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Tab.1 Log BCF of the PBDEs

i =L’ AR A log BCF
1 BDE-28 2,4,4'-TriBDE 5.83
2 BDE-47 2,2',4,4'-TeBDE 5.84
3 BDE-51 2,2 ,4,6'-TeBDE 5.88
4 BDE-66 2,3",4,4'-TeBDE 6.05
5 BDE-77 3,3",4,4'- TeBDE 6.29
6 BDE-99 2,2',4,4",5-PeBDE 6.01
7" BDE-100 2,2'4,4",6-PeBDE 6.36
8 BDE-119 2,3",4,4",6-PeBDE 6.29
9 BDE-126 3,3",4,4",5-PeBDE 6.43
10° BDE-153 2,2",4,4',5,5'-HxBDE 6.13
11 BDE-154 2,2'4,4',5,6'-HxBDE 6.15
12 BDE-197 2,2",3,3",4,4",6,6'-OcBDE 5. 30
13" BDE-198 2,2",3,3,4,5,5 ,6-OcBDE 5.68
14 BDE-203 2,2',3.4,4",5,5",6-OcBDE 5.93
15 BDE-204 2,2",3,4,4",5,6,6-OcBDE 5.75
16" BDE-206 2,2',3,3".4,4",5,5",6-NoBDE 5. 44
17 BDE-207 2,2',3,3",4,4",5,6,6 -NoBDE 5.75
18 BDE-208 2,2',3,3",4,4",5,6,6 -NoBDE 5.57
19 BDE-209 2,2',3,3",4,4',5,5',6,6'-DeBDE 5.19
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Tab. 2 Fitting results of different dependent variables in PLS model

’j{‘i Y h R%{ R:Z\’(cum) R%’ R%'m‘m) Eig QZ qum
log BCF 1 0.318 0.318 0. 645 0. 645 1.13 0. 398 0. 398

— 1 0. 386 0. 386 0. 880 0. 880 5.02 0. 810 0. 810

log (BCF + Nik.) 2 0.118 0. 505 0. 085 0. 965 1.54 0. 288 0. 865
o 1 0. 364 0. 364 0.911 0.911 1.73 0. 839 0. 839

log (BCF—Ni.) 2 0.158 0.522 0. 087 0. 980 2.05 0. 051 0.921
log(BCF X N, ) 1 0. 365 0. 365 0.893 0.893 1.75 0.817 0.817
log(BCF/Ni,) 1 0. 366 0. 366 0. 906 0. 906 1.75 0.788 0.788
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TR G 36 2 1) M 5 AR 22 4 T S SR e SR e (B 2 25, B R 3 W Ml log (BCF + Ny, log (BCF —
Ni.) +1og(BCF X Ny, ) #l log (BCF/ Ny, ) 4 AR Y HAT — € B9 00 R g » H AR 22 35 7350 2 — 0. 60~
0.69, —0.49~0.96,—1.53~1.13,0.21~6.02. \FRZEWE K E .log(BCF+ Ny, 5 log(BCF— Ny,
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Tab. 3 Comparison of predictive value and experimental value of different dependent variables

- —_ log(BCF+ Ny,) log(BCF— Nyg,) log(BCF X Ng,) log(BCF/ Ny, )
T A ik 2 FURIIREED Bk 22 T A 5% 2 FRIIREED Bk 22

BDE-28 5.83 6.52 0. 69 5,59 —0.24  6.96 1.13 6. 04 0.21

BDE-51 5.88 5.70  —0.18 5,75 —0.13  6.85 0.97 6. 35 0.47

BDE-77 6.29 6.28 —0.01 6. 59 0.30  6.38 0.09 7.52 1.23

BDE-99 6.01 5,92 —0.09 5,81 —0.20  6.98 0.97 7.71 1. 70

” BDE-119 6.29 6.10 —0.19 6. 54 0.25  4.76 —1.53 9. 66 3.37
;fj BDE-126 6.43 6.38 —0.05 6.40  —0.03  5.86 —0.57 9.16 2.73
ZJJFI BDE-154 6.15 5.90  —0.25 6.29 0.14  6.07 —0.08 8. 90 2.75
4 BDE-203 5.93 5.33  —0.60 5.98 0.05  5.46 —0.47  10.43 4.50
BDE-204 5.75 5.54  —o0.21 547 —0.28  5.68 —0.07 9.48 3.73
BDE-207 5.75 5.59  —0.16 5,70 —0.05  5.31 —0.44  10.65 4.90

