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Table 7. Characteristics of lead tolerant marine bacteria.

Samples Colonies Morphology

1. Sea water Turbid white with slime, yellow combine with
brown with slime

2. Sea water Turbid white with slime, turbid white point in
clear white with slime

3. Sea water Turbid white with slime, yellow combine with
brown with slime

4. Waste Turbid white with slime, red with slime

5. Plastic Turbid white with slime, turbid white point in
clear white with slime, yellow combine with
brown with slime

6. Sediment with sea water Turbid white with slime, turbid white point in
clear white with slime

7. Plastic bottom Turbid white with slime, turbid white point in
clear white with slime

8. Rope Turbid white with slime, turbid white point in

clear white with slime
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Table 8. Characteristics of marine - derived bacteria on medium B.

Bacteria Gram strain Shape
CNBP001 + Short rod
CNBP002 + Oval
CNBP003 + Rod

CNBP004 - Coccus
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Figure 7. Characteristics of marine - derived bacteria produce Extracellular polysaccharides (EPS).
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Table 9. Lead absorption by EPS from 4 isolates.

% Lead absorption
Bacteria polymer
2 hours 12 hours
CNBP001 41.94 45.77
CNBP002 41.40 15.80
CNBP003 36.36 38.57
CNBP004 48.55 25.56
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Figure 8. Precipitation of EPS with ethanol and polymer characteristics.
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Table 10. Morphological and biochemical characteristic of selected bacteria strains.

Morphological and biochemical Selected bacteria
characteristic CBBP001 CNBP002 CNBP003 CNBP004
Gram strain + + + -
Cell shape Short rod Oval Rod Coccus
Motility + - + ND
Catalase test + + + ND
Oxidation/Fermentation(O-F) (0] (0] F ND
Spore forming - - + ND
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Table 11. Effect of various carbon sources on EPS formation and ability of absorbing.

Weight of polymer Relative

C source Lead absorption (%)
(g/100 ml) production

su2% 0.40+0.04" 127° 37.44+2.50 "
sud% 0.51+0.06" 1.62° 35.26+1.48 "
su6% 0.54+0.02°* 171 33.33:0.64 "
sul0% 0.47 +0.06™ 1.49™ 48.22+9.58
glu2% 0.32+0.06" 1.00° 36.17+10.92 "
glud% 0.4140.05% 1.29" 54.37+1.51%
glu6% 0.42 £0.02* 1.32° 57.24+0.63

glul0% 0.61+0.01*" 1.92*" 50.00:0.50
mo2% 1.01 £0.00° 3.19° 24.66+0.67"
mod% 0.66 £0.02° 207" 27.4242.65%
mo6% 0.72 +0.06' 226 45.50+1.17

mo10% 0.43 +0.12"™ 1.35™ 28.1:0.74 "

NUYLYE Significant at p < 0.05

su = sucrose , glu = glucose , mo = molasses
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Table 12. Effect of various nitrogen sources on EPS formation and ability of absorbing.

Weight of Polymer Relative
N sources Lead absorption (%)
(g/100 ml) production
p1% 0.48+0.02" L1 50.09+0.87"
p4% 1.1120.08 " 2.60™ 59.70+0.14°
p7% 1.73+0.11°° 4,02 68.58+5.76°
p10% 2.55+0.20° 5.93° 74.56+7.59
s1% 0.43+0.05" 1.00" 77.15+2.16°
s4% 0.83+0.37" 1.93" 68.87+0.66"
7% 1.44+0.41" 3.35™ 94.13+0.33"
s10% 2.13+0.75 4.96" ND*
y1% 0.49+0.02" 1.14" 87.81+2.53 "
v4% 1.3340.01 3.10™ 85.46+1.07"
y7% 2.23+0.71°% 5.18" 93.80+0.13°
y10% 2.55+0.44° 5.93° 89.13+0.84

NUYLYE Significant at p < 0.05

p = peptone , s = soy milk , y = yeast extract

ND = Non detected
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Table 13. Effect of pH on EPS production and lead absorption.

Weight of polymer
pH Relative production ~ Lead absorption (%)
(g/100ml)

3 1.07+0.03" 1.13° 61.73+5.18"
5 1.00+0.03" 1.00™ 81.77+8.53"
ab be b

7 1.05+0.06 1.11 78.63+8.05
b d ab

8 1.14+0.01 1.21 73.94+0.43
10 1.37+0.02° 1.45° 73.79+4.81°
control(5.50) 1.01+0.10" 1.07° 83.94+3.00"

N1 Significant at p < 0.05
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Table 14. Effect of temperature on EPS production and lead absorption.

Temperature Weight of polymer
Relative production Lead absorption (%)

) (2/100ml)
20 1.04+0.10" 1.01° 82.39+0.20"
25 1.16+0.06" 1.21° 77.88+0.68"
30 1.03+0.06" 1.00" 81.68+5.31"
35 1.10+0.03" 1.15° 79.60+5.23"

NUYLYE Significant at p < 0.05
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Table 15. Effect of aeration (rpm) on EPS production on lead absorption.

Weight of polymer
Agitation speed Relative production  Lead absorption (%)
(g/100ml)
150 rpm 0.98+0.04" 1.00° 95.46+0.48"
200rpm 0.99+0.03" 1.00° 94.80+2.57"
250rpm 1.04+0.04" 1.06' 94.00+0.54

U1 Significant at p < 0.05
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Table 16. Effect of various induce on EPS formation and ability of lead absorbing.

