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L b (SW) LA I I 5 A 1t b (CW) P R 2
PRITLE WA AT R GE AR RE RS, SW R
GiF-HHIK TN FIl NH,-N ¥R 1.98 mg/L Fil
0.17 mg/L, EPRFE CW REIEM T 6.9%F
5.1%. & 1112 PR I — o B — Rk 2B 4 S %
WFFEAIR] DO B2 AIK I 458 B B[] X 4 i ¥ 7K
AL BRACR: . NH, -N SR %IA 94.5% 04 |,

TN P BRFAUH 40% 247 o (HF FLRE B A 4
AR 3 A7 FE B TR AS A (R ), A i 249 A ) T R
B E,

FYE 1971 4F , Harremoes Fil Christensen 4 H
BEAVE Ry SR AR 8 S AR N B 15 K b B, gy
X & ¥ AME-D (Aerobic methane coupled to
denitrification) ¥l 4 1. 1978 4 Rhee Z:FNiF 5z
AME-D J& H i 480 H1 o 4801 B R0 S A A6 TR I [R) £
FAZERLI , G40 e S0 oA e R P B o A Mk — 1)
BRUR . REVR, 7ESIE e 1 [m] st R e o o [l =4
N A AL T A AR B IR . B AT R B AME-D
53 h AME 5 gtk s B R A . AME B 58
JG R e Ak 5 R R A YR R R TR A ST
FOUNE L ik — Bk H be AL MO-01, FIlF
22 ZEWIE L MR R B A A A e o T L AE FR AR
At 2 im A“RAEAE S, 20 Hh2g 70 4R, 4R
Wyt A B =2 A2 James Barnard™M i 1 25 it g
Bardenpho 757K AR A T2, IAAAKE 584 0]
DL T e] S8 A RGeS B A e ok, B
TN<3 mg/L. 1996 4, [ 455 Bk M AT 3
TN<3 mg/L H1 TP<0.1 mg/L HEilhrE, HEshM
5K T, I AR BRI R AR 32 B4 A A
EEARI . wsh, EWISEE S X TN Hethr o
M 20 mg/L (—%% B)FI 15 mg/L (—Z%& A), #T+&E
5mg/L (EEFH A BrR), 23 1) # BRI 03 0t

F 5% R o R 78 S Ak A it . 4R 9% R
VI L AN U X A A R o AR G U Ak
(AME-D)#R BRI A R G RZ ], A fe AR 28K
T, X RGEMEYIELT 16S rRNA B ¥
3R i — 20 R FH B FH V5 K A 3T A kit K
HEATEEES, b Ok s b i KoK BT, A
SRR T AR A B TR R I R R R BRI B8 S R
XHE

1 AR

1.1 SEHKJR

111 SERPE/KKER . 5 md I Z BT B BER A
AR KT K, B KK B S E0530)
4 COD 20 mg/L. &% 8 mg/L FE#E 1 mg/L,

A, BAE BRI 20 mg/L. 30 mg/L F
40 mg/L, H A AR COD, KHPO, Bl
W, NH.Cl B A, NaNO; HEm AR Eh & . [H]
A I A A T M R e R Y, TR R
W& CaCly2H,0 0.2 g. MgSO47H,0 1 g.

Fe-EDTA 0.38 mg. Na,MoO,H,O 0.26 mg .

FeSO,7H,0 0.90 mg. MnCl,4H,0 0.02 mg .

CoCl,-6H,0 0.05 mg. H3;B030.015 mg. Na-EDTA
0.25 mg . ZnSO,7H,0 0.40 mg . NiCly6H,0
0.01 mg. CuSO,5H,0 1.25 mg.

112 SPAEEKEE =R AKKE: SHE
15 K AL B R F M A+ SBR+1G PR i 18 5 /K Ab
P, HAOKBHATEZR (TS5 KR 5
YU bR E ) (GB18918-2002)—2% A Awifk, 15
KA K HE AR . R I5 K AL
SBR /KA T, HKFs 5]k : COD Ny
8mg/L, ZA M 0.7mg/L, EE N 9Img/L.
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12 EBRE

SEREEWE 1 PR, RN A5
R P uE A L, EUCH R, SO A
WIZIARUABCY 2 L, JRHR B, ik
6-8 mm RSN A )2 5 cm, RATER K 2-4 mm
APRy, SNZRAIRIRIR)Z , BRI KEfR
JE(10 °C. 20 °C F130 °C), Jhvias M k=Ristr
Jralo SR P A B e 5 s SO ROR AU
e L9143 510 3% . 29%F1 0%, 78 K2 i i Hi <
B EeE H e AL
1.3 LWk

