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Analysis of Microbial Community Structure at Full-scale Wastewater Treatment

Plants by Oxidation Ditch
GUO Yun, YANG Dian-hai, LU Wen-jian

(State Key Laboratory of Pollution Control and Resource Reuse, College of Environmental Science and Engineering, Tongji University,
Shanghai 200092, China)

Abstract: The microbial populations of the oxidation ditch process at the full-scale municipal wastewater treatment plants (WWTP) in
a city in north China were analyzed by fluorescent in situ hybridization ( FISH). Fractions structure varieties and distribution
characteristics of Accumulibacter as potential phosphorus accumulating organisms (PAOs), and Competibacter as potential glycogen
accumulating organisms ( GAOs) were quantified. The results indicated that Accumulibacter comprised around 2. 0% +0.6% , 3.4%
+0.6% and 3.5% +1.2% of the total biomass in the anaerobic tank, anoxic zone and zone, respectively, while the corresponding
values for Competibacter were 25.3% +8.7% , 30.3% +7.1% and 24.4% +6.1% . Lower Accumulibacter fractions were found
compared with previous full-scale reports (7% -22% ), indicating low phosphorus removal efficiency in the oxidation ditch system.
Statistical analysis indicated that the amount of PAOs was significantly higher in the anoxic zone and the aerobic zone compared with
that in the anaerobic tank, while GAOs remained at the same level.

Key words: microbial community; phosphorus accumulating organisms ( PAOs); glycogen accumulating organisms ( GAOs);

wastewater treatment plants ( WWTPs) ; oxidation ditch
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Fig. 1 Flow chart of oxidation ditch in some WWTP
b S Al T8 SR B BB 0, UK 45 B I (]
(hydraulic retention time, HRT) “ 13. 4 h, 75 {5
B4 B 8] ( sludge retention time, SRT) A 17.5 d,
MLVSS 54 000 mg- L~ /& 47. #E H K K Bt dn &
1 Js.

R1 FKAE #EHKKERED

Table 1  Influent and effluent characteristics in the WWTP
WiH COD VFA/COD SOP/COD
N /mg'L’1 /mg’L’1 ((ZUE‘HC{E) (@;J_\'Hﬁfa)
K 84 £24 1.52 +0. 37 0.24 0. 006
K 23 £5 0.96 £0. 29 n. d. 0.014
1) n. d. FR AR
[10].

2 MB5FE

2.1 ISP URRE S

T TS VR S 75 Kb B ) IR At | Ak
TR AR DX LA S 4 XOR B, R i B 0 5 I A R R
2% K ( phosphate buffered saline, PBS) A & 4% £
RWEE, T 4°CIRIRA Iz ] S %
2.2 JKBHITE

TG P KRR BT SR HIZK BT 53 87 J7 85 34 2 B Sk

2.3 FISH 75 id:

BB SR A 168 NA 5 £ {3 #§ EUBMIX
(EUB338., EUB338-1 #1 EUB338-1 ), PAOMIX
( PAO462 ., PAO651 1 PAO846 ) LA K& GAOMIX
(GAOQ431 Al GAOQ989 ), 4 %Il F T 45 ic 4= i .
Beta-proteobacteria Accumulibacter spp. LA} Gamma-
proteobacteria Competibacter spp. "', B A& W & 2
Fi7R.

K2 SHTZ/MEY FISH £EH 16S rRNA
Table 2 16S rRNA-targeted probes used for FISH detection of microbial populations of relevance in oxidation ditch

TEF Bk 5'-3'77% TREH B A H AR
EUB338 GCTGCCTCCCGTAGGAGT FITC Bacteria
EUB338-11 GCAGCCACCCGTAGGTGT FITC Bacteria
EUB338-1I GCTGCCACCCGTAGGTGT FITC Bacteria
PAO462 CCGTCATCTACWCAGGGTATTAAC HEX Accumulibacter
PAO651 CCCTCTGCCAAACTCCAG- HEX Accumulibacter
PA0846 GTTAGCTACGGCACTAAAAGG’ HEX Accumulibacter
GAOQ431 TCCCCGCCTAAAGGGCTT ACMA Competibacter
GAOQ989 TTCCCCGGATGTCAAGGC ACMA Competibacter

