265 EEENTST 48(4) © 265-271, 2015
TG B F R ASLE R 2w R 47

BEEO BEEC REEC BT R mE oo

WefH3H - 104525 18 H - 2 0] - 104427 H 24 [

W B

RIHFEZ HRERBRETA [FV 5 e e e B 28 & B 52 5 B /KE 5 e T Z SR 2o 1 » 3 DA S 1405 R A B B
R BB o (PRI ERIEFE B E R BIZEEL 7 ~ 14 ~ 21 F 28 d V50 R 2 &M 5 ek ft T 2 4= %) DNA >
HA% LIAHET 16S % BE 1% /N B8 A FE PN B — PS5 [ 73T PCR BT A - RIS BESETE 7Y TA BEfEE4H - DU
17 16S rRNA EL[AJJEE - I #E1T DNA JE Fr BLAHE 2 AR oA - H 4 TEEE mn 5 28 P58 241 16S rRNA ZEH 518 H
73 ARy 116 ~ 122 ~ 119 K2 108 fi&] - ${F sy AL B H A3 Bl By 73 ~ 86 ~ 80 Kz 41 fifl - &EREUR - A FITIElcHIEE
A AR E =R MATEE P H Acidobacteria ~ Actinobacteria ~ Bacteroidetes ~ Firmicutes ~ Gemmatimonadetes
Chloroflexi ~ Candidatus Saccharibacteria ~ Planctomycetes ~ Proteobacteria ~ Verrucomicrobia % unclassified bacteria > 4
TEfE LT & LA Proteobacteria 1l %8 (> 70%) » AR ZAIRAE AL 5 70 EERY M B - J50EHG 28 d BRAnAYE o7
ELIRE (38.0%) » FTs M5 R MU B R AR BT DA &I Rhodobacter 1 /' 5 + COD I T i
96% H.HAUKZ AR TR > {£ 8 mg VSS/L » HAREMF &SR IE FI R R 5 & R =2 5 5K 2 e 2 -

BEdtEE - EMISIE ~ PR - A AR

i

RERSEL 254 B B PR BEEK - GRS B A Zathps R i (HRERY KR TR e B RS /K i B a5 it A
TR [(EHERUKEESRT S IRIRE S HUE Z HEURLE - BE5RKBURK Z 248 » HALEERE A& (chemical oxygen
demand, COD) ~ 4= {LZE4 & (biochemical oxygen demand, BOD) ~ ;2 [&#S (suspended solid, SS) K E a1/ (American
dye manufacturers institute, ADMI) » A ZE 53 BN A 150 ~ 80 ~ 80 mg/L Kz 550 7 #{d » [EIHS TR /K~ pH B JNEAE 6 —
O HEN (TTB IR REE - 2014) - B5ROK S ARYIAIRERT - E0E ~ MR R ATEEEYERIVE BRasi -
RERBEGRKZ G —RERAEYIEF ST - EYREFPEAR BRIy IR P BT SRR i - o3 il
e R K B EREREK » HEZIERNIES - JEM5IE AR DREY B T RNV IR - FdlE - [RAE)
Y ~ B S B RS AR - TR REMETE - (R RSB EIRE Y —BEF R MY FER T B4 L EALEH -
SHREEREEK A Y DUE R KE 2 HEY -

Lo AP fin et R B BE KRB S M 5E 2 A IR 40T - RS ERYiEE2S (Rani ef al., 2008; Wan et
al., 2011; Wang et al., 2012; Da Silva ez al., 2015) » $5 H AT &8 K280 DL 53 BEESE (Amann ef al., 1995;
Torsvik and @vreds, 2002) © 7 H i 2 Bk I AT AR R AR PR/ NCBRAIT rRNA > QIS AT Y 16S rRNA FLREAE
MY 18S rRNA E A > Hek A SR ENVIhRE MR amod B2 pfud FEIR » HEFTHAREA R EATE - DNA 75
fEfft S G RHEREL S AT HEM IR AR EE L TP AR VI AH L L 2 R MEAE TS - B Al DNA JE P ROT B H#E - Fpa&E R
R B - AR T g o SRR TR AR A VIR ARG R -

AT FE 25 R R B R ) T = RS 444 =Y 16S rRNA EL[KJE » 48 DNA EFELERE - ISR EDS
JEMRHRAE BN TIE R R A VAR - PRETHHEREES 2 0 R A2 5 [EIRHIHRE I R R & B 2 5 R /K
A2 (BB - DR AR SRS /KR i > e FBERET -

|

() TTER R E R B g E s sE s 5 2306 5% -
Q) fTEb e EZ BT E EAR AT E ETHE -

3) TTEbE R EZ E g AR TR sS4 -

D TTBIRREZ B g EERRATEE -

(5) #EN/EF > E-mail : hsiaosir@mail.tlri.gov.tw °



II.

III.

