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Disinfection of E. coli Using Electro-UV Complex Process:
Disinfection Characteristics and Optimization by the Design of
Experiment Based on the Box-Behnken Technique
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Abstract

The experimental design and response surface methodology (RSM) have been applied to the investigation of the
electro-UV complex process for the disinfection of E. coli in the water. The disinfection reactions of electro-UV process
were mathematically described as a function of parameters power (X;), NaCl dosage (X>), initial pH (X3) and disinfection
time (X4) being modeled by use of the Box-Behnken technique. The application of RSM using the Box-Behnken technique
yielded the following regression equation, which is an empirical relationship between the residual E. coli number and test
variables in actual variables: Ln (CFU) = 23.57 - 0.87 - power - 1.87 + NaCl dosage - 2.13 - pH - 2.84 - time - 0.09 * powe
r - time - 0.07 - NaCl dosage - pH + 0.14 - pH - time + 0.03 - power” + 0.47 - NaCl dosage® + 0.20 - pH> + 0.33 - time”.
The model predictions agreed well with the experimentally observed result (R> = 0.9987). Graphical response surface and
contour plots were used to locate the optimum point. The estimated ridge of maximum response and optimal conditions for
the E. coli disinfection using canonical analysis was Ln 1.06 CFU (power, 15.40 W; NaCl dosage, 1.95 g/L, pH, 5.94 and
time, 4.67 min). To confirm this optimum condition, the obtained number of the residual E. coli after three additional
experiments were Ln 1.05, 1.10 and Ln 1.12. These values were within range of 0.62 (95% PI low)~1.50 (95% PI high),
which indicated that conforming the reproducibility of the model.

Key Words : Response surface methodology (RSM), E. coli, Disinfection, Box-Behnken technique, Analysis of variance
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Fig. 1. Schematic diagram of electro-UV reactor.
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Table 1. Experimental design of electro-UV disinfection of
E. coli

Real values of the levels

Process variables

-1 0 1
Xi (Power, W) 8 12 16
X5 (NaCl dosage, g/L) 0.5 1.5 2.5
X5 (pH) 3 7 11
X4 (Time, min) 0.5 3 5.5
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Table 2. ANOVA results of the quadratic model for electro-UV disinfection of E. coli

Source Sum of squares  Degree of freedom  Mean square F-value Prob >F
Model 451.86 11 41.08 1210.81 <0.0001
Residual 558.69 19 29.40
Lack of fit 0.45 13 0.034 1.06 0.5300
RhB Pure error 0.13 4 0.032
removal R2=0.9987,
Adjust R?
2=0.9979,

Adequate precision =114.134
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Table 3. Experimental design matrix and response based on experimental runs and predicted values on E. coli disinfection

proposed by Box-Behnken design

Independent variables Response (Y)
Run X X, X3 X4 Experimental Predicted
Current Time Residual E. coli Residual E. coli
NaCl (g/L) pH .
(A) (min) Ln(CFU) Ln(CFU)
1 12 2.5 11 3 11.87 10.38
2 16 2.5 7 3 3.12 2.32
3 12 2.5 3 3 3.37 3.06
4 12 1.5 11 5.5 14.00 12.21
5 12 0.5 7 0.5 10.74 9.89
6 8 2.5 7 3 6.27 5.68
7 12 1.5 7 3 4.77 4.01
8 16 1.5 11 3 11.63 9.95
9 8 1.5 7 0.5 10.37 9.73
10 12 1.5 7 3 4.51 4.00
11 8 1.5 3 3 5.58 5.42
12 16 1.5 7 5.5 2.31 1.57
13 16 0.5 7 3 4.96 423
14 12 0.5 7 5.5 6.18 5.09
15 8 1.5 7 5.5 7.61 6.73
16 12 1.5 7 3 4.77 4.01
17 8 1.5 11 3 14.7 13.01
18 16 1.5 3 3 2.42 2.06
19 12 1.5 3 491 4.01
20 12 1.5 11 0.5 15.21 14.22
21 12 1.5 3 0.5 9.17 9.13
22 12 0.5 11 3 14.22 12.85
23 12 1.5 7 3 4.51 4.01
24 12 0.5 3 3 4.53 441
25 12 1.5 3 5.5 2.12 1.53
26 12 2.5 7 5.5 3.91 3.19
27 12 2.5 7 3 8.52 7.99
28 8 0.5 7 3 8.12 7.59
29 16 1.5 7 0.5 8.71 8.17

Predictured residual E. coli (Ln CFU)

0 3 6 9 12 15
Measured residual E. coli (Ln CFU)

Fig. 3. The actual and predicted plot for E. coli disinfection.
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