
Development Of Predictive Toxicity Measures For 
Assessing Risks From Catastrophic Chemical Releases

Problem
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.

Abstract
The Chemical Security and Analysis Center (CSAC), a U.S. Department of Homeland Security 
component, is responsible for homeland security needs related to chemical threat awareness. The 
CSAC has been charged to determine public health impacts (injuries and deaths) potentially 
associated with catastrophic chemical releases. The following methodology was developed to 
address this need, and applied to 17 chemicals to date. Injury-severity categories were defined 
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 
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 
each exposure route and injury-severity category through a literature review. Next, dose-response 
(esp. incidence) data from key studies were evaluated, and allometric equations were used when 
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 
category based on probit analyses of the transformed data. Alternative methods were developed to 
derive predictive toxicity measures when the data from empirical investigations were inadequate 
(e.g., route-to-route, severity-category-to-severity-category, and chemical-to-chemical extrapolations). 
In addition, methods were developed to assign uncertainty factors to each predictive measure, 
enabling the depiction of a bounding range that reflects the uncertainty associated with each 
measure. The resultant predictive measures serve as toxicological inputs to the CSAC’s Chemical 
Terrorism Risk Assessment, and represent a more refined way to assess and incorporate non-lethal 
effects into other risk assessments.
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Injury severity categories:
• Mild
 - Minor discomfort, not disabling, short-term, reversible effects, such as local 

irritation, nausea, mild narcosis or mild allergic symptoms; may seek or be 
provided medical attention, though should not require inpatient care.

• Incapacitating
 - Serious effects, causing performance degradation, but not life-threatening 

or progressive; may require medical attention; Likely admission for 
observation or care.

• Life-Threatening
 - Direct threat to life without emergency medical treatment; e.g., includes 

anaphylactic reactions.
• Lethal
 - Irreversible progression of effects leading to death; not amenable to 

medical treatment.

Protocol Highlights
• Predictive toxicity measures are sought, to represent the central 

tendency of general population’s response to acute exposures (i.e., ≤4 
hours).

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

guidelines and regulations
• Identify relevant toxic effect endpoints for each injury severity category 

and exposure route
 - Use data from all or only one toxic endpoint?
 - Which endpoint is most pertinent?
 - Gradations of a single endpoint represent a single or multiple injury 

severity categories?
• Professional judgment: identify relevant toxic effect endpoints, consider 

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 
• Calculating predictive toxicity measures
 - Animal data may be extrapolated to humans using allometric 

equations to address systemic effects 
 - Exposure/population-response probit plots are developed from 

human equivalent doses using binary or ordinal logistic regression
• Additional steps are taken to address limited or missing information, e.g., 

severity-to-severity category, route-to-route, and chemical-to-chemical 
extrapolations

• Uncertainty is denoted using guidelines 

Conclusions
The protocol developed and described above enables derivation of predictive toxicity measures for multiple 
exposure routes and injury 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 
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.

Approach:
1. Define injury severity categories
2. Develop protocol for deriving predictive toxicity measures
3. Conduct literature search and data evaluation
4. Develop predictive toxicity measures
5. Denote uncertainty

Guidelines for Selecting Best Available Study 

Study 

Reports incidences (or means with SEs or SDs)

Previously vetted and used to set AEGLs 

Peer-reviewed or followed GLPs (or grey literature) 

Test Species 

Human subjects (clinical or epidemiological data) 

Animal species relevant and appropriate for extrapolating to humans 

Design 

Appropriate control groups

Adequate number of exposed groups ( ≥ 3 groups) 

Adequate number of test subjects per group

Exposure

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

Well-characterized exposures (appropriately spaced and quantified)

Exposure duration 4 hours (or ≤ 24 hours; ≤ 48 hours for dermal contact) 

Adequate post-exposure observation period (onset, reversibility)

Findings

Demonstrated dose-response relationships

Treatment-related measurements statistically different from controls

Consistent with other studies

Source of Uncertainty Guideline Contribution to
Uncertainty

Chemical-to-Chemical Extrapolation

No chemical-to-chemical extrapolation is required

Chemicals share common biochemical mechanism/target of action and have similar lipid and water solubility 