R& BB RK RIS e Z B ST 266

M A

TEMETIE R R Sk PR

R 2 ETRMAEYIRE MR G AR R E RS REK 26l - G EAKAREER
19.8 L Z BRod JjBI 2 A R g RS fe 4.4 L 200kt (18 1) - RIEssR A ERRO - DI BE HES A $T R -
FROLEE [ S M S M E V) R BT Pl 2 VA, » 45 3 me/L DAE - JSIR AR EE YRR Ry 1 - W ER ERs A
BRI SE R EIREE < TEMI TR R4 2 R & R ER COD JEFEE 53 A28 F5 40 L/d K2 750 mg/L (BB Fy 1.52
kg COD/m’/d) » [ ESRNE A 524 = ATt A BhNEE (Visi-Therm, Aquarium System, Italy) FZEHI7K B 26 £ 1°C ©
TEMETIERGEC TR AR ~ BIMb— PR BB & B S MR K% - A BHAAREGECE 7~ 14~ 21 K 28 d5&)5
JEl AR IR - TEM TR R ST YR 2 PEHIAE S H B R BN EEEE 2.86 ~ 143~ 0.95~ 0.71 Lid Z7&
HFIERER

[:7 Excess sludge

Air Automatic
heating rod
Influent 1 H J |
»
°© o ° Effluent
(o] o 0 < (=]
Q o
[o]
(=] 2 o [a] 8 o
© o ° (o] o
Q o o] (o] o o
Settler
Sludge recycle

L JEWSENEARGRERE -

Fig. 1. Illustration of activate sludge reactor system.
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Table 1. The results and conditions for treating poultry slaughterhouse wastewater with activated sludge reactor system

Test run Organic Biomass F/M* Effluent COD
loading rate concentration (kg COD/ kg VSS/d) CoD® VSS* Removal rate
(kg COD/m’/d) (mg VSS/L) (mg/L) (%)
SRTO07 1.52 1,340 1.13 49 48 93.5
SRT14 1.52 1,690 0.90 43 30 94.3
SRT21 1.52 2,110 0.72 33 18 95.6
SRT28 1.52 2,670 0.57 30 8 96.0

* F/M: food to microorganism ratio.

° COD: chemical oxygen demand.

¢ VSS: volatitle suspended solids.

The influent COD concentration in all test runs was 750 mg/L.
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Table 2. Diversity indices of 16S rRNA gene libraries from 4 activated sludge samples

Library  No. of sequences No. of OTUs" H® Chao I Evenness’ Good’s coverage (%)
SRTO07 116 73 3.99 353 0.93 50
SRT14 122 86 4.19 410 0.94 41
SRT21 119 80 4.13 336 0.94 46
SRT28 108 41 2.94 140 0.77 74

* OTU: Operation taxonomic unit.
° H: Shannon-Wiener index.

¢ Chao I: Estimation of abundance.
¢ Evenness: Estimation of richness.
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IR » Proteobacteria ‘& EEEAIEY » HIEy Bacteroidetes (Hai et al., 2014; Lee et al., 2015; Ma et al., 2015) »
LA FLRJEFY Proteobacteria 5y AR LY » 455807 » {F SRT07 N E & » a-Proteobacteria By %% 5 22.4% »
y-Proteobacteria 1+ SRT14 B SRT21 ELINEE o fy 2685 > 43 Al 31.1 B2 21.8% - 1ff SRT28 FE[RI[Eh » AIIPA a-Proteobacteria
Ryl 2815 49.1% © Da Silva er al. (2015) DL 16S rRNA B[R 7 EL R iHY » i EFERE /KP4 aHAE - 45 R AR IESS
W P9 ELRE Firmicutes ~ Bacteroidetes ~ Proteobacteria ;. Actinobacteria - ML= E M5 e A BE /K EBEY T (sequencing
batch reactor, SBR) R = T ¥ EE/K » LA PCR-DGGE A5 M E s ~ 0B ~ FFE = (FMS T 16S IRNA
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Table 3. Phylum distribution of bacterial 16S rRNA gene clones derived from activated sludge

Phylum SRTO7 SRT14 SRT21 SRT28
No. (%) of clones within the respective division
Proteobacteria 99 (85.3) 91 (74.6) 92 (77.3) 87 (80.6)
o 26 (22.4) 10( 8.2) 18 (15.1) 53 (49.1)
B 19 (16.4) 22 (18.0) 21(17.6) 14 (13.0)
Y 22 (19.0) 38 (31.1) 26 (21.8) 15(13.9)
) 18 (15.5) 9(74) 18 (15.1) 3(298)
Unclassified 14 (12.1) 12 ( 9.8) 9( 7.6) 3(2398)
Bacteroidetes 8( 6.9) 18 (14.8) 9( 7.6) 3(2.8)
Planctomycetes 1(0.9) 2( 1.6) 6( 5.0 2( 1.9
Candidatus Saccharibacteria 1(0.9) 1(0.8) 1(0.8) 7( 6.5)
Gemmatimonadetes 1(0.9) — — —
Chloroflexi 1(0.9) — — —
Verrucomicrobia — 2( 1.6) 1(0.8) 1(0.9)
Actinobacteria — 1(0.8) 1(0.8) —
Hydrogenedentes — 1(0.8) — 1(0.9)
Acidobacteria — — 1(0.8) 2( 1.9
Unclassified bacteria 5(4.3) 6( 4.9) 8( 6.7) 5( 4.6)