S P AN I SR R KT HE 4 T
Hastyora, REEEER D9 (3021) °C, ist7 R
“Ut7K 0.5 h, 21723 h, 7K 0.5h", B HALS
oI AR S g N ER A A, HOK R 1.2 L/,

HEK R HE N 20 mg/L, HEAKFH KBS 1 E RS

TR BE LB 3%, JiiE A 30 mL/min,
PR FE W e B2 (A2 w) 1T 3 A P ok B8 e
TRAAK) (3%, 2% 0%) | #HJ¥ (30, 20 F1 10 °C) .
RHREE(20. 30 Fl 40 mg/L)XT 520 2 43 RE 4 5%
XoF N i A 3k AR R R e 7 e S )
AHPHESREE L, IR P e -1 HIERE R (b
H W AE =i P bk B -t SR ek B E),
BRI K PR IREE . DO R A . B A
COD FF/K it 6 #5 o
14 Srrek

2R B R A K R ot e
(HJ536-2009), AHEREL A5 HT R EESM AT LAt
Ji 1% (HIT346-2007) , FF e 1 #E &= W5 00 >R
SK-600-CH, 7 F e ek Wil % , DO kA DO f#

XML, COD K HACH-COD Rk i i /3
Hrzt,

1.
Figure 1.

TWEE
Experimental reactor. 1: reactor body; 2: packing (2-4 mm quartz sand); 3: cushion (6-8 mm pebbles);

4: aerator or aerator head; 5: valve; 6: check valve; 7: inlet pipe; 8: out of the trachea; 9: waste water inlet pipe; 10: waste
water outlet pipe; 11: hot water inlet pipe; 12: hot water outlet pipe; 13: methane online monitor; 14: inlet peristaltic
pump; 15: hot water circulating pump; 16: into the water tank; 17: constant temperature water tank; 18: gas flowmeter;

19: gas flow control valve; 20: mixed gas.
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141 PrESEESHT s W2 15 mL HacT
BOET, BUREK, R EZ R UR T IR AR
it i TR R AR TV R A7 . SR H] LRS-8 248
AL 2 T SO TR RE S AT b . HAAR Sy
B 5 3 TRl A 5 A 2R )

142 UAEMESHEST: RERGZ MR
5 5 B A B e T 16S rRNA JEDRI 343 #r , K%
EMREAWE T OEDIHITEL 1 min, FH
6000 r/min EKFx_FIE WG S B A T-20 °C &A%
TR, KRGk R BT (Majorbio)i#f 17 16S
rRNA &R 434, #8047 V3-Va i A8 K,
e an e 5l ¥ 8 . 338F (5'-ACTCCTACG
GGAGGCAGCAG-3')#i1 806R (5'-GGACTACHVG
GGTWTCTAAT-3'), JHrilisk Jr ik 524 2 v a0
Ji kAR

2 BRI

2.1 AME-D %R A RS W RETT 5

2.1.1 HERREXN RGEMEW : 7Ly 30 °C.
HEK P R B S 20 mo/L IF L $5 i R B vk R A
Hh 3%, 2%F1 0%, FRELHYNRESAREANE 2 fr
TNo M BER N 3%, 7k DO i 1.94 mg/L,
17k COD & 22.27 mg/L, HEe ¥ HIEFER N
0.36%, /K T Z A RIS IR A8 S0 25 Uk B 4 51 oy
0.68 mg/L #10.30 mg/L, M AEMEE L ERREK
“} 94.93%71 91.54% ., 2%I} i 7K DO Jy 2.25 mg/L,
7k COD 7tk 26.18 mg/L, H b 44 H i FER
0 0.29%, AR T EEREN 31.63%F
90.13%, Ut LEvk T F el FE S R
e, 0.36% RN 0.29%, MIE 2 al%n, Hk
SRR R A MW 2 EF, B 0.30 mg/L Hhn=

