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JI A NEBE RO SZ R, O SR v 8 o D X AN [R) pHU T R i P IR D RE VS S5 R R AT T 0. SRR HT . L
MARN, RGERMARCRUIE ; MEVGEEREZN I G, RETHREREILTEE TRENGEE, K
T2 1Y R RS R (<30 mge L) ] S A Ak R TEARTR] pH R (pH=6~9) & 4t 13 B H B0 i AU RE )
TP PR AN SS TRAE 25 T A R R R o T R I R A5 SRR W] pH O 7 M 8 IRV R R m . 2R
Yo EiEvh s BEE pH BT o A4 2R MR A e sy, U WD M B B T L) R W i 2 R L )
B ANHE pH T, Gammaproteobacteria, Deltaproteobacteria, Bacterodia, Ignavibacteria M Anaerolineae ]y L 3 H
2; pH K 8 B, W WAYH B8 LE Methylocystis Kim B4 ; pH N 6 B, W LT Methylotenera Fl Methylophilaceae
1R 4 PRI pH XTI DR RE SR B S BRAE ], A IR pH BREE DR 35U E IR A TR . A B AT S PR e
AT A FF AL R G R SRR RE S TR I 2

KR RAEMLeE A Sfidfl; pH(E; &5y

A A G W) 205 G KR, 302 St A WDV FR G A6 o 1 18 6 0B SR A 88 v i i T /K
Y BRI TS YA B S e . Rk, SoRE. AR AR S AR BA E N ARk Ak
LA Sk o A i R 1 RS, AR TR AR A B LR R AR B TR, AR
B EGEE . RUE BT, e N T ARG K AR T T RO A i AR e i 4 i
TR IR RN AR, K SR Ak R 43 R S 5% A AR AN [ 33 SRS AR P KRB, # DL 9% I i A ad A2
BIEE AT . B A IR, Bk A SRR . AR R, fERE ST P b RE E %
VB g 1 U5 B H 7 IR % A R Al A B Y, ik — s B B B O IR AR e R0 AR A il Ak (denitrifying
anaerobic methane oxidation, DAMO). 5 H: A F ARt , I BERAEET 2 . o5 HA U E
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B [, BRI A, A TR AN SR S T AR AR 1Y) 26 %, X A BRAR B 1) BTk
Ly 20%7, L, PRAEHBEEAS H 35 RS0 HE G RN R 77 A= 18 B e F T 152 7K B AR it
RACFR, AT R AR HE B 7K Ak RN BE Vs HE B AL B S

H T DAMO A=Y A FRAGAEY), KRGS, W R IR R, BOE T AR
YRS R R A R 8 0 o B AR R SR R P AL S5, AN TR AL T g 2K, LR AN IR 3R 8%
K R X DAMO 4t ] 7= 4 1 B8R 55 100 A0 RCR s i, O3 3 v 38 P BER 5T AN TR] pHAE
T BTG Ve i A I W A28 o A . BEVR 25 F0 2 R R AR AL LA, LUHRIR R 48 pH X DAMO Yjiig
TE PR 3 A S AR TR IS L2, DUIA Sk BB IR 4SRRI B 37 R A6 2R e 1) pHL I 4 B 2 R Ak
5%
1 MRS
1.1 XBWHE

AHIF ST IE o 7L S50 5 5 CH, BN L ) i i 2805 e vk R RT R pHL R IR LR e AR A T 1 R A
FEPERE RS2 o H 285d B I 35 3R A9 50 mL V5 PR 4% 2 B IERE IR (250 mL) N, FEAIA 150 mL A48
FRER K, VIR pH; A H ) L ZEREH N L 0.01 MPa JE I AR H S s gk ot IR,
28 T AL B DA ARIE Sy 76 R G IR0 R 64T 5 MR S R IR AR O B R A8 b e AT RO, A
TREE R (30£1) °C, FEHA (150£5) rrmin's 0 BRI NOS-N . NO,-N FINH;-N [ 57 & i J% .
1.2 EMIERESIMAK

AR S R B FP R R B A 2T VRS KAL) i, TS IR AR IR MLSS £5°4 8 900 mg- L',
SEHS I ARTT L R ] AT P VR AE S L R P A SRR T O 1 30 d s R DIk . FETS Ve B4k
WA, 1] 25 g P AL RS R £k K (INOL -N1=20 mg-L ") VIR FE0 A Wy i 3 g, 3 4 R o 460
LR £ % K o HeAh, 18 R A2 il 15 min AR VL R A F, REHEARERPRES
A, DLR 5 T B 3R 946 i B 1 o A2 UMK B % & A= JE T B bt DR 480k Y S i AV T T 1
PTG 250 . LUV IR h PR /K I B 175 Mo oi s W B : NO3-N 20~50 mg'L ™', K,HPO,25mg'L",
KH,PO, 20 mg-L™", CaCl, 10.mg:L"", NaHCO, 2 000 mg-L™". ¥ o E AR50k 0.5 mL-L,
JE 9 pH & 7.3~7.5. T8 i 0 R W 09 M BT i Wk BE Ol 2 ZnSO,-7H,0 0.5 gL', CaCl, 2 gL,
MnCl,-4H,0 2.5 g-L”', Na,Mo0,4H,00.5 g'L™", KI 0.18 g'L™", CuSO,-5H,0 0.1 g-L"', CoCl,-6H,0
0.15 gL', FeCl,-6H,01.5g L',
1.3 D7k

