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QSAR TOOLBOX

Background

* This is a step-by-step presentation designed to take the
user of the Toolbox through the workflow for filling data

gap for acute aquatic toxicity to fish taking into account
tautomerism of target chemical.
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QSAR TOOLBOX

Objectives

* This presentation reviews a number of functionalities of
the Toolbox:

* Providing tautomeric set of target chemical

* Identify analogues for a set of tautomers

* Retrieve experimental results available for those analogues
* Filling data gap by trend-analysis

®* Save the obtained prediction result
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QSAR TOOLBOX

The Exercise

* In this exercise we will predict LC50 for fish: P.promelas
for target chemical

* Set of simulated tautomers for the target chemical will be
provided

* This prediction will be accomplished by collecting similar
analogues presented with their tautomeric set

* The category will be defined using US-EPA New Chemical
Categories

* Data gap will be filled by trend-analysis
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QSAR TOOLBOX

Workflow

* As you know the Toolbox has 6 modules which are
typically used in sequence:
®* Chemical Input
* Profiling
* Endpoint
* Category Definition
* Data Gap Filling
®* Report
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QSAR TOOLBOX

Chemical Input

There are two ways for simulating tautomers of chemicals

* During the process of entering the structure into the system

* Simulating tautomersim of already entered structure

In order to accelerate the workflow all databases are preliminary
tautomerized, calculated and profiled. The results are stored in the

database.

See next screen shots
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QSAR TOOLBOX

Chemical Input
Input target chemical by CAS#

e -5 foio10)
QSAR TOOLBOX o 10100 B
» Endpoint » Category Definition » Data Gap Filling

mmmmm Chemical List

mmmmm

Physical {

r 5 ==
89623 = Tautomeric sets o7 0K
EHEnvironmg ‘\

J r—' N
FHEcotoxicological Select All Clear All lglech‘on Selected 0 of 0
on

[HHuman Health H| | Selected cas Smiles

Mames CAS/Mame 2D/Mame CAS/2D

1. Click on CAS#; 2. Enter 89-62-3; 3. Select Tautomeric sets; 4. Click Search; 5. OK

[ 0 Document Add by CASE L2 T B

Note: Tautomeric set functionality search tautomeric forms of entered chemical in
previously tautomerized databases
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QSAR TOOLBOX

Chemical Input
Target chemical identity

(&
o
i

BOCUme. = Filter endpaint tree... ( N [target]

Document 1 [51 [T
Structure

ElSubstance Identity
—CAS Number
— Chemical IDs

89-62-3
EINECS:2019249

benzenamine, 4-m...
4-methyl-2-nitroanil _
2-nitro-p-toluidine

4-methyl-2-nitro-be
ptoluidine, 2-nitro-
benzenamine, 4-m...
4-methyl-2-nitrobe.__
2-nitro-4-methylanijyf..
CTHENZ02

Aece(N)e(

— Chemical Name

& save to smi Q, search o OK }

— Molecular Formula

— Structural Formula
EPhysical Chemical Properties H f
ElEnvirenmental Fate and Transport Ta u to m e rl C O rm S
EEcotoxicological Information

Celece(Mc(N(=0)=0)cL EJHuman Health Hazards

HEAcute Toxicity

— Bioaccumulation

rHFCarcinogenicity

rEDevelopmental Toxicity / Teratogenicity

HGenetic Toxicity

— Immunotoxicity

rHlrritation / Corrosion
... select fiter type . v —Meurotoxicity

rEPhotoinduced Toxicity
—Repeated Dose Toxicity

Target with its tautomeric forms are identified and loaded on data matrix.
1. Double click over the target structure displays target and its tautomeric forms
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QSAR TOOLBOX

Chemical Input
Implementation of Modeling modes

« Component Mode All - all tautomeric forms are analyzed in a package

p— = 5@ ® X (2
QSAR TOOLBOX i &) ; &

]
10100
» Profiling » Endpoint » Category Definition  » Data Gap Filling » Report

About Update

mmmmm Single Chemical Compenent Mode
~ -] o= - @ Al
Structure Select Delete Query ChemIDs B Inventory Lis = EE=

.Filber endpoint tree...

Structure

FSubstance Identity
[HPhysical Chemical Properties
FEnvironmental Fate and Transport
HEcotoxicological Information
FlHuman Health Hazards

- Component Mode Single - each tautomeric form is analyzed individually

— — OES
QSAR TOOLBOX ® ]

About Update
» Input ¥ Profiling » Endpoint » Category Definition * Data Gap Filling * Report

Document Single Chemical Chemical List

Component Mode

® = @ W N ] ) @ al
CAS#

Close Save

MName Structure Select Delete Query

Documents Filter endpoint tree. ..

[setlTICeLeceN)cN(=0)=0)cL.

Structure

Different modes for visualization for the set of target and its tautomeric forms is
implemented. A package of target and its tautomeric forms are used in further trend analysis.
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QSAR TOOLBOX

Profiling
Overview

* “Profiling” refers to the electronic process of retrieving
relevant information on the target compound, other than
environmental fate, ecotoxicity and toxicity data, which are
stored in the Toolbox database.

* Available information includes likely mechanism(s) of
action, as well as observed or simulated metabolites.
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QSAR TOOLBOX

Profiling
Side-Bar to Profiling

* For most of the profilers, background information can
be retrieved by highlighting one of the profilers (for
example, US-EPA New chemical categories and clicking
on “View"” (see next screen shot).
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QSAR TOOLBOX

Profiling
Side-Bar to Profiling

o “®e a3
QSAR TOOLB( o 100 E

About Update

¥ Profiling ¥ Endpoint } Category Definition  » Data Gap Filling

Profiling The OECD QSAR Toolbox
for Grouping Chemicals
into Categori

Developed by

US-EPA New Chemical Categories (Predefined) - Profiling Scheme Browser

List with categories Textual description
Advanced / 7
US-EPA Mew Chemical Categiyffes - Category definitions Profile Description K
4 - JS-EPA Mew Chemical Categories -~ Category: Aldehydes Environmental Toxicity -
- Add Chlorides ] : i
- Arrylamides . . . - al
.. Arylates/Methacrylates (Acute toxicity) f'llc.lehyde.s are a class o‘forga.mc compoun:ds charastmedby the flmchona] group R-C(=0)-H. Aldehyd.es are =1
- Acrylates/Methacrylates (Chronic toxicity) ionizable in water and exhibit excess aquatic toxicity in addition to narcosis. Polyaldehydes are more toxic than
- Aldehydes (Acute toxicity) monoaldehydes to aquatic organisms and acrylic/vinyl/allylic aldehydes. e.g., acrolein, are more toxic than
Ndeh\-'_des (Fhronic toxidity) polyaldehydes. Vinyl/allylic/acryvlic aldehydes are a class of organic compounds characterized by both the aldehyde, R-
::Ehahél Amines £\ | C(=0)-H. and vinyl. H,C=C-R, or allylic, R-C=C-R. finctional groups. Allylic and vinyl aldehydes, e.g.. acrolein,
Xysilanes
... Aluminum Compounds C=CC(=0), exhibit excess toxicity.
- Aminobenzothiazole Azo Dyes
-~ Anhydrides, Carboxylic add It is assumed that aldehydes need to be absorbed to be toxic, therefore, aldehydes with MW >1000 will be excluded
3 :::::::: ﬁiﬁfﬁfﬁ?ﬂiy, from this category. Acute toxicity for aldehydes is known to be limited by the octanol/water partition coefficient (K._).
. - Anionic Surfactants —|| | AbovealogK __ vahe of 6.0, aldehydes show no effects at saturation during 96-h exposures to fish. Aldehydes
prirvaa— - Azides (Acute toxid . . .. . . .
tion A: d:: Ecgl:unic ;:I:igt)y) which are solids at room temperature may show no toxicity at saturation at lower Kow values depending on the melting
- Benzotriazole-hindered phenols point. i.e., the higher the melting point at a given K _.. the greater the likelihood that no toxicity will be observed at
g::;::::::::: Egﬁii?;:i:t)y) saturation. For solids, the no effects at saturation has to be determined on a case-by-case basis. There are no
Metabolism/Transformations ... beta-Naphthylamines, Sulfonated measured upper K limits for chronic toxicity at this time, but it may not be much above alog K = 8. Future testing
+~ Boron Compounds will determine K | _ imits.
Doc - Cationic {guaternary ammonium) surfactants ow
umented . Cobalt
e an e bolsm - Disniines Hazard Concerns: The tosicity for aldehydes has been determined through SAR Analysis:
== o in e - Diazoniums {Acute toxidty)
at metabalism  Diazoniums (Chronic taxicity) SARs for monoaldehydes:
.. Dichlorohenzidine shased Pinments

1. Highlight the profiler
2. Click View E
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QSAR TOOLBOX

Profiling
Side-Bar to Profiling

QSAR TOOLB! ®

Profiling

4

Apply

Profilirg ¢ vethcwd.,

sectal ] umseecfl | et | :J

Metabolism/Transformations

Select Al Unselect All

Documented

i B

» Profiling » Endpoint

- US-EPA Mew Chemical Categories (Predefined) - Profiling Scheme Browser

& H H @ &

& o

b Category Definition » Data Gap Filling

Structural boundary

“®ee\iE

About Update

Basic Save Export... Close Options
US-EPA New Chemical Categories - Category definitions Boundaries |Training =5 I Options |
*om
UH @ : -
4 - US-EPA New Chemical Categories -
- Adid Chlorides N
- Acrylamides

- AcTylatesMethacrylates (Acute toxicity)
- Acrylates Methacrylates (Chronic toxicity)

- Alkoxysilanes

luminum Compounds
minobenzothiazaole Azo Dyes
rhydrides, Carboxylic acid

- Anilines (Acute toxidty)

- Anilines (Chronic toxicity)

- Anionic Surfactants

- Azides (Acute toxicty)

- Azides (Chronic toxicity)

- Benzotriazole-hindered phencls

- Benzotriazoles (Acute toxicity)

- Benzotriazoles (Chronic toxicity)
- beta-Maphthylamines, Sulfonated
- Boron Compounds

ationic {(quaternary ammanium) surfactants
obalt

- Dignilines

Clear

Tidy

I = ]

Boundary Options | Metabalism

Fragment

CiHH{(=0)C

m

QA&

Structural
fragment

Profile Comments

2. Click View

1. Highlight the profiler
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QSAR TOOLBOX

Profiling
Profiling the set of target and tautomers

* The following primary profilers relevant to the aquatic toxicity are used in this
example (see next screenshot):

- OECD HPV Chemical Categories

- US-EPA New chemical category

- Aquatic toxicity classification by ECOSAR

- Acute aquatic toxicity MOA by OASIS

- Acute aquatic toxicity classification by Verhaar (Modified)

- Organic function groups - all four profilers are used in the assessment

* Select the “Profiling methods” related to the target endpoint by clicking on the
box next to the profilers name.

