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HOE. @daiERA-HA-F A -8 E/MBR(AAOA-MBR) T ¥ iF K4 28 ) # 47 AR 42
N,O HE L T Fo N,O AL B T H, % RKiZ T L BAN,OHeAHAE, B4 R AR AL L EMN B
R, —FEBZLEOREDABFEMRF I EARRBEZ, EREN, ZEFREE] L2AE
N,O Hezk ¥ & 4 12.303 kg/d, ¥, FRAL FH-E 69 N,O HEAX & & &, 34 3] 2.700 kg/d, AL B - BLP
MBR ##9 N0 HEA% & 3 &1, 15 2] 1.940 kg/d, %) 4742 N,0 #4X B-F 4 0.001 534 kgN,0-N/kgN,
A ﬂ" IPCC 3 #15.(0.016 kgN,0-N/kgN, ) AR (3R AAK 5 R o847 S 55 IR ABESS 2 H R F5da) F AAO =

F A0 049 -F 34 18.(0.004 66 kgN,0-N/kgN, ), 125 3% B 3 5 AR 48 =l i3t 69 AAO T L EH LR B
:ﬁ. AAOA-MBR T % ¥ 5 SRR # 48 % 09 F & 3 99 8 & 4 Comamonas, 48 %+ 3 B £ 5] 1.90%~
2.96% ; £ RARBHL A |, R R BB BACTEAZZ S0 A RS AR A A o

KW N,O; #H4BETF; AAOA-MBRILY; MAMEHFLH;, RARMEEZ
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Nitrous Oxide Emission Characteristics and Formation Mechanism in
AAOA-MBR Process
LI Yan', LIU Ying-shi’, YU Xiang®, LI Hao’, DONG Hao-tao>, DU Zhi-li?,
LUO Fan®’, CHEN Shi-fei'
(1. Guangzhou Urban Drainage Monitoring Station, Guangzhou 510510, China; 2. Guangzhou
Municipal Engineering Design & Research Institute Co. Ltd., Guangzhou 510663, China)
Abstract: A comprehensive investigation was conducted on nitrous oxide (N,0) emission
throughout the entire process and the emission factor was calculated for a full-scale anaerobic—anoxic—
aerobic—anoxic and membrane bioreactor (AAOA-MBR) wastewater treatment plant (WWTP). The
emission characteristics of N,O along the AAOA-MBR process were analyzed. Furthermore, the microbial
community structure and key nitrogen metabolic pathways involved in the process were elucidated by
integraling metagenomic whole-genome sequencing technology. The total N,0 emission from the entire
wastewater treatment process amounted to 12.303 kg/d. The pretreatment stage exhibited the highest N,O
emission, reaching 2.709 kg/d. Within the biochemical treatment stage, the MBR demonstrated the
greatest N,O emission of 1.940 kg/d. The N,O emission factor for the entire process at this WWTP was
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0.001 534 kgN,0-N/kgN,, which was lower than both the IPCC recommended value (0.016 kgN,0-N/
kgN, ) and the average value reported for AAO process cases in Guidelines for Carbon Accounting and
Emission Reduction in the Urban Water Sector (0.004 66 kgN,0—-N/kgN, ), while being consistent with the

results from certain AAO process cases in China derived using the measurement-based method. In the

AAOA-MBR process, Comamonas was the predominant genus associated with nitrogen metabolism,

exhibiting a relative abundance of 1.90%-2.96%. During nitrogen metabolism, all metabolic pathways

were detected except for the Anammox pathway.

Key words: nitrous oxide (N,0);

community structure;

AT AL (N,O) S Xf BLAAUZ BA ™ B <
Rz — A e —Fp R = AR s R, &
BRNLO HE ikt A AR o L 43% , Hor s K Ak B
T2 HE B N,O 5 B 7%, &5 K Ak BE 5 72
N, O HE R AN A BEHLER AT 5% X 42 BRI = S AR HE
GNEETD -0 N

