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Abstract: In this work, the properties and Zn>" adsorption characterizations of the loosely bound extracellular polymer substances ( LB-EPS) and the
tight-binding extracellular polymeric substances ( TB-EPS) from Aeromonas veronii N8 were studied. The results show that both EPS displayed the different
composition proportion of protein and polysaccharide. Compared with TB-EPS, LB-EPS had the narrower molecule weight distribution and higher molecule
weight. The ingredients of aromatic protein and humic acid were found in TB-EPS and LB-EPS, respectively. The spectrums of 'H NMR and XPS suggest
that although TB-EPS and LB-EPS had the similar chemical structure and element composition, the composition ratio of various elements in both EPS was
different. TB-EPS and LB-EPS also exhibited a similar Zn** adsorption performance, and the adsorption equlibrium of both EPS could be achieved in 90
minutes. Additionally, the adsorption rates of both EPS were increased with the EPS concentration and decreased with the Zn®" concentration. After
adsorption, the FTIR spectrums of both EPS show that some changes had taken place in the strength or position of some characteristic peaks originated
from DNA, protein and polysaccharide, which implied that those functional groups acted the different function roles for the Zn>* adsorption. Furthermore,

the Zn* * adsorption of LB-EPS and TB-EPS might be described by Freundlich and Temkin models, respectively.
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1 5|5 (Introduction)

PERERE R 16 e | B A AR b ) P R
JB OR824 R T AR A Wbk HE B 3R 8
W Bl 4 R VS YL ) H R T AR ek
Rafig , o H B S EN ) Rl A% sl it B 2 2% i Ak 4 A7 7
TE X, BRI, dn ] AER 5 o 2 B B [ o 4 ) — 1
JEE AN T S AL S 4R 15 iR AR
FEAAFEAADONE | B 303 B2 b id I 55
YRRz ik (B A B AR 2o | B 7 A s G
) — 2 G X e R kR (R AR,
2006; FKFEMAE, 2002) . ULAEA , FI FH R P90 Bk
X 4 SR AT IS AL B G RS AT )z e AL
G TBAALL R H AR BA AL BeFE . R
V5 YNGR A, B B VR AE N A, E Rk
AR5 PR F W EE S D5 7 Z — (Hu et al.,
1996; JEM{d45, 2008 ; ZiB%5, 2001).

L 7NR G ) ( Extracellular Polymeric Substances,
EPS) J2 f 25 40 20 B 50 W8 1 — bRl 1 0 5, P o A
FEPNZ R %5 45 B A 20 M 2 1T 1Y KRG B B EPS
(TB-EPS) FIAA 43 1 76 41 M 2% 171 A1 )2 1Y 028 Hi A4
EPS(LB-EPS) P43 20 1% ( Adav et al., 2008 ).EPS
PIAEE N E G T 2 AR R R 2R 5,
e 3 R 0 I 8 7 JL A (83 Ik | B R
AR i S 5L i i AP R & WA B B 7 3 e e
PE BT LLS &8 B 7 Rk A A BAE . A BT 3k
W, B AN R G W on) 4 T A R AT R BRI e AE AR
Yy B3k A rh 4y i 3 FE AR €8 (Duan et al., 2013;
Song et al., 2014) .Sheng %5 (2013) SR #2243 07
Ty X 1 5 e ML AN 3R W Y 4 R W R AT Oy
375307 A5 78 EPS & R A R 1 02 Cu™
PSR TC 57 A%, W2 B 32 2237 ) N K A8 520 3 Guibaud
Z5(2005) WHAE T R AP R U RSN RS S5 T
PEVS U8 H A1 2R W X T 4 T W R AR T L A
RGP U B AN A W L o T R AN R S
[t AE 71 58 ; Comte 45 (2008) W% T ANIE A pH Xt
TEETSUE AN R A W B Cd, Cu F1 Pb (520, 15
HHTE pH =4 B} EPS X} 3 58 42 J i) i B o 4 02 e
A, 24 pH =7 B BRI S Cu>Ph>Cd 3 Wei
S (2011) WS T AN AN R G 0T Cd Y W B 250 17
& RN R AR SN R G W et T X Cd
BRI BV T, - EL G 2% FRG S Ay 0 2 A A 8 400 i