* This selects (a green check mark appears) or deselects (green check
disappears) profilers.
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QSAR TOOLBOX

Profiling

Profiling the set of target and tautomers
QSAR TOOLBOX (G) o5 - o0 T 6 ® x

About Update

» Input ¥ Profiling ¥ Endpoint » Category Definition » Data GapF

Profiling

¥

Apply

Profiing methods |1 [target] Brofile statistic —
Select Al Unselect Al [511T] .
P —— A Select profiles Report Stop All chemicals
- » o
Acute aquatic assificati @v@ Stack mode Stacked to 100% [ | Group by cate| 5
i:!:t:uztalhc - Profies i use e [Hsavetosmi || Shprint.. | ™ Addinrewdoc | Addasi
atic tox
H Bioaccumuiaiion - wei g Acute aquatic toxicity MOA by OASIS
Sinaccumulation - metabol 5 CTHEN202

Celeec(N)e(N(=0)..
B DART scheme v. 1.0

[l OMA alerts for AMES by O ’
[l DNA alerts for CA and MNT by OAS EEcotoxicological Informatiw

Evye irritation /corrosion Exdusion rules
n e e ——— EHuman Health Hazards
Eye irritation/corrosion Indusion rules

n vitro mutagenicity (Ames t erts Profile
n vivo muta i i eus) ale Predefined

# Category Count %
i Basesurface narcotics 1 20.00

2 Phenols and Aniines 1 20,00
;j;ﬁz;?;:n?::: = - . 3 Reactive unspedified 3 60,00
.F'rcwtem_hindmg lerts ACUte aquatIC tOXICIty MOA < .
sl by OASIS categories of Vorh T
tautomers in the set erhaar ... Acute aquatic toxicty MOA by OASIS 5y
au Sasesurface naicr. (R 2D representations of the

n irritation corrosion Exdusion rules ACUte aquatic toxicity MOA by UASIS
n irritation/corrosi ules

structures in each category

— Agquatic toxicity classification by ECOSAR

Not Related to an .

—Empiric Copy

.| Number of tautomers
in a category bin

Explain [ -

Organic Functional groups

‘ ic Functional grot ed) >

Metabolism,Transformations

Select All Unselect All

Documented

& Component Profile Statistr
Ayl |

1. Check the profilers related to acute aquatic toxicity as mention on slide #20
2. Click Apply [
3. Perform Right click over the cell with profiling results and

4. Select Component profile statistic
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QSAR TOOLBOX

Endpoint

* “"Endpoint” refer to the electronic process of retrieving the
environmental fate, ecotoxicity and toxicity data that are
stored in the Toolbox database.

* Data gathering can be executed in a global fashion (i.e.,
collecting all data of all endpoints) or on a more narrowly
defined basis (e.g., collecting data for a single or limited
number of endpoints).

* In this example, we limit our data gathering to the common
aquatic toxicity endpoints from databases containing aquatic
toxicity data - Aquatic ECETOC; Aquatic OASIS; Aquatic
Japan MoE; ECOTOX

* Data for target chemical and its simulated tautomeric forms
is extracted from selected databases if available
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QSAR TOOLBOX

Endpoint

* For this example, the following database are relevant to the aquatic
toxicity (see next screen shot):

Aquatic ECETOC
Aquatic Japan MoE
Aquatic OASIS
ECOTOX

SN X X
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QSAR TOOLBOX

-BOX [

Import

E <]

Import IUCLIDS

Databases Filter endpoint tree...

Endpoint
Gather data

£

¥ Profiling » Endpoint ¥ Category Definition  » Data Gap Filling

Tautomerize
&
Database

1 [target]

[ sclectal Jubsgiectal] invert | abour |

[ Physical Chemical Properties
H Enviror— c=+a and Transpol Structure
I Informaiinn

Aquatic ECETC

I51 M1

HSubstance Identity
— CAS Number
— Chemical IDs

— Chemical Name

— Molecular Formula
— Structural Formula
[HPhysical Chemical Properties

[HEcotoxicological Information
MHuman Health Hazards
HProfile

89-62-3
EINECS:2019249

benzenamine, 4-m...
4-methyl-2-nitroanil....
2-nitro-p-toluidine
4-methyl-2-nitro-be..
ptoluidine, 2-nitro-
benzenamine, 4-m
4-methyl-2-nitrobe. ..
2-nitro-4-methylanil...
CTH8N202

Celcce(M)e(N(=0)...

[HEnvironmental Fate and Transport

About Update

The OECD QSAR Toolbox
for Grouping Chemicals
into Categori

Developed by LMC, Bulgaria

1. Select databases related to the

before the database name.
2. Click Gather

target endpoint by adding a green check in the box
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QSAR TOOLBOX

Endpoint

E m “ee\d
Q SAR TOOLBOX 10100 About Update

} Profiling » Endpoint } Category Definition  » Data Gap Filling

Import Delete Tautomerize

8 o

Import U

I‘Filher endpoint tree...

Databases |1 [target]

select Al [ Ukselect Al B
B Physicz| Chemical Properties -
] 2l Rea COLIPA Structure 4

M

HE48 h

96 h
1Animalia
rHArthropoda (Invertebrates)
FlChordata (Vertebrate
Aetinopterygii (Fish)
Lepomis macrochirus

B Human Health Hazards </

Leuciscus idus
Pimephales promelas (1/2) M:24.7 mg/L, 24.8,
Boecilia reticulata

Undefined Test organisms (species)
rEMollusca (Invertebrates)

“HRotifera

14 Days

HEILD50

“HAMRCE0

HEPhatoinduced Toxicity

HHPhysiology

HPopulation

HProtozoa
Ciliophora

-
Tetratiymena pyriformis (171) M- 67.2451.113) ..
Ll Indafinad FE v

1. Available experimental data appears on datamatrix.
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QSAR TOOLBOX

Recap

®* You have entered the target chemical
* You have simulate the tautomeric forms of target chemical

®* You have gather data if available and found experimental data for
one of tautomeric forms (in our case for entered structure).

* Now you are ready to continue with next step of the workflow
“Category definition”.
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QSAR TOOLBOX
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QSAR TOOLBOX

Category Definition
Overview

®* This module provides the user with several means of
grouping chemicals into a toxicologically meaningful
category that includes the target molecule.

®* This is the critical step in the workflow.

®* Several options are available in the Toolbox to assist the
user in refining the category definition.
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QSAR TOOLBOX

Category Definition
Grouping methods

The different grouping methods allow the user to group chemicals

into chemical categories according to different measures of
“similarity”.

Detailed information about grouping chemical (Chapter 4) could

be found in document “"Manual for Getting started” published on
OECD website:

http://www.oecd.org/chemicalsafety/risk-
assessment/theoecdqgsartoolbox.htm
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QSAR TOOLBOX

Basic guidance for category formation and
assessment

Suitable categorization phases:

1. Structure-related profilers

2. Endpoint specific profilers (for sub-cat)

3. Additional structure-related profilers, if needed to eliminate dissimilar
chemicals (to increase the consistency of category) (e.g. chemical
elements)

Performing categorization:

[

. The categorization phases should be applied successively

2. The application order of the phases depend on the specificity of the data
gap filling

. More categories of same Phase could be used in forming categories

. Some of the phases could be skipped if consistency of category members is
reached

S W

Graphical illustration of suitable categorization phases is shown on next
slide
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QSAR TOOLBOX

Suitable Categorization/Assessment Phases*
Phase 1. Structure based

Broad grouping

« US EPA Categorization : -
Endpoint Non-specific

« OECD Categorization

« Organic functional group
«  Structural similarity

« ECOSAR

Repeating Phase | due to Multifunctionality of chemicals

Phase I1. Mechanism based
Subcategorization

«  DNA binding mechanism Endpoint Specific
* Protein binding mechanism

» Genotoxicity/carcinogenicity
*  Cramer rules

* \erhaar rule

« Skin/eye irritation corrosion rules

Metabolism accounted for

Phase I11. Eliminating dissimilar chemicals
Subcategorization

Apply Phase I — for structural dissimilarity _ e
Endpoint Specific

Filter by test conditions — for Biological dissimilarity

*Another general approach for development of categories for acute aquatic tox endpoints are summarized in document
“Strategies for grouping chemicals for data gap filling for acute aquatic toxicity endpoints” posted on OECD Website