N,O By HE i 5 7KK BT G847 T2 (L X 3R
S B M . H T R FH HE R T
PG KA B R Go b N,O B HE G BT AR 1%y
PR AR SRE 8 TR R A0 8 RO %
WL AZ A2 T, A i S LR 22 b DX 75 7K b B 1Y
SFRBITIE L. 2019 4F , A [ B [R] S A b &
12 51 £ (IPCC) @ 3 T (IPCC 2006 4F [ % i %= <
TR 48 B 2019 83T ML) , 45 i T5 K Ab B R BE 1Y
N,O HEZ 54 0. 016 kgN,0-N/kgN, ;2022 4F , Fp [
WAL K HE K P23 1 2 G 5 1 COAEK 55 R e %
GRS AR R 48 B ) % & TE R 0. 009
kegN,0-N/kgN, o N,O HEH R 1 HUE A4 22 5P B
i, B B AR SR LS R K, TR X R T
TG KA FR ) A g S X HE R e U
A A IE AR N,

AE R HL X Y5 K AR BE TR F AAOA (JR AR -k
AR - 5 MBR AWML AL T2 4
a4 T2 KN AT R IR AL, 758 N,O
FITRFRHER R , 713345 B B i NLO HEBC R 7, 4k ifii
MriZ T 45 2 AR AL, LI AAOA-MBR T.7;
15 KAL) N,O W HFR LB s SR i R 5%

1 #M#HEF®
1.1 SRR #R

A6 T ML DX KR Y5 KR B TR A A SR W

AL R P E, TR BT 2R AN A+ <

nitrogen metabolic pathway

emission factor;

microbial

AAOA-MBR process;

LDt + B A A, A AL b B T 22 R H AAOA+MBR,
ZJa R EIMNRINTE . FIARTS VR TS T e 4+ 1R
FERUMEBE K+ AT LA B IS Sz ab B . J5 K AR PR
O MBS 16x10* m/d, H A 52 PR Ab B K &8 29
11x10* m*/d, i 7KK BT WLER 1.

F1 Bk HAKKER
Tab.1 Quality of influent and effluent in WWTP
mg'L"
e COoD BOD, TN NH,"-N
BT K 280 140 35 30
Bt K 40 10 15 2.0
SBrik K 244.02 134.12 29.48 26.85
SEBR K 10.39 1.13 6.51 1.48

TE: SEPritt KR H IS (E

1.2 REFE

V5K 45 T4 Bonin 36 % B AR R T A i A A
ARb IR, 2023 4F 11 H g S [ B ] 23 ) 251 7 2
WRAE R K BRI REE 100K #ET5 KT %%
AR TT |7 B AR FARARBR R BT S
AT SARAE , ARG 15 Yk i D45 A4 o7
T AR I ) BORE B R AR o R AR A X S A A ST
WSS TER RS AT RAE s s B i
FREAE M — B R R SCE T A
TE B 52 28 i i A0V TR AT R A 5 A A i R AR B
i AR B G AR BN i A B Il S I SRR L TE
AN[FJEATT Y SO AT R AR s MBR IX S B0E 1 sk Y
PR GLE B 7 R SLhe B SRV R TR A 15 TRV
AR T A ] — SRR R B FERR SR B A
HEATRAE o KR IBORE 55070 AL TREAR M 8% A
DU | BEAS ME A R A= At DR AR B L i S B L B4R
B 5 A BOR MBR b o 15 TS P BURE S 0 0L
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PRAIX AR T X AR DR 4 TT X,
1.3 ®WNmBE5FZ*

B ALK BT A bR 2ok I AR R E o
PRI IR 26 A TAEY) TR (i) iy A FR A
B AT AE RS, 25T THumina™ —A S 5 3F & 8t
(i R i

TESRAE S S RN EELEMBEDN
JOSF AR E GE XS 28 8 TR it T 5 56 iR 3 )
(GB 50243—2016) Il 1t it (1) B3R, 78 KU B 1T 2
SR A5 A A5 85 DR SN A T DA T 1 U R
FHBCA H T A &% (ECD) S AH (G35 (B A
A GC-2010) , i F GDX-502 T4+ , HEFE 1R
50 °C, i M 15 mL/min, {i FH W T FR ISR &
I R AR NLO VR FEE
1.4 NOHEMEFMHEMEFIHEFE

N,O R 4% B (D) At (2) 3155

L=3600xFxV (1)
CEyo =24 XL X Cyyx 107 (2)

o F o RSN W TR T AR, m? 5 VoA RS
T TR ~F- 259 XU, m/s 5 Lo U KUEE , m¥/h; € 24 N,O
W B mg/L; CEy , A N,O HEift i, ke/d.

