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R E SR HE LT T, B &0 HE A CH, 29 11% & A 2% FRAT- i 1 FE 3k B 1 IR 4R Kk B2
UTSEAE | B8 PR O A it e 28 Sy %8 P A Al I T2t B 3, 33 (A5 R IO TR 1 e X 36 PR AT
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W . KAEE CH B, Wit ugig ik CH, i B AE — & N TR HI 55T, I H e 8k T
¥ CH, #54k 2 CO, MK M G B Py 2f el B, Fak N ¥ il 2k 1 B Z A58 =P i, CHyo,",
pH!' | R EET KA 2s PRAS R A ) U A b DUUTE AR 3R 10 8 SR 1 o AL 46 0 A= aot g %
CH, L SR By B f o S . UA R 22 10 VIR 1 A R AR UE A= 47 2 D8 35 v 50 Re i 1 CH, e fb Pk
AEo PRIIL, Az 9ad e vk w SR I HEREAE R ufort, B AR o 37 45 1 S 18 Bl ] 3 45 FP o SR A0 TRLT 75 10 5
REFRWT . R, YU PEFRYEAERE, W iEE N CH, Sk 0 2R SH 15 1k,
o AR R RO AE RS AT Ok b R SR B A () R, H R SR R SRR G PRI R T
(T8 2ok b 7 A= W 2k 8 3 v Y e Ak T P i 1 LR A B SR T, (R S B REOR 1 is 47 A1,
UL, FoR—F s AR . R IZ B S ZIR X TP A ¥k 4k CH, A4 AR B9 i 450
REE,

BRI HWAEIT — A S WS AY, X RPBIKE S TTEN R CH, Bt i3 1)
BRYT, HAiMAAHEWMEE., RS, A NI 5GE B b S0 A KA &
FRW BT . LA A A FE AR R R R O LS IR (NMS 55357 258 w932 JH T W e S AR 4l 1A 1Y
B 08 NIKIEMA 45U DGl 25 R0 R A8 ot 9 vk v Ak CH, IR SR AR, 45 CH, /Y 25 B 6 fnf i ik
36gm>hs MXTIE, B ZUE B B b AT B IR, LR R R
T4 (AMO) F1F B2 B 40 (pMMO) ML 52006 2 EJE TR — 2 S i s in S8, s 8A S
5 CH, 524 pMMO I (TG PR o5, SRl CH, Ak 2 RS A KR SR —EkE
() NH,OH 1 NO, ™, iX 2 Fl ¥y Bxt il A= ¥y B A TEPEVEIT, S5 K 0 H e 040 787 10 A= AR
HUBER 45 21 % T 25 M 1) 402 25 2802 30 1) 1Y 6 S0 A0 2 1 O 1k, DTG AR AR 21 9 3o DB TR 119 CH, ¥ Ak 3%
., {HJE, NYERGES %™ w5y KB, HUbt AL TR Methylomicrobium album 7 %% 75 R 3¢ & W IR B
LA 1 At e % 10 BT 110 5 e DI B8, 4 T R 2 Y g S A B T 5 L At e A A0 A A A el — A 3
ARET, SR AERRORAE S RGN P . WS A R B R R A R AR TS AR AR W g
Pk CH, E A R IR R HE Tl RE o AR W 4 28 A O IR X AR W 3 U8 3% CH, e Ak it B2 (9 52 i)
TR X 12 2 TR 5 B B ) S W S AL R IR A Y

A FE AAS IRCUE A i e 380 6 B, T R A /O AR i uE S CH, b e B2, IR G
Bz B e AR, R 22 . RGBTy 1T, BT B A5 U0 AR W 3 R I Ak
CH, i FE A Wy B P 5 K R e i sZ i L], DA R AR Wl D vk v A & 8 97 08 % CH, JE RN A
FREEIE TS AR S %0
1 MB5ERE
11 SR EERTZRE

