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Abstract [ Objective] Owing to the powerful data processing capability, artificial intelligence ( AT) has been applied in the
process control and parameter optimization of wastewater treatment, and presents prominent advantages in reaction result prediction,
parametric model establishment and cost optimization. This paper adopts Al for the UV-Fenton oxidation system to improve the accuracy
and timeliness of reaction parameter prediction. Six influencing factors, namely the dosage of ferrous sulfate heptahydrate (FeSO, -

7H,0) , dosage of 30% ( mass fraction) hydrogen peroxide ( H,0,), catalyst dosage, reaction time, pH value and substrate mass
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concentration, are investigated for their effects on total organic carbon (TOC) removal rate and the ratio of TOC content to H,0,
dosage. The optimal reaction conditions are determined to reduce the dosage and improve the utilization efficiency of oxidant, while
maintaining a high pollutant removal rate. [ Methods]  The fitting performances of artificial neural network ( ANN) and response
surface methodology (RSM) for the correlation between TOC removal rate, the ratio of TOC content to H,0, dosage and various process
conditions were compared. In the training set, the coefficients of determination (R*) of ANN were 0. 988 6 and 0. 952 7 respectively,
which were higher than those of RSM (0.913 0 and 0. 825 3). For six groups of test sets, the mean square error (MSE) values of
ANN were 27. 11 and 149. 22, substantially lower than 124. 45 and 450. 44 obtained from RSM. [ Results] Based on the well-trained
ANN model for TOC removal rate, the enumeration method was used to screen the optimal reaction conditions: FeSO, -7H,0 dosage of
20. 94 mg/L, 30% (mass fraction) H,0, dosage of 1. 52 mL/L, catalyst dosage of 0. 16 g/L, reaction time of 22. 36 min, initial pH
of 4.53, and m-cresol substrate mass concentration of 83. 75 mg/L. Under the above conditions, the actual TOC removal rate of UV-
Fenton reaction reached 84. 81% , which was close to the predicted value of 89.95%. The maximum TOC removal rate was achieved
with no residual H,0,, proving that the prediction model possessed high accuracy and efficiency. [ Conclusion]  Accordingly, Al can

rapidly and efficiently identify and optimize reaction parameters, increase pollutant removal efficiency, cut down chemical dosage and

reduce operational costs.