7K BT s B R I 3 I B R R A R (R 5 K I B O G 4D L DL RGE
E A DA 245 1Y ( Standard Methods for the Examination of Water and Wastewater ) (55 + JLIR)
A FRE T BRI . Hor ) [NOS-N] 2R 28 40 43 60 BE I, [NOS-N] SR H N-(1-%5 3% )- & — e 43 ot
6 R, [INHE-N]H 98 B o3 6 BE il k. SR SPSS 23.0 #4777 2240 T (ANOVA), DL
ERAREZ MR SAATE2ES, W p<0.05, MHARNAFTER FH 2R

AR ST I pH X H B DR SRR RS B 3% SO A0 S A W %) 22 A 1k RD R R B 9 465 4 728 b Y S
Y HCpH S 6. 7. 8. 9 BT IR S AT Y, W 4 SR 43 BlARid S P1. P2, P3 R P4,
AR ey s I P AR L e AR W R AR B IR Wl 4T, R Hlumina Miseq - 5, LA
515F(5"-GTGCCAGCMGCCGCGG-3") 5 907R(5'-CCGTCAATTCMTTTRAGTTT-3") 1k g 5| ¥y it
1T PCR 14 5 (R IR I 7 o

2 ZFER5TR
21 CH, MR ELIIENE I
HHEFEH AR B IR AR R TP e AT, el ST S2 RGP B AR IMF Se, #5 pH i =
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7.5, JFRI R G R R (LI 1), K 2h

I F] NO,-N MINH;-N L& . & 1 A, 8 T oaf

AGUI (S1), NOPN S I AR FF A A, L o

S RS TR TR W BRI R (S2), 6d w15}

PINO;-N LA 58 4 Wi, - 449 1B 2 %y 3.67 =

mg-(Led) ', BB s Ry L AL o El

A, AAEW T 2 B0 5 01 1 75 T S sl

1 R P IR 4 41 1 S AR 1

22 #IPENO;-N R &K B xR By 1L 32 12 i 521 % 1 -2 3 4 5 6
5422 0 P9 R pHL A e 7.5, HERLFE 2 1 Bt il/d

ke A, 290 B NOS-N 5 2 vk B 49 501 8 20 1 FRb S e i 338 22 B 2

30. 40 150 mg-L’l TN NO;-N T R v BE Fig. 1 Effect of methane supply on denitrification rate

X AEA R E S, SCEREE R 2 PR . B 2 WAL, AR IL A NH-N A S, NH-N
Y EREAE 03 mg L DLF o 400 UA A U BN 20 mg L3N 2 30 mg L' B, X e BR R A
M 3.33 mg-(L-d)™" #4 /I = 4.28 mg-(L-d)" (p<0.05), X KA —EJLEIN, B VIIHENO-N Ji & ik 5
I3, AR E BT XA T = BN T AR, AR T AR P 0 K
Fy— 7, 7E G R A A AR A A IR A Ak AR, NOG-N £8 0 — & 5130 R Y 1 Bt 55 1k Rk
N,, [EHAA O, 2R, i e e be AL R IAE I R 8k O, AL i, & A 1k2h COM. NO;-N
JEE A B R B I AT REAR UE T O, A AR, PR T el AR AR R P B A R, T B AT LA NO;-
N & NO,-N fif i 4 b+, mAREURABORMIET . B, A IR AR 1 — R 5 A 7
JE&FREAL SN, RS 4 e B R 5 e A S ORI BN R, FERGETIRYIRERMEL T, M
I8 5 N7 ) T 23R 25 Bt 2 VS 0 Wk B3 A 3 nni AR o SR, Y RGOk BB KB — e (AR, B R
7 R R AR T o YA UANOG-N T IR I 40 A1 S0 mg L' B, S H Rl AL SR TR, 4
S 4 F13.85 mg(L-d)' X UEEHAT R BINO;S-N T f v BE Ml T A % RO AL I i iE . T RS
U e B ok v 2 A ) I SO, DT 5 B R 0 I 2R R 1 R A1

1 &1 2 (b) AT, NO;-N iz i B 4 AR 12 302 18 o e o/ 0 e 4 o 3k i B A FR e IR SR 4Rk I
HAC R N P AEFENOL-N AR B Kt — 20 b I F . M PTERNO;-N B B M 20 mg L™ 35 % 50 mg L™

50 3
—=—20 mg-L"! —=—20 mg'L"!
— ——30mg'L"! P —e—30mg-L"!
Ep —A—40 mg-L"! L | —4—40mgL"
%" —v—50mg-L"! %‘3 2 | —v—50mg-L"!
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Fig. 2 The effect of initial nitrate concentration on the denitrification process
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i, NO;-N FH 24 N 027 mg- L' 3% 2.69 mg- L', MM AT WL, 24NO;-N [ B 84 finif, NO;-
N AR Rt R 3 T, 7 R D AN W R R A R e SR AR RO, X T O AR A
TR IR Z —.
2.3 1% pH X R AL Id F2 R0

R TR b pH G A A R B 52, R R 4R NOS-N & R I E 30 mg LT, AR R
GipH R 6. 7. 8. 9, WHAANN pH T RFEM A E R, G5RME 3 Pis. Lkl B LT
WA NH-N fUFR B, NH-N R EHLE 03 mg L AT, H1& 3 () AT A, 4D R a8 fEfE— &
B E] APRENHG-N AR SE 4. WL pH R 7 B, RGEXTNH-N A2 bR R e m, 4 545 mg(L-d) s
2 pH MK Z S HF, S A WA R B T TR, (BRI FRE S meg(L-d) ' A4 . SR, Y
pH ZkZE T+ 2 9 I, NO-N 44 2 (R U R % & 4.28 mg-(L-d) "5 4 pH N 6 I, I 2% A4 - 2 i 280k
AR, AR 4mg(L-dy's A pH &4 T i I 2088 22 0] B4 7E W 35 25 5 (p<0.05) I AT L,
J2 7 £ 2 I RVRBR 1 BB v BB O A R A 0 B AU e, R sl IR Y pH AR s 52 M SV #% X NOS-N
)2 BRRCR . 78 HE &1 i a o8 v, IR0 ot S0 SO BS A T8 76 pH Ol 7.0~8.0 B PR AFAS R 06 14, 7
1= pH(pH=9) X AKX pH(pH=6) i} , HIH M2 N, pH=6 B} HaE (. X 5A K 258 ML .

