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Study on nitrogen removal and aggregation characteristics of
heterotrophic nitrifying and aerobic denitrifying bacteria YQS
YANG Xin-yu, LIU Yu-xiang "
(College of Environmental Science and Engineering, Taiyuan University of Technology, Taiyuan 030001, China)

Abstract: A bacterial group YQS with both heterotrophic nitrification-aerobic denitrification ( HN-AD ) and
aggregation properties was isolated from the natural environment,and its dominant genera were identified as Rhizobium ,
Azoarcu and Hydrogenophaga.The nitrogen removal performance,factors affecting heterotrophic nitrification performance,
aggregation performance and extracellular polymer ( EPS) secretion of YQS were analyzed comprehensively.The results
showed that the removal rates of ammonia nitrogen, nitrate nitrogen and nitrite nitrogen by YQS were 97.33% . 89. 55%
and 85. 94% ,respectively.The optimal conditions for heterotrophic nitrification were sodium citrate as carbon source ,C/N
of 12, temperature of 30°C and rotation speed of 130 r/min.The good aggregation performance of YQS was related to the
secretion of EPS,and the aggregation index reached 53. 72%.The isolation of YQS provides a new biological resource for

efficient nitrogen removal and functional microbial enrichment in wastewater.
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1 KEHMREIE

1.1 SCIEHHR
111 H&RR

AWESE BT FHRE SR IR T 5 ZR R R 5 e
1.1.2 ¥FA

EHER IR (1 L) : Na,C,H,0,-2H,0 4.05 g,
(NH, ),S80, 0.16 g, NaCl 0.12 g, K,HPO, 0.2 g.
FeSO,+7H,0 0.01 g.MnSO, - H,0 0.01 g, MgSO, -
7H,0 0.05 g, ¥#77 pH 4 7.0,

SFHIEE SR (1 L) :Na,CH,0, -2H,0 4.05 ¢
(NH,),S0, 0.47 g NaCl 0.12 g, K,HPO, 0.2 ¢,
FeSO,+7H,0 0.01 g.MnSO, - H,0 0.01 g, MgSO, -
7H,0 0.05 g, ¥#77 pH 4 7.0,

IR A AL S 37 R B T R AL B 3R 5L
Hrr iy (NH, ) ,S0, B & A & A0 55 1) KNO,
NaNO, 1311,

BT AT 55 32 B4 FHRTZE 0. 11 MPa 121°C F @& JE
ZEVRK KA 20 min,

1.2 EWH*E
1.2.1 WA Gl E

PR EB B B IRAEE 5% AFI%EA 150 mL
THE @RI 250 mL 4P, 7E 30°C .
120 v/min 504 FIEEIEFE 24 h, ZJ5 DL 2% 1 A
e T ARG R R R D 3 IR IR
UERR AL B i 1 R B iy ] LA K S a5 S v i A
ASPERR LIRS D e R A O RS R B, 35
Fr— BB R SR e h AR B U i A
R AW W R R DA Sy 0 6 W2y, % e 15
PN B ERIC A TAEY TR A R /i T
16S tDNA ey 5 I 7 % 4307, I8 L T Ie 22
S
1.2.2 RABABLAAFRAR

FE 0T AR B 0 T RELE SR A R S b i R &
XTECIA SR J5 H 2% 43 Sl H i 2 i %) S R A Ak A

MRS : RA R -BRERBLES YOS BAakREFIEHR © 235 -

AR S Wi 00 P — SRR 1 7 4 il b 3% o 3k
o CBRRE R S B IR L B T 30°C (120 o/min 1
TR, LR 3 AT, 2 B EURE, L 8 000
v/min B0 6 min J5 BOL EIFWR, W2 KA 0D, (&
A (NH;-N) %A (NO;-N) JEAS A (NO;-N) i
A (TN) Al i (COD) [ BTk
1.2.3 RAFHOREFEAR

P A T BT ) TR AR 2% FEFh 2545 150 mLL
TH IR TR 250 mL HEFE U R 55 57
48 o ] s ORI S SR A 8 BORAR X g K
BRI RN R EMERE . [, SR AR IR i
X SRAE B AL B B EPS PEATARE, BA kS
ZICHk [ 137, $EEUS B0 EPS 4 WA LA & A
EPS(LB-EPS) FI'E %454 EPS(TB-EPS) , XJ##
A2 EPS L RS A T
1.2.4  BBFIRABLR S HHAL