QSAR TOOLBOX

Category Definition
Grouping methods

* For this example, specific classifications of target and its tautomers are identified
by the following profilers: US-EPA, MOA of action and EcoSAR (phase I)

* For this example analogues identified by US-EPA New chemicals category are used
for further data gap filling

®* Subsequent search of analogues is applied over the set of tautomers having same
categories as those of the target tautomeric set

Category definition is a tool for grouping chemicals, which allows to group chemicals based
on different measures of “similarity”. For more details see tutorials posted on LMC and OECD
website:

http://www.oecd.org/env/ehs/risk-assessment/theoecdgsartoolbox.htm

http://superhosting.oasis-Imc.org/products/software/toolbox/toolbox-support.aspx

Also we strongly recommend training exercises. For more details see:

http://www.oecd.org/env/ehs/risk-assessment/theoecdgsartoolbox.htm
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QSAR TOOLBOX

Category Definition
Side-bar of US-EPA New chemical categories

®* US-EPA has been used by the U.S. Environmental Protection

Agency to predict the aquatic toxicity of new industrial chemicals
in the absence of test data

* US-EPA include classes of chemicals for which sufficient
regulatory history has been accumulated

* “Classification by US-EPA” in the Toolbox is used for grouping of
chemicals by structural similarity which may have mechanistic
meaning. Experience has shown US-EPA to be a robust profiler
which makes it a logical choice in an initial profiling scheme.
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QSAR TOOLBOX

Category Definition
Defining US-EPA New Chemical category

o0 ® 8 =
QSHR TOOLBOX G m ?gma E About Update

} Profiling » Endpoint » Category Definition  » Data Gap Filling

Categorize The OECD QSAR Toolbox
. for Grouping Chemicals
into Categories

Developed by

Grolp g mew ods I|Filter endpoint tree... |1 [targei]
Prede fined 1M

Datal ati kS

Structure @2,,{ US-EPA New Chemical Categories - O X

Ny N Target(s) profiles
Ve ottt
- HH48 h
Biodeg primary (Biowin 4) . 96 h
i ; gprc-:a:n:\ty ) %Eﬁmimalia
Biodeg probability (
E:; de; E:tah:l:tt: : in 5) HHArthropoda (Invertebrates) @\ o) o o
Biodeg probability (Biowin &) Chordata (Vertebrates) All profiles \ 4
Fuispwiae vin 7) |Actinopterygii (Fish) Add lChI_cdrides "
gllfjitér;ﬂ?nn;ﬂ;y 0AS 4 Lepnr_m's m?GmChij :gzlzgsﬁiemacrylates (Acute_tuxicity)
DNA binding by € Leuciscus idus _ :EYLEUSSMEﬂszLEtE_S (Chronic toxiity)
DPRA e peptide depletion Pimephales promelas (1/2) M: 247 mglL, 248 Ald:h;d:: %Cﬁ:cnic ;oliituyt)y}
e peptide depletion Poecilia reficalala Aliphatic Amines
inding Alkoxysilanes
T ¥ ) Undefined Test organisms (species) ‘:EETE.E.TEEETE“ . v
::::::: - = :;I;li‘;sr:a (nvertebrates) Combine profiles logically Dlnujert result
o " 3t Days S R T
HHLDS0
MRCSU - - - - - - . -
Photinduced Toxicity Chemicals (in this case tautomers) without identified toxic
E“;lfw category are classified as “Not categorized” This is the
reason to exclude this category from the set of searched
Defined Categories =60 h a n a Iog ues
HProtozoa :
1. Highlight “"US-EPA New Chemical Categories ” 3. Select "Not categorized”
2. Click Define 4. Click arrow down to remove selected category

-
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QSAR TOOLBOX

Category Definition
Defining US-EPA New Chemical category

Ll E ? 5i60) ®® =
= al 1
QSAR TOOLBOX cl 10100 About Update
» Profiling ¥ Endpoint } Category Definition  » Data Gap Filling
Delete

e with me

[ ——— [Filter endpoint tre=... [ targen
Predefined
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Target(s) profies
Anilines (Acute toxicity)
‘General Mechanistic [m4s h
96 h
_%EIAnimalia 1
rHArthropoda (Invertebrates) J I 5 o
Chordata (Vertebrates) All profiles
Actinopterygii (Fish) Add Chlorides ~
Lepomis macrochirus :gﬂzggﬁemaaﬁams {Acute toxicity)
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HMollusca (Invertebrates) e =
L @Ratifera Combine profiles logically [Jinvert resft
L{H14 Days AND OR [strict
HHLDA0
“EMRCE0
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(HCiliatea
Tetrahymena pyriformis (111) M: 67.2(45.1:113) ...
Ll Indefined Fffect v

1. Category “Anilines” is used for further categorization
2. Click OK
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QSAR TOOLBOX

Category Definition
Defining US-EPA New Chemical category

— “digi
QSAR TOOLBOX h )
} Profiling } Endpoint } Category Definition  » Data Gap Filling

Categorize Delete

|1 [target]
2 BT
CHy
#
Structure O %
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48 h
96 h
ElAnimalia

rEArthropoda (Invertebrates)
Chordata (Vertebrates)
Actinopterygii (Fish)

Lepomis macrochirus

Warning X

Leuciscus idus _ VYou have selected different from target categories!
Pimephales promelas (112) M: 24.7 mg/L, 24.8... : Do you want to continue?

Poecilia reticulata

Undefined Test organisms (species)
HHMollusca (Invertebrates)

“fIRotifera

114 Days

HELD50 1
HHMRCS0

HEPhatoinduced Toxicity

HHPhysiology

A notification message informs you that you have selected different categories from those
of the target.

1. Select Yes

Ne Cancel
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QSAR TOOLBOX

Category Definition
Defining US-EPA New Chemical category

re— r— oo &8 =
QSAR TOOLBOX & 13 5 wh 10100 About Update

¥ Input » Profiling ¥ Endpoint b Category Definition  » Data Gap

Categorize Delete
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‘Fllher endpoint tree...

Structure

48 h

ESDS h
HlAnimalia

HEArthropoda (Invertebrates)
Chordata (Vertebrates)
Actinopterygii (Fish)

Lepomis macrochirus Define category name X

Leusiscus fdis Category name (322 chemicaks)
Pimephales promelas (1/2) M:24.7 mg/L. 24.8...
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“#14 Days 1
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HEPhysiology
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Defined Categories
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=ICiliophora
CCiliatea

Tetrahymena pyriformis (171) M- 67.2(451113)
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1. Click OK
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QSAR TOOLBOX

Category Definition
Analogues

* The Toolbox now identifies all chemicals represented as
tautomeric sets corresponding to the US-EPA classification of

“Anilines” which are listed in the databases selected under
“Endpoint”.

* 322 analogues(tautomeric sets) are identified. Along with the
target they form a category (Anilines) which can be used for
data gap filling.

Defined Categories

Document

* The name of the category appears
in the "Defined Categories” window,
along with the number of
substances belonging to the
category.
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QSAR TOOLBOX

Category Definition
Read data for Analogues

* The Toolbox automatically request the user to select the
endpoint that should be retrieved.

®* The user can either select the specific endpoint or by
default choose to retrieve data on all endpoints (see
below).

Read data? IEI

@ all endpoinks () Choose, .. || From Tautomers l J':'K J | x ':E'"":E||

e In this example, since only databases that contain
information for ecotoxicological endpoints are selected,
both options give the same results.

e As the Toolbox must search the database, this may take
some time.

The OECD QSAR Toolbox for Grouping Chemicals into Categories 15.07.2016 40



QSAR TOOLBOX

Category Definition
Read data for Analogues

Due to overlap between the Toolbox databases for intersecting chemicals the same
data may be found simultaneously. Data redundancies are identified and the user
has the opportunity to select either a single data value or all data values.

Repeated values for 242 data-peints, 329 groups, 133 chemicals - O ot
Data points...
Endpaint CAS Structure Value additional_comm a, Select one
NOEC 62-53-3 0,004 ma/L
@ . . ert
O NOEC f2-53-3 4 micrograms per liter
NOEC 95-51-2 . 0,032 ma/L Check Al
u| NOEC 95-51-2 @ 0.032mglL
Unched: Al
O MOEC 95-51-2 32 micrograms per liter
NOEC 95-76-1 ) 3.1 micrograms per liter MR
O MOEC 95-76-1 @c, 3. 1 micrograms per liter MR ¢
O MOEC 95-78-1 & 3. 1 micrograms per liter MR
o _ W Cancel
L4 >

1. Click Select one and then
2. Click OK
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QSAR TOOLBOX

Category Definition
Summary information for Analogues

m M s @8 ' X\ F:]
10100 About Update
¥ Endpoint } Category Definition  » Data Gap Filling

Delete

VFiter endpaint tree...
~ 311 mm M mm . Prm mm am B
Structure @@: @ @ @u <\@§ @ @)

HSubstance |dentity

[HPhysical Chemical Properties
"ng F:”'EZEM; = E tilggc a\lrati

HProfile

Available aquatic experimental data for the analogues represented
) as tautomeric sets appears on datamatrix. i
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QSAR TOOLBOX

Recap

®* You have identified a category (“anilines”) with the “"US-EPA
New Chemical Categories” profiler for the target chemical 4-
methyl-2-nitroaniline and its tautomeric forms

* The available experimental results for these 322 analogues
represented as tautomeric sets have been collected from the
selected databases (Aquatic ECETOC, Aquatic Japan MoE,
Aquatic USEPA ECOTOX, and Aquatic OASIS).