12.78 mg/L, Tz A WE4E+F7E 0.68 mg/L 5
0.79 mg/L Z i), FEEH THEMKERIKE 2%
JG. R DO R, FRT ARG AR i
WM, AN, RGN BRI FE R, R
] 7= Wk, BSOS Ak T RN A
BT SRS AL B T BB A i R BE R ek
0%HT, FREER LA R &R BEF TR, 1%
M F R4k g DO iy 1.47 mg/L, 7k COD
TRE#EHR 10.7 mg/l, AR FEIRER A -k
43514 7.52 mg/L 1 0.8 mg/L, B AL
BB 500 57.91% 6%, E7EABERIIRS S
TREY, RGEEA T LBREA MBS, TS AR
WUYRT 1) FH 2K b 38 o A DL A T R A A
B TmEAL, FERABCRRAR ., HAA
WF5E U1 Thalasso %1V & B I BER A, A
B AL R IC A A e, R BERE IR 1 o S Ak
AR =8, RAEAE RSS2k @
o FARGHTAIAL, ARG R Ly 3%, R
G50 SR BRI, I b T R o vk B SRR AR
2 ZR G T bR TR AT BB , 0% AME-D &
G0 3l e R 3%

2.1.2 BRESTRGEKEW: Mohanty A,
Tk B i 52 M) FR e S T 1) 2B R RTE R 5 R 1 4
Ao TRt 2 AME-D RN EZ—.
SE I B R FE X RS R, RS E B
K P B BEH R 3%, /K i &R Bl 20 mgl/L,
Pl R RTIE 3 30, 20 f1 10 °C, R&EH
IR RLREQNIE 3 iz, iR BESN 30 °C I, HiK
COD 4 23.71 mg/L, H/K P& R MAERRE: 2 P-4
e 451k 0.37 mg/L 11 0.08 mg/L, BAMEAR
X F R F A I 97.65%F1 95.38%., 4k EERE
. % 20 °C i, 7k COD [&f% Ky 21.24 mg/L,
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20f [__JAmmonia nitrogen EZZ Nitrate nitrogen
[ Total nitrogen = Removalrate ]
18F
_16F
) J
? 14+ 80 s
< 2} 7 E
< _—
Z10f 7 19
g or H40
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2F % 120
0 I_I_l-,—I-nﬂ]]]EIﬂ]] £
3 2 0
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2. AEHREHESEETREFLEK TN NH N,

NO;-N FALBRE

Figure 2. TN, NH;-N, NO3™-N and efficiency in the
effluent under the different methane intake ratio. The
error bars represent the standard error of the mean.
P<0.05.

4- [_]Ammonia nitrogen EZZNitrate nitrogen
(I Total nitrogen = Removal rate
-
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3. AREIRETREFEK TN, NH,-N. NO;-N
FERE

Figure 3. TN, NH,"-N, NO5™-N and efficiency in the
effluent under the different temperatures. The error
bars represent the standard error of the mean. P<0.05.

(=N
<

B
[e=]

Concentration/(mg/L)
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T
Removal rate/%

—
[\
(=]

BN

7/°C

IK A ERER Z AN & 451k 0.01 mg/L 1 0.37 mg/L,
SR R, 0 97.97%
1 95.38%., 1 4k B F#{K % 10 °C B, 7Kk COD
“4 20.59 mo/L, FEBRER ECE- v B EIH 2 1.17 mg/L,
BRI ERETHE 92.16%, A FHWKE S
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-2 R BR R ASANK, 435124 0.38 mg/L #195.25%,
ULEATEIREE A 10 °C B, BEAE T RGP E Y 036
PR, MG SE A IR 43 0 R e 8010 B 10 A KR
J¥ 3 20-30 °CM', #ki% AME-D & 4ifE 20-30 °C
H R S IR BRI

213 FAWREXNRGEHEMW: N T i#—HHRAER
Gi XN R R BE IS I RE T, (ISR 30 °C, H
BEUE R 3%, 451l 2R 7K R R BE 451k 20 mglL
30 mg/L 1 40 mg/L, WM& T RGN AMERE. W
Kl 4 FR . ) Mafk b SRRy 40 mo/L B, i
7K COD > 39.38 mg/L, Hi7KZ & FisIRER & 1 F
YU FE 43524 0.53 mg/L 1 26.76 mg/L, H 7K B
SRR IR 3 AT 35 L BR 41 5l 31.68% .

