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Performance and Microbial Community Dynamic Characteristics of an Internal

Circulation Reactor Treating Brewery Wastewater

ZHU Wen-xiu, HUANG Zhen-xing, REN Hong-yan, RUAN Wen-quan
(School of Environment and Civil Engineering, Jiangnan University, Wuxi 214122, China)

Abstract: A lab-scale internal circulation reactor (IC) fed by artificial brewery wastewater was operated with increasing volumetric
loading rate under 35°C continuously. The reactor performance and the relationship between microbial community structure and
bioactivity in the anaerobic sludge were investigated during the operation. The COD removal efficiency was above 85% , furthermore,
the maximum volumetric loading rate (VLR) and the maximum specific methanogenic activity (SMA) of the reactor could be up to 20
kg+(m®+d) ™' and 210 mL-(g-d) ' respectively. The results from the dehydrogenase and the bacteria DGGE experiments
demonstrated that the dehydrogenase variation tendency was positively correlated to total light intensity of the whole bacteria DGGE
bands for each sample. The total light intensity of the whole bacteria DGGE bands can use as a referential index for biomass liveweight
in anaerobic system. Moreover, the coenzyme F,; content related to the relative abundance of Methanosaeta based on coenzyme F, and
archaebacteria DGGE analysis. As the volumetric loading rate increased, Methanosaeta became significantly dominant, which was
accompanied by the coenzyme F,,, content increasing. The content could be up to 0.16 pmol-g™", meanwhile, the superiority of
Methanosaeta became significantly obvious; UPGAMA analysis and Shannon index also confirmed the dynamic changes of microbial
community structure during the operation.

Key words: internal circulation reactor(1C) ; Shannon index; PCR-DGGE; dehydrogenase; coenzyme F,,,
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Fig. 1 Diagram of IC reactor
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Fig. 2 Influent/effluent COD concentration and

changes of removal rate
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Fig. 3 Specific methanogenic activity at different

volumetric loading rates
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Fig. 4 Relation between dehydrogenase and intensity of DGGE

band for bacteria at different volumetric loading rates
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F 0 VR FE B 25 7 £ 1) B2 w5 T 38 fim . B R By I
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R Ay T, 2 1 AR B AE W B P b
LB w2 A F,, S b TR Yk
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FITCAE ) o5 B8 0 W S A LA 7. H I AT L A
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Fig. 6 DGGE fingerprint of bacteria under different

volumetric loading rates
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Table 1  Dice coefficient comparing the similarities of PCR-DGGE fingerprints
1 2 3 4 5 6 7 8
1 100. 0 71.4 69. 1 80.5 47.7 44.6 25.9 22.9
2 71.4 100. 0 75.6 85.6 59.8 46.9 34.1 36.5
3 69. 1 75.6 100.0 79.6 53.4 49.0 27.2 31.4
4 80.5 85.6 79.6 100. 0 55.1 51.2 26.4 32.1
5 47.7 59.8 53.4 55.1 100. 0 50.9 35.3 54.1
6 44.6 46.9 49.0 51.2 50.9 100. 0 52.5 47.1
7 25.9 34.1 27.2 26.4 35.3 52.5 100.0 52.6
8 22.9 36.5 31.4 32.1 54.1 47.1 52.6 100. 0
53 Shannon ZAEPERS BN (H') REFALTGIRA W5k 3 Fom.
BIRHELE RN S RERE S5 RN 8 B, DR B -
o PP TR A 0 RE 22 A R S Y S R AR, X 5 52 8 ]
e A B BB A B 3 Al
kge (m*d) ~" I Gl A I S i AR B 03F — M I - -
JIr Lk Shannon 4850 A FEAG ;. {H Bl f 0 7 114 4k 2 ﬁ 04| ]
AT W REHEE B, SR RES REREAT RS M E
A E] 15 kge (m*+d) ~'IF, HEEAE AR BOK B R 0
{EL; TS Shannon $5 % A7 i T %, X Al G J2& i T -
WEE ffer BB e, FL BT B e vy | AN I B e “r
SRR — St 7 K 5 54008 oI B K o ol LI LD UL UL L L
I, Ty R P Al A 2 REMESR BOA BT T I KBRS kg (m*d )

2.5 wlEMF
S Pl 6 FIPE 7 P ORIE 0 4 HEA T DD O
SEREFT A0 P 0 2 B 38 R
xR2

B8 RRE=FIE{TIIFEFEY Shannon 35
Fig. 8 Shannon index of granular sludge throughout

operational process
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Table 2 Phylogenetic relationship of different clone sequences of bacteria

TiH

GenBank FP2IT AU AN BRI ( A% )

i

Streptomyces  clavuligerus ( 98% ) |

Vibrio sp. (90% ). Flavobacterium

psychrophilum (98% ) . Serratia sp. (98% ) . Clostridium beijerinckii (98% ) |

LRZAL TPt S b A 1) 240 T A
Uncultured  bacterium ( 98% ) |

Uncultured Veillonellaceae bacterium (98% ) . Uncultured bacterium (98% ) |
Uncultured Lactococcus — sp.

