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Introduction

« Multiple U.S. federal and international agencies require acute inhalation
toxicity data to determine occupational exposure safety limits, personal
protective equipment, consumer safety levels, and packaging and
transportation requirements.

« Computational models to predict acute inhalation toxicity have been proposed
as alternatives to animal tests to support regulatory decision-making.

* Developing such models requires robust, well-curated, and chemically
diverse training data that is easily accessible.

- A working group established at an “Alternative Approaches for Acute
Inhalation Toxicology Testing Workshop” (Clippinger et al. 2018) was tasked
with establishing an acute inhalation toxicity database both to address agency
information needs and support modeling efforts.

- The working group asked the National Toxicology Program Interagency
Center for the Evaluation of Alternative Toxicological Methods (NICEATM) to
compile a rat acute inhalation toxicity database.

* This poster describes the database, which contains data from about 1200
chemicals.

« This data are available in the Integrated Chemical Environment (ICE;
https://ice.ntp.niehs.nih.gov). ICE is an open-access resource developed
by NICEATM to provide toxicologically relevant data and computational
tools.

» To assess reproducibility of LC50 point estimates and U.S. Environmental
Protection Agency (EPA) Office of Pesticide Programs (OPP) hazard
categorizations, we analyzed variability in this database for chemicals having at
least two reported LC50 values.

Methods: Data Sources

Data Source Data Records Unique Substances
Legacy data from ChemlIDplus (now integrated

into PubChem) 2036 1249
National Institute for Occupational Safety and

Health (NIOSH) Pocket Guide 136 649

European Chemicals Agency (ECHA)
Registration, Evaluation, Authorisation and

Restriction of Chemicals (REACH) Database 3016 611
Environmental Protection Agency (EPA) Acute

Exposure Guideline Levels (AEGL) 1682 271
Department of Defense 3016 13

 Where available, data were collected on:

« Chemical names and identifiers (CASRNs, DTXSIDs, SMILES,
InChiKeys)

« Study information, including duration of exposure, LC50, and units of
LC50 (mg/L, ppm, or mg/m?3)

« Study metadata such as species, sex, strain of species, route/phase of
exposure (aerosol, gas, vapor), the exposure type (nose-only or
whole-body), and vehicle

« Any additional clarifying data, such as additional details on study design

or interpretation of results

Methods: Data Curation Process
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« Data quality flags included missing or incorrect units for LC50 values, missing
study duration, species measured other than rat, and study type indicated as a
read-across study.

LC50 values differed by 0.1 mg/L or less; duration of both studies was equal or
unreported; sex was the same or unreported; and the route of administration
matched.

« Data were flagged as duplicates if two data points met all the following criteria:
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« Point estimate database had 1635 entries and 780 chemicals (histogram, far left).

« Limit test database had 420 entries and 312 chemicals, with 301 lower limits and 15 upper limits (center plot).

« Range database had 54 entries and 45 chemicals (far right plot).

« Reported duration of exposure ranged from 10 seconds to 24 hours.
* For point estimate data, the mean 4-hr LC50 was 35.75 mg/L with a standard deviation of 253 mg/L. The 4-hr LC50 values
ranged from 0.0005 mg/L to 6600 mg/L.

« After being processed through the curation workflow, the dataset had 2109 entries for 1025 unique chemicals (see graphs
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 We had at least two LC50 point estimates for 231 chemicals (table below left). The remaining 549 chemicals in the database with
LC50 point estimates had only a single LC50 value available.

» The distribution of the chemicals with two or more point estimate 4-hr LC50s (log10 mg/L) was approximately normal (histogram
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« The mean absolute deviation of repeat 4-hr LC50s ranged from 0.0 to 2.2 (histogram below).
- There was more variation between chemicals than within chemicals (ANOVA, F,34g55 = 61.52, p < 0.001).
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ICE contains data sets curated for targeted toxicity endpoints by NICEATM, ICCVAM, and their partner organizations. ICE also contains other

data sets that may be useful in evaluating or developing new approaches for assessing chemical safety.

