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The microbial population in an anaerobic baffled reactor for the treatment of

dye wastewater
REN Sl]i-“Z].'lCll.ll’z1r3 ’ GUO ]un2 » ZENG GUO"QUz ’ CEN Ying—Huaz ’ SUN Guo—Pingz* (1. South China Institute of

Botany, Chinese Academy of Sciences, Guangzhou 510650, China; 2. Guangdong Institute of Microbiology, Guangzhou 510070, China; 3.
School of Chinese Academy of Sciences, Beijing 100039, China). Acta Ecologica Sinica,2005,25(9) :2297~2303.
Abstract: An anaerobic baffled reactor (ABR) provdes spatial separation between acidogenic and methanogenic populations,
and thus allows different bacterial groups to develop under their optimal conditions. It essentially behaves as a two-phase
system. Most of the past studies on microbial populations had focused on methanogenesis. The most common observation is a
shift between the two acetoclastic methanogens Methanosarcina sp. and Methanosaeta sp. However, little has been done on the
population of acidogenesis. Besides, there are very few examples of using ABR to treat printing and dyeing wastewater
although it is known that anaerobic process is a promising alternative to decolorize the dye waste.

In this study a 4L ABR containing 12 compartments was used to treat high strength, dark printing and dyeing wastewater.
It has internal dimensions of 1200 mm long, 100 mm wide and 400 mm deep. The objective of this study was to identify and
quantity the dominant populations in the sludge of each compartment, as well as to analyze the distribution of the
physiologically important population members: decolorizing bacteria and aniline-degrading strains. The genus of Bacillus,

Acinetobacter ,Comamonas , Pseudomonas and Aquaspirillum are the dominant population. Bacillus is the most dominant, and
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followed by Acinetobacter and Comamonas. In fact, the population of each genus is different various compartments. At the
front end, the microbial quantity is higher, but the main population decreases in number toward the end of ABR. The
populations of anaerobes in each compartment were analyzed by both plate count under anaerobic station and measurement of
methane production rate. The anaerobic populations increase firstly, and then decrease. More than 547 strains, including 174
dyes degrading and 231 aniline-degrading strains, were screened and analyzed for their decolorization and aniline-degrading
abilities. The results indicate that a higher decolorizing population existed in the front than in the rear compartments. On the
other hand, the aniline-degrading strains were less in the front and more in the rear compartments. The aniline content and its
color density in different compartments were also analyzed. The results show that the aniline concentration increased with the
degradation of azo dyes by the decolorizing strains in the treatment process. This allowed more aniline-degrading strains to
develop, resulting in more aniline degradation under the anaerobic condition prevailing in the second halt of ABR. The
concentration of aniline was the highest when wastewater was being decolorized, then it gradually decreased. These results
provide a useful basis for the ABR process optimization in high strength, dark color printing and dyeing wastewater.

Key words: ABR process; microbial characterization and quantification; decolorizing bacteria; aniline-degrading strains

REFHMATHBRINBABRIE—HET L EKLCERGETRAE) MMEANRNBRRELETL., ZRTZEA—F
FIRERBHTREEREFSIRRE T EENRE, RUFILA 2B ERARKETT R RN A (UASB) , B 7K 2 KR 2%
WHTHAR T I5 3, H4% B F 7= 88 BB W b T35 3 , T M A 2 R0 28 PO 1 7K O ) LA 5 18 0 BE AR K T M3 . AR R
MR TKRAREVSKE, THBEIHRANBEERIGRE BRURER, EHEF RN EE UL B RERL N 4N, AT
BB & T R B ER A RN, REAERED K- BRIL- TR EE—RIEYIBEE T KPAOFNDEL TN H
RS ES , EXUAEYBINAREYHFAHATNERRUTRDENERXR . ARRBENEEDNARRFHFNERRAR
H.EAMTFEANEES TARBEY BT REEZM. ABR RMSMEFNTRTAFERSTRBEST S TEREN A KR ZE
BKKEWEEMEDFHE AN ELTRESHRARER, EZLUKBAFREIE MAERGHRZEPMEIHEE N
E.RPHEEM S, KA d W ER A B He /A B IR R v 3 o) A S BR B9 P e 22 B R 75 28, AT A A T all B 47 B9 FP ¥ 0 A5 A A
BNEHNRA  FEKFEADEIEZREAAESARBNBEYHBEEATHIAMER, BAix ABR A&+ #4E
URBERNAREIEEPERFMAEYF LR L, XSRS R & X ENH MR B EEAS R ZE T B4 1800
Brocs /% ABR TEMATHREKEYLBARFEBNIMLDHRE, EIR Tk B BRI 5 5 3535 8 B~ E {5
Ryl 2 — X R B K HE T ARG — HR B EIMRAMERE . BN RAKF 60% L ER R AR XER B X EZHHIBRRARR
A RELAHEABBIFRNRCHERE RN EREREAETR-EBEREANTERLF LY, MHA KL
TZEXMEKAEHESBE P ERERRY RAELUREHEBREREAR.

