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Abstract: The mechanisms of biological removal of phosphorus are discussed and the influence of extracellular polymeric substances ( EPS) is
investigated. EPS plays an important role in phosphorus removal by storing phosphorus. During an alternating anaerobic-aerobic process, a periodic
variation was observed. The phosphorus content increased under aerobic conditions but decreased under the anaerobic conditions. Approximately 82% of
P in the sludge was absorbed by the poly-phosphate accumulating organisms (PAOs) and the remaining 18% were enriched in the EPS. During a cycle,
approximately 84.3% of the reduced phosphorus in the substrate was absorbed by the PAOs while 15.7% of it was stored in the EPS. The removal of
phosphorus by EPS was positively correlated with the EPS content. The sludge retention time (SRT) affected the content of EPS and hence its phosphorus
removal ability. Higher SRT resulted in higher EPS and higher phosphorus content. Phosphorus loads showed marginal impact on phosphorus removal.

Keywords: extracellular polymeric susbstances ( EPS) ; mechanisms of biological phosphorus removal

(1997) #3523 H ,DPB MIBRBEA R S T AR E
B 50% A6 EFERAMRE LN, EEYRBET

1 5|5 (Introduction)

H R, %F T 28 4 B w01 2, 3 o B2 32 AN AT Y
R REBEREL (poly-P) BB A Y ” PAO ( Poly-
phosphate Accumulating Organisms ) ¢ 45 /7% %5 JR 3,
IH B2 I E T A P B B A W o R X
A AR B 7 T

1993 4Efif 22 ) Kuba 7E {5 i W B3R HE IR &
JZ &4t 40 % DPB ( Denitrifying Phosphorus Removing
Bacteria) B #f 9 2 ( H ¥ & 55, 2001 ). Kuba %

EEWB: R+ 1" RHHBKTH (No. 2004BA604A01-01)

25 RIEAINER &Y EPS (extracellular polymeric
substances) F & A MH YK E % (Cloete T E
et al,2001) , 3£ J2 BT A B B9 25 B 80 AT i B O SR Wk
B SR B 45 R . X I, AH O BF % 41 08 B 4 (X 5B
4 ,2005) , H i, A X EPS 78 A W) BR 9% P B9 1E
FAPLEE AT RGEDT T A5 EER T EPS TEAEY)
BB BV, JF X Y8 k% K B 7 77 X EPS BRBE R %
W AT ST LAk — 20 523 A= W) BR B L 2.
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2 RIGH K A% (Materials and methods)

2.1 RKBEHK
R TR R« DA Bl A 5 95 K AR D il s K, 5
SMINABEER — S AT TP, A B K B
R, IRB KRR 1.
®1 RBAKERRE

Table 1  Quality of inflow water during the experiment

COD BOD; TN TP
/(mg-L71") /(mg-L71) /(mg-L7") /(mg-L~")
350 ~ 400 240 ~290 12 ~18 SRR

W3 E R E WA 1, H SBR & E

Bt 2% L BRSL RN g B E 2% 4 B e, SBR R #%

ARAEF 6L,

[
—‘\
./

4

F~—35

1 W3 EE (1. SBR KL 4%, 2. MM, 3. 4%, 4.
BE S BERERS, 5. BURE Kk )

Fig. 1 Diagram of the experimental equipment( 1. Sequence batch

reactor, 2. Aeration machine, 3. Timer, 4. Magnetic

stirrer, 5. Sample and outfall )

2.2 RBF&®

2.2.1 EPSEFXKAYBRBFHERATR TEK
¥ 30°C . pH % 7. 0, BOD, fa fif & 0. 25 ~ 0. 30
kg-kg d" B K 9d. Kk PO]T K 6.5~7.5
mg-L™ ) & F, I BL 8% 38 17 A 1 o 6h (#E K
0. 5h-[R4 2h-%F4 3h-HEK 0. 5h) . F izt 2+
ZEBCRE, U %€ 5 98 o PHB, EPS, EPS /1 TP #i
PO~ EH5H5.

2.2.2 RBAEPSHRBHZ AR RHA3IIK
P g5 BEAT AT BT . 7R 5 IR B R 30°C (pH
7.0 R MR 4T A 6h (K 0. 5Sh-JR & 2h-4F 4
3h-HE/K 0.5h) W4T, B 2RI 4 7] R 5.12.18d
X EPS A= Wy BR w5 i, J5 i 17 i 72 P 2 B R
¥, WX COD.TP. PO~ J EPS Z£45#5.

