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Hazard of a Nanoparticle Before Running any Experiment
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from a Periodic Table available everywhere

ic Table of Elements _ . Standard Electiode

Reaction Log K at 25°C  Potential (V) at 25°C
Na* + ¢~ = Nafs) L] =2.71
Mg?* + 2¢” = Mg(s) -79.7 -2.35
Zn'* + 2¢” = Zn(s) —26 —0.76
Fe* + 2e” = Fels) -14.9 -0.44
: Co™* + 2¢™ = Cofs) 9.5 -0.28
F | 5l B ar VI b em =V -4.3 -0.26
: "y j 2 Ge | As ;H; +22|:- 3 ;!:g[s} H.S 33 g?g

7 : o BhE U P ; 5) +2H" + 2 = +4, +0.

E m ' - Cu’* +e = Cu’ +2.7 +0.16
AgCl(s) + ¢~ = Ag(s) + CI™ +3.7 +0.32
" N Cu'* + 2¢” = Cu(s) +11.4 +0.34
Cu* + &~ = Cu(s) +8.8 +0.52
Fe'* +e = Fe'" +13.0 +0.77
Ag' +e” = Agls) +13.5 +0.80
S e . Fe{OH)y(s) + 3H* + ¢~ = Fe'™ + 3H,0 +17.1 +1.01
i Eu Gd|Tb| 0 : 10y + 6H* + Se¢™ = Mys) + 3H.0 +104 +1.23
MnO,(s) + 4H™ + 2¢” = Mn®* + 2H,0 +43.6 +1.29
y - Clig) + 2&” = 2CI™ +46 +1.36
(Slolcle) Co™ + & = Co®* +31 +1.82
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Definition of classes of toxicity

Experimental range of Log (ECsg)




: Oxidation Ionic Surface Redox Class of Toxicity
Oxide Number Z  Potential IP Reducibility SR  Reactivity RR (Experimental)
Zn0O <2 <3 Non Reducible Non Active
NiO <2 <3 Oxidizable Active
Mn,O, 3 >5 Oxidizable Active
Cr,0, 3 3-5 Oxidizable Active
Y,0, 3 3-5 Reducible Non Active
Bi1,0, 3 <3 Oxidizable Active
MoO, >4 >5 Reducible Active
Gd,0, 3 <3 Reducible Non Active
V,0, 3 3-5 Oxidizable Active
Zr0, >4 >5 Reducible Non Active
ALO, 3 >5 Reducible Non Active
TiO, >4 >5 Reducible Non Active
SiO, >4 >5 Non reducible Non Active
HIO, >4 >5 Reducible Non Active
WO >4 >5 reducible Non Active




Naive Bayes Classifier

Most probable level of toxicity of NP, =[Z,, IP, SR, RR. ]?

Joint Probability Joint Probability

Reducibility; Reducibility;

High Toxicity Very Low Toxicity

P(Tox|NP;) x P(Z;|Tox) x P(IP;|Tox) x P(SR;|Tox) X P(RR;|Tox)



7Zn0O 7<?2 IP<3 Non Reducible Non Active

Z IP SR RR

Oxidation Number Ionic Potential Surface Reducibility Redox Reactivity

P(RR=A‘VT) = 0.665
P(RR=A|HT) = 0.665

P(RR=A|LT) = 0.001*
P(RR=A|VL) =0.001*

P(Z=3|VT) = 0.333 P(IP=3-5|VT) = 0.001* P(SR=R’ [VT) = 0.001*
P(Z=3|HT) =0.833 P(IP=3-5|HT) = 0.501 P(SR=R |HT) = 0.500
P(Z=3|LT) = 0.500 P(IP=3-5|LT) = 0.001* P(SR=R |LT) = 0.998
P(Z=3|VL) = 0.001* P(IP=3-5|VL) = 0.001* P(SR=R |VL) = 0.750
P(Z>4[VT) = 0.001* PIP>5[VT) = 0.333 P(SR=0VT) = 0.666
P(Z>4[HT) = 0.166 P(IP>5[HT) = 0.166 P(SR=OJHT) = 0.499
P(Z>4[LT) = 0.499 P(IP>5|LT) =0.998 P(SR=O|LT) = 0.001*
P(Z>4[VL) = 0.998 P(IP>5|VL) = 0.998 P(SR=0O[VL) = 0.001*

P(ZnO|VT) = 0.666 x 0.666 x 0.333 x 0.335 =0.05
P(ZnO|HT) =0.001 x 0.333 x 0.001 x 0.335 = 0.0000005
P(ZnO|LT) =0.001 x 0.001 x 0.001 x 0.999 = 0.000000001
P(ZnO|VT) = 0.001 x 0.001 x 0.249 x 0.299 =0.00000007