Chemicals have similar, instead of common, biochemical mechanisms/targets of action (e.g., both inhibit the citric
acid cycle, by do so by inactivating different enzymes) and have similar lipid and water solubility 

Chemicals have similar biochemical mechanisms/targets of action, but dissimilar lipid and water solubility 

Route-to-Route Extrapolation

No route-to-route extrapolation needed, or extrapolating between injection (e.g., i.v., i.p., s.c.) and inhalation

Extrapolation required between injection/inhalation and ingestion routes 

Extrapolation required between ingestion and dermal exposure 

Extrapolation required between injection/inhalation and dermal exposure 

Injury-Severity Category to
Injury-Severity Category Extrapolation 

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 

Animal-to-Human Extrapolation

No animal-to-human extrapolation is required

Extrapolation is required from animal incidence data 

Extrapolation is required from animal data, but without the benefit of incidence data (e.g., from an ECt50 only)

Inter-Individual Variability Data from relatively homogenous study population extrapolated to general human population 

Database Uncertainty 

Extensive database that includes clear evidence of causality (from animal or human studies), supplemented by
metabolism, pharmacokinetic, and mechanism studies

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

Limited database 
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Abstract

The present study was carried out to determine possible panicogenic effects of strychnine administered in subconvulsive doses to rats.

Two experiments were conducted to assess two major features of panic in animal models: panic-related flight (through the observation of

wild running [WR]) and defensive fights. In the first one, 20 adult male Wistar rats were injected with six different doses of strychnine

ranging from 0.5 to 4.0 mg/kg. After 15 min of free observation, the animals were submitted to high-intensity acoustic stimulation and the

incidence of WR was recorded. Higher doses of strychnine (above 2.5 mg/kg) easily evoked seizures, but lower doses raised the incidence of

WR in a dose-dependent manner. The most effective dose for WR (1.5 mg/kg) was used in the second experiment, in which we investigated

the effects of strychnine on sleep-deprivation-induced fights (SDIFs) that have defensive characteristics. For this purpose, 40 subjects were

submitted to 5 days of REM-sleep deprivation by the single-platform method and were then assigned into two groups, i.e., strychnine vs.

control. After the injections, the animals were observed in social groupings for SDIF recordings over a period of 60 min. The strychnine-

treated groups had more SDIF than the control groups (P< .05, Mann–Whitney U test). We conclude that the high level of neural excitability

promoted by partial blockade of the glycinergic system can contribute to the manifestation of panic reactions.

D 2003 Elsevier Inc. All rights reserved.
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1. Introduction

The relationship between convulsion and panic mani-

festations has been investigated by an increasing number

of authors, with a consequent thorough documentation of

the comorbidity between panic disorder and epilepsy

[14,15,53,54], the overlapping of neural structures in-

volved in both diseases [4,47,48], and the similarities in

their treatments [1,32].

Three main possibilities could explain the correlation

between panic and seizures. First, although independent

manifestations, the abnormal sensations of the pre-ictal state

could be interpreted as life-threatening events and elicit

panic. The psychological approach to the etiology of panic

disorder considers the fear of stress-related autonomic

responses to be the main factor that triggers panic attacks

[25,36,52]. Second, the convulsion may not be a true

epileptic phenomenon, but an alternative manifestation of

panic. Psychogenic seizures and pseudoconvulsions are

recognized clinical entities and some of them are associated

with panic attacks [3,8,17,22,38,46]. Third, the relationships

could be due to the different expressions of a coupled

central mechanism, which is modulated by the level of

neural excitability. Evidence for this is provided by the

progressive intensification of defensive reactions that cul-

minate in seizures in response to increasing current intensi-

ties of periaqueductal gray (PAG) electrical stimulations in

laboratory animals [10].