351 3
—=—pH=6
= 30 =7 —e—pH=7
n — —A—pH=8
L - p
\%D 25 g 2 —w—pH=9
B 20} =
I 15F iz}
UL %
S )
Z sl >
0 1 1 1 1 1 0 1 1 1 1 1 1
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Fig. 3 The effect of initial pH on the denitrification process

HT T e PR S SR Y L SR B i A 3 e A W i S B AR A R RS2 3, T 2% b A A LA
A0 HA pH YL L, SOCY PAE pH i 2558 HL pH G 20, BUEW R A KB R & 2 B2, HLEAE
Too FRBTPRY pH EZEE o 3 T 1 BR A A W i S RE A R o — 2 R A G A 0 T b A f e ) T
IF5 1 A5 L A TR A AP, DA S I A A o 0 B R A AR A 5 T 5 e R 19 3 3
13| S 58 T A M BT R AR A, A A o 200 X ) B 0 A AR s = S W R ) B Y I i
AR o I, R A i S — R A B S O ZH 0, BRI pHL A 728 Ak 2 5 e i A9 B T AR
R FTCAS R, AT I A T o M PR pH e G AR, A O B PR ik,
pH o 7-8 I}, ARG AR RAF, 220K, (HEEE MRS ARG pH 3 R ] 9 sl i/ 2 6 i,
B g )P 35 Bt RASCR L 2x Bl 2 F F

HI T 3 (b) AT, RGEWI G pH A HBe R AL B9 B F7 B i fb i 7 rp i 0 A AR Rl 2 7 A —
SEFERZSEN . 24 pH ol 7 F1 8 I, FREENO,-N LR HAK; HEEH pH THE 2 9 1), NO,-N LR i
W Z 38 s 1024 pH W/ 2 6 B, S0 o 2 fPNOS-N J3T 8 ik BE i I (e sy . X T RE SR T 7E
SOk AR T, A R i B A AR S U], TS 2 A 0 e el P P ] A R RN RO A PR ERE AN
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pH FUE FE W vk B 45, DR, A3 B AY 3R 58 pH(pH<7 B pH>8) £3 4iE 1 37 A 2 £ o J5 i 1) 38 22 40
M 3 BENOS-N (BRI, Ji4h, BAR R G AL T Wt 355 b - 34 A AL R A, {HopH 2l 6 B
NO,-N R B HI Ltk pH o 9 B2/ 0 XA RR T NOG-N B S5 7 il i 55 3140 J5 i (4 VE T B8 Ji
BUNO;-N, SR J5 75 WA IR 48 30 I il 09 VR T #E— 20 Wil It . R . AT ER T, T AH PR Eh A4 IR i 7
rh PR R P BT T P e e, (R R M R 5 v SN A 1 T X I R T A IR R LU B PR A
Ko WL, MP1hs pH R 6 BT, T REALFCRAL, FHEA & £ HINO=N # i 5 A NO,-
N A I SV il 1R 3 30 B I 1% PR, (H i TNO-N & i i /b, (i A5 s 2% %A it £ 1)
NO;-N &,
24 WMEMBEESHT
241 frAMI B S AT

XFRI4G pH 2331k 6. 7. 8. 9 WUHE I N V5 U ORE J5 HE 47 iyl 5 0 e, o0 HL B A W R e 2 B
PEFUETE S5 40 o T Wt 22 G0 il 26 W i B 2 38 RN 22 A 1 19 45 35 A T FRE i 119 Allpha 2 #E 43 BT A5
WA 1. W VAR, YARBUESN 97% I, 4 SRR T3 2R 4E 49 400,48 248, 55 726 Fl 46 796 4%
A 3T 5 (Reads). 4 P 1) Coverage [H IR TF 0.99, <3 FBHAE F il 345 21 1) )3 51 nf 8 55 KH8 4 1
DX, D) IR BB A M AR 2R 4 SRR BB WS 45 T A U R S B B SR L

Ace Fl Chao 8 80AT FIRAG TH R0 A0 B, BRI O BEI T2 0 00 =1 B2 sy, A= 0 8 B gk
M, W TATAN, X 2 20 A B A R A AR ks, KUINIBUT ¥ ok P2=P3>P4>Pl. X 3R W FE
pH=7 1 pH=8 ML T, WMAEWFE RS, MAEDEEWREZ . R, BEE RS pH A34 Kl
N, RENBAEYREESAT N, I EAERME IS N F &K, Shannon F1 Simpson 1§ $X GE i
AR P REAS 19 A W) Z2 K64, Shannon #% K, Simpsoni#i/)y, FHHA Y M ZREMEM S, Wik 44
FE i 4% 2 FE M S K HE R 4 P4>P3>P2>P1. Shannoneven 5 Simpsoneven $§ ¥ A S5z WA & 2 21 BE 1) 48
F&, Shannoneven # K, Simpsoneven #i/IN, FEIGUEY MBS BEMRLE . 4 DREARTR S E S ACHEY
N P4>P3>P2>P1,