H T HRGEERIR ( LR AN AT R BN BRI IR 4N |
VEKY ) C/N(4.8.12.16.20.24) JHEE(10,
20.30.40°C ) #5#(0.80.130,180.230 r/min) FI%
BRI IA B (15.,50,100 300,500 .1 000 mg/L)
XTERE YQS BASCR I, LS IR bR #2356
Ll £ 3G SR T AR B — 5 e R, HR AR
B EAAE 7054 NHE =N BUE K 100 mg/L iR
4 30°C .pH=7.0.C/N=10 L} 4%3# 130 v/min, ¥
b X K B BT LA 2% F 4 Fh 4 Fh R
150 mL JCHE ;3R FE 0 250 mL 4ETEIR P, IR % 15 9%
48 h, SERTHURENE H 0D, . SEFRG5 TS | HURED
FERFFREE T NH, -N TN B ik B Seg i & 3 417
1T,
1.2.5 MEFk

FIFH 23 66 1 600 nm A 1) 5 5 JBE A 3
TEE A=K (0D, ) o NH;-N NO;-N_.NO,-N.TN
F1 COD 35 R AN FGIR ) 40 OB B i KA R -k
BRER T N-(1-583%) - & G BV
PRI B R TH A 25 A0 DO BE A R U i 2360t
FESIEATINE . RS BORBT K TS B 2 2% 3
BR[O 147, FIHZEEENERE T FT-IR I A &
o EPS B = 4 5T RIZL AN G, R FH AR AR
T RIRRL 2 — IR 2 00 o 2 1 B R 2

2 SRS
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WA YOS,

N0 T RRERE YOS BRI, R
I P RAFAE S T TAKCOE R ACE B AE P 28
AT R, Qi 1(b) B 1(e) B, FERERE YQS
i ARJE TR 1] ( Proteobacteria ) (7 48 %F AL 3, A XT3 B
N 94.22% , WHEEFRWIN AT TR TG K AL B &
b W — 28 E Y, F 2 T AL R AR IR A
R, HWK, WA YQS ik A D E AT
( Bacteroidetes ) F1J5-BE T8 | ] ( Firmicutes ) , £ & 7K
b B & ( Rhizobium) |8 &N JE (Azoarcus) |
ANEMUTR & ( Hydrogenophaga ) =3 it 4% L3, It
dTE AR 91. 4%, o HUE T s BT o5 L e,
40.71% , MR ZZ 5 BG5S - 158 [ /Ui
A, LA 5 7= A= EPS T 44, T EPS J& R4 B
SR FEZFEE Y H L, R YQS A R
SIS F 2 5P LR T I 7 i ML AN SR A G
B, C e h LR B A 5 R0k - 4 S s Ak
THREMARIET 1, R PRI YQS Hh gy
J2 8 & I & (Azoarcus ) Fl A WM B J& ( Hydrog-
enophaga) , KX FE 300 27. 35% 1 23. 35% , H
i E N B (Azoarcus ) #E4RIE 1] VU2 5 1 4E
0.01% 5/-77%
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LA NH;-N fE hy i — S0, 25 52 1 B 19 55 52 1l
FOME R TRIE YQS 1942 K B NH -N 564kl 72
WE 2(a) fim, IWE 2(a) FrTLLE 1, FREE S
FEAHAL R R I AR AR RO 6 h, 7EREFE 24 h
25, W YQS MAERKEATREM, FEXZ)E,
OD o P EASTRAE , 2 1 T BRI i 1 39022 58 AT 2R
MG, FERT 24 h, BEE AR A Z A0 T v B
SRR B, R N b, 7 22 A & B R 3,51
mg/ (L-h)  BERHZ A M 28R 5 IR A KB UIH G,
TEBAIE T, AR LA A 2. 47 mg/L, SEHL T
97.33% M 2Bk, ZAE B T A O gk R Y
INOT X &2 &L 1Y 22 14 K (87.29% ) , i 1w T ik P 48
SV GRS BN ZH-2 T LA AR AT A
AR, HOEMAR R, WA, FEH 245 1A,
BRI TN () 2 bR I8 5] 96. 88% . 45 R UFH
THRE YOS HA RIAFM 7 IR M LEE T .

