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logical environment and human health, are attracting the attention of chemical management agencies all over the
world. In recent years, the chemical environmental management agency of China is paying attention to the PMT
hazard characteristics, and is also carrying out the screening and environmental risk assessment of potential chemi-
cal substances of PMT. However, the lack of screening tools has become an important factor restricting the screen-
ing of toxic and harmful substances and new pollutants in China. In order to serve the environmental management
of potential PMT substances in China, a high throughput computational toxicological tool based on 14 770 data was
developed to predict the properties of PMT and rapidly identify potential PMT substances. And 26 models were in-
cluded in the tool, the qualitative model characterization results indicated that they had good classification perform-

ance, and the quantitative model characterization results indicated that they had satisfied goodness-of-fit, robustness

and prediction ability.
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Fig. 1 Schematic diagram of classification strategy for fish acute toxicity (LCs,) prediction model
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2 #£R 54118 (Results and discussion)
2.1 FRACHEP)F ALY

P A Yy B A B L B8 4 5% T MLFER _S |
MLFER_BO,TSRW  MlogP il WTPT-4 iX 5 4~ il il
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0.75 F110.86 ~0.96 , 1 IR RS A BT (1 4SS PERE,
FAEGIR MR 1 P, BRI SR, B bs e
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TWHIN

2.2 TRV R

1E2FBE-IK 43 B R L (log K, ) I L BE AL 75 T
CrippenLogP . XlogP #1 nHaaCH iX 3 > Tl il 4 &
W2 PR BRI Fyogg ]9 092, Qoo H 084, Qe
4 0.82, RMSE 5 7 0.51, RMSEy e 4 0.75 , 0]
R BAT B 145 D0 e d v A A Tt g
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DM OC R AN 3 firzs , Al UL S 5041 5 10 {2 A 48
LA R EE . BEALN FH B SR, B bRk 279 5t iy
Euclidean #7125 <0.99 i}, ZEAR Y % 7 FH 387 el 1Y

FR1 REEVEBEIRESER
Table 1 Characterization results of a rapid biodegradation model
k n TP ™™ FN FP S, s, Q MCC AUC
Data set
YIZRSE Training set 1221 401 675 64 81 0.86 0.89 0.88 075 0.96
B3RSE Validation set 408 135 202 38 33 078 0.86 083 0.64 0.86

T k RN AR R n FoR M TR TP 2R BUNE TN 2R KBk

TN ERBE s MCC 27 BB i 58 2 5 AUC 27K ROC HHZ T A,

FN R BRI FP FR BT ; S, Rt ; s, RaRFEFIE; Q Fm

Notes:k is the number of neighbors; 1 is number of chemicals; TP is true positive; TN is true negative; FN is false negative; FP is false positive; S, is sen-

sitivity; S, is specificity; Q is predictive accuracy; MCC is Matthews correlation coefficient; AUC represents the area under the ROC curve.

