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Supplementary information

Literature collection. Primarily, literatures were searched from the search engines such as
Google or Google scholar (https://www.google.com), Scopus (https://www.scopus.com), and
Pubmed (https://www.ncbi.nlm.nih.gov/pubmed) with keywords ‘daphnia’, ‘nano’ and ‘tox’ to
retain literatures related with D.Magna nanotoxicity studies. After initial search of literatures,
more articles were further searched through references in initially searched literatures. Most of
research articles were obtained through journals subscribed in Yonsei university library
(https://library.yonsei.ac.kr) and Yonsei university medical library (https://ymlib.yonsei.ac.kr) or
through the original text copy service of the libraries, and several research a rticles that were not
available in the libraries were collected through ResearchGate (www.researchgate.net) or
through direct link to PDF identified in Google search. To collect more information,
supplementary information was collected together. Few research articles were unavailable unless
payment was made for them; however, unavailable research articles contained toxicity data for
silver, titatnium oxide or zinc oxide nanoparticles (NPs) which were already abundant NPs in the
collected papers. Therefore, it was concluded that absence of few unavailable papers couldn’t

undermine the result of the analysis. Totally, 196 research articles were collected.

Filtering according to internal criteria. Among collected publications, research articles that
didn’t match the internal criteria were removed: (1) assay was not experimented according to
OECD or US EPA TGs, (2) toxic response in the control media was higher than 20%, (3) toxic
response in the control media was not given, (4) the number of D.Magna was not given, (5)
different daphnia species were used in the assay, (6) coating material or chemicals treated with
NPs caused toxic response by themselves without NPs, (7) descriptors for NPs were not provided,

(8) The media treated with NPs contained more than two species including D. Magna except



algae, which is food for D.Magna, (9) phototoxicity assay results, (10) multigeneration assay
results and (11) bioaccumulation or uptake assay results. It was assumed that experimental errors
between assay results could be minimized by following protocols of OECD or US EPA test
guidelines (TGs) (Standard 1). OECD and US EPA TGs mentioned that toxic responses in the
control media shouldn’t exceed 20%; therefore, the data in which the control data was not given
or toxic responses were higher than 20% in the control media were considered unreliable and so
removed (Standard 2 and 3). Each toxicity assays were conducted with different number of
organisms. Even though concentration of NPs applied in the test media was equal, each
D.Magna could be exposed to different concentration of NPs if the number of organisms in the
test tube was different from one another; hence, literatures that mentioned the exact number of
D.Magna in each test tube were collected (Standard 4). Due to the fact that we used broad terms
for searching, some of literatures studied with different daphnia species. Such data was also
removed because use of different species could contribute to increase of noise in data (Standard
5). Current study aimed to study toxic responses of NPs thus the data in which coating materials
or co-treated compounds in the media caused toxic response by themselves without NPs were
removed (Standard 6). In few research articles, TEM diameters on NPs were not provided. Since
we can’t be sure whether the experiments truly used NPs, data were removed (Standard 7).
Concentration of NPs exposed to organisms could be influenced by the number of species in the
media; hence, data experimented with more than two species including D.Magna were removed.
However, algae was exception since it was food for D.Magna (Standard 8). Phototoxicity assays
were focused on TiO, NPs alone; hence, it was impossible to assess phototoxicity of NPs with
diverse core materials (Standard 9). Multigeneration assays aimed to check toxic response in

offspring bred from an organism exposed to NPs. Such data were removed as toxic responses



were measured from D.Magna that was not directly exposed to NPs (Standard 10).
Bioaccumulation or uptake assays were mainly conducted to check amount of NPs accumulated
in an organism. It is related with toxic responses; however, it is not exactly toxic responses

(Standard 11). 83 articles were remained after curating based on internal criteria!- (Figure S1).