3 LL NO; N H1 NO; —N A 85 37 3k v (g nf—
IR, SR BEAE S50 N Y R L RE T, 25 5 an
Bl 2(b) FE 2(c) B, TELL NOS-N Ay — &
BB FR LT AT 6 h NO;-N i ik J& 2 i &, X
— i BB NOS-N BTV B W P T 7 6 h
ZJ& ,NO,-N [Tt ik BE — B & T NO;-N, TN 748
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24 36
B [E)/h
(¢)7ELL NO3-N M — &R 85 F2 dk
1—NH} -N;2—NO3;-N;3—NO0; -N;4—TN;5—0D,

B2 WA YQS B AR AR

L% 5 NO; -N Ak a3 dzin . #ELL NOS-N
ME—Z IR BRI 2T NOS-N il NH; -N 1y
TE0L,83. 27% M A AU TE 24 h N 2Bk, 7R3
BrFRad B v LT3 A G I 2 85 S0 A 2 U ) B AU
AW, HEREYQS X NO;-N Hl NO; -N Ay £ Faie
TR 45 e ok Y 13, IAh, COD i TN
AT ARG R 2B, kst R W i A YQS AT LAk
TTar AU AL

ANV E IR R SR L AU BRI 1 R,
FE 1 AT RUE W 7 DL R R ME— R A B R
o AT LS R K R KBRS (97.33%) . BRI, il
PR ER (89. 55% ) NV fiFf i 5 ( 85. 94% ) #h A7 /b 2 7
Ao [, IR A R IR AR 3735, COD Ml TN /Y
F2 IR FEAE Tl R b/ 0 PR 3 My i — RU IR A 1 5
Bhy, XM T NH)-N B S g angmi, 25
AR T B, 384 9 2 S ok 1ol A 4 1 ) 4k
VERIRBR . 252 W BB YQS AT AR AN )
(0 R S B K NS e 1 5 B, LA S 3R A AL A
IR EAR I BE T .

*1 FARGSBEEFEREMENIHERE

ISR TN LR/ % COD £BR2R/%
NH}-N 96. 88 92.93
NO3-N 76.20 86.22
NO;-N 75.25 83.25

2.3 EESFFHALEEZMERAR

BIRIR  C/N 046 S A il L T T
YOS SR AL ERE R i R A KA AR R AN 3% 2~ 3%
6 Fr/n . fES A FE b, e R R4 A R AR ]
FIEJEA P, N 2 AT LVE S UER A
FHLE, A 3 Aol aik P53 91 A1 S W — B IR IS T A
YOS BHAT RAF A KAF BLFI S IR i AL PEfE . X2
DRI Ay folc 2 0 A 1) T ) T 45 0 B 1 o /N Y

MRS : RA R -BRERBLES YOS BAakREFIEHR - 237 -

AU B AES SRR NH, -N B LBRF
3N 92. 68% (FFIEFREN) >91. 79% (T IR 4H) >
75.26% ( LHRAN) . X —45 R Li %P iR 15 5
PIFFRETREN AN T R 4N 43 12 B R YG—-24 B AW
— % T YESORIEA— 8, AR FES L
TRRI R TR b T YOS W SREM L AR W, L
FrAGERR AN R IR A 15 3R 56 v NH, -N AT TN /9 2R
R, HELX RN 2 50 S R S AR A S LA
B B AR E R W, A
R AR ORI AR BT I IR A A
HEHRE YQS S IR SRR IR
F2 BOREBIEE YQS MM

BRUEZEAD NHG-N ERE/ % TN ERFE/%  ODgWEE
Fremm 92. 68 87.23 1.02
LR 75.26 66. 42 0.98
T 91.79 83. 88 0. 83
TER 21.88 15.08 0.24
M 35.95 27.91 0.43

T PR UL 25 7R IR T I SRR 1 [R]B3A mT
IS A, I3 3 hafIE 7 C/N Jy 4~24
BT P B9 T R E YQS A K AR SRS AL T i 1
BAE C/N, TES RSP A, m C/N(20,24) 4
FEA OD g S5 BN AR YIS 1], {H A KT 00A B B 42
Fto C/N 24 B, RBE YOS MIZREEN ML 2, #
C/N 4bF 4~12 BF )NH]-N fEBRFRBES C/N Ay
KR . FRBlE C/N N 8 I, B HE YQS 138K 7T L)
224 87. 40% Y NH-N F174. 13%H9 TN, 3% —%U(E
B4 ML T E#E Pseudomonas sp. G16 1 Bacillus
aryabhattai. JNO1 7£ C/N fy 10 B X NH; -N )2 FR
RO ERZEH] | HRE YQS T DAAE R D BRI AL 4
IO A FUBE A, mT LA SR 1% = R
25 LR B C/N g 12 R RE YOS F 3Rk
M C/N BERIE T BT ARtk pe, 54y
T RIS A