2.2.3 BAafa EPS RBEWE AR KAH3IA
R R BEAT AT X R B R B 30°C (pH
7.0 U K 12d. B 2B AT A A 7. 5h(#E K
0. 5h-JR4& 2. 5h-4F 4 4h-HE/K 0.5h) &40 F , F 54

ISR 28 B B 4 42 B 3.0.4.5.5. Smg- g ' B, Xt
EPS A= Y R A9 52 , JA i A7 o 2 v g e BORE
& COD.PO] TP } EPS Z:45#%.
2.3 R =

A 150 5 4 1 T K 48 R A AR HE T 1 (R KR8
R )R, 2002). EPS & B R I FH B + 38 #: & g
(CER) #£ 8 (Frolund et al. ,1996) . EPS ) {43 i
e, ERR, BRNSERRS, Hh 2 H
S PR B - AR 15 I <€ , 25 B B 2R A Lowry 351 2,
DNA 3R A% 1% 28 ¥ 0 & (& K 75 ,2002) . 75 J8
BB I RE SR P 60 Rl AR vk (JRIIB 4048, 2005)
PHB il 78 >R F 28 &b 43 6 06 BE 1 ( 2R 1§ %%, 2005 ) .
EPS o 1% SOBEFI B AR 26 2R A A v 7 1k (B KR AR
)7 ,2002) .

3 RWHER (Results)

3.1 EPSEEAKLEYM KRB FHERTR

B & 2 AT, {58 o PHB 9] R Wk BE 0 15. 12
mg- g, Z J5 B R & B A B FE K 6 B &= 107. 07
mg-g ' A B B 45 W5 U A F) 36.31 mgeg .
FFTH R TP 3= 3 IR & W B3 i, 5 48 B B U
RS, NI ER Y 7. 08mg - L' 5 & 15. 66
mg-L ™', RE X FMZE0.33mg L. lHE 2 /40, N
EPS B ARE ,EPS h ir S R E BHERR L.
& 3 AT A1, EPS i TP 2 R & B Bl b i & By

ez i3k PHB £ it —— 355 TP 4 it

[
=1

~ 120 ~
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&5 100 -
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& o =
= b
& 40 =)
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= 0 bl

5

JBITHH /h
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Fig. 2 Variation of PHB in sludge and TP in substrate in a cycle
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Fig. 3 Variation of TP in substrate and in EPS in a cycle
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Besmpyas. mE 4 T, — s A A, 5 R 40 ¢ ™ EER —— $H ——DNA-—=— EPSH R
il EPS 4 76 B SR B B % Wik > 31 29, 51 W T —
mg-g ' F A B RES X B2 35.11 mg-g . F

B 2 T, — VBT R 4 SR, 15 U8 R A S S ————
TP & & M 50.85mg-g ' #4 N % 54. 65mg-g ', EPS . . o . . .

Hi TP 4 8 M 9. 26mg-g ' FFHF] 9. 82mg-g ',
EPSHi) TP & & G50+ TP S B E 4 L A
18.21 &% 17.97 ,EPS BB R N 15.7% .

(=1
=

3 4 5
BT /h

EH4 ZSTHENEPS SEREPS BENTHMLE

Fig. 4 Variation of content of EPS in a cycle

®2 ETAMNER.EPSKRSRESR TP SEXIL
Table 2 Comparison of TP in substrate, EPS and in sludge in a cycle

o R TP i 15U TP &4 EPS # TP & i EPS # kiR Eh EPS # TP % #t EPS

/(mg-L~") /(mg-g™") /(mg-g™") R/ (mgeg™t) /TS TP (RS
ST 4R 7.08 50.85 9.26 9.23 18.21%
REERM 15. 66 46.41 8.33 8.27 17.95% 15.7%
R AM 0.33 54.65 9.82 9.73 17.97%

3.2 RBHEPS RN BHAR EPS f TP & B 43 B M 8.23.7.04 mg-g ' & 6. 58

REEIR WK 3. B3R 3 ATH, — D sfT A4
HJa, ik 4 4 18d.12d K 5d f ) B 4%, H 5 R

mg-g ' FFHH8.45.7.33 mgeg ' K 7.21 mg-g s AHRL
) EPS BRBEZR 491K 17.31% 15.25% F1 11.72%.