BDE-208 5.57 6.07 0. 50 5.08  —0.49  5.78 0.21 9.07 3.50
BDE-209 5.19 5,07 —0.12 6.15 0.96  5.23 0.04  11.21 6.02

BDE-197 5. 30 5.98 0. 68 5,00  —0.30 5.21 —0.09  11.24 5.94
BDE-47" 5.84 576 —0.08  6.00 0.16 6.97 1.13 6.93 1. 09

p BDE-66" 6. 05 6.52 0.47  5.92  —0.13 7.23 1.18 7.08 1.03
i BDE-100* 6. 36 5.43  —0.93  6.20 —0.16 6.20 —0.16 8.10 1.74
% BDE-153 6.13 5.96 —0.17  5.73  —0.40 6.35 0.22 9.10 2.97
4 BDE-198* 5.68 6.25 0.57  5.82 0.14 5.70 0.02 9.97 1,29
BDE-206" 5. 44 5. 81 0.37  6.57 1.13 5.20  —o0.24  11.27 5.83
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Tab.4 Variable importance in the projection and variable coefficient in the model equation

x VIP & a x VIP & a

E; 1.71 0. 000 1 Exnovo 0. 86 —16. 900
R. 1.48 —0.000 1 " 0.79 0.215
Qs 1.25 —2.5880 Qe 0.79 1.359
M 1.20 —3.7850 Qs 0.73 —1.059
Evomo — Exsowo 1.14 24.680 0 Qes 0.73 —1.983
Qo 1.11 —28.990 0 RO—C1’ 0.66 —13. 840
Exnovo 1.08 —11.710 0 Evumo + Exnomo 0.63 2.148
Qe 1.08 —2.524 0 Exiomo 0.51 10. 490
Qer 0.94 6.826 0 Qs 0.48 —1.434
Qcs 0.87 2.2330 T - 0. 844

fE PLS @A rp, VIP S —A> Sz i [ 248 4 3 PR A /NS4, A8 R VIP (O, BiWi% B 22
X AR B R R BOR. i 4RIy TR R Ec S s )T R VIP (2 B0 1. 71,1, 48,
TEf T HA AR By VIP H, ULBA X A4S A 48 i X PBDEs 1) BCF 45 %5 # 2 A # HI/E H R, £ &Y
WAl T R AL A ) 21 ) 70 R B RN L AR FEBE R OO R R 5 0 - A AR ] A9 AR S P A B L B PB-
DEs 3 245 b Ak 5 AH ALY [7] 28 9 100 5 20 B BE0r 0 AR G s B B0 b i B K8 fb RO A 43 1 4
I IR DA R A2 AL TR ) 535 2B T] 7 S5 A A 22 18] L A7 75 26 TR/ ) 22 57 s R B9 RBO IE
Er B R8O . BEWIAE PBDEs BB E H AR OIS D0 T - BEE R BUE A /Nl B B ry 3% oK%
log (BCF — Ny ) (9 {E 72 # sl /1N » BUAA I ) PBDEs B8R 5 v 476 4 58 T3E W) E iR .

Harrie 5% il Qin 451 xF — W3 K 22 5000 AR 5 42 1 00 A F 7, do W1 17 i 3R CRRURITTED) JBUAR e 4%
H %G HLAL & 90 1 BCF $ i A 5 K i 2.

3 #Hit

W3+ Gaussian 03 ¥ PBDEs #£47 B3LYP/6-31G " /KF E 82> T4t dk . v PLS 4347, 87 1
PBDEs A=) 5 4 ZE1) QSAR BERL. £5 R R R B R $oxh PBDEs 19 BCF A7 40 K 52, B #: H
log BCF #45 JC 74 15 S5 I 1 T i) 452 7.

Pl log(BCF+ Ny, ,log(BCF— Ny, , log(BCF X Ny #l log (BCF/Np)fEN 4 Fi R AS & Y £, %
T log (BCF — Ny, ) @ 37 (AR HLAG 47 (1 B0 8 ), I3 4 log (BCF-NDB) £ A1 #5115 21 H AL 5 A
K F BT J7 R FRAE SAT R A5 800 51 0,980 F1 0. 921, Al A 2 I PBDEs 1 4= ¥ W % & %K.
AR & Er R LA K Ny X PBDEs (1) BCF A & 8 K52 0. 8% Er . 8K R. 1) PBDEs 5 3t i}
BARH BCF, Bl 5 V5 J 1 500 36 3% , BCE 2 B 56 35 R el /) 1y i 4
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Quantitative Structure-Activity Relationships on
Bioconcentration Factor of PBDEs

LI Ji-an', XUE Xiu-ling', LU Gui-ning”

(1. College of Chemical Engineering, Huaqgiao University, Xiamen 361021, China;
2. School of Environment and Energy, South China University of Technology, Guangzhou 510006, China)

Abstract; In this paper, the molecular structure of polybrominated diphenyl ethers (PBDEs) was optimized by using
Gaussian 03 software at B3LYP/6-31G” level. Then the relationships between the bioconcentration factor (BCF) of PB-
DEs and the molecular structure parameters were correlated by partial least squares (PLS). The results showed that BCF
combined with the number of bromine atoms on the benzene ring could better express the quantitative relationship between
physicochemical properties and molecular structure of PBDEs. The correlation coefficients of fitting (R¥(m ) and cross
validation (@) of the optimized model log(BCF— Ng,) were 0. 980 and 0. 921 respectively. which showed that the mod-
el had a high fitting precision and a good predicting ability. Furthermore, molecular total energy (Er) and electronic spa-
tial extent (R,.) both played important roles in the BCF of PBDEs, lower E; and larger R, had less BCF.

Keywords: polybrominated diphenyl ethers; quantitative structure-activity relationship; bioconcentration factor; partial

least squares
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