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Abstract; To explore the effects of different extracellular polymeric substances (slime-EPS, LB-EPS and TB-EPS) on the adsorption characteristics of the
activated sludge, such as cultured sludge and sewage sludge, the organic pollutants (COD) adsorption characteristics of different EPS layers in urban
sewage has been investigated through extraction of EPS in different layers after heating. Therefore, three dynamical models have been proposed to
understand the adsorption process, including Lagergern’s monolayer adsorption kinetics equation, Ritchie’s bilayer adsorption kinetics equation, and
particle diffusion equation. The results show that the adsorption characteristics of both untreated sludge and -SB ( slime bound extracellular polymeric
substances) sludge from two sources well conform to the Lagergern’s equation and Ritchie’s equation, further indicating that both monolayer and bilayer
adsorption occurs in the process of sludge adsorption. The content of EPS gradually increases from the outer layer to the inner layer of the activated sludge.
The ratio of protein to polysaccharide in the outer layer is smaller than that in the inner layer, however, the ratio of protein to polysaccharide in the outer
layer for LB-EPS is higher than that for TB-EPS of cultivated sludge. The adsorbed SB-EPS in the cultivated sludge is 0.650 mg-mg™! and that in the

sewage treated plant is as large as 3.37 mg-mg ~'. Compared to the raw sludge, the adsorption rates increase by 0.0997 min™" and 0.0390 min™'for the
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above two sludges, respectively. Therefore, it can be concluded that the SB-EPS can absorb organic pollutants with a low adsorption rate. The adsorption

capacities of TB-EPS(tightly bound extracellular polymeric substances EPS) for two sludges are 1.06 mg-mg™' and 0.443 mg-mg™', respectively. The

adsorption rates increase by 10.7 min™' and 0.183min™",

respectively, compared to the raw sludge. The compact structure of TB-EPS results in a low

adsorption rate, but TB-EPS can absorb the pollutants on the extracellular substances without being released. The LB-EPS cannot store pollutants, but it

can deliver pollutants to the inner layer rapidly.

Keywords: extract extracellular polymeric substance; sludge adsorption; dynamics model; carbon in wastewater

1 5|5 (Introduction)

VS VLTS K AL BE T 25 5 e ) A it
RIPAB B, 25— B IS YR B S K R A LTS
Yy I R o 1) A 2 A A7 (VR BB B ) 5 2 B B
PR I 3 Bl is R TS g e % B AR N R A R
20 LT AR R e 2 ) W) S5 R R e (AR 9 B ) (e A
TRFIO [E 4E 55 1999 XA 5, 2011) i LAT5 R 22
AR PR IR S X655 7K Ak SR A SR A A e A T i A1 2R
B (EPS) S5 e 2 Wiy 23R4y, 5 TG PETS
P EAHLTAY 50% ~90% ( Sheng et al., 2010; JE{5
&5, 2013) . EPS X5 8 284 1) B A M 5 ( 2R Ak 2
R THT LA | 2R T R | K T R
% (Sheng et al., 2010) ) F=H: K52,

[ NSNS D22 5 R0 T 15 U6 EPS I B 52 i fF
58 ABFEEAE R FIEETS I EPS X 5 4 8 1 W BT
%% (Zhang et al., 2014; Liu et al., 2015; Tourney
et al., 2009; Wang et al., 2014) ,Liu 55 (2015) % H
BH B 32 #5445 g v DA A S 0K 15 18 $2 B EPS T
Bf Pb( 1) (CA( D) Zn( 1) BOBFFERI . EPS X 3
Pl ES F 27 A AR 4 0 W B B 1, TR B R 4 0 ol
1587.3 mg-g™' \1470.6 mg-g~' Ml 1123.6 mg-g'; Wei
Z2(2011) W HLEE T & EPS (B AR FI# 3 EPS 1
Xt Cd MR FE, % B EPS B AFAE B B34 h0 T 40
[ B BE 5 T Ueshima %5 (2008 ) BF5¢ & 88, EPS H
FIFEARSME B3 2 1 0 AR 1 A= A7 RE T, TR
YN Cd B .

