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Abstract: In order to meet the needs of green transformation of process industry, this study proposes a multi—
context environmental risk assessment framework based on QSAR-ICE-SSD for 26 characteristic pollutants
involved in the production of methyl methacrylate (MMA) and epoxybutane (BO). According to the abundance of
toxicity data, a differentiated evaluation strategy was constructed: the direct species sensitivity distribution (SSD)

method was used in the data-rich situation; the ICE=SSD interspecific extrapolation method was used in the
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situation of insufficient data. QSAR-ICE-SSD prediction method and toxicity test—=ICE-SSD experiment method
were used in data missing situation. By integrating QSAR model, Web—ICE platform and standardized toxicity test,
more than 300 acute toxicity data covering algae, daphnia and fish were systematically improved. Based on the
multi—function fitting SSD model, the predicted no effect concentration (PNEC) was derived, and the acute PNEC of
26 substances was between 0.0027 mg/ L (acrolein) and 1030 mg/ L (acetone). Chronic PNEC was obtained by
acute to chronic ratio (ACR) conversion to further determine the maximum allowable emission concentration (C,,,).
The results show that low C_, substances need to be monitored in chemical wastewater treatment and ensure that

the effluent is strictly up to standard. The framework breaks through the constraints of data scarcity and provides

quantitative technical support for source reduction and risk warning of characteristic pollutants.

Keywords: ICE-SSD model; ecological risk assessment; multi—scenario; quantitative structure—activity

relationship (QSAR); green alternative process
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Fig.1 Technical process of environmental risk assessment
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Table 2 Evaluation method of ecological effects of

representative chemicals in MMA and BO production

process
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Table 3 Toxicity test concentration gradient of the test

substance
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Table 4 The 96h EC,, of 1,2-epoxybutane, 1,2-
butanediol, methacrolein and methacrylic acid on
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Table 5 Toxicity test concentration gradient of the test
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Table 6 48 h EC,, of 1,2—epoxybutane, 1,2-butanediol,
methacrolein and methacrylic acid on Daphnia magna
ZAXY B K

L2-F 4 T He (/L)

1,2-T (/L)
PRSP (mg/LL)
AL R (mg/LL)

EC,,(95% F 15X [H])
0.58(0.44-0.72)
18.66(0.00-51.29)
8.91(0.00-23.62)
57.36(0.00-159.98)
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Fig.3 SSD graph based on acute toxicity data across multiple
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Table 7 Acute toxicity data were predicted by ICE model

fl2 i 24 Bk YyRh 2R LY B BEME(E (mg/L)
411 ( Cyprinus carpio) Fish 194.88
BE a5 RN (Ietalurus punctatus) Fish 122.98
K 1S (Micropterus salmoides) Fish 244.64
FH B8 P 0 12 FHY T 6 ( Oncorhynchus mykiss) Fish 131.44
i (Perca flavescens ) Fish 130.81
G NEL S (Salvelinus fontinalis) Fish 144.95
¥ 15 (Salmo trutta) Fish 25.16
WS ( Ceriodaphnia dubia) Fish 88.71
FREE (Daphnia pulex) Fish 112.37
44 ( Carassius auratus) Fish 94.45
I B £4.(Cyprinus carpio) Fish 114.83
BE A5 R (Tetalurus punctatus) Fish 77.82
U 85 (Oncorhynchus mykiss) Fish 76
LA (Pimephales promelas) Fish 103.14
Ji 1% (Thamnocephalus platyurus) Crustaceans 41
LR FW Al & R (Branchinecta lynchi) Crustaceans 453
K% ( Pseudosida ramosa) Crustaceans 23.96
M ELiE ( Ceriodaphnia dubia) Crustaceans 653.13
FRIF (Daphnia pulex) Crustaceans 845.03
W5 8K B 41 ( Lepomis macrochirus ) Fish 411.87
1514 (Salmo trutta) Fish 466.32
I — BE 15 SRR (Tetalurus punctatus) Fish 286.09
#1401 (Cyprinus carpio) Fish 528.73
401 ( Carassius auratus) Fish 664
LT 55 88 (Salvelinus namaycush ) Fish 168.06
K25 (Micropterus salmoides ) Fish 255.47
Tt (Perca flavescens) Fish 368.67
i £1 ( Carassius auratus) Fish 3615.58
#4 (Cyprinus carpio) Fish 9495.69
B s, SURS (etalurus punctatus) Fish 3549.68
- KRS (Micropterus salmoides ) Fish 19740.07
oo W6 ( Oncorhynchus mykhiss) Fish 7355.39
{5 (Perca flavescens) Fish 7981.6
TSN (Pimephales promelas) Fish 5268.1
1% (Salvelinus fontinalis) Fish 9859.4