IPCC 5 th N,O HE ik A /) 5 A7 24 kgN,0-N/
kgN, o AARFE—Z, N0 HERBCA T4 IR (3) 3158
o 28 (3)
Q.. xTN,, 44

KA. Q, HTEK) K&, mYd; TN, RHiG K
HEK TN R | mg/LL; 28/44 g 5 e 280 EF 4 N,O
HERH T, kgN,0-N/kgN,

2 HRB5H5H
2.1 AAOA-MBR IZiG%E N0 HEg#E

X205 KT A R ) AR HE T K T T
Py FE AT W5 I, N,O HE T i B 45 b R Be g 5 G
Yy B A A B B an & 1 TR o % NLO HE RS,
12,303 kg/d. #ALFLFITTIY N,O HEBCR KN F
A < AR AT+ RS A > Bt > 5 e e 4 + 1 k>
i S At > 4 b > AR M+ 42 R > DR 4R > Bk 4
o AL B Y BE U A TN NH,'-N \NO, =N .NO, =N
W BE AR/ EHT 7 AR 1 NLO IR 2D, KB N0 1Y
HEA 32 2R YR T 3K T R AS NLO PR EE, Lt s
A A% I S 4D B K 8 T s A A T AR B AR A AR
IR HE DA S TRt o 8 B SO A H

EF,, = x 10°

3.0 N,O HEfif i 160
= COD —~+BOD,
= a4 = TN —eNH, N (120 &
BT “+NO,-N  —=NO,-N 80 7
20
< 18 0 £
i =
22 15 §
S, 0%
“ 06 50k
: f0.1
w.s R 2 2 B 2z
Ewdils® F H E = s
EigEE < % & o= 2 A7
g P i i
oy
B &I HE R N,0 HEEITLYIRE

Fig.1 N,O emission and pollutants concentration at each

treatment stage

COD 7 241 4 B+ TR b + A A B Bt 28 IR
S B BRI B T B, M\ 143. 56 mg/L % % 32 mg/L,
F B i T VR T IR S (A5 0 B b B A ALY
FE R DTTE LA B P9 Il 38 i s AR o 15 K tE AR
SR A8 A ] R R TS Yl W W B R R A A K
3 F/E R, COD .BOD, TN I NH,"*~N ¥ & i i
R AL, 7E DR ARy 0 e 4 b 4 AT 1 R A AR VE R
NO, =N ¥R JE A /Mg Th o 7 DR 4 b A 5 4t B A
I EE NSO B HE R, 336 2 PR Ay -4l o 5k 4 22 ) 77
TE 4 PN 1374 S 1) 20 DO (45 Fz il A4 R 1715
AR, B BU7 R AE AT Y N,0. A OGRS
i P FE BB EE TP AE DO IR pH IR C/N 45 K]
224 Nos 76 , 530 N,0 76 Sl Ak ad 7 rp i A
BT FR R AN, S 5 B A TR 18] o R R K
(P. denitrificans ) ¥ SR EL A 5 Z A R 2
PR N0 H T AN B A XS AR AL R A
FH L RFRG NLO 77 LR SR AT S v ik 25 AR HE . a4
S0 P, NH, =N ¥R B2 9 R B AT NO, —N Ik B2 11 1 T
BT, NO, =N ¥k FE AR b A K, N,O i HE il & 2001
B4, —J7 i AE b — B B (AU R k) T AR Y
N, O Bl G St g AW B HE T8 5 53— 5 T, NLO /A i
Al 04 v ] = 7 AR T HET, JUILAE DO KN R 1Y
THOL T, 2 AL (AOB) AT/ RS 1L , £ 7 FhFE e
JIt U Chao ) HE AL F2 e (NH,OH) B 42 %4k 5 N,O
PIRE R AHOCHESE 4R D, ki B AOB 1Y 2
AN T2 15 K b 3R e b NL,O 1 2R IR, JUH:
TEAE DO 2544 AOB#E NO, =N 8 J5 A N,0. A5
FAEHE AAO T 205K I A Bl 45 NLO A HE T
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d7 2B TR B B 1R 409 LA B0, ] UL AR M A R Y
PRAE R AE P R R NLO Y B HE R . 157K
S5 B, NLO HEBCR AR SR B L it 9 NOy =N
FINO, =N ¥ B A /Mg T, 33 AT R PR R 480t
AU Y DO P A G B4, S A R DO A
FERI] T NLO 40 J5 il (9 A= 3 1, 5 SO7E B S PR B
o R A BN, P AR R I N, 0. T57KEEA
S, NLO HE il 1k B AR AL B B U, 2R
PR , ZE ARt 79 R B S WA E R S NL0 &
1 L —Br B b f AR B NLO KRB, 7E
15 SE+ TR B B, SO Ak R B AT AR RS & AR
Hb 15 e AR PR &R [RE RS AR R A Ak (SND) [
W N,O R Z = A 087 FSHFFE 48 1 B
S b RN G AR b TS PR S e vk AR W A AR R NLO 7
A R F2 B S A, TR A AT R DO MR IR R R Ak
FEHAETE DO [T HE 2520 AAO A4 NLO 77 A=
B EZREE, A5 H AAOA-MBR T. 44 fb b B
B B NLO HETSCR 9 5. 58 ke/d, HirR -8 B B B4R
By B TR 480 B BE Y NLO HE L & L 43 5l R 56. 7%
32. 5% F110. 8%,
2.2 AAOA-MBR IEHIN,0HEHEF

