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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

DelhiO

BhopalDl ,_wapHya

PRADESH

DEATH

A GLOBAL
WORRY
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EPA’s Response:

Develop Acute Exposure Guideline Levels (AEGLs) for hazardous substances

0&\"\:‘0 ST473~& i .
- . AEGL-1 (Discomfort/Reversible)
g k£ Notable discomfort, irritation, or certain asymptomatic non-sensory effects
= 5
2 S AEGL-2 (Disabling/Irreversible)
v Irreversible or other serious, long-lasting adverse health effects or an impaired ability to escape

<
74 prot¢”

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

U.5. ENVIRONMENTAL PROTECTION AGENCY

Contact US earch: © All EPA © This Area
# Chemical Sa i Pollution Prevention & T

and Pollution Prevention # oxics ¥ AEGLs ¥ Ammonia Results

Ammonia Results 5 EXpOSU Fe Du I’atIOnS

e
AEGL Committee
Meetings and Minutes ne 0 Y
AEGL Committee
Membership
in in

AEGL Development
roCesss

Proce:

AEGL Chemical Data -
Related Links [[60 min 4 hr
AEGL 1 —— N
AEGL 2 160 [[110
AEGL 2 |[2.700 |[1.600 |[1,100 |[s50 | R

Technical Support Document

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

Cn Xt= k t = exposure duration

k = toxic load

Time scaling-ten Berge (1930)
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The Problem: Limited Data /(. MM

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

committee uses default TSFKs

AEGL: Standard Operating Procedure Default TSKs
““"i’.f'j;:j”;;ﬁlﬁjﬁuﬁsﬁﬁﬂiﬁﬂjﬁ;ﬂﬁaﬂﬁ TSF = 1 short-to-long term extrapolation

. “specil A TSF = 3 long-to-short term extrapolation
al- spe«nﬂc andhealth—eﬁ‘ect specific EK]J-D:I:I.E'ﬂt (n} for use in eRMWSRQ-

lating available exposure data to AEGL -specified exposure durations. If data
are not available for empirically deriving the exponent n. the NAC/AEGL
Committee identifies the most appropriate value for n by comparing the resul-
AEELvahesderwedumngn landn=3. The value of n=1 has bee
eigtorically by others and results in rapid reductions in concgpken

Default Support

ten Berge (1986) 90% of TSFs of the
chemicals analyzed range from 1-3
(only 20 chemicals...)
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Research Questions:

ssssssssssssssssss

I. Are default TSFKs adopted in the AKEGL standard

operating procedures statistically appropriate?

II. Can predictive modeling techniques be used for
temporal extrapolation ot inhalation compounds?
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Database:
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%Q{p CONTROL AND PREVENTION
CE(

200 chemicals have published AEGL concentrations derived from expert

panel literature reviews of either human observations

Acute Exposure Guideline Levels (AEGLs)

Recent additions | Contact US

search: © All EPA @ This Area

You are here: EPA Home » Chemical Safety and Pollution Prevention * Pollution Prevention & Toxics » AEGLs » Chemicals

AEGL Chemicals

Basic Information

AEGL Committee
Meetings and Minutes

AEGL Committee Chemfinder EXIT Disclaimer

Membership

AEGL Development
Processs

AEGL Chemical Data

Related Links Compiled AEGL values {(PDF) (60 pp, 311k8, About BDF)
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CAS NOS.

Select by CASNo. =] Go

Starting with the chemical name for the AEGL chemical or by knowing its corresponding CAS number, it is simple to use either in order to find AEGL information on this web site.
find the CAS number for this chemical to access the AEGL entry. A link to Chemfinder is provided below, to help identify the CAS number for many chemical synonyms.

and/or animal studies

U.S, ENVIRONMENTAL PROTECTION AGENCY

“In November 2011, the AEGL
program adopted new changes to
the development process of AEGL
values. Read more".