*3 C/NIHEH YQS H&IT

N NH;-N £BR%/% TN ZRZE/% 0Dyl
4 49.23 42.86 0. 690
8 87.40 74.13 1.010
12 96. 37 87.07 1. 500
16 95.52 92. 67 1.305
20 95.21 86. 33 1.290
24 94. 85 82.47 1.410
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MF 4 HETLUIE Y NH] -N B M 15 mg/L
$2THE] 300 mg/L I, B B IR R ) S 25 12
BB YOS MR KB A5, 75 100 mg/L
PUN W & A o ~, WAE YOS X NH; -N
FITN 19 K BRFRITE 90% LA I, HLBEH i e B 1
Thim  BERCERE W R, WHE YOS TEA R = A
YR T B S SR AL PR BE S AR ZND AT, X T
300 mg/L 247 1 NH; -N B EBR%(75.19%) T
Sporidiobolus pararoseus Y1 Fl Pseudomonas stutzeri
YG-241227200 | YR RUFT ik VR BEIK F 500 mg/L L
I BEHE YOS AR AU LB 22 . B YQS
TEAR T R ik B2 A A A T RAFI IR AR M2 th T
FERUET F AR T AN 2 1R 3 95 0 v i e 75 3
. PR, A YOS 35 HH 5K A= Wi A AL FE Y
JREEA IR,

F4 PVHEERFERENEE YQS By

[IRGE-¥NDisv73i ¥4 NH; -N TN ZBR%/

Ol)soom%{E
(mg-L™") FBRR/ % %

15 94. 64 93.35 0.16

50 93.70 91.03 0.52

100 92. 89 91.03 0.96
300 75.19 62. 65 1.19
500 35.52 23.71 0.33
1000 23.85 23.40 0.27

bR TSR (BRIEZE AL C/N Wl hR & AR
IR ), AN IR BT R A & Xk Y 7 FR Ak
PERE M Y N 5 TR AT A 7E 30°C I T
FERY 57 TR A A0k BB e g, & AU 5B h 30°C >
40°C >20°C >10°C , 3K S P hy 10 J3E 2 i g 7% 2 A 4%
Frid . 76 10°C AT BRE YOS JLPAAK,
WARE . AR TIRG H 5= T IR AR, 7 2%
FF R SR R E R — )2 A, b
FREA A AR A5 TS X R TR
VIR EIRZ R TR RRIKFREB Y IERRY N
6 P LIAE M, TE 130 o/min 0T, HRER A
BORIRE K, WA YOS HEE N26 SRkt
A A 3l i A, HL B R WUST -7 XF DO 975K
LR R TR AR (H AR AN
SRR TE, AR, IR R 30°C Wi E
130 r/min J=HRE YOS A e fd 50

55 44 HIBTF 2

*x5 BEXEE YQS ¥

WE/C NHE-N EZBRER/% TN ZBRE/%  ODgyE(H
10 16. 51 16. 07 0.13
20 90. 19 85.26 0. 68
30 96. 17 95.52 0. 86
40 91. 62 91.79 0. 83

®6 FHEMEE YQS HIIT

B/ (remin™')  NHE-N EBRR/% TN HBRF/%  ODgy VEH

0 59. 69 55.85 0. 461
80 94.39 85.78 0. 960
130 97.51 96. 88 0. 880
180 91.92 86.23 0. 980
230 89. 60 86. 42 1.030

2.4 HHEEMREWR
i Ao RS I 2R AT, T L 81 R AR 1) 3R 4R
B, AN AR R RE X T AR YA LA I Hi Ak
WHE, FUL, R R R BRI T 5K 5
SERERREERE 7, &5 & 3 i, M 3 A
DA, bl I 0 32647, TR YQS 2 i 2 (i)
HYEREERE 1B W G 5, JFAE 36 h I EEA B TRUE,
HE R ARERIA N 53. 2%, HEE YOS HERE
AE N SRS TR R A2 AT LI-1 AL Hkk
7K P BE R A5 100G 3R 5 bR A SR EERE T A2 4k
REBIEAKE , 7F 48 h B, B A YQS 1A X B 7K 74
KRB K 13.78%.,
60

F
(=]
T

IS/ %
g

0 6 12 24 36 48
i A /h
1—REFEH 2—BUK PEFE L
B3 WA YQSWREMRE

2.5 BBk EPS HRIE

EPS tHXUZ S5/ 4 1 . M2 LB-EPS, N2 K
TB-EPS! . F|F] 3D-EEM 1 FT-IR %7K [ $ 3%
i AR B LB-EPS 1 TB-EPS BYZH BRI E BE 1 ik
F43HT , ANIE 4 Fis 2R FH DX sl B2 32 06 9 O IR
AT, N 4 (a) E 4(b) Al LA, X T
MO AEFEA DAL, KN E R, X