Pl B 22 [ B M 0 5 5 S T 240 1 41 2 4 FH O
EARRAED M WNESETE AL EDN
BETCR ST AN H k41 40 I B W Dy i i iR iy, ™
P BT e T RE 2L Ak B AT, A O
A=A R W W B 4 T B AF S4TSR 245 B A
W B P AL A% A 5 T T, LD B I A St
FAEHTE He \Cd™ J P™ /4 UFRP  hie e E 4
J& Zn®* BT Y AL 48 B2 AA HEORS ( LB-EPS)
TR B L5 A (TB-EPS) AN [F ML AN R & W TE %
R D REAE 02 AR

Kk, 4 3CLL— #k B A5 Zn® W B 2 BE Y
Aeromonas veronii N8 T X 42 %F HAN 5 i 4h B
A (LB-EPS) Al % 1 il MR A4 (TB-EPS) By Pk
JE KB Zn™ S AR AT AT, LA SR TR A R
A Zn™ WEEHIL , £ 2F 55 4 I A5 W B B R i
SEBRHE) N EAT A R L

2 ## 57 % (Materials and methods)

2.1 SRR

2.1.1 EH%k  SEE T Aeromonas veronii N8 T A
ARSI AR A ELAT Zn® W IR S RE A T R , X B R
e F ISPV e, N L IR (G7) R TE 2
B , R CH 3 S 08 otk B 2R A, ey
.

2,12 SRR AR R BRI NaCl 3%
JIE# \NaOH ,ZnSO,- 7H,0 | ¥k H,S0, K8y 7% B il |
PERRIR (AHIR AT J0T) (A R | Bk R A4 EDTA 4§
AT [ 2 £E 1AL

2.1.3 ¥RHE LETEFRER LB SR,

2.2 EPS th#| &

EPS 1 $2 Bk A #4 42 B3k ( Ramesh et al.,
2007; Wang et al., 2009) , BREUZE A b 15 55 1) A.
veronii PR T4, $E 0 B AR B 77 0k R B FRAVE RN P
W HOFP T 100 L 42 F0 3] 100 mL AR K; 75 3 h
FFR 2 RUE W 4 °C 4000 ¢ T .0 10 min, 7
W, 70 C#BAliK 5 mL JRIGHES] 4 °C 4000 g
B0 10 min, HUE 35 W A P 084 i A1 R 5 4 (LB-
EPS) ; BRI HE 4l K #b 2 JE i 1A L, 60 C 7K ¥ 30
min, SRJG7E 4 °C 4000 g T &0 15 min, BEERCH
R AN A W (TB-EPS) 4 Y HUS 1Y EPS K
AT 4 CHRAE, F.
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2.3 EPS & EIME
5B I R 2% 5 37 5 1 5 ( Bradford
1976) , Z 8 & & W 2 & H 2K B B 12 75 ( Dubois
et al., 1956).
2.4 EPS MR
24.1 BREE(GFC) M R Waters1515 %
BB A (R12410 7~ 22K 2% ) X BT $2 5 EPS
15y F RT3 07, 643544 PL aquagel-OH
MIXED-M, 73 F i hrtE ol PEG(FLESE, 2003).
242 HEE3EIR (NMR) 24 '"H NMR SGiE R H
AVANCEIII500 A% e 4% 37 5% A, 7E = T DA 500
MHz #:4E B & 5 mm 36 PRETFI 2 B0 B 2k P Ak 2 or
BT T TMS LL & ie5% (Khan et al., 2014).
243 KK K (EEM) 4 #f  EPS ¥ & H
Fluorolog-3 9 e E I A AT 2 e R 43 BT, LU
KT MR CIR R i A, =220~450 nm , [8] f
5 nm, KHHEE A, =230~550 nm, [[]FF 2 nm, 5¢ 5
HIELEF 52 G H AT A8 AL IE (Pan et al.,
2010).
2.4.4 X GG (XPS) 44T HEELEPS FEgL
S KR A, kR 1 32 E Thermo  Scientific
ESCALAB 250 #4 X ST RETE ) /3 At i ) € (H
O B4 HERETE , AT AL W B9 fb 24 4 B ( Wang et al. ,
2014).
2.5 RHHRE.
2.5.1 BFE A EPS R Zn* B % B 50 mg- L
B Zn* ¥ W 50 mL T 150 mL % Z 453, 14000D
HET AT 10 mL 200 mg- L' # EPS J&, LA
Zn” IR T , R ANE 3 AN R.25 C 150 remin™
RT3 9T 0.20.40 60,90, 120 min i HL
FEF PinAAcle 900F 7 J5 1~ W Y ' 1% 10 22 98l A%
Zn” 1) ¥ JF ( Najera et al., 2005; Raungsomboon
et al., 2006).
2.5.2 Zn® RJE T EPS W Zn* By B0 EPS 0
WPE A 200 mg - L7, 40 BIES Jin 10,3050, 70,90
mg- L™ Zn> WAL, W R 7 1k TR) 2.5.1 945, AN TR
Fisk PR BURE 00 2 % Zn® R S
2.5.3 EPS KJEXF EPS W It Zn™ 8 % e 43 5K
HWeRE SN 20,40 ,50.,100 200 mg- L' By EPS % A
50 mg L7 Zn* W Rk R 2.5.1 75, AN
Fis PR BUARE 00 2 el % Zn™ R
2.6 EPS WM Zn® A7 J& 89 18 2 #F 21 4 K% (FTIR)
i

