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Abstract: Machine learning models, including multiple linear regression (MLR) and decision tree machine learning (LGB)
algorithms, were used to predict the degradation efficiency of 57 organic pollutants in the Fenton process. Mechanistic interpretation
of the models was performed by SHAP method to identify the key factors affecting the degradation efficiency. The results showed
that the LGB model (R%,g; = 0.969, 0%1 00 = 0.925, R w; = 0.844) outperformed the MLR model (R, = 0.831, Q%100 = 0.802, R’ =
0.861) in terms of prediction accuracy. The SHAP analysis revealed that temperature, molecular three-dimensional structure, and
atomic ionization capacity were the main factors affecting the degradation efficiency. This study provides a scientific basis for
optimizing the operating conditions of the Fenton process and enhancing the degradation efficiency, which is of great significance in
guiding the research and practice in the field of water treatment.
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Table 1 Experimental and predicted log K values of organic pollutants

Fen wE W Log K s [ialy] W Log K o [ial/] W Log K
CAS % ('C) 525015 MLR LGB CAS %5 ('C) 541§ MLR LGB CAS %5 (C) =% MLR LGB
1 76-60-8 25 0.054 -0.531-0.130]|| 52 108-73-6 60 0.478 0.521 0.476 || 103 606-20-2 25 -0.764 -1.268-0.985
2 98-95-3 50 0372 0.259 0.489| 53 1936-15-8 50 0.533 0.515 0.651 | 104 1064-48-8 348 -1.277 -1.004-1.312
3 1064-48-8 20 -1.332 -1.477-1.464|| 54 98-95-3 25 -0.498 -0.360 —0.530(| 105 633-96-5 25 -0.104 -0.509-0.029
4 95-76-1 40 0.035 -0.326-0.079|| 55 5413-75-2 25 0.081 -0.415-0.235|| 106 80-05-7 20 -0.575 -0.726-0.623
5 28920-43-6 25 -0.889 —-1.067-0.877|| 56 1787-61-7 25 0.329 0.021 0.323 || 107 88-74-4 30 -0.082 -0.027-0.120
6 10127-27-2 50 0.217 0.540 0.259| 57 132-53-6 25 -0.449 -0.160 —0.471|| 108 106-44-5 40 -1.527 -1.473-1.597
7 121-57-3 25 —-0.548 -0.855-0.630|| 58 80-05-7 25 -0.636 -0.534 —0.623|| 109  2538-85-4 30 -0.042 -0.115-0.150
8 121-57-3 30 —0.476 -0.701-0.489|| 59 121-57-3 60 0.243 -0.041 0.222 || 110 1122-91-4 25 -0.347 0.081 -0.307
9 5001-72-9 50 -0.597 —0.438-0.562|| 60 62-53-3 60 -0.012 -0.242 —0.223|| 111 91-56-5 20 -0.127 -0.355-0.151
10 121-57-3 40 -0.182 -0.450-0.101f| 61 609-99-4 25 -1.878 -1.704 —-1.523|| 112 98-95-3 30 -0.137 -0.206-0.235
11 2538-85-4 50 0.163 0.350 0.220]| 62 119-26-6 50 0.089 0.139 0.113] 113 591-35-5 25 -0.640 -0.310-0.630
12 547-58-0 30 —0.423 0.203 -0.090|| 63 5001-72-9 30 —0.875-0.903 -0.882|| 114  2602-46-2 30 -0.744 -0.616-0.751
13 108-39-4 30 -1.588 -1.377-1.674|| 64 95-48-7 50 -1.542 -1.409 -1.437| 115 582-17-2 25 0.225 -0.033 0.198
14 88-74-4 50 0.499 0.438 0.551|| 65 91-56-5 30 0.016 -0.010 0.145 | 116 547-58-0 60 1.301  0.863 0.820
15 66-71-7 20 -1.174 -0.873-0.908|| 66 2538-85-4 40 0.084 0.136 0.092 || 117 100-10-7 25 -0.388 -0.330-0.294
16 5001-72-9 20 -1.087 —-1.248-1.021|| 67 10127-27-2 60 0.220 0.735 0.259 | 118 1064-48-8 158 -1.678 -1.693-1.464
17 108-73-6 50 0.448 0.273 0.474| 68 860-22-0 25 0.168 0.261 0.226 || 119 62-53-3 50 -0.178 -0.437-0.223
18 115-39-9 20 —0.551 -0.214-0.312|| 69 62-53-3 40 -0.747 -0.651 —0.527|| 120 582-17-2 50 0.424 0.586 0.479
19 10127-27-2 40 0.205 0.326 0.203| 70 2303-01-7 30 0.043 -0.262 0.009 || 121  10127-27-2 25 0.097 -0.079 0.101
20 569-64-2 20 0.467 0.714 0.295]| 71 632-99-5 25 -1.051 -0.624 —0.826|| 122 547-58-0 40 0.272  0.454 0.352
21 1064-48-8  43.5 —1.294 -0.803-1.196|| 72 582-17-2 30 0.285 0.121 0.289 | 123 61-73-4 25 -0.031 -0.268-0.125
22 108-73-6 30 0.345 0.105 0.433] 73 99-04-7 25 -0.910 -0.608 —0.916|| 124 62-53-3 25 -1.252 -1.056-1.082