(=]
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WV Ao HERE B s =, K3V N R R 2
P RSB TB-EPS F1 LB-EPS 41 B i
O3 ARAL, YO R AR Y A R | AT R W I
PIREEIR . X—4 S Yang % BB 5845 SR M
L, 18 )& Acinetobacter sp.FYF8 FIf = EPS F)7¢ &l ik
AT B A R A DO Y R TR X I8 TB -
EPS % 16 i i 2 K F LB-EPS, & 8] TB-EPS
SEANMANEE T ) R Z . B 4(e) HRTLLE
i, LB-EPS fil TB-EPS HJIgA; B IEAAMI , H#E
YQS = EPS 7E 3 445 em ™' Kb 04 225 0—H
4Rl , 5 25 W /R PaenibaciHus etgii B69 F1 T
PR A3 B 22 BE AR DL 070 T I A A G A 0 4y
ST 1 036.2 9361 461 cm”%u 1 631 em " 4b,
fF 1 036 em™ 9 U6y 4 25 C—OH i 45 ¥k 5))
1631 em™ ¥R A EE (B IERE 1 X9 C=0 fh 454
HCEHKIEERER T 45K, R EPS
(1) 5 BN 2R T A 20

J T 2 TR ERE YOS 43U EPS (ZH I, B
M E T ARG AR TB-EPS Fh A& 1 5 A28 B
BT IR T Z RN TB-EPS ()8 ik i,
ERANE 4(d) i, FE#E R RS B A k4T, PS A
PN ({5 vk B 24 S I S T o S5 BRI ) a9 {2 PN
ik B AR 2 T PS, X5 DI Al =l Y
H PSRRI R UL S AR A ) FE 24 b iF, TB-
EPS 5B i v B 3k 109. 37 mg/L, 3X A& R Ry Xt
BONTE D AR ACHIE RS . 75 24 h Z )5, BAR EPS
1) SO BV B T I I (BT RE PR F R A I R AL R
X5 PN/PSH EAA G, AR, REMRE
5 EPS R (T A IR R AR O
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24000
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E_/nm
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320000
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(b) TB-EPS ) = 4Eu etk

IR : RAHL-BaREKES YOS BARRRERK1EHRR - 239 -

~e~

345 2936 1531 1461 (}36

/
\q

Vo
2 —niol
-

BRI %

4000 3500 3000 25%) 2000 1500 1000 500

/em™!
1—LB-EPS;2—TB-EPS
() EPS WILL4MtiE

120 LIPS
vz PN
100 —=—EPS

JREWREE/ (mg- L)

nm/h
(d) B FRFEBIN EPS AYF= ARk
B4 WAL EPS B9 RAE

3 it

M SRIREE i e 5 3] T — AN 3 2L R IR ik -
IR ERE A R AL PERE M BRI B YQS, &%
WHE YQS AP35 J& I8 1878 ( Rhizobium) | [ &R
)& (Azoarcus ) A Wg M # J& ( Hydrogenophaga ) . T#
¥ YQS Xt NH;-N NO;-N Fl1 NO;-N f xR 457
} 97.33% .89. 55% K11 85. 94% , ZHHEFIFRILIY
AR B DR N R ER 4N C/N Dy 12 R R
30°C %% 3 Sl 130 r/min, AE W5 it 52 300 mg/L ¥

H;-N fifar, BEREE YQS HA RAFMRERE T, H
EPS Y R B EE AR A Zh, b EA RN
d R Z RS D R IR ., XK R A BN
15 7K A BRI R D RE G W 0 B AR AR T
T P i e JEL %

S 3k

[1] Sun Z,Lv Y,Liu Y,et al.Removal of nitrogen by heterotrophic ni-
trification-aerobic  denitrification of a novel metal resistant
bacterium Cupriavidus sp.S1[ ] ]. Bioresource Technology, 2016,
220.:142-150.

[2] Zhang N, Chen H, Lyu Y, et al. Nitrogen removal by a metal-
resistant bacterium, Pseudomonas putida ZN1, capable of hetero-
trophic nitrification-aerobic denitrification [ J . Journal of Chemical
Technology & Biotechnology,2019,94(4) .1165-1175.

[3] Wu S,Lv N,Zhou Y et al.Simultaneous nitrogen removal via heter-
otrophic nitrification and aerobic denitrification by a novel Lysiniba-

cillus fusiformis B301[ J]. Water Environment Research, 2023, 95



. 240 -

[4]

(6]

(7]

[8

[

(9]

[10]

[12]

[16]

[17]

[18]

(3) :e10850.