KTF 15U EPS XA LTS YLy 0 iz B F 55 L /0
WAy H R T I5 7 EPS XF Yekeh i 7k rf Juokk i g
R, Wei 25 (2015) IAlg EPS 76V F 5 25 [ rp A7 A2
SRIVE T, HLWR B3 B2 45 6 1B — s i A i A 7
EPS W k7 F 5 s e A A B i T e 3 1 R
FIE FEIR 9 9 (0 Z R 5K 2 5 Gao 45 (2011) 433l i 5%
T EPS X 4 B[R Gk G PR MR 2T 3 P
41 FLERS) R, & B EPS X PH B T2 YLkl 1R
T B 3552 ; Sheng 55 (2008 ) SR FH Y 2 i 15 BH &5

Pe A AR B RS )8 EPS XA HLTS G4 iy i
BRI, 2 R s 4R RS U8 EPS X A ALY G
WA W RE J) , Ho i i B ML R-EPS 285 W1k
SEILEY , FCrhaF 4G U8 EPS WK AE T,

G EPS 54 MIAZS & 00 BB R EEA ), iR
EPS 43 A )2 (slime bound extracellular polymeric
substances, SB-EPS) . fA #l 45 & W 4N R & W)
(loosely bound extracellular polymeric substances,
LB-EPS) Fil % % 45 & (19 L 58 3R & 4 (rightly bound
extracellular polymeric substances, TB-EPS) ( J& 1&
%% 20135 Yu et al., 2007).Guo 55 (Guo et al.,
2015) HARGE T R A S ISR G Y (TB-EPS) 1Y
W AR R 55 R R T P 1) G 3% AT TR A 5
PORRAY 16 5 W AR Ik 8 R R ik 1) B 2 5
XF TB-EPS WL B 520, 25 R W] R % FH ki
FUZ Y TB-EPS f0 B % e

AIFZ EPS FP LSS 2 7 AR ], Hoxk s Je
W R REAE T2 AN [, (AR R AR HL H G
T43 )2 EPS WLV RE A BIFFEA WA . A1t , A SCH
XA Z EPS AR ZH 73 1Y % B 70 A, BF 58 AN [
JZ EPS XA LTS R W BRHERE , bl EPS X578
MR BAE AT HLAI P RE AR

2 ##EI57Fi%E(Materials and methods)

2.1 R M A

RIS PRV R B % 1L B K AR (A0
T2 (Bt A A 478 SBR (Rt R 0 2 )
T KA FR /NS B %/ MASE BRI T LK, [ H
S K FR s N A5 2 8 L NH, C1 A1 KH, PO, LF il 5% &
WL 100 5« 1 BERIAR TS 15 K, I ) 2 Rl 15
HUH T Eais 7K T A B 0. A DR E W B i 5 e
YW TCER BB BTG YL F B ml V5 e 15 e as 1g24 h,
RS A T4 B DR T8 P ¥ e SR AT e i
T 5 7K G5 — B2 F A TR 5 7K Ak B (6 20 A% A
KT TR BRI TSGR R 15 KR
Fringe 1 iR,



4064 w8 R

2% 2 i 36 %

F1 HBREESR.SKEEREEETIZESH

Table 1 Activated sludge and sewage indicators of test and main process operation
TG R bR T35 I V5 KSR AR

BRI S MLSS/ MLVSS/ SVI/ DO/ coDn/ NH}-N/ TP/

2 o B SRT/d B pH . ) B

(mg:L7")  (mg:L7") (mL-g™') (mg-L7") (mg-L7")  (mg-L7') (mg-L7)
K5 6481 5976 69.4 25 5.0~7.0 7.0~8.0 296.86 16.93 4.27
15K TR 5137 3172 112 20 2.0~4.0 6.8~7.2 314.58 17.73 6.35
2.2 5 EPS By WA & 24 RHEATITE T &
KHAPIRBULIRBOS S R A EPS(WkiF 241 Bz A FEA e mE R E AR

