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Problem Statement

In environmental chemo-informatics the
key question we need to answer is
whether the emission of a certain chemical
to the ecosystem can cause environmental
effects and, subsequently, to quantify the
extent or the likelihood of adverse effects.

Emission
Scenario

Marie Curie
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Fate of the
chemical compound
(Kinetics)

Biological Effect
(Dynamics)
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of QS R models (mohelljng érror

ertainty ind cecl by the use of uncertaln experrmental

measur%melnts mc‘udlmg random and systematlc errors)

Mlsmatoh bletween the modelled ecosystem and the real one

including time-varying fluctuations of the local population
dynamics and chemical state (pH of water, concentration of

ions etc).



Descriptor
Calculation

Modelling & Uncertainty

QSAR
Model

(2

For arbitrary chemical
compounds certain
physicochemical parameters
may not be known; for these we
employ QSAR models.

We assume that all QSAR
predictions are accompanied by
an estimation of their
uncertainty (in the form of a
probability distribution
function).



Accuracy of Predictions

Fact: Models that describe the whole chemical space are still
to be found...

HPV -
EINECS s

T. pyriformis

T. pyriformis data +

. Tetko, I. Sushko, A. Pandey, H. Zhu, A. Trophsa, E. Papa, T. Oberg, R. Todeschini, D. Fourches and A. Varnek, (2008) “Critical assessment of QSAR Models
of environemtal toxicity against Tetrahymena pyriformis: focusing on applicability domain and overfitting by variable selection,” J. Chem. Inf. 48(9), 1733-1746.



Accuracy Estimation
for Regression Models

Applicability domain

Williams plot [§§ with ASNN-STDEV used as a distance to model.
M training

Distance to model
| ASNN-STDEV

Averaging type
| Default

X axis

| ASNN-STDEV

() Show negative residuals

(1 Account for predicates ("<", “>" or intervals)

Prediction absolute residuals

0.5 0.6 0.7 0.8 0.9 1.0 1.1
ASNN-STDEV

Select outliers with p-value less or equal than| -

APPLY THE MODEL TO NEW COMPOUNDS

Abiotic degradation in water



SimpleBox

H

SimpleBox is an environmental fate model we employed to calculate
PEC (Predicted Environmental Concentration)

H

SimpleBox assumes the knowledge of a number of physicochemical
properties & information in regard to the local ecosystem.

GROUNDWATER

H. A. den Hollander and D. van de Meent (2004). SimpleBox 3.0: A Multimedia Mass Balance Model for Evaluating the Environmental Fate of Chemicals.
RIVM Report 601200003, 155 pp. Bilthoven, The Netherlands: RIVM, National Institute of Public Health and the Environment.



Monte-Carlo Simulations

@ The key question: How does
uncertainty propagate in one’s
computations?

@ A bit more rigorously: “How to
map a probability distribution
function through an (arbitrary)

function.” |M|

@ Given that: In most cases there
is no analytical solution
available and this gives rise to
Monte-Carlo simulations.




DB with stored

physicochemical
parameters and
their uncertainty

Estimation of the Simplebox
Environmental Fate (Estimation of the
environmental fate
of the chemical compound)

H. A. den Hollander and D. van de Meent (2004). SimpleBox 3.0: A Multimedia Mass Balance Model for Evaluating the Environmental Fate of Chemicals.
RIVM Report 601200003, 155 pp. Bilthoven, The Netherlands: RIVM, National Institute of Public Health and the Environment.



Environmental Risk Assessment

Gas Phase || Octanol/water

i Dissolved phase
Diffusion partition

degradation

Coefficient coefficient | | .io constant at 25°C

Water Phase
Diffusion
Coefficient

Molecular Gas/water partition
Weiah coefficient at 25°C

Vapour

Pressure i i
Soil Organic Carbon/ at 25°C Melting point

Water Partition Coefficie ,
Junge’s constant

Solid/water partition
coefficient
for standard solids

Standard mass fraction
organic carbon
in soil/sediment
Concentration
of Bacteria in
test water

Mineral density
sediment
and soil

. Tetko, P. Sopasakis, P. Kunwar, S. Brandmaier, S. Novotarskyi, L. Charochkina, V. Prokopenko and W. Peijenburg (2013),

I Simplebox I

Species sensitivity distribution (SSD)

LT —— 5AR tntegrated 130

Prioritization of Polybrominated Diphenyl Ethers (PBDEs) using the QSPR- Thesaurus Web Tool, ATLA, 40, pp. 1-9.

Van Straalen Ecological risk plot




Predictive Models

Machine learning methods used: ANN,
OLS.

