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Table 1. Variables and levels of central composite design method for optimization of uranium
biosorption by autoclaved biomass of Micrococcus luteus bacteria.

] levels
Variable Symbol ————— 0 1 +q
Initial concentration (mg/l) A 10 325 55 775 100
pH B 2 275 35 425 5
Temperature (°C) C 25 36.25 325 2875 40
biosorbent dose(g/1) D 5 10 15 20 25
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Table 2. Values of variables and experimental responses of the central composite design in the

response surface methodology for optimization of uranium biosorption by autoclaved biomass of Micrococcus
luteus bacteria.

Test Initial concentration pH Temperature Biosorbent dose Removal
(mg/1) 9] (o (%)
1 55 35 325 5 89.29
2 100 35 325 15 99.55
3 55 35 325 25 96.82
4 325 2.75 36.25 20 93.31
5 77.5 2.75 28.75 10 74.75
6 77.5 2.75 36.25 20 99.1
7 55 35 325 15 90.9
8 325 4.25 36.25 10 93.18
9 32.5 4.25 28.75 10 94.1
10 325 4.25 28.75 20 98.34
11 325 2.75 28.75 20 94.07
12 55 35 40 15 94.11
13 10 35 325 15 98.81
14 775 2.75 36.25 10 80.76
15 775 4.25 36.25 20 91.87
16 55 35 25 15 92.04
17 55 5 325 15 95.93
18 325 4.25 36.25 20 97.8
19 775 2.75 28.75 20 99.03
20 325 2.75 28.75 10 98.1
21 775 4.25 36.25 10 95.6
22 55 2 325 15 45.46
23 325 2.75 36.25 10 98.46
24 55 35 325 15 91.59
25 775 4.25 28.75 10 92.39
26 55 35 325 15 90.65
27 775 4.25 28.75 20 92.81

el 00l oy 28 1) Djgo 58l 5 Jagd cald slpaioy Jow

Biosorption of uranium = +381.00267-15.47727* C (ppm)-45.12825 * pH+0.62243* T (0C)-7.08198* M
(g/)+4.10347* C (ppm) * pH+7.56296E-003* C (ppm)* T (0C)+0.18786* C (ppm)* M (g/l)

-0.10822* pH * T (0C)+2.14135* pH * M (g/1)-0.036100* T (0C) * M (g/1)+0.10988* C (ppm)2-8.84880*
pH2-0.047385* C (ppm) * pH * M (g/1)-0.030184* C (ppm)2* pH
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Table 3. Variance analysis of the proposed model for the amount of uranium biosorption by the
autoclaved biomass of Micrococcus luteus bacteria (R).

Reference Sum of squares df Mean square F value p-value
Model 2825.492 14 201.8209 12.19238 <0.0001
A-C (ppm) 65.24104 1 65.24104 3.941335 0.0704
B-pH 1273.61 1 1273.61 76.94122 <0.0001
C-T (0C) 4.708204 1 4.708204 0.284432 0.6035
D-M (g/l) 121.7251 1 121.7251 7.353645 0.0189
AB 23.88766 1 23.88766 1.443099 0.2528
AC 6.515256 1 6.515256 0.393599 0.5422
AD 98.15856 1 98.15856 5.929945 0.0314
BC 1.482306 1 1.482306 0.089549 0.7699
BD 48.61576 1 48.61576 2.93697 0.1123
CD 7.330556 1 7.330556 0.442853 0.5183
AN2 117.6547 1 117.6547 7.107745 0.0206
B"2 634.2397 1 634.2397 38.31562 <0.0001
ABD 255.7601 1 255.7601 15.45095 0.0020
AN2B 700.5116 1 700.5116 42.31924 <0.0001
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Figure 1. Three-dimensional surfaces of uranium biosorption by Micrococcus luteus. The
interaction of the initial concentration of uranium (mg/l) and pH on R.
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Figure 2. Three-dimensional surfaces of uranium biosorption by Micrococcus luteus. The
interaction of the initial concentration of uranium (mg/l) and temperature (°C) on R.
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Figure 3. Three-dimensional surfaces of uranium biosorption by Micrococcus luteus. The
interaction of the initial concentration of uranium (mg/l) and the amount of biosorbent (g/l) on R.
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Figure 4. Three-dimensional surfaces of uranium biosorption by Micrococcus luteus.
The interaction of temperature (°C) and pH on R.
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Figure 5. Three-dimensional surfaces of uranium biosorption by Micrococcus luteus.
The interaction of pH value and the amount of biosorbent (g/I) on R.
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Figure 6. Three-dimensional surfaces of uranium biosorption by Micrococcus luteus.
The interaction of temperature (°C) and the amount of biosorbent (g/l) on R.
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Abstract

Introduction: Uranium, as one of the heavy metals, is a natural radionuclide that has harmful effects on
human health and the environment due to its serious toxicity and radiation properties. Biosorption is a simple
and cost-effective technique that can be used for removal of heavy metals and Radionuclides from waste waters.
Material and methods: In this study, Micrococcus luteus biomass pretreated with autoclave heat was used. Then,
physicochemical factor affecting the biosorption including biosorbent dose, initial uranium concentration,
temperature and pH were investigated by Response Surface Methodology. Results: The results showed that the
factor of initial uranium concentration, sorbent dose and pH statistically (p-value< 0.05) affect the uranium
biosorption process. In contrast, temperature factor (p-value> 0.05) statistically have no effect on uranium
removal by M. luteus. Discussion and conclusion: The results indicated that the pre-treated biomass under the
conditions suggested by Design Expert software (19.75 g/liter of biomass, temperature 32.14 °C and pH 3.33) is
able to remove approximately 99.98 percent of uranium from the contaminated area is 26.11 mg/liter of uranium,
which shows its valuable potential in bioremediation applications of uranium from acidic wastewaters

contaminated with low concentrations of uranium.
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