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Location of the coal bed methane field associated with Luling in China.
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F R B T HEE (SO,2, CIT, NOs~, NO, 25)iH i 55
F {431 (Metrohm Ltd, Herisau, Switzerland){ill
% . TOC. TN i i # %2 i 8 4 #r 1L (SEAL
AutoAnalyzer, Germany) il %E .

actamicro@im.ac.cn

14 SEds Kiag R RN E
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Table 1. Physicochemical parameters of water samples
Parameters LL2 LL3 LL4 LL5
T/°C 2.40 7.40 7.50 6.90

pH 8.21 9.00 8.62 8.60
Conductivity 9.60 6.61 6.53 7.00
/(Ms/cm)

Potential/mV -67.20 -111.20 -91.60 -89.50
DO/(mg/L) 4.46 4.16 3.76 1.87
TOC/(mg/L) 69.26 58.03 56.52 66.28
TN/(mg/L) 27.55 33.26 22.34 29.90
NO;/(mg/L) 0.14 6.50 0.30 2.22
NH,"/(mg/L) 16.94 12.82 9.73 11.38
AP*(mg/L) 0.53 0.62 0.45 0.49
Ca?*/(mg/L) 1438 437 8475  89.20
K*/(mg/L) 10.65 14.64 2.87 2.92
Mg®*/(mg/L) 6.94 3.21 9.01 10.19
Na*/(mg/L) 2031.00 1815.00 1553.00 1570.00
F/(mg/L) 8.92 10.67 3.31 4.70
Cl/(mg/L) 1551.09 459.25 88517  1158.83

S0,2/(mg/L) 27.28 2411 30,70 29.02

actamicro@im.ac.cn
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Table 2. Stable isotope analysis of coal bed methane
gas samples

Number  8D(CH,)/%  8C(CHg)/%  3"C(CO,)/%o

8 -182.9 -50.5 -14.9

9 -188.4 -52.1 -16.0

10 -189.9 -53.2 -12.6

Biogenic origin
CO, Reduction

—80  Fermentation
-60 1

Thermogenic origin

8 C(CH,)/(%VPDB)
L
(]

3D(CH,)/(%eVSMOW)

2. RESBELMLERL
Figure 2. A plot of genetic type for coal bed methane
gas samples.
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A BF5E R A lumina HiSeq I ¢ 4t 15 %
143647 25417 16S rRNA LA U S, 161050 4
T 16S rRNA EEARUF S 261900 S5 ILHH
ITS FEEAG 0T 5 17 51 T34 B2 373 bp,
R FHE K S 382 bp, ELHFSIHIFEY
KR 324 bp. PO SL A BT 51 N 26855
) 42903, LAY OTU H M 231 3 298; i1
410 30759 3 54007, 405 1Y OTU % H M 448
#| 658; ELIE/FHIEN 60945 #| 69443, {17
OTU % H M 233 F| 528, ¥ 7 75 K415 99%L4
b, ULEBES Hiseq W54 JLT- 1R 55 R 5 b 4
HRFES, FKWIAR HiSeq T & LRI 5 A
A IS B
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(31.6%) . TEJE A L, LHJE M 5w JE
HEAE A X F2 5, FEAT
Pseudomonas (15.8%). Hydrogenophaga (14.1%) .
Dechloromonas (3.7%) . Methylomonas (3.5%) .
Rhodobacter (93.2%)#1 Flavobacterium (2.3%).
242 HTEABEERARL: A IER I B 0 R e
T A= 11 (Euryarchaeota) . 78 J& K F 9434
WLIE 4, AFFES R R ACE AV B 2ER,
LL2 L3 & A B BEAt 13 & (Methanobacterium,
61.0%), LL3 Fil LL4 f1 3V & >~ Aenigmarchaeum,
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Firmicutes Bacteroidetes

(Pseudomonas)

1.0

S 61.49%F0 21.5%, LL5 P2 & A H ke
BRI i & (Methanosphaera, 51.6%). H4i/\Zk
)& (Methanosarcina) 7t 4 NMEE s R H 04,
BF-E R 0.33%.

