X BT ARFHRXE RE W AT

$29% $3BYE - 20094 5A
pp. 303 ~ 310

RIZEIOIES 0[F5H MZ20 ANl D|MS0| Lo
350| DIR|E Astoll BsH 917

A Study on the Effect of Metals on Bacteria Adhesion to
Zeolite as Bio-media Materials

& Kk ksksk
AR - BoIM* - g

Kim, Jae Keun ° Park, In Sun * Park, Jae-Woo

Abstract

Natural zeolite is widely used as sorbents and bio-media materials because it is cheap as well as it has efficient porous struc-
tures and large cation exchange. In this study, the effect of metal cations (Na*, Ca>*, Mg?', AI’*) adsorbed to natural zeolite on
the microorganism attachment was investigated. Metal-modified zeolites (MMZ) were prepared with 0.01 M, 0.02 M and 0.1
M NaCl, CaCl,, MgCl, and AICl; solutions respectively, which concentrations were equivalent to 10%, 20% and 100% of cat-
ion exchange capacity (CEC) of natural zeolite. Pseudomonas putida was used as microorganism which was cultivated in Beef
Extract Medium at 26°C. The microorganism attachment to MMZ was increased more than natural zeolite. The amount of bac-
terial adhesion to MMZ and natural zeolite were Mg®">natural>Na">AI**>Ca?" under 10% of CEC, Mg*>Ca*>AP">
natural>Na" under 20% of CEC and Ca?>">Mg?">natural>AI**>Na" under 100% of CEC. Especially, Mg-modified zeolite
(Mg-MZ) showed the highest amount of bacterial adhesion, which increased the microorganism attachment 60% higher than
natural zeolite under 10% of CEC. However, the amount of bacterial adhesion was decreased as the concentration of metal cat-
ions modified to zeolite were increased, showing that the increased amounts were 60% under 10% of CEC, 50% under 20% of
CEC and 10% under 100% of CEC in Mg-MZ. Additionally, the effect of Mg in solution on the bacterial adhesion was inves-
tigated in order to compare it with the effect of Mg?" adsorbed to zeolite. The maximum quantity of bacterial adhesion to Mg-
MZ was not different from the amount of microorganism attachment to the natural zeolite when Mg?" solution was added.
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SAsIAT. MAES 5 § pH7.09 S S8
(phosphate buffery= AFE3t] HASITE <Ll o8-
o] Alxe dhare] YaleRiad@e] 1914k (potassium
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Ak, wHF & EFFE 23] AFHSkaL 12000004 2417k
S xSt MMZE A|IZSHT

Table 1. Properties of the Natural Zeolite Used in this Study

Properties Measured Values
Diameter (mm) 2~3
CEC (meq/100g) 100~160
pH 7~10
Specific Surface Area (m?/g) 80~100
Specific Gravity 2.1~2.4
Hardness 3.5~5.0
Refractive Index 1.47~1.49
Pore Size (nm) 0.3~1.0
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Table 2. Adhesion Parameters for Zeolite Estimated by
Equation (1)

—Kbr

Type of Zeolite 1+Kt

K b r

Natural Zeolite 0.0034 | 0.0251 0.94
0.01M 0.0070 | 0.0180 0.97
0.02M Na-Modified Zeolite | 0.0060 | 0.0166 0.87
0.1M 0.0134 | 0.0136 0.82
0.01M 0.0107 | 0.0187 0.78
0.02M Ca-Modified Zeolite | 0.0035 | 0.0310 0.84
0.1M 0.0151 | 0.0160 0.80
0.01M 0.0028 | 0.0432 0.91
0.02M Mg-Modified Zeolite | 0.0081 | 0.0236 0.60
0.1M 0.0053 | 0.0229 0.88
0.01IM 0.0042 | 0.0179 0.88
0.02M Al-Modified Zeolite | 0.0020 | 0.0412 0.96
0.1M 0.0020 | 0.0303 0.94
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Fig. 3 Maximum Amount of Bacterial Adhesion to 2, 4 and
20% CEC Metal-modified Zeolite Estimated by
Equation (1)
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Fig. 4 Amount of Bacterial Adhesion to 10% CEC Mg-

modified Zeolite and Natural Zeolite with 0.01M Mg
Solution

Table 3. Adhesion Parameters for 10% CEC Mg-modified
Zeolite and Natural Zeolite with 0.01M Mg Solution
Estimated by Equation (1)