&3 SRTX EPSRiSEH TP SEHMXWER
Table 3 Effect of SRT on EPS and content of TP in sludge

SRT e 598 TP 4 EPS 1 TP 4 i EPS # TP & 4 EPS it EPS
/d /(mg-g™") /(mg-g™") /50 TP i /(mg-g™") K %
g, 3 39.24 6.58 16.76% 31.09 11720
5 REFK 31.14 4.72 15.34% 27.28 ke
B4R 44.63 7.21 16.15% 31.59
N FF 4 37.07 7.04 18.99% 33.91 15250
12 RERM 34.44 6.42 18.65% 29.21 s
I E AR 39.16 7.33 18.72% 32.19
N FF 4 35.94 8.23 22.90% 37.45
18 RERB 34.47 7.96 23.10% 33.11 17.31%
I E AR 37.23 8.45 22.69% 36.38

3.3 B 5t EPS Bk 8y ¥ 0 AT %

=4

AR IEK 4. fi R 4 75, BEGAT 75 A

BT Np 3t EPS RiSRS TP S EMMKBLER

Table 4 Effect of Np on EPS and content of TP in sludge

Np/(mg-g™'d™")

RpiassiREs

3.0 4.5 5.5
- KNI 4f 34.93 49.24 65.95
598 TP /
?5(% fa:% REAR 33.11 47.39 63.52
mg'g”) IR 36.33 51.07 68.30
KNI 4f 7.26 11.26 13.34
EPS # TP /
(cp' _?)% PRAE AR 6.77 10.86 12.56
mee TR 7.45 11.60 13.71
RN A 20.79% 22.88% 20.22%
Egggﬁgg/ TRAE K 20.44% 22.90% 19.77%
IR 20.51% 22.72% 20.08%
EPS BB % 15.46% 19.24% 16.92%
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3.0.4.5.5.5mg g "-d " By RN B, 7E — 1 KR E
iR fa, Hi5% EPS f TP & & 7 5 A 7. 26
mg-g d '.11.26 mg-g d "1 13.34 mg-g -d""
Bm%| 7.45 (11.60 mg-g'+d "1 13.71 mg-g -d
BV H TP 4 &4 B 34.93.49.24 mg-g~'-d ' I
65.95 mg-g -d ' FF+#]36.33.51.07mg-g " -d "' Fll
68.30 mg-g~'-d"; AH L A9 EPS BRBE R 4 BN
15. 46% .19.24% F1 16.92% .

4 1Fif (Discussion)

4.1 EPS 7 &K & 4 B 5% o W0 1F 2 #7

HE 2 AT, EERALKMT,150H PHB & &
AN R 0 T T X i B ) Y S K T B T A 4 R
FMET IS UR4IME N PHB & & X B I b B R R VR FE
MR PEAS. WA, REKHGT, REAERE
OB, N R A B T AL RR SR B R T A0
PR AD s BCE T 7K v TP ¥R BE S W7 34 n 14 [ B, 35 TR
H PHB (& & ¥ B I+ £ S 44T, PHB $4F
Ao BRERKEREMRRBAFTEKREH. 4
WS s fEn, REEH GBI e & F 3
W CRERR £, I LA R B 09 T X R ZE AR o, B B
BRTFERMWRERHER, &R TP K E AR
W/ RRIE, 15 8§ PHB /) & B B Wi K. %AW
Wi i 2o A Ay SRl 4 T ) A W R

HER2 M, BRFFTENHELER 82% £HER
EERBEEEEN, HINY 18% EH M BERELE
EPS . B i o BT vk 20 B9 B o 84. 3% R BT I &
W, EPS s in i8R 15.7% 3% H gy &l 4 Fi3k 2
AL, EPS X {5k B R B FRAE I 5 EPS & B IE
HHE. EPS TP S BEE, SHEREAHE (KA
FMISN) 19 18.21% , HEEA N IEBEER R ; B & 3 7]
HF:EPS 1 TP S B ERERES T BEW MK, £
RETEHF R, LIF SRS THENRIKER KT
RERS THRBEER. SN, EFEEHT,
EPS iy B s S SR WSS B T, DL K EPS A T IR
MEKT RS B WA 5eRBEF(EX%,
2001 ; # 7 B 4§, 2003 ; ¥ M 5% 55, 2005; H & ],
1999) BB FRMMBEMEFEF X 5E TP B
PO;™ B FI BLE S i E MO 1L & Wy Fn 4 A& W T 3R 4
W fFF EPS t. g & 3 AT A0, 7E IR /R ML B ¥ HY 1h
NL,EFRR TP YEM 7.08 mg- L' F+ & & 11.03
mg-L™', EPS TP & 8 M 9.26 mg-g 'A% 9. 15
mg-g ' MRAR N HFTE 2h N, R TP W

