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people are exposed to
and how much

e.g. Judson etal., (2011)
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Chemical Data
Chemical properties
Concentrations in food
and drinking water

Wambaugh 2014
used Use-based
heuristics for
exposure
predictions

Isaacs 2014 used
information on
consumer products in
SHEDS-HT for exposure
predictions
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* VVolumetric Use:
amount used, produced, or imported

e Applicative Use:

what products or processes a chemical is
used in for a product or chemical product

e Functional Use:

why and how a chemical is used (i.e. its
purpose) —how is it used in its application

Solvent

Humectant

Skin conditioner

Fragrance

Preservative



e Consumer Product Weight Fractions

e Used general use categories
(applicative uses) and chemical
properties

 Built models to predict function

e Used function and properties to
predict weight fraction bin

e CosIing and CPCPdb databases as
training set

e Only 26 functions
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K. K. Isaacs, et al., Tox. Reports, 2016
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Collect CASRN and
functional uses from
online data sources

CASRN Functional Use
5 I
C |
v '% % ~32,263 records
oS a 224 functions
g '-'I- § Create one-to-one
2 mapping of chemicals
O to functional use

CASRN Harmonized Function

1 ~14,000 unique CASRNs
| 137 harmonized functions

Unique CASRNs

Assign each CASRNs to ~
its new functional use | ‘f""’"_
identifier (cluster) 4

[

Hierarchical Clustering of Functional Use



Polyethylene— common plastic

Stearic Acid — foods, personal care, battery production, lubricants

<EPA

United States

Environmental Prote

Agency

3sAjeje)
juels|sddy
12g40sqy AN
Jauonipuo] |ieN
jueplelay awe|q

—

___ __)

1sAje3ed
juela|addy
19qJ0sqy AN
Jauonipuo) |leN
jueplelay awel4
13J1pojy 32eLn
hmu_mmm“w_.m HNS
uaby buibboyiuy

il BREJIIE]

19q14
JUeII0Id UDYS

13ZIPIXO

19z1]1ge1S uoIs|nwg
Juaby bupednuy
Jaj1pojy Abojoayy
13jJipoly A3IS0ISIA
JaUaydIy)
Jawoud
I|UlSS0LD)

Juaby bunn)
19zZIuedINA
Jayjoows
JnAjojeIS)
SnPpY waysAg pinbry
jusby bumejay
Jlayliogasijuy
piy Buissaiold

m>_um_nv

Juaby buiwlog w4
uaby Buidd)S
J34pdeyuy

us uyao|qiau
w:mwwqmn_ﬂ 19nuy
juaby bunesugn
._mwm_nmum

juaby burying
1aysalyey
jueinijeuaqg

—

| f. __ _ __
| }_ |
|
‘ _;xt,
|

Ewcmu_u:.q
a4ng
Jojeanjoea( |Bla
u2by buixa|dwod
Joje|syd

apioold

apidibung

Juaby bulweoyuy
RPweoyaq
1a1ped
12ziumsiop)
lapulg

akq JieH
Jojeuiwl|3 Jopo
aJe) jel0
layjoos

aAISel

Shseid Y
INIRAIDSDId
juepixonuy
juabuiisy

u_comr mmoo mo
C C_ c.._
um%o._%ohu%_._ g 4
Jaweod

Ubiquitous

—_ 4 - ) — —
o c c [ O v C [}
gg & ¢ 5 5§ 5E &
& O > mw [y 5 < =
28 € ® & Tog T
EXY o = S £ S

- 53 O
C 5= g

n_ru c T B

4

§ £9sN [eUONDUNY paZ|UOWIRH
J L

ucmco_o% J1312WIs0D
juaby bu

JUIA|0S
jueldauny
[e1qoaoiwiuy

Jauea
Jayis|nug
J3uonipuo) JieH
Juaby dleISuY
J2UOoIjIpuol) ul
muc& Eu_u PS
Jswnpuad
juelone|d4

111013u0D A)S03SIA

Reported Functional Use




wEPA - :
me=e Chemical Descriptors

4,791 chemicals
EPI Suite 84 functions

11 Physicochemical 4,667 chemicals
-:> Properties -:} 43 functions
CASRNs with -:[1) Curated SMILES
Harmonized Function strings
729 ToxPrint 5,666 chemicals
14,272 chemicals DSSTox 5,806 chemicals -:> } 49 functions

