300, and TN500) by 13.6%,
4.5% and 1.8%, respectively compared with the control group. Additionally, the final nitrate concentration was
significantly lower in biochar-amended groups than in the control group. This improvement could be attributed
to biochar's electron conductivity and redox properties, which interacted with EPS, promoting extracellular
electron transfer and enhancing nitrate reduction, with the most significant effect observed under low nitrogen
loads. Analysis of extracellular polymeric substances showed that the TN100 group with biochar had the highest
average extracellular polymeric substances secretion concentration and better sludge structure stability.
However, extracellular polymeric substances (EPS) concentration decreased with increasing nitrogen load. This
was explained by the higher nitrate accumulation in high nitrogen-loaded anammox systems, leading to
increased EPS consumption as an endogenous electron donor during nitrate reduction. High-throughput
sequencing and KEGG prediction analysis showed that biochar significantly increased the relative abundance of
anammox bacteria Candidatus Kuenenia, as well as the denitrifying bacteria Acinetobacter and Afipia under low
nitrogen load conditions. Furthermore, the functional genes for nitrate reductase EC:1.7.5.1 and EC:1.9.6.1
exhibited higher expression levels in the TN100 group with biochar, revealing the reason for the more
significant nitrogen removal efficiency enhanced by biochar under low nitrogen loading conditions.

Keywords nitrogen concentration; biochar; anammox; partial denitrification; microbial consortia
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