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(R AON KPR G IR B R A2 5 TR R, Fat 210095)
WE . IEHIE RS KA RGP s 2 B Y (extracellular polymeric substances , EPS) X5 ey it 2 55 K i3 I8 (1 220k . TR A
IKPEREERA 5 EEAE 2SS 8 T 2B 1T RE 1 SRR R 4R B P T RE S S EPS Al ) . B A R E 2R, HiEY
M AR DG EC B A5 L. AR SOR A B O IR R IR iR AL RN B A B EPS J& | SR FSCRRZ B HRE 1) 8 A3l | fb 2= 7 L R IR B %5 A EPS
(tightly bound EPS, TB-EPS) , 4% TB-EPS % M 24 . S AT . BIRSE U & s It it — 24081 TB-EPS [#3E F 4L A, 5 Hr
T TB-EPS H 15 FMocE frar. 5880, 8 Moyiks NGk 42 I TB-EPS 4 /3 B 582 , %15 R i A W A e mi SRR 2 AR, FL7E
EPS {2 UL AT l/\%‘iﬁ%ﬁﬁ,%~ﬁﬁ‘j@/ﬁﬁ% EPS $2HU7 . PHES T I8 XT TB-EPS Hh 357 75 % 25 1 I A 78 IR 25 W Ji
BB MR, NaOH % & B RIS SR BUSCR AL s. W3EvA % TB-EPS 214G M) B RE A S Jo B sz, (H Ak 2k
%} TB-EPS ‘B fig A1F12 ?ﬁﬂl‘]ﬁﬁ%, TB-EPS HAG R ARRAEM B, Sfk b fe2= ik 3R U TB-EPS oo & & TRk,
TF9E 3 R ARG 250 B 0, S BGE LAY EPS SR s 835 257 EPS $REUNARE T % A B F S0 s 25 L E] ) k.
%ﬁiiﬂ:ﬁ‘@‘@?}ﬁ; ﬂ@ﬁl‘g%%, %EX; Zﬂﬁ}; fﬁ?
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Comparison of Extraction Methods of Extracellular Polymeric Subs.tanc'ég"lﬁ‘om
Activated Sludge A’ J/

| o

SUN Xiu-yue, TANG Zhu, YANG Xin=ping" [ A &

( Department of EnVlrdnmental Science and Englneenng, CGollege of Resources and Enylronmental Sciences, Nanjing Agrigultural

_.‘ i
o i

University, Ndn]mg 210095 China) iy /7 e PR i .
Abstract; Extracellular polymeric substances (EPSS f';rg'%losynthetlc polymers of mIcroblal orlglg in the sludge activation-process and__-
crucially affect th‘e properties of sludge inl blologlcal wastew’aterﬂeatment reactors, su<h s the fOIImilthl’l of sludge flocs ,.stabilization of
sludge, structurés, and protection of microbes agqunst nox{yus ‘environmental conditiong.” However, the EPS extraction efficiency differs
signifi cantly accordlng to the extraction methpd used ‘In this study, soluble EPSs and: loosely bound EPSs can be extracted by
centqfugat]on first and tlghtly bound EPS$ in activafed sludge requlre additional eight treatments for .extraction, respectively. Three
physidal methods égentrlfugdtlon sonication, and heating ) ~and _ﬁye ‘chemical methods ( cation exchange resin, NaOH, formaldehyde +
NaOH ,#EDTA , and formaldehyde + EDTA) were tested jand the content and composition of TB-EPS were analyzed. Meanwhile, the
functional 'groups and elements in TB-EPS were investigated. Results showed that the heating method did not introduce exogenous
substarices during the EPS extraction process and that the destruction of cells from this method was relatively slight. Heating was shown
to be a gentle and efficient method in this study. The three-dimensional excitation and emission matrix ( EEM ) fluorescence
spectroscopy showed that the cation exchange resin method had good extraction effect on humic-like and protein-like substances. As to
fulvic-acid-like substances, NaOH was better than the other seven methods. Infrared spectroscopy showed that no notable difference
appeared in the functional groups of the TB-EPS extracted by physical methods, whereas chemical methods induced big differences and
showed particular bands that did not appear in the TB-EPS extracted by physical methods. Overall, the amounts of TB-EPS elements
extracted using chemical methods were greater than those extracted using physical methods. In conclusion, a method must be selected
and established for each case, taking into consideration the experimental purpose, and the most appropriate method should be chosen
carefully.

