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Extraction Method and Structural Characteristics of Extracellular Polymeric Substances in Different Sludge Samples
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Abstract According to the functional and structural characteristics of sludge in wastewater biological treatment systems, the performance

(1. College of Environmental Science and Engineering, Suzhou University of

comparison among the extraction methods of extracellular polymeric substances ( EPS) were conducted in this research. The EPS composition
of different sludge samples were also analyzed, based on dissolved oxygen level in reactors, microbe nutritional types and spatial structure etc.
In addition, the important role of EPS component on cultivation of some microbial aggregates, such as completely autotrophic nitrogen removal

granular sludge, was emphasized.
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Table 1 Comparison of performance efficiency of EPS extraction methods
e EPS JURtL Bt LI R JREIE s
Sludge type Total extraction amount of EPS Damage degree of cellular structure ecommende Reference
approach
W58 Activated sludge H % — NaOH 3 > EDTA 3t > i EDTA 3 > H % — NaOH 7 > CER  H[#% — NaOH ¥ [11]
- Bk > CER 2 2> W - Bk
WitEI5 78 Activated sludge NaOH ¥ > ¥ — NaOH 7% > H,SO, NaOH #: > i — NaOH 7% =~ H,S0, H ¥ - NaOH & [12]
1% > CER ¥ > B0 % 2> CER ¥ > Bk 5 H,S0, 1
W58 Activated sludge g - NaOH 3 > H,S0, ¥ > CER  HIf## - NaOH 3 > CER ¥ > H,S0, H# - NaOH 3 [13]
> A r A 372 % H,S0, ¥
15U Activated sludge A — NaOH 3 > EDTA ¥ > fin#c HI¥ — NaOH ¥ > EDTA B > it vt [10]
> W — R > R > WL > TR - WSk > A > L
AL A W B 55 05 PR 75 U8 Niwifying #8575 P 5 > EDTA 35 > NaOH & > #/AJEE > NaOH 3 > EDTA & > EDTA & [5]
biofilm and activated sludge CER ¥ CER &
l1ki578 Nitrifying activated sludge — fii#%i% > NaOH ¥ > #AE: > H,S0,  fiii%ik > NaOH 3 > H,SO, ¥ > 48 #/Ask [9]
> CER #; Ptk > CER #%
Canon i ki y5 Y& Canon granular #57% > NaOH > i > CER  fiii%ik > NaOH 32 > H,SO, #: >4 #/Ask: [9]
sludge (AR L - REA A4 B IR ¥ > H,S0, P > CER #
-0
W58 Activated sludge NaOH 32 > i ik > A > CER % E: > NaOH % > H,S0, ¥ > #  #FEE: [9]
%> H,S0, 3% 7k > CER #
TEPETS e 4 E UKL TS U Activated RS — T — NaOH 35 > HVEE - BFS I - B — NaOH 5 ~ B — RIS - HVEE - [14]
sludge, aerobic granular sludge NaOH ¥~ I — NaOH - A I3 NaOH - 887y > FEE — NaOH 7% NaOH %
> finak =~ ik
IR 48 UK ¥5 ¢ Anaerobic granular FIEME — In#vi: > W BERE - NaOH - FISERZ — n#iik > EDTA =~ CER  HT it i — NaOH [15]
sludge (AbFHIELTHE K ) B> AP > CER 2 > EDTA i 3% > Wi - NaOH 32 > M el sk
PR 48 UKL 5 J6 Anaerobic granular FBERZ — in#hik > CER ¥ > AN WIBERE - n#vgk > Bt - NaOH - It i — NaOH [15]
sludge (4 FRFOREZE TR R ) 1 > HPEIE - NaOH 3 > EDTA $& 1> EDTA ¥k > i > CER gt pRalH ik
#2 AEGRERS EPS FIZER
Table 2 Chemical composition of EPS in different sludge samples
RS EIRA TSR EPSRURE UM EPS 43 EPS composition P
Sludge Sludge Sludge EPS extraction Reactor EPS PN PS HA DNA =
. PN/PS  Reference
category shape type method function mg/g VSS % % % %
s 2R fitifk i EDTA i CSTR, &b 31 5 137.5 63.4 9.1 26.4 1.1 7.0 [9]
Aerobic BL & ZUBL K,
sludge SRR AL
P Ue FH CSTR, kb 3 17 127.0 70.9  29.1 — — 3.5 [16]
-NaOH ¥ Bris/k
R R HE CSTR, 4b 3 17 232.0 55.3  28.6 — 16.0 1.9 [13]
-NaOH ¥ Bis/kK
kA Canon i ki R SBR, 4b # 75 285.1 84.9 6.0 7.6 1.5 14.1 [9]
5l GIREE-N Wi
G Ye  HIEE - SBR, &b 3 J¢ - - — — — 0.6~0.8 [17]
NaOH 7% PLE R Bk
WRE RS TP - SBR, 4b ¥ 5 51.5 58.3  41.7 — — 1.4 [16]
e Fr AP PLE ARk
BIEERISIe AR SBR, [# fi# i 483.4 47.2 30.2 22.6 <0.1 1.6 [7]
EEW
SIEPRITSIE  INERE.CE SBR, DL A 4 113.0 ~136.0 =70 ~30 — — 1.4~2.0 [18]
WA
SRR TR - SBR, L Z W  137.8 76.2  23.8 — — 3.2 [19]
NaOH BRI
R 2R 1P e Ik CSTR, 4b 3 77 45.5 68.0 25.4 — 6.6 2.7 [10]
Anaerobic BrimK
sludge PG e T - CSTR, 4k B 17 41.9 69.2  23.6 — 7.2 2.9 [12]
NaOH BriEK
ook VY RED 1A HE - UASB, &b # iy 102.1 41.2 18.7 22.8 0.2 2.2 [11]
NaOH 135798
ok iU FgE — EGSB, &b #i 112.7 64.5 8.1 26.2 1.2 7.7 [15]
NaOH 3% AR
R I 194.5 50.2 18.7 29.2 1.9 2.7