93.38%71 16.38%. Modin Z:M15% ] MBfR 2 i
FREIE R I A K R AL Uk B = R, TR UL
BT 2P A KR AR AL, WA 2, Rt
A 3o VA R A SR A SE K] nirS A nirK ) PCR 1%
TE B 125 0 vh 1 A= D BRGSO AR I 840 T o

Pk oS EEE A 30 mo/L i, Hi7K COD Wy
28.6 mg/L, KRR ER RS A YR B 4 T
%% 3.04 mg/L F13.62 mg/L, filfREh A FIM AT
KL T 86.18%F1 87.93%, i 24iksk
VAR EE S 20 mg/L 1], Hizk COD 2k 22.89 mgl/L,
KA R ER AUk BE R B W R R 2
0.93 mg/L #11.27 mg/L, H/KER . AMMER
BRI LBEE L E 93.66% . 96.13% Fl
92.25%. LRI, MR AME-D RELTEIEK
Hh R UM B R B LA — RO, ok
IG5 YR BT SR B i, e K P B R B
AR A R R B, B 1.27 mg/L<3 mg/L gL
PR BR A A
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[_]Ammonia nitrogen £ZZNitrate nitrogen
(M Total nitrogen = Removal rate

301 4100
325t
2 80 <
=200 g
g 60 =
g 15F §
=]
3 5
§ 10 40 &
Q

5_

20

40 30 20
Nitrogen load/(mg/L)

B4 AREESASE FRE&ESK TN NH N, NO;-N
FAEBRE

Figure 4. TN, NH,"-N, NO5 -N and efficiency in the
effluent under the different nitrogen loads. The error
bars represent the standard error of the mean. P<0.05.

214 TUAEYBE SN RERMEERZMFT R
i YA T 16S rRNA SERN 434, E1 1K
b (B 5-A), bR TR 2 R T
(Proteobacteria) . 44T %[ ](Bacteroidetes) . Z¢25 1
I"J(Chloroflexi) A4k 11 (Actinobacteria) , 4371 i
41.09%. 25.99%. 10.76%F1 6.41%, TfifE AME-D
R FEAE SRR, AR R GRSy
Btk BRI R e AR BT E B T B 1 0

FERAKCE L (& 5-B), o DL BRI 5 15 e
i} (Saprospiraceae) . A0839 #il Microscillaceae,
S350 12.48% . 5.85%F1 4.09%. ItAh, 1 H LR
Bl (Methylophilaceae) . H % ¥k @w F
(Methylococaceae) #1 H Jt # 1 @w Fb
(Methylocystaceae) 1 A %F 3= B 73 %l & 3.86% .
1.99%H1 1.9%, FREBKR R P AERE AL RRL L 8
FUFE B AL B A Be g ag P02,
[Fi] BN s PR LA R BB LA R B8 S A K o, o —
HLE TR

e J& KOV b (B 5-C) A X =F B i oy
norank f_Saprospiraceae (12.31%). norank f_A0839
(5.85%)#i1 Flavobacterium (3.76%). Z 4 FpAG il
) H e B AL & 43 31 Methylosarcina (1.84%) .
Methylovulum (0.01%)®2!51 Crenothrix (0.14%)%%,
J& FAHePE H B A AL TR R 1)k Methylocystis (1.9%),
Hdr | Methylosarcina ., Methylovulum Fi1 Crenothrix
J& T H R ERE, 1 Methylocystis J& T H L 424
A, & T R A= 90 Methylophilus
(1.9%) ., Chen Z:PUg5% % B Methylosarcina F
Methylocystis J& #f- 4 F e S Ak 3 AR 7E Y e S A ik
FErpi AR . b, RGP AN Y A AL TR
J& & Nitrospira (0.42%) , . fil§ 1k # J&8 M
Nitrosomonas (0.008%) , ifii S Al Ak i & i P 34 it 43
) & Hyphomicrobium (1.19%) #1 Pseudomonas
(0.61%), F Gt IEAFAE A AN A A TE
J&, 4 Bacillus (0.13%)#1 Rhizobium (0.008%).
Rorbertson % PH 5 BLIFST & B Gl Ak i AEAE 17 4R
U IR AL, I Lukow S50
iz 18 1 4F A S 4B TR A FE Hyphomicrobium

Pseudomonas. Bacillus #1 Rhizobium 4§,
2.2 AME-D R & &R G b 5T

221 SRR KALIRT A A B K b BHACR -
KAE S BHIE TG K AL FR T S K- 7525, R EE
(ISR 2 0T 30 °C, FRBEUR T 3%, it
K2 AR 0.7 mg/L . 2ECH 9 mg/L, it AME-D
BRI R R G AL B , K A A B AR B
4 0.96 mg/L A1 0.38 mg/L, 7k DO & 6.02 mg/L,
tH7K COD Jy W BVl AE o 0.3%, HIKEA .
RN R A CE Y L BR 410 89.28% |
45.71%71 93.25%, 5dHH 12 2R Go Xt 5t BH L 5 7Kk Ak 2
T A A S 7k H A R PR RO
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1.26% 9 0
(A) 1.75%1.59%01.11A>2.15A)

