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Recovery performance of mainstream autotrophic nitrogen removal and characteristics of
functional microbes under aeration control
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Changsha 410118, China; 3. School of Hydraulic and Environmental Engineering, Changsha University of Science &
Technology, Changsha 410114, China; 4. Jiangxi Environmental Engineering
Vocational College, Ganzhou 341000, China)

Abstract: To solve the stability of partial nitrification-anammox process (PNA) under mainstream conditions, a one-stage
PNA system was constructed by an airlift internal circulation reactor. The feasibility of the in-situ recovery and the control strategy
of PNA process were explored under an instability condition of nitrogen removal by a high concentration dissolved oxygen. The
results showed that the performance of the PNA process could be recovered under an appropriate aeration control. The nitrogen
removal efficiency reached 74.8% and the nitrogen removal rate reached 0.46 kg N/m’-d with the influent concentration of (50 £1.81) mg/L
and the aeration rate of 0.30 L/min. Furthermore, aeration control could improve the protein contents and enhance the sludge
concentration. It also promoted the sludge granulation. The specific activity of ammonia oxidation and anammox were enhanced, and
the specific activity of nitrite oxidation was inhibited. With the implementation of recovery strategy, the relative abundance of
Candidatus Brocadia and Nitrosomonas returned to 5.3% and 8.7%, and the Nitrospira abundance decreased to 0.2%. This study
provided a scientific basis for the application of the mainstream anammox process.
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CLC number: X703

Ui HER: 2022 -04—-12

ESWE: WiraESUETTRIH (2022SK2091); /K EEFE 57K 5 F B 9 44 5 5 S8 % TF e 4 (2020SS05)

TEZE: XIAJR(1981 —), B, it W TAREIN, BFFE 51 15 /KA BB 545 R o E-mail: 18923012189@163.com

BIEEE: Patg(1975-), &, it S TN, BF5Er1n.: 15 5BhiA S5 M S 445K . E-mail: 553976140@qq.com

LA XN, P, ik 8, 55 BARIREWKE 20 B 520 A B KB A R R 5 0], BRI BL 2, 2022,
48(5): 105 — 109.


https://doi.org/10.16803/j.cnki.issn.1004-6216.2022040039
https://doi.org/10.16803/j.cnki.issn.1004-6216.2022040039

106 IREE LR R

548 3

MRS H- R EE IR A T2, IR
A E AR P LB R FE 19 2 35 0 T A2 B 5 3
M)z Y, FESEBRR I, DR AL R AR R
B 5L E ARG, SR SE 5K AR A
BR, Bk R 3 4 il Ak IR 4R 2 S A T2 (partial
nitrification-anammox, PNA) .t H I A T. 2. .
R A Ak -5 DR AR 2 S Ak 2 A RO 2 B AE ] — A
SR g T & A, BERE PNA T. 200 — B R B
Ko NATHHERBAIEIERE, — B PNA T2
RS A T 2 RE s T dil s . B
i, PNA T2 2 28 i) W T e 2 AT /K Ak 3 (i)
WA VETHAIR . BB WA ), (R TR
R BE R ki iE oK, AT RASE K2 0 T AR R i
R H FEANT TR AR SR AR A
b, R LR AT . I ARE T %, ™ 5
T T 2M TR, AR 5 g i
5,

1E—B X PNA T2, AR R 6 T2
PEREFRE T i OB PR R, R A 4 B L 45 K
RN EWR B RN . WA FE 5 B4 A
1, T DR AR A SR AT R A I R SRR, X 4G
— B3 PNA T2 i R0 AU g 1Y & #51 >k T I
Mo BRI, AF T A A S, [R] st xfE D
R AR A S A AR A R %) S I R o T R
Tk v, TR A A A RO T A, A2y S BT A
MRtk S AL P A e G, (AR RREAL AR R AT
JUE A B SRR PNA T 20880 P AH et
FROAMIES, (HRRADCERRE TEMRIKE
(AR SR, R S GE 2o B SRR R A R R T2
JB AP RE

A58 R FH AT 2 PG 28 S o 25 4 e — Bt ot
PNA T ZR4¢, it B 45 % 58 SO e I A PEfRE
B ARk, fE BT 5 I TS Ve AR AL RRAE A S g 1%
BRI m R AR )5 PNA T 2 MBI &2 iy m] £ 74
Ko VR s SR ms, A A ok B rh D e A A o B AR
b, AR IR S A A T A7 AT o fe it
FIBTR R AIHAR S