The data available in ICE are described in detail under the corresponding ICE Data Sets section in the left sidebar. Each Data Sets page

contains information on the assays and their endpoints that make up the data set. Assays and chemicals included in each data set can be

selected to query data in Search or run workflows in Tools.

Data in ICE are mostly organized around toxicity endpoints of regulatory interest and assay type. ICE also includes a data set drawn from

cHTS data, and a data set of physicochemical parameters. The cHTS data set contains data from assays run by laboratories participating in

the Tox21 Consortium (including ToxCast data). These data have been annotated based on their mechanistic target to simplify querying and
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« LC50 point estimate, limit, and range data are can be downloaded directly through the ICE Data Sets page
(https://ice.ntp.niehs.nih.gov/DATASETDESCRIPTION) or explored through the ICE Search tool.
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Assigning Hazard Categories

Variability of EPA OPP Categories

« Hazard categorizations are essential for regulatory decision-making. Validation of alternative models can * Of the 1019 chemicals with an EPA OPP category, 339 chemicals had at least
often involve evaluating how these models align with classifications based on reference data. However, two reported LCS50s.
hazard categorizations for acute inhalation toxicity are complex, as illustrated in the tables below. « Conditional probabilities (the probability of a chemical being within a category

* The limits of a schema can differ by exposure phase, and there is little consistency across schema on

how phases are considered.

» Despite the importance of exposure phase for categorizations, less than 28% of extracted data in our

acute inhalation database indicated the phase of exposure.

» Instances where chemicals have more than one phase of exposure add an additional level of
complexity, as there is increased potential for conflicting categorizations within a schema.

« NICEATM is actively working on these issues and categorizations will be added to the public version of the

database once high-confidence solutions are in place.

Environmental Protection Agency Office of Pesticide

Globally Harmonized System of Classification and Labelling of Chemicals
(GHS) Hazard Categories

GHS

Gases (ppm)

Vapors (mg/L) Dust and Mists

Category
1

LC50 <100

(mg/L)
LC50<0.5 LC50 < 0.05

2 100<LC50=<500 0.5<LC50=<20 0.05<LCS0=0.5
3 500 <LC50=2500 2.0<LC50=<10.0 0.5<LC50=1.0
2500 < LC30 =
4 20.000 10.0<LC50=20.0 1.0<LCS0=5.0
Not classified  LC50 > 20,000 LC50 > 20.0 LC50 > 5.0

Programs (EPA OPP) Hazard Categories

EPA OPP

Category
I

Criteria for Gases, Dusts, Mists, or

Vapors (mg/L)
LC50 < 0.05

Environmental Protection Agency Office of Pollution
Prevention and Toxics (EPA OPPT) Hazard Categories

EPA OPPT Gas or Vapor

Category

(mg/L)
3 (high) <2.0 LC50 < 10.0

0.05<LC50=0.5

Dusts/mists (mg/L)

<0.5<LC50=1.0

given that it was previously categorized in that same category) were calculated
for those chemicals with n = 2.

* Recategorization to the same category was always the most likely
outcome.

« A Category IV categorization is the most consistent, with an 85.9%
probability of being recategorized as Category V.

« A Category lll categorization is the least consistent, with a 46.9%
probability of being recategorized as Category lll.

EPA OPP

70.3% 24.6% -- 5.2%

10.7% 68.0% 13.8% 7.5%

-- 25.8% 46.9% 27.2%

3.9% 9.7%

Summary and Discussion

 NICEATM compiled and curated a database of rat acute inhalation study data
to support predictive modeling and regulatory decision-making.

0.5<LC50=2.0

2 (moderate) 10.0 <LC50<20.0

1.0<LC50=5.0

 LCb50s, duration of exposure, and associated metadata within the

\Y

LCS50 > 2.0

1 (low) LC50 > 20.

database are publicly accessible through ICE.