LA HR A i U AT T IR B AR A L
WA T, H A K, A 37°C ARG 7748

30 min 3 H 50% 2.1 ,80% 7.1, 100% Z, BEAE U
IKIGHEZL A 46°C 7458 2 h. 2238 T .
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35% B FH B ,0.9 mol-L~" NaCl,20 mmol-L ™'
Tris-HCI,pH = 7.2,0.01% SDS. 2432 J5 4% 3 A 78
48°C Y %% 28 Pk B ¥ (40 mmol-L~" NaCl, 20
mmol - L.™" Tris-HCI ,0.01% SDS 50 pL,pH =7. 2)'4J
PRI 20 mins , AT 35F [ 5 FHEOCIE R A1 B i5s

(CLSM, Leica TCS,SP2 AOBS) Wiz ") | ] Image-
Pro Plus ( Version 6.0 for Windows, Media

Cybernetics ) %f CLSM BEHLIA4E1Y 10 L BT #E47
AT LASETE PAOs | GAOs (5 &I 43 L.
2.4 Giitotr

FI PR UENR 22 ( standard deviation, STDEV ) £ &
Image-Pro Plus FTAAEAS 40 1Y 3 BCRE 2. A 7 22
3T (analysis of variance, ANOVA) Xf JR &t . & 1k
TR RS IX LA A8 X AR AR A T 5 A

3 ER5HM

3.1 R AT

2 ~4 P TG K AR B IR AR | AR
A UL I R IX B AR )RR B ( Bacteria
Accumulibacter F1 Competibacter ) WA [R1Z5H4). 456
5 B0y Br, R, B X, 4 X PAOs (L
Accumulibacter HF, F R 525 B 5 Lo 32 h
2.0% +0.6% ., 3.4% +0.6% ., 3.5% + 1.2%
GAOs( Lk Competibacter i F, N [A]) 52 A 5 k4
LA 25.3% +8.7% . 30.3% +7.1% . 24.4% +
6.1%. % 3 1) ANOVA ZpHrhi R s A AL S X
AR PAOs FIT i B 20 PR IR S0 A I 3%
AEAE T GAOs W AR LA K.

L, 40N Accumulibacter

WA Ry Competibacter LR A 10 pm, FIAE

B2 REtEETSIES FISHE

Fig. 2 FISH images from pre-anaerobic zone

B3 SHARERENETIRER FISH B

Fig. 3 FISH images from anoxic zone of the oxidation ditch

4 SFHAFERXFEETIEM FISH B

Fig. 4 FISH images from aerobic zone of the oxidation ditch
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Table 3 Significant (P <0.05) correlations found among the studied parameters of microbial populations
EERE) SR S8 F Fo P Results
1 Anoxic PAOs% Anaerobic PAOs% 12.8 4.7 0. 004 P <0.05
2 Aerobic PAOs% Anaerobic PAOs% 21.9 4.7 0.001 P <0.05
3 Aerobic PAOs% Anoxic PAOs% 3.7 4.7 0. 080 P >0.05
4 Anoxic GAOs% Anaerobic GAOs% 0.9 4.7 0. 355 P>0.05
5 Aerobic GAOs% Anaerobic GAOs% 0.2 4.7 0. 690 P>0.05
6 Aerobic GAOs% Anoxic GAOs% 4.4 4.7 0. 057 P>0.05

§ [ Accumulibacter
a 35k B Competibacter
=

g 30f

g sk

<20t

2

2 154

£ 10f

S

Bl 5 PAOs 5 GAOs G&EILHIRRETL
Fig. 5 Variation in proportions of PAOs and GAOs
in different zones of the WWTP

15K A3 T2 S A AR A /KT BE 65 5% )
PAOs, GAOs SR/ E YR IE AR K. —SBffF o 2B
TG KALEE T AR BRBE R G A X PAOs (&R H
IR T% ~22% 2" GAOs FT i 43 20 0
1% ~12% " 10% ~31% "7 . Zi5 /KA BT A Ak 1
T M4 IX PAOs (3. 5% +1.2% ) (R T C 4l
K, GAOs FAT AL T 10% ~30% HITEFEN,
270.96 mg-L ™"/ H 7K SOP LA % 36. 8% F{) SOP 2
FRABERIIZ T 2BRBRCR A A, %) A i &
7 HE R, 913075 8 L A DR S, B/
ARG, BTG IR & R R ER R kA T R by,
IR T IR 250, 16 IR 4208 s g Ak T 5 R ol v
RIS b T PAOs 1 FI R BRI, e 4 S35
PAOs JREAREBEA L4 FE e b T2 3 I Il
SO TR AR BON W R WO [T T K
COD ¥R BEFAR, AN 2 A2 45 150 280 o Wl 1 () B AT

