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Fig. 1- Erlenmeyer flasks contain 100ml MSM and 1ml xylene in the incubator after microbial inoculation
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Fig. 2- Colonies of Sphingomonas paucimobilis strain TY4-HX on MSM xylene-containing agar plates
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Table 2. RSM design for the three factors and their experimental results

std Run X1 X2 X3 Xa R1 Rz

18 1 0.65 15 7 32 86.30 88.92
16 2 0.50 2.0 8 40 55.00 57.24
14 3 0.50 1.0 8 40 65.00 5914
12 4 0.50 2.0 6 40 53.70 56.39
28 5 0.35 15 7 32 73.00 73.00
22 6 0.35 15 9 32 38.00 38.60
2 7 0.50 1.0 6 24 52.00 50.82
10 0.50 1.0 6 40 62.00 59.59
7 9 0.20 2.0 8 24 45.00 44.36
8 10 0.50 2.0 8 24 50.40 49.92
19 11 0.35 0.5 7 32 38.00 43.95
11 12 0.20 2.0 6 40 36.50 32.57
13 13 0.20 1.0 8 40 50.00 50.18
25 14 0.35 15 7 32 73.00 73.00
30 15 0.35 15 7 32 73.00 73.00
29 16 0.35 15 7 32 73.00 73.00
5 17 0.20 1.0 8 24 37.70 35.96
15 18 0.20 20 8 40 46.50 48.63
20 19 0.35 25 7 32 53.00 49.15
23 20 0.35 15 7 16 23.00 24.38
9 21 0.20 1.0 6 40 34.00 35.42
27 22 0.35 15 7 32 73.00 73.00
6 23 0.50 1.0 8 24 41.00 41.88
17 24 0.05 15 7 32 59.70 59.18
4 25 0.50 20 6 24 60.80 57.57
3 26 0.20 2.0 6 24 30.00 36.80
21 27 0.35 15 5 32 30.00 31.50
26 28 0.35 15 7 32 73.00 73.00
1 29 0.20 1.0 6 24 35.00 29.71
24 30 0.35 15 7 48 36.70 37.42
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Table 3. ANOVA of the quadratic model for xylene

Sum of

Source Squares DF DF Mean Square F Value Prob > F
7713.19 14
550.
Model s 14 550.94 36.35 <0.0001 significant
5 <
0.0001
A 1326.11 1 550.94 87.50 <0.0001
B 40.56 1 1326.11 2.68 0.1227
C 75.62 1 40.56 4.99 0.0412
D 254.80 1 75.62 16.81 0.0009
A2 1.89 1 254.80 0.12 0.7289
B2 1199.32 1 1.89 79.14 <0.0001
C2 2468.92 1 1199.32 162.91 <0.0001
D2 3038.42 1 2468.92 200.49 <0.0001
AB 0.12 1 3038.42 8.083E-003 0.9296
AC 231.04 1 0.12 15.25 0.0014
AD 9.30 1 231.04 0.61 0.4455
BC 1.69 1 9.30 0.11 0.7430
BD 99.00 1 1.69 6.53 0.0219
CD 72.25 1 99.00 477 0.0453
Residual 227.32 15 72.25
Lack of Fit 227.32 10 15.15
Pure Error 0.000 5 22.73
Cor Total 7940.51 29
The Model F-value of 36.35 implies the model is significant. There is only

a 0.01% chance that a "Model F-Value" this large could occur due to noise.
Values of "Prob > F" less than 0.0500 indicate model terms are significant.
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Fig. 4- Effect of the level of interaction between pH and graphene oxide concentration on total xylene removal: (a) surface plot
and (b) contour plot
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Fig. 5- Effect of the level of interaction between of temperature and xylene concentration on total xylene removal: (a) surface
plot and (b) contour plot
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Introduction: In recent decades, xylene has been considered as one of the most important pollutants in soil, along
with other aromatic compounds in crude oil and other petrochemicals. Therefore, the aim of this study was to find
bacteria for the biodegradation of this compound and to increase the degradation efficiency of this compound
with the help of immobilizing the bacterium on compounds with a nanostructure such as graphene oxide.

Material and methods: In the current study, biodegradation of xylene by free and immobilized bacteria on
graphene oxide was studied under optimized conditions. Isolated xylene degrading bacteria from contaminated
soils were identified based on 16S rDNA gene sequencing and submitted to gene bank as Sphingomonas
paucimobilis strain TY4-HX. Using response surface methodology, optimum values of pH, temperature and
xylene concentration for xylene degradation by free and immobilized cells were determined as 7, 32°C and
1.5g/1, respectively.

Results and discussion: Free bacterial cells were able to degrade 45.8% of the xylene after 24h under
optimized conditions. Analyzes by Fourier-transform infrared spectroscopy (FTIR) and Scanning Electron
Microscope (SEM) showed that the strain adhered onto the Graphene oxide surface and developed a biofilm.
Immobilized cells were able to degrade up to 86.3% of the xylene after 24h under optimized conditions.

Conclusion: Our results indicated that free and immobilized Bacteria had a suitable application potential in
the treatment of xylene-containing soils.
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