W B Zn® BTG B EPS BEGS VR TR IS 5
BB 1:100 By FEGIR 2 Fe B, >R FHAR B i S 0 4
R AMGRE B (ATR/FTIR) (25 JE & 11 360 2
RET 21 A S 3% A3 ) K, % 5 4000 ~ 400 cm™
(d'Abzac et al., 2013).

2.7 BRHEA

A Langmuir #2% (2X (1)) | Freundlich
AL (20 (2)) | Redlich-peterson 15 A1 (X (3)) .,
Temkin % (2 (4)) Sips B (K (5) ) Xf LB-EPS
H1TB-EPS ) Zn** W b R A TR 5T

Q.=0,bC/(1+0bC,) (1)

Q. =K, " (2)

Q.=aC./(1 +bC") (3)

Q. =BIn" + BInC, (4)
K.C

Q.=0, T+ (KC)" (5)

2, QAW B R A ~F- A I8 B A (mg - L7 5 €,
B FE (mg - L") 5 Q, R W BfE 550 1% e R W B
(mg-L™") ; Langmuir #5116 7R HZ 56 % 4K
Freundlich #% 7Y o1 (1) Ki.n TN H 40, Redlich-
peterson F T H @ b m 4R IR HEL; Temkin B
) A F1 B Ry HH 85 Sips B KR n Sk HLH R
(Fitr4, 2010; Su et al., 2014).

3 ZHR51%18 (Results and discussion)

3.1 EPS By 4%

X} A.veronii N8 WK T/ LB-EPS 5 TB-EPS [
EH ARSI T, Hdl R e an &l 1 fr
7. H B AT ZE AR LB-EPS & S 20 s T
TB-EPS; 7E 420 s 7 1T, W & t 2B Ag 35 22001,