Data collection
(Research rate : 196)

-
1stSearch

Search engine : Google/Google scholar, Pubmed, Scopus

L Key words : ‘nano’, ‘tox’. ‘daphnia’

‘\_I_L/'

-

2 Search
References in 1%
L collections

Collection
Institute libraries. ResearchGate.
direct link to PDF in Google

<

1. Assay that performed regardless of OECD and US
EPA test guidelines

2. Toxic responses were higher than 20% in control

(when dose was 0)

Results of control were missing

The Number of daphnia was not mentioned.

Species were not Daphnia Magna

o R

Compounds mixed with nanomaterial caused toxic

response (e.g. coating material, compounds mixed in

media)

7. Particle size information was missing

8. Different species were mixed with Daphnia Magna
(e.g. Prey-predator experiment)

9. Photoxicity assay

10. Multigeneration assay

( Filtering criterion N\

\1 1. Bioaccumulation, uptake assay J

\

Figure S1. Process of data table preparation

83 research

articles were
selected

_)

MR oe R oW e R i N

TEM size (diameter and length)
Density

Dispersity

Surface area

Aggregation size

Zeta potential

Image (shape)

Purity

Coating

. Crystal information

. Dissolved cation

7 \_

Dispersion method (centrifuge, stirring,
sonication, filter, solubilizing material)

SJIN JO suonezLIdILIEY)

=
-
=
. g
2. pH ofthe media 5
3. Exposure time (hour) g
s
4. Type of test media py
=]
5. Organic material in media 2
6. Number of D. Magna §'
7. Rotation while D. Magna was exposed to NPs “
8. Food (algae) supply
9. Period of test media renewal
10. Temperature of the media
. J
's N T
1. Immobilization (Loss of motor ability) e
2. Mortality (Stop of heart beating) E‘
. S —-
w
J




Data sources

bk w

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

K. Wiench, W. Wohlleben, V. Hisgen, K. Radke, E. Salinas, S. Zok and R. Landsiedel,
Chemosphere, 2009, 76, 1356-1365.

K.-T. Kim, S. J. Klaine and S. D. Kim, Bulletin of environmental contamination and
toxicology, 2014, 93, 456-460.

N. Gong, K. Shao, G. Li and Y. Sun, Nanoimpact, 2016, 3-4, 104-109.

X. Zhu, L. Zhu, Y. Chen and S. Tian, Journal of nanoparticle research, 2008, 11, 67-75.
E. K. Sohn, Y. S. Chung, S. A. Johari, T. G. Kim, J. K. Kim, J. H. Lee, Y. H. Lee, S. W.
Kang and I. J. Yu, BioMed research international, 2015, 2015, 323090.

K. T. Kim, S. J. Klaine, S. Lin, P. C. Ke and S. D. Kim, Environmental toxicology and
chemistry, 2010, 29, 122-126.

H.J. Jo,J. W. Choti, S. H. Lee and S. W. Hong, Journal of hazarddous materrials, 2012,
227-228, 301-308.

N. Strigul, L. Vaccari, C. Galdun, M. Wazne, X. Liu, C. Christodoulatos and K.
Jasinkiewicz, Desalination, 2009, 248, 771-782.

A. Garcia, R. Espinosa, L. Delgado, E. Casals, E. Gonzalez, V. Puntes, C. Barata, X. Font
and A. Sanchez, Desalination, 2011, 269, 136-141.

B. Han, C. Wei, D. Yang, C. Hu, X. W. Yu and X. Yang, 2009 3rd International
conference on bioinformatics and biomedical engineering, 2009, 1-4.

A. Georgantzopoulou, Y. L. Balachandran, P. Rosenkranz, M. Dusinska, A. Lankoff, M.
Wojewodzka, M. Kruszewski, C. Guignard, J. N. Audinot, S. Girija, L. Hoffmann and A.
C. Gutleb, Nanotoxicology, 2013, 7, 1168-1178.

F. Seitz, S. Luderwald, R. R. Rosenfeldt, R. Schulz and M. Bundschuh, PLOS ONE,
2015, 10, e0126021.

E. K. Sohn, S. A. Johari, T. G. Kim, J. K. Kim, E. Kim, J. H. Lee, Y. S. Chung and I. J.
Yu, BioMed research international, 2015, 2015, 893049.

