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Abstract: Benzene derivatives are typical pollutants in water environment, and their ecological toxicity has attracted great
attention. QSAR model plays an important role in assessing the environmental risk caused by organic compounds. In this
project, a series of norm descriptors were calculated based on atomic distribution matrixes of organic compounds, and a
QSAR model was established to study the ecotoxicological effects of 110 benzene derivatives on Vibrio fischeri (V. fischeri) .
The results showed that the newly established QSAR model could accurately predict the toxicity of benzene derivatives to V.
fischeri. The correlation coefficient R* is 0.895 and the root-mean-square error is 0.241. Internal and external validation tests
verified the reliability and stability of the model. Application domain analysis showed that this model was widely applicable.
Accordingly, it can be concluded that the norm descriptors proposed in this research might be a fundamental description of
the molecular structure of organic compounds, and the model could be applied to the ecotoxicity and environmental risk
evaluations of organic pollutants.
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Tab.1 Toxicity of benzene derivatives to V. fischeri

=] I PECso

B B WIS CAS B e
1 Thiophenol 108-98-5 5.71 5.29
2 2-Fluorothiophenol 2557-78-0 4.78 491
3 4-Fluorothiophenol 371-42-6 4.97 4.92
4 3-Fluorothiophenol 2557-77-9 5.06 4.86
5 2,3,5,6-Tetrafluorothiophenol 769-40-4 4.86 4.59
6 Pentafluorothiophenol* 771-62-0 4.34 4.39
7 2,4-Difluorothiophenol 1996-44-7 5.15 4.83
8 2-Chlorothiophenol 6320-03-2 4.90 5.16
9 3-Chlorothiophenol* 2037-31-2 5.03 5.13
10 2, 3-Dichlorothiophenol 17231-95-7 491 5.37
11 4-Chlorothiophenol 106-54-7 4.99 5.18
12 2 ,4-Dichlorothiophenol 1122-41-4 5.59 5.27
13 3, 5-Dichlorothiophenol 17231-94-6 5.11 5.29
14 2, 5-Dichlorothiophenol* 5858-18-4 5.16 5.25
15 2,6-Dichlorothiophenol 24966-39-0 4.99 5.15
16 3-Bromothiophenol 6320-01-0 4.57 5.05
17 4-Bromothiophenol* 106-53-6 5.60 5.09
18 2-Bromothiophenol 6320-02-1 4.88 4.87
19 2-Amino-4-chlorothiophenol 1004-00-8 5.37 5.03
20 2,4-Dimethylthiophenol 13616-82-5 4.77 4.80
21 2, 5-Dimethylthiophenol 4001-61-0 4.66 4.78
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22 o-Methylthiophenol 137-06-4 4.49 4.62
23 p-Methylthiophenol 87728-89-0 5.89 4.97
24 2,6-Dimethylthiophenol 118-72-9 4.64 4.65
25 m-Methylthiophenol 108-40-7 4.60 4.78
26 3,4-Dimethylthiophenol 18800-53-8 4.95 4.98
27 2-Aminothiophenol 137-07-5 4.72 4.74
28 4-Aminothiophenol 1193-02-8 4.66 5.04
29 3-Methoxythiophenol 15570-12-4 4.26 4.40
30 3,4-Dimethoxythiophenol 700-96-9 4.72 4.87
31 Phenol 108-95-2 2.68 2.76
32 2-Chlorophenol 95-57-8 3.39 3.65
33 3-Chlorophenol 108-43-0 4.05 3.97
34 4-Chlorophenol 106-48-9 3.61 4.08
35 2,3-Dichlorophenol 576-24-9 4.17 4.21
36 2,4-Dichlorophenol 120-83-2 4.30 4.27
37 2,5-Dichlorophenol 583-78-8 4.65 4.34
38 2,6-Dichlorophenol* 87-65-0 4.01 4.04
39 3,4-Dichlorophenol 95-77-2 4.87 4.61
40 3,5-Dichlorophenol 591-35-5 4.89 4.59
41 2,3,4-Trichlorophenol 15950-66-0 4.68 4.60
