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Abstract: A lab-scale continuous experiment was designed to investigate the effect of influent COD concentrations (11 000, 15 000, 30 000
mg/L)or hydraulic retention time (HRT 42, 25 h)on the microareobic treatment performance of simulated high-strength organic wastewater .
The molecular microbiological technologies, including Fluorescent in-situ hybridization-Flow Cytometry ( FISH-FCM), Polymerase Chain
Reaction-Denaturing Gradient Gel Electrophoresis ( PCR-DGGE), and Biolog - FF assay method, were used to detect the variation of microbial
community in the aerated column during the four pseudo-steady-state periods. The yeast contents remained > 99.9% throughout the overall
experimental periods according to FISH-FCM. Increasing influent COD concentration brought on a rising MLSS (2.0-7.3 g/L) and a reduced
specific COD removal rate [2.3-1.7 kg/Ckg*d) 1, structural (PCR-DGGE)/metabolic (Biolog FF) diversity index values of fungal community
in the aerated column had an increase of (2.05-2.19)/(4.42-4.45) . Shortening HRT brought on a reduced MLSS (7.3-6.0 g/L) and a rising
specific COD removal rate [ 1.7-2.8 kg/Ckg*d) 1, structural (PCR-DGGE)/metabolic (Biolog FF) diversity index values of fungal community
had a decrease of (2.19-0.79)/(4.45-4.36) . Increasing influent COD concentration or shortening HRT has an absolutely adverse effect on the
microaerobic treatment performance and micro-ecology in the aeration column although either of them can increase influent COD loading up to

a higher level.
Key words: micro-aerobic; FISH-FCM; PCR-DGGE; Biolog; high-strength organic wastewaters HRT; micro-ecology
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strand conformation polymorphism, SSCP)&5HEA T Y.
YT 7K Ak B S8 I A W RE R I 5 R 2 R PR O
Hre=10, i LA Biolog B FLAR 125 by 1R 3 1A B 26 W B
AR 22 R 1 23 #7 J5 vE B Cpk )iz T T K Ak B
G T A A K PR K Ak R B HRT S
KU P AR A 5 s B 4 v R AR AR R ke Sk AR
WFTIE R HE TR 8 5, 700 7 41 1~ isdT
SRR AR ASEADL v A A LA 7K Al e AR Ak B OCR
AN N i HH Bl A 8 1) 5 T 5 T g R 7K Ak B 2
RBE HRT Bk Kok B2 1 A8 A6 B s W s v i A2 24578
PR ZR AR, IR 2532 4 1R R A R v W P A L
SR K SR AL B AR AR AR 1) A AE 2 5
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1.1 AR EA R KR A E SN R

AHIE G K 6 W (1.1% ~ 3.0% )~ (NH, ),S0,
(0.5% )~ KH, PO, (0.1% ) S HARAE B KK Hh 3k 134
PLEIREEA UL K ORIK pH WA 5.5) Ikl 4 2
NREEE FAE A 1A B A PR
0.2 mx2m, AREB15.7 L), B 1 & KR
JH L B O 5 2 2 2 MR A JER 30 VA R AN TR A I
D) AR AR RIS 2 ), AR NS A
Wi IR BERE Candida tropicalis #3554, it
Br R B A e W 3% S0 NGB R K, AR
T AR D S - MILSSS DO {E AE HE 7K COD-
pHMLSS 1, Jf 1 % B A 5 A7 g AT v AN [ o7
DO WIEBJUHZARFEAE 0.5 mg/LLA T, AR50 I8 i o
K COD W RBEK HRT 38153 4 A T o4 A%, 3L
T 3 ANIBATH B HRT I8 42 h, 57K COD e BEAK
911000~ 15000~ 30 000 mg/Ls 1M 5 V412 17 B Bt
HRT 4 25 h, 37K COD ¥ 2475 430 000 mg/L.
AMREE B B 7K cOD W BE B B IR 2 < 59 PR A Ae &
W, S 1~ 2 JA, ORI AP I E T R
B LA 1A B, 7582 e B IR A 3 A
M AT S U AR R i F T A AR 25 40, BE R T
U B BAR K AR5 R Do SR {E 28 DO X
(55/12FT 24, £ YSD Wi, pH 4 4% X R 1
THCpHB-4 8, g 0 M, ZKFEE4 000 r/mink
TR B0 10 min i R ARAE 7R B 1 v
COD i, [A] IV 55 2 5% A BT WK B 0 7 A1 105°C
JE 2 P DA MLSS W<
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el