HEH

WE S PR, ICE T iEAE ARG h 2 B0 48 = 11
A AR B ICE b e 50 5 R ICE #h 72
B 0 T 2% B R0 A1 4 7E 4K vk B Y L LR
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log,, < 3) Wi W A FE M =7, FL HC, 7K 2R 9 38 A7
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GET 43 A FEAE , & AR S B (E 0 A B 45 AR R AR
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Table 8 Representative chemical substances predicted no )
—e— (EFAICEXFEEER
effect PNEC value 2 075 b —A— F{EFICEHFEEURE
f2=2 2 5 2 B PNEC,, (mg/L)  PNEC, . (mg/L) j}
1 F L 047 0.0047 £ o0 }
2 LT 2 3.32 0.0332 £
30 HOERRERL S 28.45 0.2845 5 oz |
4 P4 2 16.1 0.1610 -
5 PRI P i 0.36 0.0036 s |
6 HSENIRR 21 7.2 0.0720 ’ 5 4 " 4
7 N 2.34 0.0234 log,, toxicity data (mg/L)
8 PR 0.0027 0.000027 FIS 2Rt AR T M ICE R L e
9 NTE 4.76 0.0476 Fig.5 Acetic acid acute toxicity data comparison chart using
10 TP 297 0.0297 the ICE model
11 G 35.55 0.3555 P e e e
b i 103 00193 FRFAIE T Gy i 2 M PEREVEET 1 SSD i 4l
13 2 0.995 0.00995 JRAEAR 22 R T BT TR A ge e g
14 ZR 419 0.0419 PE B 52 2207 T R R 520, 45 AT AR AE — 2 A1
15 S 1795 0.1795 TP, HORHE T T A 5 4 7 QSAR B
6 AR 1050 1030 IR E LA Bea 1 2 T (357 435 )y
17 2- TR 2.81 0.0281 N . N NV
s m; o5 67500 EA BT FAAFE RGER 22 ICE I iR B T3 28270
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Fig.4 The maximum allowable emission concentration ( C, )

of representative chemicals
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M

(5) )48 Z2 I B mil & AR T AN 1 1 L (B
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Table S2 Acute toxicity data were predicted by QSAR-ICE model.

fh2E i 44 B YRR L/ eSS FEPEE (mg/L) R E(R) B 5
A1 (Pimephales promelas) Fish 409.28 4 QSAR {14
KENE (Daphnia magna) Crustaceans 340.07 2 QSAR i
44 H F ¥ (Raphidocelis subcapitata) Algae 96 4 QSAR 5
B 5 SR (Ietalurus punctatus) Fish 353.17 ICE 5174
TR

#8471 ( Carassius auratus) Fish 471.13 ICE #5751
Jiit BB % ( Thamnocephalus platyurus) Crustaceans 185.37 ICE 57
A2 iR ( Branchinecta lynchi) Crustaceans 215.75 ICE 57
A % (Pseudosida ramosa) Crustaceans 103.71 ICE 5
LB (Pimephales promelas) Fish 5.629 4 QSAR
KAVE (Daphnia magna) Crustaceans 2.04 2 QSAR 144
28 A KB (Raphidocelis subcapitata) Algae 14.94 4 QSAR T
3 18 (Salmo trutta) Fish 0.74 ICE 5%
AR T Bk o5 R (Ietalurus punctatus) Fish 5.326 ICE 1‘%@
#1404 ( Carassius auratus) Fish 7.15 ICE 5%
FLAE 468 (Poecilia reticulata) Fish 3.48 ICE 5174
)it F2{% (Thamnocephalus platyurus) Crustaceans 1.75 ICE 57
FUAlI 2 UF (Branchinecta lynchi) Crustaceans 1.73 ICE Fi#!
I 3% (Pseudosida ramosa) Crustaceans 1.12 ICE 574
A1 (Pimephales promelas) Fish 380.35 4 QSAR {5
KENE (Daphnia magna) Crustaceans 53.25 2 QSAR i1
44 7 F ¥ (Raphidocelis subcapitata) Algae 253 4 QSAR 4
188 (Salmo trutta) Fish ICE %8
. BE 1 SRR (Tetalurus punctatus) Fish 328.73 ICE 7