If only a chemical synonym is known, it is necessary to first

CHEMICAL NAMES

Allyl chloride

EPA Home | Privacy and Se

hitp://vrww.epa.gov/epp
Prin

Last updated on Thursd

Select by Chemical Name
1.1-Dimethyl hydrazine
.1-Trichloroethane
.2-Butylene oxide
.2-Dimethyl hydrazine
2.3-Trimethylbenzene
Trimethylbenzene
utadiene

IDXANE
2-Ethylhexylchloroformate
2.4-Toluene Diisocyanate
2.6-Toluenediisocyanate
Acetaldehyde

Acetone

Acetone cyanchydrin
Acetonitrile

Acralein

Acrylic acid

Acrylonitrile

Adamsite

Aldicarb

Allyl chloride

Nerve Agent GA (Tabun)
Agent GB (Sarin)

Agent GD (Soman)
Agent GF

Agent VX

Allyl alcohol

Allyl Amine

rimethylbenzene (Mesi

lene
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Specific Aim I: -/é ’W

Specific Aim I: To extract empirically supported evidence on concentration-exposure relationships for airborne
extremely hazardous substances from relevant literature

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

Method: Simple linear regression (SLR) fit of endpoint concentrations TSFfor Carbon Tetrachloride  mme = 1c,
(i.e. LC.,) and corresponding exposure durations on the log-log scale y=-03047x+4.6106 6 20000
’545 Rz =0.9545 15 12000
_‘g 60 10000
TSF =-1/Slope g ) \ 9 7300
Evaluate SLR: R? and F-statistics % , 0w
480 3000
Example: Slope = -0.3947, TSF = -1/-0.3947 = 2.53 (R2 = 0.9545) s
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Specific Aim 11: /(. IW

Specific Aim I1: 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

Preliminary Distribution Analysis

Method: Parametric estimates by fitting TSF statistics to normal Summa St
distribution (log-normal expected) 0 ;E;g
: an /_,__;_\\S\
Bootstrap distribution: (10,000 samples) to determine
confidence intervals on complex estimator parameters such as S
percentile points (5 and 95%) " s omo w23 an 8

Lognormal(Theta=0 Sigma=0.42 Zeta=0.39)
Weibull{Theta=0 C=2.18 Sigma=1.84)
Gamma(Theta=0 Alpha=5.44 Sigma=0.3)
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Specific Aim 111: /(. CDC

Specific Aim I11: 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

) ) N X
Method: Partial Least Squares regression of 400 Molecular Descriptors: O N
relevant molecular descriptors using organic -
_ _ P g 0rg Molecular Weight "« \
chemical and their TSFs Rotatable Bonds o/ Y
/>

H-Bond Acceptors

Contents lists available at ScienceDirect H - BO n d D 0 n 0 rS
N

Y

(6]
"
\C\o N
/\
e Y

Toxicology and Applied Pharmacology LIpInSkl Score

journal homepage: www.elsevier.com/locate/ytaap ALOgP
SAR/QSAR methods in public health practice POIar Surface Area
Eugene Demchuk ™, Patricia Ruiz, Selene Chou, Bruce A. Fowler Atom COU nt CI
Agency for Taxic Substances and Disease Registry (ATSDR), Division of Toxicology and Environmental Medicine, Atlanta, GA 30333, USA O
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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 Shides:

Long-to-short Short-to-long Defaluts Example
4
. > £ 35 y=x+44594 ..
10min 30min 1hr 4hr 8hr s 5 | T ...
AEGL-3(TSF=3) 123 85 67 43 34 c . e
E 5| v=-03333x+24219 e LT ...
AEGL-3(TSF=1) 2880 960 480 120 60 s Ot .. ®
§ 1.5 ®
o 1
o
o
=1 0.5
0
0 0.5 1 1.5 2 2.5 3

Log Time (min)
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Discussion Shides:

TABLE 4

Value of the exponent n for several gases and vapours, of which the probit ¥ of the
mortality response in relation lo exposure concentration ¢ and exposure period ¢ can be
predicted by egn. (3).