ABIFFCR FH SO 1) 58 06 R AT 2% A8 - 3 4 oA
(fluorescent in-situ hybridization-flow cytometry, FISH-
FCMD 530 TR 4 A A B2 B B e sz S0 e Mgt
R S IV Rl L | A
EUB338"™, #% ¥ & ¥ 511 4 5'-GCTGCCTCCCGTAGGA
GT3', 5" H19¢ J6 Y ¥l Cys5 & i, 1 W BE R £ R
PF2"), WA B ¥ 51 5'-CTCTGGCTTCACCCTATTC-
37,5 R IHRE Cy3 181, K RUR L 2% A8 4if i =X
241 PRSI B — YA B R [ AL I 2 R A 0
59 2 40 4 B SR B FACSCalibur ¥ 3K 48 2 4%
(Becton Dickinson, USAD, K H] FIL2 i & (564 ~ 606
nm) A FILA 138 (653 ~ 667 nm) KA Cy3 F1 Cy5
TG, DU T 1) O 6 CRSC-HD A 1) H
S6CSSC-HD . #ds 73 MK H CellQuest X ( Becton
Dickinson, USA) .
1.2.2 5T PCR-DGGE # A I B B B V& 45 14 2 1
PE b
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(Q-Biogene), X H Biol01 Fast DNA Spin Kit for Soil i
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0. 8% I B T B ok e HL vk A U B2 BBUROR, . PCR ik R
FIXT BB 18S DNA H A HKF 5 E 4 5 169 5149 FF390
(5'-CGATAACGAACGAGACCT-3")/FR1 + GC (5'-CCC
CCGCCGCGCGCGGLGGGCGGGGCACGCGGCCGAICCAT
TCAATCGGTAIT-3")") 25 I PCR X NAA R H:2.5
pL 10 x PCR buffer, 5 mmol/L. dNTP> 5 pmol/L FR1 +
GC»5 pmol/L FF390, 50 ng DNA $#2HU#,2.5 U Taq
fitg, F ddH,0 M2 3 25 pL )RVAK ZR . PCR N2 7
H:95°C FAZTE 2 min: 95°C & 30 s, 55°C IR K 30
s» T2°CHEAH 30 s, 14T 30 MEFF: BT 72°C LA 30
min. PCR 3™ 34 77 W) 25 46K FH 1.5 9% S5 BB g Jie P Uk
R, 48 Ji5 K FH Deode™ 3 R 58 4% 46 1 5 4¢ ( Bio-
Rad) JT & DGGE 43> #T . DGGE i #2 1) 4% 1 571 B It
EOWEIE N 40% ~ 55% , VK45 F 49 : 1 x TAE L
VKM CpH Z9°4 8.5, 130 VA60°C 4> 25 6.5 h. HL
VKGR A 1) 5k JE 40 H G% (Sigma )™ J5 R HI 4656 100
FHG G, IS Quantity One 4.31(Bio-Rad) K {4
SMHT DGGE Fi SC B, v 5 208 BV 1 °F & 5 i 2
Mgt 2 R fa 80 S £ % 3R 20 (S LL DGGE
SISO SEM NI ok (U= N2 Y A EA S é
$58 %7 ( Shannon-Wiener 850K 7~ 4 :
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SR FH 0 T AR B R AKORE 28 k% 8 00 JR B A A
R R — TR L, AR S TE TG B A A R A R &
Biolog FF TlALAR ECREFLEEN 150 pl), 25°CH: 3%,
K& 12 h 7E 490 nm AbBELHOC SO FEAE . 1B BF LI
JEEECAWCD) T2 508 AWCED = > (¢, - R)/95,
X, ¢ 2B LA &AL BEE, R 2 X IR AL
WG BEAE, R F 240 h A4S DU 400 V1 55 B4 58 BE VA
(1) Biolog F & BEfa BRI Z FEVEFR 2, Hrh 8
FEFR B AR F 5 LR LR (BRI ¢, - R >
0.25 (I FLE2Y), AR £ KE 1 45 1 ( Shannon-Wiener
REO 1 = - D) (P, xInP,), Hth P, 8 i FLAHXY
WG C, — R 5 HEAS AR X RO BB A L
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2.1 AFEEK COD W8 HRT 45414 T =i BEA ML
VIR SERVES