45 2012) A5 E]AYHL EPS 48 0.45 wm JEBEIHIE UK
LRSI Y EPS #E4T 0. LA VR VR R AR HEY)
J5, K FH Folin-Byek it EPS H (1) 85 11 € f 40 i (%
75, 2005) s LA AIFEAE AR AEY) T, SR AR IR - R 193
WX EPS W A T AT (R, 2012) 5 LA
/N R DNA VERARUED) BT, R FH — 2R e L k)
FE EPS H1) DNA (JE{R %, 2013; Sun et al., 1999).
2.3 F| B EPS 7R B R MK I

FFEEEAE JZ EPS X i P 15 U6 % B RE 1Y 5
M, 4351 1) 4 4~ 1000 mL BEFRFPAILA 500 mL 25 B )5
75U (F V5 e e BE AE 6000 mg- L' 2 47) , SR G
AT AR AL R (FRMR S, 2013) . T JFy5 7R . AT
AT BE; 1 -SB 15U . JALT5 I 250> (6000 ¢) 5 min, 5
2 B (Z2Bk SB-EPS) , 7 A pH(7.00~7.50)
B 258 TR AN BN AT, IR i, -SB V5 U il S p) 25
Hrp SB-EPS J5 (975 ¥¢; I .-LB 75 ¥ Ji 5 e 1E
3000 r-min”' .0 10 min, 75 FIEWR, AR
) 70 °C Y BERRER 22 th W (0.1 mol - L' ,pH=7.4,
PBS) #b 75 21 B AR B, B B0 K I 18 PR S A
(50 °C) HTRHEIRA 1 min, FREFE S T 6000 g 2.0
JIF S0 10 min, 3775 F VW ( £BR LB-EPS) 7 EA
W pH LB Tk b B JRAR AR, R, -LB 15 e 3k
S B HH LB-EPS J5 19757 IV .-TB 15 . 55 e
7£ 3000 r-min~' F B0 10 min, 75 FIER, A
PBS & 77 2 JFE AR, SR 5 7E 60 C /KA 30 min, £
6000 g B 0> /1 F B0 30 min 3+ 5 W (ZBR
TB-EPS) , 7 A pH 112 8 7 K #b 8 2] SR AR TR,
I, -TB V5 e 2 4 25 H b TB-EPS J5 75 7.

iz A i B2 4y i A B Y5 PR S, 1 AT A TR) Ad
PR pH 1255 F/KIE VTS U8 5 0, YL 30
min J5 352 _FIE W (R4 LW WO T 00 W Uk R K
1 COD) , PR BB IR A AR FIE] 300 mL. [a]Ledf
A 600 mL 435 75 7K, 2R J5 T 75 % B 3l g 1 4%
(J3-4, "D ERERE(150 remin™') 43 907E 5.10.20
30,40 .60 F1 90 min BFHL 10 mL A5 COD.

EPS %15 7é W it A= 1% 15 K A ALT5 e B i sh ) 27 5%
Wi, W B2 43501 R FH DL Ritehie 33 3R 7 R Sk JE Atk 4
SR 2 BB Bl i Al | Bl Lagergern BALJZ2 W i
Bl 112 B RN Ritchie X2 W BFASE 78 () 2% U 4
2011) , KBURE N BB BU4DL .3 Bl 8l ) 2 A Ty
A= (1) ~ (3) Fiw.

q, = q.[ 1-exp(-k1) ] (1)
1

q, =qe[1-1 - kzt) (2)

q[ =k3t0'5 +c (3)

A, g, F0 g, 53 501 52 W BT ¢ Bk 220 RS- 457 I 0 o S
(mg - g™ )k k, 70 5N Lagergern HJZ W [ff A0
Ritchie BUZ M FFEE A5 (min™") 5k, S ORI 91
HE( mg-g'l- min'o‘s) se HHEL

242 B EPSHMEHHE AR MHHEIIA
[F])2% EPS ZEV5Je M B i VR FH, 43501 5K 1 45 2 s
JiE EPS XA HLT5 % Py i e B o, BRI ARG R
.

A7 SB-EPS M &= A = [ JE{5R ¢, - (-SB
159€ ¢.) ]/ (SB-EPSXMLSS,/1000)

AN LB-EPS W i =B =[ {58 ¢.— (-LB
15 ¢.)-( SB-EPS xMLSS,/1000 x A ) ]/ ( LB-EPS X
MLSS,/1000)