Gas or vapour Exponent n 95% confidence limits

Local irritants
NH; 2.0 (1.6, 2.4)
HCI 1.0 (0.7, 1.3)
CIF; 2.0 (1.4, 2.6)
NO, 3.5 (2.7, 4.3)
Cl, 3.5 (2.5, 4.4)
Perfluoroisobutylena 1.2 (1.1, 1.4)
Crotonaldehyde 1.2 (1.1, 1.3)
HF 2.0 (1.2, 2.8)
Ethylene imine 1.1 (0.8, 1.3)
Br; 22 (2.0, 2.4)
Dibutylhexamethylenediamine 1.0 (0.6, L.4)

Systemic action
HCN 2.7 {1.8, 3.7T)
H.8 2.2 (1.8, 2.7)
Methyl t-butyl ether 2.0 (1.0, 2.9)
CH; CiBr 1.6 {1.4,1.8)
C,1H,;Br; 1.2 (1.1, 1.2)
C,Cly 2.0 (1.4, 2.6)
CiHCl, 0.8 (0.3, 1.4)
CCly 28 {1.9, 8.7)
Acrylonitrile 1.1 (1.0, 1.2}

Source: Berge et al (1986)
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TABLE G1. VALUE OF THE HABER'S LAW EXPONENT (1) FOR VARIOUS GASES
AND VAPORS FOR ACUTE RELS'

Chemical n S[Imneﬂiﬂ'ect Beferences, Comments
(site of action)
Acrolein 1.2 | rat/lethality (local irritant) U.5. EPA (1992a; U.S EPA_ 1992h)"
ACI}‘IOII.I‘II'HE 1.1 Iﬂb‘llethﬂ.lil'j’ (S}-‘Sl’emic} (Dudlev and Neal 1942- Appel et al 1931]3
Allyl chlonde 0.5 | rat/lethality (local irritant) Adams et al. (1*5‘40)1
Ammonia 4.6 | Human/irritation Fosenbaum ef al (1993)
202 | rat/lethality (local imritant) Appelman e al (1982)
] ] =
2.2 | ratilethality (systemic) IRDC (1985 for TD._ te 1 br (n dependent
c on exposure duration)
Arsine 1.0 | rat/lethality (systemic) IRDC (1985) for_dhr te 1 hr (n dependent
- on exposure duration)
2 mice/lethality (systemic) Levvy (1947)
Benzene 2 not given AICE (198%)
Bromine 2.2 | mice/lethality {local untant) | Bitron & Aharoson (1978)
Carbon monoxide 1 not given AICE (198%)
Carbon , e . sqnd
tetrachloride 2.8 | rat/lethality (systemic) Adams eral (1932}
, . . Zwart & Woutersen (1988) for 0.5 hrto 1
2.8 | ratlethality (local irritant) hr (n dependent on exposure duration)
Chlorine 1.0 | rat/lethality (local imitan) | 2"t & Woutersen (1988)" for 4 hrto 1 br
(n dependent on exposure duration)
1.3 | mouselethality (local irritant) | Zwart & Woutersen (1988)
3.5 | mouse/lethality (local immitant) | Bitron & Aharoson (1978)
Chlorine rat, mouse, dog.
. 2 monkey/lethality (local Darmer ef al. (197237
pentafluoride irritant)
Crotonaldehyde 1.2 | ratlethality (local imritant) Finehart (1267}
Dibutyl
hexamethylene- 1 rat/lethality (local irritant) Kennedy & Chen (1984)°
diamine
1.2-dichloro- 2 (not applicable)lethality U.S.EPA (1996), based on the mid-point
ethylens (systemic) range of n values from lethality data of *
Dimethyldichlore- 2 (not applicable)lethality U.S.EPA (1996), based on the mid-point
silane (local irmitant) range of n values from lethality data of 3
Ethvlene dibromude | 1.2 | rat/lethality (systemic) (Rowe efal, 1951h)
Ethylene imine 11 |t gumeapigflethality (local | (o onior ot gl 1048
irrtant)
19 | rat/lethality (local irritant) TU.5.EPA (1998). derived from LCx data of

Fluonine

Eeplinger & Suissa (1968)

mouselethality (local iritant)

