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The Chemical Security and Analysis Center (CSAC), a U.S. Department of Homeland Security 1. Define injury severity categories

component, is responsible for homeland security needs related to chemical threat awareness. The 2. Develop protocol for deriving predictive toxicity measures " lelkion (e ST (6 e

CSAC has been charged to determine public health impacts (injuries and deaths) potentially 3. Conduct literature search and data evaluation w | | | " | " | "
associated with catastrophic chemical releases. The following methodology was developed to 4. Develop predictive toxicity measures TE Mild 1 Incap eqy  Lethdl Mild 1 Incap - rppgg  Lethdl Mild —Incap - rppgq | Lethdl
address this need, and applied to 17 chemicals to date. Injury-severity categories were defined 5. Denote uncertainty DDUSTRAL WYGIENE s [ | o R R Actylonitrile 20204 47886 81543 132274 . 3018

based on expected duration, permanency and extent of potential injuries for acute exposures. These

categories include ‘mild injuries,’ ‘incapacitating injuries,” ‘life-threatening injuries,” and ‘death.” As |njury Severity CategOries-

described below, probit curves were developed for each chemical, exposure route (inhalation, _ '

ingestion, dermal contact), and injury-severity category. First, toxicity endpoints were defined for ' M':\C/jl_ n (ot ot dieabling. shortt e offoct e local
- Minor discomfort, not disabling, short-term, reversible effects, such as loca

each exposure route and injury-severity category through a literature review. Next, dose-response S , _ _ _ _ )
(esp. incidence) data from key studies were evaluated, and allometric equations were used when irritation, nausea, mild narcosis or mild allergic symptoms; may seek or be
provided medical attention, though should not require inpatient care.

necessary to derive human-equivalent exposure estimates from the results of animal studies. —

Median effective and lethal exposures were calculated for each exposure route and injury-severity * Incapacitating _ _ _ _

category based on probit analyses of the transformed data. Alternative methods were developed to - Serious effects, causing performance degradation, but not life-threatening ~ |

derive predictive toxicity measures when the data from empirical investigations were inadequate or progressive; may require medical attention; Likely admission for :ptlydud(dmdtwttiz; )

(e.g., route-to-route, severity-category-to-severity-category, and chemical-to-chemical extrapolations). _ observatlon Or Care.

In addition, methods were developed to assign uncertainty factors to each predictive measure, * Life-Threatening _ _

enabling the depiction of a bounding range that reflects the uncertainty associated with each - Direct threat to life without emergency medical treatment; e.g, includes

measure. The resultant predictive measures serve as toxicological inputs to the CSAC's Chemical anaphylactic reactions.

Terrorism Risk Assessment, and represent a more refined way to assess and incorporate non-lethal * Lethal _ _

affacts into other risk assessments. - Irreversible progression of effects leading to death; not amenable to
medical treatment.
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Guidelines for Selecting Best Available Study

Hydrogen Sulfide 33 717,284
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Peer-reviewed or followed GLPs (or grey literature)

Phosgene 768

Picrotoxin
Potassium Cyanide

Sarin

2,000 3,400

Appropriate exposure route (inhalation, ingestion, or dermal contact) Sodium Fluoroacetate

P rOtO CO I H I g h I I g hts Well-characterized exposures (appropriately spaced and quantified)
D S Exposure duration 4 hours (or < 24 hours; < 48 hours for dermal contact)
» Predictive toxicity measures are sought, to represent the central T T ————
tendency of general population’s response to acute exposures (i.e., <4 Findings

Demonstrated dose-response relationships
hours). P P
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Treatment-related measurements statistically different from controls

» Collect & organize toxicology data
- Reports are categorized and sorted based on key parameters
- Resources include studies serving as the basis for acute exposure

Consistent with other studies
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= Professional judgment: identify relevant toxic effect endpoints, consider roueooule Biapoiaton SRS

health effects that develop during exposure or < 14 days post-exposure
= Select the most appropriate data
- Data from multiple studies may be used if a single study does not | |
demonstrate a dose-response relationship njury-Severity Category Extrapolation
» (Calculating predictive toxicity measures
- Animal data may be extrapolated to humans using allometric
Pr()blem equations to address systemic effects
- Exposure/pOpLIatlon_response pﬁObIt pIOtS drc developed from Extrapolation is required from animal data, but without the benefit of incidence data (e.g., from an ECt_, only)
numan equivalent doses using binary or ordinal logistic regression e o ey e T .
- Additional steps are taken to address limited or missing information, e.g., Extensive database that includes clear evidence of causality (from animal or human studies), supplemented by
severity-to-severity category, route-to-route, and chemical-to-chemical ORI, Pree e o e e
extrapolations
 Uncertainty is denoted using guidelines
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Extrapolation required between injection/inhalation and dermal exposure

Conclusions

The protocol developed and described above enables derivation of predictive toxicity measures for multiple
exposure routes and Iinjury severity categories based on acute toxicity data that is typically limited for the
chemicals of concern. These estimates, in turn, provide the basis for estimating the number of casualties
(injuries and death) that may result from an accidental or intentional chemical release in the general

No extrapolation from another injury severity category is required
Extrapolation is required between adjacent injury severity categories

Extrapolation is required between mild and life-threatening injury or incapacitation and lethal injury

Extrapolation is required between mild and lethal injury categories

No animal-to-human extrapolation is required

population. The results can be used to inform decisions about medical facility requirements, development of
triage and injury mitigation strategies, and prioritization of research and development efforts for reducing
uncertainties.

Animal-to-Human Extrapolation Extrapolation is required from animal incidence data

Predicting the impacts of catastrophic chemical releases requires estimating acute exposure
concentrations or doses causing toxic effects across a wide spectrum of severity, ranging from mild
injury to death. Few chemicals of concern have comprehensive data sets on which to base
predictions for the accidental and intentional release scenarios envisioned.

Database Uncertainty Database that includes clear evidence of causality (from animal or human studies)
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