Weight of polymer
polymer Relative production Lead absorption (%)
(g/100ml)
NPb 1.00+0.10° 1.12° 80.39+0.35"
Pb50 1.02+0.04" 1.14° 82.1042.37"
Pb300 0.97+0.07" 1.08" 72.81+6.32"°

NUYLYE Significant at p < 0.05

NPb = Non lead, Pb50 = 50 ppm lead, Pb300 = 300 ppm lead
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Table 17. Effect of organic solvents on precipitated EPS and ability of absorbing.

Weight of polymer
Solvents Relative production Lead absorption (%)
(g/100ml)
Acetone 1.47+0.05° 1.80 81.53+3.10"
EtOH 1.03+0.06" 1.26 81.1545.60°
MeOH 0.88+0.05" 1.08 85.71+1.30"

NUYLYE Significant at p <0.05
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Table 18. Effect of EPS concentration on Lead absorption.

%EPS concentration(w/v) Lead absorption (%)

0.1 73.83+2.50"
0.3 80.85+2.34"
0.5 70.6+1.93"
0.7 71.71£1.16"
1.0 69.95+1.88"

NUYLYE Significant at p < 0.05
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Table 19. Effect of contact time of Lead absorption.

Contact time (hr) Lead absorption (%)
2 93.49+0.07"
6 95.58+0.62"
12 95.85+0.69 "
24 93.77+0.79 "
48 93.03+0.62"

NUYLYE Significant at p < 0.05
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Table 20. Effect of initial pH on Lead absorption.

Initial pH Lead absorption (%)
control * 92.19+1.28"

3 92.10+1.78"

5 85.540.13"

10 16.47+12.54"

UYL * Control = 4.5

Significant at p <0.05
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Table 21. Effect other heavy metals on absorption of EPS.

Metal Concentration (ppm) Absorption (%)
Cd 5 47.67+4.28"
10 53.08+6.28"
20 71.20£1.93"
50 77.721.50"
100 75.20+2.26"
Mn 5 43.25+3.83"
10 56.50+2.85"
20 55.75£5.47"
50 41.88+3.60"
100 50.13+1.12°
Pb 5 26.00+10.10°
20 47.18+7.78"
50 76.51+4.76°
100 87.89:0.77"
125 95.63+1.25"
200 98.46+0.50°

NUYLYE Significant at p < 0.05
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Table 22. Effect of cadmium and lead on absorption of EPS.

Absorption (%)
Metals concentration
Cadmium Lead

Cd:Pb (100:0) 75.2042.26" -
Cd:Pb (0:100) - 87.89+0.77"
Cd:Pb (5:100) 62.50+8.59"° 99.3240.11°¢
Cd:Pb (100:5) 76.94+0.83" 55.5244.77"
Cd:Pb (100:200) 80.81+1.27" 97.64+0.44 ¢

HU9LY¢ Cd = Cadmium, Pb = Lead

Significant at p < 0.05
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Table 23. The comparison of lead absorption between crude and purified polymer.

Polymer Lead absorption (%)

crude 98.84+0.59 "
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purified 99.06+0.56"

U119 Significant at p < 0.05
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Figure 9. Purification diagram of polymer.
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Figure 10. The IR spectrum of EPS.
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Table 24. Main functional groups observed with IR-spectra.
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Wave number (cm’)

Vibration type

Functional type

3750-2050
3020-3000
2950-2900
2900-2850
1750-1740
1670-1650
1550-1535

1470-1460

1410-1400

1150-1000

<1000

Stretching vibration of OH

Stretching vibration of CH,, C=H
Asymmetric stretching vibration of CH,
Symmetric stretching vibration of CH,
Deformation vibration of C=0
Stretching vibration of C-N and C=0
Stretching vibration of C-N and
Deformation vibration of N-H
Deformation vibration of CH,
Stretching vibration of C=0 and
Deformation vibration of OH
Stretching vibration of C-O-C

“Fingerprint” zone

OH in polymeric compound

Carboxylic acid

Amide I (protein peptidic bond)
Amide II (protein peptidic
bond)

Carboxylic acid

Alcohols and phenols
Polysaccharides

Phosphate or sulphur functional

groups

5.3 Gel Permeation Chromatography (GPC)
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Figure 10. Thin layer chromatography (TLC) of partially purified EPS in the system n-butanol:

methanol: water; 3:3:1.

Lanes: 1 glucose; 2 hydrolyzed EPS; 3 sucrose; 4 xylose; 5 lactose; 6 galactose; 7 rhamnose
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Figure 12. The "HNMR spectrum of EPS.
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Table 25. 'H NMR chemical shifts (D,0, 0 values) of EPS and standard sugars

Chemical shift (ppm)

Functional group 'H

Gluconic acid Glucosamine G  lucose EPS

NH, - 2.00 - 2.00

CH 337 337 337 3.38

3.38 338 3.38 3.60

3.70 3.75 3.60 3.75

4.17 9.72 4.16 4.16

- - 9.72 8.24

CH, 3.68 3.68 3.68 3.68

OH 2.00 2.00 2.0 2.00
11.00 - - -
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