Key words : activated sludge; extracellular polymeric substances( EPSs) ; extraction; component; elements
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ZHE . R . AR R A b E A M 2
i EPS M1 70% ~80% . EPS E.A3 phF: b4y
JEE5RE , HH AT N 3 0 SR i % D EPS (soluble EPS,

SEPS) , ¥A #4544 % EPS (loosely bound EPS, LB-
EPS) fll % % 45 & & EPS (tightly bound EPS, TB-
EPS) . EPS W ZERUAE Wy A0 M AN I 2% w2 R
PRI AN, A il A A A i Bl A A X A e 1 A A7
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HREET . RAMSEARBIVE R EPS A A T
A5 s = BH S A S DR R K R B S 4
TR B T 0 o o P R L 25 BRI K
OIS KA R G AMNE A Ca** | 45 1R 150
mg-L ™'Y Ca®* A EHE EPS P2 | B TE 15 Y TR
PERE; AT, W SR E TN TR KA
TEPETS IR R GE, EPS rhaid £ g far 9 56 A QR 3 | 72
LA A5G K Y 4 R T A AR AR S K
AR AOK R I, TR FIBFSE EPS 4H4) .
FEP R TR F s x o s MG e T AR AE R
Ko

TG PETS U8 SEPS #l LB-EPS 3 7 % H B0 vk 12
W, EPS 1Y A [a] £ B 7 ¥ — M £F XF TB-EPS T
51 TB-EPS A4 T I 43 o W BR L R Ak 2 ik
PR, W3k ARG B0 S | IS
e 2E AR R I A P $EHUR 22532 EDTA | NaOH |
HEE + NaOH, H B + EDTA . PBH & 2 # # fig
(cation exchange resin, CER) AU EPS R HURK
ARFNLH A5 HE i SR T B0 4 U7 2 2 0 AR 5 A
RO SR AN A AR T TS VR Y TB-ERS 2

ZUor R T, WP HAF R CER SRR U

P57 B9 TB- EPS FEYLh L, DS 4 fz’ﬂi‘:
NEJ ﬁ%fﬂﬁﬁﬁ%‘ﬂ’]%?%%iﬁuLﬁtE&
& E PAMNE T 6 T 5 UE EPS AR B ) iy
EHL HNVRAZEE EPS 1L J%EHX%:& NP
Tﬂﬁ@ﬁﬁm fﬁﬁﬁbﬁ?ﬁiﬁzﬁiﬁﬁﬁ?%ﬁﬁﬁlﬁ
&éﬁ%ﬁ«ﬁcﬂ:m SR AU L EPS YR B S
B RO i 2 50 Xﬂﬁhﬂzﬁ&‘ﬁn
faf52 e EPS A B . B REHI RIS Mot &R &
SEf DL AR AE R WK 8 Fh EPS hﬁxﬁ%‘—@ﬂfﬁ
FAr. ARBIESE 2 B0 2 3 B M5 U SEPS Al
LB-EPS J& , 5% FH E A0 SCifik i 4 21 0 P 3k (B0
AR ) Ak s# 1 (CER, EDTA . NaOH |, H ¥
+EDTA | H% + NaOH ) $2 Bt 7% #4757 TB-EPS, Il
5E TB-EPS 2 ¥ | EH T, DNA FIoGE & &, R}
ERIEAR] S ot /- oy oy - N L i e AR RN
Jﬁi%%ﬁ*ﬁ%&éﬁtt&ﬁﬁxﬁ&eﬂ EPS 4073, %
VA 2 B S T 35 B ) 5 T, LA A BF 5 3 AR 40 A [
S H A B IE B EPS $RBUT R 48 5.