Keywords artificial intelligence ( Al) ; artificial neural network ( ANN) ; prediction model; optimized parameter; UV-Fenton; m-
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F2 HLREFEET(CCRD) FliR I 45 5R
Tab.2 Central Counter-Rotation Design ( CCRD) and Experiment Results
ANIFBE R K ENCEEvIS R
e Y, Y, ||F% Y, Y,
X, X, X3 Xy X5 Xe X, X, X3 Xy X5 Xs
1 -1 -1 -1 -1 -1 -1 13. 69% 18.73 44 1 1 -1 1 -1 1 32.20%  44.05
2 1 -1 -1 -1 -1 -1 31.70% 43.36 45 -1 -1 1 1 -1 1 27.47%  75.15
3 -1 1 -1 -1 -1 -1 21.90% 14. 98 46 1 -1 1 1 -1 1 31.02%  84.87
4 1 1 -1 -1 -1 -1 19.40% 13.27 47 -1 1 1 1 -1 1 22.10%  30.24
5 -1 -1 1 -1 -1 -1 21.65% 29. 62 48 1 1 1 1 -1 1 31.23% 42.72
6 1 -1 1 -1 -1 -1 45.53% 62.27 49 -1 -1 -1 -1 1 1 17.87%  43.92
7 -1 1 1 -1 -1 -1 21.24% 14.53 50 1 -1 -1 -1 1 1 29.10%  71.55
8 1 1 1 -1 -1 -1 40.15% 27.46 51 -1 1 -1 -1 1 1 17.73%  21.79
9 -1 -1 -1 1 -1 -1 29.28%  40.05 52 1 1 -1 -1 1 1 20.66%  25.39
10 1 -1 -1 1 -1 -1 49.23% 67.34 53 -1 -1 1 -1 1 1 16.66%  40.95
11 -1 1 -1 1 -1 -1 36.58% 25.02 54 1 -1 1 -1 1 1 23.10%  56.79
12 1 1 -1 1 -1 -1 68.58%  46.90 55 -1 1 1 -1 1 1 16.41%  20.18
13 -1 -1 1 1 -1 -1 43.06% 58.90 56 1 1 1 -1 1 1 27.24%  33.48
14 1 -1 1 1 -1 -1 73.85% 101.01 57 -1 -1 -1 1 1 1 18.81%  46.25
15 -1 1 1 I -1 -1 60.43% 41.33 58 1 -1 -1 1 1 1 69.77% 171.51
16 1 1 1 1 -1 -1 72.65%  49.69 59 -1 1 -1 1 1 1 24.64%  30.29
17 -1 -1 -1 -1 1 -1 19. 09% 22.26 60 1 1 -1 1 1 1 78.18%  96. 10
18 1 -1 -1 -1 1 -1 6505% 75. 86 61 -1 -1 1 1 1 1 31.59%  717.67
19 -1 1 -1 -1 1 -1 20.53% 11.97 62 1 -1 1 1 1 1 73.66% 181.08
20 1 1 -1 -1 1 -1 6550% 38. 19 63 -1 1 1 1 1 1 22.17%  27.25
21 -1 -1 1 -1 1 -1 17. 44% 20. 35 64 1 1 1 1 1 1 69.11%  84.95
22 1 -1 1 -1 1 -1 52.78% 61.56 65 -1.565 0 0 0 0 0 36.23% 44.74
23 -1 1 1 -1 1 -1 21.08% 12.29 66  1.565 0 0 0 0 0 85.97% 106. 17
24 1 1 1 -1 1 -1 62.02% 36. 17 67 0 -1.565 0 0 0 0 81.01%  59.28
25 -1 -1 -1 1 1 -1 38.85% 45.31 68 0 1. 565 0 0 0 0 86.96%  59.28
26 1 -1 -1 1 1 -1 8379% 97.72 69 0 0 -1.565 0 0 0 84.04% 103.79
27 -1 1 -1 1 1 -1 3550% 20.70 70 0 0 1. 565 0 0 0 85.99% 106. 20
28 1 IS 1 1 -1 84.55%  49.31 71 0 0 0 -1.565 0 0 19.78%  24.42
29 -1 -1 1 1 1 -1 30.29% 35.32 72 0 0 0 1. 565 0 0 88.09% 108.78
30 1 -1 1 1 1 -1 84.51% 98. 56 73 0 0 0 0 -1.565 0 33.31% 41.14
31 -1 1 1 1 1 -1 39.46% 23.01 74 0 0 0 0 1. 565 0 22.63%  27.95
32 1 1 1 1 1 -1 87.74% 51.17 75 0 0 0 0 0 -1.565 83.30% 48.53
33 -1 -1 -1 -1 -1 I 19.26% 52.70 76 0 0 0 0 0 1.565 77.67% 141.42
34 1 -1 -1 -1 -1 1 20.18% 55.22 77 0 0 0 0 0 0 80.00%  98.79
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37 -1 -1 1 -1 -1 1 19.24% 52.63 80 0 0 0 0 0 0 88.90% 109.79
38 1 -1 1 -1 -1 1 21.06% 57.62 81 0 0 0 0 0 0 88.27% 109. 01
39 -1 1 1 -1 -1 1 19. 15% 26.20 82 0 0 0 0 0 0 85.80% 105.97
40 1 1 1 -1 -1 1 22.28% 30. 48 83 0 0 0 0 0 0 87.25% 107.75
41 -1 -1 -1 1 -1 1 22.87% 62.58 84 0 0 0 0 0 0 87.73% 108. 34
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Y, == 247.63 + 0.67 F + 249.69 H +
23.31C+7.18¢t+37.25p +0.78 m -
1.64 FH +0.09 F, + 0.41 F, -
1.19 H - 0.35 H, - 90.98 H* —

MAC HAE

C,—Ia By W) 46 e B 54K & pH 1Y 52
HAEM;
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YEM

