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Abstract: Biodegradability is significant for the evaluation of environmental persistence of pollutants, which
has become a criterion of evaluation on a chemical allowing to be manufactured and market. The primary bio—
degradation and ultimate biodegradation models which contained 15 molecular structure descriptors were devel—
oped employing 17 biodegradation experts evaluating rating data and functional tree algorithm. The external
validation results indicated that the models have a good predictive ability. The weighted accuracy (WA) of pri—
mary biodegradation is 84.1% and 78 .9% for training set and validation set, respectively. WA for ultimate bio—
degradation is 91.0% and 83.6% for training set and validation set, respectively. Moreover, the applicability
domain of the biodegradation models were characterized by the plots of prediction accuracy versus leverage val—
ues of chemicals.
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1 ##F07 % ( Materials and methods)
1.1 B R IE

ARWFFEAE T A HLAL G A DR i P B R U5
F EPI suite "™ (Version 4.1, http:/www. epa. gov/
oppt/exposure) Biowin3 F Biowin4 #tk. EPI suite
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2 253 ( Results)
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HENT TR Y R g i s A, g5 IR LI 1. e
Pk A FT No.l 555,48 ClassO I Classl Pt
WERAE, DL 0.462 R o3 A ML G WE A FT 1 M
FT 2 W1 sS4k St 3. W09 W e ik 1) R AR A5
A AR

FT No.1

< 0.462 >0.462

FT1 FT 2

1 H0Z% A B i M Tt AR BY
Fig. 1 Prediction model of primary
biodegradability

FT No.l:

Class 0: -2.54 -0.17 x [ny] - 0.23 X [ng]
-0.57 X[ng] -0.14 X [ngp]-0.14 [neg] +048
[Neonmr] - 0.25 [nger] - 0.31 [npx] £0.06 [C -
002] - 034 [C-004]+0.36 [C-005] -0.82 [C-
013] - 0.29 [Exomol +1.13 [Qemax ] +0.08 [dipole]

4)

Class 1: 2.54 +0.17 [ny] +0.23 [ng] +0.57
[an] +0.14 [negp] +0.14 [neg] - 048 [neoar] 0.
25 [nger] T0.31 [np,4] - 0.06 [C-002]+0.34 [C-
004] - 0.36 [C- 005] +0.82 [C - 013] +0.29

[Eromo] - 1.13 [Qeme] - 0.08 [dipole] )
FT 1:

Class0: -2.71 -2.08 [ny] - 042 [ngy] - 0.18
[ne] - 042 [ngp] - 0.14 [neg] +0.48 [neonr] +0.
49 [ngor] - 031 [npx] +0.06 [C-002] -2.11 [C
-004]1+0.36 [C-005] - 1.40 [C-013] -0.29
[Enomo] 187 [Qcmax] +0.08 [dipole] (©)

Class 1: 2.71 +2.08 [ny] +0.42 [ng] +0.18
[N ] 042 [neyp] +0.14 [neg] - 048 [neonmr] - 0.
49 [nger] T0.31 [npx] - 0.06 [C-002]+2.11 [C-
004] +0.36 [C - 005] +1.40 [C - 013] +0.29
[Enomol - 1.87 [Qcmax] - 0.08 [dipole] )

FT 2:

Class 0: 0.29 - 0.17 [ny] - 0.52 [ng] +0.27
[ng] - 021 [negp] - 0.28 [nee] +0.03 [neonmr] -
0.51 [nger] +1.07 [npx] +0.06 [C-002] - 0.34 [C
-004]+1.26 [C-005] - 0.82 [C-013] -0.04
[Esomo] +1.55 [Qcmax] +0.12 [dipole] @®)

Class 1: - 029 +0.17 [ny] +0.52[ng] - 0.27[n¢,]
+021[ngp ] +0.28 [ner] - 0.03 [neor] +0.51 X
[Mror] - 1.07 X [npx] - 0.06 x [C-002]+0.34 x
[C-004] -126 x [C-005]+0.82 x [C-013]+0.
04 X [Epomol - 155 X [Qema] - 0.12 x [dipole](9)
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Table 1 Performance of primary biodegradability prediction model
it H F iR i S YR WA
Pl 84.3% (59/70) 83.9% (47/56) 84.1%
Lol i8S 80.0% (36/45) 75.0% (9/12) 78.9%
L 95/115 56/68 —

FE: D F MR Pl

AL AP I TR s ) S VM FE - 0 AR AL 4 4 () TR AR s ) W A IS TS0 f 2 o

K2 VREMEBETNER R 15 M S FRRFREE N
Table 2 Meanings of 15 molecular descriptors in primary biodegradability prediction model

HRTF & X f/IME IToNIE]
Etomo T SR FRILE RE -1.13x10 -6.11
Qcmax TRE AL - 3.17 x10 ! 8.16 10!
dipole SR 0 991
ny AT 0 5
ng ST 0 6
Ncq sp3 2L ZEmR %L 0 3
N H I sp3 Zefb iP5 0 8
NegR sp2 ZAL U S5 A bk 5L 0 16
NCONHR g P P B e % 0 2
NRoR I P ) T e 2 0 5
Nppx FEIH R - AR 0 6
C- 002 CH,R, 0 26
C- 004 CR, 0 3
C- 005 CH,X 0 4
C-013 CRX, 0 1
T DR/ IME AN R AR 4038 IERI TG 151 ALl 23 18] (9 15/ IME AR AR, SR T8I0 20 B4 35K o
22 mAKEYERH;ETNEA FT No.l:
BT 1S Ao T AR (S BER (FT) )y Class 0: - 3.18 - 0.31 x [ng] - 7.58 x

