& i % % iﬁ.%\ Jun. 20, 2014, 41(6): 1063—1070

Microbiology China © 2014 by Institute of Microbiology, CAS
tongbao@im.ac.cn DOLI: 10.13344/j.microbiol.china.130597

KRR Z BB Bk R A AR
By
WERY HAEAY IHTL KR 2

(1. 300384)
(2. 300384)

M OE L8 6] AT R 5200 3 REARIA 2 F WA T8 248 BOK R AL B FRAGH R
L, AEMRABIR, EERRFIAE L FHRRBAARBR L BRI E IR TR
BoKBATRR . (k) RIL B2 65 dBEIME BT, st T EARMIT— 27, Fidid
AT 16S rRNA B H 695 T ASFBARSTREFT R 9RH A A, [£R] FRFFT RILGR
ML EAFFa R AR R B R B 25 (Anaerobic fluidized bed reactor, AFBR)EI%/Z 551 °C. A
AL T % (OLR) 13.8 g COD/(L-d)& /K /1% % iF 18] (HRT) 48 h #4E8F, COD &R X3 90% A
L, BB ¥t~ R 15 %] 290 mL/g COD; HAALZHHER I T HERAREF TR Clostridia
P & se i K, = ¥ B A Methanoculleus #= Methanosarcina 4 %, L ECHicHH I ZH
Alphaproteobacteria 4. [45+&1 AFBR RAL 35 ¥T & 8 P& AR 4F 4 £ KA BT AR A8 K 5T 7 A&
AR T, R EAREZAMEDNTTREFE .

KR M TER AR EK, REGRILK, RFLP, HAR4H

Thermophilic anaerobic treatment of wastewater from lignocellulosic
bioethanol distillation with microbial community analysis
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Abstract: [Objective] To develop efficient anaerobic treatment of wastewater from lignocellulosic
bioethanol production, a laboratory-scale thermophilic anaerobic digestion in a fluidized bed reactor
with activated carbon was developed. [Methods] After gradient domestication for 65 days, the
operating parameters of the reactor have been optimized and dominant bacteria of the thermophilic
anaerobic sludge were investigated based on 16S rRNA. [Results] The COD removal rate of 90%
and methane yield of 290 mL/g COD were obtained at 55+1 °C, organic loading rate (OLR) of
13.8 g COD/(L-d) and hydraulic retention time (HRT) of 48 h in the anaerobic fluidized bed reactor
(AFBR). The identification and analysis of bacteria showed that Clostridia accounts for the largest
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proportion of all microorganism and methanogen were dominated by Methanoculleus and
Methanosarcina in thermophilic anaerobic sludge. [Conclusion] Bioethanol distilled wastewater can
be degraded efficiently by abundant microbial species with methane production in AFBR.
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Table 1 Characteristics of distilled wastewater

Parameter Distilled wastewater
pH 5.30+0.30
BODs (mg/L) 20 150+1 050
COD,; (mg/L) 31 500+1 850

Ammonia (mg/L) 53.545.5

Suspended solids 5 1504150

(SS, mg/L)

B1 REREKREFREE
Figure 1 Schematic diagram of the anaerobic fluidized
bed reactor

1 2 3 pH 4 HCI/NaOH

5 6 7 8 9
10 11

Note: 1: Reactor; 2: Phase separation zone; 3: pH control unit; 4:
HCI/NaOH; 5: Temperature control unit; 6: Wastewater tank; 7:
Influent pump; 8: Flowmeter; 9: Desilter; 10: Reflux pump; 11:
Gas flowmeter.
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27F/1492R (5'-AGAGT
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GACTT-3") 109F/915R  (5'-ACKGCTCAGTAA
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50 uL PCR 94 °C 4 min
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72 °C 10 min®* PCR DNA
DNA PCR 0.8%
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5 uL DNA 1 puL Loading buffer
100 V 40 min
DNA
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16S rRNA
pMD19-T E. coli
DH5a 16 °C 1h
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16S rRNA PCR
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GenBank
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30% 10% ( )
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6.8-7.5 4 000 r/min
10 min COD COD =80%
65 d
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COD 90%
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COD
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Figure 2 Influence of the UFR on the removal rate of Figure 4 Influence of the temperature on the removal
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Figure 3 Influence of the influent pH on the removal rate
of COD 308 mL/g COD
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Table 2 Operating conditions and process performance of AFBR during continuous anaerobic digestion of
distillery wastewater