I Proteobacteria
I Bacteroidetes

a Chloroflexi

B /i ctinobacteria
I Patescibacteria
[ Chlamydiae
B Acidobacteria
[ Planctomycetes
Verrucomicrobia
0 Gemmatimonadetes
[ Dependentiae

41.09%

[ others

25.99%

(B)
1.99% 1.98% 0,
2.15% 2 1.9%

I Others
Saprospiraceae
I A0839

N Microscillaceae
[ Flavobacteriaceae
B Methylophilaceae
I Chitinophagaceae
I A4b

B Caidilineaceae
B Parachlamydiaceae
B xunthomonadaceae
I norank o Saccharimonadales
Methylococaceae
Sphingomonadaceae
BN Methylocystaceae

48.68%

12.48%

© 1.73% 2.15%

1.84%

1.9%

I Others

I norank f Saprospiraceae

I norank f A0839

BN Flavobacterium

norank_f A4b

norank_f Caldilineaceae
Terrimonas
unclassified f Methylophilaceae
Arenimonas

Methylocystis

Methylosarcina

B Chryseolinea

Methylophilus

norank f norank o Saccharimonadales

54.47%

12.31%

E5 1. #AEKFELHBEHSE
Figure 5. Respective microbial classification at the phylum, family and genus level. A: phylum level; B: family
level; C: genus level.
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222 PrEEESHT: RAETIFECAGH KRS
Brim ok o K T 2otk by, HEREAE 6
fin, PRI 1 s, i oo EE
AL, IR K gt A B , ROk 716.21 cm™
1010.53 cm™. 1050.55 cm™. 1346.65 cm™ A
1360.88 cm™ [y B T 2, 4333l i 4 A2 () CH
HANE . AR EREE R'O-SO-OR? () O-S-O [ 4f
PRAPAR . NOg XS FRIP4E . J5 &L C-N h4aFn0y
Bl NO, XIFRMPAEG L, UL RG X iRk & F0
AR AR A A A E R EFRRE J1, Kauffmann Z5[%7]
TS A PR ER VA VR M P2 E , #E 1047 em™ K
A5 ENREE NO; I BH B 7 o Rl R 48 v 1 05 ik
Al 2Bk, BeAh, SE56 K B B
W43 983.86 cm ™t il 465.46 cm™, JEHIMEE
CH, HLEH A PO, 1) PO, X FRAE 1 513 o 5L FRI5 /K
Gyt hb R, PEch 413.89 cm™ . 619.29 cm™,
669.97 cm™ . 1052.33 cm™ . 1136.80 cm™
3407.80 cm™ 1 3497.61 cm™ f{IE B B4 2k, 434
H1 PO, Y PO, X FRAE S . PO PO, AN FR7E
fi. BE COH T ANl . NOg X AR 4E . fift i
R-NH-R?ff) C - N 45 . 5 &AM NH {45 f1
JfR ArP(O)(OH), iy O-H ffiZs 51k, Ui R G Xt

MR A R R EBRAE T, R RGE R &
BALG Y . Bt pl Bk, Ak, sEBRHK
EF'EHB'EE’MM@ 1087.80 cm™, JEFEIE C-OH fif
g5, P20 H BBl AR TR R R ) =)
I jﬂ@? BT, AR PRI T 10 g/L
) NaNO, %l i 2 oki%, kK¥AE 1335 cm™
B NO IR REEIE . R 6 ik 1
AP, SEBRIG K AR LEBR IR ER S W | S B

— Actual sewage — Experimental water

— Experimental water distribution — Actual sewage
4500
4000: 1050.55
3500
> B g
2; 30001 1346‘?26088 ,
g e N
= 2500
§ 2000 [ 465.46 |
g [t
~ 1500_— 1008 2
1000 " "11009.64
500 {'3 8"?%622 97 ?L;Olslzéi?xo 30780, 3497.61
61929

500 1000 1500 2000 2500 3000 3500 4000
Raman shift/(cm™)
6. BRFHBKRESNRILE

Figure 6. The Raman spectrum of the inflow and
effluent in the methanotrophic system.

R1 fUENEERT

Table 1.