* But before the user can proceed with the “Filling Data Gap”
module, he/she should navigate through the endpoint tree
and find the specific gap that will be filled.
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QSAR TOOLBOX

Category Definition
Navigation through the endpoint tree

®* The user can navigate through the data tree by opening (or
closing) the nodes of the tree.

* The data tree is extensive but logically constructed; it can
be mastered with a practice.

® In this example, the "96 h LC50 Mortality for Pimephales
promelas” is the target endpoint.

®* You can navigate through the endpoint tree by typing the
species “Pimephales promelas” in the “Filter endpoint tree...”
box and double click on Aquatic Toxicity, Mortality, LC50, 96
h, Animalia, etc to Pimephales promelas - the specific
endpoint (see next screenshot)
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QSAR TOOLBOX

Category Definition
Navigation through the endpoint tree

‘ptmephales “ ‘1 [target] | ‘2 | |3 | |“ ‘ |5 | ‘7 | E ~
511 [mm mim mim [911M] @am 31
cpy Nz e L oy N s
p
Structure @7"“‘0 @ @ @—u @ @)
WFy a LA L1
[HSubstance Identity
Ecotoxicolagical Information _
I?E.t’-\guatlc Toxicity ;
HEIBehavior (3/14) M: 112{101:124) m...
HEDevelopment (419) M: =21 mg/L, =23 M: 0157 mg/L, 0.0_
HEGrowth (4/57) M: 61.1(50.7:72.1) ... M: 0.01 mg/L, 0.01...
FHIMortality
FHHECS0 (5/7) M: 10.8 mg/L, 9.37_
HELCOo1 (1) M: 0.215(4.61E-11...
FALC16 (1/4) M:03mg/ll, 19 .
FELC50
1 h (1/2)
FH3h (1/2)
6 h (1)
12 h (1M)
24 h (12/19) M: 100;180 mgiL, ... M: 9(7.5:11) mag/L....
48 h (11115) M- 65 mg/l, >135, M- 7(3 6.8 8) mg/l
HH72 h (3/3) M: =135 mg/L
196 h
=lAnimalia
Defined Categories ElChordata (Vertebrates)
ent - h
Pimephales promelas (79.1215][M: 247 mgil, 24.8... M: 75.5(68.4:83.4) ... M: 5.68(5.34:6.04) ... M: 8.06(7.26;8.95) ... M: 1.44E3 mg/L, 1... M: 158 mg/L, 171(... ]
5 Days (11) {=R-m i g
HH7 Days (2/2) M: 60.2(53.4:67.9) ... M: 0.35 mg/L v
< >

1. Type "Pimephales promelas” in the filter box, then press Enter
2. Open the tree to the target endpoint by single left click on the B sign
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QSAR TOOLBOX

Recap

®* You have now retrieved the available experimental data on
aquatic toxicity for 322 analogue chemicals of target and
its tautomeric forms classified as “anilines” by the “"US-
EPA New Chemical Categories” profiler.

* You have identified the target endpoint of 96 h LC50
Mortality for Pimephales promelas”.

* There is an experimental data for the investigated
endpoint, in our exercise we will try to reproduce the
experimental data taking into account tautomeric forms of
the target

®* You are ready to fill in the data gap so click on “"Data Gap
Filling” (see next screen shot).
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QSAR TOOLBOX

Outlook

* Background
* Objectives
* The exercise
* Workflow
* Input
* Profiling
* Endpoint
* Category definition

* Data Gap Filling
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QSAR TOOLBOX

Data Gap Filling
Apply Trend analysis

OSAR 1= & ] E
3 p D Repo
Data Gap Filing Met 2 pimephales [ target IB |l e | | I -
[811T] [ [1m [ [911m [m am [81[T]
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[HSubstance |dentity
?;comxico\ ical Information

Aquatic Toxicity

HHBehavior (3114) M: 112(1071:124) m...
\Deve\opmem (4/19) M: =21 mg/L, =23 M: 0157 mg/L, 0.0
HGrowth (4/57) M: 61.1(50.7:72.1) .. M: 0.01 mg/L, 0.01.
=IMgrtality
HEEEDR0 (5T) - -
e cos (1) There is an experimental data for the target,
e e we will try to reproduce it taking into account
= (112) tautomerism (to check experimental data)
HH3h (12)
@6 h (1)
HE12 h (M)
24 h 2100:180 mgiL, ... M: 9(7.5:11) mg/L....
—H48 h © 65 mg/l, =135, M: 7{3.6:8.8) mg/L. ..
FEH72 h
=196 h
(HAnimalia
IChordata (Vertebrates)
(—Actinopterygii (Fish)
Pimephales promelas ©755(684:834) . M:-568(534:6.04) . M:806(7.26:895) . M:1T44E3 mg/L. 1. M: 158 mg/L. 171( .
5 Days ( M: 5.91 mg/L
HEI7 Days (2/2) M: 60.2(53.4:67.9) .. M: 036 mg/L .
= >

1. Highlight the endpoint box corresponding to Pimephales promelas/LC50/96h under the target chemical.
2. Select Trend analysis
3. Click Apply
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QSAR TOOLBOX

Data Gap Filling
Results of Trend analysis

= H (67670) &8
QSAR TOOLBOX 2 T & 0100
» Profiling » Endpoint » Category Definition » Data Gap Filling

About Update

Filing The OECD Q!
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Nz H: L1 ‘a
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B < ey ey ™
Target Endpoint
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[T TPmephates pomeias —— (ro21) | EEETINEICH INTSSERS NSCHSSIEoN MSCSEESR M= Mo [sSmms——
>

Descriptors ||Predicﬁun | Adequacy Cumul, freq. | Statistics | Residuals |

sterygi

Accept prediction

Return to matrix
Trend analysis prediction of LC50,
making a linear approximation, based on 78 values from 78 analogue chemicals,

Observed target value: 24.7 mag/L, Predicted target value: 11.3 mg/L, Select/filter data
= ——
Model equation: LC50 = +3.73 +0.206 * log Kow feap g approach

Descriptors/data

]
o
=

= Set units in figure title

ES.UD Set axes ranges

= < Il members of chemical sets >

E, SShow all members of chemical se

Faoo Show confidence range

2 Show intercor| Show all members of chemical sets
E Informatio

3

)
=1
=)

Miscell. Shows all membar.s of chemical
sets (tautomers, mixture
components, etc.).

200

100 0.00 100 2.00 300 400 500 .00 @ PressF1 for more help.
log Kow

Descriptor ¥: | log Kow ~ ‘

Visualization of members of chemical sets is possible when click on 1. Visual options, then 2. Select Show
all members of chemical sets
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QSAR TOOLBOX

Data Gap Filling
Results of Trend analysis

- T &8 %) 8
QSAR TOOLBOX 6 C13 E o3t 10100

About Update
» Profiling * Endpoint » Category Definition » Data Gap Filling

Filling

#

Data Gap Filling Method pimephales |1 [target]

® Read-across [511T] mim Mim M [8110m [10m .
€y, Nz - N M =
DR e Structure Qnﬁo O @:u
® (Q)SAR models ° O
- @ ey Bey A e
Target Endpoint
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Descriptors “Predichun | Adequacy Cumul. freq. | Statistics | Residuals |

Accept prediction

Return to matrix
Trend analysis prediction of LC50,

making a linear approximation, based on 78 values from 78 analogue chemicals,

Observed target value: 24.7 mg/L, Predicted target value: 11.3 mg/L, Select/filter data

Selection navigation
Gap filling approach
Descriptors/data
Model/(Q)SAR
Calculation options
(= Visual options

Model equation: LC50 = +3.73 +0.206 * log Kow

-
=1
=

Set units in figure title

bl
=1
=

Set axes ranges
Show one point per chemical set

Show co ranm
Show one point per chemical set

bl
=
s

Show i

LC5® {obs.), log{1/moliL}

©

[/ TInforn  Hides| members of chemical sets

(tautomers, mixture components,
etc.) and shows the set as a
whole,

oo

@ PressF1 for more help.

Descriptor X: | log Kaw

All members of tautomeric sets are displayed on the graph.
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QSAR TOOLBOX

Data Gap Filling
Results of Trend analysis
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About Update
» Profiling » Endpoint » Category Definition » Data Gap Filling

Filling The OECD QSAR Toolbox
. for Grouping micals
¥ into Categories

Developed by LMC, Bulgari
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Descriptors “Predlchon | Adequacy Cumul, freq. ‘ Statistics ‘ Residuals |

Accept prediction

Return to matrix
Trend analysis prediction of LC50,

making a linear approximation, based on 213 values from 78 analogue chemicals,

Observed target values: 24.7, 24.8 mg/L, Predicted target value: 11.4 mg/L, Select/filter data &

Selection navigation
Gap filling approach 1
Descriptors/data

Model equation: LC50 = +3.59 +0.279 * log Kow

=) ion options
Data usage

]
o
=

Prediction approach options

Use target da; iction
Set level of
Sl 3 v

Set usage lemical:

4]
=}
5]

=
o
e

LC50 {obs.}, log{1/mollL)

&9
=1
=

@ al

Minimal
() Mandimal
O Aver,
(O Medial
log Kow O Lowel

(O Highes

g |

Descriptor X: | log Kow

OK Cancel

All observed data for chemicals in tautomeric sets could be used in trend analysis when 1. Open Calculation
options, then 2. Select Data usage and 3. Select All. Finally 4. Click OK
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QSAR TOOLBOX