FR T BRBERVE T, I % RS I IR AR 2 T R
[fE
3.2 TAEYRNEESE R R K 2 b
UEAESfe X 5 Ak A I B 9 22 0 R i PR 2R (R A 9
Z W R, SEK BRI B4y FIFP 2 pH, DO, i
JF | AR SRT LUK SOP/COD “5:4RJ& %M PAOs
5 GAOs SEF IR &R, WMN IR/ 1 teBila B /&
PIBREE RS A , (ARSI L B4 B F PAOs 1)
TEp 2000 A ST pH (7 ~ 8) 138 247 Rl P 32
A TGRS0 PAOs 93547, & DO
(4.5 ~5 mg-L™") BRSO B T RRAK
ISR AFE LA BHE B B2 il Ak 8 8L 75 22, EBPR 9 DO
HWEPERITE0.5 ~ 1.5 mg- L™ YEH N, BEE IRSE
LT (20 ~35°C) , PAOs T B 8 3 438 Iyt (L Wz e okt
SREEAE HBT & L) R O GAOs BT (5 L]
T2 IR H T PAOs (04K RS AT
TEMH] PAOs T F] T GAOs B4 K2 7E A0 T
2 B RGN KRR & i T R X AT
FERCE I FNA M2 SRk T A AU e e ™ 26 T 4l
FEUR G B 2 BRSO B A 7R RIK
SOP/VFA[n(P)/n(C)}0.01 ~0.04 ] 54T, i
(1) 22 BRI EL AR R 2 (1145 PAOs 2k A H B W RE i
b SO N TR 3% [k S/ N

4 TR TIZIE KA E AT T 25U K
L. AT IR S DO Y8 T IER LR, HRA
thoF-14 COD W EHME T 50 mg-L~",F3 SOP/COD
[n(P)/n(C) AT 0.009 ~0.025 (I3 P, AR 38
Lopez-Vazquez 2 () % B, PAOs 2[R Jy fig & Q15
Z BB & WK s R RN A T A%
A0 X SR, BT IR TS R PAOs B i

x4 SKAETEERKER
Table 4  Water quality of different zones in the WWTP

VALY L/ C DO/mg-L"! COD/mg-L ! SOP/mg-L ! SOP/COD (/R fH)
PRA& it 23.7+0.6 0.11 £0.02 24 14 1.80 0. 90 0. 025
AL IX 23.7+0.6 0.16 0. 02 20 +3 0.84 0. 55 0.014
AL TR AR IX 23.7+0.6 1. 11 0. 09 28 +6 0.73 £0. 61 0. 009




8 1 A TG KAE B A AL T 2 Yt oA

2713

XA (< 4% ), B T4 7 SRT KK
(17.5 d) , # — LSBT K BRwEae 10T R
(SOP, .. =0.96 mg-L™" +0.29 mg-L™"). AT N
THERS A1 A T PAOs, GAOs M/ EW A KM%
(ST i PP D N Ol R SRy € o DA U R
FRELEAE A2 PR R 3271 KT EBPR RYERE 1.

4 i

(1) ZT5 KA AT T AR | BRI

W48 X PAOs ( Accumulibacter ) 52 B 43 Ho 43 51 4
2.0% +0.6% ., 3.4% +0.6% . 3.5% +1.2%
GAOs( Competibacter) i 4B A 53 b 43 5 4 25. 3%
+8.7% . 30.3% +7.1% . 24.4% +6.1% ,Afk74
B IX 53R X PAOs (Accumulibacter) T 5 B 43
FEARR T IR S A 2 35 A8 4k, % T 247 %X PAOs
TEMTHARGE T2 CHREMNKF (7% ~
2%).

(2) WG db— 2D B B GE 25 A (INB R | VA A A
TR | ASPRER A A St K P/VFA[ n(P)/n(C) %)
XS PRTG K AL B F PAOs FfRESE KA ) 52 3 i
Xt IS H 45 ] 53T PAOs 11 5 DA I e/ e W 2%
1, DI Tk A 3 iy ab B fE.

(3) s B EARBRIE S5 A ] S BLA 00 AU
i, Z A SR AR R R 52 e DR 2R IS o) A 280
TS UR N BRI LG S AR A0 5 T el AE A 1 AT

T.Z.
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