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High demands in technology-critical metals
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What is QICAR?

* QICAR stands for Quantitative lon Character-Activity Relationships

About Features Resources Support Developers |Download

WHAT IS THE QSAR TOOLBOX?

* QICAR = QSAR (organic molecules) e e o socr cppcton vt pors

reproducible and transparent chemical hazard assessment.
It offers functionalities for retrieving experimental data,
simulating metabolism and profiling properties of chemicals.
These information and tools can be used to find structurally

and mechanistically defined analogues and chemical categories, /\ ~N / p S

which can serve as sources for read-across and trend analysis \ /; /

for data gap filling. //7 " i
\ e

https://gsartoolbox.org/

* Predict metal toxicity based on metal intrinsic characteristics
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* Metal intrinsic characteristics (23 in total): - Atomic weight
- Density
- lonization potential
- lonic radius
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Objectives of the project

 Develop QICARs for data-poor metals (Au, Ge, In, Ir, Pd, Pt, Re, Rh, Ru) to
relate their acute aquatic toxicity (algae, daphnids, fish) to their ionic
properties

 Refine the QICAR approach to include a metal speciation component



Approach

1. Choice of the metal characteristics

- Compilation

- PCA construction to highlight
redundancy
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Results — Metal characteristics database

- Atomic weight (AW)

- Atomic volume (V)

- Density (p)

- Melting point (MP)

- Polarizability (o)

- Molar refractivity (MR)

- Atom size (AR/AW)
- Atomic number (AN)

laniagatiam AnaArcys [1D)\
S IvIIiriaalivili CIICIBY \ll ”

lonization potential (AIP)

- Etectromattinity (E*)

- Oxidation number (OX)
-Standard eiectrode potentiai (E°)
-Electrochemicai potentiai (AE?)

- lonic radius (r)

- Atomic radius (AR), Covalent radius (CR)

- Van der Waals radius (Vdw)

- Electronegativity ((m)
- Cation polarizing power (z/r, z/r2, z2/r)

- Covalent index (y2r)

o —

CHEMISTRY

and

PHYSICS

John R. Rumble
Editor-in-Chi

Chief
99 TH
EDITION

2018-2019




Results — Metal characteristics database

* Construction of PCA to highlight redundancy

)
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Results — EC., values database for QICAR building

Ag 9 10 8

Ca 1 10 1

Cd 4 90 100
Co 31 41 2

Cu 61 239 201
K 2 27 2

Mg 2 45

Mn 2 14 4

Na 2 72

Ni 27 172 77
Pb 17 61 56
Zn 46 94 18

- Individual EC., values database for P. subcapitata, D. magna, C. dubia,
P. promelas and O. mykiss 14



Results — EC,, values database for QICAR testing

Al(I11)* 2

Au(l) 1 1 1
Au(lll) 2 4 1
In(Il) 1

Ir(IlN) - 1

Ge(IV) 2 1 1
Pd(ll) 5 6 3
Pd(IV) 1 1
Re(VII) 2

Rh(Il) 2 4 2
Ru(Ill) 1

Ru(1V) 1

Pt(Il) 2 2

P(IV) 4 6 1



Approach

2. Compilation of the
1. Choice of the metal characteristics ecotoxicological data (algae,
daphnids and fish)

3. Modeling
(total dissolved concentrations)

- Simple linear regressions
- Multiple linear regressions (stepwise approach)
- All species and species specific models

- Test with measured’ECs, values of data-poor metals
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Results — QICAR for algae — total dissolved concentration

-log EC50= 1.816 + 8.607 x log ym2r
(r?,4=0.89)

* Y,°r: covalent index

» Composite parameter:

- Y m: electronegativity

- r: ionic radius

-log ECs (M)

* Introduced by Nieboer and Richardson
(1980)
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Results — QICAR for algae — total dissolved concentration

-log ECs (M)

-log EC50= 1.816 + 8.607 x log ym2r
(r?,4=0.89)
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Approach

2. Compilation of the

1. Choice of the metal characteristics ecotoxicological data (algae,
daphnids and fish)

- Ag, Ca, Co, Cu, K, Na, Mg, Mn, Na, Ni,
Pb, Zn
- Measured acute ECsg values

3. Modeling - Composition of the exposure media
(total dissolved concentrations) - Boxplots to highlight outliers

- Compilation

- Construction of PCA to highlight
redundancy

- Simple linear regressions
4. Thermodynamic =
constants ultiple linear regressions (stepwise approach)

 Compilation - All species and species specific models

- Test with measured ECs, values of data-poor metals

Construction of LFERs to model missing
binding constants

5. Modeling - Speciation calculation with WHAM and
(free metal ion activity) VMINTEQ
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Results — Speciation calculation (algae exposure media)

——mmm-m

Au(l) <1% <1% <1% <1% <1% 100%
[Au(CN);]

Ge(IV) <1% 100% <1% <1% <1% 0 0
[Ge(OH),°]

In(lll) <1% 100% <1% <1% <1% 0 0
[In(OH)5°]

Pd(ll) <1% 100% <1% <1% <1% 0 0
[Pd(OH),°]

Pt(ll) <1% 100% <1% <1% <1% 0 0
[Pt(OH),°]

Rh(ll1) <1% 100% <1% <1% <1% 0 0
[Rh(OH)5°]

Ru(ll1) <1% 100% <1% <1% <1% 0 0

[Ru(OH)5°]
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Results — QICAR for algae — free metal ion activity

-log ECso-f = 2.043 + 9.319 x log ym?2r
(r?,4=0.89)

12 1

-log ECso-f (M)
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Results — QICAR for algae — free metal ion activity

-log EC so-f (M)
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-log ECso-f = 2.043 + 9.319 x log ym?2r
(r?,4=0.89)
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Conclusions and recommendations

* v °r is the best predictor of metal toxicity

* QICAR - total concentration:

- Very good correlations found between y,’r and ECs, values (r,4;> 0.6)

- Poor predictions for Au (algae, daphnids, fish), Pd(ll) (fish), Pt(ll) (algae,
daphnids), Rh and Ru (daphnids)

- Limited number of tests available for the data-poor metals
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Conclusions and recommendations

* Speciation calculation:

- Data-rich metal speciation dominated by the free metal ion

- Data-poor metal speciation dominated by polyhydroxo complexes in exposure
media (Au(OH)5°, Ge(OH),°, In(OH)5°, Pd(OH),°, Pt(OH),%, Rh(OH);° and Ru(OH),")
or the anionic cyano-complex (Au(CN),)
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Conclusions and recommendations

* QICAR - free metal ion:

- Modest improvement for data-rich metals

- Marked deterioration in the prediction of data-poor metal toxicity

- Speciation calculations inaccurate?
- Toxicity test data inaccurate?

- Other contributing metal forms?
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