AT B A A W R R WA AL #E FT No.l 75
W, 22 ClassO Al Classl BT MERE, L 0.581 K
4 \ﬁm ACEYIHE T Class =0 BUFFZE ne i, K
?3 ASBIH Class =1, /NFal 5 F 3 A NHEA FT 1
St A E YRR BRI R A N

FT No.1

>0.581 | < 0581

Near

l

Class=0

| >3

Class=1

B2 mRELYMERRETNER
Fig. 2 Prediction model of ultimate biodegradability

[MWC,,] - 1.78[MATS,.] - 1.61 [MATS, ] +0.52
[Mor,,,] +1.33[Mory, ] +2.73[E,] - 1.57[E,.] -
8.51[Rs,.] - 0.18 ner] +1.52 [Nygmen] - 0.20[C -
006] +041[0 - 056] +O[HOF] - 037[Esono] (10)
Class 1:3.18 +0.31[ng] +7.58[MWC,] +1.78
[MATS,.] +1.61 [MATS,,] - 0.52[Mor,,,] - 1.33
[Moty,,,] - 2.73[E,,] +1.57[E,,] +8.51[Rs,.]+0.
18[ner] - 1.52[Ngey] +0.20[C - 006] - 0.41[O -
0561 +0[HOF] +0 37[E siom0] 1)
FT1:
Class 0: - 21.04 - 0.31[ng] - 10.49[MWC,, ]
- 421[MATS,,.] - 0.08[MATS,,]+1.37[Mor,,,] +
3.54 [Mory,, ] +22.44[E,,] - 3.35[E,,] +3.62
[Rs,.]+0.84[ncp] +1.52[Nyeey] +0.08[C - 006] +
041[0 - 056] +0[HOF] - 0.97[E om0] (12)
Class 1:21.04 +0.31[ng] +10.49[MWC,,] +4.
21[MATS,,] +0.08[MATS,,] - 137[Mor,,,] - 3.54
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[Mot,,, ] - 22 44[E,,] +3.35[E,,] - 3.62[R,,.] -
0.84[ncr] - 1.52[Ngmen] - 0.08 x [C- 006] - 0.
41 x [0-056]+0 x [HOF]+0.97 X [Eyomol
(13)
B Wy R SR AR T 25 R L% 3. SRR
B, B %) T 6 0 ik, I 2R 48 WA =91.0% , 55
UFSE WA =83.6% o IZAWBEMATIE S 15 1
O FHRSE, B XA T3 4. &R At I
P I 2R A s 7 B 2 T B R L IR M )
[ NS e Ve
3 itig( Discussion)
3.1 B BCRAEfn B B S AT
K H Leverage 771 R AE T 49) 4= W) ok it Fl B
LR ) RO it TOUINASS 8 1) 7 PR B8, A5E U AT AT T 53
40381 F10.393 . HEAIL FHIk ULIE 3 FIlE 4.,Y
HUERR T N R R IR TN o ) G A o e 0 A

RUYIN AR rh — A /b it SRl Al vl X400 (3R
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IR AT 23 1] 2 2 1IE A7) 0 A= 0 % e 0000 A5 78 1) 7 FH
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TERT h* (A ERA T, P WA — 2
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Table 3 Performance of ultimate biodegradability prediction model

i H F A gD S Mg Y WA
Il 254 89.4% (59/66) 92.9% (52/56) 91.0%
IO IF4E 86.5% (32/37) 792% (19/24) 83.6%
= 91/103 71/80 —

R4 BALYEMBETIER G 1S A FHRETRESX"
Table 4 Meanings of 15 molecular descriptors in ultimate biodegradability prediction model

R & X R/ME E FNI: A
ngy AT EL 0 6
MW Cyo 559 Mo ¥ AR R 0 04
MATS,, JEFARFMIE S g 1 e B P -598x10 ! 419 x10"!
MATS,, JEFAREME RS Ry 4 (A AR T -5.14x10"! 550 x10"!
Mor,,, TeALHE 3D 43 T E5 AT -1.13 377
Moryg,, JEF R IALY 3D 4 T A5 B AT -625x10°! 1.32
Eyu Ji o i AL I JEE A 5 A Ay A 265%10"" 798 x10°!
E;m JEFAESR A T L 240 x10°2 141
R5v + JUTEALRBUMALAY R Sk H A SCTE AL 0 149 x10°!
Negr sp2 Z ALY B 4L 16
niireh 55 A A 0 2
C- 006 CH,RX 0 12
0- 056 A BE I AU T D 0 4
HOF T A -1.75x10° 475 x10?
Enomo Ty oy FHuERE -1.13 %10 -6.11
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Table 5 Performance comparison of the present model with EPI suite Biowin 4 model

. _— ezt By R Il R B )3 I SR VA 1
. AHD M F(%)?  S%)Y WA%)Y F%)  S(%) WA(%)
843 839 84.1 80.0 75.0 78.9
KNI ETesq | 183 15
(59/70) (47/56) (106/126) (36/45) (9/12)  (45/57)
84.9 79.0 82.5
Biowin 4 Z gkt miA 200 37 — — —

(101/119) (64/81) (165/200)
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Table 6 Performance comparison of the present model with EPI suite Biowin 3 model

. - ez R TF VR340 IR v
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. . 89 4 92.9 91.0 86.5 792 836
KNI E e ilEl 183
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