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Abstract; Ionogenic organic chemicals (IOCs) may ionize to form anion and/or cation in aquatic environment. It
had been elucidated that the environmental behavior, toxic effects of ionic form differ greatly from that of neutral
form. Thus, ionization is nonnegligible in performing the research of the environmental behavior, toxic effects of
I0Cs. To date, how to characterize the ionization is one of the critical issues in developing the predictive models
for IOCs. Here, the feasibility of using chemical form adjusted descriptors as predictive variable to derive model for
the endpoint of aquatic toxicity was studied. In this regard, the acute toxicity data of 63 substituted phenols, anilines
and benzoic acids to Daphnia magna were collected firstly. Then, the quantitative structure-activity relationship
(QSAR) model was developed by stepwise multiple linear regressions (MLR) analysis. The modeling results indica-
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ted that the values of coefficient determination (R*), cross validated Q° leave-one-out (Q,), external validation co-

efficient (Qfy;) for the QSAR model based on chemical form adjusted descriptors was significantly improved from
0.622-0.705 to 0.840-0.875, compared with that of the model constructed from neutral form descriptors only. The
results indicated that the QSAR model based on chemical form adjusted descriptors had high goodness-of-fit, ro-

bustness, and predictive ability. Thus, the predictive models of IOCs for aquatic toxicity could be developed by em-

ploying chemical form adjusted descriptors in the future QSAR modeling.

Keywords ; ionogenic organic chemicals; Daphnia magna; acute toxicity; chemical form adjusted descriptors; quan-

titative structure-activity relationship
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Table 1 Information of model compounds, their observed and predicted acute toxicity data of Daphnia magna

