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Performance of live and dead cells of Klebsiella sp. in removing Pb( Il ) from aqueous solution

LIU Shu-li, DUAN Zheng—yang, XU Long—qian, XU Xiao—jun", SONG Shu-min, ZHANG Meng-jiao

(Faculty of Environmental Science and Engineering, Kunming University of Science and Technology, Kunming 650500, China)

Abstract: Live cells (LC) and dead cells (DC) of Klebsiella sp. were used as adsorbents to remove Pb ( Il ) from aqueous solutions. The
dead cells were generated by sterilizing the cell cultures. The ability of LC and DC to remove Pb( Il ) was compared and differences in ad-
sorption capacity of above adsorbents were investigated in this work, through systematically studying factors influencing the adsorption and
removal, including solution pH, adsorbent dosage, contact time, and initial Pb( Il ) concentration. In addition, scanning electron microscopy
(SEM), specific surface area determination, zeta potential analysis, fourier transform infrared spectroscopy (FTIR), and X-ray photoelec-
tron spectroscopy (XPS) were performed to further illustrate the difference in adsorption performances. The results revealed that Ph( II ) ad-
sorption by DC and LC fits well with pseudo—second—order kinetics and the Langmuir isotherm model according to adsorption kinetic and
isotherm analyses, respectively. The maximum adsorption capacity of Pb( Il ) was 134.92 mg-g™ for DC and 116.18 mg- ¢ for LC at 30 °C,
determined by the Langmuir isotherm model. The thermodynamic parameters, such as AG, AH, and AS, showed that the adsorption of Pb
(II) by DC was spontaneous and exothermic, whereas it was spontaneous and endothermic for LC. Our results indicated that DC had a larg-
er specific surface area and more negative charges than LC, possibly because the DC cell wall structure was no longer intact following high
temperature treatment, increasing the permeability of the cell wall, thereby exposing more amino groups to the surface. The above difference
resulted in DC presenting greater adsorption capacity for Pb( Il ) than LC under the described experimental conditions.
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Figure 5 Effect of DC and LC dosage on the adsorption of Ph( 1l )
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Figure 6 Effect of contact time on adsorption of Ph( II ) by DC
and LC and the fitting results using pseudo—first—order and

pseudo—second—order models
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Table 1 Kinetic parameters for the adsorption of DC and
LC for Ph(11)

HE— Bl R
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i & DA R
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W] e/

Adsorbent mg-g™ ;

ke Ge.cal r k> Gercal T

2

DC 131.86 0.1305 129.44 0.8918 0.0014 139.84 0.9923
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Figure 7 Adsorption isotherms and the fitting results by Langmuir

and Freundlich models
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Table 2 Fitting results of adsorption isotherms based upon Langmuir and Freundlich models

B 551) Gerow! Langmuir Freundlich
Adsorbent mg-g Gun/mg- g Ki/L-mg" r K n &
DC 131.86 134.92 0.887 2 0.952 1 74.599 4 6.3376 0.823 9
LC 104.29 116.18 0.266 9 0.953 6 477779 4.760 4 0.792 8

T, S 60 min, BIFZE IRLEE XF DC A LC W B RESR 1 5
M o AR4E DC A LC ZEAS [ BE R %5 Ph (1T ) Wz B ~F- iy
Bl TR R AR R A O SRS A i B e
A5 AG JEAS AH RS AS, BARTFA SRR

AG=-NTnK, (7)
_AS _AH
and - N NT (8)

AN N HEAE SR H$08.314 T mol - K T HIRE,
K Ko W TE R BE T ()P4 450 8] InKoxt 1/ T VR
PIA K678 AH FVRAS AS BT LA T A5 e 1 P ) e
RT3, SEh gl R WK 8 FiZE 3.

MAFE 3 AT, DC AT LCAEAS [F)IE W RfF Ph (D)
B AG ¥R T8, 2B DC AN LC W Bt K 75 3% Ph (1)
R AR . ST DCWE Ph( ), AG i 4a %)
(B B 5 U0 32 s/, 3R BT B 1Y B A e T DN
H AH J3-15.26 kJ - mol™, AH >N 1 i 3 B] DC W% [t
Ph( 1) & — NG A I T v AN W 2o A 1)
PEAT 3 AS<0, Ui B DC Xt Ph (I ) 49 5% B 2 75 Sy e ik %)
TR W R AR B BE AL BN o RS SR S8 SR
5% i 1 ¥ 18 )R B V- 55 16 (Phanerochaete chrysospori-
wm ) T 45 B B R B A s R B, X LC R
FEPbCIL ), HERI 5 DC AR 45 2R , AG I 4 XHE
Wi 5 kT R I, W B R R e D R R s AH
>0 F1 AS>0, 2 W LC W [ff Ph (11 ) 2 W #hsd 7% H. W% b
Tl [ A T 1 B AL 386 0

19r DC

1.8

1.7

lnﬂﬁ

1.6

L5}

14 1 1 1 1 1
0.003 16 0.00320 0.00324 0.00328 0.00332 0.003 36

T

3 DCALC B Ph( DN ZESH
Table 3 Thermodynamic parameters for the adsorption of Pbh**

by DC and LC

W o 55 AG/ AH/ AS/ )

Adsorbent rre kJ-mol™! kJ+mol™' J-mol ™K™' r

DC 25 -4.53 -15.26 -35.90 0.997 6
30 -4.33
35 -4.14
40 -3.99

LC 25 =291 17.58 68.69 0.996 0
30 -3.21
35 -3.59
40 -3.93
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Figure 8 Plot of InAG versus 1/T
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Figure 9 FTIR spectra of before adsorption of LC and DC for
Ph( 1) and after adsorption of Pb( I ) by DC
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Figure 10 XPS spectrum of LC,DC and DC-Pb
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Figure 11 XPS spectra of N1s and Ols for the LC,DC and DC-Pb
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