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Quantitative structure-activity relationship of joint toxic effects of 2-chlorophenol
substituted phenols and anilines on Carassius auratus

LI Zhi-hua' > ZHU Zheng-1i* LU Guang-hua' > ZHAO Hai-zhou' *
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Ministry of Education Hohai University ~Nanjing 210098  China
2. College of Environment Hohai University ~Nanjing 210098  China
3. Chinese People’ s Liberation Army 4812 Factory Anging 246001 China

Abstract The acute toxic effects of substituted phenols anilines and their mixtures on Carassius auratus were
determined with the acute toxicity test. The median lethal concentrations Cjsj for ten single compounds and Cj 5o, for 12
mixtures were obtained. The joint toxic effects of the mixtures were qualitatively estimated using the toxic unit additive
index and mixture toxicity index methods. The mixtures of 2-chlorophenol substituted phenols and anilines mainly
exhibited partial addition effects and synergistic effects. The quantitative structure-activity relationship QSAR model for
the joint toxic effects was established using the structural descriptors the logarithm of the n-octanol/water partition
coefficient lgP,;. and the frontier orbital energy gap AF ;. . The results show that the toxicity of the mixtures
increased with hydrophobicity and reactivity. The QSAR model can be successfully used to predict the joint toxicity of
2-chlorophenol and anilines mixtures.
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1.5
10 / IgP Biobyte ver. 355 Biobyte company
Claremont CA USA 1. ChemOffice 2004 MOPAC
Eyvo eV Enono eV
AE eV . 1. SPSS17.0 Ver. 17.0 SPSS Company USA
1
Table 1 Single toxicity to Carassius auratus and structural parameters of substituted phenols and anilines
96h CLS([) IgP ELUMO EHOM() AE/eV
/ mg L~ /eV /eV
2- 2-CP 7.39 2.15 -0.07 -9.40 9.33
3- 3-CP 10.21 2.50 -0.04 -9.43 9.39
3- 3-NP 66.58 2.00 -1.26 -10.10 8.84
4- 4-NP 52.89 1.91 -1.24 -10.30 9.06
2 4 6- 2 4 6-TCP 2.99 3.69 -0.65 -9.60 8.95
2- 2-CA 6.54 1.90 0.20 -8.85 9.05
3- 3-CA 7.86 1.88 0.19 -8.93 9.11
N- N-MA 95.68 1.66 0.57 -8.53 9.10
3 4- 3 4-DCA 5.36 2.69 -0.23 -8.99 8.76
DPA 5.11 3.50 0.45 -8.56 9.01
2.1
96 h 1.5 2 4 6-TCP 2-CP 3-CP
4-NP 3-NP 5 DPA 3 4-DCA 2-CA 3-CA N-MA.
2-CP 3-CP 4-NP 3-NP 2-CA 3-CA 10
2 4 6-TCP 2-CP  3-CP 3 4-DCA 2-CA 3-CA.
2.2 2-
2-CP + 2-CA Iy -0.09~0.06 I,=0
I,=0 2
2.
2
Table 2 Assessment of joint toxicity to Carassius auratus of mixtures
TU Al MTI
M My Iy Iyr
2-CP+2-CA 1:1 1.01 1.27 -0.01 0.96
2-CP + N-MA 1:1 1.05 1.32 -0.05 0.82
2-CP+3-CA 1:1 1.12 1.41 -0.12 0.67
2-CP+ DPA 1:1 1.12 1.41 -0.12 0.67
2-CP+ 3-CP 1:1 1.06 1.34 -0.06 0.80
2-CP +4-NP 1:1 1.06 1.34 -0.06 0.80
2-CP+3 4-DCA 1:1 0.97 1.22 0.03 1.15
2-CP+2 4 6-TCP 1:1 1.12 1.41 -0.12 0.67
2-CP+2-CA 3:1 1.12 0.94 -0.12 2.89
2-CP+2-CA 1:3 1.12 0.94 -0.12 2.91
2-CP+ N-MA +3 4-DCA 1:1:1 0.95 1.79 0.06 1.09
2-CP + N-MA + DPA 1:1:1 1.09 2.06 -0.09 0.88
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2.3 QSAR
Lu
b 2’ / lgpmix 2
AE ..
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lgP, lgP, lgP;{—— ab 1 / c, ¢, C;— a b 1
2 12 lngix AE‘mix 3
3
Table 3 Joint toxicity to Carassius auratus and structural parameters of mixtures
lg P ix AE i ~ g Cusoms
2-CP +2-CA 1:1 2.03 9.2 4.27 3.99 0.28
2-CP + N-MA 1:1 1.76 9.12 3.65 3.88 -0.23
2-CP + 3-CA 1:1 2.44 9.22 4.23 4.15 0.08
2-CP + DPA 1:1 3.22 9.2 4.38 4.47 -0.09
2-CP + 3-CP 1:1 2.72 9.36 4.17 4.26 -0.09
2-CP + 4-NP 1:1 2.05 9.09 3.83 4.00 -0.17
2-CP+3 4-DCA 1:1 2.89 9.09 4.36 4.34 0.02
2-CP+2 4 6-TCP 1:1 3.22 9.22 4.53 4.47 0.06
2-CP +2-CA 3:1 2.79 9.34 4.25 4.29 -0.04
2-CP +2-CA 1:3 2.22 9.13 4.28 4.07 0.21
2-CP + N-MA + 3 4-DCA 1:1:1 1.80 8.83 3.92 3.91 0.01
2-CP + N-MA + DPA 1:1:1 1.88 9.11 3.94 3.93 0.01
16
1ngix QSAR
1
lg( CFSOmix) = 0.7231gP ; + 0.740 3
n = 48 R?> = 0.860
u 27 48 h C ps0mix
1gpmix AE‘mix QSAR
lg( C ) = 0.416lgP ;, — 0.584AFE ;. + 7.530 4
ESOmix
n =27 R* = 0.944
Wang 8 CESOmix
1gpmix AE‘mix QSAR
1
lg( C ) = 0.338lgP,ix — 0.492AF ; + 6.928 5
E50mix
n =20 R* = 0.831
1gpmix AE‘mix 2_

QSAR



160 40

— lgCispmix = 0.4041gP i, — 0.037AFE ;, + 3.509 6
n =12 R = 0.826 R* = 0.681 Q2 = 0.611 S.E =0.16 F = 9.627 P = 0.006
n R*—— 00— S. E—
F— P—
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1
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