A TB-EPS BBt it = C = [ J515 1 ¢, — (-TB
158 ¢,)-( SB-EPS x MLSS,/1000 X A ) — ( LB-EPS X
MLSS,/1000xB) ]/ ( TB-EPSXMLSS,/1000)

A A, MLSS, \MLSS, . MLSS, 43 %] 4-SB 158 .-LB i5
e -TB 15 U6 A B 77 [ Ak B

3 R 51718 (Results and discussion)

3.1 FR%AE EPS A4

AFEGUe R EPS S LA (B 1), K351k
EPS i T LB-EPS . TB-EPS &K Ti5/K) 158, T
R FIEK 15, 4.86 mg-g” XIEH T
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15K IEPETS U8 2R 48 Y 5 e B far FL KT R A9 6 e /N
DR L 240 P T R A 5 S gk 20, 44 o SRR B AR, I
YHBA ) 73 WA AR 7 far 35 e EPS % 8
K5 Ie R 40 DO (% 5.00~7.00 mg-L™") & F
15K ISR RS (2.0~4.0 mg- L) RS E EPS &
IR Z — (R IEFSE, 2006) , FRREZE DO

B S AT SR I YTE R 5 e
A IER S EPS B GAE MR AR A, A I EPS 5
8L s Liao 25 (2001) &3, 78 SRT (75 e #% ) # 4
B, V5 e B4 A 0 R AN BB A i DR H T AR
ZARIBIRPFEAIE K EPS SN R 5.

50T adf3nisie S0 bAgKR) 5 45.85
40,99 =
a0t a0 —
2 = =
: . -
£ 30r £ 30 %g
g 2 =
ilé 20 - § 20 %%
I i —
K < %g
10 - - /E
= — 037 S8 2
SB-EPS LB-EPS TB-EPS K245 Fn SB-EPS LB-EPS TB-EPS B2 5 Fn
1584 JZEPS 15B&JZEPS
El1 &SR EPS @RS E
Fig.1 ~ The picture of EPS composition distribution of activated sludge

M EPS ZH ) 7, EPS 4043 3 B HR 2 5 1,
AR Y 81.07% (K5 371508 ) .79.96% (15 /KT 15
) R 205, DNA & it e/ 85381508 15K
157 EPS "R H 5 20 2 10 LU B 3 301 R 4.37
4.76 , GLAAEE SRS e h Z 0 PT o5 L R xR T
321508 DO =, Z 0 s o m (B8 A B2 IR R
AL (Shin et al., 2001). LAk, K5 3775 ¢ pH {H
(7.00~8.00) = Ti5K) 1508 (6.8~7.2) , 4 pH {H
B rh RS, B4R EPS & it /Mg B R B, (H 20
A PR R =55 (2007 ) 356 & B, TEA LR
BEFRRT5 e LA 4 0 2 B 7R 175 e EPS W R
J 5 22 W ) HO B2 v, AR AR 5 b B 3 7 U R FH T A
B BRIE A T EC K, 757K ) 15 Y i 75 /K 2 17 85
KBRS 2%, TR I AR SR BiF 5 45 2R TE B 53X
—ZEEH— N FZE EPS AL EF , WiFhis
T B A ML WA A JZ EPS AL &, M SB
ZF|TB JZ (AR EPS & B L. LB 2 h
EPS & i B 1Y31.56% (15351578 ) (41.86% (15
KITi50R) ,J& SBEH K 3.06 15 (K5 %7578 ) .29.08
i (TEK)1508) s TB J2H EPS & & 5 B i 1 58.
34% (¥ 315 Y8) (56.71% (15 K] {51R) ,J& SB JZH

i) 5.65 155 (R 351578) (39.39 4% (157K 158 ) A
ST EPS T A S TE B A A M A T, SRS B
] &b | SEL 7R B A A ] B v, 4 3 00 e SR 7 g 24K
PYHRZS B, B 43 W 1 EPS 26 JROR BB 1)
EPS £t 2412, A5 782 1 EPS AR TS A HL.
BAMNZ EPS KR TR T 5K, Rk & K
ML TCHLTS G B, e 208 RS W2 (SB-EPS).
B R SR S HE Y TB-EPS, 2 J5 18 18 i 48 1 LB-
EPS SB-EPS, iX F£ 5 5 3 SB-EPS #1 LB-EPS & &
AHXT 22 , TB-EPS ¥R BEAN WG hn, HAA 238 m 3] —
FEFLEE N LB-EPS F1 SB-EPS A 241