Fz2 logK,, REIRIELER
Table 2 Model characterization results of logK

et Btk 28 il
Indicators Data set Parameters Numerical value

B X6 Dysgge Dirgining 7 470

Number of training sets Biggsr raining 092

WA RMSE 5. RMSE ining 051

Goodness of fit YIRS Syl Straining 051

PA BB T A Training set MAEjsq:  MAE,iping 038

Internal predictive power Qoo 0.84

Rt Qo 082

Robustness Qoor 0.83

I YEAE M Mg Myalidation 2 491

Number of verification sets WIEAE Qixr 0.82

S RMSE g RMSE jidaion 0.75

Phak T g ) Validaton st Siiis  Svalidation 0.75

External predictive power MAEg s MAE,iuion 057

e g N gy 53 T FOR I S SR SO 5 g R I R P2 (D 5 000 (L) 5 2 s RMISE 5 1 RMSE g5 53 51 30711 5
%*Mﬁlﬂf% E"Jﬁ]ﬁﬁﬁ?ﬁ 5 Syilgag *ﬂ SuiFss ﬁHJ"H%/T U”éﬁ‘%*ﬂgﬁlﬁ% E‘J’Iﬂ?‘(ﬁﬂﬁéf_ ;s MAE gt ﬂ:‘u MAE;@;}&% ﬁ%ui‘%ﬂ_\‘ U”é}éﬁ% *HQLL\L\'U‘.E% E/‘J ?Jﬁ(m“qz‘ﬁj
25 Qoo «Qimo M Qpoor 73 MFIR 25 —IE3E URIE AR KL 25 2038 SUIRAIE 2 BRI Bootstrapping W iE R 4 ; @ FRSMTIIE R AL

Note:n, and the n

validation

and RMSE

training

values; RMSEm,;n;ng validation

standard deviation of the training set and the verification set respectively; MAE

are the number of training set and verification set respectively;

are the root mean square error of the training set and the verification set respectively;

72

training 18 the correlation between the measured and predicted

and s are the

Siraining validation

and MAE are the prediction average error of the training set

training validation

and the verification set respectively; Q} oo, @ yo and Qhoor are the one-off cross-validation coefficient, the multi-method cross-validation coefficient and

the Bootstrapping method validation coefficient respectively; Q24 is the external validation factor.
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logK,, .IC5 #l AATSCSp iX 3 A~ il il 4% i ; fa.18 1
TP, L NOEC =0.01 mg-L™" 432 5
{8, FAARE 5 T logK,, Ml nHBInt3 % 2 /i3l
g, GNER 4 BRI Q. S, A S, 434 T 0.88

SCH o
~1.0.89 ~1 F10.85 ~ 1; MCC #l AUC %3 54T
075 ~1 F10.86 ~ 1, P IR HAT B 1) 73 2R PERE
RIS AR R AE 25 S R % AR T ~ T, A Asfk
2B Euclidean R 2543700/ 0.73 ,0.75 F1 1.04
B, 70 A g A 7R (14 By FF B L A

2.3.2 KRS MR 2 T AR A
2.3.2.1  KANERZ PR 2 T AR AL

RAEVE SRR E Y A T, L ECy, =10 mg-
LN EE, AL & T logK,, .minwHBa
ndsssP , SsSH 1 JGI6 iX 5 4> A% 2 5 KA 38 bk
FEPE BRI | LA EC,, =100 mg-L™" Jy /025 {1,
PR 4 & T logK,, . MPC5 , nBase , SRW6 il
naaN X 5 /> FI0IN A2 5 5 O Y R 2 M 7 A R AR A
I, L ECyy=1 mg L™ K43 28 A, e R & T
logK,, .BICO SdsssP #1 n6HeteroRing iX 4 /> it il 2§
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Table 3 Characterization of fish acute toxicity classification model
;iil ]iz%i k n TP N FN FP S, s, Q MCC  AUC
R T %4 Training set 709 303 321 40 45 0.88 088 0.88 0.76 095
Model I I0IF4E Validation set 237 91 113 15 18 0.86 0.86 0.86 0.72 0.89
AT Il 24 Training set 372 217 110 21 24 091 0.82 0.88 0.74 094
Model I BiiF4E Validation set : 125 67 42 6 10 092 081 0.87 0.74 090
R VI 4 Training set 336 82 205 28 21 075 091 0385 0.66 092
Model I YiiF4E Validation set : 113 23 73 10 7 070 091 0.85 0.63 081
AV VI 4 Training set 107 25 73 3 6 0.89 092 092 0.79 0.96
Model IV IE4E Validation set : 36 7 25 1 3 0.88 0.89 0.89 071 0.87
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2.3.2.2  RAVENG MRS SIS AL
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L™ N 2R B, e B4 5 T logK,,, (AATSCOV
SHBint2 1 AATS2e iX 4 >4z 5 ; KA RIS P
PEAP AR T | ) NOEC=0.1 mg-L™" Kyr 25 B{H,
B4 E T logK,, . MAXDP  SHdsCH FiI AT-
SC6c 3X 4 A>T AS £ 5 Y I 18 M 3 1 A A A
I,k NOEC=0.01 mg-L™" R4 {H , SR A