1 SKEEERSY

1.1 SCIG¥EE
—B X PNA T RS, WK 1,

iz
T ERE

B1 —EBxXPNA &4

T B I g A HLBE IR B, S RUARCh 2 L,
H W IX AR 1.6 L, IEK AR R 04 L, 25
IR RGP, 8 2 AR R s R
BRI E T ROV X EHER . ik K SR 5
JEAR R AL K % 2 RO X, TR 2 T TR
DUVE X AR5 o B R G MR G W % <0
HIFEFHITAE RN X IE B . RGEIREAEREE 25 C,
K pH (HAERFAE 7.8 ~ 8.2,

12 EMSREXEAK

EMim el A L E s — B
PNA JZ W #81RA L A58, VSS 4 0.67 g/L, TS K
1.35 g/L, BAFEFRFILF] 0.47 kg N/m*-d.

SEHS FH K A N TTBE AR & AR K, DL
NH,HCO; AME—4% I, LA KH,PO, AR, N &5 A
BURR IR o FL AR K 41 4 : NH4HCO; 50 mg/L,
KH,PO, 41 mg/L, CaCl, 36 mg/L, MgCl, 40 mg/L,
ZnSO, 0.215 mg/L, NiCl, 0.095 mg/L, NaSeO,
0.21 mg/L, MnCl, 0.495 mg/L, H;BO; 0.007 mg/L,
Na, EDTA 8.304 mg/L, CuSO, 0.125 mg/L, CoCl,
0.12 mg/L, NaMo,4 0.11 mg/L, FeSO, 5 mg/L.

1.3 XWHE

S S S35 4T 160 d, BT AT LAY K
4 BB BB 1 R sl M e B, 1~25d), Brie
I (kFalbrBt, 26~ 40 d), By BEI (K & B B,
41~134 d), BB IV (B E BT B, 135~ 160 d) .
b, SRR BN Sy S R AR, T2 A
PEREMAL . & B Bemy 4R E 200 003 10 40 eSS
20, 40 F1 155 d, SREA TG IRAE S IF I E 15 IRk L, £
HUAH L A 3R G W D e AR BT . [ R R TR
SEBGIN e V5 e i A A TE T O S IR & A L) L



555

XN 2 B 20 A IR IR RE BB R BRI 5T 107

R R AT . RS AR T P A B R AL T
FFIAFERL I MR v 454 e e
F1 TZHRIEEH

WEAHR R BEKESY HKR S

oA
bree ud L'min' mgL' mgL' kgN-(m’d)
I 1~25 0.20 0.10~0.25
I 26~40 1.00 0.85~1.05
41 ~ 64 0.10 0.05~0.10
50£1.81  0.60+0.02
I 65~110 020 0.10~0.15
111~134 030 0.25~0.30
IV 135~160 030 0.25~0.30

1.4 HHAE

SR F A FGIR T 4366 B vk 2 e Rk i 5 R
B I WA A A ER B R pH R
NI 5 52 N7 DX pHL 5 e SR v B P A 485 =0 i 4
AU 5 5 BRI RE V5 TR A VSS Fl TS; SR
Bl K i 285 - v 3k 8 O AR IR T I 37 140 T 2 B U
AP TS, R I SR
W 575 15 e s M I % 25 CHEN et al®®! (4
58 AR HR TS AT AT GE S, i
SRAETGIRRE ARG, 7 IS AW AR =6
A3 AT e 3 I 4t AR

2 HR5WR

21 MiEiEREZL
AR AR, 25 B Btk R JR I, W

—o—HKAR

B A7) /d
B2 #StHARIKE

H TS0 F e B4 A 381 TRRUE 1 PNA UM
v, BT LAY B T v T2 M RE E W) i R 2 i
KV o TEFEK AR E 9 (50£1.81) mg/L, BES
AR 0.20 L/min (450 T, HHK S0 LA 0RT

Tl B BE 43 90N 5,69, 0.24 F1 4.79 mg/L., TERT Bt
b, 8 THRSE T 2MERBIR R T 474, A i1
KRS, 1 B AR, R T2 Ren
sfrPERe. MEEAGEZEH 0.20 F+ 2 1.00 L/min, H
KSR il 28 e B G U & 0.85 il 0.02 mg/L,
A 2RI 3 40.94 mg/L., 4550,
W ) v T A SR R R (A5 A R 9 A RN I i
REASLTE 4, R T DRA A AT IR R 2%
7, FEH KPR AR R (KRR RS,

