highlights.paper.edu.cn
e (@ TERERYER RGN Vol No.2
20154 12 A %" Highlights of Sciencepaper Online December 2015

TR RIE YRR X E S S AR
REMIRITT ZM R

YO, BN, x| E3E, T3, RHE
(ERKFMRTEXSIRFIALFIR, TR 400045)

WE. FAAMYEFE (B FREMAE (cationic exchange resin, CER) 3. #HEBE. KK E R F %]
R ELTEHBRENAE FENBHA (completely autotrophic nitrogen removal over nitrite, CANON) L%
TE M 7T R A A M B DL ROR B -k E 4T 4. (anaerobic-anoxic-oxic, A/A/O) THH R TFTRFHEFELSAM
SNE A (tightly bound extracellular polymeric substances, TB-EPS). J 47 % & &4 TB-EPS ¥ 'E & F £ 1L
28, #MIENE TB-EPS ¥ & E . £4. MK DNA W& E B K TB-EPS W4l ik, Jihik 4 MBIy
Y. EREV, FRRBG EREAENRE T XGF2 W TB-EPS BAFF NI B A EHIE. AR LAE
7 CANON A 4t TB-EPS # £ % ik, 11 A fb7E ¥ 75 . 8 TB-EPS X % ik 4 & & i #0 )& 78 8R . TB-EPS
RHTERAKB T RANRB T A WHERT X, CANON % G &3 77 fn k4 B & fL 3= B
TB-EPS 7 i} CER i, A/A/O Z 4R A b 7 M 75 R4 th 4 B TB-EPS J7 i A #u R BUE 5 KAk

KB HFENY; RELEEAMIREN, EWRFR; £WE; fL20EE BB E

FESES: X172 XHERFRIRED: A XERS: 1674-2850(2015)24-2539-07

Study of the extraction methods of tightly bound
extracellular polymeric substances extracted from
activated sludge and biofilm

ZENG Ni, CHEN Youpeng, LIU Jiajing, WANG Yilu, ZHAO Shangyu

(College of Urban Construction and Environmental Engineering, Chongqing University,
Chongging 400045, China)

Abstract: In this study, the tightly bound extracellular polymeric substances (TB-EPS) of the activated
sludge and biofilm from a completely autotrophic nitrogen removal over nitrite (CANON) system and
the activated sludge from a denitrification process of a anaerobic-anoxic-oxic (A/A/O) system were
extracted by four physical extraction methods [cationic exchange resin (CER), heating, steam and
ultrasound]. The functional groups of the TB-EPS were analysed by Raman spectrometry. Constitutes of
the TB-EPS were investigated by the determination of its protein, polysaccharide, humic acid and DNA
contents to analyze the advantadges and disadvantages of the four extraction methods. The results showed
that the Raman spectra of TB-EPS differed with the different extraction methods. Proteins and
polysaccharides were found to be the main components in the TB-EPS from the CANON system, however,
the main components in the TB-EPS of denitrification activated sludge were protein and humic acid. The
yields of the TB-EPS extracts were strongly dependent on the extraction methods adopted and the
attached type of microbial aggregates. CER was the most effective method in extracting TB-EPS from
both sludge and biofilm samples of CANON system, whereas the better extraction methods for the
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TB-EPS from denitrification activated sludge samples were heating and steam.
Key words: environmental biology; tightly bound extracellular polymeric substances; activated sludge;
biofilm; Raman spectrymetry; extraction methods
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b4 %) (extracellular polymeric substance, EPS) J& Gl AW 7E AW ik B b r= A i v o 740 ikt
MR AR EHERAIR S 2 BEY . WHEY EPS 70 gt Mu4 &4 (soluble EPS, SEPS)
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bound EPS, LB-EPS) 1 TB-EPSP! EPS AN AT LA i Rl e S5 J5 23, 3 0 28 45 P il 2 W e % 45 40 1)
T R RN 4 5 ke 35 1 34 1. A B SEPS i LB-EPS, TB-EPS 7535 P 5 Ve FlAE 4 i ek 35 58 S 75 IR 4
AP, Pk, % CANON T2 AL G4k )il fk T2 TB-EPS (%} LLAIF 5T A5ty T3,

X TB-EPS W HUE AT M i $ . EPS M3 vE 2255 BTV A2 071 Sy B R4k 2
GBI TT1% . EPS PR HUHCRAR RFRRE B RS I v =, AN R I3 7 V5060 3k 28 0 40 g B AT AN TR] 1)
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72 63E %7 TB-EPS fE G BEAT I 2 » WL TB-EPS . £ 0. JEIHRA DNA & &K
Mr A s, b EL B 4 BT LR AL, 15 H AN A TB-EPS S LHFE I .

1 MRERZE
1.1 AEYRERE SR
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CANON RGUBATEA: VAT ISR K,  DAGRIR Z L POk IR UM 1 R i, DLBRBR & AE b
ME—% . JEKVEAN MR (mgL™): 1975 NH4HCOs, 328 NaHCOs5, 70 KH,PO,, 2 mL i o HE %
W (g'L™") [5.0 EDTA, 1.6 CoCl,-6H,0, 2.2 ZnSO47H,0, 5.1 MnCl,-4H,0, 1.6 CuSO4-5H,0,
1.1 (NHy)¢Mo;054-4H,0, 5.5 CaCly2H,0, 5.0 FeSO,47H,0]. [N 24811 B 5 I7E 30~34°C, pH {E#%
HITE 8.0+0.2, Wf#4 (dissolved oxygen, DO) 4EfF7E 1.8 mg- L™ Zedy, /K JpE B, 2 d.

