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Abstract: Organic compounds, such as alcohols and phenols, were important industrial raw materials. They were
widely used in pharmaceutical industry, organic synthesis industry, food industry, etc. However, emission of these
organic compounds had toxic effects on organisms in the environment. In order to establish quantitative structure-
activity relationship model of the toxicity of organic contaminants to Rana temporaria tadpoles and Tetrahymena
pyriformis, the relationship between molecular structure of 227 kinds of organic contaminants and the toxicity to
Rana temporaria tadpoles and Tefrahymena pyriformis was analyzed. Moreover, molecular connectivity indices and

molecular shape indices of organic compounds were calculated. The molecular connectivity indices * X, ' X, * X, * X
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and ° X_, and molecular shape indices K, and K,, were selected. Then, the seven indices were used as input layer
variables of neural network, the toxicity of 110 organic contaminants to Rana temporaria tadpoles was used as out-
put layer variable and the 7:8:1 network structure was adopted to establish a satisfying neural network model. The
total correlation coefficient r was 0.988. The mean error between the predicted value and experimental value was
0.14. In order to test universality, correlation between the structural parameters and the toxicity of 117 alcohol and
phenolic compounds to Tetrahymena pyriformis was also analyzed by using the same method. The total correlation
coefficient r was 0.997. The mean error between the predicted value and experimental value was 0.065. The results
showed that the model had good predictive ability of the acute toxicity of organic contaminants to Rana temporaria
tadpoles and Tetrahymena pyriformis.

Keywords: organic contaminant; Rana temporaria; Tetrahymena pyriformis, molecular connectivity index; molecu-

lar shape index; neural network
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Table 1 Prediction of the toxicity of compounds to tadpoles of Rana temporaria