R BESE BA LRI 78.4% 2 14.8%,
XWRH T2 A MR R L . BAKPREE
W 1 A i S R R AR A 2 L R A 1 SR
RN AR BT — D EESRbR, AHAREE
| NG RHE I H EBEET 119, F6MH S i 8 iR
AR AR AR R F B GEAT, e
KEMT, ATHAWE/A R R WE LB
11.3% Y& % 84.0%, UtFAE ikt f kAR IR
AL R TE A BRI AF R £6 9 AL R R &
HK AR, WA 3,

100r +1100
—BEERE s
& o nmmMEARENE | g
. 75¢ 75
o ;
% ®
> 50+ 50 <
H ~
st 125 &
=z
————————————————————— SR “7 b

0 40 8[0 112() 168

17t E/d
B3 BEEBREMLFITERL

TER B rh, 8 ) 8 4 e SO 38, R0 4%
PR T AR M 171 . BEGEER 1.00 B
it 2 0.10 L/min, 1fif J5 2 2% /il 2 0.30 L/min, Bt 5
PERE LB HT LI TR E o I ELIV i B e i FE i,
WK A TR AR R S ik E 4.99,
1.58 Fi1 6.90 mg/L, MR LFRFMWIKE 2 74.8%. 45
TR0, 3 o E A R SRR, T LSS R AR
TJeRa)T PNA T2 PEREIR S

L ) 77 = 0 W VR . NE N AR U = W TR
([ 4), #EAR R fnf — E4EFRFAE 0.60 kg N/m*-d, &
EBRECRAIR B B A E 7E 0.42 kg N/m®-d. FifiZ5 i
SRS, Z A 0.28 395 0.56 kg N/m®+d,
AR £R A AL R 0.02 B8 = 0.51 kg N/m’-d.,



108 IREE LR R

548 3

X, i B AP o T 2 A RN A A
hAA RN, A AR AR . R, ARk
BRI/ 2 0.07 kg N/m*-d. K& Bai 1 RS,
BRI, 2 AR B R i KT E 2P
PETt, TAH IR AR Al ORI, AL PR R E
WA % 0.46 kg N/m*-d. FEVEREVK S By #E
SRR HEMHEER, BRERTCR SR
AL R, A I TS S IR AR R A R
Mo FTUA, BRI ELS A MK P A AR EL A
o SR AE AR, R 2 A SO NI A R 3 4R
A0SR ) AR 28 S, IS Y B R 8 i Ak 2
AN | 5 A Rk SR Ak RO, A S B TR
0.8 -

—o— AEALE Ao WAHREL LR
—o— HRES i — B ERREER

e o
IS 2N
T

RSB % /kg N- (m* d)”
o
)

o 40 80 120 160
BATAFEl/d
B4 BRMERTL

22 SiRAHEREYE

PR AR S R AL B B B B A 1 R S, BT L
PNA T 20 5 PR R A 0 0 i s i 2 RE 17 =
A, TSI A PERE T, SEIR & BHs R K
SR, WIS,

2 vsseA TSI EH R 106
) *VSS/TS o ZEER/VSS
= 15¢
& 7 los
i %
0 g
g; =
5 o4
0 03
20K 40K 155K
Bt e]

E5 SRAMESE
T BRI T, VSS HifaE M Beny 0.67 %
% 0.23 g/L, VSS/TS t i 0.49 I8 % 0.34, XKW,
b BRI T AR R, BER TS TR,
JEPERE TR EZR A teAh, BT E R

W TR, ARGV T ESMEARSEA
FITF Uk AL T2 B, DA T B 5 A 0 1 A 45 B e ),
JIT LA 1 5 6 %) e A1 e 5 9 e v 3 AR Ak AH —
. FEEWRE BB BRSRE, VSS il TS K 2
0.73 i1 1.48 g/L, B [ & L9 % 0.35 g/L, %5
W, A RS R EE T LU AL AR ) R R 1R
fe G e TR R, X TS UM RE kB A R
YEH .