H LN M 2 T
#8471 ( Carassius auratus) Fish 438.57 ICE #5751
LA AL (Poecilia reticulata) Fish 99.08 ICE 57
Ji &% ( Thamnocephalus platyurus) Crustaceans 34.18 ICE 557
FMAlZL HF (Branchinecta lynchi) Crustaceans 37.53 ICE %1
INEE 7% (Pseudosida ramosa) Crustaceans 20.09 ICE 557
R PSR A4 (Pimephales promelas ) Fish 69.15 4 QSARIHA
T Ef8 H 4 (Raphidocelis subcapitata) Algae 17.7 4 QSARIHA
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fh2 i 44 B YRR L/ B HEPE(E (mg/L) R HEE(R) B A
¥ 1% (Salmo trutta) Fish 9.05 ICE %!
BE 15 SRR (Tetalurus punctatus) Fish 62 ICE 7!
#1441 ( Carassius auratus) Fish 82.93 ICE %8
FLAE 8K (Poecilia reticulata) Fish 29.38 ICE %
it B 1% ( Thamnocephalus platyurus) Crustaceans 15.71 ICE %8
FWAN L IF (Branchinecta lynchi) Crustaceans 16.79 ICE 7Y
I 3% (Pseudosida ramosa) Crustaceans 9.44 ICE %!
241 H F 3 (Raphidocelis subcapitata) Alage 40.33 4 QSARH4%
Jiit F& 2% ( Thamnocephalus platyurus) Crustaceans 31.24 ICE %57
Tl £ 4R ( Branchinecta lynchi) Crustaceans 34.19 ICE 557
N K7 (Pseudosida ramosa ) Crustaceans 18.41 ICE 5.7y
. &8 (Salmo trutia) Fish 4.04 ICE #5171
B 55 M (Ietalurus punctatus) Fish 28.1 ICEE7Y
144 ( Carassius auratus) Fish 37.63 ICE 5%
FLAE 48K (Poecilia reticulata) Fish 14.77 ICE 5171
I A1 (Pimephales promelas) Fish 169.08 4 QSAR 15
K I (Daphnia magna) Crustaceans 192.73 2 QSARIHA
28 A F B (Raphidocelis subcapitata) Algae 214.46 4 QSAR 15
1% (Salmo trutta) Fish 22.11 [CE 5574
R P17 R (Letalurus punctatus) Fish 148.7 ICE %4
— 4 ( Carassius auratus) Fish 198.63 ICE f71
FLAE M8 (Poecilia reticulata) Fish 62.81 ICE %8
Jiit BB 1% ( Thamnocephalus platyurus) Crustaceans 110.45 ICE %8
AL EF (Branchinecta lynchi) Crustaceans 126.27 ICE 7!
I 3% (Pseudosida ramosa) Crustaceans 62.73 ICE %!
LA (Pimephales promelas ) Fish 28.65 4 QSAR
K% (Daphnia magna) Crustaceans 84.3 2 QSAR 4%
24 A KB (Raphidocelis subcapitata) Algae 73.83 4 QSAR {144
#y85 (Salmo trutta) Fish 3.76 ICE 557
B o5 A (Ietalurus punctatus) Fish 26.18 ICEE7Y
2- TR i
471 ( Carassius auratus) Fish 35.06 ICE 55 %Y
FLAE M8 (Poecilia reticulata) Fish 13.89 ICE 5171
)it F23% (Thamnocephalus platyurus) Crustaceans 19.42 ICEE7Y
F WAl & R ( Branchinecta lynchi) Crustaceans 20.91 ICE 5 7)
MK 3% ( Pseudosida ramosa ) Crustaceans 11.6 ICE 5%
IR A (Pimephales promelas) Fish 88.76 4 QSARIHA
KAV (Daphnia magna) Crustaceans 76.52 2 QSARiTE
218 A F B (Raphidocelis subcapitata) Algae 221.8 4 QSAR T
1% (Salmo trutta) Fish 11.62 [CE 5574
) BE s SR (etalurus punctatus) Fish 79.15 [CE 574
TR — P i
44 ( Carassius auratus) Fish 105.83 ICE %8
FLAE 8K (Poecilia reticulata) Fish 36.32 ICE %8
Jiis &3 ( Thamnocephalus platyurus) Crustaceans 47.57 ICE 57
F Al Ze BF (Branchinecta lynchi) Crustaceans 52.83 ICE 517
