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Table S1. PFASs properties and m/z values for quantification. 

Target 

coumpounds 

Molecular for-

mula 

CAS num-

ber  
m/z 

Retention 

time  

(min) 

LOD Recoveries 

PFBA C4HF7O2 375-22-4 212.9792 2.9 3.0 109% 

PFPeA C5HF9O2 2706-90-3 262.976 4.9 3.0 106 

PFHxA C6HF11O2 307-24-4 312.97281 7.5 25.0 104% 

PFHpA C7HF13O2 375-85-9 362.96962 9.7 5.0 108% 

PFOA C8HF15O2 335-67-1 412.96643 11.4 5.0 108% 

PFNA C9HF17O2 375-95-1 462.96323 12.6 10.0 100% 

PFDA C10HF19O2 335-76-2 512.96004 13.6 10.0 99% 

PFUnDA C11HF21O2 2058-94-8 562.95684 14.4 20.0 109% 

PFDoDA C12HF23O2 307-55-1 612.95365 15.1 20.0 100% 

PFTrDA C13HF25O2 72629-94-8 662.95046 15.7 25.0 81% 

PFTeDA C14HF27O2 376-06-7 712.94726 16.2 20.0 104% 

PFHxDA C16HF31O2 67905-19-5 812.94088 17 40.0 122% 

PFODA C18HF33O2 16517-11-6 912.93449 17.7 70.0 120% 

PFBS C4F9O3SNa 375-73-5 298.94299 5.6 4.0 98% 

PFHxS C6F13SO3Na 355-46-4 398.9366 10 4.0 102% 

PFOS C8F17SO3Na 1763-23-1 498.93022 12.6 1.0 100% 

PFDS C10F21SO3Na 335-77-3 598.92383 14.3 10.0 100% 

6:2 Cl-PFESA C8F16ClSO4K 73606-19-6 530.8945 13 8.0 84% 

8:2 Cl-PFESA C10F20ClSO4K 83329-89-9 630.8881 14.5 11.0 85% 

[13C2]-PFHxA [13C2]-PFHxA / 314.9795 7.61   

[13C2]-PFOA [13C4]-PFOA / 416.9798 11.52   

[13C5]-PFNA [13C5]-PFNA / 467.98 12.7   

[13C2]-PFDA [13C2]-PFDA / 514.9667 13.69   

[13C2]-PFUnDA [13C2]-PFUnDA / 564.9635 14.51   

[13C2]-PFDoDA [13C2]-PFDoDA / 614.9603 15.18   

[18O2]-PFHxS [13O2]-PFHxS / 402.945 10.15   

[13C4]-PFOS [13C4]-PFOS / 502.9436 12.74   
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Table S2. The collected acute toxicity of PFASs to four species for the QSAR models. 

Species 
N

o. 
CAS No. PFASs 

EC50/LC50 

(mg/L) 
References 

Pseudo-

kirchneri-

ella subcap-

itata 

1 335-67-1 Perfluorooctanoic acid 246 [1-3] 

2 2923-18-4 Sodium trifluoroacetate 13.7 [4] 

3 914637-49-3 
2H,2H,3H,3H-Perfluorooc-

tanoic acid 
22.5 [5] 

4 2706-90-3 Perfluoropentanoic acid 90.0 [5] 

5 375-22-4 Perfluorobutanoic acid 262 [1] 

6 375-95-1 Perfluorononanoic acid 482 [1] 

7 335-76-2 Perfluorodecanoic acid 10.6 [5] 

8 2795-39-3 
Potassium perfluorooctanesul-

fonate 
139 [6] 

9 27854-31-5 2-Perfluorooctyl ethanoic acid 5.00 [5] 

10 53826-12-3 2-Perfluorohexyl ethanoic acid 47.9 [5] 

11 812-70-4 
3-Perfluoroheptylpropanoic 

acid 
2.10 [5] 

12 70887-84-2 2H-Perfluoro-2-decenoic acid 7.50 [5] 