B QL S, AL S, 44T 0.84 ~0.90,0.72 ~ 1
F10.81 ~0.91;MCC F1 AUC 4344 T 0.63 ~0.76 Fl
0.86 ~0.95, Ui IR HAT BUF A r IS HERE . AU
FHBERMELE R s 0 TR T ~ I, Hbrfe a9
1) Euclidean 2570 5/NF 1.1 095 #10.75 B, 7641
Iy SR B 1 FH B R

2.3.3  LREELEMEEEME S HUN LAY
2.3.3.1 &2 tEREE o JE T AR AR

SRR 2R E A T L EC,, =10 mg-L™'
For R E, BRI ALY T logK,, . SWHBa  nH-
Bint6 Al MLFER BO iX 4 >l 45 i ; & 2Pk 5
PSRRI | L ECy, =100 mg-L™" A3 25 1, i
TR B 4 T logK,, . AATS4p , MPC10 Fl ETA _
dEpsilon_D iX 4 /> TN AZ 5 ; 2k i 2ov: 2 1 o 25
AU, LA ECy, =1 mg-L™" N JEBfH , S i Al &
T logK,, .SpMax_Dt fll GATS2v iX 3 /> i il 4% i ;
SR AR BRIV, DL ECy, =0.1 mg-L™' N
SIS ME, BRI T logK,, . AATSCOm Al

T logK,, Fl ATSC2p ix 2 AN AS &, a6 T AATS6e 3% 3 MHUNAS &, 413 7 Fios  #i8 Q. S,
Fx4 EERESESEEBRMTER
Table 4 Characterization of fish chronic toxicity classification model

;s e/ S

Model Dat <ot k n TP TN FN FP S, s, Q MCC  AUC
B | Y %4 Training set 5 70 25 38 3 4 089 090 090 079 095
Model I BiiF4E Validation set 24 10 11 1 2 091 0.85 088 075 086
AR ] I ZR4E Training set 3 41 21 18 2 0 091 1 095 091 097
Model II B34 Validation set 14 4 9 0 1 1 090 093 085 098
HEAL T L4 Training set 5 29 8 19 1 1 0.89 095 093 0.84 096
Model III BSF4E Validation set 10 4 6 0 0 1 1 1 1 1

Rx5 KERSUSUILEBRELER
Table 5 Characterization of acute toxicity classification model of Daphnia

i) g

Model Data <ot k n TP TN FN FP S, s, Q MCC  AUC
I 1 V1254 Training set 733 425 208 41 59 091 0.78 0.86 0.70 093
Model I BiiF4E Validation set 3 245 138 61 21 25 087 071 081 058 08I
e 1 YIZ54E Training set ; 264 163 67 11 23 094 074 087 071 092
Model 11 BiiF4E Validation set 89 64 15 7 3 090 083 089 068 083
B Y %4 Training set 5 468 251 145 34 38 088 079 085 068 091
Model III BiiF4E Validation set 157 77 47 13 20 08 070 079 057 083
HERI TV Y254 Training set 5 281 115 117 22 27 084 081 083 065 090
Model IV B34 Validation set 94 46 33 6 9 088 079 084 068 084
RV JI1%:4E Training set 141 64 57 9 11 088 084 08 072 091
Model V UG UESE Validationset ’ 48 17 21 4 6 081 078 0.79 0.58 0.77
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F1 S, 4 54+ 0.82 ~0.90,0.78 ~0.95 Fil 0.64 ~
0.94;MCC F1 AUC 435141 T 0.60 ~0.79 F10.79 ~
095, Ui IR Y ELA 541 40 2R PR RE ., 45578 107 ] 3
FARLE R, X TR T ~ IV, BEsfb# Y
Euclidean #2543 51 24 /N F 1.25.1.17 ,1.03 F1 0.98
B, FE A AR 7Y (%) 1o FH 3853 B PN
2.3.3.2  ZREENSME RS TN AR Y
SRS PR 4 AR [ L) NOEC=1 mg-
LN KB, AR T logK,, . piPCT .
AATSC5p . VP-7 SHsSH il MDEC-34 X 6 >l il A%
LR EEE TR A LA 1T, L NOEC=0.1 mg-