M 11.03 mg-L ™ 'F+ 75 & 15.66 mg-L~', EPS 1 TP
HEMNI. 15 mg-g 'PEE 8.33 mg-g . AT R
REGSFE PR H TP ¥R B A9 84 i £ BRI T R ok
W EPS W BHE, M X FAEREALKMT EPS &
B, FTRE R @ B SR RVE A L EPS IS B
i\ Z W5 DNA Rl 55 10, B 2 T f 22 8 T EPS
FRBER B £, EPS FEER S B, R
ARNERFE Th N, B TEMERTRESZE,EPS
) TP BEKER . EPS X R E AW BRBER — €T
Bk, EPS Xf {5 /K ZE R R BE RO 5 BR, FE R @S
VAR AEACER, K B BERENAF T EPS
LMY TER B E. YRS AR A, EPS
w9 i 55 4 A B P o R R A ol — S B R R TS TR
He RGeAh, BB EYRBER H .
4.2 JAR X EPS R B W

B3R 3 AT, FEAEYBRBER G T, R X5 JE
#) EPS & & LA ) EPS [REEIE R M3 B2 . it 8
+,EPS S &M ,EPS T I AR BB S B,
LRk N 5d BErig ] 18d,H EPS i) B S &
AR R SRR HEMN 16. 15% 3 in % 22.69% ,
T 1 R K AR Ry Wi I A7 P 4/ R B 2. AN ] 8 i
T EPS o @B & & R H X RGRBER STER, 7T A
EPS X & F B KFRAESI 5 EPS B R R i
ot YRR EK, FRAMBRK, BRS XE
“BYET,H4MES WA BB TAERN EPS S EBE
(4% ,2005) , i 38 i EPS 4 34k 2= F A W) 4k
2=V I BRBE BB 7 B 5E. [W] BT, U8 R 1 A I N A% 5 TR
W BB, EPS BB KT YR /Ny SN 2% , WU e 8
0T B B AP B Y 2 BR R R A, NIRRT 8% B AT
JARAE , Ve 84 8 K A R L 2% , B EPS MY BR i &
AN, X E B R B T IR R R B B A
HEE AR, =ER EPS REHARSERE, R
AN R B A I TE MR T, PR AE Y EPS AR W BERLRE
&, ORI /N B BN B , B2 EPS B BRBER K. 5 —
J5 T, B TR /N B SR A% 15 TR W BE /N TR R K Y
J R4 , EPS BB /N TR I8 R B B B s , # TR i /N Y
R EPS [ 25 B3/
4.3 g5 frat EPS Bk By ¥

HER4AH, EEYRBERG S, B0 XNTE
T EPS By & B WA K, % EPS (I BRBERE 1A —
ERE. B e, EPS P EME, KIIEHR
BEWAF RO /E A 2. (BN EPS B & & 551k
BEBER A L, LA R W — R X 15 K g £ B
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¥ ¥ # 8%

R TTRRORE , B 10 76 B S A SF AR B 8. AT A, A
AP RRIEK TS BARUS, RERLEBITA
e e—8 Wi, R4 NGRS EPS & BT
B ZER. WA TSR R RERE B
TR R 40 R, R 4R B R
WA EPS FRE) & B R AR X B, R B A
[l B 2 6 25 4F T EPS ik & BAR B EREH.

5 %518 ( Conclusion)

1) FEAEYIRBE R S, EPS A B B R A
R 5 R R AL 4B B B o B 0
AL, B DR RS 6] 48 10 T 222 TR 5 T P T
K%, IE L EPS HBkag & 5 EPS f & BEIEAHIX.

2) IRt T 82% /54 B AT BT
BRI, B 5h 18% £ 4 WO BE S 7E EPS . ZE— 4
BAT R, R R TR D BB 84. 3% A2 A B R
Bt BRI, 15. 7% 2245 047 T EPS 1. EPS £ %
RS AL B A AR 46 B R R R ) IR
% F EPS 1 44 TR H— BT .

3) EAYIRBERS RIS X EPS 4 R EME
%t EPS 76 A 41 B RO 4E B T B35 TR I
K EPS &8RS, EPS H I A7 0 M & B AL B,
A S Bl P 0 1 PR B B TR £ 2 0 EPS [ Ak
HHEMARRE.

REFEEEA AR (1964—) , L, & & # L, EEAF K
REESEEREFR.