13 355-80-6 1H,1H,5H-Perfluoropentanol 1130 [1] 

14 70887-88-6 2H-Perfluoro-2-octenoic acid 28.5 [5] 

Chlorella 

vulgaris 

1 335-67-1 Perfluorooctanoic acid 977 [7] 

2 307-24-4 Perfluorohexanoic acid 4030 [7] 

3 375-95-1 Perfluorononanoic acid 497 [7] 

4 2795-39-3 
Potassium perfluorooctanesul-

fonate 
84.8 [8] 

5 375-85-9 Perfluoroheptanoic acid 1900 [7] 

6 27854-31-5 2-Perfluorooctyl ethanoic acid 5.90 [9] 

7 53826-12-3 2-Perfluorohexyl ethanoic acid 26.2 [9] 

8 70887-88-6 2H-Perfluoro-2-octenoic acid 31.8 [9] 

9 53826-13-4 2-Perfluorodecyl ethanoic acid 4.20 [9] 

10 70887-94-4 
2H-Perfluoro-2-dodecenoic 

acid 
3.90 [9] 

Daphnia 

magna 

1 335-67-1 Perfluorooctanoic acid 202 [10] 

2 335-24-0 
Potassium perfluoro-p-ethylcy-

clohexanesulfonate 
187 [11] 

3 375-95-1 Perfluorononanoic acid 80.9 [12] 

4 2795-39-3 
Potassium perfluorooctanesul-

fonate 
78.1 [10] 

5 45298-90-6 Perfluorooctanesulfonate 49.3 [12] 

6 335-76-2 Perfluorodecanoic acid 2.58×105 [13] 

7 27854-31-5 2-Perfluorooctyl ethanoic acid 3.52 [14] 

8 70887-84-2 2H-Perfluoro-2-decenoic acid 8.45 [14] 
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9 53826-13-4 2-Perfluorodecyl ethanoic acid 0.06 [14] 

10 70887-94-4 
2H-Perfluoro-2-dodecenoic 

acid 
0.35 [14,15] 

Danio rerio 

1 307-24-4 Perfluorohexanoic acid 91.1 [16] 

2 335-67-1 Perfluorooctanoic acid 210 [17-21] 

3 375-95-1 Perfluorononanoic acid 128 [17-19] 

4 335-76-2 Perfluorodecanoic acid 8.40 [21] 

5 375-73-5 Perfluorobutanesulfonic acid 1500 [21] 

6 355-46-4 Perfluorohexanesulfonic acid 136 [16] 

7 1763-23-1 Perfluorooctanesulfonic acid 64.2 [18,22-24] 

8 2795-39-3 
Potassium perfluorooctanesul-

fonate 
21.8 [25-28] 

9 30381-98-7 

Ammonium bis(N-ethyl-2-per-

fluorooctylsulfonami-

noethyl)phosphate 

211 [18] 

10 73606-19-6 

Potassium 9-chlorohexade-

cafluoro-3-oxanonane-1-sul-

fonate 

13.8 [29] 

11 647-42-7 6:2 Fluorotelomer alcohol 302 [16] 

12 34455-29-3 
6:2 Fluorotelomer sulfonamide 

betaine 
57.4 [29] 
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Table S3. The collected acute toxicity of PFASs for the ICE models. 

PFASs No. Species LC50/EC50 (mg/L) References 

PFOA 

1 Carassius auratus 607 [10] 

2 Pseudorasbora parva 365 [10] 

3 Limnodrilus hoffmeisteri 568 [10] 

PFOS 1 Myriophyllum spicatum 12.5 [30] 

PFBS 1 Lepomis macrochirus 6450 [31] 

Table S4. The ICE models used in this study [32]. 