F 1 A6 pH T Alpha Z MR HR
Table 1 ~Microbial Alpha diversity index at different pH values

%S  Reads’ OTUs Ace Chao Shannon Simpson Shannoneven Simpsoneven Coverage
Pl 49400 738 869 881 3.86 0.063 5 0.584 0 0.065 09 0.997
P2 48248 952 1077 1082 4.50 0.060 7 0.656 4 0.044 79 0.996
P3 55726 965 1076 1087 4.84 0.023 1 0.704 3 0.021 35 0.997
P4 46796 880 1017 1016 4.90 0.0175 0.723 4 0.017 30 0.996

I3 81 5 pH=TH1 pH=8 ) S IV #w Gl AR ) die iy, 2 REPE I STJEE o X B 2R i T A
TR PRI AT T U E WD B0 2R BETE, IR B B Wb D RE o A 0 e/ 5 . RS pH RO T,
HEW) 2 REE R S BE A R, UG T A PR 5 R R B R 2 B R S

DA 4 2R 55 5T 4 v i 0 ot 4 R0 25 - F B 1 2R BT W B SRR TR] 4 MR i B3 B it e e i
A T 22 o X R WU e i HORE 5 B, k2B 5 80 e AR D G OTU, HOHR 2R R 7%
2 4 AHE A 1 OTU K H AL S S A A R o 25 - 2 it 2 T o 27 A= 9 vh Wy b =2 J5E A 0 b
YISIE 2 AT N A . Her, W R R PR KT O ) 2k R R B, S AR AR il 1193
MR, WP R R s AR IR CF R ) Sk TREAR T VR G B AT, i 2
%, VIR AT S) . ARGERFEW], 2 pH=T7 Ml pH=8 B, MR FERERAK, WIS EEEUT .

TR kG 2 D REA I I Rl A OTU i, 58 B0 38 A [R)RF & 8] 42 119 AH
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Fig.4 Microbial community diversity

PEo MK 4 () i, 4 DRES RS T 1204 4 OTU, P1. P2, P3. P4 fif B4 (9 OTU %43 1)
41, 41, 55138, 43 A 3.4% . 3.4%. 4.6% Fl 3.2%. i 4 DKES LA B OTU B H K
514, H&HEE OTU B LY 50%~70%. X Ut BN [F] pH F A= W A g AR5 5, pHL By el 28 9F
KA RGP IR R R AERKAZ, ik, SEZRE R E & —E MR AGE T, mi
55 pH My AT B 5 R G0 h FE 2 A e A F RS Ak, TS BUR R AR
242 MBS

it — 20 7R pH XA Y REVE RS2, R AUAED T . AL JEAKSE LT T4 SRR S B U M R
EER . S R T TR P43 A 4/\#;:::'135!5?%%5’9 8 N 14351 /& Proteobacteria(Z: JE
B 1)), Bacteroidetes(30LFT- & 1), Chloroflexi(2% %5 % [']). Planctomycetes(7¥ %% [# | ]). Latescibacteria(FE
FFE 1), Firmicutes(J5EBE R [ ]). Acidobacteria(Fig #T 1 1) Fl Zixibacteria(Ji] R 1) X L85 | ] B FITE
4B A 90% DL b Ho, Proteobacteria 7E 4 N A b b AT 5 LG B B, 4 R 47.58% .
45.79% . 38.89% H135.96%; HYK & Bacteroidetes 1 Chloroflexi, Bacteroidetes 7E 4 /M #E i i L 43 5
28.12%. 21.33%. 22.76% Fll 26.52%, Chloroflexi (i Ft. 535~ 4.73% . 10.79% . 15.61% F1 14.49%. %
B A U3 A v 23 2 A BSR4 O AR Y RS Ak DR EH o SRR TR RE T, o R SRR TR IR
Chloroflexi(%k 25 1 ['] ). Proteobacteria(Zs J& % [] ). Planctomycetes(7% % [ [ ]). Chlorobi(2k & []).

1.0 1. s [ I B Proteobacteria
= = [l Bacteroidetes
BN e E Chloroflexi
08 Planctomycetes
[l Latescibacteria
B Firmicutes
# 0.6, B Acidobacteria
%}2 Zixibacteria
B [l Patescibacteria
fﬁ 0.4 - [l Spirochaetes
- M Unclassified k norank d Bacteria
Il Others
02 F
0