TE : CSTR. #2433 P18 S0 4% s SBR. JF LR S 2% s UASB. L3t sUBR 405 R IR s EGSB. R AU I 0k V5 R B

Note : CSTR was continuous stirred tank reactor; SBR was sequence batch reactor; UASB was upflow anaerobic sludge blanket digestion; EGSB was anaerobic

expanded granular sludge bed.
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Fig.1 FISH-CLSM images of the EPS of anaerobic granule sludge with or without the exposure of nano-scale ZnO particles
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Ammonia oxidizing bacteria ( red ) ; d: Heterotrophic bacteria
(yellow) ;e. Merge image.
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Fig.2 FISH-CLSM images of the EPS of aerobic granule sludge

VeI JeH B I 58 BIFE 7 1 i T BEAh 5, LA
POCIFI A28 — WOBIE B A2 4530 W IMUBE (FISH - CLSM) 4
AR T LK 0 AT Th RE B S EPS 2540 1 58 6] 3 A5 1
B, SR ST 15 VR 4R 5 M Al 2 ] (4 ) 1 G R B T ST
A7 Mu S B FISH - CLSM $ A, He A T PR 48 ks
TS URTERE A A K Zn0 URLHT IS , EPS 20 43 4345 #9728 AL 175 100
(1) . B2 g5 TR I h 45 25 BE i 5 1 % EPS
LA HIARR O B
3 ZitE5RE

25 LA, 16 Y EPS $2IB07 b, I - NaOH 3%
RETEA U5 A0 a2 ke 4 TR T 3R A5 ¢ e A B ORI, T T
SRR, E TR YR 7, U R P AL I TR
EAFE S AR AR AESE 7k b 58, FISH - CLSM 4% AR 1
7 FEE T LM S LS 4 5 EPS 214 102 18] 43 A 5 Y A B