= Kbt
Type of Zeolite 1+ Kt
K b 2
Natural Zeolite 0.0034 | 0.0251 | 0.94
0.01M Mg-Modified Zeolite 0.0028 | 0.0432 | 091
0.01M Mg Solution+Natural Zeolite | 0.0017 | 0.0405 | 0.92
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Table 4. The Experimental Domain Factor and Level for the
Box-Behnken Design

Range and levels(coded)
Code Name of factor

-1 0 +1

Metal 0.001 0.002 0.01

B Temperature 10 20 40

C Biomass 0.01 0.05 0.1
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Fig. 5 Main Effects for Bacterial Adhesion to (a) Ca-Modified
Zeolite (b) Mg-Modified Zeolite

Hige =z 2xkel T aHEE Aol 2t AAES]
VFe v A, Ca-MzZ9 A5 VAE Il 7
& ol TEY LEHG vAE °ﬂf*°1 AL, oje} wih
Z Mg-MZ9| HBE RAPelE Fol 9 2 Ur e
Ho vl FHFe] o 2 S vAE &

AT

L OW

to H

]

_l

R ARE ST



Temperature
N
w

20

15
3

0,0{8

r ’ 0.021

10+ e . . e -

0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10
Metal Concentration

(b) 40 oo i P

L il - 0.015
35 5

304

25

Temperature

20 \
0.012
———— e AN
15
Lo.o21— E
10 T —— T T 0'?18 T
0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10
Metal Concentration

0.10

0.09+
0.08- \ Ve
007 /

0.06 5.6135 ‘

0.05+

Biomass

0.04- ‘ /

I \ 0_02'55
0.03- . I". |
0.02 \ \ /
0.0100 | 00150

0.0200
| {

2t
0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10
Metal Concentration
0.10
0.020
0.09-

0.08-
0.07

: ,

Biomass

Lo.o1s —
0.04

0.05 - gmé"

0.034

0.02-
9.005

0.01 -'_'--_I--- . -~ . .
0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10
Metal Concentration

Fig. 6 Contour Plot of Bacterial Adhesion to (a) Ca-Modified Zeolite (b) Mg-Modified Zeolite

4. 4

rhu

AE3HE FAlE] F80M mAES TAS 3EH| A
s o, PAES] AEHY 22 GRS FAE 5 7]
ol HES] B3RS FXAI7)7] Ast At tdsiAl
o]FojA it} B Aexe vt SRS wigE
o] Q= AA ASEC|ES vBE FAZAY] A3 BT,
HEHol F2 55 ol viE FIs FKE §
= 7Fe 1 9JL FEskaAl st

AET FAA Al S35 ool wA=
qekS AR A3l CEC2 10%, 20%, 100%7} 55 &
oloF X3kE MMZze} X|3H=A] e HA Al gele|ER
o] plAE RS vwE|RY, = wet Mg-MZ9] 7
£ HA AgolE BT} 10-20%, Ca-MZ2] 7 20~30%
7hE mAES] FAEro] ZUIEIL ol AlgEolEY F
2 Mg?t 2 Ca?7) AlgElolEe] 1 HsE A
237} SAlel| AR A9 2 aEAEAY] S 31
AA ALeolER] RS ZIA)7)aL Na' T APF
22 A9 A9 9 B2 vAEe A & ITE 7
A2 F3p7] whel] F2Ee] 7P 34 FAY V1A
%2 FoF AlEE. wEhx HA AlgEelESE e &
A2 BgA AAZ o7 EAsh= Mg?" E Ca’’o] EAE
o vABE FFE T/MZE F om 3t olEgl 54 &
o] 9] QAR I T3t e vAE FRES
S7HA BEIR] 885 FPIE F US FeE AR

#2048 E3IBIE - 20094 SH

i

o).