All models are validated and are
accompanied by an estimation of their

: icabhility * o “Model for
domain of applicability 2 ueo{g ohr e

For ever prediction there is an
estimation of its uncertainty.
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1. Information about the compound

Mes7s
72248
BDE-183

Molecular Weight
Name:

2. Emission Scenarie

The substance is assumed to be emitted in the air. Please provide the estimated caily emission rate:

The Web Interface

4. Expecimental Properties and Uncertainty (A¥ primary propedties are requined  The parameters that have emply values are marked as *. The parameters in the advanced options section are optional )

Description
Relative Molecutar Mass
Water SOLUBILITY at 25 0C
Meiting pont
VAPOR PRESSURE at 25¢C
Soil Organic Carbon-Water Partitioning
Coefficient

Dissolved phase degradation RATE
CONSTANT at 25 oC

Photolysis rate
Octanol/water PARTITION COEFFICIENT
FREQUENCY FACTOR OH racical reaction

Advanced options

Use
Unit  Datsbase D0tabise

Iolmg L-
0

(e}
lo0Pa))
o)
ios-1)

iglis-1)
L o))

igfcm3. s-

L]

Record
©

Screenshot of the QSPR-
Thesaurus Web Interface

Record
72248
-2.820g(mg/L)
moc

£.33i09(Pa)

5.17-409(s)
82710910

See http://gspr-thesaurus.eu

Use
Model

HMGU: Agueous Solubility
(-1

Ui: Meiting Point (BFR) [...]
Ul: Vapor Pressure (BFR)
[

HMGU: Ko [...]
HMGU: Abiotic degradation
In water [...]
HMGU: Photolysis rate [...]
Ui logKow (PBDE) [...]

HMGU: Atmospharic OH
Rate[..]

Provide

Eraiodod Valuos

Exp. Value

3.30£0.700 log({mg/L)

170£20.0 *C (in AD)
-5.9040.200
log(Pa) (in AD)

5.2020.600 log10

-7.600,700 Ig{1/s)

-3.3040.600 -og(s) (in AD)
8.1040.200 Jog10 (in AD)

+13.0£0,900
log{cm™(3)/(molocule*sec))

End User
User provides parameters

through a web interface

Risk Assessment Server

Web Application 1

[
[
[
Controller I
[

Excel
Spreadsheet

User
Interface

WS Wrapper



The Web Interface

Use
Database
Record

Database
Record

722.48
g g -2.82log(mg/L)

pser-deﬁneq HMGU: Agqueous
Polybrominated Solubility [...]

Compound ™

HMGU: Atmospheric

OH Rate [...]

-13.0+0.900
log(cm*(3)/(molecule*sec)) (outside AD)

QSAR integrated SSD
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log concentration

Van Straalen Ecological Risk Plot
RCR = 0, Expected Risk = 0%

8 5

10910 concentration

percent FA

Inspect the parameters

Parameter
Kow
CORG
RHOsolid
Pvap25
HOvap
Sol25
HOsol
JungeConst
Tm
kdeg.phot
C.OHrad
k0.OHrad
Ea.OHrad
kdeg.water
BACT.test
Q.10

Koc

Source
DatabaseRecord
ExperimentalProperty
ExperimentalProperty
QSARModel
ExperimentalProperty
DatabaseRecord
ExperimentalProperty
ExperimentalProperty
QSARModel
DatabaseRecord
ExperimentalProperty
ExperimentalProperty
ExperimentalProperty
QSARModel
ExperimentalProperty
ExperimentalProperty
ExperimentalProperty

Uncertainty

Kdeg.water  k0.OHrad



Sensitivity analysis

@ Sensitivity analysis reveals the extent on which the outcome of the
environmental risk assessment depends on the various physicochemical
and/or biological parameters considered in the study

H

It, thus, provides evidence for a mechanistic interpretation of the key
factors that create the environmental hazard.

In this study (on PBDE-177) it was
found that the photo-degradation
rate constant was the most
determining factor.
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If photodegradation is not taken
into account, then the vapour

preseure at 25C and the melting
kiog Prap Tm kiog Sil25 kdeg. Pyap Tm kdeg. Sol25 Kow point become the most influential
parameters.

. Tetko, P. Sopasakis, P. Kunwar, S. Brandmaier, S. Novotarskyi, L. Charochkina, V. Prokopenko and W. Peijenburg (2013), Prioritization of Poly-
brominated Diphenyl Ethers (PBDEs) using the QSPR- Thesaurus Web Tool, ATLA, 40, pp. 1-9.



. s of chemical compoun s.
| | |
. ez ' edicted Environmental
on (PEC). The effect was quantified by the Predicted No-Effect
Conc.ntr:tto»t) (Pl‘ilEC) l ’ I

ln

.|mpIqu>x aAd S%D (Spec1es Sensmwty Dlstrlbutlon) were used to model

the fate and the effect of PBDEs on the ecosystem
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