PR U A [F) 2 09 25 11 5 5 2200 Le i 22 16
A B IS SB 2 LB 2 TB EHhEHFR S %
WEOI LA 2 9y 3.74 4.83 . 4.27 , 5 RS54 I ) g
WA 5K IS8 SB 2 LB 2 TB EHE R
200 a7 51 R 1.28 ,4.66 ,4.76, NI ZE FI| 4
JZEIEZ I R S BT IR R SeHEH EPS B
78 ) SB-EPS, LIS B EARN /Y DO 5 2,
W& A 2 WA AR R 1 EPS 7 kR
W FIREIRN K DO & &k EPS Hh 205 & i
w0 N E EPS S BTS20 LUE LA Z K.
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B B3R5 EPS F R TG K) 5 EPS
o 2L FT, HOROY 20, DNA & i /b
M SBJZE| TB J= (A EIN) ,EPS 5 EZ A3,
PRGN [F) )2 1 38 55 22 FE 2 D A1 =/
TN AR IR IEM-TB 150 )2 h A i S 28
{H/NF-LB 151RJZ.

3.2 FRBM B FARE A

BN F1 =AY T e eF U8 B - R A i) 24y 401
& ARG 2 Fos . RS U T A R S
TURL N BT g ) 5 B S ARA, JEIR-TB ¥5 R,
UEIT5 e X 15 G 1 1) Wi R A 5 90 42 PR A0RE 26 T ik
17, M 3 B SRR A .

®2 FBEERE EPS W5 RMRMIXEEIEL S ERNRMSH SRR (R?)

Table 2 The adsorption parameters and correlation coefficient( R*) of the fitting results of sludge after striped each layer of EPS adsorption test data

. ¢ = q.[1 = exp(=Fkt)] 4, :qe(l _1+1k2t) q = k" +c

q. ky R’ q. k, R? c ks R?
WIS 41.3489 0.1462 0.9547 45.4265 0.2221 0.9754 12.0228 4.1693 0.7240
KEF%-SB 15 31.9047 0.2459 0.9405 33.3937 0.5338 0.9451 13.2794 2.7025 0.4599
EJR-LB 1518 34.3286 0.1659 0.8488 37.8724 0.2427 0.9084 9.8586 3.5972 0.7427
¥iFR-TB 151 7.8911 10.8794 0.2195 8.3446 1.0110 0.2237 2.0595 0.9963 0.2962
1K) R G 30.2804 0.0595 0.9641 36.6793 0.0652 0.9555 2.9482 3.3949 0.873
15K -SB V5 24.6868 0.0985 0.9644 28.2758 0.1249 0.9459 5.0331 2.6467 0.7532
15K -LB 151k 29.9596 0.0164 0.6162 37.9961 0.0148 0.6263 -1.3273 2.4005 0.6429
15K -TB 1578 13.2072 0.2425 0.0966 13.4250 0.6216 0.0455 7.6162 0.6382 0.0128

WIFR5 e B JE 5 U6 .-SB 15 e 5 Lagergern
JZWZ BTN Ritchie X022 W BB 0 4005 8508 L
(R > 0.90) , X 1 B 402 15 e 76 W B ol 72 o BE
AFAE R 2 Y EE B 5 A A AE 2 )2 Y B Ak 2
W o 3ok . 3 3 I35 8 B 3% -SB. 15 JE W J 28R
55 Ritchie XUZ M MRV AP HE L (R > 0.94) ,1fif
EAKTIRTEPE 15K T -SB 15 Y6 B9 W B i B 2R 5
Lagergern L2 MR [ AIW) & B 47 (R* > 0.96) .-LB
1565 Lagergern 512 W {571 (R*24 0.60~0.85) |
Ritchie XUZ W F LA (R* 4 0.60 ~0.91) W) & L
-SBY5 e/, W Bt 75 AR A 1835 -TB T3 e iy