LC50 > 5.0

Consumer Product Safety Commission (CPSC) Hazard

Binary Hazard Categories

Gases
(PpmV)
Toxic LC50 <200 Toxic £ 2

Binary

Vapors (mg/L)

« High-level variability analyses show that 4-hr LC50 point estimate data are
fairly consistent, and there is more variability between chemicals than within
chemicals.

« Efforts are still ongoing to assign 4-hr LC50s to different hazard schema and
assess variability within those categories.

« There are many complexities that need to be considered before these

Dust and Mists
(mg/L)

LC50 < 2

Else LC50 >200 LC50 > 2

data are made publicly available and full variability analyses can be
LC50 > 2 conducted.

Categories
CPSC Category Gas or Vapor Dusts/mists (mg/L)
(Ppm)
Highly toxic LC50 < 200 LC50 <2
Toxic 200 < LC50 = 2 <LC50 =200
20,000
Nontoxic LC50 > 20,000 LC50 > 200

EPA OPP Hazard Category

« EPA OPP does not consider different phases and thus is a suitable case study for how point estimate, limit test,
and range data in the acute inhalation database can be categorized and assessed for variability.

* We used the following rules to assign a hazard category for limit test data and range data:

« If modifier is “<" , LC50 must be in the “most toxic” category.
» |f modifier is “>" or “2", LC50 must be in the “least toxic” category.

LC50 < 0.05
EPA OPP Cat |

f

0.05<LC50=0.5

EPA OPP Cat I

Example : 4-hr LC50 < 0.04 mg/L

0.5<LC50=2.0 LC50 > 2.0
EPA OPP Cat Il EPA OPP Cat IV
Example: 4-hr LC50 > 3.5 mg/L

» |f modifier is “<" but LC50 is not within the “most toxic” category, it is not assigned.
« If modifier is “>” or “2%, but LC50 is not within the “least toxic” category, it is not assigned.

LC50 =0.05
EPA OPP Cat |

Example 4-hr LC50 > 0.35 mg/L

0.05<LC50=0.5

0.5<LC50=2.0 |LC50>2.0

EPA OPP Cat

EPA OPP Cat lll R=zAN0I= N0 18\

|

|

Example 4-hr LC50 < 1.5 mg/L

» Lower and upper bound of range must be entirely within a category to be assigned to that category.

LC50 < 0.05
EPA OPP Cat |

0.05<LC50=<0.5

EPA OPP Cat I

0.5<LC50=<2.0 |LCS0>2.0
EPA OPP Cat lll R=zN0I= N0 18\

|

|

Example: 0.06 mg/L < 4-hr LC50 < 0.2 mg/L

« Across point estimate, limit, and range data, 1019 chemicals could be assigned to EPA OPP categories.
» Most chemicals fell within Category |V (least toxic) but there were at least 80 chemicals in each category.

« Conditional probabilities for EPA OPP categories show that Category IV
categorization is most consistent and Category |l categorization is least
consistent.

« Assessment of effects of animal sex or exposure (head-only or whole-body)
could not be conducted due to a paucity of adequate repeat study data.

Future Development and
Applications

» Afuture version of the database will include both reported and predicted
phase of exposure so that hazard categories can be assigned.

« Exposure phase will be modelled based on melting point, boiling point,
and vapor pressure utilizing EPA Pollution Prevention Framework (2012)
rules.

* We will continue to evaluate reproducibility and variability of the acute
inhalation toxicity database.

« We are scoping the feasibility of using the database to support a multi-
stakeholder modeling project, similar to models developed to predict estrogen
activity (CERAPP, Mansouri et al. 2016), androgen activity (CoOMPARA,

Mansouri et al. 2020), and acute oral toxicity (CATMoS, Mansouri et al. 2021).
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