FRAE 1.2 95 RGN 5 ik % 75 7K T 4% A BB B
B NLO HE S A7 5200, IR =X (3) 1158 NLO HETik
PR, RELARGS A+ T 2 5 A s -+ W A A 3t + A
IR Gt | i At | G AT L 4R  MBR L TS
U W 4 + T 46 19 NLO HE ik K+ 43 51 24 0. 000 144,
0. 000338.0. 000075.0. 000071.0. 000 156.0. 000 156,
0. 000 242.0. 000 201 kgN,0-N/kgN, ,, 2= i F£ N,O
BT 49 0. 001 534 kgN,0-N/kgN, . #H [t IPCC #E
TEME 0. 016 kgN,0-N/kgN, ., A< Y S 495 7K )~ N,O
HEil D 738 A B A 10% , 3% 2 R TPCC SR B 48
—HER A T IR K A3 AN R T 20280 2 ) (1 25 S
FLR A S 0060 5 T B B NLO HF i i 19 SBR T
20 EOLNO HE R 4 AR A R (UK 55 &R
BEA% A5 A B AR B R FE 7 ) AAO T2 1Y
N,O HEB K 1-F- #4145 4 0. 004 66 kgN,0-N/kgN, ., A<
YRS I5 7K ) NLO HE T R - 29 FL 9 30% . Ren
AR FE AL 5 5 AAO T 2575 K A AL B il NLO
HE il s E AT S A3 BT, %05 0K )T B 2R IK TN>SS
mg/L., COD>140 mg/L, H 7K TN<15 mg/L, COD<50
mg/L, N,O HEjif K14 0. 000 773 kgN,0-N/kgN, ., &
A B N,O HERC R ey, o 2B W R #2 1Y 50%

P b ARSI AAOA-MBR T.25757K ) /4 N0 HE
B F KT AAO T 221G KT By, B2 R
AAOA-MBR T 2575 7K ] BYFEK TN ¥ B AL, I fik
Ut AR T R N, O, AR Fi Ak 3R i B RN U v i
TAL By Be i HE L 7 R & N,Oo Yan 5505 b 5t
AAO T 205 KT WA A B Be it A7 17 oI 9~ A iy
N,O S 73 AT, %05 7K T B9 7K TN ¥ BE 2R 56~90
mg/L, 5 H N,O HEZ K F 4 0. 000 55 kgN,0-N/kgN,
N,O S5 KR 3 BRAE 4R S B, IR T A B S
) AAOA-MBR T 25757k 94T % N,O HERL H -,
RJZZ AAO L5 K ) (kK TN R B2 45 v, i B
AR A AR B BEHE B NLO HEAT AL, R A0 & Fiikb
PG VMR AR B Be o FH AT UL, T 202880 k7KK
Ji BT AR SR R 2% N,O 19 Az il AR ik ™ A=
S A ST ST Y AAOA-MBR T. 275K 4
PR NLO HERL A F/INTF TPCC R B LA K (K 55
ARG h% A S AR BRIE ) H T AAO T2
S8, (H 2 5 R AR 3 S ) AAO T2 5%
45 AT
2.3 MEYVRERBEMREMEREEKE
2.3.1 TV WSS AR