T AR ARNERE S5 RIS TER VIS, figlke
W B R PR L[] e 10— 1, 45 B B s Ul v AR AL,
DL 6

DI o meemE o IR ILEE
) o A ek R AL b
=
B 10} ¢ 2\@
- 2 *
£l
%
T 05F
3 %
I ; %

0 é 1 1 1
EDNPS 40K 155K
SR
M6 SREMEEK

FEBTBE T, 2ok ok I 0 v V5 A S B A R
Pt T AL SO, [) I ] 1 DR A S A S B
A AL P o 2 SR Ab T 0 I il R 4R Ak T
0.91 F10.08 kg N/m’-d K% 1.13 #11.05 kg N/m*-d;
T DR A B A A 10 P R i Ak T P R IR 2 0.21
0.12 kg N/m’*-d. %35 2.1 5 i & PE RE 9728 1L AH
—F, V5V TE M AR AR R R T T2 A W S
RE. FfEMKE B BB R, 2 AL IS PRI G T
R, AR AT MR A 2 0.89 kg N/m?-d, 1 il
MRERSFALTR AR B 1 3] . 25 2R3R T, & B <M
AN RES B = V5 ek B2, [R) IS m] Lo A D RE S
(PR P~ K= ARG NNk = K= AR R o |
A PR £ AUAL SOy 3 2 F2 0 PNA R R AU BE
PEFE RN 1)

2.3 MEWEES T

AL AR HZE AL 2 PNA T2yt
RIRETA Y, WASIREh F AL E)E T TR
& W Beis VAR i h D BRI W AE T K P B R AR
FJ, WE 7,



55 XUNE A5 BEAORFEIRE F200 A SRR e S R R AR5 109
12r B Candidatus Brocadia SRR O | B R D RE AR Y T B KT,
[ INitrosomonas s e e L i
[ Nitrospira TR ER S A A ) Ao B 1A

J@ K LI RETAE AR XS E B %

|

20K BAOK 155K

Jivg =N
B 7 BKELIEEREMBATEE

AR, R PR E AR Candidatus
Brocadia J& , 2 A fL i & Nitrosomonas J& , IV fiff fi2
AL E A Nitrospira J& . 4 T2 A sk BFE R
EX B}, Candidatus Brocadia /& #11 Nitrosomonas J& [
AT = B 183 6.4% £ 10.2%, Nitrospira J& JL-T- 4
far it o FEBTBC T b, Jf e B SOR e I i AT ) TR
HAFAHE AR (1.1%), {445 Nitrospira J& 13 i
HATH (6.5%) , iIX WM RE R AR S H 7Kk b s B0 &R
R . (HEEE K E #:AF #9 980, Candidatus
Brocadia J& # Nitrosomonas J& [ AH X} 3 Bk &2 &
5.3% F11 8.7%, Nitrospira J& PN IR 0.2%.
2 SRR, 8 A B SCRE RT DA AR A PR L A Ak
WA, e gk 2 A A TR AR R E R 1 & 4R,
RERE LA 3200 PNA IR R h I Re A #2454, DT fiff

TR R EE BB
3 #Hig

EEXT I AMERE S RA Y PNA T2, i i & B
JE A MRS RAE, SEBL T F AR PNA T A KR
JEPERERIIR S o TE#EK B IE N (50+1.81) mg/L.
BRSO R N 0.30 L/min (AT, BAERFIAT
74.8%, A FR#EFILE] 0.46 kg N/m*-d.

TP A M SR A R AR A A T e vk E
PEHERORLAG AT 1, (8175 22 58 IR S T T AEHr I e 1Y)
A e A, BRI 4R AR A% i Tk 2 A A RN FTR

BTSSR 1 B R AR 3 PNA T
S ANERE R PT AT, 8 HLAY R A A2 PNA T
VR REYR I RN TH S L A K 15 08 2 B B S B L
R, O PRA RN T A B AT T BN IR
TS

& E Xk

(1] B3, K30, EHEME, 4. VoKL FUR S S T 05 S
NP [J]. K AL SR R, 2019, 45(5): 1 - 5.

(2] #heT, Wat, XU, 5. KA MH AL BEHOK M H LI
SEERTFE 1], sh EFRETRIE, 2017, 37(7): 2542 — 2549.

(3] X, X%, B, 45 AG SRR AN fL S il AL 1 B3R5 TR IR
AR A A IR G R A IR 20T 1), IR R, 2019,
40(9): 4195 — 4201.