The third possibility is also supported by the similarities

between the defensive patterns of rats and their preconvul-

sive manifestations of audiogenic epilepsy. Intense acoustic

stimulation in this species induces a behavioral sequence of

startle response, intense exploratory activity, grooming,

chewing and sniffing, and/or freezing behavior that may

be followed by explosive uncontrollable runnings, named

wild runnings (WR). These responses are considered to be
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Acute Nose-Only Exposure of Rats to Phosgene. Part I:
Concentration × Time Dependence of LC50s,
Nonlethal-Threshold Concentrations, and Analysis
of Breathing Patterns

Jürgen Pauluhn
Bayer HealthCare, Wuppertal, Germany

Groups of young adult Wistar rats were acutely exposed to phosgene gas using a directed-
flow nose-only mode of exposure. The exposure durations used were 10, 30, 60, and 240 min
and the corresponding C × t products bracketed a range from 1538 to 2854 mg/m3× min.
The postexposure period was 2 wk. Subgroups of rats were subjected to respiratory function
measurements. With few exceptions, mortality occurred within 24 h after exposure. The median
lethal concentration (LC50) and the estimated nonlethal threshold concentrations (LC01) for 10,
30, 60, and 240 min were 253.3 (105.3), 54.5 (29.2), 31.3 (21.1), and 8.6 (5.3) mg/m3, respectively.
With regard to the fixed outcome Cn × t product, the exponent n was found to be ∼0.9 for both
the LC50 and the LC01. Due to an apparent rodent-specific transient depression in ventilation,
results from 10-min exposures were excluded for the calculation of average C × t products.
The average LCt50 (and confidence interval 95%) and LCt01 were 1741 (1547–1929) mg/m3×
min and 1075 mg/m3× min, respectively, with a LCt50/LCt01 ratio of 1.6. Respiratory function
measurements revealed an increased apnea time (AT), which is typical for lower respiratory tract
irritants. This response was associated with transiently decreased respiratory minute volumes.
Borderline, although distinct, changes in AT occurred at 1.2 × 30 mg/m3×min and above, which
did not show evidence of recovery during a 30-min postexposure period at 47.6 × 30 mg/m3×
min and above. In an ancillary study, one group of rats was exposed to 1008 mg/m3× min (at
4.2 mg/m3 for 240 min; postexposure period 4 wk). Emphasis was on the time course of nonlethal
endpoints (bronchoalveolar lavage, BAL) and histopathology of the lungs of rats sacrificed at the
end of the 4-wk postexposure period. The climax of BAL protein was on the first postexposure
day and exceeded approximately 70 times the control without causing mortality. The changes
in BAL protein resolved within 2 wk. Histopathology did not show evidence of lung remodeling
or progressive, potentially irreversible changes 4 wk postexposure. In summary, the analysis of
the C × t dependent mortality revealed a steep C × t mortality relationship. The C × t product
in the range of the nonlethal threshold concentration (1008 mg/m3 × min) caused pulmonary
injury as indicated by markedly increased protein in BAL. Changes resolved almost entirely
within the 4-wk postexposure period.

In the European Union, Council Directive 96/82/EC (the
Seveso II Directive) (EC, 1996) demands the control of major-
accident hazards involving dangerous substances and as such
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requires major hazard control for emergency response and land-
use planning (Mielke et al., 2005). The paradigms applied by the
various expert committees charged to derive these values have
been detailed elsewhere (e.g., http://www.epa.gov/oppt/aegl;
http://www.acutex.info; http://www.nap.edu; NRC, 2001). In
this context, acute exposure guideline levels (AEGLs) or the
evolving European acute exposure threshold levels (EU AETLs)
have to be addressed in case of accidental chemical release.
These levels can be adapted to the various national regulations
addressing land use planning and emergency situations. These
procedures have in common that they represent thresholds ex-
posure levels for the general population and are applicable to
exposure periods ranging from 10 to 480 min and categorize
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A Physiologically Based Pharmacokinetic Model of Organophosphate
Dermal Absorption
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The rate and extent of dermal absorption are important in the

analysis of risk from dermal exposure to toxic chemicals and for

the development of topically applied drugs, barriers, insect

repellents, and cosmetics. In vitro flow-through cells offer a con-

venient method for the study of dermal absorption that is relevant

to the initial processes of dermal absorption. This study describes

a physiologically based pharmacokinetic (PBPK) model devel-

oped to simulate the absorption of organophosphate pesticides,

such as parathion, fenthion, and methyl parathion through

porcine skin with flow-through cells. Parameters related to the

structure of the stratum corneum and solvent evaporation rates

were independently estimated. Three parameters were optimized

based on experimental dermal absorption data, including solvent

evaporation rate, diffusivity, and a mass transfer factor. Diffusion

cell studies were conducted to validate the model under a variety

of conditions, including different dose ranges (6.3–106.9 lg/cm2

for parathion; 0.8–23.6 lg/cm2 for fenthion; 1.6–39.3 lg/cm2 for

methyl parathion), different solvents (ethanol, 2-propanol and

acetone), different solvent volumes (5–120 ll for ethanol; 20–80 ll
for 2-propanol and acetone), occlusion versus open to atmosphere