AFgE ety 24 L it UEES . /2 W44 i BE_A I BE no (& 1), HhA:¥id 4 BF A fit
RS AR AR, HE SRS 8 MgSO,-7H,0 1.00 g; NH,CI10.53 g; Na,HPO,-12H,0 0.72 g; KH,PO,
0.27 g; CaCl,"6H,0 0.20 g; EDTA #k%( 5 mg; ZEMW/K 1 LP, Xf B A= ¥ 5 38 3 BF no AL 45 AU ,
FCA S SRS R AE WL B3 BF_A. 2 AMEW i YR A LB, s b, F22, &
JZ .40 cm, AEN 10 cm, BEJE 0.5 cm. A= 9)id pE 3 U8k b R SE I 3 8 + 536 PE R (2~5 mm) %
3:LIRAHIN, R R 30 em, SRR 4.71 Lo 754 i D835 A RS I AR A% 1 1 AN UR R
FEET, R A B FH 1 G 25 R 3 AR AE S T 3T A 3 A3 B CH, MR .S58 AU B SR 31 3 %
CH, JER, MM WEIE S K s ARG M, B AW i I At uE s, 4
BHEBRAEY LS, RAEY S IRIE TR S D He . BESE N, YRR s T A R
S, CH, i W JE 1 500~5 000 mg'm >, SR 0.03~0.3 L-min~' A= 43 38 35 R FH 18] 8k =08 37 it
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iz, B3 dmUMK 1R, MR 250 mL, BFF s
W G S ZE ik E A R, A T S A
BB E)Z, 58 CHE R EM, &

g

ML U S R H A = =mm
12 REEBIH =

1) FE iR o TE AWl ik 58 il 2 R R -
BJE, FEA YL U 25 R A5 B B ] (Empty bed s
residence time, EBRT) & 56 min HA2Eiz172d E
G ARSI 2 AR aE R E L R R4S R )
25 g tEWIERE, B A W R R Y AR 1 SR Ij]_' B
BSIRA R URER D, AR 3 RER, -ttt ML
BT 80 C ukA PR AT, T DNA ML BF_no BF_A

2) BN H . FH E.ZN.A.® Soil DNA 1 S iEES CH, BESTERIE
Kit (Omega Bio-tek, ES [ ) i F&E#HTEYIE Fig.1 Schematic diagram of biofilter gas purification for
%LEE H DNA $il £ . 55 41 DNA $il #2 52 i waste gas containing CH,

J&i , I TBS-380 Kl DNA # &, FJH NanoDrop200 45 il DNA £ &, F F 19 B fi bl 158 iz el vk A
Il DNA Y 5¢ B¢ 1 . 8 53 Covaris M220 {% A% K DNA A Be e, i % 29 400bp 19 A Bt , il
NEXTflexTM Rapid DNA-Seq (Bioo Scientific, 3¢ 1) 4% PE 3¢ %2, If i A} Illumina NovaSeq/Hiseq
Xten (Illumina, 3 &) WP & #1725 FEKHANMN 7 (LEEFH EVELGRHEARAA) .

3) AEWE B AT R fastp™™ (https://github.com/OpenGene/fastp, version 0.20.0) X J5 &f Il 5 %
P e A7 B, A S A 80 A A BT 81 SR R F MEGAHIT™ (https://github.com/vouten/
megahit, version 1.1.2) #FAT AT PHZAL2E . FEBFHE 45 S R i 1€ =300 bp (1 contigs 1 Sk e 28 (1) 21 2 45
. KA, f# F MetaGene™ (http://metagene.cb.k.u-tokyo.ac.jp/) XF #f 3% 2% J 1 ) contigs 1T ORF il
W, PEPEAZ IR BE KT % T 100bp AP, JFR H B N E IR T 5. SRR 45 R 5, R
A CD-HIT®” (http://www.bioinformatics.org/cd-hit/, version 4.6.1) X} FIr 45 F£ il T Hi S 1) & R 13 5 kA
RHR (BHHN: 90% identity. 90% coverage) , HISHUI K HFEEAEMCERFH], WERIETTRER
£ TMiJE, {3 SOAPaligner™ 4% {f (http://soap.genomics.org.cn/, version 2.21) , 43 5 A4~ FE & 10
15 0 i reads 5 AR TUA FE I B HEAT FLXT (95% identity) , Gil IR EXT MM T FEEGFE . &a,
i F§ Diamond™” (http://www.diamondsearch.org/index.php, version 0.8.35) K IF TU 4% 2k [F £ i & B R
51 53 5 5 NRECE E A1 KEGG %4 i (version 94.2) AT H XS (BLASTP LU 2 B0 B W 2R {H e-
value K le-5) , DAHAR 45 4 o i B 3 R G 102 1Y) KEGG ZhRE &
1.3 SHlETE