250
%
kSl
200
~
]
Q1501 RIS
) S
£ B3
= PRI
18 KIS
4o 100 o
LRI,
X
S0 XXX
RIS,
KRR
1R
R
RSRKL
o2e%e%s
RS
7% 1

TB-EPS

1 A.veronii N8 7= LB-EPS 5 TB-EPS KA R $54E
Fig.1 Composition of LB-EPS and TB-EPS produced by A.veronii
N8
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1, LB-EPS MR Il &% & 0 84 mg L', M &>
70.57 mg- L7 B A& S T 20 & MifE
TB-EPS H, Z W& it 4 83.99 mg- L™, 5 (M % &t
J938.8 mg- L™, ZHEE EINR FHEA & &; 7k,
LB-EPS 8 A i &% 25 T TB-EPS, {H TB-EPS
HIE A 2 0 ZH8. EPS J& A ) 17 M 4h 73 Wb ) —
Ko TEE Y, -2 218 35 54 5 5= 0 )
R IR PR R A 22 J5 T i s . 40 1 55 45 (2011) X
B RE AN G & ik T T IE A IR
Bige 113 h 5, SR8 & KB EPS B&E Ol 125.5
mg-L™" X /D F A veronii N8 B = 4= 1y LB-EPS I
TB-EPS F# 5 1M A8 25 25 (2009 ) W) x5 4 th %5 g 0 3R
BRI TN A, & IR i B AR A R
ol 220.1 mg- L', /T A veronii N8 & [ EPS
3.2 FE KA EPS B R AT

3.2.1 EPS ty GFC 44 HFIH GFC X} PiFh EPS [
o FERHESAT AT S5 R 2 s A EPS 1
HA G5y T340 (10~ 10000 kDa) , 28] EPS
RN R T A i —2 50 kR
(% 1) ,LB-EPS H1 TB-EPS 4> T Hs 5 (M, /
M) 539009 1.68 F11.82, TB-EPS W& Ak, 13 B 1% 25 10
EPS HA 50 19 73 40 A1 78 L5 T G PR |1
ByF8 (M) U % 3%, LB-EPS ) M_(490752 Da)
E5 T TB-EPS () M (418824 Da).

*®1 EPSHHFE

¥ 36 &
500000 -
L — LB-EPS
400000 T IBERS
2300000 |-
z I
E
= 200000 |-
100000 |-
0 T Lo NS |
10* 10° 10° 107

4+ F& /Da

B2 A.veronii N8 /= LB-EPS 5 TB-EPS % FE 4%
Fig.2 Molecular weight distribution of LB-EPS and TB-EPS
produced by A.veronii N8

3.2.2 EPS B NMR %47 X} LB-EPS il TB-EPS i
17'H NMR &40 H , LB-EPS i &3 2K 17
TERY 2R WA 27 7% 43 3l 4.75 .3.85.3.2.2.4
2.1.4 1 0.9 ppm, 1fii TB-EPS & 8.5~7.5.6~5.5,
4.75% 4.3~0.8 ppm, HH1 ,4.3~0.8 ppm XIkf5F5 HE
B AEAAN R 3.8 .3.2.1.9 1.4 F1 0.8 ppm 4k
A 5 A5 — L5 & L, TB-EPS TEAL 2= %
8.5~7.5 ppm Z[H] Y55 W& N K B J5 FREEHE 1T LB-
EPS FFAFELEZ S 506 E 5.0~ 3.0 ppm 1 & 115
SRR I A, R L2 RRAE 1%, TB-
EPS TEIL X 3k 4 5 5 0658 B 22 KT LB-EPS; 7£3.0 ~
0.5 ppm 1" H fh2F 00 R85 R Py 3 AR SR AN i) e 5%
TS B AR S b S AUE, TB-EPS 781X X 3R 19 15
S ETR T LB-EPS;0.89~0.97 ppm Nt FEH H
TR TR AE W Wi | e Ab TB-EPS A4 e 5 i 47 2
ST LB-EPS; 1 1.2~ 1.23 ppm M A 37 F 3L J5 7114
FRIEW IR I, X TB-EPS 7 ILAT/E I, LB-EPS I 3%
A(E3).

Table 1 Molecular weight of EPS
EPS M,/Da M /Da M,/M,
LB-EPS 490752 825683 1.68
TB-EPS 418824 762335 1.82
a.
- “ﬂ-—v—r“v—rJ
L 1 1 1 1 1 1 1 1 1 1 1 13 1 N
15 14 13 12 11 10 9 8 7 6

H2EA0%% /ppm

4 3 2 1 0 -1 -2 -3 -4
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—— 1 Ty o 4 b b b by by by by P 1

