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Quantitative Structure Activity Relationships and Joint Toxicity of Substituted
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Abstract : The single toxicities (24h- ECso) and mixture toxicities of 18 substituted biphenyls to Daphnia magna were tested . Quanti-

tative structure-activity relationships ( QSARs) were developed from the single toxicities . Octanol water partition coefficient (lg Koy)
model , theoretical linear solvation energy relationship ( TLSER) model and quantum che mistry parameter model were built for these

compounds . It was found that the quantum che mistry parameter model had a good predictive capability . The study of mixture toxici-

ties of substituted biphenyls showed that the joint toxicity mechanism was concentration addition. Half effective concentrations of
mixtures ( ECsq,x) were predicted according to concentration addition. The predicted and observed values coincided rather well .
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Table 1  Structures and toxicities of substituted 5
biphenyls to Daphnia magna [2~4] .
ECsg [2~5].
No. R R - 1gECs? :
/u,mOl'L'1 n n c:
1 H H 13.183 1.880 TU = ZTUi = Z — =1
2 CH,CH, CN 2.050 2.688 i=1 i1 ECx;
3 C,4Hy CN 0.510 3.292 7 L,ECx;
4 CsH,, CN 0.598 3.224 ; % ¢ %
5 CH;CH, H 3.747 2.426 )
6 C4Hy H 1.155 2.937 1 (ci/ECx;)
7 Cs Hy, H 0.646 3.190 i ,
8 Br H 2.797 2.553 (TU,) . %
9 Br Br 1.580 2.801
10 CH,C( 0) H 23.225 1.634 (TUu) 1,
11 C; H,C( 0) H 4.752 2.323
12 C,HyC( 0) H 6 .885 2.162
13 CH,;CH, 0 CN 6.575 2.182 ’
14 C3H,0 CN 3.540 2 .451
15 C,H,0 CN 0.692 3.160 ,
16 CsH,, O CN 0.482 3.317
17 OH CN 14.353 1.843 ’
[2~5] .
18 OH I 2.144 2.669 .
n -1
i
: S ron - St
i; EC Xi
2)ECsy mmole L' ECx,.. % )
1.3 pi i
, 50 %
ECSO . ( ECSOmix .
5) 1.6 QSAR
s SPSS10.0 , 95%
SPSS10.0 probit s - 1gEGCsg
ECSO mix ,exp * 5
1.4 ( Tag) ~ (SD) . F F
EPA Kowwin vl. 66 lg Koy p




3 91
9 gH' TLSER ( 2 2):
'lgECSO waa\ Elumo‘Ehomo‘TE \EE \CCR\
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Table 2 QSAR models of the toxicities of substituted biphenyls to Daphnia magna
No . (n=18) Tag SD F P
- 1gECs = 0 .5001g K, + 0 .241 0.698 0.290 40 306 <0.001
2 - 1gECsg =1 .713 V. +2.744q" +0.657 0.779 0.248 30.987 <0.001
- lgEC50=24937><10'2a+2.570DE+44885qH+— 0.833 0.876 0.186 40 .946 <0.001
3 GSAR - ( 2 1,
Table 3 Parameters selected into QS AR moedels 2 _
- 1gECsy g Koy ( 125 =0.698) ,
TLSER
No. lg Koy ’
Ve q a DE gH” 5
1 3.760 1.111 -0.162 106.905 -0.459 0.170
2 4.340 1.525 -0.228 146.478 - 0.660 0.184 7’2
( ) H adj
3 5.320 1.760 - 0.233 166 .351 -0.677 0.185
4 5.820 1.885 -0.233 172.331 -0.675 0.184 ’
5 4.800 1.330 -0.230 129.674 -0.523 0.173 TLSER ( 2 2) )
6 5.780 1.948 - 0.234 144491 - 0.483 0.182 ,TLSER
7 6.270 1.702 -0.233 154.667 -0.520 0.172 ( Vmc) N ( q' )
8 4.650 1.339 -0.216 124.222 -0.523 0.184
t( 4)
9 5.540 1.524 -0.210 138.442 -0.540 0.185 v
10 3.440 1.360 -0.481 134.375 -0.969 0.184 ne ’
11 4.420 1.591 - 0.464 151 .904 -0.926 0.183 Vmc ’ ’
12 4.910 1.712 - 0.464 160.400 -0.934 0.183 >
13 3.880 1.585 -0.287 155.366 - 0.888 0.186 ,
14 4.370 1.697 -0.292 166.938 -0.890 0.185
9
15 4.860 1.824 -0.282 172.929 -0.879 0.186
16 5.350 1.944 -0.282 181 .425 - 0.886 0.186 ’ ) ’
17 2.820 1.335 -0.333 136.614 -1.009 0.307 9
18 4.440 1.529 -0.333 133.442 - 0.832 0.306 >
4 [ (2) 3)]
Table 4 Models [ Eq.(2) and Eq.(3) ] fitting results
t p
2 3 2 3 2 3 2 3
0.657 - 0.833 0.444 0.473 1.479 -1.763 0.160 0.100
Ve 1.713 0.254 6.741 <0.001
q° 2.744 0.642 4.276 0.001
a 2.937x10°2 0.003 10.387 <0.001
DE 2.570 0.310 8.304 <0.001
qH‘ 4 885 1.351 3.616 0.003
3 , ( 2
3) - TLSER , ,