B. C. Lee, S. Kim, H. K. Shon, S. Vigneswaran, S. D. Kim, J. Cho, I. S. Kim, K. H. Choi,
J. B. Kim, H. J. Park and J. H. Kim, Journal of nanoparticle research, 2008, 11, 2087-
2096.

V. Nogueira, I. Lopes, T. A. Rocha-Santos, M. G. Rasteiro, N. Abrantes, F. Goncalves,
A. M. Soares, A. C. Duarte and R. Pereira, Environmental science and pollution research
international, 2015, 22, 13212-13224.

L. Song, M. G. Vijver, G. R. de Snoo and W. J. Peijnenburg, Environmental toxicology
and chemistry, 2015, 34, 1863-1869.

N. Manier, M. Garaud, P. Delalain, O. Aguerre-Chariol and P. Pandard, Journal of
physics: Conference series, 2011, 304, 012058.

A. Dabrunz, L. Duester, C. Prasse, F. Seitz, R. Rosenfeldt, C. Schilde, G. E. Schaumann
and R. Schulz, PLoS One, 2011, 6, €20112.

M. Heinlaan, A. Kahru, K. Kasemets, B. Arbeille, G. Prensier and H. C. Dubourguier,
Water research, 2011, 45, 179-190.

N. Adam, A. Vakurov, D. Knapen and R. Blust, Journal of hazardous materials, 2015,
283, 416-422.

A. Mackevica, L. M. Skjolding, A. Gergs, A. Palmqvist and A. Baun, Aquatic toxicology,
2015, 161, 10-16.



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

N. Adam, C. Schmitt, J. Galceran, E. Companys, A. Vakurov, R. Wallace, D. Knapen
and R. Blust, Nanotoxicology, 2014, 8, 709-717.

A. L. Rossetto, S. P. Melegari, L. C. Ouriques and W. G. Matias, The science of the total
environment, 2014, 490, 807-814.

T. Li, B. Albee, M. Alemayehu, R. Diaz, L. Ingham, S. Kamal, M. Rodriguez and S. W.
Bishnoi, Analytical and bioanalytical chemistry, 2010, 398, 689-700.

C. M. Zhao and W. X. Wang, Environmental toxicology and chemistry, 2011, 30, 885-
892.

D. A. Arndt, M. Moua, J. Chen and R. D. Klaper, Environmental science & technology,
2013, 47, 9444-9452.

I. Romer, A. J. Gavin, T. A. White, R. C. Merrifield, J. K. Chipman, M. R. Viant and J.
R. Lead, Toxicology letters, 2013, 223, 103-108.

S. B. Lovern and R. Klaper, Environmental toxicology and chemistry, 2006, 25, 1132-
1137.

D. B. Warheit, R. A. Hoke, C. Finlay, E. M. Donner, K. L. Reed and C. M. Sayes,
Toxicology letters, 2007, 171, 99-110.

H. C. Poynton, J. M. Lazorchak, C. A. Impellitteri, M. E. Smith, K. Rogers, M. Patra, K.
A. Hammer, H. J. Allen and C. D. Vulpe, Environmental science & technology, 2011, 45,
762-768.

B. Salieri, A. Pasteris, J. Baumann, S. Righi, J. Koser, R. D'Amato, B. Mazzesi and J.
Filser, Environmental Science and Pollution Research, 2015, 22, 5050-5058.

L. Blinova, A. Ivask, M. Heinlaan, M. Mortimer and A. Kahru, Environmental pollution,
2010, 158, 41-47.

S. Yang, R. Ye, B. Han, C. Wei and X. Yang, Integrated Ferroelectrics, 2014, 154, 64-
72.

E. Oberdorster, S. Zhu, T. M. Blickley, P. McClellan-Green and M. L. Haasch, Carbon,
2006, 44, 1112-1120.

H. J. Allen, C. A. Impellitteri, D. A. Macke, J. L. Heckman, H. C. Poynton, J. M.
Lazorchak, S. Govindaswamy, D. L. Roose and M. N. Nadagouda, Environmental
toxicology and chemistry, 2010, 29, 2742-2750.

