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Abstract : This experimental design and response surface methodology (RSM) have been applied to the investigation of the
electro-UV-ultrasonic complex process for the disinfection of E. coli in the water. The disinfection reactions of electro-UV-ultrasonic
process were mathematically described as a function of parameters power of electrolysis (Xi), UV (X3), and ultrasonic process (X3)
being modeled by use of the Box-Behnken technique, which was used for fitting 2nd order response surface model. The appli-
cation of RSM yielded the following regression equation, which is empirical relationship between the residual E. coli number (Ln
CFU) in water and test variables in coded unit: residual E. coli number (Ln CFU) = 23.69 - 3.75 - Electrolysis - 0.67 - UV - 0.26 *
Ultrasonic - 0.16 - Electrolysis - UV +0.05 - Electrolysis + Ultrasonic + 0.27 - Electrolysis2 +0.14 - UV*-0.01 - Ultrasonicz). The mo-
del predictions agreed well with the experimentally observed result (R2:0.983). Graphical 2D contour and 3D response surface
plots were used to locate the optimum range. The estimated ridge of maximum response and optimal conditions for residual F.
coli number (Ln CFU) using ‘numerical optimization' of Design-Expert software were 1.47 Ln CFU/L and 6.94 W of electrolysis,
6.72 W of UV and 14.23 W of ultrasonic process. This study clearly showed that response surface methodology was one of the
suitable methods to optimize the operating conditions and minimize the residual E. coli number of the complex disinfection.
Key Words : Box-Behnken Technique, Complex Process, Disinfection, Optimization, Response Surface Methodology (RSM)
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Table 1. Box-Behnken deign for experiment

Explanatory variables

Code
Electrolysis (W) UV (W)  Ultrasonic (W)

Max_ level +1 8 8 15

Central Level 0 6 6 10

Min, Level -1 4 4 5

Coded factor Uncoded factor

nurrtwjger Electrolysis UV Ultrasonic Electrolysis UV  Ultrasonic

(X1) X2) (X3 W) w W
1 0 0 0 6 6 10
2 0 0 0 6 6 10
3 -1 0 -1 4 6 5
4 0 0 6 6 10
5 -1 +1 6 4 15
6 -1 +1 0 4 8 10
7 0 +1 +1 6 8 15
8 +1 -1 6 8 5
9 0 0 6 6 10
10 +1 -1 8 4 10
11 -1 -1 4 4 10
12 0 -1 -1 6 4 5
13 +1 0 +1 8 6 15
14 -1 0 +1 4 6 15
15 +1 0 +1 8 6 15
16 +1 +1 0 8 8 10
17 0 0 6 6 10

CFU 58 242 & 4 9t 3 272 37] 9I5te] De-
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4 R915ES Fohfgick. FuMEL AstEl aols
2o G o 4 T HAI} ErRE HARAFES

3.1. 18| 121X} A& Hof| 2|5t M5 nE

3% AAM AulE AAs] St 2AEAN A
7183, UV 2 250 9 349 E. coli 2558 15}
ot A71EeF UV 342 W 2-o] Lol At 22

o] MeoAL 1080] HW AF hdFE47t 3.5 % 107
CFULE Yehyth UV 34(Fig. 3(b))2] S 8 WollAl 10
Bo| A=A AR hgFE57F 1.3 x10° CFULE
yehgth v 289k FA(Fig. 3() A9 15 WollA

E. coli (CFUIL)

1e+2 || @ aw
-O-6w
|| —w8w

E. coli (CFUIL)

)
=
D
L
(@)
S~
=
8
uj
1642 | o sw
1e+1 | -O- 10w
—¥— 15W
1e+0 : . . .
0 2 4 6 8 10

Time (min)
Fig. 3, Effect of electric power on the disinfection of £ cof in
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Table 2, ANOVA results of the quadratic model for Electro+UV+Ultra complex process

Source Sum of squares Degree of freedom  Mean square F-value Prob ) F
Model 5910 8 7.39 117.76 ¢ 0,0001
Residual 0.50 8 0.063
Lack of fit 0.28 4 0.069 123 0.4225
Residual £ colf Pure error 022 4 0.056
number R?= 09916,

Adjust R? = 09832
Predicted R® = 0.9482
Adequate precision = 35,927
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