92 25
35 5 5 (3)
{ +
- 30| £ (gH") (2)
& | " s (g7) ( Pearson 0.932) ,
{"’K i A
o + R
S ol a gH ( )5 q (
5 4 )
] 1.5 B A 2 2
(DE)
1'0 1 1 1 1
1.0 15 20 25 30 35
-1gECso TRHUE
2.2
1 - IgEG;, (3) S
7
( ) 4 4 ,18
Fig.1  Plot of observed versus predicted - IgECs, of
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Eq.(3) (quantum che mistry parameter model)
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Table 5 Observed and predicited joint toxicities of mixtures
ECSOlmx‘cx ECSOmix, e
No. TU( + 9) P p
/umol* L~ ! /pumol* L~ !
1 21 1.21(X0.14) 11 .435 9 .472
2 1 2 101 0.88( £0.08) 6.713 7.617
3 1.1 0.87( £0.06) 5.024 5.761
4 2:1 1.32(%£0.12) 2.313 1.752
5 2 16 11 1.12( £0.04) 1.801 1.603
6 1:2 1.12(%0.10) 1.629 1.453
7 2:1 0.83( £0.06) 8.017 9.606
8 8 10 1:1 1.13( iOA09) 14.657 13.011
9 1:2 0.87( iOAIZ) 14.345 16 .416
10 201 0.78( £0.08) 4.116 5.246
11 15 17 1.1 0.85( £0.07) 6.375 7.523
12 1:2 0.80( £0.07) 7 .868 9.800
13 2101 1.17( £0.10) 8 .847 7.580
14 1 6 8 10101 0.90( £0.07) 5.126 5.712
15 1:1:2 0.83( £0.09) 4.128 4.983
16 2:1:1 1.11(%0.11) 11.572 10 .420
17 2 10 17 11101 1.12(*0.10) 14.784 13.209
18 1:1:2 1.14( £0.07) 15.342 13 .495
19 1:2:101 1.23( £0.14) 6.926 5.652
20 2 6 10 15 110101 1.20( £0.13) 8.135 6.781
21 1:1:2:01 1.23( £0.11) 12 .427 10.070
22 122010101 1.08( iOAll) 10.359 9.610
23 1 2 8 10 17 171010101 0.97( iOAIZ) 10.764 11 .122
24 1:1:12201 0.94( iOA06) 12.371 13.139
25 12221210101 0.82( iOAOS) 5.269 6.450
26 1 2 16 8 10 :15 IS 1.17( £0.13) 8.383 7.184
27 D111 201 1.08( £0.08) 10.214 9.475
28 1120101011 1.18( *0.07) 8.629 7.326
29 1 2 16 :8 10 15 17 [o11:1:1011 0.87( £0.09) 7.166 8.208
30 1010101020101 1.24( £0.13) 12.554 10.085
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TU (0.78 ~1.32) ,
, (3)
( EGs0mix exp) ,
( ECsomix, pre) ,

lgECSOmiX,exp = 0 961 lgECSOmix,pre + 0 043 (4)
n =30,rg =0.925,SD = 0.071 ,
F =359.419,p < 0.001
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