E. Mendonca, M. Diniz, L. Silva, I. Peres, L. Castro, J. B. Correia and A. Picado, Journal
of hazardous materrials, 2011, 186, 265-271.

J. Seo, S. Kim, S. Choi, D. Kwon, T. H. Yoon, W. K. Kim, J. W. Park and J. Jung,
Bulletin of environmental contamination and toxicology, 2014, 93, 257-262.

B. K. Gaiser, A. Biswas, P. Rosenkranz, M. A. Jepson, J. R. Lead, V. Stone, C. R. Tyler
and T. F. Fernandes, Journal of environmental monitoring, 2011, 13, 1227-1235.

F. Seitz, R. R. Rosenfeldt, K. Storm, G. Metreveli, G. E. Schaumann, R. Schulz and M.
Bundschuh, Ecotoxicology and environmental safety, 2015, 111, 263-270.

J. Liu, D. Fan, L. Wang, L. Shi, J. Dinig, Y. Chen and S. Shen, Environment protection
engineering, 2014, 40, 139-149.

M. H. Shen, X. X. Zhou, X. Y. Yang, J. B. Chao, R. Liu and J. F. Liu, Scientific reports,
2015, 5, 9674.

K. V. Hoecke, J. T. K. Quik, J. Mankiewicz-Boczek, K. A. C. D. Schamphelaere, A.
Elsaesser, P. V. d. Meeren, C. Barnes, G. McKerr, C. V. Howard, D. V. D. Meent, K.
Rydzynski, K. A. Dawson, A. Salvati, A. Lesniak, I. Lynch, G. Silversmit, B. D. Samber,



43.

44,

45.

46.

47.

48.
49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

L. Vincze and C. R. Janssen, Environmental Science & Technology, 2009, 43, 4537-
4546.

A.J. Kennedy, M. S. Hull, A. J. Bednar, J. D. Goss, J. C. Gunter, J. L. Bouldin, P. J.
Vikesland and J. A. Steevens, Environmental science & technology, 2010, 44, 9571-
9577.

T. A. Qiu, J. S. Bozich, S. E. Lohse, A. M. Vartanian, L. M. Jacob, B. M. Meyer, L. L.
Gunsolus, N. J. Niemuth, C. J. Murphy, C. L. Haynes and R. D. Klaper, Environmental
science.: Nano, 2015, 2, 615-629.

S.-Y. Park and J.-H. Choi, Environmental Engineering Research, 2010, 15, 23-27.

P. Usha Rani and P. Rajasekharreddy, Colloids and Surfaces A: Physicochemical and
Engineering Aspects, 2011, 389, 188-194.

L. R. Pokhrel, B. Dubey and P. R. Scheuerman, Environmental science & technology,
2013, 47, 12877-12885.

C. M. Zhao and W. X. Wang, Nanotoxicology, 2012, 6, 361-370.

A. P. Roberts, A. S. Mount, B. Seda, J. Souther, R. Qiao, S. Lin, P. C. Ke, A. M. Rao and
S. J. Klaine, Environmental Science & Technology, 2007, 41, 3025-3029.

D. Cupi, N. B. Hartmann and A. Baun, Environmental toxicology and chemistry, 2015,
34, 497-506.

D. Cupi, N. B. Hartmann and A. Baun, Ecotoxicology and environmental safety, 2016,
127, 144-152.

Z.G. Yuand W. X. Wang, Environmental toxicology and chemistry, 2014, 33, 1122-
1128.

B. K. Gaiser, T. F. Fernandes, M. A. Jepson, J. R. Lead, C. R. Tyler, M. Baalousha, A.
Biswas, G. J. Britton, P. A. Cole, B. D. Johnston, Y. Ju-Nam, P. Rosenkranz, T. M.
Scown and V. Stone, Environmental toxicology and chemistry, 2012, 31, 144-154.
Y.J. Lee, J. Kim, J. Oh, S. Bae, S. Lee, 1. S. Hong and S. H. Kim, Environmental
toxicology and chemistry, 2012, 31, 155-159.