23 91-56-5 40 0.607 0.242 0.679| 74 88-21-1 25 -1.421 -1.498 -1.413|| 125 62-53-3 30 -1.244 -0.902-0.853
24 587-98-4 25 -0.360 -0.511-0.365|| 75 2303-01-7 40 0.094 -0.011 0.068 || 126 66-71-7 50 0.264 —0.063 0.206
25 2602-46-2 20 —0.857 -0.773-0.832|| 76 582-17-2 60 0.436 0.781 0.479 || 127 80-05-7 40 -0.504 -0.129-0.339
26 66-71-7 30 —0.472 -0.528-0.623|| 77 94-75-7 25 -0.107 -0.372 -0.301|| 128 80-05-7 50 -0.127 0.085 0.038
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Fen wE W Log K " [} W Log K . [iael] W Log K
CAS 5 ('C) 52561 MLR LGB CAS 5 ('C) sE3{H MLR LGB CAS 5 (C) s MLR LGB
27 95-76-1 25 -0.326 -0.336-0.332|| 78 95-76-1 20 -0.733 -0.754 -0.639|| 129  89-62-3 25 -0.296 -0.842-1.133
28 108-39-4 50 -1.461 -0.912-1.335|| 79 91-56-5 25 -0.009 -0.164 -0.151| 130  91-56-5 50  0.781 0.455 0.943
29 88-74—4 25 -0.419 -0.181-0.414|| 80 66-71-7 60 0377 0.132 0206 || 131  95-48-7 20 -1.818 -2.219-1.788
30 88-74—4 60 0.567 0.633 0.551| 81  1064-48-8 30 -1.255-1.132-1.317|| 132 95-76-1 60  0.154 0.157 0.129
31 100-02-7 25 -1.090 —1.041-0.992|| 82 108-73-6 25 0.320 -0.030 0.178 || 133 98-95-3 40 0.024 0.046 0.218
32 99-09-2 25 -1.263 -0.277-1.028|| 83 100-10-7 50 0.383 0.289 0345 134  100-01-6 10 -1.488 -1.056-0.452
33 2303-01-7 25 —0.043 -0.416 0.028| 84  10127-27-2 30 0.163 0.075 0.075|| 135  100-01-6 30  -0.012 0.011 —0.187
34 1239-45-8 25 —0.272 0.145 —0.140|| 85 106-44-5 30 -1.627 -1.724-1.723|| 136 100-01-6 40  0.172 0.262 0.099
35 1936-15-8 25 0.378 0.269 0343 86  1936-15-8 30 0.502 0.381 0.581 || 137  100-01-6 50  0.479 0.476 0.440
36 304-88-1 25 -0.519 —0.656-0.640|| 87 95-48-7 30 -1.686 -1.874-1.766| 138  100-01-6 60  0.542 0.671 0.440
37 95-48-7 40 -1.587 -1.622-1.639)| 88 66-71-7 25 -0.836 —0.682 -0.908|| 139  100-10-7 30  -0.186 —0.176-0.040
38 121-47-1 25 -1.308 -1.027-1.275|| 89 98-95-3 60 0.483 0454 0489 || 140  100-10-7 60  0.460 0.484 0.345
39 91-56-5 60 1.074 0.650 0.943( 90 66-71-7 40 -0.350 -0.277-0.275|| 141 106-44-5 20  -1.764 —2.069-1.705
40 121-57-3 50 0.200 -0.236 0.222 | 91 119-26-6 60 0.146 0334 0.113| 142  106-48-9 25  -0.664 -0.731-0.808
41 106-44-5 50 -1.485-1.259-1.319|| 92 95-76-1 30 -0.103 -0.224-0.107| 143 108-39-4 40  -1.502 -1.126-1.553
42 2602-46-2 40 —0.608 —0.571-0.686|| 93 95-76-1 50 0.121 -0.090 0.129 || 144  119-26-6 25 -0.304 —0.479-0.571
43 2303-01-7 50 0.133 0202 0.173|| 94  582-17-2 40 0.359 0372 0330 || 145 119266 30  -0.136 —0.325-0.451
44 100-10-7 40 0.228 0.076 0.137| 95 108-39-4 20 -1.676 -1.723 -1.680| 146  119-26-6 40  0.012 -0.074-0.018
45 69-72-7 25 -1.499 -0.741-1.437|| 96 108-95-2 25 -1.165-1.261-1.169| 147  120-83-2 25 -1.203 -1.233-0.774
46 117-82-8 25 -1.509 -1.477-1.441|| 97  1936-15-8 40 0.532 0279 0.417| 148  547-58-0 25  —0.455 0.049 -0.341
47 477-73-6 25 —0.375-0.840-0.412|| 98 80-05-7 60 -0.011 0279 0.038 || 149  547-58-0 50 1286 0.668 0.820
48 5001-72-9 40 —0.723 —0.651-0.683(| 99 98-11-3 25 -1.540 -1.353 -1.591|| 150 1936-15-8 60  0.543 0.762 0.651
49 88-74—4 40 0360 0.224 0328/ 100  80-05-7 30 -0.600 -0.380 -0.576|| 151  2538-85-4 25  -0.190 -0.269-0.265
50  2303-01-7 60 0.207 0.397 0.173|/ 101  100-01-6 25 -0.279 -0.143 -0.452| 152 2538-85-4 60 0202 0.545 0.220
51 85-44-9 25 -1.125-0.945-1.087/[102  108-73-6 40 0.424 0.037 0375| 153 2602-46-2 50  -0.581 -0.222-0.629
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Table 2 Hyperparameters of the LGB model
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Fig.1 Rzadj and QZext line graphs of the MLR model with 1~15

independent variables
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Fig.2 Thermodynamics diagram of the correlation between 15

independent variables
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