No. Surrogate species Predicted species ICE models Application 

1 Chlorella vulgaris Scenedesmus obliquus y=1.00x+0.0644 Six PFASs 

2 Daphnia magna Ceriodaphnia dubia y=1.02x-0.186 Six PFASs 

3 Daphnia magna Chironomus plumosus y=0.743x+0.808 Six PFASs 

4 Daphnia magna Daphnia pulex y=0.994x-0.124 Six PFASs 

5 Daphnia magna Eriocheir sinensis y=0.676x+2.06 Six PFASs 

6 Daphnia magna Gammarus lacustris y=0.697x+0.458 Six PFASs 

7 Daphnia magna Gammarus pulex y=1.01x-0.278 Six PFASs 

8 Daphnia magna Lymnaea stagnalis y=1.01x-0.0066 Six PFASs 

9 Daphnia magna Macrobrachium nipponense y=0.816x-0.24 Six PFASs 

10 Daphnia magna Macrobrachium rosenbergii y=0.990x-0.261 Six PFASs 

11 Daphnia magna Paratanytarsus dissimilis y=0.572x+2.17 Six PFASs 

12 Daphnia magna 
Paratanytarsus parthenoge-

neticus 
y=0.938x+0.743 Six PFASs 

13 Daphnia magna Physa gyrina y=0.991x-0.021 Six PFASs 

14 Carassius auratus Ctenopharyngodon idellus y=0.798x+0.705 PFOA 

15 Carassius auratus Euphlyctis hexadactylus y=1.15x-0.775 PFOA 

16 Carassius auratus Gobiocypris rarus y=0.893x+0.293 PFOA 

17 Carassius auratus Hypophthalmichthys molitrix y=0.977x-0.026 PFOA 

18 Carassius auratus Ictalurus punctatus y=0.907x+0.268 PFOA 

19 Carassius auratus Lepomis cyanellus y=0.850x+0.0071 PFOA 

21 Carassius auratus Lepomis macrochirus y=0.957x-0.267 PFOA 

22 Carassius auratus Micropterus salmoides y=0.869x-0.465 PFOA 

23 Carassius auratus Misgurnus anguillicaudatus y=0.950x+1.41 PFOA 

24 Carassius auratus Monopterus albus y=0.792x+0.84 PFOA 

25 Carassius auratus Oncorhynchus mykiss y=1.01x-0.594 PFOA 

26 Carassius auratus Pelteobagrus fulvidraco y=0.439x+1.29 PFOA 

27 Carassius auratus Poecilia reticulata y=0.735x+0.372 PFOA 

28 Carassius auratus Pseudorasbora parva y=1.03x-0.0976 PFOA 

29 Carassius auratus Rana limnocharis y=0.581x+1.33 PFOA 

30 
Pseudorasbora 
parva 

Carassius auratus y=0.784x+0.797 PFOA 
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31 
Pseudorasbora 

parva 
Cyprinus carpio y=0.981x-0.517 PFOA 

32 
Limnodrilus hoff-
meisteri 

Branchiura sowerbyi y=0.841x+0.393 PFOA 

33 
Limnodrilus hoff-

meisteri 
Lumbriculus variegatus y=0.980x-0.404 PFOA 

34 
Limnodrilus hoff-

meisteri 
Tubifex tubifex y=1.05x-0.256 PFOA 

35 
Lepomis macro-

chirus 
Carassius auratus y=0.752x+1.13 PFBS 

36 
Lepomis macro-
chirus 

Ictalurus punctatus y=0.788x+0.862 PFBS 

37 
Lepomis macro-

chirus 
Oncorhynchus mykiss y=0.943x+0.0589 PFBS 

38 
Lepomis macro-

chirus 
Poecilia reticulata y=0.748x+0.976 PFBS 

39 
Myriophyllum spi-

catum 
Ceratophyllum demersum y=0.941x-0.235 PFOS 

Table S5. The predicted acute toxicity of PFASs by QSAR-ICE models. 

