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Utilization of response surface methodology to optimize a
coagulation—flocculation process for tunnel wastewater treatment
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Abstract : A coagulation-flocculation (CF) process using aluminum sulfate as a coagulant was employed to treat highly
suspended solids in tunnel wastewater, Response surface methodology (RSM) based on a Box-Behnken design was applied to
evaluate the effects of three factors (coagulant dosage, pH and temperature) on total suspended solids (TSS) removal efficiency
as well as to identify optimal values of those factors to maximize removal of TSS, Optimal conditions of coagulant dosage and pH
for maximum TSS removal changed depending on the temperature (4 ~ 24°¢). As temperature increased, the amount of coagu-
lant dosage and pH level decreased for maximum TSS removal efficiency during the CF process, Proper adjustment of optimal
pH and coagulant dosage to accommodate temperature fluctuations can improve TSS removal performance of the CF process,
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Table 1, Characteristics of synthetic tunnel wastewater

Parameters Value(average)

TSS(mg/L) 1,110 £+ 70.71
Turbidity(NTU) 798 + 11.31
pH 8.00 £ 0.13
BOD, (mg/L) 0.6 = 0.01
COD,, (mg/L) 0.4 + 0.0
TN(mg/L) 1.2 £0.23
TP(mg/L) 0.5+ 0,21
Mn(mg/L) 9.7 £ 1.19
Al(mg/L) 0.3 + 0,08
Fe(T)(mg/L) 6.8+ 0.83

Salinity(%,) 15+ 0.5
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Table 2, Levels of independent variables

Coded variable levels
Variables Symbol
-1 0 +1
Coagulant dosage (mg/L) X, 1.46 7.3 13.13
pH X, 5 7 9
Temperature (C) X, 4 14 24

Table 3, Box-Behnken experimental design and results of TSS
removal efficiency

Independent variables D:;)rei;icent
fun CZZ‘EZIgim pH | Temperature | TSS removal
(X,, mg/L) (X)) (x,,¢) (Y %)
1 13.13 9 4 91.47
2 13.13 5 24 88.1
3 1.46 9 24 80.75
4 7.3 7 24 91.47
5 13.13 9 24 92.37
6 1.46 7 14 87.87
7 7.3 9 14 91.92
8 1.46 9 4 87.65
9 1.46 5 24 86.98
10 13.13 7 14 94.16
11 13.13 5 4 87.87
12 7.3 7 14 94.61
13 7.3 7 14 93.26
14 7.3 7 14 92.81
15 7.3 5 14 87.87
16 1.46 5 4 82.48
17 7.3 7 4 90.57
astrhs A W 5 Atk 2 F value
Zrol 10,2242 9juli= melo] Fadjrhs A
< dAskaL gled, B F value? noise”}
2AgEt slgo] 0.29%% Yrhs AL om|gict
(Yoon et al., 2012). ZAgtA doH7= (Lack
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sAmYe] GEAT LS W= 7]
ofst= AAAS (R?) g2 0.93°0.2 F&HH
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Table 4, ANOVA

results for the fitted model

Source Sum of Squares df Mean Square F value p value(prob, >F)
Model 158.16 9 17.57 10.224 0.0029
X, 49.05 1 49.05 28.539 0.0011
X, 28.74 1 28.74 16.722 0.0046
X, 3.27 1 3.27 1.905 0.2100
XX, 1.14 1 1.14 0.664 0.4421
XX, 0.71 1 0.71 0.412 0.5415
XX, 2.90 1 2.90 1.690 0.2348
X? 4.59 1 4,59 2,669 0.1403
XZZ 15.80 1 15.80 9.191 0.0191
X,? 4.55 1 4.55 2,645 0.1479
Residual 12.03 7 1.72
Lack of Fit 10.28 5 2.06 2.342 0.326
Pure Error 1.76 2 0.88
Cor Total 170.19 16
Std. Dev, 1.31 R-Squared 0.93
Mean 89.89 Adj R-Squared 0.84
C.V.% 1.46 Pred R-Squared 0.17
PRESS 141.65 Adeq Precision 10.89
71 997k ulEFeit (Zhu et al, 2010), B W viEsle] me] RA7l gl Ao Wk
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Fig. 1. Residual plot of model for error values : (a) normal probability plot of the residuals; (b) residuals and predicted response plot;
(c) histogram of the residuals; (d) scatter plot of the residuals and predicted.
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