EXTEIRBEAKBRKEERELZSTFA.AMETRLTH 12 MRELBRARNETE N 48L BIR K 37 Fi tk & b 4%
(B D, AR EKETTHOMRE. ZHREESHET ABRARARZELEAREFERKIBF ELZAERHEEYR
BEREE AN TRARAYEMNRRERENREAFN T ARAERRSAE TR FES-EMBERZ B BXER, L
AW ABR b BEIRE KN LZRITEMASTIZSBRBEERNSFH.

1 R
1.1 A3 A 7K 7K B |
RRANEERREKRET RERAR S8 X8 F®  F A NEERMNAEFMFERK, KERKMTHLE 1.
1.2 dkx® 1 BEKKR
EBREEAKLBREEZEI—FdH 121982 K BEAHNB, _ Table 1 The quality of dyeing wastewater
K4 120cm, R 10cm, &R 40cm, RAERN 48L B ABR 5 pH BOD;s CODc: NH,-N EE_
- (mg/L) (mg/L) (mg/L) Colority

FHRAEEBRERBSRMESGBRBEMES(E D EKE
ABR f#fTIRELAHE G #HA SBR T IHEBS4AE., T
ZHBME AR PREBEKANBATBES KERA ABR,E/KE ABR F#T4E  ERHIBP=E B, B ABR TEH H
BB SR, 2 AT B K HEA SBR, FIBE AL 25 <l A SBR,BHS kS HE. WS IRAEREE ABR i 12 MRE.
1.3 ERxRE
1.3.1 Luria-Bertani(LB)$53 2™ FHTFIEFAE MB35

1.3.2 BERMBEEREE BEARON S5 MM M EHEE, £ 100ml $HBEBRPEHEB ORGSR 0. 06ml; BEHH 0. 1g; B

6.0~8.0 76.8~193.0 620~3400 55.4~120.0 800~700
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Fig.1 Schematic diagram of dyeing wastewater treatment process

1. {3 #b Adjust pool; 2. K % Pump;3. REF#H I K KN 2% ABR; 4. ABR 5B 2 Sludge layer; 5. ¥ K W £ & Pipe for collecting

methane; 6. E# X FEHT RBBS N SBR;7. XL Fan;8. HE/K B Drainage

1.3.3 REEFHRERLERE XA

BAR B RE AW BE N 500mg /L,
1.4 FHE

1.4.1 AHHTH REBEHBRERS, AMBRTERE T EELFED &I (cfu/mb),

AR & TYE %5 (35 E Ruskinn,Bug Box),

1.4.2 TDHEERUEY H W

MSA 7 E, BREIRE PR LI E Ny 300mg /L, B A FFES

522 (C.1.61205 : DAM=FZXHF R P R EELRC. 1. 4200), &

RN 2 % B9 K Bk

BRSO J0CHRBIEFE

(DBEEENmE BAaLEHNEREA SmL BERRAGRAES, T 150r/min, 30 CE KR IE G, iGN HE K 0. 2ml

(DOFEEBERAEANIFZE MNSBEHEEFEESS
AL, BUE 1L S B9 B ¥ 3ml, 8 000r /min #§.L> Smin, B & FIAE B K BE R 3 G AR 5ml MSA S ZmE+, F 1501/

min, 30 CIEREBEWEF 72h, FH N-(1-BR)Z _KRER T IEKL
1.4.3 FHEBHEANE RKREFERS

HH %5 1 T .

BARA 2ml JOR R A/ RE & DR B B GO R AR Dy X B B E SR 24h,,

DU-640) 43 $l 75 & Y 3l & < W e 387 4 b T 52 W 6 BE (BR 4 K 41 - 530nm ; 3

P BB A EEA Sml BREAGAEA

U G R R
A ESRRATREAETE N, BIENEWB KRR RER

BT ESHEEKNERRMERE,
{8 1] Wy 1 P 75 T 19

] % Sh-w] L4y 65t it (2 E BECKMAN,
422 . 603nm; RS 617nm) ,iTEREE,
1 150r/min, 30 CI& R

1.4.4 WAEYKNEE ZLEEAMHANRRUEREE ETCFEER ARPSREFLAMETHHNERE, RHES 16S

rDNA V' HAUFEN AT ERERREFAKRATLHE.

