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Contaminated Groundwater Using Response Surface Methodology (RSM)
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Abstract Response surface methodology (RSM) is utilized to analyze and optimize the experimental condition of
V(V) removal in single chamber microbial fuel cell (MFC). The influences of initial vanadium concentration,
COD and electrolyte conductivity on V(V) removal efficiencies are investigated when sodium acetate is adopted as
carbon source in single chamber MFC. The results of RSM with three factors at three levels reveal that the initial
vanadium concentration has the most significant effect on V(V) removal efficiencies, followed by the COD,
whereas the influence of the electrolyte conductivity is minimal. The optimal experimental condition obtained by
RSM is initial V(V) concentration of 75.44 mg/L, COD of 1007.48 mg/L and electrolyte conductivity of 11.98
mS/cm, in which condition the theoretical maximum V(V) removal efficiency of 80.31% can be achieved.
Verification test is also conducted and the results further confirm the reliability of the optimization. The results of
the present study will promote the application of MFC in the remediation of vanadium contaminated groundwater.
Key words vanadium; microbial fuel cells; groundwater; bioelectricity; response surface methodology
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Diagram of the anthropogenic pollution sources of vanadium and its damage
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Fig. 2 Polarization curves and power outputs of single chamber MFC (a) and V(V) concentration curves

including XPS spectra of V 2p (b)
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Table 2 Contrast between actual value and predicted value of V(V) removal efficiency

75 X X, X; PR EBREE % T KRR/ %
1 -1 -1 0 52.69 48.95
2 1 -1 0 40.76 42.05
3 -1 1 0 81.00 77.15
4 1 1 0 60.79 62.04
5 -1 0 -1 80.77 79.05
6 1 0 -1 58.70 57.38
7 -1 0 1 60.31 69.61
8 1 0 1 55.44 5423
9 0 -1 -1 4739 49.10
10 0 1 -1 70.01 71.14
11 0 -1 1 46.15 4439
12 0 1 1 67.50 66.43
13 0 0 0 68.50 68.20
14 0 0 0 67.75 68.20
15 0 0 0 67.78 68.20
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Table 3 ANOVA analysis of V(V) removal efficiency
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XX 0.40 1 0.40 0.036 0.8569

X’ 9.20 1 9.20 0.82 0.4062
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Fig. 3 Response surface of V(V) removal efficiency under the effect of the initial V(V') concentration and COD
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Fig. 4 Response surface of V(V) removal efficiency under the effect of the initial V('V') concentration and electrolyte conductivity
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Fig. 5 Response surface of V(V) removal efficiency under the effect of COD and electrolyte conductivity
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