42 2,3, 5-Trichlorophenol 933-78-8 4.94 4.78
43 2,3, 6-Trichlorophenol 933-75-5 4.39 4.38
44 2,4,5-Trichlorophenol 95-95-4 4.42 4.72
45 2,4, 6-Trichlorophenol* 88-06-2 4.54 4.42
46 Aniline 62-53-3 3.24 2.88
47 2-Chloroaniline* 95-51-2 3.51 3.59
48 3-Chloroaniline 108-42-9 3.68 4.25
49 4-Chloroaniline* 106-47-8 4.56 441
50 2,3-Dichloroaniline 608-27-5 4.38 4.23
51 2,4-Dichloroaniline 554-00-7 4.61 4.32
52 2,5-Dichloroaniline 95-82-9 3.99 4.09
53 2,6-Dichloroaniline 608-31-1 3.84 3.97
54 3,4-Dichloroaniline 95-76-1 4.81 4.84
55 3,5-Dichloroaniline 626-43-7 4.57 4.81
56 2,3,4-Trichloroaniline* 634-67-3 4.74 4.74
57 2,4,5-Trichloroaniline 636-30-6 4.80 4.62
58 2,4,6-Trichloroaniline 634-93-5 4.60 443
59 3,4,5-Trichloroaniline 634-91-3 5.14 5.21
60 2-Methylaniline* 95-53-4 2.99 2.97
61 3-Methylaniline 108-44-1 3.60 3.36
62 4-Methylaniline 106-49-0 3.40 3.39
63 2,3-Dimethylaniline 87-59-2 3.59 3.48
64 2,4-Dimethylaniline 95-68-1 3.49 3.56
65 2,5-Dimethylaniline 95-78-3 323 3.53
66 2,6-Dimethylaniline 87-62-7 3.05 2.99
67 3,4-Dimethylaniline 95-64-7 4.22 3.74
68 3,5-Dimethylaniline 108-69-0 3.64 3.73
69 2,4, 6-Trimethylaniline* 88-05-1 3.82 3.64
70 2-Ethylaniline 578-54-1 3.39 3.54
71 3-Ethylaniline 587-02-0 3.93 3.81
72 4-Ethylaniline* 589-16-2 4.14 3.85
73 2,6-Diethylaniline 579-66-8 3.56 3.88
74 2-Methylphenol 95-48-7 2.93 3.03
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75 3-Methylphenol 108-39-4 2.87 342
76 4-Methylphenol 106-44-5 3.27 342
77 2,3-Dimethylphenol* 526-75-0 3.40 3.49
78 2,4-Dimethylphenol 105-67-9 3.80 3.70
79 2,5-Dimethylphenol 95-87-4 3.58 3.47
80 2,6-Dimethylphenol* 576-26-1 3.47 3.18
81 3,4-Dimethylphenol 95-65-8 3.58 3.82
82 3,5-Dimethylphenol 108-68-9 3.65 3.92
83 2,3, 5-Trimethylphenol 697-82-5 4.00 4.07
84 2,3, 6-Trimethylphenol* 2416-94-6 3.98 3.75
85 2,4, 6-Trimethylphenol 527-60-6 4.15 3.94
86 2-Ethylphenol 90-00-6 3.59 342
87 3-Ethylphenol 620-17-7 3.48 3.76
88 4-Ethylphenol 123-07-9 3.75 3.78
89 Benzoicacid 65-85-0 4.09 3.64
90 4-Chlorobenzoicacid 74-11-3 4.39 4.43
91 3-Chlorobenzoicacid 535-80-8 4.32 4.31
92 2-Chlorobenzoicacid 118-91-2 4.17 4.01
93 4-Bromobenzoicacid* 586-76-5 4.83 4.80
94 3-Bromobenzoicacid 585-76-2 4.66 4.76
95 4-Fluorobenzoicacid 456-22-4 3.96 3.97
96 4-Aminobenzoicacid 150-13-0 4.00 4.25
97 3-Aminobenzoicacid* 99-05-8 3.87 4.25
98 2-Aminobenzoicacid 118-92-3 4.00 4.25
99 Sulfamethazine 57-68-1 4.45 4.59
100 Sulfameter 651-06-9 4.36 4.74
101 Sulfamethoxypyridazine 80-35-3 4.86 4.65
102 Sulfisoxazole 127-69-5 4.63 4.60
103 Sulfadoxine 2447-57-6 4.04 4.09
104 Sulfamethoxazole* 723-46-6 4.87 4.60
105 Sulfadiazine 68-35-9 4.28 4.23
106 Sulfamonomethoxine* 1220-83-3 4.89 4.83
107 Trimethoprim* 738-70-5 6.49 6.43
108 Diaveridine 5355-16-8 6.13 5.97
109 Ormetoprim* 6981-18-6 6.51 6.41
110 Pyrimethamine* 58-14-0 5.04 5.26
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Tab.2 8 atomic distribution matrices
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Tab.3 8 norm descriptors in the model and their corre-
sponding coefficient values
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