EPS 248k e 58 e ) 25 , F 285 K CoD 1y
W bt £ B /N T-SB {5 e 5-1B V53¢, Hish K, 5
B 1 E IS AR/ N (R? < 0.23) WM 7 T8
A FT UL, EPS 3B d 1575 Je XA ALY oD ry Wk
W R AR ARk
3.3 &= EPS xti7 Jo B I 6k 09 % o AT
FUEFIFFE A G2 EPS X3 7 5 U8 W Ffi 4 #L
1YY PERESZ I, e 5 A R BB i EPS X
AT YW B 1, PSR Lagergern 3 /) #4538
TR TS (B 2) , 23445 1 e A A RfF 1 WO o 32k
R R4 EPS X COD ML RAE R R/IN(3 3).

%3 £ EPS 3 COD RM&E RN+

Table 3 Results analysis of various layers of EPS on adsorption of COD
PS S5 (q.-q.)/ -SB {57 (9.~9.)/ K JAHAL EPS 1 W o 3 k- HIEEA
(g-gh) (mg-g!) B/ (mg-g™) 1578 k/min”! JBi/ 24k
K% SB-EPS 9.44 0 0.65 0.0997 3.74
}:3% LB-EPS 7.02 -2.42 -1.27 0.0197 4.83
K: 9% TB-EPS 33. 50 24.00 1.06 10.700 4.27
75K)” SB-EPS 5.59 0 3.370 0.0390 1.28
157K LB-EPS 0.321 -5.27 -0.106 -0.0431 4.66
¥57K)" TB-EPS 17.10 11.50 0.443 0.1830 4.76
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Fig.2  The test data of sludge after striped each layer of EPS adsorption and model fitting figure

3.3.1 slime EXTFREM B Zm  JRi5RMNE
SB-EPS #~-SB V5J¢ , X A HLT5 G 14 W 14 fi & A=
WIS AR A (1R 2) IR R A T i g, A W A
INT R Y8 5 5E-SB T U B I R HE RS 3R
JRI5 98 K 0.0997 min™", - £ W B HE D T 9.44
mg-g ', B SB-EPS W Fff 54 0.650 mg-g™' 5 15
IR -SB ¥5 e 1Y W B R Vs oK T R TS TR
0.0390 min™", i I fff 920 5.59 mg-g™ (3R 3),
HAf] SB-EPS FW B4 3.37 mg- g KL, SB-EPS
A AE 23 1IN U W B £, LX) 75 1) I o s 3 HL AT
BRI IR .5 KT 15 e B SB-EPS [ I B 1t
HE TR FR15782.72 mg-g' (£ 3) ,{HSB-EPS H1 &
L/ 2050 LA M 1.28, Ik T35 3775 8 Hh SB-EPS
() 3.74, YL B 5 e SB-EPS W [ A A5 Ye ¥ i 72 rp
EZAE R 20 (RESE, 2004). K EPS
ZWE G RT TS e i A R B RE v, B
TEE PR R A B B 7= AR 1 - EPS /RN 22
HBEH, ReA AL BR K T B TR RS G WL A0 T
SB )2 (EPS Kl )2 ) £ 2 75 W AR S A1 IHD, 36 T 45 1
LB W AR 2 AN A 0 T4, B —
HIRREAE R, R 7E R B SB 2 J5 , V5 Ve il R A
R 7=

3.3.2  LB-EPS x5 AW -SB I5leif—
A3 B LB-EPS J& B h-1LB 75 8. 15 7:-LB 75 Ifé W ff
R B IR RS PRI T 0.0197 min™", S Ff
WD T7.02 mg-g!, HE-SB 15 RN T 2.42 mg-g ™',
i LB-EPS Wt A —1.27 mg-g™" ;757K -LB
15 VSR B R L SRS P08/ 70,0431 min ™", P T