References:

Cloete T E, Oosthuizen D J. 2001. The role of extracellular exopolymers
in the removal of phosphorus from activated sludge[ J]. Wat Res, 35
(15) :3595—3598

Dong D M, Kang C L, Li Z H, et al. 2003. The adsorption of heavy
metals on extracellular polymers of bacteria in natural water[ J].
Journal of Jilin University ( Science Edition), 41 (1):94—96 (in
Chinese)

Dou JF, Luo G Y, Liu X. 2005. The metabolic mechanism of anaerobic
phosphorus release and its kinetic analysis during biological
phosphorus removal process[ J]. Acta Scientiae Circumstantiae, 25
(9) :1164—1169 (in Chinese)

Frolund B, Palmgren R, Keiding K, et al. 1996. Extraction of
extracellular polymers from activated sludge using a cation exchange
resin[ J]. Water Research, 30(8) :1749—1758

Kuba T, Van Loosdrecht M C M. 1997. Occurrence of denitrifying
phosphorus removal bacteria in modified UCT-type wastewater

treatment plants[ J] . Wat Res, 31(4) : 777—786

Liu YN, Yu S L, Zhao B J. 2005. Study on the role of extracellular
exopolymers in biological phosphorus removal[ J]. Journal of Harbin
Institute of Technology, 37(5) :623—625 (in Chinese)

Pan X L, Wang J L, Zhang D Y, et al. 2005. Copper (II)sorption by
EPS of mixed srb population and mechanism [ J]. Technology of
Water Treatment, 31(39) :25—28(in Chinese)

State Environmental Protection Administration of China. 2002. Monitor
and analysis methods of water and waste water (4" Edition) [ M].
Beijing: Chinese Environmental Sciences Press, 211—280 ( in
Chinese )

Tian J M. 1999. Using the biopolymer of microorganism
ectothiorhodospira shaposhnikovii to remove of heavy metals from
waste waters[ J]. Journal of Taiyuan University of Technology, 30
(12): 175—178(in Chinese)

Tian S Y, Yang R, Wang J F, et al. 2001. Study on biological
phosphorus removal and biochemical mechanism[ J]. China Water &
Waste Water, 17(1) :71—73 (in Chinese)

Wang J, Tao Y, Zhou J T, et al. 2001. Biosorption of chromium ( VI)
ions from aqueous solution by a novel bacterial exopolymers [ J].
Technology of Water Treatment, 27(3) :145—147 (in Chinese)

Zhao Y F. 2002. The Technology Principle and Application of
Biochemistry[ M]. Beijing: Science Press, 11—20 (in Chinese)

Zhou X H, Cao X H. 2005. Study on the method of total phosphor in
pollute soil[ J]. Zhejiang Chemical Industry, 36 (2):41—42 (in
Chinese )

Zhou J, Chai H X, Long T R. 2005. Study on influence factors of extra-
cellular polymers in activated sludge[ J]. Water & Waste Water,31
(8) :19—23 (in Chinese)

X5 % 3k :

FAEH], A HT, 254, % 2003, RARK I AR A3t &
EIRM WM ALT]. HARRSF M (F2ER) , 41(1) :94—96

G, B, K. 2005. A Yy R AR BB I 7R IR AR R B A0 AR 5 HL
BRI SN [T ], BEEREEM, 25(9) :1164—1169

E RIS R . 2002, KRB KK 4047 5 85 (56 4 i) [M]. 4t
5P E IR B R R AL ,211—280

X5, FKM, oK. 2005, Jash 3R A Y%t AL Py Bk o5 OR 5 i B
831, WA/REET L R2E2:4R, 37(5) :623—625

W SE, FEE, KB, 4. 2005, BREREL IR R IR A B R AN B
AR Cu® By AHLEE(T]. KALBEHEAR , 31(39) :25—28

HER. 1999. FARAEY SN BIRE BT B AW R AW HZ R IEK
RRESE[I]. KFRE T RES%M, 30(12) : 175—178

HOBLE, % %, TR0, %, 2001, 4 YR RO A L prs[ ],
hEAKHEK, 17(1) 7173

E5E, MR, FEM, %, 2001, g0 M A R XE K oS 4 i 19 A
Y MR (J]. KA B AR, 27(3) :145—147

BARTT. 2002, AP FEEARFEHEN FHIM]. Jbat: B2l R,
11—20

JAd, SR Je s L. 2005. TS VR SN R A EPS [ R N 3R
WFEE(T]. 4k HEK ,31(8) :19—23

JANBLL, WWERE. 2005. V58 BREIE HEHE ). Wik T,
36(2) :41—42



	0946.pdf
	0947.pdf
	0948.pdf
	0949.pdf
	0950.pdf