SR UP M T I S

31830

4 DNA, 16S rDNA ¥ RKAMSI Y A E

16S rDNA & B3| F27 (5 -AGAGTTTGATCCTGGCTCAG-3') 1 R1522 (5'-AAGGAGGTGATCCAGCCGCA-3"),PCR

FrAERN A EEBAEATEYIEFTRL AT &

PCRYV' B &HR -V HERBEBEN 100pl. &8 4K 73.5ul,10 X PCR

buffer10p1,10. Ommol/L # dNTPs 2u1, 10. Opmol/L BI51 ¥ F27 & R1522 ¥k 2p4,1U0/ul B Taq B 2. 5pl. PCR BfF N 94 C

i A HE 4min J5 3 A PCR 15%F:94 CZ

PCRIy =Y Hh LB TAYWHEARA T HEMNF ., W

. B R R ERBE %R 16S rDNA

: 505,60 CiB K 1min, 72 C 3£ {# 3min, 35 TMER G -
Fr4& 8 Al BLAST ##f5 GenBank (8 A
FH|ZE GenBank BHIEE S FRELUTERAEETLHE. G

BIERE , 755 AY686712, AY691652~AY691654, AY695070~ AY695074,

2 BERESH

2.1 ABR FUEFHWELEMEDFFHARLHENTE
KB THYWARE AR EREZRES ARESREHEEAER . AT 08,

e W 2E A R BB 2= /Y 6 B BOD 7

FHMCEEEBKRELT 16S rDNA £

31 16 #5100 14 HE EL . DA T HF BT 2 B iR 1B
MEFGFEEFHREMDERE R E B (Bacillus) » ST 8 & (Acinetobacter) , R &
8 (Comamonas) 7K 8B B (Aquaspirillum) , £ ABR BBT . . 5B, A

LRER .

HEREZ  HRXIAHMTEBAMAES

"\

AP i rEE.

2

KRB EDERE AR

A

= 72 CREfH 10min, B GHFFE4C.
1 16S rDNA K5 # 47 Rl IR
FF %] # 32 3| GenBank

W45 B B BLAST %45 GenBank B#EEF D RRH 16S rDNA FF
ABIBREEHE. B8 GenBank BIEEH LS R ES I 7 ABR RATFERE K
S B B (Pseudomonas) s N E B B
] (£ 2), LAF M
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Table 2 The categories and quantities of mainpopulation in the compartments of ABR
- \BR FRAER(G) ASHERL AERRER( BERER%  KARERC)
Bacillus Acinetobacter Comamonas Pseudomonas Aquaspirillum
BBt (1~4 ®/EOO 57. 4 18.5 20. 9 2.4 0.8
B (5~8 FAE)® 49. 2 21.0 12. 3 14. 9 2.6
BB (O~12 BE)O® 35. 8 21. 9 19.1 6.9 16. 3

il i

(@ The front compartments of ABR (compartment 1 to 4); @ The middle compartments of ABR (compartment 5 to 8); @ The back

compartments of ABR(compartment 9 to 12)

2.2 ABRAFBEFIFEEIH &Rﬁﬁ*-%ﬂ‘]ﬁﬁﬁﬂs
RABBERERPMFTEX AR ﬁi”ﬂ?i&%ﬁﬁi%&*_%ﬁfﬁﬂ‘ﬁ,%%ﬁnﬁ 2 fF/~.Z£ ABR ARIBZEF,5 LT BEF
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g 20 - B T & a4l

5T T B oL

s 10 [ % )

03] : 1 + W 0 | | | | | | |

g 05 1 2 4 6 8§ 10 12

i 0 g | [ l ] | l R Compartments

1 2 4 6 8 10 12
k% ¥ 2 Compartments

B2 ABREBREDPHFEREBEREMEDHIREEL

Fig. 2 The quantities distribution of main population in ABR
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Fig. 3 The quantities distribution of Anaerobuum in compartments

of ABR
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RS ¥ = Compartments M k% & Compartments

L
i

L=

8 K WP B LR % RCH(ml/(VSSg-d))

10 12

A4 ABR&WRZE pHEKTGRB AL P 5ER Hs5 BREEMERMEEEE ABRBREFHIH
Fig. 4 The pH and methane production rate in compartments of Fig. 5 The distribution of decolor strains and aniline-degrading

ABR strains in compartments of ABR

2.6 ABRBEHEKEKETLENR

—a— 1 Colority —i— ZKJKRJE Aniline concentration

7 7 4 —4F {0 B 190 P 052 ABR 45/ 6 28 o 40,1 0 2 B o 00 - e
L RIE 6 FTR. 6 SR EVEPEA FRAR PR 100 7
ABR () R £ 51 A2 2 I ok JE 1O F 185 IR Bt 7= 2 B B £ ABR 600 6 g
MR B R WA M, H— S ERAMR ABR WELENEE  § 500 53
L U A E MR REREIRENIEEREYEIE 5K S 400 4 g
0 B A 5 5 L . & 300 > & 8
3 it 200 2 &