F5 &Y pIGCs, F5 &Y pIGCs
No Compound Exp. Pre. No Compound Exp. Pre.
1 Z [ Ethylene glycol 019 007 56 . Z.J5¢ Chloroethane 235 217
2% FH i Methanol 024 022 | 57* TR Ethylbutanoate 237 226
3 Z.M Ethanol 054 0.0 58 ZEBK Phthalide 237 265
4 T Acetone 054 068 59 2-FR SR BERE 2-Hydroxybenzamide 248 295
5 HIEPRZHEE Methylcarbamate 057 061 60 722 Z Vanillin 248 258
6 BRIBEME Carbamide 060 061 61 N-5# T 3£-% 3 H R L1 n-Isobutylurethane ~ 2.50  2.52
7* BEFHIBEIE Succinamide 070 063 || 62% Xt 258 F L BEA I p-Ethoxyacetanilide 255 261
8 AL Z IR Methyl acetyl urea 076 095 63 JiJt Pentane 255 265
9 3-44.-12-P4 [ 3-Chloropropan-1,2-diol 077 086 64 2-F 2% 2-Methoxyphenol 257 235
10 ZBEHE Acetamide 0.77 0.68 65 VR 2. %% Bromoethane 257 236
11 FHMPEE Pinacol 081 0.84 66 12-—4 Z.%¢ 1,2-Dichloroethane 263 2.19
12% 2-NEE Propan-2-ol 089 098 | 67* 2-F3£2-T /i 2-Methylbut-2-ene 264 242
13 2-H 3E-2-N i 2-Methylpropan-2-ol 089 085 68 7K Benzene 268 239
14 IEPE Propan-1-ol 096 098 69 ZFRI% MG n-Pentyl acetate 272 2098
15 T Butanone 1.04 1.19 70 IR .18 Ethyl pentanoate 272 256
16 ZTRH i Methyl acetate 110 121 71 Mk Quinoline 272 290
17* W% .M Ethylformate 1.16 1.13 || 72* [A] 28 B m-Cresol 275 303
18 A TR — g Diethyl tartrate 122 117 73 X7 B 28 p-Cresol 275 263
19 2-H1 $£-2- T 2-Methylbutan-2-ol 124 122 74 Nk Morphine 276 279
20 J% e Pentanamide 130 185 75 THHLE Piperonal 278 268
21 2-H JE P 2-Methylpropan-1-ol 135 149 76 F JLZE L Methylphenylether 282 280
22% IE T Butan-1-ol 142 137 || 77* SAJj Trichloromethane 285 295
23 H I PR L Mg Ethyl urethane 146 150 78 N,N-"F L% N,N-dimethylaniline 285 268
24 N-2 3 AW 8 2T N-ethylurethane 146 186 79 5k Camphor 288 287
25 T Zfit Diethylether 147 119 80 AR 2K 0-Cresol 292 280
26 LR TR Ethyl acetate 1.52 1.06 81  N-5Fldk-Z A H R L IR n-Isopentylurethane 293 292
27%* 3-J% M Pentan-3-one 154 144 | 82%* Ml Z, J¢ Todoethane 296 301
28 FBLBUT JE ik Methyl t-butylether 155 143 83 KM Acetophenone 304 296
29 =R L% Paraldehyde 1.60 1.64 84 1 4-—H 4K 1,4-Dimethoxybenzene 305 3.13
30 MEIE Pyridine 160 193 85 DY ALk Tetrachloromethane 314 315
31 3-H 3L T 3-Methylbutan-1-ol 164 169 86 N-R 3 Z i £ n-Phenylurethane 322 322
32% [f] 2K 1 Resorcinol 1.64 200 || 87* # 5. Coumarin 324 325
33 = ESER H g Triacetin 1.64 163 88 13- HEFIK 1,3-Dimethoxybenzene 335 332
34 2-J% i Pentan-2-one 1.72 1.75 89 1-2£#% Octan-1-ol 340 3.63
35 Z. Bt 2R 2. T8k Ethyl acetoacetate 172 177 90 1-J¢f Heptan-1-ol 342 330
36 GRRMEMK Antipyrine 189 193 91 8] —F %% m-Xylene 342 308
37%* 1,3-—&-2-IN 13-Dichloropropan-2-ol 195 170 || 92* 2-N LML IE 2-Propylpyridine 348 356
38 Z TR n-Propyl acetate 196 192 93 JE T Nicotine 351 359
39 TR B Ethylpropanoate 196 208 94 J%H% Tl n-Butylpentanoate 360 345
40 ¢ Aniline 196 230 95 T ME Eugenol 391 384
41 1,1- 2R % Z. %% 1,1-Diethoxyethane 198 214 96 TR Menthol 397 389
42% FPHERR = G Triethyl citrate 204 205 || 97* 6-17-12-%% Z % 6-Bromo-12-decandiol 401 433
43 ZIETEE Ethylthiol 209 222 98 1,12- %5t —-F% Dodecan-1,12-diol 402 426
44 %ot 1A 3 2B % p-Methoxyacetanilide 200 221 99 %% Naphthalene 419 394
45 4RZK [ Catechol 2.12 187 100 3-7R-12-%% —[i% 3-Bromo-1,2-decandiol 425 432
46 X% . Hydroquinone 212 176 101 2-5EP93E-5-F B} 2-Isopropyl-5-methylphenol 426 427
47% 1E V% Pentan-1-ol 215 206 | 102* L& F I Strychnine 434 438
48 N-T %:-2 2 B R 2.1 n-Propylurethane 218 204 || 103 - ZM; Diphenylamine 443 443
49 KA =4 LB Chloral hydrate 222 220 104 2-7-12-%% [ 2-Bromo-1,2-decandiol 447 430
50 SRR 2B Ethylisobutanoate 224 241 105 XU IEFE T 4-t-Pentylphenol 452 431
51 LR TR Isobutyl acetate 224 222 106 5-1-1,2-%% [ 5-Bromo-1,2-decandiol 454 433
52% %1% Phenol 228 205 || 107* 1-T-f% Nonan-1-ol 460 434
53 ZTFRIE TR n-Butyl acetate 230 223 108 1-24M Decan-1-o0l 500 524
54 LA Acetanilide 231 223 109 JE Phenanthrene 525 5.16
55 ZRELIK Phenylurea 234 232 110 +—P Undecan-1-ol 530 501

HE £ IGCyy FR AEHE(H s Exp /% 3200 (1 s Pre. 7 B (.