AL BEEEHE L AP Y CH, YR B R A (A T8 (X (Agilent 6820) AT E . M2 F i H: LA
N, a0, ECD Kl 4, ARSI 55 °C, FrR: I 4R IELRE O 250 °C, I R g i EE O 330 °C
2 FER5TIE
2.1 EERENEDLIEE CH, B LR R
211 #HBERF

HES CH, 5 1 Mk B 4E 352 76 1 500~2 500 mg'm >, EBRT 4 131 min, 38 3 20 H7 2 A 24 9y 3 i %
e CH MBS, B 2 DAY B I HE R sh ke . &2 3R, 2 A Wk B 55 A 4 ) 0
(4 CH, HHALRCR 209 10%, AR 8 KIT IR Ty, 2 AW ad 835 19 CH, R BRACRAESE 18 K
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KRBT 80% LA I, A HE AR S 3l 2k g i 2
27 do 2 A EY RS CH, RBRECRIFRA

-t =+ (BF_no) -o- H}(BF_A) —+%{*%(BF_no) %% (BF_A)
5000 100%

B, MR A | o
EATH EBRT Beke, Eppbsbbve g 20 8
FERM e CH, AR, (Rl 2 AMEg 2 2 Ea
ok U 7 HE R B B CHL AL BOR R A7 o) 20

PR 25 5
2.1.2 4@ a2 A4y s CH, &
o 2 & 0

15 B B} E] (EBRT) J2 A )3 U I5 i 47 1Y —
AEESH, B4R EBRT A B TR EEY

R e = S
5 7 9 11 13 15 1719 2123 25 27
IR/ d
2 SERSEXTMR CH A ISR B sh it sE R 72 1D
Fig. 2 Effect of ammonium nitrogen on start-up performance
of CH, biofilter

0%

-y S 25l 3% e AN
g CH, KERC%, fHEBRT WK 23 HUE —jf =1 (BF_no) - 1}(BF_A) %3 (BF_no) -=-§#(BF _

A)
120%

Wk U G R R, R FE AT R 10000
S S R A e Ny i o
CH, J5 i ¥ £ 7 4 000~5 000 mg-m ™ 1435 7 5% ‘%m Xﬁmmﬁx"“”Mﬁ
B F, %% 7T AJH EBRT (131 min, 78 min, %4000 \/\\fﬁm%m 60%%
56 min\ 44 min\ 32 mln) ;ﬁ‘ ) /I\EE %ﬁ‘i}ﬁi% \Eﬁ 131 min—=—78 min —«~ 56 min —{«— 44 min —~« 32 min —~ 40%
. o . o 5 2000 /\rﬂ—n—ﬂ 20%
CH, EBRACRI I, F3 5 B I ]2 47 7 do 0 g @gm?wwﬁMNuw
th ® 3840, 24 EBRT Jy 78 A1 131 min B, 13 5 7 0 111315171921 23 252729 3133 35
2 4> 7k Wy 3 U B 2 RE % 1R 15 20 90% 1) CH, i
B, Ho lE A AU BUE N B A B8 F 3 EAEAXNAEEEMEZGTEYTIEE CH, X
e - [E3vE: AT

Xif HE A= 4 ik g XS BF noo SR, YR uEEE
) EBRT 4 %5 & 56 F1 44 min B, 2 9y i 0 3%
BF_A /3 BE 5 4 548 5 19 CH, L BRZ0CF (84%~
88%) , & E T BF no, JCH, £ JA 62%~74%., >4 EBRT 45 % 4 32 min I, 2B 91 g 1%
BF_A 1) CH, ZZBRACE TR 22 80%, (HAN & T X Ak g3, BLi BF no i CH, 2 BRECR N
TR 60% LIF o 25 BTk, DA BN ZIE A A it g3 B 0 5519 CH, L BRPERE.

Fig. 3  Effect of ammonium nitrogen on CH, removal
efficiency of biofilters under different EBRT

2.2 HRISEXR CH, £403 B EMAE M E S R RS
221 HAEGEF ST ST

A=y HS BF _no FIBF_A B GLA P04 i 43 0 3R A3 1.57x107 F1 1.03x10° 45546 1751, LA M 2.36x
10° F1 1.56x10"° & bnig it . Ll i Eml)a, RGP o AL R T 96% LU I, X R BIA M
AR T HEAR G AL 5 2, PRIE T 5 2250t 45 5 0 vl m M o] Sk

)5t UEHS BF no A1 BF A 751 1K L (U0E D BETE 40BN I 4 (a) BT, 2 A A it BS99
e AR B 22 5% . BB R 1] (Proteobacteria) N/ ¥) i 3645 BF no Fll BF_ A RS — %], &b
43 5 A 44.2% F1 50.1%. FE X BE A= 4 i UE 3 BF no W, JZ B 1] (Actinobacteria) F 3 HjI B 1]
(Gemmatimonadetes) [ HI Xt £ & b BF_A &, 43510 8.2% H1 6.3%. 1441t JE3E BF_A IS
I'] (Chloroflexi) (5 v h 7.8%, 18 T XF B AE Wi €3 BF no (5.8%) . ILAb, #HALIRIE R ] (Nitrospirae)
BT RS BF_A AR T, HARXT BN 3.3%.

