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Background:

Chemical emergencies: risk in the acute exposure of  chemical substances to 
first responders and unprotected civilian populations

Bhopal Disaster - 1987

• Methyl isocyanate gas leak

• Immediate mortality of 
thousands

• Morbidity and premature 
deaths of thousands more

Source: BBC News
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EPA’s Response:

Develop Acute Exposure Guideline Levels (AEGLs) for hazardous substances

AEGL-1 (Discomfort/Reversible)
Notable discomfort, irritation, or certain asymptomatic non-sensory effects

AEGL-2 (Disabling/Irreversible)
Irreversible or other serious, long-lasting adverse health effects or an impaired ability to escape

AEGL-3 (Life Threatening)
Experience life-threatening health effects or death
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The Problem: Extrapolation

AEGL-committee must often extrapolate values from empirical information  

5 Exposure Durations

C = exposure concentration

n = an empiric chemical-specific time-scaling factor (TSF)

t = exposure duration

k = toxic load

Time scaling-ten Berge (1986)

Cn x t = k
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The Problem: Limited Data

In absence of  supporting data to develop chemical-specific TSFs, AEGL 
committee uses default TSFs

TSF = 1 short-to-long term extrapolation

TSF = 3 long-to-short term extrapolation

Default TSFsAEGL: Standard Operating Procedure

ten Berge (1986) 90% of TSFs of the 

chemicals analyzed range from 1-3 

(only 20 chemicals…)

Default Support
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Research Questions:

I. Are default TSFs adopted in the AEGL standard 
operating procedures statistically appropriate?

II. Can predictive modeling techniques be used for 
temporal extrapolation of  inhalation compounds? 
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Database:

200 chemicals have published AEGL concentrations derived from expert 

panel literature reviews of  either human observations and/or animal studies
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Specific Aim I:

Specific Aim I: To extract empirically supported evidence on concentration-exposure relationships for airborne 

extremely hazardous substances from relevant literature

Hypothesis: AEGLs contains large source of rich expert-validated chemical-specific information about temporal 

extrapolation

Method: Simple linear regression (SLR) fit of endpoint concentrations 

(i.e. LC50) and corresponding exposure durations on the log-log scale y = -0.3947x + 4.6106
R² = 0.9545
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TSF for Carbon Tetrachloride

TSF = -1/Slope

Evaluate SLR: R2 and F-statistics 

Example: Slope = -0.3947, TSF = -1/-0.3947 = 2.53 (R2 = 0.9545)
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480 3000
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Specific Aim II:

Specific Aim II: To assess the statistical power of default TSFs adopted by the AEGL committee

Hypothesis: Adopted defaults have poor statistical power (only 20 chemicals). Defaults, derived from parametric 

estimates in the present study, will more accurately represent the true TSF distribution of inhalation compounds

Method: Parametric estimates by fitting TSF statistics to normal 

distribution (log-normal expected)

Bootstrap distribution: (10,000 samples) to determine 

confidence intervals on complex estimator parameters such as 

percentile points (5 and 95%)

Preliminary Distribution Analysis
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Specific Aim III:

Specific Aim III: To evaluate the ability of chemical-specific TSFs to be predicted using quantitative structure-

activity relationships (QSAR) modeling

Hypothesis: Modeling ability is dependent on the size and diversity of the data used to train the model. These 

models may assist in providing supplementary risk assessment via cross-chemical extrapolation

Method: Partial Least Squares regression of 

relevant molecular descriptors using organic 

chemical and their TSFs
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Study Significance:

Novel: Surprisingly, no such statistical analysis has been performed on the entire AEGL database

Decrease Risk Uncertainty: Develop upper and lower boundaries for default TSFs that are more 

statistically supported

Improve Risk Guidelines: No attempts have been reported on the strengths of predictive modeling 

techniques for temporal extrapolation of inhalation compounds
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Questions?
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Discussion Slides:

10min 30min 1hr 4hr 8hr

AEGL-3 (TSF = 3) 123 85 67 43 34

AEGL-3 (TSF = 1) 2880 960 480 120 60
y = -0.3333x + 2.4219

y = -x + 4.4594
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Discussion Slides:

Source: Berge et al (1986)



Discussion Slides:

Jedidiah  Snyder - GEHSource: (OEHHA)
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Discussion Slides:

Source: Catharine J. Collar

Identify a Training Dataset

Knowledge Development

Select Training Features 

and Descriptors

Build Model

MRL_1 MRL_2 MRL_3

Partial Least Squares (PLS)
4. A regression technique was used 

to compare biological activity values 

to compound molecular descriptors; 

this resulted in linear models.

Molecular Descriptor 3

Molecular Descriptor 1

Molecular Descriptor 2
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R2= 0.82

ID Name MRL

MRL_1 ACETONE 26 ppm

MRL_2 ACROLEIN 0.003 ppm

MRL_3 ACRYLONITRILE 0.1 ppm