4 13 12 11 10 9 8 7 6 5 4 3 2 1 0 -1 -2 -3 -4
AL 2% /ppm

3 A.veronii N8 7= LB-EPS 5 TB-EPS #J'H NMR BEiZ (a.LB-EPS,b.TB-EPS)
Fig.3 'H NMR spectrum of LB-EPS and TB-EPS produced by A.veronii N8( a.LB-EPS,b.TB-EPS)

3.2.3 EPS 85 EEM 44 X} A.veronii N8 FE#E I =
LB-EPS 5 TB-EPS #ifT EEM il , & ¥ LB-EPS 5
TB-EPS £ HAT P NREE I, 430002 A C A1 A D (&
4).Chen % (2003 ) i 13 X5 AN 6] 45 UL B S C R AIE 2
TR B =4O #5435 AN XS (T~ V),
XN 5 2 H WA ALY ARG Peak A J& T
XAV 2 5 i M 0 S A P R = 4, n €8 50 R 2 2R
%5 ;Peak C J& TIXIV |, 2 HFEIRIEY) i ; Peak D

P

250 300 350 400 450 500

Aem/NM

J& T IXBR L, 2 W 7 BB L 4, =4k
et b SR A T AR LY B & A
BLAY) B B e 55 H X I 1 9 it B A e R, AR SO
it EPS 7F Peak A X8 ¥5 H A7 558 ) 28, R A
B G AR Z M EARIEEAMEDR Y T
HA Peak D XI5, 35 8] TB-EPS & —E R
AR AN 1 LB-EPS 1 HA Peak C X8, |3
W Lo vh & A S S IR ) It

P

1X10°

3X10%

@ 5% 103
R 7% 105

250 300 350 400 450 500
Aem/NM

B 4 A.veronii N8 7= LB-EPS 5 TB-EPS #J EEM [Elif (a.LB-EPS,b.TB-EPS)
Fig.4 EEM spectrum of LB-EPS and TB-EPS produced by A.veronii N8(a.LB-EPS,b.TB-EPS)

3.2.4 EPS # XPS 24 X} A.veronii N8 i~ LB-
EPS 1 TB-EPS (¥ C .0 I N 3 FoCZ 1) XPS =43 ¥
&3 347 7041 LB-EPS 1 TB-EPS F iy C 3% .0 R H1
N 5 JE AR AR, (045 A TTZR T o 1 L AR TR
(18'5).LB-EPS Hl TB-EPS [ C %+ 284.59 ~284.65
eV AL SE C—(C, H) , MIEIE o & & I R I Bt
TR 5 i = 4300 R 41.1%F0 43.1% .5 F O

1%, LB-EPS Fil TB-EPS H' 532.18 ~ 532.57 eV Ab 1)
C=0F1 0—C—O0 3k [ B, - 45 [ 5 £ 45 1 FEAE W
AN L ) 0 B Ry B e, 43 0l R 78.4% 1 60.6%
LB-EPS XS 5 . %0 N ik, JE T N BT i L
WHE K TR T4 N, LB-EPS 1 TB-EPS ik &+
B N 43314 65.5% il 66.6% , 33k 6 4R 3 B 1)
EPS #2H A 1 5 Y 22 5.



3670 B S S A = I 36 %
_a Cls [ b Ols

Relative instensity

296 294 292 290 288 286 284 282
Binding energy/eV

Nls

Nuoupmlomled

/

Relative instensity

N

protonated

|
410 408 406

] ] ]
404 402 400 398 396 394
Binding energy/eV

Relative instensity

540 538 536 534 532 530 528
Binding energy/eV

Relative instensity

1 " " 1
536 534 532

1 2 1 1 1
540 538 530 528

Binding energy/eV

2

2

o

Z

=

]

a4

: i
292 290 288 286 284 282
Binding energy/eV
M f
Nls

2

5_3 Nnonpmlonaled
Z
% Npmlonaled
o~

1 1 1 1 1 |
406 404 402 400 398 396

Binding energy/eV

B 5 A.veronii N8 7= LB-EPS 5 TB-EPS # XPS BEif (a~c.LB-EPS,d~f. TB-EPS)
Fig.5 XPS spectrum of LB-EPS and TB-EPS produced by A.veronii N8 (a~c.LB-EPS, d~f{.TB-EPS)

