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éGREEN
CHEMISTRY
Principle 4: Design Safer (Benign) Chemicals

Wherever practicable, synthetic methodologies should
be designed to use and generate substances that
possess little or no toxicity to human health and the
environment

Principle 10: Design for Degradation

Chemical products should be designed so that at the
end of their function they do not persist in the
environment and break down into innocuous degradation
products.

BENIGN by Structural DESIGN using QSAR
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The HAZARD is an inherent property of
a chemical

A chemical has the potentiality fo be dangerous included in
its MOLECULAR STRUCTURE

EXPLOIT AVAILABLE KNOWLEDGE!
A recognized harmful behaviour of a chemical must be
taken into consideration
to avoid similar concerns for new chemicals.

From QSAR-based screening: Priority Lists of the most
hazardous chemicals can be proposed

_AVOID SYNTHESIS of REGRETTABLE CHEMICALS |
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> Molecular structures are drawn and
minimized by the semi-empirical method
AM1 (HYPERCHEM software, hin files),
and converted into SMILES or MOL
files (Open Babel)

CAS AMW Sv Ss Mv Me Ms
- 2.6

> Mono- , bi-, three-dimensional
descriptors are calculated using PaDEL
(free on line)

> Multiple linear regression (MLR) performed by Ordinary
Least Squares (OLS) method

> Variable selection by Genetic Algorithm (GA)
> Validation by many statistical parameters.
arious plots, also for Applicability Domain.
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Chemicals' ofi Environmenital Concern (CEC)

» Persistent Organic Pollutants: from 12 «legacy» POPs

> Persistent BioaccumulativeToxics (PBTs)

» Emerging pollutants: Flame Retardants (FRs),
Perfluorinated (PFC), Personal Care Products (PCPs)

PCPs and Pharmaceuticals, together named PPCPs




Sepzzleg of POPS gle PHTS

COMBINED APPROACH: Multivariate Analysis by PCA + QSAR

Two PCA were made on:
1. Half-lives in different environmental media for POPs
2. PBT properties

]
@ PcC1: New Macro- Variables
1. GLOBAL Half-Life Index - GHLI

2. PBT Index
]
QSAR Models

MLR -OLS in QSARINS
v

Predictive Tools for Screening and Prioritization of potentially
high concern chemicals, based on their cumulative properties

P. Gramatica
Chemometric Methods and Theoretical Molecular Descriptors in Predictive QSAR Modeling of
the Environmental Behaviour of Organic Pollutants,
Ch. 12 in Recent Advances in QSAR Studies , Springer-Verlag, 2009
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Screening and Ranking of POPs for
Global Half-Life: OSAR Approaches

for Prioritization Based on Molecular
Structure

PAOLA GRAMATICA®* AND ESTER PAPA

QSAR MODEL

GHLI from PCA

GHL Index
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PBiy Assessment: and' Priorifization
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Contents lists avail; 20 1 5 ) 77/ 2 5_34

Environment International
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Journal of Hazardous Materials
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Are some “safer alternatives” hazardous as PBTs? The case study of

new flame retardants®™ 201 6 , 306: 2 3 7

Paola Gramatica*!, Stefano Cassani, Alessandro Sangion

Insubria Graph for model AD
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PBT behaviour of Pharmaceuticals and

PCPs (PPCPs)

Comparison and consensus of two different modeling approaches
for the PBT assessment

Insubria PBT Index
- Cumulative index for P, B and T,
inherent to chemical structure (QSARINS)

US-EPA PBT Profiler
Separate predictions for P, B and T

Sustainable Chemistry and Pharmacy 1 (2015) 19-27
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Screening of PPCPs for PBT Behaviour
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Priority List of PCPs potentially PBTs

8 PCPs were predicted as potential PBT by consensus: they are
mainly benzotriazoles, used as UV-filters in Sun- Screeners.

|




Aquatic toxicity of PCPs and Pharmaceuticals

(PPCPs)

The aquatic toxicity of environmental chemicals is studied
by toxicity tests on three different trophic levels:
algae, daphnids and fish.

Very limited experimental data availability for PPCPs,
mainly of homogeneous data, usefull for QSAR modeling.

Data Curation for homogeneous datasets:
* same species,
* time,
 end point
e efc.
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Aquatic toxicity trend of PCPs and Pharm.

Combining toxicities on different organisms: overall aquatic toxicity
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All the Insubria MLR QSAR ® OSARINS

QSAR INsubria, version 2.2 - € 2015

models are available

y Gramatica P., Chirico N., Papa E., Cassani 5., Kauuriczh 5., Sangion A,
Sof developed by Chirico M

and applicable in

QSARINS- Chem

ts: paola uninsubria.it, nicola.chirico@uninsubria.i

http://www.gsar.it

Poster 94 in Environmental Modelling Session

Predictive QSAR models and chemometrics are useful for
screening/prioritisation of large sets of chemicals, and

for the design of alternative/sustainable chemicals

P. Gramatica. Prioritization of Chemicals Based on Chemoinformatic Analysis, 2016
Handbook of Computational Chemistry Vol 5,

Ed. J. Leszczynski, Springer
: *| Prof. Paola Gramatica - QSAR Research Unit - DISTA - University of Insubria - Varese (Italy)
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