© - 9 x

* O »0 :

» Altri Preferiti Elenco di lettura

-‘ SHapr X | Q What - X | N Nonlin: X ‘ M- Pressm X | sciback X | populz X | @ Nonlin % | 0 Facebo X | ;’ Fleur!: X ‘ G SS.Pre X | A Amazo X ‘ & Whats X | @ FBnov X ‘ 25 Transn: X | @ Annem X %t Jagpot X +

&« C Y & appjagpotorg/model/2XyMtChRISTZEUmKirhi
=2 App K Bookmarks @ fasnza o [\?_ﬁl Q @ Biblio aSAbyNA mblbblﬂ m Uomini E Radio3 E Battiti E 65 a (] @e?\.‘aﬂaﬂx ™ Concorsi 8l @ D £ @ @ m(}vera>l-;aenzamu!ti.. E MASO1T

Features Predict / Validate Discu!

) Choose method

Predict

MODEL
Title: Naive Bayes model
for the prediction of
cytotoxicity of metal oxide
nanoparticles

Upload dataset with the required independent features and values

r Haralambos Sa

oo
Description:
Naive Bayes model for the prediction of
cytotoxicity of metal oxide nanoparticles using
Rdamental pysical-ehemiCal pataificlers. Input values for the independent features

Sort

Surface Reducibility SR Redox Reactivity RR

Reducible —> 1 /| Oxidizable - Active —> 1 /! Non active -—> 2

_=* 2/ Non reducible >3

1% m )




Fill in values, using appropriate encoding values
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Model Page Tabs

‘Overview’ contains information on the model;

* ‘Features’ documents the encoding and units of the features;

* ‘Predict/Validate ’ allows prediction and validation of the model;

* ‘Discussion’ allows end-users to leave comments, thoughts and ideas on the model;

MODEL

Title: Naive Bayes
model for the
prediction of
cytotoxicity of metal
oxide nanoparticles
Owner. Haralambos Sarimveis

Description:

Naive Bayes model for the
prediction of cytotoxicity of metal
oxide nanoparticles using
fundamental physical-chemical
parameters.

Predict / Validate Discussion

oparticles on the basis of
fundamental physicochemical parameters using a Naive Bayes classifier

This model is a web \mp{ementa{mn of the model presented by Simeone and Costa (2019 9) In short, the endpoint of the
model is cell cytoto ity of metal oxides. Four different toxicity classes were defined using EC50 values (range: 0.0001 -
0.1 mol/L) from various experiments in different types of in vitro systems, which include E. coli, rat alveolar macrophages,
human bronchial epithelial cells, Daphnia magna, and Aliivibrio fischeri. Specifically, the classes are Very High Toxicity
(VHT), when log(EC50) <= -3, High Toxicity (HT), when -3 < log(EC50) <= -2.5, Low Toxicity (LT), when -2.5 < log(EC50)
<=2 and finally, Very Low Toxicity (VLT), when log(EC50) > -2. Four different predictor variables were considered: the
oxidation number (Z), the ionic potential (IP) of the cation, the surface reducibility (SR) and the redox reactivity (RR) of the
oxide. It has to be noted that the values of this predictors can be deduced from the chemical formula of the nanoparticle
with the help of a periodic table. A detailed description of the predictor variables is given below:

= The oxidation number of the metal ion was set to category 1 for Z <=2, category 2 for Z = 3 and category 3 for Z>=
4

= The ionic potential, defined as the ratio Z/r, where r is the ionic radius measured in Angstrom, was set to category
1 for IP <= 3, category 2 for 3 < |P <=5 and category 3 for IP > 5.

« Surface reducibility was used describe the type of defects that form at the surface of nano-oxides. For a given
oxide of known composition, category 1 encoded “reducible”, category 2 encoded “non reducible” and category 3
encoded “oxidizable”.

« To decide if a nanoparticle was“active”or"non active”, the reduction potential of the oxide at pH = 7 was calculated
and compared with the redox potential of the cell: nanoparticle with & redox potential < -0.8 V (versus SHE, that is,
the standard hydrogen reduction potential) were assigned the value “non active” (category 1); while nanoparticles
with a reduction potential >-0.8 V/SHE at pH = 7, were consedered “active” (category 2). Note: The redox potential
at physiologi-cal pH can be easily calculated from the values of the standard redox potentials through the Nernst
equation

To use this web service for predicting the toxicity of a metal oxide nanoparticle, the user should map the four input
variables as explained above and enter the corresponding category number.
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