Data Gap Filling
Results of Trend analysis

‘—I-l n'| g s8ex W8
10100 About Update
» Profiling ¥ Endpoint } Category Definition » Data Gap Filling

QSAR TOOLBOX

Filing The OECD QSAR Tcrnlbm(

#

Dats Gap Filling Method pimephales
® Read-across M1 - Mim - Mim . M1 . [41[1] e U] . . [51[1] - .
_ . o = c B hE
e Structure @ @c\ EOE @
® (Q)5AR models O Nzo n=o
LTS ° B & &
Target Endpeint
[TT T Prreoraes pomeis 27 MBS 215 MESTSTmaEN2ia M3 M marmm Marzscosmaiine Wt [IECEI e sl
< >
Descriptors ‘ I Prediction | Adequacy Cumul. freq. ‘ Statistics | Residuals | Accept prediction
Return to matrix
Trend analysis prediction of LC50,
ki li imation, based on 213 values from 78 anal hemical
" Qbserved target values: 24,7, 24.8 moiL, Predicted barget values 114 mojL, Select/fiter data
Selection navigation
Model equation: LC50 = +3.59 +0.279 * log Kow Gap filling approach
. Descriptors/data
Tautomers W|th|n tautomersm sets . - model(@sar
600 : : l ____________ L - Calculation options
‘ Data usage
g Prediction approach options
ES'DU """""""""""""""""" Use target data for prediction
=
§ Set level of significance
;4.00 I-I Visual options
3 Set units in figure title
% Set axes ranges
e P b=t e L bt A s St oo i et bbbl skl Show one point per chemical set
20} ‘ Dlstrlbutlon of tautomers within
T
-4.00 -3.00 -2.00 -1.00 0.00 1.00 2.00 3.00
o focused tautomeric set
Descriptor X:  |log Kow v ‘

All members of tautomeric sets are displayed on the graph and all experimental data is
taken into account.
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QSAR TOOLBOX

Data Gap Filling
Role of Subcategorisation

* Remember in the Toolbox, a category retrieved for tautomeric set refers to a
group of chemicals with its tautomeric forms which have same profiling result
according to one of the profilers listed in the module “Profiling”.

®* Subcategorisation refers to the process of applying additional profilers to the
previously defined category; subcategorization procedure can be applied on:

* Single chemical - eliminate chemicals having different categories than
those of the target

* Set of tautomers - eliminate tautomeric sets as a whole having different
categories than those of the target tautomeric set

* Tautomers within tautomeric set - eliminate specific tautomers within
tautomeric set, which have categories different than those of the target.

* Tllustration of subcategorization procedure is given on next three slides. The
aim of next three slides is to provide more detailed information on different
subcategorization procedures (it has illustrative character only and is not
related to our test case)
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QSAR TOOLBOX

Data Gap Filling

Role of Subcategorisation
Elimination of single chemical

Graphical Illustration

Features of the target: S; S

Features of analogue: S,

eg Bio
odeg primary

Refinement of category (Sub-categorization)

Analogues
74) Aldehydes (Acute toxici
15) Phenols (Acute toxic

Analogue has different features of the target:

haff-ife (Ka, pH

on 3t pH = 7.
at pH
in binding by
ein binding by
Protein binding
Superfragment:
4 1

Metsbolsm Transformat Analogue chemicals
|Do not account metab| h .
S ¢ S DD(\.:]ubI::;:EdM.:-Jmmahan n haVIng dlfferent
A T semueste  categories than those of
the target are removed

Example ot st il B —
CHO and C{ar e smiior (reifl | o
' ’
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QSAR TOOLBOX

Data Gap Filling

Role of Subcategorisation
Elimination of whole set of tautomers

Features of the target tautomeric set: S; -

Features of analogues (as tautomeric sets): S, Q

Refinement of category (Sub-categorization) Graphical Illustration

Analogue represented as [ m———
tautomeric set has different ; 1
features of the target:

EcinotongiFen) (n————
ton | Adeauacy | Cum. freq. | stausics | Resduaks |
Model equation: LC50 = +3.94 +0.111 * log Kow
SA i ST l.'.l-.' ° @ O ° s ®
Analogue sets having LRSS P oie
H : ebae® o ® e * e e
different categories of the PR e
target are removed (the |p=eece e i P
. - -
Example - CHO and| whole set is removed) TS P H R
3 TE . @
C{ar} - e
S 1
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QSAR TOOLBOX

Data Gap Filling

Role of Subcategorisation
Eliminating of single tautomers from from a tautomeric sets
(Apply filter functionality)

Features of the target tautomeric set: S; -

Features of analogues (as tautomeric sets): S,

Refinement of category (Sub-categorization) Graphical Illustration
C ) w w1 T

Tautomers within tautomeric
sets have different features
of the target:

L@ActinopterygiifFish)

g n 3
A 08-76-9 [cAs# 708-76-9 [CAS#708-76-9 [CAS# 708-76-9 [cAs# 708-76-9
Baction | Adequscy | Cumu. freq - -

Tautomeric set of Tautomeric set of

— D\ P Y —
target analogue . | S| S Ao
e M) .
. ® .
Tautomer from tautomeric set ~ __l.-—‘-t-;'i'T(‘
. . . . " [She
having different categories is P .3' ‘i *°
removed o2 :" & e
- -
o This tautomeric form is
SA 7+ ST L categorized as phenol and is
‘7R Bldshyrsc [Arits tovicibd ¢ ANDS Nt catennrized (11S-FRA Neaw Chemical Catannriech Nata nan fillina removed from taUtomeriC Set
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QSAR TOOLBOX

Data Gap Filling
Subcategorisation

Back to our case study

* In our example, the following subcategorizations are applied in order
to eliminate dissimilar tautomeric sets:

- Substance type

The categorisation based on substance type allows keeping
among the analogues only those that are of the same chemical
type: discrete chemicals, mixtures, polymers, inorganics,
organometalics. The current target represented as tautomeric set
include discrete chemicals only. Hence the analogues (tautomeric
sets) should also be discrete chemicals.

- Aguatic toxicity classification by ECOSAR

The categorization based on mode of action identifies analogues
(in this case tautomeric sets) having the same mode of action as
the target (i.e phenols and anilines). The analogues (tautomeric
sets) having different categories should be eliminated.

Cont’d on next slide
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QSAR TOOLBOX

Data Gap Filling
Subcategorisation

* In this example, the following subcategorizations is applied in order to
eliminate dissimilar tautomeric sets

- Chemical elements

The categorisation based on Chemical elements allows keeping
among the analogues (tautomeric sets) only those that have
same chemical elements as the target tautomeric sets.

Subcategorisation steps are demonstrated on the next 4 screen shots.
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QSAR TOOLBOX

Metabolism/Transformations
Do not account metabolism
Documented
Observed Mammalian metabo
erved Microbial meta
In vivo metabo

Adjust options

arge
Discrete chermical

I Correfation
alogue

72) Discrete chemical
(5) Dissociating chemical
6) Mixture

{1 Select different /N

Data Gap Filling
Subcategorisation by Substance type

(|
[

[t iargst

o

[511[1

ales promelas

e o, onE

A

a e

T [T M TS S6SAE4) . M SSUEIE 00 M.B0ST2695) .. M. 1HMEI gL, 1. M 189 gl T M A75 mgL32E. M.
>

U

uacy | Cumul, freg. | Statistics | Residuals ‘

Trend analysis prediction of LC50,
making a linear approsimation, based on 213 values from 78 analogue chemicals,
Observed target values: 24,7, 24.8 mg/L, Predicted target value;: 11.4 mg/L,

Model equation: LC50 = +3.59 +0.279 * log Kow

BN

[«

Accept prediction
Return to matrix

\_| Select/filter data

Subcategorize )

Mark chemicals by W5
Mark chemicals by descriptor value
Mark outlier points
Filter points by test conditions
Mark focused chemical
Mark focused points
Invert existing marks
Remove marked chemicalspoints
Clear existing marks
Selection navigation
Gap filling approach
Descriptors/data
Model/(Q)SAR
[=1G ion options

log Kow

' Remove 7

Data usage
Prediction approach options
Use target data for prediction

Set level of significance

1.Click Subcategorize 2. Select Substance type 3. Click Remove to eliminate
dissimilar tautomeric sets (the whole set is removed)
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QSAR TOOLBOX

Data Gap Filling

Result of Subcategorisation by Substance type

©

}» Profiling
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» Endpoint

QSAR TOOLBOX

} Category Definition

Filling

¥

» Data Gap Filling
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About Update

Data Gap Filing Method pimephales ‘1 [targef] | |2 | ‘3 ‘ |4 | |5
@ Read-across [51 [T] [m nm (111 91M nrm . M1
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@ (Q)SAR models ° )
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< >

Pimeph Desaiptors ||Pred\chon | Adequacy ‘ Cumul, freg. ‘

Statistics ‘ Residuals |

6.00 1

"
=
=

4.00

LC50 {obs.), log{1imolL}

300

200

Trend analysis prediction of LC50,

making a linear approsimation, based on 193 values from 67 analogue chemicals,

Observed target values: 24.7, 24.8 mg/L, Predicted target value: 13.5 mg/L,

Model equation: LC50 = +3.20 +0.445 * log Kow

Descriptor X:  log Kow

log Kow

Accept prediction

Return to matrix

= select/filter data
| .

