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What is a Chemical of Concern?
A chemical of concern displays one or more of the following traits:

— Carcinogenicity, mutagenicity, reproductive or developmental toxicity
— Potential concern for children’s health
— Used in children’s products

— Neurotoxic

Human Health

— Persistent, bioaccumulative, and toxic (PBT)

— Very persistent or very bioaccumulative in the environment (vPvB)

— Very persistent and Toxic (VPT)

— Ozone depleting

— Detected in biomonitoring programs Environmental Health

Chemicals of concern are challenging to phase out:

— Switching to a chemical with unknown hazards may result in a chemical
that is more hazardous
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What is a Benéhmark-l Chemical?

Benchmark-1 (BM-1) chemicals are defined as chemicals of high concern to human
health and the environment based on high or very high endpoint-specific rankings
® Organic BM-1 chemicals are further classified into five subclasses BM-1A, BM-1B, BM-1C,
BM-1D, and/or BM-1E, based on a chemical’s hazard characteristics
GREENSCREEN BENCHMARK-1

a. PBT =High P + High B + [very High T (Ecotoxicity or Group |l Human)
or High T (Group | or II* Humanj)
b. vPvB =very High P + very High B

¢. VPT =very High P + [very High T (Ecotoxicity or Group Il Human) or
High T (Group | or II* Human))

d. vBT = very High B + [very High T (Ecotoxicity or Group || Human) or
High T (Group | or II* Human))

e. HighT (Group | Human)

Avoid—Chemical of High Concern

® Inorganic BM-1 chemicals are classified into four subclasses BM-1A, BM-1B, BM-1C, BM-1D
with no subclass for vPVB since inorganic compounds are recalcitrant (persist in nature and
do not biodegrade)
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What is a Benchmark-1 Chemical?

Example BM-1 chemicals include commonly used:
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Plasticizers Solvents Antimicrobials

Diisononyl Phthalate Dichloroethane Triclosan
(DINP)
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Industry Bans on Chemical Classes
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Where to Find Benchmark-1 Chemicals?

The Pharos Chemical and Material Library

Search by CAS number
or sort by BM score

/

https://pharosproject.net/

All Hazards View ~
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Where to Find Benchmark-1 Chemicals?

Toxnot / 3E Exchange Chemical Database

Search by CAS number
or chemical name
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https://exchange.3eco.com/




Where to Find Benchmark-1 Chemicals?

ToxServices’ ToxFMD Screened Chemistry® Library d Search by functional class*

TeaXSERVICES - ™ %

CreenScreent Hazard Summery
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LIBRARY f TR TR T f i i i
[ g E_: i g 1 § 1E : i
s mp—" ————— w— Ty~ - p—— - o e—————— = DUDMTAL NAVE
k Search by CAS number R U SR
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https://database.toxservices.com/ s St o it iy

*All BM-1 chemical GreenScreens are available via the “Publicly Accessible GreenScreens” functional class



Benchmark-1 Analysis

ToxServices’ ToxFMD Data Mining Chemical Subscore Hazard
Screened Chemistry® Of the 1,000+ Classification Combination
Library GreenScreen® The 204 BM-1 Analysis
The ToxFMD Screened chemical hazard chemicals were The 204 BM-1
Chemistry® Library? assessments assigned a chemical chemicals were
contains GreenScreen® preformed by class using assigned a total of 278
chemical hazard ToxServices, the ClassyFire?, aweb-  subscores (1A, 1B, 1C,
assessments for over library contains 204 based application for 1D, and/or 1E)
BM-1 chemicals structural classification

1,000 chemicals

1 https://database.toxservices.com/
2 Djoumbou Feunang Y, Eisner R, Knox C, Chepelev L, Hastings J, Owen G, Fahy E, Steinbeck C, Subramanian S, Bolton E,

Greiner R, and Wishart DS. ClassyFire: Automated Chemical Classification With A Comprehensive, Computable Taxonomy.
Journal of Cheminformatics, 2016, 8:61. DOI: 10.1186/s13321-016-0174-y
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ClassyFire
ClassyFire is a web-based application for automated structural classification of chemical

entities. This application uses a rule-based approach that relies on a comprehensible,
comprehensive, and computable chemical taxonomy.