A 3% (Pseudosida ramosa) Crustaceans 27.69 ICE %!
KR P R IR A (Pimephales promelas) Fish 169.08 4 QSAR
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A2 i A LY L/ B BEPE(E(mg/L) IR (R) Hlr ok I
KAV (Daphnia magna) Crustaceans 192.73 2 QSAR 15
21 H 2F 3 (Raphidocelis subcapitata) Algae 215.25 4 QSAR I
1% (Salmo trutta) Fish 22.11 ICE %8
BE 15 SRR (Tetalurus punctatus) Fish 148.7 ICE %!
#45 ( Carassius auratus) Fish 198.63 ICE %8
FLAEAEH: (Poecilia reticulata) Fish 62.81 ICE 574
Jiit &% ( Thamnocephalus platyurus) Crustaceans 110.45 ICE 57
F Al KR (Branchinecta lynchi) Crustaceans 126.27 ICE 8
I 3% (Pseudosida ramosa) Crustaceans 62.73 ICE
LB (Pimephales promelas) Fish 30.15 4 QSAR A
KHY3% (Daphnia magna) Crustaceans 118.11 2 QSAR
28 A K3 (Raphidocelis subcapitata) Algae 92.33 4 QSAR 15
W8 (Salmo trutta) Fish 3.95 ICE 5171
) B o5 SR (Ietalurus punctatus) Fish 27.52 ICEE7Y
TR — T B
144 ( Carassius auratus) Fish 36.85 ICE 5%
FLAE AL (Poecilia reticulata) Fish 14.51 ICE 5%
)it B 3% (Thamnocephalus platyurus) Crustaceans 70.67 ICE 57
F A% MR (Branchinecta lynchi) Crustaceans 79.56 ICE #57)
K% (Pseudosida ramosa) Crustaceans 40.66 ICE 574
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Table S1 The Interspecies Correlation Estimation (ICE) model and its associated parameters selected for this study
Degrees Cross—
" ; HeE _— 075 YRR
B F (Surrogate o A A /\t of AR R ﬁjﬁ = I%JJ validation
. . . ZE0 p-value %2 (Taxonomic
Species) (Predicted Species ) ) Freedom (Intercept) (Slope) . Success
(R?) (MSE) Distance)
(N-2) (%)
FE Al % HF (Branchinecta lynchi ) 0.98 9.00E-06 5 0.116 0.943  0.074 5 100
NS
B 0.87 6.94E-03 4 0.118 0.885 0.564 3 50
(Pseudosida ramosa )
i 1
0.97 0.00E+00 18 0.224 0912 0.123 4 95
( Thamnocephalus platyurus )
K% P
(Daphnia magna) T ,‘ . 0.95 0.00E+00 40 -0.280  1.020 0.242 2 83
( Ceriodaphnia dubia )
AR 7% (Daphnia pulex ) 0.96 0.00E+00 40 -0.167  1.010 0.147 1 95
R
fEist 0.87 6.94E-03 4 0.118 0.885 0.564 3 50
(Pseudosida ramosa )
FE RIS AL 5 B (Thamnocephalus platyurus) 0.97 0.00E+00 18 0224 0912 0.123 4 95
#f# (Carassius auratus) 0.71 0.00E+00 27 0.977  0.779 0515 4 72
f#4 (Cyprinus carpio) 0.79 0.00E+00 30 0.605 0.862  0.466 4 81
BER 2
(letal ) 0.77 0.00E+00 77 0.744 0.812 0.435 4 82
ctalurus punctatus
A )
. . ATHE
(Lepomis macrochirus) 0.89 0.00E+00 314 0.034 0950 0.225 4 91
(Oncorhynchus mykiss )
. 0.81 0.00E+00 108 0.624 0.867 0.401 4 81
(Pimephales promelas )
#6518 (Salmo trutta) 0.59 3.52E-03 10 -0.875  0.998 0.966 4 58
LR A B SR (Tetalurus punctatus ) 0.87 0.00E+00 52 0.057 0.978 0.301 4 85
(Pimephales promelas ) #1171 (Carassius auratus) 0.94 0.00E+00 26 0.190 0977 0.142 2 93
FL#ELERE (Poecilia reticulata ) 0.78 0.00E+00 27 0.354 0.850 0.385 4 66