U.5. EPA (1996), denived from LC-; data of
Keplinger & Suissa (1968)

guinea pig/lethality (local
irritant)

T.5.EPA (1996). derived from LCs data of
Keplinger & Suissa 1968)

Chemical n SPQHW’Ef.&ﬂ References, Comments
(site of action)
Hverazi 4 (not applicable)lethality U5 EPA (1996). based on the mid-point
Ydrazine - {systemic) range of n values from lethality data of :
rat, mouse/lethality (local 743
Hydrogen chloride ! irritant) Darmer (1972)
1.5 | rat/lethality {local irritant) Hartzell & Johnson {1985
Hydrogen cyanide | 2.7 | Mumerous speciesflethality | g oo 931y
= - (systemic)
Hydrogen fluoride | 2 | o0 guinea pigs/lethality |y pe o34y
= (local irmitant)
ggﬂf;ff;ji;?fde 1 | ratllethality local irritan) | Haskell Lab. (1988)
- | cat, rabbit/lethality ..
Hydrogen sulfide 22 (systemic/local irritant) Lehmann (1892)
= 82 !eﬂ:lalitj.r {systemic/local Arts (1989)
irritant)
4p | evers morbidity Pharmaco: LSE, (1994) as cited in DFR
Methyl bromide i (systemic/local imitant) (2004)" , DPE. {1994)
1 not given AICE (198%)
E:;:l‘c::m chloro- |y 6 | ratlethality (systemic) Torkelson (1960)°
seuirre] monkey/lethality -
Methvl hvdrazi 10 (systemic and local imitant) Haun (1970)
ethty! Mycrazine 10 dog/lethality (systemic and Ezun (19707
| local irritant) i
1.1 | human/eye iritation Mellon Institute {1963)°
Methyl 1socyanate 0.5 | rat/lethahty (local imtant) Kimmerle & Eben (1964)°
0.7 | rat/lethality (local irritant) DOW Chemical {1990
_ i (Mot applicable)lethality U.S.EPA (1996}, based on the mid-point
Methyl mercaptan 2 {systemic and local irmitant) range of n values from lethality data of :
r . . Snam Progretti (1980) as cited in ten Berge
4 1 1] " 2 W £ E
Methyl t-butyl ether | 2.0 | lethality (systemic) et al. (1986)°
- . < | gmnea pig. mouse, dog. rat, S .. |
Nitrogen dioxide 35 rabbit/lethality (local irritant) Hine er al., (1970)
L . . U.5.EPA (1996). based on WO, from Hine
= . 2
Witric acid 3.5 | not applicable (local irritant) etal (1970)
Perfluoroisobutylene| 1.2 | rat/lethality (local irritant) Smuth er al (1 9132}j
Phosgene 1 lethality (local immitant) Rinehart & Hatch (1964)
2.2 | rat/lethahty (local imitant) Rowe eral. (1936
Propvlene oxide 15 guinea pig/lethality (local Rowe ef ol (193677
| irritant) )
Sulfur dioxide 1 not given AICE (198%)
Tetrachloroethvlens | 2.0 | rat/lethality (systemic) Rowe et al (1952a)°
Toluene 25 | not given AICE (1989)
Trichloroethylene 0.2 | rat/lethality (systemic) Adams eral (1931)

Formaldehyde

not given

AICE (19539)

1 developed using procedures specified in OEHHA (195%9a).
“derived by ten Berge (1986},

*derived by OEHHA_

Source: (OEHHA)
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Identify a Training Dataset ID Name MRL
MRL 1 | ACETONE 26 ppm
‘ MRL 2 | ACROLEN 0.003 ppm
MRL_3 | ACRYLONITRLE 0.1 ppm

Knowledge Development O/j\
‘ D Ofe\%N
MRL 1 MRL 2 MRL 3

Slect Training Features
and Descriptors

Molecular Descriptor 3

o
<
0580
-, ® :
P ’ Molecular Descriptor 1 R=082
-4
Molecular Descriptor 2 e

Partial Least Squares (PLS) Regression

Estimatedlog(MR) =

Build Model

Source: Catharine J. Collar
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