B A E, AWl g5 BF _no #1 BF_A M52 E W& AR an 8] 4 (b) oo LR A 1 1)
SRGEWMEE USRS, 4 Wit BF no Ml BE A — L3 g8 ¥ 8 54 H 8
(Methylobacter) , F:Fr &5 He 43 5 R 2.2% Fll 3.9%. W IEGLE JE (Methylomicrobium) . % i 41 1 J&
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4 FESEXR CH, £ 41 5 B R WA R A 521
Fig. 4 Effect of ammonia nitrogen on the microbial compositions of CH, removal biofilters

(Candidatus _Manganitrophus) F1 A5 AL B2 € 1 J& (Nitrospira) /&4 W)L €3 BF_ A HREA W R, &
O3RN 2.8% . 1.7% M 1.2%. FiFf o R T T 13 R0 A0 U2 T Jm ) fol 26 ) o PR 05 P e A B R R
J& L TSI A A e A S A B Ak, AR A ORT DLORIE F B AL RN AR R o Ak, I
AT DA B e 25 0 H B SR AR TR AR VR o T IR TR B (Methylomicrobium) J2& H e 8 AL TR ) — Fir
5 HA T B S AL A e, ARG PR o 0 BRI A0 38 L RE ) B0 Bl Dy Y AR R A
WAL 7B, SRR B (Candidatus_Manganitrophus) Xt FGEACIE RS 1 i R TE 28, Toilk— IR A
FFEWFSY . A, W IEBE R (Methlocaldum) 165§ B A4E Wi €3S BF no MY EEEeEr, SR
1.5%. EMERENIE, 2 EYLIEH 2 35.0% MY FI7E B K A AR aREE, £
10, $5 unclassified p _Acidobacteria , “unclassified c__Gammaproteobacteria, unclassified p _Chloroflexi.,
unclassified c__Betaproteobacteria Fl unclassified p _Planctomycetes % .

222 YA EFE S

A=Wy id JERE BF no #l BF_A M UE Y 2H 28 5 4 K] 5 s o FENTKF B, AR id B3 BE_A

AR HE W 1] (Proteobacteria) . %% 75 Wi ] (Chloroflexi) . FR¥T &[] (Acidobacteria) 1 fit £k, 12 Ji€ 12 ]
(Nitrospirae) BYAH X1 43 9 K 50.1% . 7.8%. 5.3% 1 3.3%, # W 2 & T % B 2L 9 id 98 £ BF no
(44.2% . 5.8% 5.0% 1 0.8%) (P<0.001) , Wi ] (Actinobacteria) . 1% %i W ] (Planctomycetes)
FPERL R (Verrucomicrobia) W) 32 53 A 78 T AN R IR 1 %8 BRAE Wy aod 383 BF_no th, AHXS F Ji 7351
N 82% . 6.5% T 4.9% . LIRESHRE 2 A4 Wy id B I B TR MU RETS S M AT L o A 4 SR A — B TR TR
K L, AWt B BF A AT TR (Methylobacter) . W 3E4# J& (Methylomicrobium) . % il A1
W J& (Candidatus_Manganitrophus) . 5L IE H 8 (Nitrospira) F1H X&)\ & BR % J& (Methylosarcina) W)
X0 R 3.9% . 2.8%. 1.7%. 12% F 1.2%, B 3% w5 T 4 B A 9 i 38 25 BF _no (2.1%.
0.8%. 0.0%. 0.5% F1 0.4%) (P<0.001), T H HeWz 8% (Methlocaldum). KL H & (Longimicrobium).
ZIKH R (Jiangella) TS 2 B ML B &8 (Sphingomonas) W) 2 %243 A5 76 XF B AE 9 3 J€ 35 BF_no 1, #H
XtEBERHN 1.5% . 1.6%. 1.3% F 1.1%.
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=mBF_no=BF A