FEdh
B 5 MTkFEREDENFE

Fig. 5 Relative abundance of microorganisms at phylum level
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Acidobacteria(F& #T 1% [ ]). Bacteroidetes(fAFTF & []), SAM I & PJLF I & T THI L. Proteobacteria £l
Bacteroidetes — EL# A A & S AiF A0 B 00 7 b dse i L Y B SR RO AR AR, X 2 P T DA A AR
R SR A T S R b A Y IR 5 R B, AR 4D RES T, 33X 2 BREE T AT i He A AR AN 28 50RO
B4 Fh pH BRGNS #F 2 A — E M SO AL B ARE ) o 7E LUO 481 M 2 iy LA HVGE A S 5 fHEAR 235
K R R £ 4 AR W R S R 78 T, Planctomycetes 7 A BB [ B K o Chloroflexi 7 A R4 75 e
— B UL R T, A TR R IR L RO TRIE  F pA EC AIL A R R R ) A
ZRAEY, IFHOANARRE S5 B3R MR ST TE T AR 2R R R TR
LW I3 o SRR T A HLIR , X 485" W) SCRERS Bl ™ W Joe T8 A R AT 7 AR e AR U0, e &1 5 ]
W, BIhG pH M 6 Z i TF RN, F 48N Chloroflexi it i o il A —5E B9 M K, X % B FREE pH Xt
Chloroflexi A B IR E AN, LMRMWHFEAF T EIGK L5 BRPL L 4 FEETT5, Firmicutes
il Acidobacteria UL B UE T HA B AELR , HA AN 19 S gL RE 007 BRUL BERTRp) F2W 140, H
i 41 Synergistetes . Gracilibacteria, Gemmatimonadetes, Hydrogenedentes 1 Cyanobacteria 5% [ [ ] 3 4
Yyl TAERE S T B BARAY F B (<1%) B A “Other™28, fHi S0 5 At 78 5 48 SO 46 & o
PP R FEEAE PN, BRI UL, BAAWI IR pH 232 W [ B TR AR 5, (H AR G0 v [) I A7 1 Y
Z 5 RS A AH G AR W S A 22 98 BLAT i3 8 i B UM RE

KoWm T MK EADEMPREAESE. miEen M, R EZMA R NN
Gammaproteobacteria ., Deltaproteobacteria. Bacterodia . Ignavibacteria, Anaerolineae #Alphaproteobacteria,
X TR AN I A SR SV Y 70% DAL L L A Gammaproteobacteria,  Deltaproteobacteria il
Alphaproteobacteria [f] J&§ T2 JE E 1], 7EMET 2 51 B 3% KA A0 09 67 58 v gk B B 25 BRAF R 3k 1Y e
J3 W fF pH=7 1 pH=8 ¥ ¥f 5% T , - Gammaproteobacteria 7£ ££ i "1 FF 5 kb 41 7 51 & 13.22% Fl
12.58%; WA pH B34 R e/, H& i A —Erysg i, 78 pH=6 I 5 Lty 26.02%, pH=9 I (5 [t
7 21.29%., i Deltaproteobacteria F# 24 ¥ 7 L FEE pH B9 A8 fb a4 S5 b AH [, 75 4 ASFE& T & )
Or N 14.44% . 26.91% . 14.50% 1 6.65% . X ULHIX 2 FhIE A7 AL —E M3 oG R, PR stk
115 3% & Deltaproteobacteria B A2 4550 , M P ECEFEERG N, 17 Gammaproteobacteria i & 78 R 14 Al
SRARPEIA R T AR, R R R S ) AR fk . Alphaproteobacteria 78 4 AN FE & H BT & HE 451 43 3l
N 7.05%. 5.58%. 11.77% 1 7.96%, Ferfr, Fedth pH o 8 i A2 B e o LA B 3 Fhis 40 AT S A

1.0 .
B Gammaproteobacteria

M Deltaproteobacteria
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Fig. 6 Relative abundance of microorganisms at class level
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FRBE 1, AR B e A A A R B R 46 v i NO, -N AR Nys RIS, 8 1 20 v 4, 5[] i 7
FH bt IR AR S AL AN S i A ok B2 P R FEVE GO Al B, 40 Chitinophagaceae(Alphaproteobacteria J# 4% ) 7£
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Fig. 7 Heat map of microorganisms at genus level



ST BRAAE . ANIRIEREE IR ZO AR H b S Y 1 37 B Ak 2R G B AR RE AR e S R A W v 0 pr 3715

4 AAE L T B U AR TR K CE B 40 A B AR RN 25 S o HAAOR T, P1 AR A
Bl 10 N8 NI G B9 H 153 59K norank f Microscillaceae(15.07%) . norank f _P30B-42(12.57%) .
unclassified [ Methylophilaceae(10.10%) . Methylotenera(8.85%) . OLB12(7.81%) . Bacillus(3.71%)., norank _
c__OM190(3.35%). norank c__Latescibacteria(2.94%) . norank o __SJA-28(2.07%). Phreatobacter(1.95%);
P2 HRAH X 3 BE Ay B 10 A B e S L B o 8 B 81 43 il A norank f P3OB-42(24.09%) . norank ¢
Latescibacteria(7.18%) . norank o SJA-28(6.70%). OLB12(3.58%). norank f BSV26(3.14%). norank f _
Anaerolineaceae(2.94%) . norank_o__Bacteroidetes VC2.1 _Bac22(2.61%). norank_p . Zixibacteria(2.45%).
norank_f _Caldilineaceae (1.81%). unclassified f Burkholderiaceae (1.77%); P3 " # X F J&F & & W)
10 /B & S BT 5 B9 A5 53591 A norank f P3OB-42 (9.88%) . norank o SJA-28(7.30%). Methylocystis
(5.79%). norank f Anaerolineaceae (5.12%). norank c__Latescibacteria (5.03%). norank f BSV26
(3.19%). norank ¢ OM190(2.39%). norank f Caldilineaceae (2.17%). Sediminibacterium (2.16%).
norank_p _ Zixibacteria (2.12%); P4 W AHXT 3= B 5 5 19 10 A B E K LT 5 H 53 3 8 norank o SJA-
28 (7.08%). norank f BSV26 (6.37%). norank f Anaerolineaceae (5.43%). norank c Latescibacteria
(4.13%). Methylotenera (3.37%). Ellin6067 (2.87%). norank f ~SC-1-84 (2.81%). norank f P30OB-42
(2.75%) . norank f AKYH767 (2.24%). norank o__ Bacteroidetes VC2.1 Bac22 (2.20%).