A.J. Edgington, E. J. Petersen, A. A. Herzing, R. Podila, A. Rao and S. J. Klaine,
Nanotoxicology, 2014, 8 Suppl 1, 2-10.

J. Sanchis, M. Olmos, P. Vincent, M. Farre and D. Barcelo, Environmental science &
technology, 2016, 50, 961-969.

K. T. Kim, S. J. Klaine, J. Cho, S. H. Kim and S. D. Kim, Science of the total
environment, 2010, 408, 2268-2272.

S. Luderwald, F. Seitz, G. A. Seisenbaeva, V. G. Kessler, R. Schulz and M. Bundschuh,
Bulletin of environmental contamination and toxicology, 2016, 97, 153-158.

L. Ulm, A. Krivohlavek, D. Jurasin, M. Ljubojevi¢, G. Sinko, T. Crnkovié, I. Zuntar, S.
Siki¢ and 1. Vinkovié Vréek, Environmental Science and Pollution Research, 2015, 22,
19990-19999.

K. M. Newton, H. L. Puppala, C. L. Kitchens, V. L. Colvin and S. J. Klaine,
Environmental toxicology and chemistry, 2013, 32, 2356-2364.

F. Ribeiro, J. A. Gallego-Urrea, K. Jurkschat, A. Crossley, M. Hassellov, C. Taylor, A.
M. Soares and S. Loureiro, The science of the total environment, 2014, 466-467, 232-241.
M. C. Stensberg, R. Madangopal, G. Yale, Q. Wei, H. Ochoa-Acuna, A. Wei, E. S.
McLamore, J. Rickus, D. M. Porterfield and M. S. Sepulveda, Nanotoxicology, 2014, 8,
833-842.



63.

64.

65.

66.

67.

68.

69.

70.
71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

&3.

F. Seitz, R. R. Rosenfeldt, S. Schneider, R. Schulz and M. Bundschuh, The science of the
total environment, 2014, 493, 891-897.

J. K. Stanley, J. G. Laird, A. J. Kennedy and J. A. Steevens, Environmental toxicology
and chemistry, 2016, 35, 200-204.

J. S. Bozich, S. E. Lohse, M. D. Torelli, C. J. Murphy, R. J. Hamers and R. D. Klaper,
Environmental science: Nano, 2014, 1, 260-270.

P. Oleszczuk, I. Josko and E. Skwarek, Ecotoxicology, 2015, 24, 1923-1932.

R. C. Puerari, C. H. da Costa, D. S. Vicentini, C. F. Fuzinatto, S. P. Melegari, E. C.
Schmidt, Z. L. Bouzon and W. G. Matias, Ecotoxicology and environmental safety, 2016,
128, 36-43.

N. Santo, U. Fascio, F. Torres, N. Guazzoni, P. Tremolada, R. Bettinetti, P. Mantecca and
R. Bacchetta, Water research, 2014, 53, 339-350.

Y. Xiao, M. G. Vijver, G. Chen and W. J. Peijnenburg, Environental science &
technology, 2015, 49, 4657-4664.

X. Zhu, Y. Chang and Y. Chen, Chemosphere, 2010, 78, 209-215.

S. H. Bang, T. H. Le, S. K. Lee, P. Kim, J. S. Kim and J. Min, Environmental health and
toxicology, 2011, 26, €2011002.

S. Zhu, E. Oberdorster and M. L. Haasch, Marine environmental research, 2006, 62, S5-
S9.

B. C. Seda, P. C. Ke, A. S. Mount and S. J. Klaine, Environmental toxicology and
chemistry, 2012, 31, 215-220.

Y. Xiao, W. J. Peijnenburg, G. Chen and M. G. Vijver, Science of the total environment,
2016, 563-564, 81-88.

Y .-Q. Zhang, R. Dringen, C. Petters, W. Rastedt, J. Koser, J. Filser and S. Stolte,
Environmental science: Nano, 2016, 3, 754-767.