Note: pIGCs, stands for toxicity value; Exp. stands for experiment value; Pre. stands for predicted value.
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Fig. 1 Radar map of correlation coefficient r
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Table 2 Inspection of Jackknifed correlation coefficient r

Remove Remove Remove Remove Remove Remove Remove

molecule molecule molecule molecule molecule molecule molecule
1 0.900 17 0.902 33 0903 49 0.902 65 0902 81 0.902 97 0901
2 0.900 18 0.902 34 0903 50 0.903 66 0.904 82 0.902 98 0.905
3 0.900 19 0901 35 0902 51 0.902 67 0.906 83 0.902 99 0.902
4 0901 20 0.905 36 0913 52 0.902 68 0902 84 0.906 100 0.900
5 0.900 21 0.902 37 0.902 53 0.902 69 0.902 85 0.903 101 0.902
6 0.900 22 0.903 38 0.902 54 0.904 70 0.902 86 0.902 102 0.902
7 0.905 23 0.902 39 0.903 55 0.903 71 0.904 87 0.902 103 0.899
8 0.901 24 0.902 40 0903 56 0.905 72 0.902 88 0.908 104 0.899
9 0.902 25 0.902 41 0.906 57 0.903 73 0.902 89 0.902 105 0.900
10 0.900 26 0.902 42 0.902 58 0.904 74 0.905 90 0.902 106 0.899
11 0901 27 0.903 43 0.903 59 0.902 75 0.902 91 0.902 107 0.901
12 0901 28 0.902 44 0903 60 0.902 76 0.903 92 0.902 108 0.900
13 0901 29 0.902 45 0.902 61 0.903 77 0.903 93 0.903 109 0.900
14 0901 30 0.904 46 0902 62 0.903 78 0.902 94 0.901 110 0.898
15 0.903 31 0.903 47 0902 63 0.902 79 0.904 95 0.905
16 0.901 32 0.904 48 0902 64 0.903 80 0.902 96 0902
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Table 3  Prediction of the toxicity of alcohol and phenolic compounds to Tetrahymena pyriformis
Frs ey pIGCs, 5 asgy] pIGCs,

No Compound Exp. Pre. No Compound Exp. Pre.
1 Z51} Phenol -0431 -0383| 60 Z. % Etanol -1991  -1956
2% X H KW p-Cresol -0.192  -0.162 | 61 S TREE Isopropanol -1882 -1817
3 [i5] FF 28 m-Cresol <0062 -0.039 || 62* T 1-Butanol -1431  -1605
2,5- " HEI W 2,5-Dimethylphenol 0009 0324 || 63 2-T % 2-Butanol -1542  -1686
3-3 7} 3-Fluorophenol 0017 0261 64 2-Fi 3. 1-N [ 2-Methyl-1-propanol -1372  -1435
3,5-ZH KM 3,5-Dimethylphenol 0113 0.198 || 65 2-J% % 2-Pentanol -1.159  -1.030
7% 2 3-ZH W 2,3-Dimethylphenol 0122 0115 | 66 3-J%[8 3-Pentanol -1244  -1290
34-— I 3,4-Dimethylphenol 0122 0.124 || 67* 3-F3-2-T'BE 3-Methyl-2-butanol -0996 -0973
9 2 4-—HIIERH; 2 4-Dimethylphenol 0.128 -0014 || 68 2-F 3. 1- T 2-Methyl-1-butanol -0953  -1.170
10 2-Z. 3K} 2-Ethylphenol 0.176  0.187 69 3-F3k-1-TF% 3-Methyl-1-butanol -1036  -0956
11 2-3 7KW} 2-Fluorophenol 0248 0300 70 AT EE tert-Butanol -1791  -1.772
12* 2-G KW 2-Chlorophenol 0277  0.007 71 L% Hexyl alcohol -0379 -0412
13 3-Z. 37K W 3-Ethylphenol 0299 0289 || 72%* 33-"H3E-1-T [ 3 3-Dimethyl-1-butanol ~ -0.737 -0.737
14 2,6- KW 2,6-Dichlorophenol 0396 0613 73 4-F 3111 4-Methyl-1-pentanol -0637 -0.720
15 3,4,5-= W HIEW 3.4,5-Trimethylphenol 0418 0421 74 Bl Heptan-1-ol 0.105  0.102
16 4-F W 4-Fluorophenol 0473 0318 || 75 1-3¢4-3-B% 1-Octen-3-ol 0031 0.106
17* 4-5N3L2R B 4-Isopropylphenol 0473 0558 | 76 1-Tf 1-Nonanol 0855 0961
18 2-JR 7} 2-Bromophenol 0504 0559 || 77* 2-T-J#% 2-Nonanol 0618 0526