Kang X,Zhao X, Song X, et al.Nitrogen removal by a novel strain
Priestia aryabhattai KX-3 from East Antarctica under alkaline pH
and low-temperature conditions [ J ]. Process Biochemistry, 2023,
130:674-684.

Zhu L,Ding W ,Feng L ], et al.Isolation of aerobic denitrifiers and
characterization for their potential application in the bioremediation
of oligotrophic ecosystem [ J ]. Bioresource Technology, 2012, 108
1-7.

WIFE, Mz, ik, 55 5 R A — 0 U i A T A Qe
FEMERE[ 1] A2k, 2023,40(1) :91-97.

Qiao Z,Sun R, Wu Y, et al.Characteristics and metabolic pathway
of the bacteria for heterotrophic nitrification and aerobic denitrifica-
tion in aquatic ecosystems [ J ]. Environmental Research, 2020,
191:110069.

GEHHE, BN e SRS AL AT 6 TR AR S A S
WFFE[1]. e EERL%,2015,36(6) :2232-2238.

Shi Y,Hu Y, Liang D, et al.Enhanced denitrification of sewage via
bio-microcapsules embedding heterotrophic  nitrification-aerobic
denitrification bacteria Acinetobacter pittii SY9 and corn cob [ ]J].
Bioresource Technology,2022,358:127260.

Yang L,Cui S,Ren Y X, et al.Nitrogen removal and aggregation
characteristics of Pseudomonas aeruginosa YL and its application
capacity for ammonium-rich wastewater treatment [ J ]. Journal of
Water Process Engineering,2021,43,102260.

Padhi S K, Tripathy S,Sen R, et al.Characterisation of heterotrophic
nitrifying and aerobic denitrifying Klebsiella pneumoniae CF-S9
strain for bioremediation of wastewater[ J |.International Biodeterio-
ration & Biodegradation,2013,78.67-73.

Wei Z, Huang S, Zhang Y, et al. Characterization of extracellular
polymeric substances produced during nitrate removal by a ther-
mophilic bacterium Chelatococcus daeguensis TAD1 in batch
cultures[ J].RSC Advances,2017,7(70) :44265-44271.

TR/ BUAEUN , 5K 22 3] A R 5 W B0y B IS I WP RE (0]
RACTK A2 ( EARBRAR) ,2021,42(10) < 1467-1474.

HhEE 2 BipkEE T A A RS LI- 1 R S B SR &
PEOEFE[ )] FREERR R 540K ,2022,45(12) 1 1-8.

Saha S, Gupta R,Sethi S, et al.Enhancing the efficiency of nitrogen
removing bacterial population to a wide range of C:N ratio (1.5:1
to 14:1) for simultaneous C&N removal [ J ].Frontiers of Environ-
mental Science & Engineering,2022,16(8) :101.

Wei B, Luo X, Ma W, et al. Biological nitrogen removal and
metabolic characteristics of a novel cold-resistant heterotrophic ni-
trification and aerobic denitrification Rhizobium sp. WS7[ J].Biore-
source Technology,2022,362:127756.

Gao S,Zhou Q,Zhang Z et al.Enhanced nutrients removal from eu-
trophic water by aerobic denitrifiers assisting floating plants [ J].
Polish Journal of Environmental Studies,2023,32(3) :2601-2609.
Yin Y, Li Y.Study on the feasibility of enhancing the biodegradation
of aniline wastewater by polyvinyl alcohol-sodium alginate gel

pellets embedded activated sludge [ J].Environmental Engineering

FAX AL L

[19]

[20

[l

[21]

[22

[

[23]

[24]

[25]

[26]

[27]

[28

[

[29]

[30]

[31]

[32]

[33]

55 44 HIBTF 2

Science,2022,39(5) :431-440.

P59~ MU DK B/ e o Sl TR VR (O
TS RFANEEDT T [ 1] AW HoR 42, 2023,39 (12) : 250
260.

TRPREL, 5, SR, 45 0 IR i 1l - A SRR A AL R R 1 0 B M
58 B R AR A B[ T ] P i, 2022,41(8) 18388,
XUTHRE , SMEH | 5 =00, 45— Bk 3 57 B 1k — 4 S0 S AL T B
L3 (iRt % B U AURRIE [ 1] K AR 3R 2023,49(12) ¢
94-100.