95% A X [i]
® I

=mBF_no =BF_A

95% i AF X [F]
unclassified_p_Acidobacteria B — °

Bacteroidetes = ® “Methylobacter B °o ! o
. Chloroflexi gy o | ool Methylomicrobium BB o hood
® Actinobacteria g® I o M am Methylocaldum == e e
h Planctomycetes @ e M Candidatus_Manganitroé)hus_ o | bood
& Acidobacteria B ® bl Longimicrobium = e s
K Gemmatimonadetes_d_Bacteria §® e ™ R NitrospiraBiem o/ bood
Verrucomicrobia B e M MethylosarcinaB=m o e
Nitrospiraely o | ool Jiangellq == e e
unclassified_d_Bacterialj ® - Sphingomonas = ) au

I/ TR R IV

SSScSScSSworasSax S S S S Suntanda—S=datn

—aaFa =TT S = &lem b1
dilt i L2 5 dilt Hi L2 5
(a) I'IKF (b) JRAKF

H: *0.01<P<0.05, **0.001<P<0.01, ***P<0.001.
5 #HSEAXER CH AT IREERDFNFIMm
Fig. 5 Effect of ammonia nitrogen on the differential species of CH, removal biofilters
AR ER CH, £ BB R SRR
1) X FROBE A B 52 00 o Ay B4 M A A 2 25 0 A i i b BT A O s e, R TR R D A

2.3

Bl ot —25 0 0 T 2 AR g B b ) CH, AR B AR A, el i CH, AU B AR WL IR 6 () o 21
AWt U WoR T e B CH, ARSI B . Ak, B 2 DA IR Y CH, AR G Sl %) R IR
I SR, R E 6 (b) i . XU LS gn A b B0 A 9 2K ) mmoX (EC
1.14.13.25) Fil pmoA (EC 1.14.18.3) 5 Zwfith HI B2 Jid S0l 149 3 X mxaF(EC 1.1.2.7) 5 G hth Y 0 Sl 1) 2
B fdhA (EC 1.2.1.46) ; 4% /2 i S0 (19 3 B FDH (BEC 1.17.1.9) ; 4wf% 5, 6, 7, 8-PUS( H RS 7K i
it (1) B2 A fae (EC 4.2.1.147) 5 % At AP 25 D &0 T 5 ol 0 J3t S i 114 58 DX medlA (EC 1.5.1.-) 5 S R L DO &
FFY JEC 8 14 B 7K fi7E it 114 35 R mch (EC 3.5.4.27) 5 2t Ay PR ke 5 PR o vk Mg D) 0 PR e 88 4 N- PR 6 65 A% 66
(EC 2.3.1.101) ; Z fith Y Ik FF g 1ok i 6 S8 B A1) 22 [ fimd A (BC 1.2.7.12) 5 2 fish S-CR Y 3E) 25 B H KA i
M2 gfa (EC 4.4.1.22) 5 Fifth S-G5F L) 45 Db T kI &0 1) BE ) frmA (EC 1.1.1.284) 5 Zifidh S-H [k
2 e H oK i il 9 L X fimB (EC 3.1.2.12) .

o = BF A =1 BF no 95% {5 X 1]
,
/ *1.14.188H¢01.14.13.25 *XBF Augmmﬁ 1.17.19 e oo
*1.12 71 AR E RS 1.1.1.284 e et o
*42.1.147 " N (AA122 ABE/no ML 11257112=- % .
5,10 Methylene-THMPT I 312120m P -
* 151y S-HydroxyIGSH i 42~ 1- 1'47L a s
5,10 Methenyl-THMPT 1146 § 354278 e
35427 1.1.1.284 1127k e e
NS-Formyl-\TI:IMPT 2311018 @
23.1.101 1141834 e =
Formyl-MER S-FormylGSH 1.2.1.46 1 *
*127.12 Hcf?ﬁ‘m-lllz‘ 441221 °
C02 . N 11413.25! 1 1 1 1 1 1 J L 1 1 1 1 ? 1 1 1 1 ]
T IR TR
Akl di R
(a) CH,fLigip 1% (b) CH R G HE ) BP9 22 57
. *0.01<P<0.05, **0.001<P<0.01, ***P<0.001.
6 FEASEITER CH, £ 7538 B IR A &

Fig. 6 Effect of ammonia nitrogen on the CH, metabolism of CH, removal biofilters