. 3.2 5227 H1 HE-3 R

19 4-50 71 4-Chlorophenol 0545 0558 || 78 -0.169 -0.169

3-Ethyl-2,2-dimethyl-3-pentanol




55 6 1] SR A L I 2 75 Y X R A e A BRI DL 5 EH 2 e 14 5 e 5 4 - 15 P R 255

2R3
A= &Y pIGCs, A= &Y pIGCs,
No Compound Exp. Pre. No Compound Exp. Pre.
20 3-SR 3-Isopropylphenol 0609 0580 || 79 Z&% Decyl alcohol 1335 1398
21 2-5A-5-H1 FZE B 2-Chloro-5-methylphenol ~ 0.640 0604 || 80 4-24f% 4-Decanol 0849  0.799
22% 4-J K} 4-Bromophenol 0.681 0651 81 VU S5 FEEE Tetrahydrolinalool 0340 0343
23 4-5-2-H JZEW 4-Chloro-2-methylphenol 0700  0.862 || 82* ~+—P& 1-Undecanol 1954 1807
24 3-8 T HZK W 3-Tert-butylphenol 0730  0.728 83 | =¥ 1-Tridecanol 2449 2480
25 4-%4.-3- FH W 4-Chloro-3-methylphenol 0795 0767 || 84 2-F3E-3- T M5 -2- 2-Methyl-3-buten-2-0l ~ -1389 -1359
26 2-5FNHIE R 2-Isopropylphenol 0803 0694 || 85 3-H ZLH i 3-Methylbutynol -1311  -1316
27% 3-5-4-5 KW 3-Chloro-4-fluorophenol 0842 0777 86 J 3(-3-CL M- 1-B Trans-3-hexen-1-ol -0.777 -0.738
28 4K 4-Iodophenol 0854 0756 || 87* 5-CLbR-1-B 5-Hexyn-1-ol -1295  -1.085
29 4T 2R B 4-Tert-butylphenol 0913 0914 || 88 3-H 3E-1- 0 bh-3-F 3-Methyl-1-pentyn-3-0l ~ -1322 -1325
30 2.3,7-=H HIKW 2,3,7-Trimethylphenol 0930 0805 | 89 5-CUMi-1-B% 5-Hexen-1-o0l -0.841 -0.852
31 2. 4-— G KW 2 4-Dichlorophenol 1036 1143 | 90 4-J{H-2-l% 4-Pentyn-2-ol -1632 -1.771
32% 27K HE 2K W 2-Phenylphenol 1094 1092 || 91 5-CLbR-3- 5-Hexyn-3-ol -1404  -1244
33 3-ML T} 3-Iodophenol 1118 1114 || 92* 3-BEH-1- 3-Heptyn-1-ol <0323 -0379
34 2,5- 4K 2,5-Dichlorophenol 1128 1114 || 93 4-BEHe-2-JE 4-Heptyn-2-ol <0616 -0.660
4-51-3,5- H L . .
35 1203 1121 || 94 3-3H-1-FE 3-Octyn-1-ol 0017 0036