XYF, AL, By, S — RS SR A0 A - 1 S S T AL - FUR B Y
YT Klebsiella pneumoniae A15 BT K HAFHERFFE[ ] h
RIERLAE 2024 ,44(4) 22862296

Lan S,Lai Y,Wang L, et al.Treatment of nitrate-nitrogen-containing
wastewater via aerobic denitrifying bacteria using different carbon
sources| J].BioResources,2022,17(2) :1972-1987.

Chen J,Zheng J,Li Y, et al.Characteristics of a novel thermophilic
heterotrophic bacterium , Anoxybacillus contaminans HA , for nitrifi-
cation-aerobic denitrification [ J ]. Applied Microbiology and Bio-
technology ,2015,99(24) :10695-10702.

Li C,Yang J, Wang X, et al. Removal of nitrogen by heterotrophic
nitrification-aerobic denitrification of a phosphate accumulating
bacterium  Pseudomonas ~ stutzeri  YG-24 [ ] ]. Bioresource
Technology ,2015,182:18-25.

Zeng J, Liao S, Qiu M, et al. Effects of carbon sources on the
removal of ammonium , nitrite and nitrate nitrogen by the red yeast
Sporidiobolus pararoseus Y1 [ J]. Bioresource Technology, 2020,
312:123593.

Chen Q,Ni J.Ammonium removal by Agrobacterium sp.LAD9 capa-
ble of heterotrophic nitrification-aerobic denitrification[ J ]. Journal
of Bioscience and Bioengineering,2012,113(5) :619-623.

BAAS RO, BT, 55 AR C/N 5 320 Ak - 4 S R i Ak T
i 06 B fv A [ ] AL TR ,2019,38(3) 1 1567-1572

SO A/ ZE AR A S SR A A~ I SRS AL T Acineto-
bacter johnsonii sp.N26 BRI BE B AR R TR [ 1] BUE B2 i
#%,2023,50(4) :1374-1395.

LSRG WAR R TURUY 47 48 SR AL BRTRR O 20 R SR 14tk B G
£ SBBR i ALER AR N HPFFE [ D] AL5T: th E R B R A
2020.

Shi Y H,Huang ] H,Zeng G M, et al.Exploiting extracellular poly-
meric substances ( EPS) controlling strategies for performance en-
hancement of biological wastewater treatments: An overview [ J ].
Chemosphere ,2017,180:396-411.

Zhang L., Wang Z,Su J,et al.Mechanisms of ammonia, calcium and
heavy metal removal from nutrient-poor water by Acinetobacter cal-
coaceticus strain HM12[ J].Journal of Environmental Management,
2024,351:119912.

Yang W,Xu L,Wang Z,et al.Synchronous removal of ammonia ni-
trogen, phosphate, and calcium by heterotrophic nitrifying strain
Pseudomonas sp.Y1 based on microbial induced calcium precipita-

tion[ J ] . Bioresource Technology,2022,363 :127996.
(T #% 245 1)



2024 FE 10 B

23 AV A2 ] 455 B S TR A, R8> T AR A 9%
IR AEREL, IR BB A PR ASCR | BRI Z A3 i
A BARGAIIURE , BEAS 29 5 0 BT K IR | 15T
THEAAI LB I B AR B4, il DL
FETHEEAK YA S PR RE

3 WIZiRIe

F R L AR TS Vg SRS i T AT IIARCR I A 0
7 K UEHUARTE SRR P FK IR LB R, KA
SR REIR I I R AR H D A R A
AU IACR TR ot T ORI R B A 2 R
o BRI X B SR HE S B oA e 26 o= B
B, FLBRARI, HLAASR s e A h R, (R ik 0 2
PEREAR, IR MR T R AR AAOR 8 K e
YA BRI KPR By AT el . AE#CRTT
(81 - 7K e 2 e 7 T T 2% 94 K 2R K TR I
HYA-1, B35 1 /K IR A7 B R 3 e , [ 1K i
AHIBER, WHEFENL T KIS IR L, Rt
e AR, I BOK IR AS LA 3 (94. 15%) , A
X E/NT 15% , B BCR AL T 5 A2 Ja 22 OR
HEOR
4 #ig

R FHAE e 15 76 — A RE SBE A T i P B
P B e EL A v i RIS S AR B AR 4 K S K A
e HYA-1 #FKE, RiA2 2 20 ~ 50 nm, /- BT, %
SEEEINA K I EAT B AF 1) I 28 1 R fb 4
i, TEKIRIEHINA 2% 3£ K B HYA-1, KT8
AFPT d PURBRBEEE] 55 MPa, rdros e T
1. 09 fi5, BB LML 97% , FIVAEIEMLT 91%, 2
A BRI F2EERe . 116 ik KGRI E B 1
RS 28 PR [ K PR S T 7 oI 2% 4K 5%

KRB HYA-1, W 3w 17K e A T R

(L% 240 )

[34] Fan Y,Su J,Zheng Z et al.Denitrification performance and mecha-
nism of a novel isolated Acinetobacter sp.FYF8 in oligotrophic eco-
system[ J ].Bioresource Technology,2021,320;124280.