Mark chemicals by WS

Mark chemicals by descriptor value
Mark outlier points
Filter points by test conditions
Mark focused chemical
Mark focused points
Gap filling approach
Descriptors/data
Model/(Q)SAR
= Calculation options
Data usage
Prediction approach options
Use target data for prediction
Set level of significance
Visual options
Information
Miscellaneous
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Data Gap Filling

Subcategorisation by Aquatic toxicity classification by

&

S

» Category Definition

ECOSA

Grouping methods
halfife (pH 6.5
atpH=1

Ionization at pH = 4

B Apply as fitter

Adjust options I

Target

Aniines (Unhindered)
Mot Related to an Existing ECOSAR Class

o1
10100

» Data Gap Filling

B

» Endpoint

tein binding by O

6 8 ~

About Update

Protein binding potency
[t targe

Differ from target by:
O At least one ca

@ Al categories § @
o 1)

I Correltion

Analogues

(1) Acid moiety
1) Acrylamides

dos promaias  (60/195) [ENEITINERN M- TE5E84:832) .. M: SE8(5.34,6.04) .. [M: 8060 268.96) .. M: 1.M4ET mplL, 1. M: 158 mglL, 171{...| M- 176 mgll, 326.| M,
>

o hg

(16) Aliphatic Amines
(1) Amides

quacy | Cumul. freq. | Statitics | Resicusls |

Trend analysis prediction of LC50,

making a linear approsimation, based on 193 values from 67 analogue chemicals,
%% Es;!z’i: Alcohols Observed target values: 24.7, 24.8 ma/L, Predicted target value: 13.5 mg/L,
(1) Hydroquinones

1) Nitro Alc

22) Not Related to an Existing ECOSAR Ck
(3) Phenol Amines
3) Phenols
(1) Phenols, Poly
(11) Polynitroal
(1) Quinones

(9) VinylfAllyl Alcohols
5) Vinyl/Allyl Ethers
2) Vinyl/Allyl Halides
(8) vinylfallyl Ketones
1) Vinyl/Allyl Nitriles

Model equation: LC50 = +3.20 +0.445 * log Kow

es

Metaby Transformatior
Do not account metabolism
Documented
ed Marr
ed Microbial metal 1
netabol
mefta

T
200
log Kow

m Select different
Y ' Remove -

Accept prediction
Return to matrix

Select/filter data ~
Subcategorize >

Mark chemicals by W5

Mark chemicals by descriptor value
Mark outlier points

Filter points by test conditions
Mark focused chemical

Mark focused points

Invert existing marks

Remove marked chemicals /paints

Clear existing marks
Selection navigation
Gap filling approach
Descriptors/data
HModel{(Q)SAR
[-| Calculation options

Data usage

Prediction approach options

Use target data for prediction

Set level of significance W
1. Click Subcategorize 2. Select Aquatic toxicity classification by ECOSAR
3. Click Remove to eliminate dissimilar tautomeric sets (the whole set is removed)
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Result of Subcategorisation by Aquatic toxicity
classification by ECOSAR

SR T W Apply as fitter I fgie10" ® e
for00

About Update
SELIEEEYEE ] » Endpoint » Category Definition » Data Gap

Target

Aniines (Unhindered)
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Differ from target by:
O At least one cate
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iH Correlation

Ionization at pH
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Ionization at pH

ization at pH

Analogues
(32) Aniines (Unhindered)
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ales promeles ove5) (CEERITIRPTIN M: T55(G04:834)... M 568(5.346.04] .. M: 8.06(7.25:8.95) .. M: 168 mgL, 171(... M:1.76 mglL, 3.20..| M: 313 mgl 1a(7-.| M|,
>

quacy | Cumul. freg. ‘ Statistics | Residuals |

Accept prediction

in binding
Protein binding Return to matrix
in binding Trend analysis prediction of LC50,
making a linear approsimation, based on 93 values from 32 analogue chemicals, E [filter data

Ultimate biodeg
Endpoint Specific
Acute aguatic t
Acute aguatic t

Metabolism/Transformati
Do not account metabolism

ved Mammalian metabol

ved Microbial meta
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L Select different

Dbserved target values: 24.7, 24.8 mg/L, Predicted target value: 24.4 mg/L,

Model equation: LC50 = +2.29 +0.784 * log Kow

' Remove

log Kow

15.07.2016

Mark chemicals by W5

Mark chemicals by descriptor value
Mark outlier points

Filter points by test conditions
Mark focused chemical

Mark focused points

Descriptors/data
Model/(Q)SAR
|-/ Calculation options
Data usage
Prediction approach options
Use target data for prediction

Set level of significance

1+ Visual options

62



QSAR TOOLBOX

Data Gap Filling
Subcategorisation by Chemical elements

" 2 — i
Grouping methods B Apply as fiter ‘Gio10" L
Acute aqua C ?&lm’}

) ) About Update
AL ey ] » Endpoint » Category Definition » Data Gap Filling

ioaccurnulation - metabol Target
degradation fragmen Group 14 - Carbon C
cinogenicity (geno Group 15 - Nitrogen N
Group 16 - Oxygen O

|1 target]

Differ from target b 51171
O At least
® Al cate

Protein binding alerts for { BT TR I
PRET ITTEER (32) Group 14 - Carban C gty (33/95) _ T mgil, 24.8... _ _ _ . )
>

(32) Group 15 - Nitrogen M
4

o

LR

{1) Group 17 - Halogens Br uacy | Cumul. freq. | Statistics | Residuals | Accept prediction
(14) Group 17 - Halogens Cl Return to matrix

Trend analysis prediction of LC50,
making a linear approsimation, based on 93 values from 32 analogue chemicals,
Observed target values: 24.7, 24.8 mg/L, Predicted target value: 24.4 mg/L, 1= Selectffilter data

Groups of elements Model equation: LC50 = +2.29 +0.784 * log Kow |

Lipinski Rule Oas Mark chemicals by W35
Organic Functiona
Organic Functiona
Organic functional Mark outlier paints

Filter points by test conditions

Mark chemicals by descriptor value

Mark focused chemical

Mark focused points

Invert existing marks

Remove marked chemicals/points

Observed Microbial metab
rved Rat In vivo met: Clear existing marks

Gap filling approach

Descriptors/data

Model/(Q)SAR

i~ Caleulation options

Selected 19 (1 1 ¢ L ¢ Data usage

{11 select different lonlkow

’ Remove I

Prediction approach options

Use target data for prediction

tlaval of o

<

1. Select Chemical elements
2. Click Remove to eliminate dissimilar tautomeric sets (the whole set is removed)
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Grouping methods
Superfragments

ication
hazard classification
Ultirmate biodeg
Endpoint Spedi
Acute aguatic t
Acute aguatic t

Eye irrit;
Eye it

Protein binding alerts for §
Protein binding alert:

Metabolism/Transformations
Do not account metabolism
Documented
Observed Mammalian metabol
ved Microbial metabolisny
ed Rat In

B Apply as fitter

Adjust options

Target

Group 14 - Carbon C
Group 15 - Nitrogen N
Group 16 - Oxygen O

Differ from target
O At least one cateqe
® Al categories

i Correlation

Analogues
(13) Group 14 - Carbon C
(13) Group 15 - Mitrogen N
(4) Group 16 - Oxygen O

L select different

Data Gap Filling
Result of Subcategorisation

&) T

] » Endpoint » Category Definition

o1
10100

» Data Gap Filling

by Chemical elements

® 8 %

About Update

[t arget

511

Hy

ales promelas (14103 [(HERITIRPTI M: T5.5(604:834) .. M 158 mlL, 171(... M:125(110:142) m... M: 00614 mpL, O... M: 298 mgl, 28(..| M>20mgl | Mi|,
>

quacy | Cumul. freq. ‘ Statistics | Residuals |

Model equation:

Trend analysis prediction of LC50,
making a linear approximation, based on 41 values from 13 analogue chemicals,
Dbserved target values: 24.7, 24.8 mg/L, Predicted target value: 46.3 mg/L,

LC50 = +2.04 +0.771 * log Kow

log Kow

Accept prediction

Return to matrix

= Select/filter data
‘ Y .

Mark chemicals by WS

Mark chemicals by descriptor value
Mark outlier points
Filter points by test conditions
Mark focused chemical
Mark focused points
Gap filling approach
Descriptors/data
Model/(Q)SAR
(= Calculation options
Data usage
Prediction approach options
Use target data for prediction
Set level of significance
Visual options
Information
Miscellaneous
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QSAR TOOLBOX

Data Gap Filling
Side-Bar of Subcategorisation

The last subcategorisation procedure eliminates unstable tautomeric
forms from given tautomeric sets. This elimination is possible with
respect to

- Tautomers unstable profiler

The categorisation based on Tautomers unstable allows keeping
among the set of analogues only those thautomeric forms that
are stable. For toxic effects conditioned by less specific
interactions (such as mortality, growth inhibition, immobilization,
etc.) the stable tautomeric forms appear to be the dominant
toxicants. The tautomeric sets of target chemical and analogues
include stable and unstable tautomeric forms. Based on the
above recommendation the set of analogues and the target
should contain only stable tautomeric forms. In this respect
filtering the tautomeric sets should be applied. (“Apply filter
option” should be selected)

See next two slides
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Grouping
DART sche
DNA alerts v C
DMA alerts for CA and MN
Eye irritation/corrosion Ex
Eye irritation/corrosion Ing
in vitro mutagenicity (Amd
in vivo mutagenicity (Micrd
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Protein binding alerts for {
Protein binding alerts for 4
Respiratory sensitisation
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rtER Expert System ver.1l
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Empiric
Chemical elements
Groups of elements
Lipinski Rule Oasis
Organic Functional g
Organic Functional g
Organic functiona)
Organic functio4a gr
structural simitarity