X AAOA-MBR T. 225 A= A Ak B B B A 3 1 75
DI = ST o A/ S P A N S v IS U1 1 o T
AAOA-MBR T Z Al K B M 128 1, @ oK
- M 3965 Bl TR b AR A BEHES
HII 10 A9 F LR T A 2EIE H ] (Proteobacteria)
L ¥F B 1] (Bacteroidota ) . i 3% ] 9% 48 9 28 7
(Patescibacteria) .22 % ] (Chloroflexota) | J&B¥ 7
1Y (Firmicutes) .77 %% # | ] (Planctomycetota) R AT 7
I"J(Acidobacteriota) ZEK R[] (Myxococcota ) iLZR T
"] (Actinobacteriota) FHACIZHERE ] (Nitrospirota) , 3
TE 2% A dh R A X SR RS 1B 23 Bl A 44. 59%~
46. 86% . 13.90%~14.49% . 6. 59%~7. 09% . 5. 50%~
6.58% . 3.35%~4.86% . 3.27%~3.76%. 2.67%~
3.32%. 2.40%~2.84% . 1.45%~2.05%. 1.29%~
1.87% (UL 2) . Proteobacteria TE It A FF fify H AH X
F2BE Y Ay d e A )R R A A T S R
RN, 25 7K Ab 383 i v f5 kg 5B R DL 1 4
W HE , KB S3 Proteobacteria T I 11 4= W) RE S 5¢ i
KorFA D& B B iy A 7, i s
Thauera .Paracoccus Bacillus #11 Thiobacillus ©. 2 B W
FUUEMEA S Ak T ae
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100

[ Others

[ Spirochaetota
[ Nitrospirota
B Actinobacteriota

75 - Myxococcota

B Acidobacteriota
1 Planctom yeetota
Firmicutes
l:l Chloroflexota
B Patescibacteria
Bacteroidota

B Protcobacteria

50

HART 2 BE /%

25

DRAHL B4 40t 5 B4 MBR ik
B2 [IKELEMEYREYTEE
Fig.2 Relative abundance of microorganisms at phylum

level

Bacteroidota F1 Chloroflexota 15 JJr A ¥ by WP AH X
PR Ry AR TG KA B T DR R A A A R
EF AR SCHT 58 438 |, 3 WG T8 T 2 R 22 BT s
KT HIPESET], Horb, Bacteroidota ¥ J AT R AR
A BB kAR, OF B A AL AR AR AL G R £ i 5
BEARE EE S 5T Chloroflexota J2 4 P ) — R
JZ 5332, Al L A ™ BE 1A 1T YRR
46 1 J& (Anaerolinea) | Candidatus Promineofilum T
J& .Candidatus Sarcinithrix )& Candidatus Villigracilis
W & AL T B (Herpetosiphon) | Kouleothrix T# J& 14
B WA R ER B I BE 1 . Patescibacteria T8 | 11E
JIT A il RORE R S BE X HE A 5 = T TR i
Hh A 1 9% S S (CPR) 41 14, W9 & B LA
AR BRI Hhil o 5 R AL A T3 R K b 7K
Ab PR T AR R GE R DU T2 A AE T AN TR s 5L ) I IR
Anammox R G, WF SR I |, Patescibacteria B[] 1]
TE 5 7K AL BT 20 A 3 2R i v 42 iy H - A 1 )
FHRCR S T AR RS R WA B, Nitrospirota
P TT H 2 B — A9 1 Ak SR B 1R 2N (Nitrospiria)
fii b B2 5 T8 H (Nitrospirales ) F1 fi§ 46 12 Jig w1 #)
(Nitrospiraceae ) i , HoACE ISR A% | A0 45 A fb. 40
T S AL Y B R R I i T A R VE AN AR N R 2
B Jm oy b E B AL RETCHLE IR I T ] T AR AL
W€ 1 J (Nitrospira) B35 ML AR L S AL D BE , 76
HAZ AN RE , 1ET5 /K AL LT 22 rp ke A R
PEHI™.