BRFE FL TS R e 0.321 mg-g ™', HE-SB Y5 i T
5.27 rng-gl ,ﬁ{ﬁ LB-EPS F) [} &>4-0.106 mg-gl
(% 3) . [FI57K) " -LBi5 W Ml 7E 40 min BFA TR
KUESN,90 min B 38 A 75 2 W B, W B ok R AR
AFaE. I, LB-EPS 7815 U W A HLi5 4L 9 i i
FEASRENG V5 Y [ 5, 1 2 R B AL i T5 4 i
fER, LB-EPS 45 ¥4 ¥ 8 # . £ FL ( Sheng et al.,
2010) {5 4 Py g th ik 12 1% 2 TB-EPS A7, 1
H LB-EPS £ EPS i i H & 5l =y , 1% 3 3 5 A
LA, LB-EPS X775 Ué W {3 A A A T, X075 e
iRzl
3.3.3  TB-EPS 77 RR M By % -TB 15 e R
B4E8 EPS IS5 UE, T EPS J& 156 A K AR
FHEEZY T, 2 EPS 858 2 W 5, 15 U 1Y W Fff
IR AN AF B AT AT I B AR R 8% SE-TB ¥ 8 1Y B A
TB-EPSI Wt £ 41.06 mg-g™" , V-1 W B 2 Lb J 75
Pk > T 33.5 mg - g, H-LB {5 R DT
26.4 mg-g™", {H W B R LR IR RIS YR B m T
10.7 min~" ;75 7K ) -TB 5 Y /4 5457 TB-EPS 1 W [t
O 0.443 mg- g™, A U B B R TS YR D T
17.1 mg-g™"', Hb-LB V508> T 16.8 mg- g™, {H K fH
HCR LRSI BN 170.183 min™ ' FH LA WL, A LTS
Yely 2> 55kt LB-EPS, SR )5 8 TB-EPS W fff %17 ;
11ii 5. TB-EPS S0 (1) 45 #4) {1 15 0 B 3 5208012 5 53 S
K15 e B A TB-EPS B M B & Heis /K ) 5 e K
0.617 mg-g™" , HIAE i/ ZHME ELI5 KT 15/,
M W K.

PR, 755 U M A AL TS G st SB-EPS S W i
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¥

36 %

TR AL IR B F6 R A HLAE 1 LB-EPS
izki %] TB-EPS 1 4if 77. SB-EPS #il TB-EPS %} 5 4t
W0V W o it 2 5 () G T 184 0. LB-EPS % &
ML W MR T SB-EPS il TB-EPS 43 2%
W B 3

4 2518 ( Conclusions)

1)EPS 41 43 = 202 8 11 0T, 2k b 28, DNA
Tt IR MSNZ BN ZE  EPS & g ALK,
A S 2 E R AINZ N T NE B3R5 e
f1-TB V518 )2 i 8 1 5T 5 2 LU (e /N T-LB 158 )=.

2) W R TG R A RS . RSB 5 RS
Lagergern HLJZ W fif #5581 F1 Ritchie XXJZ WK B 5571 B
FUA BT LAty 8 T 75 Y08 W% o ot e B A A B )2
Yy Rt A, AR 2 2 W Ak 2 T AR, H
B T/ A B ARG/ I BV A

3)SB-EPS 1] W B A7 AILT5 Je By, HORG W R &
Vol R 5 S % 55 7% 95 e B SB-EPS Y W B i Oy
0.650 mg-g™', 1B SB-EPS JZ )5, 15 U W Fff 3 % 4%
JNT 0.0997 min™' ;757K ) V5 e 5437 SB-EPS F K fff
4 3.37 mg-g ', FIES SB-EPS 25, 15 YR M i R
AT 0.0390 min~'.

4) LB-EPS X} V5 Y« ) A7 W it it Ae e 0, RAY
615 YW RE 11, LB-EPS Z5F (g Fs 1L, {15 G
YIREDLE B 15 2 TB-EPS H 547, H 5 EPS i hhil
24T 3o R R

5) TB-EPS S5 9%, 15 Y )5 i 18 (H L
REAR AT 5 W B - 1) 75 Yo 0 DR A7 A TR 1 400 Jf B A1
AN B R ik 35 5% 75 U6 550 TB-EPS 1Y W% Fff 1t
1.06 mg-g™' 3 V57K | V5 Je B3 TB-EPS 1Y WY B =
}40.443 mg-g™".
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