S AT L H T PR T e A 75 K AR B AJA/O T A B i
12 R

K29 20 mL T EERE G B T 50 mL B P, AT 25 8T OKBC K 45 mL R)ETFE I, AR5 A 20 kHz
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FI40 W N 30 s. Bl G BIZHAE 2 000g AT 4°C R a0 15 min. i3 iGN SEPS. SR )5 25 31 Kk
0 TS PRI DL TR B SR AR o B PR VR E R iR 3 2 Th /KPR35 1 h, FRAE S 000g F114°C R 20 15 min.
PrAS B3 LB-EPS. $#2HU5¢ SEPS F1 LB-EPS Ji5, A W& £h 92 i 0K 12508 v 1) 5k BR D0 15 v 2
JEAAR, T 4 R EE 7 VAR I TB-EPS. AR R/ S L R AL FE

MR 7 20 kHz, 120 W 941 R A8 3 min J57F 20~30 r/min (TEIR AR %40 1% 10 min,
AR A IR

AIEEE: 76 8O CHRE R, /KM 1 h

VA5 1E120°C, 100 kPa 45 2F T iy He KB 84 N4 10 min.
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IR U VA EE S R IAE 1000g, 4°C R B0 15 min. TS LGB 0.45 pm AUE R € .
FES TR AT AFAE20°C R = b o JEHCSEH A 2 K.
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SEECH TB-EPS (M2 0. A IR R DNA & &= [ SRR R E TB-EPS 42, H DNA 1)
AERE 5 B RAE R BT N AV A0 L R o Horp, &% 4 (suspended solid, SS) 1 VSS &
R FHbRAE BT o A O L vk T s R A i, A DR R A SRS R RS R, R
KRR VI 5 R A B, DNA [R5 & el R b e i e
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2.1 REF=Y)

1 FioR g 4 Fh7 4250 CANON R GG MEVG e FIAEMIIE, DL A/A/O REGEH IAHALTS P A

TB-EPS 1) & . % T- CANON RZ & iZy5Jeff i, CER. 2873, HIRIUFIEE S HEHUY) TB-EPS i
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Ji 543 TB-EPS $&HUE i S B CER>ZEV> AR HE 5 . SR s 2 i@ (P=0.021) MHEHUT
i5J& CER %, Miskfifm DNA F7 i (P<0.010) M2 m . RIS S E AU 8 (P<0.010) [fE#k
PR . CER. 2577 BVREL ., B 75 4 B 717330/ DNA & & &7 TB-EPS MBI LT 54 5.0%, 13.4%,
10.1%, 21.0%.

X+ CANON RGH IEIEAE i, CER. Z87R. ASLHURGE /= HEEUT TB-EPS & &34 77.8,
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14.4%, 10.2%H1 8.6%. Wl 1b s, ANEIJESFI$EEL TB-EPS & & i B CER>FE I >
e ARIFERBGEA . 20, BB DNA 7 2 WA B E 2R, 588 mE A 5™
#(P=0.021) H#EMT7E2 CER ¥, Mkt m 2 (P<0.010) 22800k &V OERIN RS T
A ) DNA =5 (P<0.01). 75 VE345 B i R JE IR = & (P<0.050) .
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109.6, 106.8, 53.7 mg/g VSS. il 1c frox, AE 723l f m 2% 287> A3 >-CER> | 7
Hop, SRR T o B TR 7% 12 (P<0.050), ZEVIEFI IR IUE 40 il 43 321 55 v 1K) 22 6 77 i (P<0.010)
Flf = DNA =5 (P<0.050). T8 75 /77515 2 ) DNA & mH1K.
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Fig. 1 TB-EPS contents of the activated sludge (a) and biofilm samples (b) from CANON system and the activated sludge
sample (c) from denitrification
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Fig. 2 Raman spectra of TB-EPS extracted from the activated sludge (a), biofilm samples in (b) CANON system and activated
sludge samples (c) from denitrification
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YRR IR RAHAE I TB-EPS 7> AR, X 1T §EL TB-EPS $#8HUJ5 5 2 N R G KK i FE AT
T LR E AR 6. IGRIUEFI 287 0E BN B A IS mBAR, 20  B R 11.26%F1 16.45%.
FEH, X 2 ROy BB 2GS, 5 CANON R4+ TB-EPS #7226k, [Aigftisie TB-EPS
PGSR BN AR S—S MM4ER5), HAE 927, 1157, 1510 cm™’ (KI5 53552 ) DNA )it k%
B AR T ER S SR I C—N R AR R I e 11
3 %Hit

WEFCAE A 4 Bl 7 v 5L ORI A B7 20 il R AE T CANON RGPS Je AEM b i) TB-EPS
DA S A A5 e (/) TB-EPS.

1) TB-EPS U411 & 5 i S TR FH 3 IO VE R A E M R AR A58 77 . CANON &%
BRI R AE DR R SR TB-EPS 77744 CER ¥, A/A/O REAHALIGYEVS Je RAHEEL TB-EPS J7 7k
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B (PN/PS) 4 0.9~3.6, TMiA=4/E TB-EPS H PN/PS 4 1.2~3.9. hijtt & iF V5 e TB-EPS, J&HHE
M A PUE EERS, ME A2 (PN/PS) 4 0.5~6.8.

3) ANFESEHUTT LIS 2 E) TB-EPS HA AR 20615 RH . CANON R4 449 TB-EPS 78
ST 2 B R ORI 2 BRI, T A AT YR AR R N SR L 2R R R U
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