3.3 EPS ty Zn* % M AR AE

3.3.1 RHtEfE B % @S LB-EPS Fil TB-
EPS B Zn®* W ik 2 B B 18] % 28 A A5 1 0 b 2 Y
EPS (1) Zn* W[t i f HA 2RI FR1E, R D5 T 3
AN B o DT 6 1 T o R R B (1L 6) L
H,0~20 min A PRE R B BE, 7E X B TE] Y, S
EPS [ [R50 54 0, 78 20 min B LB-EPS Fl
TB-EPS Xt Zn** i W BfE 324353 2 46.2% F1 38.1%,
LB-EPS By [ 22 T TB-EPS;20 ~ 90 min A 18
W2 B B, I B B 9 Fl EPS 1Y Zn®* W B 2% 184 S i

12, 7E 90 min B 19 5 119 W B 3 25738 B B K, BE RS LB-
EPS W3R 51.96% , e fff ik 25.48 mg- L7,
Ifii TB-EPS B2 K 39% , W [l 4 19.5 mg- L™,
RS — B BOAH L B BB AP EPS 1) Zn™ I B E

ZEPEE R 3 LB-EPS ELA W & ) W BRHOE 3 i 2
i 90 min LU, PiFh EPS Y Zn®* W [ 3R 4475 1k 2%
W, F I 2 1 W R stk AT R ST i B B EPS
(1) 4 i TR O e — A Sl A S Al ek A, o I 0 3
Filt EPS 1) W o 0 0t 348 i, BT Ay abbe s 18 W2 o7
FUAETT AL, 1717 B 5 W RS FSF 10 F 255 i, RE 57 o e ok
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/b W B3R N AR A5 S e 2 W R B A T
BREASE A0 R A AT 8 3 3 5 4575 45 (2005 ) o B
SEFAN—E Y EPS X E 4 8 BH B 1 1 W
5L B B Ak 2 1 %% DDA G AH SRR 9E B 3R
W, 26 A 55 205 H ) R Ak 24 B RE A FP 2 R TR #T
2 FEEPS T4 JE W FHRRAE 9 25 5 (5 45,2008
REZY4E 2007) AEAHISE Y, LB-EPS 5 TB-EPS H AT
AR EE 11 5T RN 2 B 4 B L9, JF H LB-EPS 38 &
AR B RS ) I, 3 26 1 43 21 i T AN T
A5 P28 EPS 2 B AN W] A9 fb 24 1 o, i b i
GFC NMR }z XPS 1543 Hr 45 SRl B uE S 1 W2
EPS 75453 F 1 430 Sk B A b i3 O T B 3
250025 BTk, IE & i T LB-EPS 1 TB-EPS 7E i
Iy A ZEE T T 22 5%, A R B0 2 B
ANTEV ) Zn™ W BEHRRAIE .

60% -
50%

40%

UTTES

30%

20% - -O—- LB-EPS
- - TB-EPS
10%f

0 L 1 1 | L 1 L 1 I 1 L | 1
0 20 40 60 80 100 120

% B} Ast ] /min

E6 WHEExT LB-EPS 5 TB-EPS WM Zn™ &0
Fig.6  Effect of adsorption time on the Zn®* absorption ratios of LB-
EPS and TB-EPS

332 I REMRM AT R T AR Zo® B
Jine B % TB-EPS 5 LB-EPS X Zn®" W B % (1) 5% i

S 7) KIK, Wi EPS Xf Zn* E’J%W}E%Mﬁ%
Zn® Ve JE I B 0w R AR, Y I Ze® Wk N
10 mg-L ™'} LB-EPS 5 TB-EPS M [l R &R A T
B, 209k 88% Hl 63.4% , 1 24 Zn™ ¥ FE K 90
mg- L' B} LB-EPS 5 TB-EPS W it 2 0 85 /1N, 5351
R 43.47%F1 34.58% ; 73 50, A PIZE EPS I AH
LY Zn®* W BHRRIE (B 7 0T LG Y FEAH ] Zn®™
WA, LB-EPS AW [t 220 i =5 T TB-EPS.
Z T E RS BR T LB-EPS I TB-EPS £ 4
SRR 55 AT AE 22 5 2 40, B EAL Zn™
WILAHE T, EPS HM 7 5E3§E ﬁﬁﬁé In™ e i
A 15 TR B A7 A5 5 ) 4 R WA o e % 1 34 o i W

Wi o B 4 LU E AN s (UEFR{5 |, 2007).