—logEC;,
CAS 5
J#5 No. £, %% Chemical name SO FRAY T TR 11
CAS No.
Observed Model I Model 11
1 2K Phenol 000108-95-2 337 377 357
2 4 H i 2-Methylphenol 000095-48-7 368 329 386
3 3-H 22 W} 3-Methylphenol 000108-39-4 357 338 401
4 4-HI FH [ 4-Methylphenol* 000106-44-5 372 355 403
5 23-F [ 2 3-Dimethylphenol 000526-75-0 406 321 455
6 2-5 7Kl 2-Chlorophenol 000095-57-8 414 351 426
7 3-%7KH} 3-Chlorophenol 000108-43-0 441 388 404
8 4- By 4-Chlorophenol* 000106-48-9 437 483 405
9 2-IRZE W) 2-Bromophenol 000095-56-7 433 303 424
10 3-JR %M} 3-Bromophenol 000591-20-8 4.60 4.10 427
11 4-JRAE 4-Bromophenol 000106-41-2 444 479 431
12 2,4- "5 W} 2 ,4-Dichlorophenol* 000120-83-2 475 481 499
13 2,4.6- =48 2.4,6-Trichlorophenol 000088-06-2 505 38 522
14 T 75} Pentachlorophenol 000087-86-5 620 491 6.03
15 2-fi§FE W) 2-Nitrophenol 000088-75-5 3.65 3.13 374
16 3-AHFEE IR W) 3-Nitrophenol* 000554-84-7 371 3.87 4.00
17 4-T4FEZER) 4-Nitrophenol 000100-02-7 367 348 477
18 2 4- i FEEF W 2 4-Dinitrophenol 000051-28-5 472 435 425
19 [8) %~ Resorcinol 000108-46-3 359 374 34
20 ZEH Aniline* 000062-53-3 4.06 464 4.00
21 2-F LA 2-Methylaniline 000095-53-4 421 463 447
22 3-HEHE NG 3-Methylaniline 000108-44-1 431 426 450
23 4-H IFE NG 4-Methylaniline 000106-49-0 452 396 457
24 2-54 K 2-Chloroaniline* 000095-51-2 429 507 429
25 3-54 7K i 3-Chloroaniline 000108-42-9 445 465 433
26 4-5 N 4-Chloroaniline 000106-47-8 442 441 434
27 3-JRZE ¢ 3-Bromoaniline 000591-19-5 473 491 460
28 4-J %M 4-Bromoaniline* 000106-40-1 463 537 459
29 2,3- "4 %M 2 ,3-Dichloroaniline 000608-27-5 48 457 463
30 2 4-"F AN 2 ,4-Dichloroaniline 000554-00-7 4.66 568 475
31 2,5- 54 Rk 2,5-Dichloroaniline 000095-82-9 477 580 467
32 2.4.6-=1RFMz 2.4.6-Tribromoaniline* 000147-82-0 492 565 561
33 2-fi§H AR 2-Nitroaniline 000088-74-4 422 405 407
34 3-f§ 3R 3-Nitroaniline 000099-09-2 439 493 406
35 4-THFEIENE 4-Nitroaniline 000100-01-6 363 346 378
36 2 A- RN 2 A-Dinitroaniline® 000097-02-9 437 487 417
37 4-F A 4-Aminophenol 000123-30-8 442 411 392
38 3-Z KW 3-Aminophenol 000591-27-5 374 363 389
39 2-% HFE ) 2-Aminophenol 000095-55-6 501 429 422
40 HHIR Benzoic acid* 000065-85-0 224 2.19 240
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—logEC;,
CAS 5
%5 No 4K Chemical name CAS No. S LI | FER 11
Observed Model I Model 1T
41 SR AH 2 2-Fluorobenzoic acid 000445-29-4 1.89 239 2.02
42 XTI H 2 4-Fluorobenzoic acid 000456-22-4 2.15 257 2.54
43 25 H iR 2-Chlorobenzoic acid 000118-91-2 232 267 220
44 3-FZEH R 3-Chlorobenzoic acid* 000535-80-8 275 244 291
45 4-54 K H R 4-Chlorobenzoic acid 000074-11-3 241 2.64 291
46 2- K iR 2-Bromobenzoic acid 000088-65-3 249 258 2.50
47 3-IRZEH R 3-Bromobenzoic acid 000585-76-2 3.11 276 3.14
48 4-JRZK P2 4-Bromobenzoic acid* 000586-76-5 255 293 3.15
49 24-"FRHZ 2,4-Dichlorobenzoic acid 000050-84-0 256 3.04 274
50 2,5- " H i 2,5-Dichlorobenzoic acid 000050-79-3 299 3.04 267
51 2.4.6-=5 K H MR 2.4.6-Trichlorobenzoic acid 000050-43-1 325 287 3.18
52 23.4,5-MUEAR PR 2,3.4,5-Tetrachlorobenzoic acid* 000050-74-8 343 359 3.80
53 2-FFFEHBR 2-Aminobenzoic acid 000118-92-3 288 295 308
54 3-FHIHEFER 3-Aminobenzoic acid 000099-05-8 245 333 259
55 4-F A WFR 4-Aminobenzoic acid 000150-13-0 240 3.11 262
56 4-JRFLFEH R 4-Hydroxybenzoic acid* 000099-96-7 231 273 268
57 3-BRILFEH R 3-Hydroxybenzoic acid 000099-06-9 201 29 2.53
58 2-$2 IR H R 2-Hydroxybenzoic acid 000069-72-7 2.69 297 2.57
59 2,4- IR 2 4-Dihydroxybenzoic acid 000089-86-1 3.02 320 298
60 2.,5-" KR 2,5-Dihydroxybenzoic acid* 000490-79-9 325 4.10 287
61 345-=RILIKPER 3.4,5-Trihydroxybenzoic acid 000149-91-7 388 331 246
62 4B — H R 2-Phthalic acid 000088-99-3 1.53 1.81 1.70
63 [a] 4 — B Ji# Isophthalic acid 000121-91-5 144 223 147

I RS,

Note: *Compounds selected as the external validation set.
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Fig. 1 Relationship between —logEC,, and logKy,, logD,y,

Note: logKy is n-octanol/water partition coefficient;

logD,y, is n-octanol/water distribution coefficient.
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Table 2 Values of ¢ P, VIF for selected descriptors

R HRFF
Model Descriptor P VIF
qHy -275 <001 1.80
LAY 1 T-u -485  <0.0001 1.11
Model I Vem 497  <0.0001 1.79
Eyomom 448  <0.0001 2.60
log Dy 697 <0000l 458
FERL 11 gD -523 < 0.0001 1.64
Model 11 Polar 491 < 0.0001 121
- -362 <0001 4.17
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Table 3 Comparison of the current model with previous QSAR models
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Models and model statistics
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Applicability domain References
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7 No [20]
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