B. Balusamy, B. E. Tastan, S. F. Ergen, T. Uyar and T. Tekinay, Environmental science:
Processes & impacts, 2015, 17, 1265-1270.

Z. Hai-zhou, L. Guang-hua, X. Jun and J. Shao-ge, Chemical research in chinese
universities, 2012, 28, 209-213.

M. Heinlaan, A. Ivask, I. Blinova, H. C. Dubourguier and A. Kahru, Chemosphere, 2008,
71, 1308-1316.

P. Das, M. A. Xenopoulos and C. D. Metcalfe, Bulletin of environmental contamination
and toxicology, 2013, 91, 76-82.

L. Blinova, J. Niskanen, P. Kajankari, L. Kanarbik, A. Kakinen, H. Tenhu, O.-P.
Penttinen and A. Kahru, Environmental science and pollution research international,
2012, 20, 3456-3464.

S. Asghari, S. A. Johari, J. H. Lee, Y. S. Kim, Y. B. Jeon, H. J. Choi, M. C. Moon and 1.
J. Yu, Journal of nanobiotechnology, 2012, 10, 14.

H. C. Poynton, J. M. Lazorchak, C. A. Impellitteri, B. J. Blalock, K. Rogers, H. J. Allen,
A. Loguinov, J. L. Heckman and S. Govindasmawy, Environmental science &
technology, 2012, 46, 6288-6296.

S. Lopes, F. Ribeiro, J. Wojnarowicz, W. Lojkowski, K. Jurkschat, A. Crossley, A. M.
Soares and S. Loureiro, Environmental toxicology and chemistry, 2014, 33, 190-198.



5
4 =
®
3 = @
g Type
£
S @ C
O @ M
w2
Q. @ MOx
®
®
®
1—
®
.%
0 = L
e o
r < < *<r -+ '+ °r < °r °r -+ -+ ~°r— °<© ’°r ‘’® "°r ’° 1° 1
= =
< O o h ® o~ A s =z o o
OEEm%:O:OOOQ-—Ooggoq‘O
g 2 2 2 § 8 5 % 5 § 5 2 = ¢ £ & g & 2 3

Nanomaterials
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pECso of NPs were listed regardless of exposure time.
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Figure S4. Available ratio of features was illustrated for pECsy data (A) and for lass data (B) in
M class. It was unusual that ratio of available aggregation size and zeta potential was
significantly high. Prediction values were compared with experimental values for regression
model when covalent index was selected first (C), and standard enthalpies of formation of
gaseous metal atoms was selected first (D). Performance of classification model was presented in
confusion matrix (E). Distribution of diameter, aggregation size and zeta potential for M NPs in
pECs data (F) and class data (G) were plotted. Ratio of available surface area data was only 23%
(7m?/g of Cu NP and 2.24 m?/g of Ag NP) for pECs, data, and only three values (0.4, 2.24 and

2.4 m?/g of Ag NPs) were available for class data.
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Figure S5. Available ratio of features was illustrated for pECs, data (A) and for class data (B) in
coated M class. Prediction results compared with experimental values for regression model (C),
and performance of classification model was presented in confusion matrix (D). Distribution of
diameter, aggregation size and zeta potential for pECs, data (E) and class data (F) were plotted.
Ratio of available surface area data was only 5% and 7% (16.3m?/g of citrate-coated Ag NP,

2.22 and 8.18m?/g of extracts-coated Ag NPs) for pECs, data and class data.



Case study: Carbon nanomaterials (CNMs)
Quantum mechanical (QM) descriptors were calculated from fullerenes. In toxicity assays
where fullerenes were treated with organic molecules, their structures were used separately to

calculate QM descriptors. In QM descriptor calculations, structure was optimized first using

PM7 in MOPAC 2016, and then the descriptors were calculated.