COD
: Influent concentration HRT (h)  Organic loading ~ Removal rate of i Methane content
Time (d) (%) [¢ COD/(L-d)] COD (%) production rate (%)
(mL/g COD)

0-14 16 48 2.20+0.21 90.8+2.1 295.0+11.2 62.245.2
15-26 30 48 4.10+0.55 90.7+3.2 308.0+11.2 62.5+3.6
27-47 50 48 6.70+0.32 89.9+5.2 305.0£16.9 63.7+5.2
48-68 65 48 9.60+0.31 89.542.1 288.0+10.2 61.3+4.1
69-86 80 48 11.40+0.45 90.1+6.8 285.0+18.8 61.8+3.8
87-107 100 48 13.80+0.35 89.0+1.9 290.0+10.3 61.242.4

108-122 100 42 16.00+0.78 85.142.1 235.0+12.9 55.842.8
123-134 100 36 17.50£1.12 74.245.6 162.0£9.5 47.3£3.9
135-140 100 30 18.70+0.45 47.5+11.2 56.0+15.2 38.0£6.6
141-150 100 48 14.00+0.36 88.4+2.3 275.0+13.9 61.242.9
110
<00 -m Influent COD
~ -5 Biogas
S 30 000 8 —
£ —
5 :
S 20000 =
= 10000 A
=
0
10 [ e pH 3.0
9| & VFA 55
8 20 2
on
7 g
T L5 2
6 =
1.0
5
4 R 0.5
3 £00 000 0

0 12 24 36 48 60 72 84 96 108 120 132 144
1(d)

5 AFBR KEIEGEITRRER
Figure 5 Process performance during continuous anaerobic digestion of bioethanol effluent in AFBR
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[7-8]
Biogas (CH4
61% CO, 38% 1%
H,S N, CO )
HRT 48h 42 h
36 h OLR VFA
) COD
85.7% 74.2% Biogas
(2 OLR 17.5 g COD/(L-d)
(HRT 36 h) pH VFA
HRT 48 h 7d
COD
(90%) HRT 48 h
COD
AFBR OLR 13.8 g COD/(L-d)
HRT 48 h 90% COD
290 mL/g COD

25 WEVMMEEBESWHR
AFBR
DNA
16S rRNA
RFLP
251 EYIE DNA BIIZERANZEE 16S rRNA £

REZRY1E DNA
DNA 0.8% 6
6
DNA 20 kb
16S rRNA 1 500 bp
16S rRNA T-A
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Figure 6 Electrophoretogram of total DNA extracted
from anaerobic sludge and 16S rRNA gene amplification
product

M 1kbmarker 1-4 16SrRNA 5 DNA.
Note: M: 1 kb marker; 1-4: 16S rRNA gene; 5: Total DNA.

2.5.2 RFLP ##f: 96
Hae III HinfI RFLP
(7 RFLP
16 RFLP

2.5.3 16S rRNA ERENFEFF 45 4: 16

RFLP
3
3 16 RFLP
97% 5
Clostridia
10 RFLP
36 96 37.5%
Clostridia
(55°0)
[9-10]
1 Clostridia
Clostridia

Methanoculleus Methanosarcina
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7 16S rRNA EFBEIHBEGIILEER
Figure 7 Partial results of bacterial 16S rRNA gene fragments by digested enzyme
Note: A-Hae III; B-Hinf I . M: 100 bp marker.

RFLP 229%  7.3% AFBR
Methanoculleus  Methanosarcina
(12141 Methanoculleus Methanoculleus
pH 7.0-7.5 Thermoprotei
[15]
Methanosarcina (19201 Alphaproteobacteria
(
) Alphaproteobacteria
[16-18] [21]
Fz3 FILEMER
Table 3 Results of gene sequence BLAST
OTUs o RFLP . /
Most similar genus The number of RFLP types The number/proportion of clones (%)
1 Methanoculleus 1 22/22.9
2 Methanosarcina 1 7/7.3
3 Thermoprotei 2 12/12.5
4 Clostridia 10 36/37.5
5 Alphaproteobacteria 2 19/19.8
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