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Deter mination and Prediction of Acute Toxicity of Substituted Benzenesto

Photobacterium phosphoreum
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of Environmenta Science and Engineering, TSnghua Universty, Beijing 100084 ,China; 2. School of Environment
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Abstract : The acute toxicities of 17 substituted benzenes to Photobacterium phaosphoreum were measured , and the -
fectsof subgtituted groups and postionson toxicities were discussed roughly. The molecular structura descriptors, such
as quantum chemical parameters and linear olvation energy parameters, were caculated , and relationships between toxi-
citiesof tested compounds and their molecular structura descriptors were developed by us ng quantitative structure-activ-
ity rdationship (QSAR) technique. The resultsindicated that there was a Sgnificant postive proportion between toxici-
ty and intrinsc volume or areaof compound molecules, and the equations were robust enough through Jacknife test. The
obtained equation was satifying to predict 27 compounds with dmilar structure as sdected ones.
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Tablel The molecular structurd aescriptors, observed - IgECs, va ues and predicted results
- IgECsy/ mol-L * 1 - IgECsy/ Mol - L 1
1 Benzene! 2.05 2.35 23 3-chlorophenol 3.96 3.55
2 Toluene 3.20 3.03 24 24-chlorophenol 4.48 3.55
3 oxylene? 3.45 3.39 25 2 ,3-dichlorophenol 4.52 4.30
4  nrxylene? 3.44 3.51 26 2 4dichlorophenol 4.47 4.36
5  pxylene? 3.53 3.54 27 2 ,5dichlorophenol 4.24 4.34
6 4-chlorotoluene 3.88 3.81 28 2 ,6-dichlorophenol 4.09 4.30
7 Chlorobenzene® 3.30 3.21 29 Nitrobenzene® 3.30 3.43
8  o-dichlorobenzene” 3.78 3.91 30 o-di nitrobenzene? 6.03 4.26
9  mrdichlorobenzene? 3.74 4.04 31 mrdinitrobenzene? 4.93 4.52
10  p-dichlorobenzene? 4.15 4.07 32 p-dinitrobenzene? 5.84 4.54
11 1,2 ,3-trichlorobenzene 4.54 4.60 33 2-nitroaniline 3.71 3.90
12 1,2 4trichlorobenzene? 4.91 4.75 34 3-nitroaniline 3.77 3.97
13 Aniline? 3.12 2.96 35 4-nitroaniline 3.70 3.97
14 o-diaminobenzene? 3.45 3.40 36 2-nitrophenol 3.53 3.74
15  nrdiaminobenzene? 3.93 3.42 37 3-nitrophenol 3.34 3.81
16  p-diaminobenzene? 3.47 3.62 38 4-nitrophenol 4.05 3.81
17  2-chloroaniline 3.91 3.70 39 2-nitro-chlorobenzene 3.97 4.15
18  3-chloroaniline 3.96 3.77 40 3-nitro-chlorobenzene 4.05 4.25
19  4-chloroaniline 3.57 3.81 41 4 nitro-chlorobenzene 3.9 4.25
20 Phenol? 2.96 2.75 42 2-nitrotol uene 3.91 3.93
21 mrdihydroxy-benzene 3.00 3.07 43 3-nitrotoluene 3.74 4.05
22 2-chlorophenol 4.14 3.54 44 4-nitrotoluene 3.90 4. 05
1)
2) , [3,16]
MOPAC97!™] SPSS
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Hickey (131, (VIF) (41,
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Table 2 Summary of results of Jacknife tests U_OJD 25
R4 IS I 2.0 . . . .
(<10%of N) 20 25 30 35 40 45 50
1 17 0.919 0. 165 1gECs ERAE /mol » L
2 25 0. 920 0. 165
0.919 0. 165 2 4
Hg.2 The predicted resultsof 41 compounds
(1) ,
' 27 ,
’ () (3161, (@
- IgECs0 =- 1.341 + 7.539V, - 1. 757CCR 3
(3
N = 17, R = 0.911,
S =0.174, F = 82.25, p < 0.0001 1,
Vi ; . 4 95 %

,CCR - ,



, (1)
[16] 4

Sxt

(1)

—NO, > —d > —CHz> —NH, > —OH.

(2) :

3) , :

1984. 337 370.

Blum DJ, Speece RE. Determining chemicd toxicity to
aguatic species. Environ. Soi. Technol. , 1990, 24(3) : 284

293.

,1998. 329 335.

We DB, Zhang AQ, Han SK, Wang LS. Progressve study
and robustnesstest of QSAR mode based on quantum chemi-
cd parametersfor predicting BCF of sdected polychlorinated
organic compounds. Chemosphere, 2001, 44 (6) : 1421
1428.
Lu GH, Yuan X, Zhao YH. QSAR sudy on the toxicity of
subgtituted benzenes to the dgae. Chemosphere, 2001, 44
(2) : 437 440.

Yang H, Yu HX, Huang QG, Wang LS. Quantitative
structure toxicity relationships for fluorine-contained aromat-
ics to Photobacterium phosphoreum. Chemosphere, 1997,

10

11

12

13

14

15

16

17

35(11) : 2657 2663.

We DB, Zhang AQ, Wel ZB, Han SK, Wang LS. A case
sudy of logigic QSAR modding methods and robustness.
Ecotoxicol . Environ. S&e, 2002, 52 (2) : 143 149.
Dezwart D, Jooff W. The Microtox as an dternative assay
in the acute toxicity assessment of water pollutants. Aquat.
Toxicol. , 1983 ,4(2) :129 183.

,1987,2:2 6.

,1989. 145 151.
Cambridgesoft Co. , CS MOPAC 97, 1997.
Dewar MJS, Zoebisch EG, Hedy EF, Sewart JJP. The de
velopment and use of quantum- mechanicad molecular-modes.
76. AM1. A new generd purpose quantum mechanica
molecular modd. J. Am. Chem. Soc. , 1985, 107:3902
3909.
Hickey JP, Pasino- Reader DR. Linear solvation energy rela
tionships:* Rules of Thumb” for estimation of variable va-
ues. Environ. Sd. Technol. , 1991,25(10) : 1753 1760.
1993. 29 40.
Hansch C, Leo A. Exploring QSAR: Fundamenta's and ap-
plicationsin chemistry and hiology. American Chemica Soci-
ety , Washington DC, 1995.
Sxt S, Altschah J, Bruggemann J. Quantitative structure -
toxicity reationships for 80 chlorinated compounds usng
quantum chemicd desriptors, Chemosphere. 1995, 30
(12) : 2397 2414.
Wilon LY, Famini GR. Usng theoreticd descriptors in
quantitative structure activity relationships some toxicologica
indexes. J. Med. Chem. , 1991, 34(5) : 1668 1674.