Fer VAR FEE AT WL 7K AR )k e 2 i 8 /N i 8 DY B
BUSAT TOLS A BERCR WA 1 Fros N ] LUR
SRR — K coD W T B 1.2.3) B #
— 465 HRTCHY B 3.4 #FREF B0 7K coD i far 1)

TR AR 2 BE BLR BAT AL G T B R A
MLSS ¥ S F1¥5 8 COD bL 2% B T80 19 5% i) A 4R A
i) : 76 [F] — HRT (42 h) N, B # ¥t 7K CoD ¥ & M
11 000 mg/L 72230 000 mg/LL Ui F3) coD 781
it N 6.5 kg/(m’ «d) B LT 17 kg/(m®dD) ],
W AT 1 1) MLSS W EE 3G in (AN 2.0 o/L3G & 7.3
g/L), [A I CcOD b 25 BRad B2 AN 2.3 kg/(kged) FE 22
1.7 kg/Ckged)s T £E [/ — 1 7K coD # FE (30 000
mg/L)ZAF T, B HRT M 42 h &% 25 hLSb-r2)
COD HA AT M 17 kg/(m’ * D THE 29 kg/(m’ e d) ],
W AT P34 MLSS W FETF 46 I T FECA 7.3 o/LI%
£6.0 g/L), [ COD bt 2 BRI EM 1.7 kg/(kged)
SR ETEA 2.8 ke/(kged).
2.2 VUB B AL B R v B RV Ve IR BRI 1R
T

1 & 4 A AE BB B 41 B -9 BEIK) F1L2-FILA 1
AT A0 AR E EUB338 BT % G 4 k) Cys 7E
FILA IEA RS0, BERHRER PR2 JITalr 986 44kl Cy3
75 FL2 TIE A R 6, BRI A I =X 4 i A 00 18 H
ML g A B, R RENAE R A R IX
L N Tl N P b S e 7 1 7S DS AR A P = S 1D
IE A DX 3 3o 0 0 (SRS A il v PR 1 RE 5 40 TR
e UG, B CellQuest 48 T 56 1 41 B I %
BEELAI L2 2 fros Al DL Y 7R 4330 4 BB
ST A8 B AT 0,19, 11 BRI AL T 2 %5
FHAT, 1K WILE AT 5T v 1 BR A e D) 10 R 5 K
/e S 52 L A

F1 TR BRES/NMUSITHR

Table 1 Treatment performance of lab-scale continuous experiment at four phases

FrBe 3K COD/mgs1.-!  HRT/h COD £Br#/% BT /kge (md o d) ! MISS/g* 1! COD Lt 2 Bt FE /g s (ke dD !
1 11 000 4 T1+2 6.5+0.1 2.0£0.2 2.3+0.3