16 G AR e

2016 £

£, C AR WIS EPS AHCHIRERY B2 T-Be
2B L IR 9 EPS 4SR5 17 5 9615 17
P S B RNTS Ye 25 TR TR 2555 A A0 D RH G AR Ml
RS . (AT LLIRR Y2  EPS JERUZE M R B0k B & N
INAIREE AR B 2R EPS 1) KR 43 WA AR TS5 TR 45
FRESE 0 A AR P O TR I, A B 48R A K R B 8%
KA A FR A, S B[R] D RE TR A 43 J2 40 A, X 0 T o 5
A HFR ARG e B OCE B, Y, B AR AL B EOR )
P R R A LTS e M RE AAS 4k H & A, g ST EPS 2
B3 AT S MRS AL 2Z [R] A0 3 OC & , PRI 58 DI BE TR
Sy EPS A FE AL, DU A T 2080 AR 00 O Ak £ 11 2 it
i% o
S % Lk
(1] TREERE, Z=HE, 75757, 55, I8k S TR MR &M RIS 5 55
HrlJ ] IR TR, 2007, 1(4) 1127 - 130.
[2] ADAV S S,LEE D J,SHOW K Y,et al. Aerobic granular sludge : Recent
advances|[ J ]. Biotechnology advances,2008,26(5) ;411 —423.
[3] YANG S F,LI X Y. Influences of extracellular polymeric substances( EPS)
on the characteristics of activated sludge under non-steady-state conditions
[J]. Process biochemistry,2009 ,44(1) :91 —96.
(4] Mg, 200, SR s k5 e FP S MR A B A AR M 2
TS FRRAFETERE L) . PUJIEREE,2008,27(5) 175 - 78.
[5] LIANG Z W,LI W H,YANG S Y et al. Extraction and structural charac-
teristics of extracellular polymeric substances(EPS) ,pellets in autotrophic
nitrifying biofilm and activated sluge [ J ]. Chemosphere, 2010, 81 (5) .
626 -632.
[6] SHENG G P,YU H Q,LI X Y. Extracellular polymeric substances( EPS) of
microbial aggregates in biological wastewater treatment systems: A review
[J]. Biotechnology advances,2010,28(6) ;882 —894.
[7] ADAV SS,LEE D J,LAI J Y. Aerobic granules with inhibitiory strains and
role of extracellular polymeric substances[ J]. Journal of hazardous materi-
als,2010,174(1/2/3) 424 —428.
[8] MU H,ZHENG X,CHEN Y G,et al. Response of anaerobic granular sludge
to a shock load of zinc oxide nanoparticles during biological wastewater
treatment[ J ]. Environ Sci technol ,2012,46(11) ;5997 —6003.
[9] PELLICER-NACHER C,DOMINGO-FELEZ C,MUTLU A G et al. Critical
assessment of extracellular polymeric substances extraction methods from
mixed culture biomass[ J]. Water research,2013,47(15) :5564 —5574.
[10] J&R, e, it 15Ty N &P 3 i o5 K
PERERISENNLT . BRERY,2013,34(7) <2752 - 2757.

[11] LIU H,FANG H H P. Extraction of extracellular polymeric substances
(EPS)of sludges[ J]. Journal of biotechnology,2002,95(3) ;249 —256.

[12] &R/ NS, VPAa, TRRRE, 35 ANFEHRE N R —I5elas MR & ey
T[] ISR TR, 2010 ,4(2) 436 —440.

[13] 2, BT, BRARL, 55 I/ PRARG S TR IS MR G (EPS ) FUSRE

FEFIEL) ). PRRREAR,2005,54(12) 11624 - 1629.

[14] ADAV S S,LEE D J. Characterization of extracellular polymeric sub-
stances (EPS) from phenol degrading aerobic granules[ ] ]. Journal of the
Taiwan institute of chemical engineers,2011,42(4) .645 —651.

[15] ABZAC P D,BORDAS F,HULLEBUSCH E V et al. Extraction of extra-
cellular polymeric substances ( EPS) from anaerobic granular sludges:
Comparison of chemical and physical extraction protocols[ J]. Appl Micro-
biol Biotechnol ,2010,85(5) ;1589 —1599.

[16] T3, B WK, 05, 5. WWAsCRkT5TE EPS 2280575 54 RS
PRI T ] BNEARIR,2015,35(11) 13515 -3521.

[17] WU L,PENG C Y,PENG Y Z et al. Effect of wastewater COD/N ratio on
aerobic nitrifying sludge granulation and microbial population shift[J].
Journal of environmental sciences,2012,24(2) ;234 —241.

[18] GAO D W,LIU L,LIANG H,et al. Comparison of four enhancement strat-
egies for aerobic granulation in sequencing batch reactors[ J ]. Journal of
hazardous materials,2011,186(1) ;320 —327.

[19] XN, 57, 2 K, 4. Semn A AL i e Bk s e el S5
SEFERRAELT]. BRI ,2015,36(9) 13352 -3357.