[35] Chen G,Huang J,Tian X, et al.Response of extracellular polymeric
substances to high load shock in an aerobic granular sludge reactor
performing simultaneous heterotrophic nitrification-aerobic denitrifi-
cation[ J |.Water, Air, & Soil Pollution,2023,235(1) :41.

[36] Li O,Lu C,Liu A,et al.Optimization and characterization of poly-
saccharide-based bioflocculant produced by B69 and its application
in wastewater treatment [ J ]. Bioresource Technology, 2013, 134,

87-93.

FFE RBREEBR

LY}

KRR PHIN A

. 245

FEK YA BB 3R K T £ R BURE , 251
IR T KIEI R IR EL, [ PR L 75 . HYA-1 (1
JI I FH X 10 ARV T Sl ) AR A A R AR 5T

S 3k

[1] 5Kk, ZEER A A, 55 IR A K IR & 142 B IR A R
R FHRFFEL ]R8 IR 2011, (6) :3-5.

[2] ECIH, AR W52 A A R 32 R CR B AR BUIR 5 3
(1] AR iz ,2022,7(2) : 174-184.

[3] 2= MRG0 O ik T [ )] T b 5, 2014, (9) < 25—
29.

[4] HpdEwn Bm R TR A L I O AR AR ST S ] 5
I BEEILEE 2023, (4) :1-2.

[5] sEmitE, 252k, XIo0 , 55 B A 3k & MO IR AUK U8 & 76 56
5T 7). JR%E L ,2015(8) : 153-155, 160.

[6] TRal 42, THME AT 5%, 55 Bl HOR I v i A K U 30 1
FARLI] AMER T Z,2002,24(6) :30-31.

[7] ZBBIE, TG T 2, 55 AR I A 590 A A0TSR 1) 1o O
KGR T] R ERE I ,2015,34(2) :444-449 455,

(8] Ml AT bl B b FAT R T SR K e SR IR R 5T S5 i [ D).
H & EAN R (FEFR) ,2020.

(9] Tokih, Mg = 28t 45, —Fhid A 4 S [ Be W Y KR
AR UK P : CN202011196209.1[ P ].2020-12-18.

[10] FHE, BRIRLL ST, 48K Si0, B il 45 B RAE[)].
RERRER MR , 2008 ,27(6) :1235-1239.

[11] KGR, BURTT, TR 7, 45, Si0, A5 2 T 45 1k o) L0 B i
HIRZIR [ T ] R4 ,2005,19(7) < 115-117.

[12] fREJT, skibte, BA , 2% 9Kk 211 Si0, SEEIMF EH] 5%
K[ CY. 58 o Jm b B o g A R B R & B b
512004,

[13] FEBSE, MR, s, 55 9K B e K RS i S [ 1],
k24, 2021,38(3) 1412-416.

[ 14] 3B A B ERS £ S BERHKIRRD I RE ISR [ ]] . ik R Eh 38
% ,2020,39(9) :3014-3022.

[15] kah, B 58, i R, 45 — b 25 /K 2R <0 G 1 ol 4 O 12
CN202111490536.2[ P].2022-08-02.

[16] Talebi Z, Soltani P, Habibi N, et al. Silica aerogel/polyester
blankets for efficient sound absorption in buildings[ J].Construction

and Building Materials,2019,220(9) :76-89.

[37] Li D,Liang X, Wu C.Characteristics of nitrogen removal and extra-
cellular polymeric substances of a novel salt-tolerant denitrifying
bacterium , Pseudomonas sp. DN-23 [ J ]. Frontiers in Microbiology,
2020,11:335.

[38] Zheng Z,Li W ,Huang X et al.Effect of trace elements and optimi-
zation of their composition for the nitrification of a heterotrophic ni-
trifying bacterium, Acinetobacter harbinensis HITLi7T, at low tem-
perature[ J].Annals of Microbiology,2017,67(11) ;715-725.

[39] Zhang Y, Li J, Pang Y, et al. Systematic investigation of
simultaneous copper biosorption and nitrogen removal from
wastewater by an aerobic denitrifying bacterium of auto-aggregation

[ J].Environmental Research,2023,235.:116602.H