AT UL, BEE WG pH 9284, 4 DR TP RICE MRS 250 kA T8R4, E B Y
EBWARKES . Ho, Methylocystis TERI G pH N 8 TNIREE T A M B &5 . Methylocystis J2& & WY
e S AL TR 11 BB RR , RE LA e /R D ME— B IR BB R U, 78 R ZH0S A B e AV UG R85 Th A
PR B . FImE, LATSERT 7 LU e 45 o i T B R0 R R IR Eh IR IR EE R R h R T
Methylocystis WAFFE, I HOAN AR LAk . iR AR SRR EL il Rk b A ¥ T HEAEH . 78
ARRGH, Methylocystis V5 R U BE AT, UM H o8 26 0 H s, F e S 1 280 0 ST 2190 3 it it it e,
F AT O A B R, HXT B e SR A B R R R R Y R IR B AR . Methylotenera T 432
i) Methylophilaceae [7) J& T~ W W SL i} - BE A FI BT 52 A1 O ik 0 ok UL, ot G 404k 0 il B9,
LONG 25 PV A5 56 T W Be A Ay o 7~ BE A JEU 7S A 8% RS R 8 A B 58 v e B T 3 2 M AR W B AF
1o TERIIR pH 2 6 RYFREE 1, 3k 2 Fp U Wy nl A5 8 R R 48 o X AT REJE h T 7 IV e S0 ) I A
P2 HORE B PR 48 e S T iR AR v IR R A PR bR T B e e R ot SR A TR S A B B A R, DA T £
1% Methylotenera I Methylophilaceae K 15 & % o Methylotenera 1 Methylophilaceae . /2 W' ot %8 AL T ,
AEF A O, 8 H ek AL M R EE TRl , A= sl W B n] BT SRS AL I . ILAN, norank f Anaerolineaceae
J& T Anaerolineaceae F}, FfiE ¥ 4h pH 193 K, X F WA I M. Anaerolineaceae [ F} 4 iiF B
FAETVFZ LI By v 7 B B B F5 SO A AR 2R rh B0, TRl b 22 4R TR RE Sy Bl 2k 00 B0 B 2 e 3t
BPU B RMTFRAEY AR EG . 54, BB EW norank o SJA-28 . norank f P30B-42 | norank
c__Latescibacteria 55 W J& WAE 4 /15 Ve FE S R t0 R o B R AT A 5 3 WA 3 S 87 ] 76 A3 il R 3 171
7 ARG TP AAAE , H I TE 2 I L RE 5 2 5 W B IR SR F 3R O A 7, 0l o gk — 20
WFFEARUE

R TR A AR B B PR B ) 4f pH B ALY 22 S8, (R TS PERE 2 th R GE N A R B RE
Z AR W TR AR B EME S B o AR pH R, 5 IR AE G B R W R RS A AT BT 22 ), (HE
KREZH Pt E bk ) Affene Jr, HAFRPIL pH T IIRERAEREA R or & e Bk B, X
S HGE DR AR SR A Y S i AL T 25 REAEAY)™ pHL 3 RN 4 45 7] 52 A9 JIR EURBOR B9 0E T U W kA
3 i

1) 76 CH, (R S8 RSB , R AR A R REAHE AR, HEANO-NRMR, M HH



3716 ® o T B o W 15 %

JUP AR JENO-N fRE ), LTI T2 94k 115 Ve RE 6% L H eV re R AT F 3R I i 4k o

2) BEEFIENO-N BTt ik FE R T, RGP HM AR E I LT w5 TR ER ., RUIHE—
JE 0 [ A 3 INOS-N J3T 6 W B AT 32 R G0 S il A 32, 7 3 0 R0 e i m W] iA B 4.28 mg(L-d) '
B g N HE BAS [ R B2 U NOL-N AL R, S 45 NOS-N B i Vi B0 50 mg L' B, NOZ-NBLER 5 ik F|
WEAEH, M 2.69mgL™",

3) RGAEAIE pH AEE T YR A& — @ IR ARE ST, R AR T 22 5 o 8 v Pk R s el e 2R
BT, REMRASCREM, TR R TIA 545 mg(L-d)'s IR, NO-NFLSRE KD, EHEL
H1.07mg L. YRGVIG pH HERERU/N, P AR A B TR, HNO,-N A S B B

4) AR W TR R A A A R AT R, PR BE pH X AR Wy R RE A5 A BOR S BEE ] . 7E pH=T A
pH=8 i}, RGEWIRATGZRMAED W FE w, YA ZHEME PSS AR pH T, RATG R
N B A= W 7 9% B9 E L T8 ] 4 Proteobacteria A1 Bacteroidetes, ¥E 44 /K 3F [, Gammaproteobacteria ,
Deltaproteobacteria, Bacterodia, Ignavibacteria fil Anaerolineae “A fif %% /& 24X . 1£ i& ‘B i) pH(pH=8) F ,
B UL H e S AL T Methylocystis Kt & 5 o ANA pH REE T ¥4F 785 W T 15 2 DL B b s 7R 1 B
I RH AR Z TP Y Anaerolineaceae, H BRI REA 177 dF LHRIT

2 £ X M

(1] #0H. H KRR ER 75 Y i SR B S R R ST (D). HRHER: Tk TR K denitrification[J]. Bioresource Technology, 2011, 102(21): 10154-
2£,2015. 10157.

[2]  GHAFARI S, HASAN M, AROUA M K. Bio-electrochemical removal [12] BWIA. pHIE . R AL RSE ], P IR BRI, 1994, 14(4):

of nitrate from water and wastewater:A review[J]. Bioresource 308-313.