1 #Me5ERZE

1.1 SE5eH5e
ARSI BT TG TS e R RS B T VS K A E
TUTHLIRNR VS U, % 5 K AL BR TR AR /O AR BR

BET 2. TolelnlE  HE2EK (18 MQ-cm) P 2
AR5 R 2l 7K s R 22 R 5 WS U8 Wk B ((mixed
liquor suspended solids, MLSS) y 4 g-L™", 4°C {4
17, TR SE EPS $EBUT 10 HLARL.
1.2 EPS HY$2IU 12

I3 473 800 mLL {5 YRk A, 75 5 v VR O
ML ( Centrifuge 5810R, Eppendorf) H 4°C | 2000
TTEO 15 ming, WOEE BIE R, Liﬁiﬁ#ﬂ@ﬁ
SEPS. AR5 IEH 25 B 7K FHETE 2= FAR,
5000 remin "B 15 min, Y FIEWR, i {&EF' &
A1 LB-EPS. JZ4i5 e 28 1K FHB 7 2R,
4CTRAT B 3 15 JE 2 SR 8 Fh AN [] 7 12 $2 R TB-
EPS'*,

r-min

(1) BSLIE 5UAE4°C 20 000 remin ™' T,
> 20 min"® ",
(2) A 5 iRAe A (KQ-700DE, B 1l

TR A AR B0 W 2 min' 98]

(3) Mt 592 B T4 KM CHS /800D, K
’@ﬂ‘ﬂ%g*jr) 800(37}(({?1][[?}1‘ 10 mm[15 _;,-*"- !

(4) CER ¥ - A Ha (. Dowex SOWXS hyd'roge’n
form, 100 ~ 200 ’me%hb Slgma -Alorich, 3 ) ﬁj]l]g
(Ll CER/VSS #) ij T508-¢ ", SRG 1E 4°C) 1807
remin”' f%ﬁﬁﬂ*ﬁ(HYL A j(ﬁﬁf?)ﬁf‘z%’& ™

(5)Nagﬁ B 1ol-L ! NaOH A 575
VEFE S vl s e AR AL pH 2 11, 7E 4°C7 180
71?%% 3 h[17, 18]‘

(6) HEE + NaOH £ #5 0.6 mL 1 37% HI i
(Mﬁfﬂf\fﬁz)hn/\/ﬁzﬁtlﬂ SR TS e Th B A 1
mol-L.™" NaOH #77 pH %= 11,7£ 4°C . 180 r-min "'
_Fyl:??% 3 h[lo, 18]‘

(7)EDTA ¥ 2 % EDTA & (i
IGIeRES 1 L (RBLE) IRA  FE4°C |
PR3% 3 h''o.

(8) ' + EDTA ¥ ¥4 0.6 mL Y 37% HI i
IMATE R, A P55 5 2% EDTA # 1: 1
(B IR A, £ 4°C . 180 remin ' &1 TR
3 hi',

2 bk 7 vk AL B E B FE S E 4°C . 20 000
remin ', B0 20 min, FIEWEED A TB-EPS, 0. 45 pm
LU 8 4°CARAER .

1.3 TB-EPS L2 ai5r 4 Hr

TB-EPS % DL & A HLAK (total organic carbon,
TOC) 7w, 2k H TOC 43 H1{% ( TOC-VCPN analyzer,
Shimadzu, HA) M5E ; EPS H Z 4 ( polysaccharides ,

r*min

TR 5
180 r*min ' F



3308 AN 5%

B 39 %

PS) SR FHAR M -t R 1 T it | DA 80 WV R b ) 5
H 5 (proteins, PN) R D s i i 4, DA
ML I AR PR 5T, DNA SR R b ik
M, LLE. coli DNA {ERARUED) T
1.4 —4E5O06E A

TB-EPS = 4k %% )% )% i% ( three-dimensional
excitation-emission matrix fluorescence spectroscopy,
3D-EEM) % H % ¢ 43 )6 6 B it (LS- 55, Perkin-
Elmer, JEE) . =4k Y6 6% i & 6 b ok
ST, 38080 K E. VL 10 nm 38 & M 200 nm $14# %)
400 nm, & HHK £, LL0. 5 nm AHEE M 300 nm £
2 550 nm , B AL G REES g 5 nm 395 3
k1200 nme+min "%,
1.5 DM

TB-EPS 41 4b )t ii%
spectrum, FT-IR) 2R £ ZM G 3%4 ( NEXUS 870FT,
HA) 4381 EPS 7 - 80°C VKA (SANYO, H 4%) %
U524 h )5 B TR R T AL ( Christ ALPHA 22 LD,
F) TRRAL I, TR IS RER 55 KBr LUTR: A 100
RE, THHBHARNES), B2 150 mg R &9 4 il
W HATLLAM R T, 2N b A
4, oroo 400, tm_] RO 32 5, 63\'* o1
1.6 m%@%éﬂﬁ \ 8/

BRSO A EEF&%A#FE?#&IK

ﬁf( IG‘P MS NeXIO.N 300x, Perkin Elmel;a 73% [ﬂ_.)

