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ABSTRACT : As the Enforcement Ordinance of Environmental Policy Act was revised in 2013, Total Organic Carbon (TOC) was
added as an indicative parameter for organic matter in Water and Aquatic Ecosystem Environmental Criteria. Under these imminent
circumstances, a regulatory standard is needed to achieve the proposed TOC limitation control water quality from the STP (Sewage
Treatment Plant). In this study, a electrolysis utilizing the electrochemical reaction was investigated in lab-scale experiments for the
treatment of TOC in sewage effluent. TOC reduction by a electrolysis was investigated response surface methodology using the
Box-Begnken methods were applied to the experimental results. A central composite design was used to investigate the effects of
the independent variables of electrode space (x;), current density (x2) and electrolyte concentration (x3) on the dependent variables
removal efficiency of TOC (y). The optimal conditions for electrolysis were determined: electrode space, current density and electrolyte
concentration were 50 mm, 10.3 mA/ecm” and 0.1M, respectively. Statistical results showed the order of significance of the independent
variables to be electrode space > current density > electrolyte concentration.
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Table 1. Physicochemical properties of effluent samples from A
sewage treatment plant

Parameters Effluent
Range Average
pH 6.8~7.6 7.1
EC 572~617 578
COD¢; (mg/L) 17.1~25.2 21.9
TOC (mg/L) 13.2~18.2 15.8
SS (mg/L) 3.5~4.6 3.9
T-N (mg/L) 6.3~7.2 6.8
T-P (mg/L) 0.485~0.611 0.572
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Fig. 1. Photography of experimental apparatus
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Table 2. Box—Behnken design for experiment

Explanatory variable

Code Electrode | Current density | Electrolyte
space (mm) (mA/cmz) amount (M)
Max level +1 25 10.3 0.1
Central level 0 50 20.6 0.3
Min level -1 75 30.9 0.5
Coded factor Uncoded factor
(::1]; Electrode | Current | Electrolyte | Electrode | Current | Electrolyte
space | density | amount space | density | amount

1 0 1 -1 50 10.3 0.5

2 0 -1 1 50 30.9 0.1

3 -1 0 -1 75 20.6 0.5

4 1 0 -1 25 20.6 0.5

5 -1 -1 0 75 30.9 0.3

6 0 0 50 20.6 0.3

7 -1 1 75 20.6 0.1

8 -1 1 0 75 10.3 0.3

9 1 -1 0 25 30.9 0.3
10 1 1 0 25 10.3 0.3
11 0 1 1 50 10.3 0.1
12 1 0 1 25 20.6 0.1
13 0 0 0 50 20.6 0.3
14 0 0 0 50 20.6 0.3
15 0 -1 -1 50 30.9 0.5
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Fig. 2. Removal efficiency of TOC, T-N and T—P in electrolysis
system
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Table 3. Experimental results of the Box—Behnken design

Coded factor TOC

;:(lillelr Electrode space | Current density | Electrolyte | removal
(mm) (mA/cm?) amount (M) (%)
: 0 ! -1 68.4
2 0 -1 1 778
3 1 0 -1 63.7
4 ! 0 -1 59.7
> -1 -1 0 83.2
6 0 0 0 74.8
! -1 0 1 70.4
8 1 ! 0 764
? ! -1 0 69.3
10 ! ! 0 65.8
1 0 1 1 80.9
12 ! 0 1 534
13 0 0 0 732
14 0 0 0 70.7
15 0 -1 -1 842

Table 4, Regression analysis and response surface model fitting

Source DF Seq. SS F P
Model 9 1,025.62 38.36 0.000
- Linear 3 330.19 37.05 0.001
- Square 3 561.16 62.97 0.000
- Interaction 3 134.28 15.07 0.006
Residual error 5 14.85
- Lack of fit 3 6.31 0.49 0.723
- Pure error 2 8.54

Total 14 1,040.48

a) DF : Degree of Freedom
b) Seq. SS : Sum of squares
¢) F : F value
d) P : P value
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