90%
—O—LB-EPS

—%—TB-EPS

70% |-
3
E60% -
=

50% |-

40%

30% 1 I [ [ | |
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Fig.7 Effect of Zn*" concentration on the Zn?* absorption ratios of

LB-EPS and TB-EPS

3.33 EPSREXMRM A Zm ARWEE EPS 1Y
o™ WL BHERAE AN &) 8 BT 7. F SO 5 S vT A5,
LB-EPS 1 TB-EPS X} Zn® i W ff 2 [ifi EPS ¥ FE 1Y
B B TR, 24 EPS WEE/NT 50 mg- LB, BEE Y
7™ W BFF 3R Bt 2 0 B8 A 188 3 W A f, LB-EPS B I
R 28R R WY 40.3% 35 TN %) 44.4% , TB-EPS (1)1
B3 M 30.4% 38 NE) 36.76% , i T W B 55 78 1%
B B B RUCR 52 EPS VR EE (RS2 i B I 5 1 24 EPS 19
WBE =T 50 mg - L B, B 1) Zn W2 o 5 D0 384 i A
/N, 52 EPS YR BE 5 M B /0N, A S W e R
EPS Y B i35 iy ke W B2 s i3 22 TRt i A1 2R
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Fig.8 Effect of EPS concentration on the Zn>" absorption ratios of
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WAL, A AR B FH R S g 4 AT ) R B T4
25T IRL T RE SR 4 (2009) BIF 5T S 1 B8 A W 4 £ %o
W B P> 52 i B, 2 390 I 5 43¢ 2 1 18 , W e >
HhnAR G g | e 243K B (AR SE, 2009). 75
Ah R4S LB-EPS F TB-EPS 5 J0AH (L 4 W% B4 1iF
{H LB-EPS MR — 5 KT TB-EPS, T ixX th /& P %
FE RS A AL 2 o A7 e 22 57 T k.
3.4 WHHEIJE B FTIR 44T

& 9 S A.veronii N8 7= £ ¥ LB-EPS F1 TB-EPS
W B Zn i Je B 2L A% E BT LB-EPS W[t Zn™ J5
FE 53 1em™ BT A% R 1 W AT 06 iR B85 B ik 55, HL &
TS, 531 em ™ B2 5] 620 cm ™. 1] TB-
EPS W[t & 4@ Zn™ 5, 7F 531 em™ Fif I A% 2 A T
Wewdas B LT 3% kA ARk BB & 4R Tl 531 em™
#| 607 em™ (IFEAL LS ; LB-EPS #il TB-EPS 1£ 1074
em™ ' ZZWHFFAEIGEIX 08 B 0 1 o7 AR AN K,
R Zin™" i 08 1 58 52 A WS B8 0 5 7 1399 em ™' XM 22
B C—O0 AYMI4E IR 3& , 24 LB-EPS WL Zn> )5,
e {5 P S sk 553 | 7 TB-EPS 7E I X I 3% B ¢—0 Y
(GEE IS

a
b 1399 1074 531
3422 5
531
B 342 c 1652 1074
3311 1399 1G74 620
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9 LB-EPS f TB-EPS Wt Zn*" §i/FHIL SMEIIE (2 .b 43
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Fig.9 FITRcomparison spectrum of LB-EPS and TB-EPS for Zn?*
absorption (a and b represent LB-EPS and TB-EPS before
Zn** adsorption, respectively; ¢ and d represent LB-EPS and

TB-EPS after Zn* adsorption, respectively)

