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Distribution Characteristics of Methanogens in Urban Sewer System
SUN Guang-xi, JIN Peng-kang” , SONG Ji-na, WANG Xian-bao, YANG Ke-yao
(School of Environmental and Municipal Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, China)

Abstract: A study was conducted through a 1200 m-PVC-pipe-reactor, which was used to simulate the urban sewer system. Gas
chromatography , liquid chromatography and 454 high-throughput sequencing were utilized to study the variation of substrates during the
methanogenic process and the distribution characteristics of methanogens in the sewer system. The results showed that the concentration
of methane increased along the sewer system, which illustrated that methanogens existed in the sewer network. The methanogens mainly
contained Methanosarcina, Euryarchaeota _ unclassified and Methanobacteriaceae _ unclassified. The distinct succession which
Euryarchaeota_unclassified replaced Methanosarcina to be the first dominant microbial genus between 800-1 000 m of the sewer system.
Formic acid, methanol, methylamine, acetic acid and hydrogen were available substrates for methanogens. Among these substrates,
acetic acid was the primary substrate for methanogen. The variation trends of these substrates were first increasing and then decreasing
along the length of the sewer system, which led to the succession phenomenon of methanogens in the sewer system.

Key words : urban sewer system; 454 high-throughput sequencing; methane; methanogens; succession phenomenon
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Table 1  Characteristics of wastewater quality in urban sewer networks

KRR COD/mg-L"! NH; -N/mg-L"" TN/mg-L~! TP/mg-L""!
B fE 350 ~370 35 ~43 42 ~48 7.2~8.5
1.2 Bk L R SO TR A R, BT ER  GC-2014 R,

£ 800 m (145 M R Ge rh BEHL 8 ANHUKE i, Hirp
PEBUFIKAER O m &b B HBORE 8, SR IS — IR AE 53 30l 326
B 30, 100, 200, 400, 600, 800, 1 000F11 200 mAk
YERFRI A 8 A HURE S - AT K BT 407, s M de A A2
i COD, A (NH, -N) | BA&(TN) . S (TP) 5%
B RAES SOR BT . X T A B e 2 A )
JERE SRR SE LA 30, 100, 200, 400, 600, 800, 1 000
FI1 200 mfFE A A REHURE s, 15 96 8 A B 14
B om A IG 45 BUT 8 B W8 B 3L A LB
SRECHS , FH TG TR 28 1 5 £ 174 A 0 55 DA AT 1130 35 %
I BB SR L b I 55 R L35 47, SR )5 57
BRI 2 A T UK B PR R &5 F 2% B0 % - 20°C

PRAF.
1.3 ki
1.3.1 ¥t

IKBES T Z 1T 3% (B B K BERY pH TS
F 4 247, TR KRERD 0. 45 wm JEPE I UE. 4MHTAY
frh GC-2014 AR AL ( H AR HY) . AR E
TACRZR (FID) , 4444 DB-FFAP (30 m x 0.5
pm x0.32 mm). FHEFET . WA 100°C f4F 2
min, 4 10 °C ~min " AU ETFE 120°C R FR2 min , Ff
PL6 °C-min~" J} & 200°C %55 2 min. #EAE L6 B
200°C , KMl A8 EE 230°C , AR 1 pL. N, 1E M7
SFIAMEES,, SR 4 20 mL-min~'. H, &k 35
mL+min ™ ,%%j‘? 350 mL+min .
1.3.2 HEESHr

N FE 2 T 2 TR e B 1R 1k SR SO

FREATEA (B AR EL) , A CB-5(30 m x 0.5
pm x 0. 32 mm) , FID il 5, B A AOC-5000 i
S HNPEFERY. FHRFEF: 50°C PR FF 5 min, DL 5
C-min "' () 3 FF I} & 100C, £ ¥ 2 min, DL 5
°C -min "' {9 TR B T 200°C. HERE IR E N
200°C , K M 2% W6 B A 280°C; #H AW E N 5.0
YoM E 2: 1. TS @ik RERR S
PP R 80°C , NS (8] 30 min; HUERER
TR 90°C 5 HEFEAFL 1.0 mL.
1.3.3 HEgRoHr

AYHTA #8 H] LC2010AHT ¥ AH 234X ( H 4%
) 4354 A Hypersil BDS C18 (250 mm x 4. 6
mm x5 wm) , LAMEGI R, KB E R 210 nm. i
BAHA 0.02 mol - L~ KH,PO,: I (fRFH L Hy 95:
S5), B mRJES pH 2 2. WMEEEN 1.0
mL-min ", iR 30°C , HEAEAFH 10 pL.
1.3.4 W Hr

PR e e J3E SR HVBUAH 8 35 v EA Tl s . ML A
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nm. IR N KRB 30:70) , i s i
1.0 mLemin " AR 30°C , HEAEARFL 10 plL.
1.3.5 CH, /37
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B % 37 %

FE(TCD) , A% AS TDX-01 B FEA:. Rk E
7 100°C , F-FF 10 min. N, 1E N B, A 10.0
mL-min~'. Ar ’f/ﬁﬂﬂﬁ%, W N 48 mLemin ', f#
FHFRAESRTR & AR HE, A 530 37% CO, ., 4%
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1.3.6 HAKEHT

Sz COD, NH, =N TN 1 TP 4 5 5% ] [
FAfE T k.
1.3.7 DNA #&HUH1 PCR ¥4
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i, PO V4% BRG] G i i r R At 0 O vk A U
B EAT. X7 B e 17 5 R B 488 26
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FastPfu G MWF0. 4 L, BiH DNA 10 ng, ITTCHREK 2
20 wL. PCR £ 95°C FiAEPE 2 min,95°C &% 30
s,55C i K 30 s,72°C i AH 30 5,25 DHIF, &5
T2CHE 5 min. 2% 35 BH BE i HL Uk Kz I PCR
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5 BT AL
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Fig. 2 Variation of CH, along the length of the sewer system
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Table 2 Composition of methanogens in the sewer system/%

Sl AT FEIE B/ m

100 200 400 600 800 1 000 1200
Methanosarcina 0.25 0. 49 0.57 0.63 0. 64 0.30 0.30
FEuryarchaeota_unclassified 0.37 0.30 0.24 0.26 0.25 0.54 0.54
Methanobacteriaceae_unclassified 0.22 0.075 0. 058 0.0053 0.0070 0. 062 0. 060
Methanosarcinaceae_unclassified 0. 035 0.079 0. 097 0. 089 0. 085 0.031 0. 026
Methanospirillum 0. 059 0.013 0 0 0.012 0. 029 0.022
Archaea_unclassified 0.007 6 0. 029 0.011 0.011 0.005 6 0.015 0.013
Methanobacterium 0. 045 0 0 0 0 0.0090 0.007 8
Environmental _samples_norank 0.0070 0 0.016 0 0 0. 0057 0. 025
Methanosaeta 0 0.011 0 0 0 0.002 8 0.002 4
Others 0. 006 4 0. 003 0. 008 0.004 7 0. 000 4 0.005 5 0.003 8

1) R BB AR AN X 42 2
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Fig. 3 Variation of diversity of methanogens along the sewer system
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