TEJE KL AR = B2 HE 44 FiF 10 By 32 20w
J& AL 8 5 5 I B8 (Escherichia) I\ E TR &
(Comamonas) . Ferruginibacter . Nitrospira . 5& % i ¥
I J& (Cronobacter) . %4 1 J& (Legionella ) | [ = 7

J& (Azonexus) . 1] %5 BR 1 J& (Staphylococcus) AH v [K
& (Burkholderia) F1V5 ] [K B J& (Salmonella) , H
FEAE it P A AR O S BESE L5030 4. 17%0~5. 02%
1.90%~2.96% . 1.36%~1.86% . 1.26%~1.77%.
1.31%~1.52%. 0.03%~1.83%. 1.02%~1.33%.
0. 61%~1.27% .0. 08%~1. 90% F1 1. 19%~2. 02% (U,
& 3) . Escherichia Tt it A FF i vh AR 32 B2 34 0 B
1L I JE SR TS K AL BT 3 K R B RE V5 (FCB)
1Y) F5 A SRR JB T K A B R G b R A e Y
Proteobacteria 1§ ], AAOA-MBR 1.7/ 5 &AL 5]
A& B E 2 J& 4 Comamonas | Ferruginibacter |
Nitrospira Fl Azonexus. Comamonas J&15 /KL B R 5t
Hh Y D RE TR L RE A8 il 22 Tl 2 2 1) O 7 R 2K
&Y e IR TR NH-N 346 NO-N,
TEBR AN T, Comamonas W) RE % F) AT HILIR 25 ik
K NO, N A AE R N, ' o Ferruginibacter Jg&—
R AHAL R B (DPAO) , HAT [ Ak £ 2 3R 25 KRR
o TA I AILANR G Y (EPS)RYRET) , MBR R 4¢
WP 5 1 EPS HE BE AT BE J2: Ferruginibacter 15 VL & 4R
BYIRIE 5 F 22— Nitrospira 275 /K AL B R G vp
{14 BRIV A 2 46 AT (NOB) | 3 5 A R FLAE A9
U6 VR 2 58 B NO, -N i S Akt 72 | I 4Rk
van Kessel % "% ¥ T Candidatus Nitrospira inopinata
Candidatus Nitrospira nitrosa # Candidatus Nitrospira
nitrificans iX 3 Fi Nitrospira 18 J& 40 & , T IESE T EA]
REfZ A A 4% NH, -N & 4L i NO, -N, A7 X —RE Ny
AT E D e ol A e 2 SA AL A 1 (Comammox) o

100 Others
Mesorhizobium
Acinetobacter
Klebsiella
75 [ Salmonella
= gurklholl(leria
taphylococcus
§ -Azolijleius
= [ Legionella
.H.]_ 50 = Cronobacter
[ Nitrospira
.’DT{ Ferruginibacter
oo omamonas
= Wl £scherichia
25
0 N — — 5
PR SR S IR SRR MBR 3k
3 BARFEEREWHEXNEE
Fig.3 Relative abundance of microorganisms at genus
level
2.3.2 AR

FI AR 5 B0 U0 P i e 45 DO A 3 i % A8 T
AR . RIE IR B AR LA - 1B U AR | (R AL A
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TR h 10 i A% | S b s T 6 3 L % A48 A 2 il 1 it
7 AEAL SR . o Ak R AR A A E b
PRAZ . 1EXT AAOA-MBR T. 20 4% v BO i P 15 Ve kR
1) 7% i PR A 4 B RO i v, B SR AV R A o
H R R AR B AL AR 2 A AR AR S Bl A
K 4 )78 T AAOA-MBR T. & &AM R 42
T R TIRE ARG BALKO FEE L, o, A
AR e iL A | RIS IR SR IR AR L SR ALA
iR 8 340 5 A2 R SR TR B A 1) R AR KO “F 11
3914 0. 06.0.56.0.53.0.75 F1 1. 07, Hil o] 41,
AAOA-MBR T2t i NH, N 2538 JF 28 & B A& 1)
4 HB 38 o 58 4 A Ak B AR B 4 SIS NOS-N;
NO, =N S A A A & A & W £ 22 o ) gL A%
T AP A N, Hovkal i Ak i iR £k TJ?E%&‘%H
() A 2 6 30 i i A8 e 49 38 )i A NH, =N, 2D 5 N,
3 3 [ U AR e A IO NHL =N
. [ e
e
[ i
L Eo
0.8 I MBR it

KO 425

0
[P A LR AL

By
B4 BABBRERERKOEE

Fig.4 Cumulative KO abundances in nitrogen metabolic

SEATHAL (AL AN AR ER
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