[4] CHEN H, WANG H, YU G, et al. Key factors governing the
performance and microbial community of one-stage partial
nitritation and anammox system with bio-carriers and airlift
circulation [J]. Bioresource Technology, 2021, 324: 124668.

[5] CHEN H, WANG H, CHEN R, et al. Unveiling performance
stability and its recovery mechanisms of one-stage partial
nitritation-anammox process with airlift enhanced micro-
granules [J]. Bioresource Technology, 2021, 330: 124961.

(6] XUBT, 95, Mrld, 4. B 2L 9o Ak B FR A R G D 1
PEBFFE L] KPR T R=E2A4R (AR, 2022, 19(2): 28 —
36.

[7] CHEN R, JI J, CHEN Y, et al. Successful operation performance
and syntrophic micro-granule in partial nitritation and anammox
reactor treating low-strength ammonia wastewater[J]. Water
Research, 2019, 155: 288 —299.

(8] 254, AU, 251, 4. KA A AT S S %2 e
FTE ANAMMOX R 484 I EME [, KA FRECAR, 2018, 44(7):
10— 16.

[9J LI X Y, YANG S F. Influence of loosely bound extracellular
polymeric substances (EPS) on the flocculation, sedimentation and
dewaterability of activated sludge[J]. Water Research, 2007,
41(5): 1022 — 1030.

(101 ARE5 I, 3K52, BptHAe, 4. A Im A =CR0RLTS e F 3R

R A2 ). i EPRELRLA, 2021, 41(6): 2595 — 2601.

(11] BT, 2Rk, E45, 55, MR-ZORT5 R & 9 A AR

SERBLANERE T[], PRI TR, 2020, 38(9): 43 — 47.


https://doi.org/10.16796/j.cnki.1000-3770.2019.05.001
https://doi.org/10.3969/j.issn.1000-6923.2017.07.016
https://doi.org/10.1016/j.biortech.2021.124668
https://doi.org/10.1016/j.biortech.2021.124961
https://doi.org/10.1016/j.watres.2019.02.041
https://doi.org/10.1016/j.watres.2019.02.041
https://doi.org/10.1016/j.watres.2006.06.037
https://doi.org/10.3969/j.issn.1000-6923.2021.06.012
https://doi.org/10.13205/j.hjgc.202009007
https://doi.org/10.16796/j.cnki.1000-3770.2019.05.001
https://doi.org/10.3969/j.issn.1000-6923.2017.07.016
https://doi.org/10.1016/j.biortech.2021.124668
https://doi.org/10.1016/j.biortech.2021.124961
https://doi.org/10.1016/j.watres.2019.02.041
https://doi.org/10.1016/j.watres.2019.02.041
https://doi.org/10.1016/j.watres.2006.06.037
https://doi.org/10.3969/j.issn.1000-6923.2021.06.012
https://doi.org/10.13205/j.hjgc.202009007
https://doi.org/10.16796/j.cnki.1000-3770.2019.05.001
https://doi.org/10.3969/j.issn.1000-6923.2017.07.016
https://doi.org/10.1016/j.biortech.2021.124668
https://doi.org/10.1016/j.biortech.2021.124961
https://doi.org/10.1016/j.watres.2019.02.041
https://doi.org/10.1016/j.watres.2019.02.041
https://doi.org/10.1016/j.watres.2006.06.037
https://doi.org/10.3969/j.issn.1000-6923.2021.06.012
https://doi.org/10.13205/j.hjgc.202009007
https://doi.org/10.16796/j.cnki.1000-3770.2019.05.001
https://doi.org/10.3969/j.issn.1000-6923.2017.07.016
https://doi.org/10.1016/j.biortech.2021.124668
https://doi.org/10.1016/j.biortech.2021.124961
https://doi.org/10.1016/j.watres.2019.02.041
https://doi.org/10.1016/j.watres.2019.02.041
https://doi.org/10.1016/j.watres.2006.06.037
https://doi.org/10.3969/j.issn.1000-6923.2021.06.012
https://doi.org/10.13205/j.hjgc.202009007

	1 实验部分
	1.1 实验装置
	1.2 接种污泥与实验用水
	1.3 实验方法
	1.4 分析方法

	2 结果与讨论
	2.1 脱氮性能变化
	2.2 污泥特征及活性
	2.3 微生物特性分析

	3 结论