137 functions 98 functions Descriptors

Chemotyper Require 10

Chemicals
AN N per function

[ T Chmatypms by B

e vy [MeFan =1 || i

s e 908 v 1 o 8 G K Chomanypeandes 120 ot Commagn 383 bt 079 heke




e Two model sets were built
e Only structural descriptors
e Structural descriptors +
physicochemical properties
* One-vs-all: one model was built
for every functional use
e Balanced: accounts for
minority dataset

e Quantitative Structure-Use Relationships

Fuse
Dataset

Five-Fold
Cross Validation

Model —
One-vs-all

= Balanced Random
Forest Classification

—Y-RANAOMIiZATION m— |

Ecviocy

Enodets
Bal. Accuracy

Only accept models for which:
1. Balanced Accuracy > 75%

Evyr, oyr 2. Egv< EYR —OYR
3. STt ECYV+ ocv
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 Aromatic and amine groups
make excellent UV absorbers
due to resonance

 Hindered amine light
stabilizers are typically
derived from the compound
2,2,6,6-tetramethylpiperidine

Variable Importance

J kane_Ph.C1l_acyclic_generic

COH_alcohol phenol

COH_alcohol}aromatic

UV Absorber

{hetero .6. N piperidinel—

CN_amine_alicyclic_generic
aromatic_phenyl
aromaticAlkane_Ph.C1.Ph
hetero_.6._N_pyridine_generic
COH_alcohol_generic
aromaticAlkane_Ar.C.Ar
hetero_.6. Z generic
C.0O_carbonyl_generic
C..0.0_carboxylicEster_aromatic
hetero .6. Z 1.
aromaticAlkene_Ph.C2_acyclic_generic
aromaticAlkene_Ph.C2
COC_ether_aliphatic__aromatic
CC..0.C_ketone_aromatic_aliphatic
aromaticAlkane Ar.C_meta

Structural

o Descriptors

Structural and
[EHE Physicochemical

Descriptors
] |

2

3

4

5

log(-h’or‘fmrm‘ fair )
Molecular Weight
R'umr (Pa )

Persistence (hr)

estimated water solubility (mg/L)
Henry's Law Constant
log(Koctanotfuwater )
aromaticplkane_Ph.C1_acyclic_generic
Halflife in Air (hr)
aromatic_benzene
COH_alcohol_aromatic_phenol
COH_alcohol_aromatic

Halflife in Sail (hr)

Halflife in Water (hr)

Halflife in Sediment (hr)
aromaticAlkane_Ar.C.Ar
aromatic_phenyl
aromaticAlkane_Ph.C1.Ph

hetero_.6._N_piperidine|

C.0_carbonyl_generic
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. rubber adhesion
additive promoter

N - |

: Il Standard Deviation
B Y-random. Error

e 41 valid QSURS rrming B Missclass. Error
* Model set with highest . | | ml T
balanced accuracy was “best” ' Descriptors
e Very vague categories yielded || T | Rt

pPOOr Mo d GIS organic : ; 1Descriptors__ .t

pigment

rheology
modifier

visc. control.
agent




e Bloactivity Index

e 8,600 Tox21 chemicals
e Used 16 assays that covered 5 pathways

e Pathways were known to be altered when exposed to environmental
contaminants

* Bioactivity index is average of all “hit calls” for a chemical over all
reported assays and duplicates

* 6,672 Tox21 chemicals had results for these assays
* 6,365 Tox21 had QSUR descriptors
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Functional Substitutes Candidate Alternatives

 Within domain of applicability of < Must meet requirements of
QSUR functional substitute

 QSUR prediction of 80% or e Bioactivity index must be lower
higher than the 75t percentile of

chemicals known to have
function

. 7w Functional
=|"==%r  *v Substitutes
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colorants, and flavorants
yielded most positive

predictions

functions
* Models for fragrances,

Harmonized Function
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= Case Study: Flame Retardants

* 45 reported flame retardants in
Tox21

e 126 functional substitutes
 What is the percentile
e 77 candidate alternatives
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| Reported Flame Retardants
I Functional Substitutes
B Candidate Alternatives
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Bioactivity Index

0.7



Chemical Category
M ToxCast

W Potent ER

[CIFlame Retardant

B Chemical in = 25 Products
B Chemical in = 25 Products

e 20 product categories, 5
products per category
e 7 categories of articles mcarpet padding

=
i
. . :_:::; ; _._:_ = i E—: _; 3 - . _- == ) =T M plastic children's toy
e 12 categories of formulations 1o L e = mcereals

Product Category
Clcotton clothing

Evinyl upholstery

Mifabric upholstery
[Clshampoo
e 1 category of food shower curtain
M air freshener
. . Isfl'-aving cream
o 1 2 6 f d h I M deodorant
contirmedad cnemicals o e paint
M glass cleaners
Esunscreen
Mbaby soap

Mhand soap

1,506 Tentative

e 1,506 unconfirmed chemicals

M skin lotion
Mcarpet
M lipstick

= - [Dtoothpaste

logo(1eg/g)
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= Application to Non-targeted Analysis
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S CONCIUSIONS

* Chemical function is a useful descriptor for chemical prioritization
* Valid models can predict 41 functional uses
 Models can rapidly screen large libraries of chemicals
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