BATHMERERKNEEFEREYE . BFREDEL 100 1
BEERAEE: —RYAEEZREFR, —BAE 50%~ T 3 i s e Ts sl |
60%; “RERBEE TS EEEFHEANSERLE LY, Wi #4 % Compartments

MAELETZXEXLBLIBFFENERREBRILY =
BR R A EEE, HIAENAEYEA P RE K, AMUE
EROREKREHFR, CELES—SATRETHERNH
EERLENERER, MX S EHREBEKECHTFRTEEH

2B, A5 ABR TR FTEIRE KM FE SR REAEE RS ERETRYE ABR FHFEMBFEL, A X
ABR ZbFEEI R BE K PR B HHAR., —BRIANEREEGFEAE TRAENY L EARR DX XEEREE ABR AR M
FERH M RFEREEARI LR, FREREFE T (ABR WE 7 25 I REOIAETTIRFEH.

SCik b ABR et B % 4 R 5 475 0BT 25 T SMOZE 5 TB0RL 5 YR T R VDA 3K 0 B R U0 R O 4 R R
EABEPRE KN ABR RAFEHFRIHRTHEREEN . B KBV FERRERENHWEY , I F AT E R (Bacillus) A 3]
FFE B (Acinetobacter) JAE B M HE B (Comamonas) R B I B (Pseudomonas) M/KIR T B (Aquaspirillum) & , iX e £ Y 7
L ERENYREAREE/RNTERRMAYRELIBEPEEEE/ER ", XEFENFUEREBEY R FHEIEL
RREWAETSEREELL - SESAREAR. LWL E THENLREKLEHE ABR REFMAEYESEETERERE L.

Tiche 1 Yang!' '8 3 ABR &t B EZEBEHE A R AP RS BHK 7090 T EES 1 ME =4 .Bachman 7 | ABR A&
BEAKRERE I BRENFREEERN.BE 1 TR ENEREEEE/D;Orozo " HHREABR I BERMNEFFE 1IREZENFE TR

EWAREERR. ESRZIE LI RENFREER /D, MARFFRNEZRELEPR B KA EE AT, ABR & H LG iE e

MBERZEHHMBR. GEREVWHENEE. EUPEEELNXMER TRSNREKFAIKBEY BEEMHNE IR

(BOD)WEERM, MERE AP T HEMEYHEAMANEIRMNRERS FIARBREA X . RUELREEKLES, B 55
. HHTARRSHAEAERME EREESRNGHSTREBERX.

B 6 ABR 4b%EER 3 B /KA B E AR K 2 R R R Wk BE AR AL

Fig. 6 The aniline concentration changes during the decolorizing

process
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AR EAFEREEN B RPN RERS . 58 1 BEAE A EBRR. XTHSBREREPERGER

MBESD, HEFREMRSE L, B TESHWREEES ABR H/KOMERE, BoEHGRATESHEE HKRE, AT HER
B, FHENBS EMEDEENEL . BAFARERERE-RETEN, THEERNMERKTRRERNETRE

b R FOA 7D 40 0 05 DR A AT T 52 1 T R — o 05 R A 7 R A O AR X A
230 A ABR AT 3 50 40 B R A PO T R 6 S T 045 A 5 T 25 3 B PR O 0 4 T S B RE R L

[T

SRR R B LEKK ABR RNBESKHIE . ARIMESHEIE BT 5 %0 % 30 5 3 0 B 380 Y 2R 8 . [A) B AR
EEHMERRBRAEASEBEYE ABR PR HSRATRHE ABR PRI BE VM. & THRALSCERRE S X ABR
NEBREFNEEROHENSTERLERREAN SRR XL SHMBANARERATUER  ARNRCEN S EELXEERE
HMENSA,RLBREMEREKPEIASYMARFRYH#TERREFOEN. HARDEREBEDTE ABR P HX EAF
LR, S FRAR T ERFLOHEPREKS ABR T2  #ERLHYERAARBHUALIETE X,

4 Hik | |

4.1 ABR TEZELHOPREKE,BBHTBREATREHEEARRZSFBIAFTHNTE. RT-HEEN, BF — L 53¢
KHETADEB, MEHRTEB (Bacillus) A S #F B 1B (Acinetobacter) .\ E B #H B (Comamonas) . R B8 i B (Pseudo-
monas) F /K B8 1B (Aquaspirillum) % X H B BEZAE ABR L BERENAE T ESFHRERXLG —Z , EAE5REPER RIS,

4.2

HESEKTPENYREAEEREGTHFEREULEYNERE XK.

LA B E MR E IR BRI EY A ABR F 20 5 R EAHXKE A AE, MREAHE ABR s EBREF

ML, EBRRBE PR EREERENATAEN S 2 HE ., ERNEMBE ABR B8R ENFETHEE S, XK
LB TFHERER. 5 ABR ERBETEREFRMRES X,
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