2 15 000 4 87+5 8.9+0.1 3.6+0.3 2.1+0.1

3 30 000 4 T1+2 17+0.1 7.3+1.0 1.7£0.2

4 30 000 25 59+ 4 29+0.3 6.0£0.6 2.8+0.2

*2 TEMBRBSESETYRSNARSE/ %
Table 2 Contents of yeast and bacterium cells in aerated

column at four experimental phases /%

B g A
1 99.94 0.06
2 99.99 0.01
3 99.99 0.01
4 99.98 0.02

2.3 DU B AR e 0 PN Ve SR v Ve B B TR 1 45 0
Z RS AR 2 A
FISH-FCM 45 138 W AF 42358 4 A Ab PR B 1 B

TEME ATV e v 38 7 460 = oA, DRt , AR S4y
5K H PCR-DGGE £ ARH! Biolog FF LR 73 HT 4
AN Ak BB B TRV Y FL R VR (1 45 8 2 FEVEFIAR
W2 FETERFAE, DGGE 43 #1745 7 W& 2 BT 7R 5 Biolog
SRRSO BE AR W 3 PR, LT 2R
PEAHTEE R 3 PR

4 S REBRR B 2 0 IR S SR IR B PCR
48 7= 28 TN W Vs VAR I IR A T e B R v
FESEPER PCR 77 #1(390 bp 1B, 2 DGGE R4
WL 2 PR (b WO A C . tropicalis 26357790 1)
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M B 2 F1 4 FF 5 BB 1) F & FER 2 AR PEFR 200y
BAR, ALy B SS, LR B, 1 €. tropicalis 213
TR PTARAF I 45 21 £ B e 2b, 4 ) A2 A s vl A
M# 3 T PCR-DGGE & & 7 25 15 B % uF . A
DGGE SRR LUE 5 €. tropicalis 2E35 722K I
3 AN R €. mropicalis 2EREFRYI) 18S rDNA
] A AR S UPE IS, 30 DGGE &% FIFAE 1
NGl RIARR LA 1 SRl s 59 AR i 0 2y 11
frE AT LLFE W, RN W] B R R gl B 3R R
C. tropicalis {E )5 0 LA B Beb nl B — ELAR LR, (B AE
AN B LT & 1 Ll o] e A BT AN ), O BB
TAEYIER F7 22 98 TG RDIRZS B N T TBOIR &S G271
), TP Bt T REREN TR SAEV5 YR . AR
3 LG, 4 AN ASEEEY B Shannon-Wiener 2 AE PR
HHIRANIT R 3> 1> 2> 4, RIFBEE K COD #
FER BT, S5 YR SRR (1) 2540 2 PR R 2R
B BB TR HRT (1465, 5 e 5
R VR [ G540 22 FEIEFR 50N 522 R ka3

PRI R 1R B TR B I A 2 R R A I
Biolog FF fALAR™ . d1 &l 3 W[ LA H 4 AN kf
Wi {E Biolog FF fALAR 34T B S U1K i 28, 6 PR
KN (24 h < 1 <72 DA & BL AWCD {5722 403
HH3>1>4>2, X—BUMAEE 3 % Biolog F
B R B A A A A — B 8 AWCD iz B
THCEDR B — R (0 R ), AR T R e T
Biolog AR 1, AWCD B 34 I PR L 7R Biolog A1
PR Sl ey L BE A5 HEZK coD K B
HRT 1 bkl A SR V5 T () SC R BE 7% Biolog X
WG PR BT X AT L LB B TR 45 H 2 R
FREBE HRT 8L 7K COD < B A8 4k 15 21 ff R L IR
RV U6 BCTR B V& (1) 4548 2 FF PR FR B k7K coD
FEM T8 HRT (456 5 b TH a3, s 2 i Bk
HACAE YRR SR 2 3800, £R T A )R RS IR RE A RIS
I FAFAE 22 7, I RER S (1 38 0 =K 4 Biolog il
FUAR b5 22 ol 24 (1 B Y58 6 6% 4t BT 1100 B A1 AE VR T )
R, 345 Biolog FF #FLAR F T8 15 22 1 BH R S 8,
AT L [ — B 10 i F A b P R 2 D (1 ik A=
A RAS S S 0 AWCD A, BT 3 B SRR R T 5
) Biolog AU VG 1k . (H UL W] W, ABF G Biolog U
W VE IR AR L SR I T AN A AT BB R VA 2
K 22 FEPE (AR AR, T 5 T B0 A s AT (] ) 2 B A 9 1)
AR ZE SOGB4 3 1T LA Y, 4 AN FRRY B
(1) Biolog 2 FEIEFG EE K /NIF R 3> 1>4>2, K
AF SR 75 B8 vy R 1 KA B A7 A B, Bl 2E 7K COD 9 B