Nuionlnaical

Repeated dose (HESS)
Experimental

Endpoint Data

Metabolism/Transformations
Do not account metabolism
Documented
Observed Mammalian metabol
Observed Microbial metabolis:
Observed Rat In vivo metabol
Observed Rat Liver 59 metal
Simulated
Autoxidation simulator
Autoxidation simufator (akalin
Dissociation simulation
Hydrolysis simulator (acidic)
Hydrolysis simulator (ba
Hydrolysis simulator (neutral)

in vivo Rat metabolism simulatj

e —
Apply as filter

——
= Adjust options i

Target

Aci-nitro form A
Cyclohexadienimines form - 1,3-H shift
Cyclohexadienimines form - 1,5-H shift

Imine form - 1,3-H shift
Tmino frarm _ 1 S U chift
<

Data Gap Filling
Subcategorization by Tautomers unstable

w

» Category Definition

B

» Endpoint

01 1
10100
» Data Gap Filling

686 %
About Update

The OECD QSAR Toolbox
for Grou micals
Into Categori

Developed by

Differ from target by:
O At least one category
® Al ategories

Analogues
(2) Aci-nitro form

tautomers in a
category bin

(2) Cyclohexadienimines form - 1,3

|[1 arget | [z2 |ES | [z8
L] nim Mmm nm nim mm
: Number of @H @ @ Rkb %_@ %
s g o

A7 ol 24 8. JIREICER L P R L P B LS L | RO B ) TR T e i S L
>

(2) Cyclohexadienimines form -
Imine form - 1,3-H shi

iquacy | Cumul, freq. | Statistics | Residuals |

Imine form - 1,5-H shj
) Stable form

Trend analysis prediction of LC50,
making a linear approsimation, based on 41 values from 13 analogue chemicals,
Observed target values: 24,7, 24.8 ma,L, Predicted target value: 46.3 mg,/L,

Model equation: LCS0 = +2.04 +0.771 * log Kow

m Select different

' Remove

log Kow

Accept prediction
Return to matrix

1= Selectffilter data

Subcategorize

Mark chemicals by WS

Mark chemicals by descriptor value

Mark outlier points

Filter points by test conditions

Mark focused chemical

Mark focused points
Selection navigation
Gap filling approach
Descriptors/data
Model/(Q)SAR
I~ Calculation options

Data usage

Prediction approach options

Use target data for prediction

Set level of significance
Visual options
Inf b
Miscellaneous

1. Select Tautomers unstable profiler
In this case both tautomeric sets of target and analogues have same unstable tautomeric forms. The user should
manually select unstable tautomeric forms in order to remove them, because from the system's point of view all
labels are equal and the system cannot prefer the label "stable" to other (unstable ones). (see next slide)

2. Check Apply as filter
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Data Gap Filling
Subcategorization by Tautomers unstable

. Z &
Grouping methods Apply as filter o760 ® 0~
DART schem ?Jm‘;

3 3 About Update
i Adjust options =
Rt AR RSO » catn cap riing

S =1 The OECD QSAR Toolbox
Cydohexadienimines form - 1,5-H shiJ for Grouping Chemicals
Imine form - 1,3-H shift into Categori

Stable form ad by LMC, Bulgaria

i Primary [ targety | [2s
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Empiric (2) Aci-nitro form

TN EESETE R S R (AR
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E%; %Cnl‘;h;‘x:gieqi’g"heigﬁm et llaacy | cumil. freq. | Statistis | Residuaks | s prerhTan
-1,3Hs
Organic Functional group: 2) Imine form - 15-H shift Return to matrix
Organic Functional (13) stable form Trend analysis prediction of LC50,
” ] making a linear approzimation, based on 41 values from 13 analogue chemicals,
:g[g:::::z ;:j’:;_r ::::} g ::jgi Observed target values: 24.7’, 24.8 mg,/L, Predicted target value: 46.3 mg/L, "

Structural similarity Model equation: LC50 = +2.04 +0.771 * log Kow

Sk o S L iHooreaion |
in irritation = IH correlation
in irrita Analogues cics promelas e S—

I-I Select/filter data ~
Subcategorize
Mark chemicals by WS

Toxicological o
Repeated dose (HE:
Experimental Mark outlier points

Endpoint Data Filter points by test conditions

__________________ Mark chemicals by descriptor value

Mark focused chemical
Metabolism/Transformations

— Mark focused points
Do not account metabolism

Invert existing marks
Remove marked chemicals/points
Clear existing marks
Selection navigation
Gap filling approach
Descriptors/data
Model/(Q)SAR
1=/ Calculation options
Data usage

log Kow

{1 select different
' Remove Z

Prediction approach options

Use target data for prediction

Set level of significance ()

3. Hold Ctrl button and select unstable forms from the target tautomeric set, then the system
automatically will select unstable tautomeric forms from analogues sets
4. Click Remove to eliminate dissimilar tautomers from tautomeric sets
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Result of Subcategorisation by Tautomers unstable
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Trend analysis prediction of LC50,
making a linear approximation, based on 41 values from 13 analogue chemicals,
Observed target values: 24.7, 24.8 mg/L, Predicted target value: 15.6 mg/L, -l Select/filter data

| Subcategarize

Model equation: LC50 = +1.97 +0.785 * log Kow

Mark chemicals by WS

Mark chemicals by descriptor value
Mark outlier paints

Filter points by test conditions

Mark focused chemical
Metabolism/Transformations e
Do not account metabolism - —
Documented Selection navigation
Observed Mammalian metabol Gap filling approach
Observed Mi Descriptors/data
Observed Rat In 1 Model/(Q)SAR
Observed Rat Liver = Calculation options
Data usage
Prediction approach options
Use target data for prediction
3) Set level of significance
m Select different log Kow Visual options
R Information
emove i

1. Accept prediction
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Cumulated frequency
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QSAR TOOLBOX G 10100 (e (oot

» Profiling ¥ Endpoint » Category Definition } Data Gap Filling

Filing
¥ into Categories
Developed by LMC,
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a5 Mark chemicals by descriptor value
an Mark outlier points
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% e Mark focused chemical
E B0 Mark focused points
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20 Prediction approach options
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- Use target data for prediction
5 Set level of significance
1] Visual options
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1. 95% of residuals are in the range of experimental error
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Adjuste T > o o | i
Coefficient of determination - leave one out, {Q2) 0.951 Mark chemicals by WS
Coeffident of correlation for external set, (r2) - =
Sum of squared residuals, (S5R) 2,51 Mark chemicals by desariptor value
Standard deviation of residuals, (sN) - Mark outlier points
Sample standard deviation of residuals, (s) 0.253 Fitter points by test conditions
Fisher function, (F) 842 -
Fisher threshold for statistical significance, {Fa) 5.75 Mark focused chemical
Mark focused points
lecti —=
bo Gap filling approach
- model descriptar Intercept D iptors/dat
- CUE:. value tlégzs Model/(Q)SAR
—o.oe..range . - Calculation opti
- significance Yes
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Prediction approach options
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- model descriptor log Kow
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1. Coefficient of determination is high
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QSAR TOOLBOX

Data Gap Filling

Summary on implementation of tautomers in
trend analysis

« For toxic effects conditioned by less specific interactions
(such as mortality, growth inhibition, immobilization, etc.)
the stable tautomeric forms appear to be the dominant

toxicants.

« Recommendation: to use the most stable tautomers for
representation of the chemicals
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Outlook

* Background
* Objectives
* The exercise
* Workflow
* Input
* Profiling
* Endpoint
* Category definition
* Data Gap Filling
* Report
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} Profiling } Endpoint } Category Definition » Data Gap Filling

The OECD QSAR Toolbox

Filing I
fo micals

¥

Apaly

\1 [target]

o1 nm rm nrm Brm mm @am

Data Gap Filing Method ||umephales

@ Read-across

Q Trend analysis Structure @7{ @ @c @ O
@ (Q)SAR models %
L. [4 ey LER
Target Endpoint
HE3 h (1/2)
6 h (1)
HE12 h (11)
HH24 h (12119) M: 100;180 mag/L, .. M: 9(7.5:11) malL,...
HE48 h (1115) M: 65 mg/L, =135... M: 7(3.6;8.8) mg/L...
HET2 h (313) M: =135 mg/L

196 h

HAnimalia

[HChordata (Vertebrates)
HActinopterygii (Fish)

T TIN5 6(66.4:63.4) . M: 5.66(5.34:6.04) . M: 8.06(7.26:8.95) . M: 1.44E3 mgiL, 1. M: 158 mg/lL, 71{...

Pimephales promelas (79/2(6) T 15.6(4.949 7\ m
M5 Days (1) opy M: 5.91 mg/lL
HHT7 Days (2/2) Explain M: 0.35 mg/L
Le21 Days (11) e M: 0.41(033:0.7) ..
HELCa4 (1/4) M: 0.62 mg/L, 17 ..
LELOEC () REPRYPIECtD M: 0.034 mgiL, 0.0...
L ELOEL (112) A Bolsin predictio M- 0.0016 mg/L, 0
HELTS0 (2114) Edit prediction ini
FHEIMATC (4/9) Report M: 0.0014 mg/L. 0....
HENOEC (4/10) 5 M: 0.02 mgiL, 0.02...
LENOEL (113) [/ RIUCEDS M: 0.0011 mglL. 0....
FHENR-LETH (5/6) M: 0.157 mg/L
LENRZERD (33)
HHPopulation (1/4) M: 0.026 mg/L, 0.0... v
4 >

1. Click on the cell with prediction
2. Perform Right click and Select Report
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About Update

Reports Repository The OECD QSAR Toolbox
- ~ i = for Grouping Chemicals
= L g into Categori

Print Update Developed by LMC, Bulga

Available data to repart Prediction [1]
Predictions
(Q)5ARs
Categories

Prediction of LC50 for benzenamine, 4-methyl-2-nitro-

QSAR Toolbox prediction based on trend analysis

Available report templates

Standard (predefined) 1 Prediction of LC50 for benzenamine, 4-methyl-2-nitro-

Custom (user defined)
Editab

Toxicity of the target chemical (15.6 mag/L) is predicted from category members using trend analysis based

on 41 values within the range 0.0614 - 171 mg/L from 13 category members. Category members are set of
tautomers and are selected based on the profile of the target chemical and/or its tautomers. Only chemicals
having experimental data are listed in the category.