0.16 1* — 4.87 p* (6) H,——H,0, B ik 5 e A A 70 45 o it
Horh, F—Fe 84, mg/L; s AR

H—H,0, #hnE, mg/L; 2.4 ANN =
C—— LRI, o/ L; 12 3 W1, RSM AR T TOC 25 BRRATRY )
t—— W FTA]  min R® 47 0.938 6, %} F TOC % 5/H,0, B Al 1)
p—UE pH {8 R* 24 0.879 9 BARMDLA R BE AN 15, JC G T ff 2 A
m——JR W) VR B me/L; T ESE LR ANN SR 75006 047 LA &
F——FeSO, $MN 5N R A 2T Hlr, FHEAE T 2548 K 2 il it ANN g7
YEHH FeSO, - 7H,0 # Jin i H,0, & (& 5500
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Tab. 3 Significance Test of RSM Variance Analysis and Regression Equation Coefficient

TOC LB TOC 7E1k/H, 0, FhI
E= 3
R F1{H pfE RE F{y plE

A — 32.84 <0.000 1 — 15.73 < 0.000 1
U 85.29 — — 100. 67 — —

X, 12.54 160.75 <0.000 1 15. 68 71.17 < 0.000 1

X, 0.84 0.73 0.396 7 -14.90 64. 31 < 0.000 1

X, 1.39 1.99 0.164 1 1.63 0.77 0.383 5

X, 11.19 127.94 < 0.000 1 14. 82 63.58 < 0.000 1

X 4.52 20. 86 <0.000 1 3.70 3.96 0.051 2

X -7.56 58.49 < 0.000 1 8.99 23.40 < 0.000 1
X, X, -0.28 0. 08 0.782'5 -5.24 7.40 0. 008 6
X, X5 -0. 14 0.02 0. 888 7 -0.55 0.08 0.775 8
X, X, 3.88 14. 30 0. 000 4 6.19 10. 30 0.002 2
X, X 6.11 35.45 <0.000 1 7. 44 14. 88 0. 000 3
X, X4 -3.87 14.22 0.000 4 0.20 0.01 0.917 1
X, X, -0.09 0.01 0.930 7 -0.93 0.24 0.629 5
X, X, 0.70 0. 46 0.499 3 -4, 04 4.39 0.040 5
X, X -0.13 0.02 0.897 4 -1.60 0. 69 0.410 8
X, X, -1.03 1.02 0.317 6 -3.47 3.24 0.077 0
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(ZE333)
TOC LB TOC ZE{b/H,0, Hhi&E
T5 2 KR
ES 4 F1H p1E AL F1{H p1H
X, X, 0. 67 0.42 0.518 7 1.12 0. 34 0.562 3
X;X; -1.90 3.43 0. 069 0 -1.93 1.00 0.321 6
XX -1.38 1.81 0.184 0 -1.19 0.38 0.541 1
X, Xs 1.51 2.17 0.146 1 3.10 2.58 0.113 6
X, Xg -1.49 2.10 0.152 4 3.00 2.42 0.1255
X X, 0.15 0.02 0.8859 2.89 2.25 0.139 4
X} -9.73 19. 49 < 0.000 1 -7.43 3.22 0.077 8
X3 -0.39 0.03 0.861 8 -14.04 11.50 0.001 3
X3 0.04 0.00 0.986 4 4.63 1.25 0.268 2
X2 -12.65 32.98 < 0.000 1 -11.05 7.12 0.009 9
X2 -23.25 111.35 < 0.000 1 -24.13 34.00 < 0.000 1
X,2 -1.81 0.68 0.413 8 0.53 0.02 0.897 6
S A — 8. 00 0.001 1 — 18.75 < 0.000 1
R? 0.9386 — — 0.879 9 — —
R 0.910 0 — — 0.824 0 — —
R 0.838 0 — — 0.671 2 — —
Adeq Precision 19.253 0 — — 15.844 8 — —

2 EF ANN #illl X B2 /5B TOC XBRZEF0

TOC &§8/H,0, &g
Fig.2 TOC Removal Rates and TOC Content /H,0, Dosoges

after Reaction Based on ANN Prediction
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