L oy 2 BE, S AL & T logk,, . SpMax _
Dt SsOm , GATS3v HI MATS8e 3% 5 > i il 75 &
SRS PEREME A AU, A NOEC=0.01 mg-L™
For K BRME, AR AL T logK,, \nAtomP  nAt-
omLAC F1 GATSS8p iX 4 ~HUAS &, WN5% 8 s,
BiRd Q. S, Fl S, 73514 T 0.84 ~0.94 .0.75 ~0.90 Fl
0.84 ~0.96; MCC £ AUC 43514 T 0.68 ~0.86 FlI
0.82 ~0.96 , Ui B B BAF ) 7 e bEfe . AHY )
FHBEGRAESE R R 6 TRAL T ~ I, Hbrfe9 o
1) Euclidean P 254371 24 /NT 1.28 (1.05 F1 1.06 i,
A R A AR ) 7 FH A R Y

F6 REZRBUBSHESXTINRBRIELR
Table 6 Characterization of a classification prediction model for chronic toxicity of Daphnia

A AR
Model Dat <ot k n TP TN FN FP S, s, Q MCC  AUC
B 1 YIIZ54E Training set 230 130 74 11 15 092 083 089 076 095
Model I I0IE4E Validation set ’ 77 48 21 3 5 0.94 081 0.90 0.76 0.94
| Y4 Training set 144 54 73 7 10 089 088 088 076 093
Model II I0IF4E Validation set : 48 13 29 3 3 081 091 0.88 0.72 0.86
R TI VI 4 Training set 57 13 35 5 4 0.72 0.90 0.84 0.63 088
Model 1II Y5iiF4E Validation set : 20 3 14 0 3 1 0.82 0.85 064 091

x7T FEIUSESETNRBRIELER
Table 7 Characterization of a predictive model for acute toxicity classification of green algae

TR Btk
Model Data set k n TP N FN FP S, S, Q MCC  AUC
A | L4 Training set 333 174 111 21 27 0.89 0.80 0.86 0.70 093
Model T KAIF4E Validation set 112 57 37 5 13 092 074 084 068 086
1T YNZ44E Training set 141 94 30 5 12 095 0.71 088 070 093
Model IT Y44 Validation set 3 48 34 7 2 4 094 064 087 062 080
T Y144 Training set 192 73 85 17 17 0.81 0.83 082 064 089
Model IIT IOHIF4E Validation set ; 65 19 34 3 9 0.86 0.79 0.82 0.63 0.84
KRV YII%54E Training set 84 25 51 5 3 0.83 094 090 079 095
Model IV Y5 UFSE Validation set 3 28 7 16 2 3 0.78 0.84 0.82 0.60 0.79

x8 HFEEMSHESLEBRMTELER
Table 8 Characterization of chronic toxicity classification model of green algae

e e/
Model Dat set k n TP N FN FP S, s, Q MCC  AUC
B T JIIZk4E Training set 307 136 128 28 15 0.83 090 0.86 072 092
Model I BiiF4E Validation set ’ 103 47 44 8 4 0.85 092 088 077 090
R 124 Training set 163 62 75 12 14 0.84 0.84 0.84 068 0.89
Model II YiiF4E Validation set ’ 55 18 29 3 5 086 085 0.85 070 087
FR I Y% 4E Training set 71 19 48 2 2 090 096 094 086 096
Model Il BiiF4E Validation set : 24 6 15 2 1 0.75 094 088 071 0.82
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