1,2,3,4,5.6,7.8,9,13
( 100%) .

Uncultured Clostridiales bacterium (98% )

DI BA 5 1) 200 TR TR Uncultured Lactococcus sp. (100% ) 14
I B I 174 40 TR TR A Uncultured Veillonellaceae bacterium(98% ) . Lactococcus lactis subsp. (98% ) 6,15
*3 HERENFFIHMEXR
Table 3 Phylogenetic relationship of different clone sequences of archaea
i H GenBank 33T By B AN (AHAME% ) it
. s U, Methanosarcina  mazei ( 98% ). Methanobacterium sp. ( 98% ) .
RYLNL k- g
TREAL T UL LY v T R Uncultured Methanocorpusculum sp. (98% ) | 2.3.4
DA 55 ) o T T Methanobacterium sp. (98% ) . Methanoculleus marisniqri(98% ) 2.5
e B o vy T TR R Uncultured Methanosaeta sp. (99% ) 1

Hi 3% 2 A 7E B A s A7 B B, B
T
( Streptomyces clavuligerus) . JNEE ( Vibrio sp. ) . V5
IR ( Serratia sp. ) . #2 i ( Clostridium beijerinckii ) |

( Flavobacterium  psychrophilum ) |

F5 % Bk W ( Veillonellaceae bacterium ) . ™ M &
( Propionibacterium sp. ) VA —SEANEEES I 1) 4 P 2
R TEs L i o i = VAR CIB 2 3 1 ey ming 5]
IXLETE AR AR R AL F b7 R AT T, FLak
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i ( Lactococcus lactis) BEBEF- A K 5 {HBEE 777 1)
g, FLOBK A 2 I R, (H A BB AR i T R K T
( Veillonellaceae bacterium ) (41, 77 5 T %2 b
PG R 7K 18 DR AR T P R )9 P ¥ 10 v 3 s i AL B
TR T B RN T S X AR T S AR S T G
TRAbBE 2 258 i A ) DX R B R B T IR s R 2R
R
M 3 FTLUE o B DL 3 B b 322 1P e
E 1 J& ( Methanosaeta sp.) . W %t /\ & Bk # )&
Bk  ® R’
okt K WOR
Bk R W s
H ke N & Bk
( Methanosarcina mazei ) TEAR G faf T 45745 B85, (HTE
=01 N ST o B TS 4w Rl 30K 0 T
— B, ATRESE K Ry e B T SO g Y b T I
PN TP STVANG: 32 7 AR S R N e W b ) R/ T
BRI, B b )\ & ERE ( Methanosarcina mazei ) % 1%
MBE KT ; 5 W be /NS ERE M, B i 5215 8
( Methanosaeta sp. ) TE = i far T B 5 LU A 67 47 B9 A=
KR, 250 AR ST I 52 AR 22, T WLAE & fafar T
Y B2 1 )& ( Methanosaeta sp. ) WA R B R 2480
KMz 1T, P BE 22 W & ( Methanosaeta sp. ) 1 id H.
AR T R AR G AR S8 1C RS s
(DA™= H o 1. Collins 251> 41 %% BHL . il 2 A HL 172
A AR TN G2 A7 g TB) A SEE A, 7 R e ol T R R 2 4
WR AT A, CRE IR B b\ & BRI R
( Methanosarcina mazei ) It (5 L]k /L.

mazet ) .
Sp‘ > N
Sp' ) N

( Methanoculleus marisnigri ) ;

(' Methanosarcina
(' Methanobacterium

( Methanocorpusculum

3 it

(1) BRI N #RAE 35°C T #ELLIE1T 106 d,
PR R A fe = 1T 3k 20 kg (m’-d) ~',COD ZBR
RAEIRE] 85% LU I, V5 U B L 7 WY b 3% 1 i 1k 3
210 mL- (g-d) =", L3RG JE A EL 7= F e 16 PR 42
T 275 . S BB A B TR N A, A
M58 224 COD BIRE JItubti 2 s,

(2) DGGE &3 rfv 21 B i 19 ' 2 B (B ]
VB IR MR R P AR 1) — S 84

(3) Bt K 25 B A far B4 50, AT o 25 B AR
IKEN0. 16 pmol - g~ Tl thy T A RN BE L5 A R 2 T8
2 ARk, 7 v B A T RS R A A o B
H BE 52 1R &8 ( Methanosaeta sp. ) .

(4) WA BN 4 W38 AT B SO NE 67 A 1) 2 85, iy
VRRET S5 R AR DL PE AR LA B B, S RIS TR AR L

HAPEAL R 22.9% . g ZFEVEMT T, o B AN Q2
PSR, B A i R MR S AN

(5) AR T T T, 150 M 3B Fh kAR
T sty R S S A Y T A B

J& ( Methanosaeta sp.). W %t /\ & BR H &8
(' Methanosarcina ~ mazei ) . H ok F B B
( Methanobacterium — sp. ). W % K H J@

sp.). W ki A& W OB

( Methanoculleus marisnigri) ,{H BfiZ5 52 W 7 571 fuf A8 £
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