LB-EPS il TB-EPS 7E 1652 cm™' % 4 i F# A
DX, W2 B Zn®* J D A i B KRS (R B I &
AARE T FE 3422 em™ X R IEJE—OH 1) 181 45 3% 5
U S EPS W i 45 AF 068 %) 3 13 0 0 S AR 55, -
HEE THAIG AW EPS WK Zn* Hi 5 E

REMTAFIEIE B 1L 13X — IR 5 Zhang 55 (2014) 4l
TE BT WL B Y kP2 AR RLR.
3.5 AFERA EPS # Zn™ B AR A

&% H Langmuir, Freundlich, Redlich-peterson
Temkin FI Sips 5 Fjt U i 55 IR AR X EPS W Zn*
A R IEATHLE 0 HT , 4 RN ER 2 7R X 1 5 AR
RIHLAE 45 R & B, LB-EPS 19 Zn®" W B 54k >R A
Freundlich £ 7Y 245 45 & A9 4815 B, 1 TB-EPS A9
Zn” W B FR W B4 A Temkin BLAY. 5 4 J& 19 EPS
W R — NS AR Wy AL S B S 4 R 2R A
EPS 1 F B 2 iU VIAH G U T B 5% 45 SR AT T
PiE EPS 78R 2 B 73 T o o0 A Al S 2 22
T3 T EAT DO X B BT PIZE EPS W RHAR
iE AN ] Freundlich #5738 5 BE ¢ 4 Mo A 7K 5
) % B, LB-EPS J Freundlich 814 15 31 n {4
(Freundlich Z2555 40) o 2.67 , 7 H Wi Wi B 2 25 5
HEFT Y. Temkin #5259 5 15 1] >4 W [ 57) 08 B i o2 B
B R B [0 A AR B 7 D 2 0 45 T 8% o
AT R RSN, BERA TB-EPS W Zn® 5 B2 b, Bl
WERS o S IR) AT 25 A T WO D 0 B A VA R ) 3% T
BT ARIG I, W R LR PRI

®2 EPS3 Zn™ WM H N ZFELESH

Table 2 Regressionparameter for the isotherm equations of Zn>* adsorbed

by EPS

o e il
o LB-EPS 0.9008
angmuir TB-EPS 0.6995
] ‘ LB-EPS 0.9762
Freundlich TB-EPS 0.9467
. LB-EPS 0.8875
Redlich-peterson TB-EPS 0.7725
Temki LB-EPS 0.8448
emkin TB-EPS 0.9586
. LB-EPS 0.9699
ips TB-EPS 0.9447

4 458 ( Conclusions)

1) A.veronii N8 It F= P EPS (1 3= 2 pli 1y 344
TN Z2 0 (5P 3 0 21 R LE 51 4% R A T 5 TB-
EPS (53T &40 A yu B &, 1 LB-EPS W] HA 5
KI5 F5 1 EEM S % B, ifh EPS #
BH-EHENORRIEEAMEDRE =Y, [
i, TB-EPS & A ] B0 05 B RIS 86 1 T, LB-EPS
A/ RIEREY ;' H NMR 5 XPS &350 %
PP EPS 9 H A ALY 4548 41 6, (B 7E DT % b
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77 T B A 22 7.

2)LB-EPS Hl TB-EPS ¥ EL.A5 B Uf-# Zn* W i
FEPE, 280 90 min WERHFAS AT, 19 5 257 RE 35 3] 0% FfT -
17,5 TB-EPS A F, LB-EPS 1 W% 2k 5 56 41, 5 b
EPS X Zn®* (W Bf R 2 Bl 2 Zn™ W B (4 3 in i B
I, Wi b & EPS 0 & i 3G i 1 5 X be me B

In™ Wi R A ANEE T LUE Y, 25 Zn® W R N
FEA C—O0 . —OH FEH] S8R 1 4.

3) R 5 PRI 2E AR B Rl EPS 1Y Zn® 1
Wit BRI T H R, 2 B LB-EPS Y Zn™ W B i P2 4%
4 Freundlich £ %) | i TB-EPS 2% F Temkin # %l
TN AE , X R PIRN EPS 1T BERA AR B Zn™ 1
FRFBIL .
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