PFASs No. Species LC50/EC50 (mg/L) 

PFBA 

1 Ceriodaphnia dubia 29.84 

2 Chironomus plumosus 15.96 

3 Daphnia pulex 26.24 

4 Eriocheir sinensis 140.31 

5 Gammarus lacustris 4.41 

6 Gammarus pulex 22.24 

7 Lymnaea stagnalis 107.97 

8 Macrobrachium nipponense 41.81 

9 Macrobrachium rosenbergii 3.11 

10 Paratanytarsus dissimilis 18.42 

11 Paratanytarsus parthenogeneticus 61.18 

12 Physa gyrina 32.46 

13 Scenedesmus obliquus 133.66 

PFOA 

1 Branchiura sowerbyi 170.89 

2 Carassius auratus 143.01 

3 Ceriodaphnia dubia 479.64 

4 Chironomus plumosus 120.64 

5 Ctenopharyngodon idellus 207.75 

6 Cyprinus carpio 87.00 

7 Daphnia pulex 393.01 

8 Eriocheir sinensis 884.26 

9 Euphlyctis hexadactylus 702.60 

10 Gammarus lacustris 29.47 
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11 Gammarus pulex 349.76 

12 Gobiocypris rarus 287.02 

13 Hypophthalmichthys molitrix 420.63 

14 Ictalurus punctatus 324.76 

15 Lepomis cyanellus 83.67 

16 Lepomis macrochirus 186.19 

17 Lumbriculus variegatus 170.93 

18 Lymnaea stagnalis 658.72 

19 Macrobrachium nipponense 28.79 

20 Macrobrachium rosenbergii 273.04 

21 Micropterus salmoides 36.11 

22 Misgurnus anguillicaudatus 294.39 

23 Monopterus albus 262.41 

24 Oncorhynchus mykiss 172.89 

25 Paratanytarsus dissimilis 290.37 

26 Paratanytarsus parthenogeneticus 1391.20 

27 Pelteobagrus fulvidraco 6.74 

28 Physa gyrina 483.05 

29 Poecilia reticulata 95.70 

30 Pseudorasbora parva 1748.47 

31 Rana limnocharis 48.71 

32 Scenedesmus obliquus 178.68 

33 Selenastrum bibraianum 477.50 

34 Tubifex tubifex 593.94 

PFBS 

1 Carassius auratus 1776.50 

2 Ceriodaphnia dubia 408.24 

3 Chironomus plumosus 107.28 

4 Daphnia pulex 335.87 

5 Eriocheir sinensis 794.64 

6 Gammarus lacustris 26.40 

7 Gammarus pulex 298.07 

8 Ictalurus punctatus 1686.46 

9 Lymnaea stagnalis 561.30 

10 Macrobrachium nipponense 25.31 

11 Macrobrachium rosenbergii 233.49 
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12 Oncorhynchus mykiss 3018.29 

13 Paratanytarsus dissimilis 265.28 

14 Paratanytarsus parthenogeneticus 1199.37 

15 Physa gyrina 412.97 

16 Poecilia reticulata 1172.93 

17 Scenedesmus obliquus 264.06 

PFHxS 

1 Ceriodaphnia dubia 694.99 

2 Chironomus plumosus 158.06 

3 Daphnia pulex 564.14 

4 Eriocheir sinensis 1130.70 

5 Gammarus lacustris 37.98 

6 Gammarus pulex 505.32 

7 Lymnaea stagnalis 951.93 

8 Macrobrachium nipponense 38.75 

9 Macrobrachium rosenbergii 391.40 

10 Paratanytarsus dissimilis 357.50 

11 Paratanytarsus parthenogeneticus 1957.19 

12 Physa gyrina 692.78 

13 Scenedesmus obliquus 307.10 

PFOS 

1 Ceratophyllum demersum 4.17 

2 Ceriodaphnia dubia 142.28 

3 Chironomus plumosus 49.78 

4 Daphnia pulex 120.22 

5 Eriocheir sinensis 395.10 

6 Gammarus lacustris 12.84 

7 Gammarus pulex 104.74 

8 Lymnaea stagnalis 197.10 

9 Macrobrachium nipponense 10.88 