4-Chloro-3,5-dimethylphenol
2-RUT 4.6 H SR

36 ) 1245 1258 95 JRAEE Propargyl alcohol -1918  -1957
2-(tert-Butyl)-4,6-dimethylphenol
37% 23- "&KW 2,3-Dichlorophenol 1271 1.169 96 2-T /i Crotonyl alcohol -1472  -1486
462 AT o
38 1277 1437 || 97* 3-T/-2-B 3-Buten-2-ol -1.053  -1.054

4-Bromo-6-chloro-2-methylphenol

4-75-2,6-— H HR T e .
39 1278  1.094 98 2-Tf-14-_ 2-Butene-1,4-diol -2.149  -2.121
4-Bromo-2,6-dimethylphenol

20T 4= TR gy

40 1297 1256 99 -2y 5 K it Cis-2-penten-1-ol -1.105 -1.162
2-tert-Butyl-4-methylphenol
41 2,4-—JRZK W) 2 4-Dibromophenol 1403 1568 100 375 -2-1% 3-Penten-2-ol -1401 -1320
42% 3,5- &KW 3,5-Dichlorophenol 1562 1439 101 J2 #-2-C 4 -1-1% Trans-2-hexen-1-ol -0472 -0.748
43 2.4.,6-=A KM 2.4,6-Trichlorophenol 1695 1581 || 102* iz -2-C 45 -1-l% Cis-2-hexen-1-ol -0.777 -0.748
44 4-JR-2,6-"F I 4-Bromo-2,6-dichlorophenol 1.779  1.777 103 J2 7 -2-2F 45 - 1-i5% Trans-2-octen-1-ol 0365 0404
2,6~ BT Hk-4-F LK . i
45 1.788 1.788 104 1,5-% [ 1,5-Pentanediol -1934 -1.866

2 ,6-Di-tert-butyl-4-methylphenol
4-5-2- 5N Ak 5- B

46 1862 1914 || 105 DL-12-C —Ji# DL-12-Hexanediol -1267  -1246
4-Chloro-2-isopropyl-5-methylphenol
47% 2.4.,6-=JR KWy 2.4,6-Tribromophenol 2050 2059 || 106 1-N [ 1-Propanol -1.746  -1.643
48 2.4,5- =5 2.4,5-Trichlorophenol 2100 2061 || 107* 2-F3£.2-TB¥ 2-Methyl-2-butanol -1173 -1202
49 2,6- " FLIE} 2,6-Diphenylphenol 2113 2090 || 108 B EE Neopentyl alcohol -0.870 -0.870
50 2’%':?’%'6'%%;&% 2207 2220 || 109 24-THI 53¢/ 2 4-Dimethyl-3-pentanol  -0.705 -0.658
2 A-Dibromo-6-phenylphenol
51 1,2-T % 1,2-Butanediol -2048 -1967 | 110 3 Capryl alcohol 0583 0573
52% 1,3-T [ 1 3-Butanediol 22301 2261 || 111 DL-2-3: [ DL-2-Octanol 0.001  0.096
53 14-T % 1,4-Butanediol 22236 2215 || 112* + — )¢l Dodecyl alcohol 2161 2166
54 1,2-/% ¥ 1,2-Pentanediol 21627 -1544 || 113 4-J54e-1-F% 4-Pentyn-1-ol -1420  -1469
55 2-I%E-24-J% " 2-Methyl-24-pentanediol ~ -1953 -1975 || 114 % Leaf alcohol -0809 -0.738
56 1,6-C —-Ji% 1,6-Hexanediol -1495  -1554 || 115 4-C 4f5-1-F% 4-Hexen-1-ol -0.754  -0.795
57% 1,2-%% i 1,2-Decanediol 0764 0775 | 116 3-T-4-1-f 3-Nonyn-1-ol 0340 0365
58 1,10-%¢ —fi 1,10-Decanediol 0224 0216 || 117* 1-CV#5i-3-F% 1-Hexen-3-ol 0811 -0.823

59 FF I Methanol 22666 2711
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