2 4 B 4 ([EREEE B X AR ELEE - 4554837 SRT07 B SRT14 1 SRT28 A #H3 14 72 B A EL
4y ¥ B Rhodobacter HEIZKES » 43 B SRT07 vs. SRT14 =9 vs. 0 (P = 1.51E — 3) B SRT07 vs. SRT28 =9 vs. 43 (P
2.15E — 8) ; SRT14 Ei SRT28 FHE M= EAFH & Rhodobacter ¥ Dokdonella » H IR KE TR Fy 0 vs. 43 (P=7.17E —
15) B3 11 vs. 1 (P = 6.58E — 3) ; [fij SRT21 £ SRT28 HRHZE M7 B HIFEE B Rhodobacter 81 Nannocystis {37 ICE]
435 Es 2 vs. 43 (P =3.78E — 12) il 11 vs. 0 (P = 8.62E — 4) = Rhodobacter 5 & FBSE 5 3% 7K JHAE PR ERE TR fih o )
(B DB R R AR 228 > TR B EAE R - HH3R 1 1950 > 7F SRT28 #EERE T » COD My ARRE S 2 96% H R
7KZ VSS S 2R » JNAIHEM] Rhodobacter TERE/KATEYIRIIGERE - # HEZAVA T » Do er al. (2003) {EE545E/K
JBR SR o7 Bl — MRS B Rhodobacter sp. Strain PS9 » H DUR FRSRUERY 57 - FIRFSSFR ML T BHE ff 2 ~ B farEe -
Btk B R A EREER AN I B 5E B KRR RV EEn Th e R B 25T TE - Huang er al. (2001) {E{HE&THYEM 5E S ERE TR
1 Rhodobacter sp. » BRI EFE G /KK BREFEERVHEH/K » GERBURE R B {E  Li et al. (2013) HERFH] T Ffzr#
i TR K PR B it  = TE M 5 ek on - i —TE 8 Ky Dokdonella WIFSEA P& ME ~ & ~ FEAETHIRE
I B i 2 A R AR L pH 43 1] 5 30°C B 7.0 © Gao et al. (2012) RIILL amod BERERET 10 {EEE /KR 2.8t 2 @A E( L
A A E B A A S LHE L RS L B 24 » M Nitrosomonas [& & 10 {EEE7/KEE £ 4t
b i LB SAYA R
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Table 4. Comparison of four bacterial 16S rRNA gene libraries derived from activated sludge samples with different sludge
retention time on genus levela

Library SRTO07 SRT14 SRT21 SRT28
SRT07 — — — —
Rhodobacter
SRT14 ) — — —
(9/0/1.51E-3)
SRT21 NS* NS — —
SRT28 Rhodobacter Rhodobacter Rhodobacter —
(9/43/2.15E-8) (0/43/7.17E-15) (2/43/3.78E-12)
Dokdonella Nannocystis
(11/1/6.58E-3) (11/0/8.62E-4)
“:P<0.0l.
®: The numbers in the parentheses are number of clones in the upper library, in the righ-handed library and significance,
respectively.

¢: No significance.

LLor T AT 81 2% IR AR RS B2 A 5 =0 AT DA LUE M 5 E A e B R 52 55 B KIRy - fER EIRY 5 Jele 4
EHIREE AR IEIE - 1 BT R K R B A A AT - DR EI E R A TR R K P ARY & BRVAIERRS - mEA
W5 BIE SO S Rhodobacter 7 ASR Z: 48 AT RES) /i B R A TYINY T/ FRRERF LT 245 FUE A EPERL
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The objective of this study was to investigate the bacterial diversity of activated sludge with different sludge retention
time (SRT) to treat slaughterhouse wastewater. The microbial DNA of activated sludge samples from those with SRTs of 7,
14, 21 and 28 days were extracted directly using a commercial kit and bead-beating protocol, respectively. The 16S ribosomal
RNA genes of bacteria from 4 activated sludge samples were amplified with bacterial specific sets of primers by PCR. The
amplicons were ligated into TA cloning vectors to construct 16S rRNA gene libraries for DNA sequencing and bacterial
diversity analyses. A total of 312 almost full-length 16S rRNA gene clones from 4 activated sludge samples were obtained.
The results indicated that the bacterial profiles comprising of Acidobacteria, Actinobacteria, Bacteroidetes, Firmicutes,
Gemmatimonadetes, Chloroflexi, Candidatus Saccharibacteria, Planctomycetes, Proteobacteria, Verrucomicrobia and
unclassified bacteria differed in SRT samples. The most of these communities belonged to Proteobacteria phylum (> 70%).
In OTU analysis, the OTU percentage of 28-day SRT sample was the lowest (38.0%) which revealed that the bacterial profile
tended towards simplicity and photosynthetic bacterium Rhodobacter was the majority. However, the COD removal rate
under SRT28 test run was still as high as 96% and the concentration of microorganisms in effluent waster was very low as 8§

mg VSS/L. The study is expected to apply for the treatment of lager scale wastewater from poultry slaghterhouse.

Key words: Activated sludge, Microorganism, Bacterial diversity.
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