For pECs, data, only 12 data points were available with C60, C70, single-wall carbon
nanotube, and multi-wall carbon nanotube (Figure S6A). For class data, 42 data points were
obtained, and the dataset consisted of C60 and C70 (Figure S6B). Even though data size was
small, authors believed that meta-analysis results on carbon nanomaterials are still valuable since
it shows current data status on D. Magna toxicity study using carbon nanomaterials, and
potentially significant features for describing toxic response of D. Magna to carbon

nanomaterials.

The regression model achieved almost similar performance in R> and Q? (0.8) with exposure
time (Time), application of filter (Filter), and shape score (Shape) (Figure S6C). The
classification model achieved 72.70% accuracy, 80.10% specificity, and 64.80% sensitivity
using exposure time (Time) and dipole moment of fullerene (Dipole) in bootstrapping (Figure
S6D). Dipole moment of fullerenes was significant as it was related with the reactivity of
fullerenes. Exposure time was more influential than concentration of fullerenes as most were
aggregated in the media, while concentration contributed only to the size of aggregated deposits.
An increase in concentration caused an increase in interaction between fullerenes as the distance
between fullerenes became smaller at higher concentrations. Therefore, concentration did not
contribute significantly to toxic responses to fullerenes. Dispersion methods were essential to

develop prediction models in the above case studies; however, they were not used for the



fullerene model as the strong hydrophobicity of fullerenes may nullify the effect of dispersion

methods.

In publications, few CNMs assay succeeded to observe toxic responses while majority failed
to measure toxicity. According to the descriptions in the studies that failed to measure toxicity,
common reason for the failure is aggregation of CNMs. It implied that CNMs’ toxic responses
were observed when CNMs were successfully dispersed in aquatic condition. In natural water
environments, the water current is much more rapid and dynamic than that in experimental
conditions. If CNMs can be dispersed in natural water systems, then they are potentially
hazardous to aquatic organisms even though their toxicity was not measured in the assays due to
aggregation. As dispersion methods applied in the assays did not closely represent real currents
of natural water, it is necessary to design a dispersion protocol that can accurately represent

water currents in nature.
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S6. The number of pECsy data for CNMs was only 12 (A), and that of class data was 42

(B). Time is exposure time, Filter is application of filter for dispersion of carbon nanomaterial



(CNM) and Shape is used to describe shape of each CNM. Shape is classified into three groups

(sphere, tube and multi-wall). Dipole is dipole moment of fullerenes, Fsex is electrophilic softness
density of amino-y cyclodextrin (amin) and malonate-y cyclodextrin (mal), IS is ionic strength of
the media, and log(Conc.) is concentration of fullerenes in log scale. R? was 78.47 and Q? was
80.40 in the regression model with Time, Filter and Shape (C). For classification model,
accuracy was 72.7%, specificity was 80.1% and sensitivity was 64.8% with Time and Dipole in

bootstrapping (D).



Table S1. Comparison of averaged pECs, for NPs and non-NPs.

Nano particles

Non-nano scale particles

Name (ilorﬁf) pECso (mmol/l) TEM(S;Sneter pECso (mmol/l) Particle size (nm)
Mean Std. Mean Std. Mean Std. Mean Std.
Ag 48 3.80 0.65 47.46 51.71 2.22 0.00 200.00 0.00
Cu 48 2.62 0.43 64.94 3296 | 2.81 0.00 500.00 0.00
ZnO 504 2.42 0.10 60.00 42.43 2.43 0.00 200.00 0.00

ZnO 48 1.75 0.59 57.82 48.34 1.79 0.45 680.00 | 438.18
CuO 48 1.55 0.58 35.56 4.36 -0.45 0.00 1500.00 0.00

TiO, 96 1.08 0.71 48.74 49.82 | -0.66 0.17 375.00 | 176.78
TiO, 48 0.61 0.56 21.69 1042 | -0.67 0.18 10000.00 | 0.00
Al,O4 48 -0.13 0.11 80.00 0.00 -0.69 0.00 | 90000.00 | 0.00

* Standard deviation (Std.)