The target set of tautomers FALLS within applicability domain of the prediction (see Section 4.3 for details).

The descriptor values for the target chemical and the category members in case they are set of
tautomers, set of metabolites or mixtures are calculated using the following rule(s):

1. "log Kow" - taking the weighted average value

The data used for calculating the current prediction is taken from 41 experimental values selected from
the following database(s):
1. Aquatic OASIS

2. ECOTOX
<

show only relevant templates Below is @ summary table for endpoint & descriptor values for the target set of tautomers and the first 10 v

1. Summary information for tautomer prediction
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Reports Repository

Available data to report
Predictions
(Q)SARs
Categories Mot applicable

. Model version:

e. Reference to QMRF:
Mot applicable

-

. Input for prediction (target chemical):
SMILES

g. Descriptor and endpoint values for target chemical (if applicable):

Descriptor(s)
— e log Kow 2,57
wailable report templates ~ -
End t (dep. bl
Standard (predefined) point (dep. variable)
Ecotoxicological Information; 24.7 mg/l
Aquatic Toxicity 24.8 mg/L

=

. Additional chemicals eliminations (not determined by domain):

Not available

. Additional data eliminations (not determined by domain):

Not available

. Predicted value (model result):
15.6 mag/L

nments): manually edtable field

Mot provided by the user

4.3. Applicability domain (OECD Principle 3):

The target set of tautomers FALLS within applicability domain
(see Section 3.1.b for detailed description of the domain)

| show only relevant templates

1. Predicted value

The OECD QSAR Toolbox for Grouping Chemicals into Categories 15.07.2016 76



QSAR TOOLBOX

Report

s -T 3670 e “ce8®e\E
QSAR TOOLBOX Tz E i 10100 E| shout Update

¥ Profiling ¥ Endpoint ¥ Category Definition  » Data Gap Filling ¥ Report

Reports Repository

&

Available data to report Prediction [1] ‘
Predictions
(Q)SARs
Categories

NOT
{
2
4.4. Uncertainty of the prediction (OECD Principle 4): manualy edtable feld
Adequacy of prediction
< > [res———
show only relevant templates Wsdel ittt Lv €336 Radi 0933 70223 v

1. Applicability domain
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Available data to report Prediction [1] |

Predictions
(Q)sARs
Categories
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QSAR Toolbox prediction based on trend analysis

Prediction of LC50 for benzenamine, 4-methyl-2-nitro-

APPENDIX 7 - Chemical components

1

Tautomer No.1 of target chemical:

1. CAS number:
89-62-3

2. Other regulatory numbers:
Not reported

3. Chemical name(s):

Mot available

4. Structural formula:

< ke CHs

show only relevant templates ~ e
1. Additional information indicates which tautomer is used in trend analysis

The OECD QSAR Toolbox for Grouping Chemicals into Categories 15.07.2016 78



QSAR TOOLBOX

Outlook
* Background
* Objectives
* The exercise
* Workflow

* Save the prediction
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Saving the prediction result

* This functionality allow storing/restoring the current
state of Toolbox documents including loaded chemicals,
experimental data, profiles, predictions etc, on the
same computer. The functionality is implemented based
on saving the sequence of actions that led to the
current state of the Toolbox document and later
executing these actions in the same sequence in order
to get the same result(s).

* Saving/Loading the file with TB prediction is shown on
next screenshots
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Saving the prediction result

‘-I—‘ o1 1 <8 Q N
QSAR TOOLBOX [N ] 5 10100 About Update
» Profiling » Endpoint » Category Definition » Data Gap Fi

Reports

)
L ]

Brint 7 « Backup > TOOLBOX 4.0

s Toolbox 34 : 5.07.2016 ~ O Search 5.07.2016 »

Available data to report

Organize « MNew folder

Predictions " g
(Q)SARs Stephanie ™ [Name Date modified Type Size
Categories
Stoeva [ Totorial 15.tbw 9/201611:31 AM  TBW il 68 KB -
; ) n trend analysis
Stoyan [ Totorial 16.tbw f2016 1118 AM T
Strive D Totorial 23.thw TBW File 62 KB
Template -methyl-2-nitro-
Terminolog
Terry SCHUI
TOOLBOX 4 ponents
Toolbox 3.
Available report templates A4.07.201¢
Standard (predefined)
5.07.201¢ ¥
File name: | Totorial 14.thw 2
Save as type: | Toolbox work file (*.thw)
~ Hide Folders

2. Other regulatory numbers:
Mot reported

3. chemical name(s):

Not available

4. Structural formula:

2 CHy
show only relevant templates

1. Click on Save button; 2. Define name of the file; 3. Click Save
button
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Open saved file

F m
oW &)l h oy

» Input ' Profiling » Endpoint » Category Definition  » Data Gap Filling

Select file

™ <« Backup » TOOLBOX40 » Toolbox3.4 » 507.2016

Search 5.07.

v 0

Do) Organize + Mew folder
= nm
Solution pre *  Mame Date medified Type Size N Ay
Stephanie | ] Totorial 14:tbw 7/14/2016 1236 PM  TBW File 277 KB @" @é @
Stoeva D Totorial 15.tbw 01611:31 AM  TBW File 68 KB o ey ey
Stoyan D Totorial 16.tbw 01611:18 AM  TBW File 598 KB
Strive [ Totorial 23:tbw 2016243 PM  TBW File 62 KB
Template
Termincleg M: 9(7.5:11) mg/L....
Terry SCHUI M: 7(3.6:8.8) mg/L_.
TOOLBOX 4
Toolbox 3.
4.07.201¢
5.07.201€
14 nc nm N
. M:8.06(7.26,8.95) ... M:1.44E3 mg/L. 1... M: 158 mg/L, 171(...
File name: | Totorial 14.thw ~| | Toolbox work file (*.tbw) ~
4 M: 5.91 mgiL
Oper
) M: 0.35 mg/L
| LH21 Days (1) 3 M: 0.41(0.33:0.7) ...
Celoec(M)c(N(=0)=0)c1 LELCsd (114) M- 0.62 mg/L, 17
rELOEC (37 M: 23.2 mg/l, 2.36... M: 0.034 mg/L, 0.0...
FEILOEL (1/2) M: 0.0016 mg/L, 0.
HELTEO (214)
FEIMATC (4/9) M: 19 mg/L. 2.1 .. M: 0.0014 mg/L, 0....
HEINOEC (4110) M: 167 mg/l, 2.1 . M: 0.02 mg/L, 0.02...
FENOEL (1/3) M: 0.0011 mg/L, 0....
g M: 0157 mg/L
IR LET &
“ENR-ZERO (3/3)
|:| e " v .
< >

Once the file has been saved 1. Go to Input; 2. Click
Open; 3. Find and select file; 4. Click Open
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Open saved file

<
D
[

Filter endpoint tree...

Read from DB...
||

Celeco(N)c(N(=0)=0)cl

..... lect filter type .. ~ Apply

|

Loading file "Totorial 14.tbw” ... !

During loading a file and reproducing steps of the prediction an indication message
appears (1)
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Open saved file

co®\nm

QSAR TOOLBOX

Document

i
Colooo(M)c{N({=0)=0)c1

When the process finish a message appears. Click OK to close it (1)

» Profiling » Endpoint

Single Chemical

&

» Category Definition

o1 1
10100
» Data Gap Filling

Chemical List

© Al

E]

» Report

Component Mode

About Update

HHuman Health Hazards

EHProfile

H=1Predefined

— OECD HPV Chemical Categories

—US-EPA Mew Chemical Categories
HZEndpoint Specific

— Acute aguatic toxicity classification by

— Acute aguatic toxicity MOA by OASIS

H=Empiric

— Organic Functional groups

— Aguatic toxicity classification by ECOSAR

M
(299/5726) 145 6(4.9.49.7) m...

Information

@ The file was executed successfully
ar

Basesuriace narco. -
Phenals and Anilines
Reactive unspecified
Anilines (Unhindered)
Mot Related to an ...

Alkyl arenes

Allyl

Aniline

Aryl

Cyclo conjugated ...
Cycloalkene
Ketimine

Mitro aliphatic

Mitro aliphatic con._.

:F\Iber endpaint tree... |1 [target]
[51 7] i UL i 9117] nm L
B NHz NH: @ L o me
Structure @nﬁ’: <O> @ @—cu @
£ @ by
[set] [T] [has pred] [has 1 group{s)]Cclccc(N)c(N
[EHSubstance Identity _
[EPhysical Chemical Properties
FHEnvironmental Fate and Transport
MEcotoxicological Information c24 7 mg/L, 2480 M: 0.004 mg/L, 0.0.. M:0.032 mg/L. 0.1.. M: 0.001 mg/L, 0.0... M: 845 mg/L. 1.44 . M- 1.29
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