Quwry typw LS EST 93

ClassyFire’s output is a hierarchical

http://45.88.80.180/

chemical classification of a chemical entity

Djoumbou Feunang Y, Eisner R, Knox C, Chepelev L, Hastings J, Owen G, Fahy E, Steinbeck C, Subramanian S, Bolton E,
Greiner R, and Wishart DS. ClassyFire: Automated Chemical Classification With A Comprehensive, Computable Taxonomy.
Journal of Cheminformatics, 2016, 8:61. DOI: 10.1186/s13321-016-0174-y



http://jcheminf.springeropen.com/articles/10.1186/s13321-016-0174-y
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Benchmark-1 Analysis

Breakdown of BM-1 Chemicals by Chemical Class ~ * ClassyFire identified 57 different
chemical classes for these 204 BM-

1 chemicals

® For simplicity, these 57 chemical
classes were further grouped into
22 different categories

® The most common chemical class
for BM-1 chemicals are benzene
and substituted derivatives, and
transition metal compounds

® As the BM-1 chemicals span a wide
range of classes, there is no
singular chemical class to avoid

Prenol lipids

Non-metal oxoanionic compounds
Pyridines and derivatives

Organic phosphoric acids and derivatives
Phenols

Stilbenes

Other non-metal organides
Saturated hydrocarbons
Unclassified

Azoles

Fatty Acyls

Alkali metal compounds
Organooxygen compounds
Carboxylic acids and derivatives
Organohalogens
Organonitrogen compounds
Post-transition metal compounds
Metalloid compounds
Naphthalenes

Other

Transition metal compounds
Benzene and substituted derivatives .

Chemical Class

33 :
' * Other represents any chemical

0 !'Ia 1I0 1I5 ZIO 2I5 3I0 35
i class only present once among
Number of BM-1 Chemicals the 204 BM-1 chemicals



Subscores and Subscore Combinations

Benchmark-1 Analysis

. . o,
Breakdown of BM-1 Chemicals by Final 254’
Subscore/Subscore Combinations Of BM-1
/ chemicals
e — | flagged muliple ~ 75%

ig: iB Most common hazard combinations subscores Of BM-1
1A, 1E that flagged multiple BM-1 / : chemicals
o subscores: BM-1C & BM-1E | flagged a single
' subscore

1A, 1C, 1E

1A, 1C, 1D, 1E
1A, 1C, 1D
1A, 1C

1A, 1B, 1D

1A, 1B, 1C, 1D
1A, 1B, 1C

1E

BM-1C (vPT) & BM-1E (high T) were
L flagged as the final BM-1 subscores
4 in 7.84% of the 204 BM-1 chemicals

0 10 20 30 40 50
Number of BM-1 Chemicals

60

Most common hazard combination
that flagged a single BM-1 subscore: BM-1C
BM-1C (vPT) was flagged as the final subscore
in 29.41% of the 204 BM-1 chemicals



Benchmark-1 Analysis

BM-1 Chemicals by Singular Subscore Only BM-1 Chemicals by Subscore Combinations Only

1A, 1C 1E 1A 1C
1E 11. 87%

———— 1B, 1D
25.54%_\ A 1D 13.73%
11.76%..
~~ (1A, 1B, 1C
,I
I 63% ,.1A, 1C, 1D, 1E
___..1c 1D
____1A 1D, 1E
~~~~~ 1A, 1C, 1D
1D /
11.51%..,"

~
“~_ 1A, 1B, 1D

1A, 1B, 1C, 1D,
15.69%

Most common hazard combination
that flagged a BM-1 subscore: BM-1C
BM-1C (vPT) was flagged as a subscore
in 93 of the 278 subscores flagged across
the 204 BM-1 chemicals (33.45%)

Most common hazard combinations
that flagged multiple BM-1 subscores: BM-1C & BM-1E
BM-1C (vPT) & BM-1E (high T) were flagged as the
final BM-1 subscores in 16 of the 51 BM-1 chemicals
with multiple subscores (31.37%)



Conclusions

® Many BM-1 chemicals pose both human
health and environmental concerns

® BM-1 classifications effectively identify
chemicals of concern and as well as
identify candidates for chemical
substitution.

¢ Chemicals from many different classes
can be BM-1 chemicals

o There is no singular chemical class
to avoid

o The implementation of CHAs to
guide decision-making is more
useful for eliminating chemicals of
high concern
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