243 HWHEHM: HEMEUTERE]
(Ascomycota) WALFGE, 4 MEE AL TE B R 311
EAFERRZES (B 5), Hi, FHE]
(Ascomycota)7r LL2 F1 LL5 #ES P Rib#T, 4
5 47 Lt 63.9%711 46.6%, HHT-H [ ] (Basidiomycota)
TE LL2 RSP b F 26.1%, 4¢3 1] (Chlorophyta)
7 LL5 FESh G 18.7%. WA FER: LL3
A LLA TEECR R B FERAR, KR8t
Bk 90%LA b FLIE S AL I KF EARRS
FREEEAR, KPR s A (L FE)
Gibellulopsis (2.6%) . Fusarium (1.8%). Alternaria
(1.0%). Sarocladium (1.0%),

244 FEHEFNYEDRRAROER: T
WFFE BRI D N AR MRV 2 RS2 ), R FH
BURH 573 AT (CCA) R BRI K] 38 FI AR W RV 2548

09+

Relative abundance

= Others

& Tenericutes

u TM6
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0
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Figure 3. The distribution profile of bacterial community at phylum level. Others, all the phyla with relative

abundance low than 1%.
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Figure 4. The distribution profile of archaea community at genus level. Others, unclassified.
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Figure 5. The distribution profile of fungi community at phylum level. Others, unclassified.

ARG (K 6) 0 XU MIBEIS LM XA W RE I8 2540 11K OSF b (9 BE V% 43 A1 FD 20 %,
BOKMIAT 3 AN FAER B, Hodr, iR (Envfit, r’=0.45, P<0.05)f &0 .
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Figure 6. Canonical correlation analysi of microbial
communities related to encironmental factors.
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BeA: il AR, WiEl 7 R .
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1000 | - H,+CO,
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Time/d
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Figure 7.  Methane production from the water
samples supplemented with different substrate.

2.6 ¥EFETHKAEY R SR

N T RIE R A SR AR, IR IR
TAE YRR S AL IR A T /8, IR b
IR 49 KREF, BATRE T Hig%)5 107 HoKFEE T
B I . umina HiSeq I 353545 348443 4
AT 16S rRNA B:PA X751 , 2569252 2% T 16S
rRNA JER A RUTH, HE& S AN
AT 75 SE B S 370 bp, RS R
K EEJE 363 bp. AN P AT w5 445k 99%LA I,
ULAAIE L Hiseq W Zcds JL-T- 6 55 K df b 430 1Y
JPA o R i S A R e i L3 3,
2.7 BEFEET KRR G 4T

271 HEBEEARL: S IRESIRG, TR
o3 K b, Hh AT T R B ]
(Firmicutes) . ARIEF-HIART ST, FEA Firmicutes
(67.4%) . Proteobacteria (9.4%) . Bacteroidetes
(8.8%) . Tenericutes (5.2%). Spirochaetes (3.2%) 7l
Synergistetes (3.0%) (& 8). 7EJE /KL, fi#JEH
THRF AR A2, i, BER
¥ 54 J& (Acetobacterium) 7£ LA F FE4L & 91 4 JiE 4
(YPA)HPRAEUHR 1521 ' 4 o & T A 20 1 (Fusibacter)
TEFA R TP R E 4, JFERR YP4 LIS
R AU R A LR E o YEA A (PSB-M-3) 7E T
AR IA —ERERNE S, TCHAREIEY)
57 K (YPL) R L Ho+CO, A JEE 4 B IR S8
(YPS) AT R i, 43k 12.1%F1 14.2%.

#3. NEHERESKPRTE
Table 3. Sample name for sequencing

Sample ID YP1 YP2 YP3 YP4 YP5

Substrate Original BES Sodium  Sodium  H,+CO,
water acetate  formate

Methane yield/ 11791 0 3176.2 430.29 365.06

(uL/L)
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Figure 8. The distribution profile of bacterial community at phylum level. Others, all the phyla with relative

abundance low than 1%.
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Figure 9.
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The distribution profile of archaea community at genus level. Others, unclassified.
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Microbial community and the type of methanogenesis associated
with biogenic gas in Luling Coalfield, China

Yafei Liu, Bobo Wang, Hongxun Zhang, Zhisheng Yu"

College of Resources and Environment, University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: [Objective] The aim of this study was to study microbial community structures and type of methanogenesis
associated with biogenic gas in Luling Coalfield, China. [Methods] We detected microbial distribution of the
formation water by high-throughput pyrosequencing and bioinformatic analysis. Anaerobic culture was also used to
verify the type of methanogenesis. [Results] The composition and stable isotopic ratios of gas samples implied a
mixed biogenic and thermogenic methane. Archaeal 16S rRNA gene analysis revealed the survival of the acetoclastic,
methylotrophic, and hydrogenotrophic methanogen in the produced water. Most detected bacteria could degrade
aromatic and cellulose-derived compounds in coal. The activity and potential of methanogens of the related bacteria
were confirmed by the obvious methane production in enrichments supplemented with acetate, formate or H,+CO,.
[Conclusion] Acetoclastic and methylotrophic as well as hydrogenotrophic methanogenesis was responsible for the
methanogenesis in Luling coalfield. These results would provide theoretical basis to improve the coal bed methane
production using microbial technology and realize the sustainable exploitation of coal bed methane.

Keywords: coal bed methane, acetoclastic methanogenesis, methanogens
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