AgelolEd] ole mBOR FAHA Mot g 4
2 EAlslE Mgo] mlEe] Rl A e ul
- BT A Mgl AlelolEe] vl FHwo] 9]
A9 ALlE HRS FANA FA7)H el 3
ARoEA 7)ol HETle] FHE HAPE ARt
o1}, ARle] At B ELSA HE Mg
ko 2 Aol X AR didEe uEA B2
oz AUFARlE 2 Ao} gl Ao Almart,

HAsto R RSME Fasle] LE9) 345 olee] BT B
nlE el bl o xpiSo] nge] Rag] 7}
9P vEA Ao, Me-Mzel A5 vl

Po] 2 JFS WAL, CaMzoME VIE F
% ol FEU LEurt gl AT,

to K

>

E

of of O

B
rot

k=)

=X18H2003) A AlLEfolES] 3 JAE 715 A=
gl B3I AF(I): TR A LElo)ES] TS ol F
z2 B4, s=2EEstsX|, =333, Al16d, pp. 201-
213.

A2(2005) MiE2l0|Ee| HAUS. F=Algeto)Ests],

uodal MAgs, o ARt eI, $57+(1999) Na 2 Ca o
o] nEe] Rl v|x)= JE. sHEeAMES(X|, =t
31743813, A|25¢, pp. 78-82.

SHIA, o=, B9 E, g, 718A (2001) AlSERIEE H7}
g 1Y) &R AIZES o83 AR 1 Hg

-309 -



2], 3stE, d=aAststs], 21129, pp. 410-414.

BAE(1994) A=etel vlEstE S CigledEZsEts| x|, it
27433, #1164, pp. 589-600.

, AR, A, =AK(2001) A AlgEe|ES o]2m

gk 545 o8-8 NH,'-N o] A|Ae| &3t A+ SYst
&, g3dststs], Al127, pp. 165-169.

Allison, D.G, and Sutherland, I.W. (1987) The role of exopolysac-
charides in adhesion of freshwater bacteria. .J. Gen. Microbiol.,
Society for General Microbiology, Vol. 133, pp. 1319-1327.

Bitton, G. (1994) Wastewater microbiology. John Wiley & Sons
INC., New York, N.Y.

Corpe, W.A. (1964) Factors influencing growth and poly-saccha-
ride formation by strains of Chromo-bacterium violaceum. J.
Bact., American Society for Microbiology, Vol. 88, pp. 1433-
1441.

Fattom, A. and Shilo, M. (1984) Hydrophobicity as an adhesion
mechanism of bentic cyanobacteria. Appl. Environ. Microbiol.
American Society for Microbiology, Vol.. 47, pp. 135-143.

Gotzinger, M., Weigl, B., Peukert, W., and Sommer, K. (2007)
Effect of roughness on particle adhesion in aqueous solutions :
A study of Saccharomyces cerevisiae and a silica particle. Col-
loid Surface B, Elsevier, Vol. 55, pp. 44-50.

Lee, D.H. and Moon, H. (2001) Adsorption equilibrium of heavy

A

it 4

-310 -

metals on natural zeolites. Korean J. Chem. Eng., Korean Insti-
tute of Korean Engineers, Vol. 18, pp. 247-256.

Madigan, M.T., Martinko, J.M., and Parker, J. (1997) Brock biol-
ogy of microorganisms, 8th Ed. Prantice-Hall Inc.

Perez-Rodriguez, J.L., Maqueda. C., and Carretero, M.I. (1989)
Effect of some clay minerals on the growth sulphate-reducing
bacteria in anaerobic reactors. Appl. Clay Sci. Elsevier, Vol. 4,
pp. 449-459.

Shimp, R.J. and Pfaender, F.K. (1982) Effects of surface area and
flow rate on marine bacterial growth in activated carbon col-
umns. Appl. Environ Microb. American Society for Microbiol-
ogy, Vol. 44, pp. 471-477.

Teixeira, P. and Oliveira, R. (1999) Influence of surface characteris-
tics on the adhesion of Alcaligenes denitrificans to polymeric
substrates. J. Ahesion Sci. Technol., Brill, Vol. 13, pp. 1287-
1294,

van Loosdrecht, M.C.M., Lyklema, J., Norde, W., Schraa, G., and
Zehnder, A.J.B. (1987) The roll of bacterial cell wall hydro-
phobicity in adhesion. Appl. Environ. Microbiol. American
Society for Microbiology, Vol. 53, pp. 1893-1897.

(A4 2008.10.8/4A1D : 2008.11.13/AAIFE Y : 2009.4.10)

Kt AE w3