& CH, R L B, CH, 1 e 8 H be #i in A i (MMO) #4546 h I . 1Zad #2 o MMO 1] 43 A il
s PE B 4R B (sMMO) Fi UKL B8 0 A B (pMMO) L, 43 31 i1 mmoX (EC 1.14.13.25) F1 pmod (EC
1.14.18.3) FE [N 4 it o A=Wy I8 B BF_A 1 pmod (EC 1.14.18.3) BYAHX 4 0.4%, 3% & T BF _no
(0.2%) (P<0.01) , Tfii 2 493 98 35 & mmoX (EC 1.14.13.25) BYAH X B A B % 22 7 (P>0.05) .
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AW it U BF_A H mxaF (EC 1.1.2.7) (AEXT B2 0.6%, % 3 %5 T BF _no (0.2%) (P<0.001) . H
i E AR AR R I B T 3 Rk te . Hob, BB RP Y fae (EC 4.2.1.147) . mtdA (EC 1.5.1.-) Fl findA
(EC 1.2.7.12) FE R 78 £ 9 o 3 3% BF_A (9 AH X £ B 4 5l 0.9% . 1.0% Fl 1.8%, % & T BF_no
(0.4%. 0.7% T 1.2%) (P<0.01) . XFRKA Yt g8 BF_A th iy CH, G = T BF_no.

2) X AR B S o T SR RS, B — 2 A i T A ik U BE BF _no A BE_A AR
WA RRAE, HFE AWK IWE 7 () , XULH] 2 AW uE 5 h B s B A AR AR . X
SO RE A5 - S A Y R A 5L Y KL X narB (EC 1.7.7.2) . narG (EC 1.7.5.1) Fl napA (BC 1.9.6.1) ; % hd
P il TR i S 4 L TR mirK (EC 1.7.2.1) 5 S — 48010 A SR B9 22 15 norB(EC 1.7.2.5) 5 4 i A AL
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Fig. 7 Effect of ammonia nitrogen on the nitrogen metabolism of CH, removal biofilters
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Effects of ammonium nitrogen on methane purification performance of
biofilter and its microbiological mechanism

LIU Zhenyue', FAN Yujing', CHEN Miaomiao', YAO Huijiao?, GAO Zhiling', LIU Chunjing"*, XIE Jianzhi',
GENG Shicheng', DAI Yufei'

1. College of Resources and Environmental Sciences/Key Laboratory of Farmland Ecological Environment of Hebei Province,
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*Corresponding author, E-mail:chunjingliu2008@163.com

Abstract Nitrogen is the key factor for the efficient and stable operation of biofilters treating methane (CH,)
containing gases. However, it is unclear whether the livestock wastewater with high concentrations of NH,-N
can be used as the nitrogen source of biofilter for CH, removal and the corresponding mechanism. This study
successfully operated two biofilters treating simulated CH, containing gases, BF no (control, no nitrogen
source) and BF_A (NH,-N as nitrogen source), and compared CH,. purification performances of the two
biofilters under different empty bed residence time (EBRT). The corresponding microbiological mechanism was
investigated based on metagenomic analysis. The results showed that BF 'A exhibited a better CH, purification
performance in comparison with BF no. When the EBRT was 44 min, the CH, removal efficiency of BF A was
stable at more than 80%, while that of BF _no was less than 70%. The two biofliters had significantly different
microbial community structures. The species Nitrospirae showed a quite high relative abundance in BF_A. The
relative abundance of amoA and hao genes related to nitrification process, and the relative abundance of fae ,
mtdA and fimdA genes related to CH, oxidation in BF A were significantly higher than that in BF no ( P <
0.05), which proved that BF_A with NH,"-N as nitrogen source had higher nitrification and CH, oxidation
ability.
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	1 材料与方法
	1.1 生物过滤实验装置及工艺流程
	1.2 宏基因组分析
	1.3 分析测定方法

	2 结果与讨论
	2.1 铵态氮对生物过滤塔CH4净化性能的影响
	2.1.1 挂膜启动
	2.1.2 停留时间对2个生物过滤塔CH4去除效率的影响

	2.2 铵态氮对除CH4生物过滤塔微生物种群结构及代谢的影响
	2.2.1 微生物群落结构对比分析
	2.2.2 物种差异比较分析

	2.3 铵态氮对除CH4生物过滤塔甲烷代谢和氮代谢的影响

	3 讨论
	4 结论
	参考文献