10 Macrobrachium rosenbergii 83.90 

11 Paratanytarsus dissimilis 146.89 

12 Paratanytarsus parthenogeneticus 454.56 

13 Physa gyrina 148.19 

14 Scenedesmus obliquus 367.93 

6:2 Cl-

PFESA 

1 Ceriodaphnia dubia 8.52 

2 Chironomus plumosus 6.40 
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3 Daphnia pulex 7.73 

4 Eriocheir sinensis 61.12 

5 Gammarus lacustris 1.87 

6 Gammarus pulex 6.41 

7 Lymnaea stagnalis 12.04 

8 Macrobrachium nipponense 1.14 

9 Macrobrachium rosenbergii 5.45 

10 Paratanytarsus dissimilis 30.29 

11 Paratanytarsus parthenogeneticus 34.06 

12 Physa gyrina 9.59 

13 Scenedesmus obliquus 100.82 

 

Table S6. The results of the goodness-of-fit tests of SSD models. 

SSD models A-D Test K-S Test C-M Test 

Threshold value (α=0.01) 1.04 1.04 0.179 

PFBA 0.399 0.599 0.048 

PFOA (QSAR-ICE data) 0.442 0.652 0.067 

PFOA (Measured data) 0.599 0.630 0.078 

PFBS 0.443 0.739 0.050 

PFHxS 0.634 0.715 0.079 

PFOS (QSAR-ICE data) 0.674 0.673 0.102 

PFOS (Measured data) 0.349 0.513 0.048 

6:2 Cl-PFESA 0.355 0.611 0.050 

 

Table S7. The measured acute toxicity of PFOA and PFOS. 

PFASs No. Species LC50/EC50 (μg/L) References 

PFOA 

1 Anabaena sp. 3.95×104 [33,34] 

2 Scenedesmus acutus 4.40×104 [35] 

3 Chlamydomonas reinhardtii 5.19×104 [35] 

4 Chlorella pyrenoidosa 1.91×105 [3] 

5 Scenedesmus quadricauda 2.70×105 [10] 
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6 Skeletonema marinoi 3.69×105 [7] 

7 Brachionus calyciflorus 1.50×105 [36] 

8 Bufo gargarizans 1.15×105 [10] 

9 Carassius auratus 6.07×105 [10] 

10 Pimephales promelas 4.13×105 [20] 

11 Pseudorasbora parva 3.65×105 [10] 

12 Chironomus plumosus 4.02×105 [10] 

13 Daphnia magna 7.37×106 [10,13] 

14 Macrobrachium nipponense 3.67×105 [10] 

15 Cipangopaludina cathayensis 7.40×105 [10] 

16 Dugesia japonica 4.21×104 [37] 

17 Limnodrilus hoffmeisteri 5.68×105 [10] 

PFOS 

1 Isochrysis galbana 3.75×104 [38] 

2 Anabaena sp. 1.63×104 [34] 

3 Dugesia japonica 2.56×104 [39] 

4 Ligumia recta 1.42×105 [40] 

5 Lampsilis siliquoidea 1.58×105 [40] 

6 Pelophylax nigromaculatus 9.50×104 [41] 

7 Xenopus laevis 5.15×104 [42] 

8 Perna viridis 6.83×104 [43] 

9 Pagrus major 2.26×104 [44] 

10 Navicula pelliculosa 2.63×105 [30] 

11 Lemna gibba 5.91×104 
[30] 

12 Daphnia pulicaria 1.34×105 
[30] 

13 Anabaena flos-aquae 1.31×105 
[30] 

14 Lemna gibba 1.08×105 
[30] 

15 Myriophyllum spicatum 1.25×104 
[30] 

16 Unio complanatus 5.70×104 
[30] 

17 Artemia salina 9.40×103 
[30] 

18 Rainbow trout 2.20×104 
[30] 

19 Pimephales promelas 9.10×103 
[30] 
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Figure S1. Liquid chromatography coupled to hybrid quadrupole-Orbitrap mass spectrometer LC-MS (Q-

Exactive) (Thermos fisher scientific, USA) chromatograms for (A) standard PFASs and their (B) internal 

standard. 
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