Results of Raman spectroscopic analysis

Absorption peak wave number/(cm™) Group vibration

413.89, 465.46, 619.29
669.97, 716.21
983.86
1008.62, 1008.76, 1009.64, 1010.12
1050.55, 1052.33, 1087.80
1136.80
1346.65, 1360.88
NO, groups
3407.80

3497.61

The symmetric Angle of PO, of PO,> and the asymmetric Angle of PO, of PO,>
Alcohol COH surface bending and alkene (cis) CH surface bending

Olefin CH, distortion

Sulfite R*0-SO-OR? O-5-O antisymmetric expansion

NO;™ symmetric contraction and alcohol C—OH contraction

The C-N expansion of the secondary amine R*-NH-R?

The C-N expansion of aromatic amines and the symmetric expansion of aromatic

The aromatic secondary amines NH stretch
O-H expansion of phosphonic ArP(O)(OH),

http://journals.im.ac.cn/actamicrocn
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W SRS A WA W A S B K R AR ALE D
B WALS W) A A 2 R RU5E , P S2 30 1 7K AE A
A [ f4 49 S5 249 P S0 B R B R'O-SO-OR? fy O-S-O
TR 4G NOg X AR M4 5 A2 iy, RISE 56 e
/K (101053 cm™ F1 1050.55 cm™) I 52 b ¥5 /K
(1009.64 cm™ Fi1 1052.33 cm™),,

3 i

(1) AME-D # FRJBi %0 & e 8 B Be ik ok
3%, IELEE R 30 °C., UK N 20 mo/L B fE VIR
R, RGEMEBA . @EFMIREE A R
535 93.66% . 96.13%7 92.25%, AL, X RS
£ 20-30 °C A8 S B BRI &

(2) 16S rRNA PRI F A4 A s RGe
Y B Be S Ak TR 43 991 2 Methylosarcina (1.84%) .
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Efficiency and application of aerobic methane coupled to
denitrification ultimate denitrification system

Ya’nan Yang', Yancheng Li*?", Jiang Li*?", Pan Wu'?, Jia Ai', Xiong Zhong*

! College of Resource and Environmental Engineering, Guiyang 550025, Guizhou Province, China
2Guizhou Karst Emiron Mental Ecosystems Observation and Research Station, Ministry of Education, Guiyang 550025, Guizhou
Province, China

Abstract: [Objective] This research is to analyze the effects of methane concentration, temperature and nitrogen
concentration on the aerobic methane coupled to denitrification (AME-D) ultimate denitrification system, the
microbial communities in this AME-D system, and the application of this system into the tail water of a sewage
treatment plant in Guiyang, China. [Methods] The effects of methane concentration, temperature, and nitrogen
concentration on the nitrogen removal efficiency of this system were studied in staged experiments. The microbial
community in the system was analyzed by 16S rRNA gene sequencing technology, and changes of the wastewater
water quality were analyzed by confocal micro-Raman spectrometer. [Results] With the methane intake ratio of 3%,
and the nitrogen concentration of 20 mg/L at 30 °C, the average removal rates of total nitrogen, ammonia nitrogen,
and nitrate nitrogen in the system reached high up to 93.66%, 96.13% and 92.25%, respectively; The dominant
methanotrophs in this system were Methylosarcina (1.84%), Methylovulum (0.01%) and Crenothrix (0.14%); the
facultative methanotrophs was Methylocystis (1.9%); and the dominant nitroso-bacteria were Nitrosomonas (0.008%),
nitrifying bacteria were Nitrospira (0.42%), and denitrifying bacteria were Hyphomicrobium (1.19%) and
Pseudomonas (0.61%). Applying this system into the tail water of a sewage treatment plant in Guiyang, the average
total nitrogen concentration in the effluent reached 0.96 mg/L, reaching the limit of denitrification. Raman spectrum
analysis showed that nitrate nitrogen and nitrite nitrogen can be effective removed in this system. Intermediate
products of the oxidized methanotrophs could be alcohols or aldehydes, which can provide the required carbon source
for denitrifying bacteria. [Conclusion] AME-D ultimate denitrification was realized by the synergy of microorganisms,
including functional microorganisms like methanotrophs, nitroso-bacteria, nitrifying bacteria, and denitrifying
bacteria. Research results also exhibited great potential of this system applied into the urban sewage treatment.

Keywords: AME-D, extreme denitrification, efficiency, Raman spectroscopy, 16S rRNA
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