BUH HRT MR — b, B RV e B0 1T A 7 1 R0
ZREMEREUR A B R TR AR 3 4 ek
B 241t 7K COD ¥R E (B HRTAZAL I, M SRS e
FL B HEVR I 4500 2 FEVE R 2 A E R L R 2D A
A 1) 18 25 R AIE

%3 FEAMBRMENEESHESH

Table 3 Microbial community diversity in aerated column at four phases

FHE RS Shannon-Wiener % #4840 HD
PCR-DGGE Biolog FF PCR-DGGE Biolog FF
wo 3 0.527
1 12 32 2.0515 4.415
2 6 71 1.0791 4.129
3 22 84 2.1904 4.445
4 10 78 0.790 8 4.361

2.4 #E/K COD W FEFN HRT 22 b 5 7K Ak BE A0 1)
AR HLE Br

SIS AT LA R 42 i i A AL BRI K coD A
Ao (V) 5 2 B, (HARHIE ST K W, 45 06 HRT A4 o 3k
7K COD ¥R S 5% 1 i Ak MISS ¥ JE R coD b 2
W3 B8 A A B S A PR 56 10, T X — 2 S 1R H IRLAF
TE RN IE S R AR S PURIE R : QR ZE/K coD W E
(B — _ETFCHRT f8 52 ), WS FE V5 U8 3 A= M Fh 2%
Hn(E& 3 H PCR-DGGE & [ e BRI 45 8 2 #F
FRBO, V5T e AR IR B U528 238 N (3R 3 1 Biolog
F & FEFREOARH Z FEMEFRH0 , Biolog 1% i 1k 4
9, 70 50 5 IR IR A T 1 T v R A MLSS
WL, 5L R coD B 2s B B 52 R Bl 3, ix mp
DUERRE AR ZK COD ¥ B AIRAT HIL 57 af 45 41 3k
PRI T BAT B 19 coD bl s BRidl i, Bl
/K cOD B (1) 1T LA K 33 KA WL A Aaf (90 40 .
T o BN s YA FE R I 1K [ I oD bl 25 B i
FHR G @B HRT 85— R B GEK coD W%
AR, RIS ARV Ve e 3k 19 B 2 078 3%, (A th
1 HRT I B K Iy Fas koK, A 38 R4S (1 1k
A DR ) e RSO T I K X AT AR AT
T BL B T R 45 0 22 FE SR BORIARI 2 AR M R 4
BTN B3RS 2050 G S a7 B B R X —
LYy, T /e AR MLSS W T B (1 R i T J 1
B COD b 25 380 B2 ) mT DAAR R 4 ZEAX HRT- =1
ML AT 4 AT SR A5 10 B A A LA )
COD bt 2 Brid iz, i e AR HRT AT DAV A R B il
PR BRI, S8 A EG 20 I At 81 0k VA UK S e 8 3R A5 T v
COD b 2RI &, {12 coD 2 b %2 KR L~ B+,
H7K COD ¥R i R (R 1), 3 28 W 280 % it 141 A g
A AE AR X T 3R AS B A ) COD 2% B R AR
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