W5 85K B £ (Lepomis macrochirus ) 0.89 0.00E+00 314 0.297  0.937 0.222 4 90
16514 (Salmo trutta) 0.97 0.00E+00 20 0.019 0.999 0.074 2 100
BE 5 XM (Ietalurus punctatus) 0.76 0.00E+00 98 0.819  0.817 0.498 4 76
o it i1 ( Cyprinus carpio ) 0.74 0.00E+00 47 0.923 0.805 0.516 4 76
(Oncorhynchus mykiss) 471 ( Carassius auratus) 0.83 0.00E+00 35 1.110 0.816 0.487 4 81
LT 55 85 (Salvelinus namaycush ) 0.94 0.00E+00 26 0.230 0.894 0.072 2 96
KRS (Micropterus salmoides ) 0.89 0.00E+00 32 0.045 0.942  0.207 4 91
{85 (Perca flavescens ) 0.77 0.00E+00 23 0.294 0.899 0.581 4 84
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Table S3 Acute toxicity data were predicted by toxicity test—QSAR-ICE model
(A= TEA N Y2 PR PrFh REPEE(mg/L) AR TR (R B A U5
/NEKE (Chlorella sp.) Alga 25.48 4 IR PR
KAV (Daphnia magna) Crustaceans 7.08 2 PR
M3 A1 (Pimephales promelas ) Fish 491 4 QSAR 15
FW AR (Branchinecta lynchi) Crustaceans 6.01 ICE A7
— N fiﬁﬁfE(Pseudosida ramosa) Crustaceans 2.23 Iclsz?iiﬁ%IJ
& FE R AT 18 (Thamnocephalus platyurus) Crustaceans 5.53 ICE R
046 ( Carassius auratus) Fish 4.74 ICE R
BE 5 SR (Tetalurus punctatus) Fish 4.42 [CEFY
FLAEAEHS (Poecilia reticulata) Fish 2.86 ICERR
W (Salmo trutta) Fish 0.53 ICE#i%Y
/NEKFE (Chlorella sp.) Alga 133.57 4 TRATEEE LG
KA (Daphnia magna) Crustaceans 25 2 PR
SRR A (Pimephales promelas ) Fish 93.32 4 QSAR {1458
F W AALER (Branchinecta lynchi) Crustaceans 18.74 ICE7!
) 8 E H (Pseudosida ramosa) Crustaceans 7.23 ICE f57
FH BL T 2 .
G TS KT L (Thamnocephalus platyurus) Crustaceans 17.55 ICE#i#
471 ( Carassius auratus) Fish 84.33 ICE #i %
B o5 SR MM (Ietalurus punctatus ) Fish 76.39 [CE i
FLAEAES (Poecilia reticulata) Fish 35.75 ICE #7
¥l (Salmo trutta) Fish 8.77 ICE 2%
INERFE (Chlorella sp.) Alga 1760 4 IR
K% (Daphnia magna) Crustaceans 290 2 PR S
LA (Pimephales promelas ) Fish 358.12 4 QSAR 4%
LM HMER (Branchinecta Lynchi) Crustaceans 170.53 ICE R
R N B8 B 1, (Pseudosida ramosa) Crustaceans 71.13 ICEFfﬂﬂJ
F& BT AT B (Thamnocephalus platyurus) Crustaceans 165.64 ICE#5R!
14 (Carassius auratus ) Fish 314.17 ICE 573
BE 55 SR (etalurus punctatus ) Fish 280.83 ICE 57
FLAETES; (Poecilia reticulata) Fish 113.36 ICE A
588 (Salmo trutta) Fish 31.72 ICE #7
/NEK#E (Chlorella sp.) Alga 9790 4 PR PR
KA (Daphnia magna) Crustaceans 8710 2 PRAEEEPE SR
MR A (Pimephales promelas) Fish 266.74 4 QSAR 14
F AR (Branchinecta lynchi) Crustaceans 3656 ICE 17!
2 T 8L H (Pseudosida ramosa ) Crustaceans 1700 ICE #i %
G RIS A L (Thamnocephalus platyurus ) Crustaceans 3738 ICE A5 7Y
#1401 (Carassius auratus) Fish 235.53 ICE 24
BE 5 SR (Tetalurus punctatus ) Fish 211.15 ICE #7
FLAE LS (Poecilia reticulata) Fish 88.04 ICE#7
4% (Salmo trutta ) Fish 23.94 ICE 27
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