[20] HOA P T,NAIR L, VISVANATHAN C. The effect of nutrients on extra-
cellular polymeric substances production and its influence on sludge prop-
erties[ J ]. Water S A,2003,29(4) ;437 —442.

[21] SHOW K Y,LEE D J,TAY J H. Aerobic granulation ; Advances and chal-
lenges[ J]. Appl Biochem Biotechnol ,2012,167(6) ;1622 - 1640.

[22] ZHU L,LV M L,DAI X et al. Role and significance of extracellular poly-
meric substances on the property of aerobic granule[J]. Bioresource tech-
nology,2012,107(2) .46 —54.

[23] WAN C L,ZHANG Q L,LEE D J,et al. Long-term storage of aerobic
granules in liquid media; Viable but non-culturable status[ J]. Bioresour
Technol ,2014,166(8) ;464 —470.

[24] WEI D,XUE X D,YAN L G,et al. Effect of influent ammonium concen-
tration on the shift of full nitritation to partial nitrification in a sequencing
batch reactor at ambient temperature[ J ]. Chemical engineering journal ,
2014,235(1) :19 - 26.

[25] CHEN F Y,LIU Y Q,TAY J H,et al. Rapid formation of nitrifying gran-
ules treating high-strength ammonium wastewater in a sequencing batch
reactor[ J ]. Appl Microbiol Biotechnol ,2015,99(10) :4445 —4452.

[26] xI5chn, TEES, 7, 5. (R O/N fFRE MRS IRk 5T EE TR
KRS ] IRk, 2013 ,33(8 ) :2226 —2233.

[27] ADAV S S,LEE D J. Extraction of extracellular polymeric substances from
aerobic granule with compact interior structure[ J]. Journal of hazardous
materials 2008, 154(1/2/3) ;1120 — 1126.

[28] NI B J,XIE W M,LIU S G,et al. Granulation of activated sludge in a pi-
lot-scale sequencing batch reactor for the treatment of low-strength munic-
ipal wastewater[ J]. Water research,2009,43(3) ;751 -761.

[29] VERAWATY M,PIJUAN M,YUAN Z,et al. Determining the mechanisms
for aerobic granulation from mixed seed of floccular and crushed granules
in activated sludge wastewater treatment [ J ]. Water research, 2012, 46
(3).761 -771.

[30] JEMAAT Z,SUAREZ-OJEDA M E,PEREZ J et al. Partial nitritation and
o-cresol removal with aerobic granular biomass in a continuous airlift re-

actor[ J ]. Water research,2014 ,48(1) ;354 —362.

(E#F 12 7)

LR A SRAE SRV IR E S S 558 E,

ST R ARG B

SE 3k

[1] PAUCHARD A,AGUAYO M, LA PENA E. Multiple effects of urbanization
on the biodiversity of developing countries ; The case of a fast-growing met-
ropolitan area( Concepcion, Chile) [ J]. Biological conservation,2006,127
(3).272 -281.

[2] Bt R LA TENEIRNNE X IA R IR ]. s
%,2002,37(6) .74 -78.

[3] £58, B%E LRAERMAES RS RN SN R ] EHE
.2007,5(3) :274 -281.

(4] %k, XURK, 2252, 5. DU SR Ll =007 MO 28 e 1 R A [T
PREEIMYEA AR ( EARRRARR) ,2009,30(2) <141 ~ 148.

[5] BEISSINGER S R,0SBORNE D R. Effects of urbanization on avian com-
munity organization [ J]. Condor,1982,84 .75 —83.

[6] ROSENBERG K V,TERRILL S B,ROSENGERG G H. Value of suburban
habitats to desert riparian birds [ J]. Wilson bulletin,1987,99.643 —654.

(7] &7, 5 B, EEAR, % 0GR s A 2 R Y 521
[J]. BpAEAP41,2015,36(3) :295 —302.

[8] BLAIR R B. Land use and avian species diversity along an urban gradient
[J]. Ecological applications,1996,6(2) :506 —519.

[9] CONNELL J H. Diversity in tropical rain forests and coral reefs [J]. Sci-
ence,1978,199.:1302 - 1310.

[10] Bkt T, F0063., 5. IR S R A A R R R [T ). ahr

1F5%,2000,21(2) ;165 - 169.