( fouriertransform infrared

ﬁ’*ﬁ @U% Na Mg Ca, Mn. Cr, Co%lSﬂljﬁ‘E’f/

%am
1.7 BURGS RS %

P B 5ok FH 3 IR I 3AME + At 22
k. BRGNS BT Excel 2016 244, >k

6000

(a)

5800
T, 5600 | %
= T
= 5000 + .
2o 4800 +
‘;‘ 4600 [ L
@ 1200 % 7 2

100
50 F
0

.

EDTAj:
HES+EDTA §

2+ NaOH |

H Origin 9. 2 A2 K.
2 HFR5ITE

2.1 TB-EPS fh2f2H 4 $EHCR 0 LU ER

8 FANIA] i) 4 B Ak 2 0k i $2 B 75 U8 TB-EPS
1) E(UTOC RAE) W1 (a) , A, 28,
DNA S ULE 1(b). ANFESEETTEEE TB-EPS 1)
e gl oS 2 MR, N TB-EPS B A,
B EREUY TB-EPS i & Ik, A& & EPS )5
SLA 53 4 BT, — OB AR S T R BOS i 1 x
HEUS A 4R B TB-EPS 05U 2. 87 mg-L ™"
+0. 11 mg-L™", F A2 %2k 5256 2R 8 =
PR R A AR I e, 55 A Al AR 15z
BT 18555 , Wi T30 EPS F B AWK, EDTA
I + EDTA $2H0 TB-EPS %, Nguyen %'
A2 EDTA 7[5 EPS H 4 BHES 140 Ca’ Mg
St Wt T AN Y SR ERLE A PR, Xjéﬁiﬂ@f—‘ﬁét
e R AR A7, BN TR SR GASUIEA )
EPS }_Eéﬂﬁkﬁié} 5 U 1 R AL %@mm
%@ﬁ%%’ﬂnﬁfjc ek W W 5 23%)\7%1{75%%@%%
i %%E}ﬁ EHH?? Adav 2512 l)_"J}Aj;JEET
ST @fﬁﬁ?mdﬁ,@%ﬁ: Mg’*ﬁ&::
PO, Eﬂﬁ@ + EDTA % 2 Ut i @, K 270. 63
me-L +26fis g T, 20 | M TS

M%ﬁf%m&ig EDTA s

j926 02 mg-L™" +1.97 mg-L™", # A 4R BUE
B, B A AT IR, Bk ah e S Uy

B ELA V5 TB-EPS Hr 224 & Ak i T8 A &
B SRS B As R— S

FESUE AN i Bt B /b | RSB0 EPS 254
AR HTHR T 355K A EPS $2EUE , J& EPS $2HL

350

(b)

300 LT
R stk
250 V7 ndnik
SN CERk

NaOH i

E= Wit + NaOH
EDTAjE

HfE + EDTA

200

150

TB-EPS #8143 hib/mg- L™

100

50

1 REHRRFERIRESRE TB-EPS EHAS &8
Fig. 1  Composition of the extracted TB-EPS by different methods
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JI vy A B SN — MR FH DNA & 5Ok 4 5 EPS
FBGTFR A AR R (b)) TE
HY EDTA ¥ K % + EDTA B2 BUH TB-EPS
DNA & &5 &, 25k 192.80 mg-L~' =+ 9.82
mg-L "' H1139.4 mg-L™" +15.76 mg-L~", WX P
RV T VR A ) 20 L IR ™ B (45 20 L N
JRAN R, Xt 48 R 43 1 TS Y. 5 EDTA 3k
NaOH ¥ AH LE, A HHEE {15 TB-EPS H DNA 7 &
A /)N | 3 3 BH R T DA T 200, 9 A -5 4 A v 1
HEATRIERRSS &, I a s i . B0 R
FEEHRELAY TB-EPS H DNA & B 48:%, 2050 0. 53
mg-L™" £ 0.15 mg-L™" fl 0.40 mg-L~" + 0.00
mg- L~ RENZITIEXT A A R . SRR
R, AL SR I 73 $ii 22 EL O U8 Ak A ) 4 R 1
IR BAR, 7E EPS 2B BA G ASMEY BT, 2
— P A Y EPS S k.

400 400

380 380

360 360

340 340

320 320 :
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