Technology, 2008, 99(10): 3965-3974. (131 RMUME, 122, T, 45 vhas el 4 9y I 00 % a5 S I AL 48 4
[3] FENG S S, LIN X, TONG Y J, et al. Biodesulfurization of sulfide FALHRERBRFE[]. h RS EOR K244k, 2014, 44(11): 887-892.

wastewater for elemental sulfur recovery by isolated Halothiobacillus [14] CHEN D, WANG H Y, YANG K, et al. Performance and microbial

neapolitanus in an internal airlift loop reactor[J]. Bioresource communities in a combined bioelectrochemical and sulfur autotrophic

Technology, 2018, 264: 244-252. denitrification system at low temperature[J]. Chemosphere, 2018, 193:
[4]  ZHOU J, WANG H Y, YANG K, et al. Autotrophic denitrification by 337-342.

nitrate-dependent Fe(II) oxidation in-a continuous up-flow biofilter[J]. [15] LUO J H, CHEN H, YUAN Z G, et al. Methane-supported nitrate

Bioprocess and Biosystems Engineering, 2016, 39(2): 277-284. removal from groundwater in a membrane biofilm reactor[J]. Water
[5]  #E3c, BGRZE, ZRdk. sl R b AR IR IO AT ST ik R (0], 24 Research, 2018, 132: 71-78.

LIRS T, 2011, 18(4): 64-69. [16] SHUD T, HE Y L, YUE H, et al. Microbial structures and community
[6]  Ezhme, kR, ER, & ML RF R EEMME AT FE functions of anaerobic sludge in six full-scale wastewater treatment

5 BRI UERE (D). KAR R R, 2017, 43(12): 8-13. plants as revealed by 454 high-throughput pyrosequencing[J].
(7] BE357, THRE, 20l 5. IR xt & S8 SO (L B R R Bioresource Technology, 2015, 186: 163-172.

AR YRR [T). BREE B2 41, 2016, 36(11): 4087-4095. [17] LU Y Z, CHEN G J, BAI Y N, et al. Chromium isotope fractionation
[8]  Fb, SRARAT, 20, A5, FR e R ARS8 A I ) R R 0 I R 91 B L during Cr(VI) reduction in a methane-based hollow-fiber membrane

FEERRIET]. BRBERL2E, 2018, 39(3): 1357-1364. biofilm reactor{J]. Water Research, 2018, 130: 263-270.

[9]7 VASILIADOU 1 A, KARANASIOS K A, PAVLOU S, et al [18] CAIC,HU S H, CHEN X M, et al. Effect of methane partial pressure on

Experimental and modelling study of drinking water hydrogenotrophic the performance of a membrane biofilm reactor coupling methane-
denitrification in packed-bed reactors[J]. Journal of Hazardous dependent denitrification and anammox[J]. Science of the Total
Materials, 2009, 165(1/2/3): 812-824. Environment, 2018, 639: 278-285.
[10] HEZ F, GENG S, SHEN L D, et al. The short- and long-term effects of [19] LIAOR H, L1Y, YU X M, et al. Performance and microbial diversity of
environmental conditions on anaerobic methane oxidation coupled to an expanded granular sludge bed reactor for high sulfate and nitrate
nitrite reduction[J]. Water Research, 2015, 68: 554-562. waste brine treatment[J]. Journal of Environmental Sciences, 2014,
[11] HUANG B, CHI G Y, CHEN X, et al. Removal of highly elevated 26(4): 717-725.

nitrate from drinking water by pH-heterogenized heterotrophic [20] CAO S B, DUR, ZHANG H Y, et al. Understanding the granulation of

denitrification facilitated with ferrous sulfide-based autotrophic partial denitrification sludge for nitrite production[J]. Chemosphere,


http://dx.doi.org/10.1016/j.biortech.2007.05.026
http://dx.doi.org/10.1016/j.biortech.2007.05.026
http://dx.doi.org/10.1016/j.biortech.2018.05.079
http://dx.doi.org/10.1016/j.biortech.2018.05.079
http://dx.doi.org/10.1007/s00449-015-1511-7
http://dx.doi.org/10.3969/j.issn.1671-1556.2011.04.015
http://dx.doi.org/10.3969/j.issn.1671-1556.2011.04.015
http://dx.doi.org/10.1016/j.watres.2014.09.055
http://dx.doi.org/10.1016/j.biortech.2011.08.048
http://dx.doi.org/10.3321/j.issn:1000-6923.1994.04.010
http://dx.doi.org/10.3969/j.issn.0253-2778.2014.11.002
http://dx.doi.org/10.1016/j.chemosphere.2017.11.017
http://dx.doi.org/10.1016/j.watres.2017.12.064
http://dx.doi.org/10.1016/j.watres.2017.12.064
http://dx.doi.org/10.1016/j.biortech.2015.03.072
http://dx.doi.org/10.1016/j.watres.2017.11.045
http://dx.doi.org/10.1016/j.scitotenv.2018.05.164
http://dx.doi.org/10.1016/j.scitotenv.2018.05.164
http://dx.doi.org/10.1016/S1001-0742(13)60479-9
http://dx.doi.org/10.1016/j.chemosphere.2019.124389
http://dx.doi.org/10.1016/j.biortech.2007.05.026
http://dx.doi.org/10.1016/j.biortech.2007.05.026
http://dx.doi.org/10.1016/j.biortech.2018.05.079
http://dx.doi.org/10.1016/j.biortech.2018.05.079
http://dx.doi.org/10.1007/s00449-015-1511-7
http://dx.doi.org/10.3969/j.issn.1671-1556.2011.04.015
http://dx.doi.org/10.3969/j.issn.1671-1556.2011.04.015
http://dx.doi.org/10.1016/j.watres.2014.09.055
http://dx.doi.org/10.1016/j.biortech.2011.08.048
http://dx.doi.org/10.3321/j.issn:1000-6923.1994.04.010
http://dx.doi.org/10.3969/j.issn.0253-2778.2014.11.002
http://dx.doi.org/10.1016/j.chemosphere.2017.11.017
http://dx.doi.org/10.1016/j.watres.2017.12.064
http://dx.doi.org/10.1016/j.watres.2017.12.064
http://dx.doi.org/10.1016/j.biortech.2015.03.072
http://dx.doi.org/10.1016/j.watres.2017.11.045
http://dx.doi.org/10.1016/j.scitotenv.2018.05.164
http://dx.doi.org/10.1016/j.scitotenv.2018.05.164
http://dx.doi.org/10.1016/S1001-0742(13)60479-9
http://dx.doi.org/10.1016/j.chemosphere.2019.124389

ST BRAAE . ANIRIEREE IR ZO AR H b S Y 1 37 B Ak 2R G B AR RE AR e S R A W v 0 pr 3717

2019, 236: 124389. autotrophic denitrification biocathode by 454 pyrosequencing of the 16S
[21] ZHANG Z Q, CHEN H Z, MU X Y, et al. Nitrate application decreased rRNA gene[J]. Microbial Ecology, 2015, 69(3): 492-499.
microbial biodiversity but stimulated denitrifiers in epiphytic biofilms [27] LAICY,LVPL,DONG QY, et al. Bromate and nitrate bioreduction

on Ceratophyllum demersum([J]. Journal of Environmental Management, coupled with poly-B-hydroxybutyrate production in a methane-based
2020, 269: 110814. membrane biofilm reactor[J]. Environmental Science & Technology,
[22] HANB, MO LY, FANG Y T, et al. Rates and microbial communities 2018, 52(12): 7024-7031.

of denitrification and anammox across coastal tidal flat lands and inland [28] ALRASHED W, LEE J, PARK J, et al. Hypoxic methane oxidation

paddy soils in East China[J]. Applied Soil Ecology, 2021, 157: 103768. coupled to denitrification in.a membrane biofilm[J]. Chemical
[23] XU X J, CHEN C, GUAN X, et al. Performance and microbial Engineering Journal, 2018, 348: 745-753.

community analysis of a microaerophilic sulfate and nitrate co-reduction [29] LONG M, ZHOU C, XIA S Q, ¢t al. Concomitant Cr(VI) reduction and

system[J]. Chemical Engineering Journal, 2017, 330: 63-70. Cr(IlI) precipitation with nitrate in a methane/oxygen-based membrane
[24] NOBU M K, NARIHIRO T, RINKE C, et al. Microbial dark matter biofilm reactor[J]. Chemical Engineering Journal, 2017, 315: 58-66.

ecogenomics reveals complex synergistic networks in a methanogenic [30] e, FeEKkTs YLk KA BRI SR T). BHERHRIT & 52485, 2004,

bioreactor[J]. The ISME Journal, 2015, 9(8): 1710-1722. 14(6): 80-81.

[25] WAKI M, YASUDA T, YOKOYAMA H, et al. Nitrogen removal by [31] ZHANG M, YANG Q, ZHANG J H, et al. Enhancement of denitrifying

co-occurring methane oxidation, denitrification, aerobic ammonium phosphorus removal and microbial community of long-term operation in

oxidation, and anammox[J]. Applied Microbiology and Biotechnology, an anaerobic anoxic oxic-biological contact oxidation system[J]. Journal

2009, 84(5): 977-985. of Bioscience and Bioengineering, 2016, 122(4): 456-466.

[26] XIAO Y, ZHENG Y, WU S, et al. Bacterial community structure of (/%’Hf % «ﬁrfF iﬁ’ ):%)

Effects of different environmental factors on the denitrification performance
and microbial community of an autotrophic denitrification system based on
anaerobic methane oxidation
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Abstract  Effects of different environmental factors (methane supply, initial nitrate concentration and pH
value) on the denitrification performance of the anaerobic methane oxidized denitrification system were
investigated through batch experiments, and the microbial community structure in the reactor at different pH
values was analyzed by high-throughput sequencing. Results indicated that effective denitrification could be
achieved with the sufficient'supply of methane. With the increase of the initial nitrate concentration, the average
denitrification rate of the system primarily increased and then decreased, indicating that denitrification rate could
be improved by appropriately increasing the initial nitrate concentration (< 30 mg-L™"). The system exhibited
good’ denitrification capability under different ambient pH (pH=6~9), with the highest denitrification rate
achieved-at meutral and slightly alkaline conditions. High-throughput sequencing found that the microbial
abundance was the highest at pH=7 and pH=8, and the diversity and uniformity were moderate. With the
increase. of pH, the diversity and uniformity of microorganisms increased, indicating that the alkaline
environment can improve microorganisms diversity and uniformity. Gammaproteobacteria, Deltaproteobacteria,
Bacterodia, Ignavibacteria and Anaerolineae were the dominant classes at different pH values. When pH=S,
methanotroph Methylocystis was abundantly enriched, and when pH=6, methanotroph Methylotenera and
Methylophilaceae were enriched. Environmental pH had a selective effect on the microbial community structure,
and the dominant microorganisms in different pH environments were different.

Keywords anaerobic methane oxidation; denitrification; pH value; high throughput sequencing
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