dosing, and corneocyte removal by tape-stripping. The study

demonstrated the utility of PBPK models for studying dermal

absorption, which can be useful as explanatory and predictive

tools that may be used for in silico hypotheses generation and

limited hypotheses testing. The similarity between the overall

shapes of the experimental and model-predicted flux/time curves

and the successful simulation of altered system conditions for this

series of small, lipophilic compounds indicated that the absorption

processes that were described in the model successfully simulated

important aspects of dermal absorption in flow-through cells.

These data have direct relevance to topical organophosphate

pesticide risk assessments.

Key Words: dermal absorption; PBPKmodel; parathion; fenthion;

methyl parathion.

INTRODUCTION

Knowledge of the rate and extent of dermal absorption is
important in the analysis of risk from dermal exposure to toxic
chemicals and for the development of topically applied drugs,
barriers, insect repellents, and cosmetics. Dermal absorption
parameters can be estimated from in vitro and in vivo
experimental data (Riviere, 2005), but the substantial invest-
ment of resources required and the need for reducing the
numbers of animals used in research limits the use of the in vivo
approach. Estimates of absorption parameters under defined
experimental conditions also do not necessarily reflect the
values of such parameters under different exposure conditions.
The limitations of the experimental approach to absorption
parameter estimation have generated much interest in the
development of mathematical or so-called in silico models of
skin permeability.

Published models of dermal absorption may be divided into
two types: quantitative structure–activity relationship (QSAR)
models and mathematical models that simulate the effects of
partition and transport processes involved in absorption
(Fitzpatrick et al., 2004). Quantitative structure–activity re-
lationship techniques are widely used to predict the behavior of
molecules. When applied to dermal absorption, they are
usually based on statistical correlations of physical-chemical
properties of permeants, solvents, and chemical mixtures with
steady-state permeability constants (Geinoz et al., 2004;
Ghafourian et al., 2004; Potts and Guy, 1995; Riviere and
Brooks, 2005; Sartorelli et al., 1998, 1999). The combination
of quantitative structure–activity relationship and steady-state
permeability is widely used as an indicator of absorption
potential, but its accuracy is hampered by the scarcity of high
quality, comparable absorption data (Fitzpatrick et al., 2004).
Steady-state permeability also does not predict absorption over
time frames outside the steady-state portion of the absorption/
time curve. A large number of mathematical models that
simulate the effects of chemical partitioning into skin and the
transport across skin over time have been developed (McCarley
and Bunge, 2001; Roberts et al., 2001; Williams et al., 1990).
These models vary in their degree of correlation with skin
physiology and anatomy. At one end of the spectrum are
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Abstract

The relevance and property of studies related to stress effects on immune function are undisputable. All studies conducted on stresseimmune
relationships, however, provide from physical and/or psychological stressors. Indeed, as far as it is of our knowledge brain-innate immune re-
sponses were not analyzed after anxiogenic-like drugs use. The present experiment was then undertaken to analyze the effects of picrotoxin (0.3,
0.6 and 1.0 mg/kg doses) on behavior, macrophage activity, serum corticosterone and noradrenaline (NE) levels and turnover in the brain of adult
mice. Results showed that picrotoxin treatment in mice: (1) decreased motor and rearing activities in an open-field; (2) decreased the number of
entries into the plus-maze open-arms and decreased the time spent in the exploration of the plus-maze open-arms; (3) decreased both motor
activity and the level of holes exploration in the hole-board; (4) increased the levels of serum corticosterone in dose-dependent way; (5) in-
creased noradrenaline (NE) and MHPG levels and NE turnover in the hypothalamus; and (6) increased Staphylococcus aureus and PMA-induced
macrophage oxidative burst. However, and contrary to that reported after physical or psychological stress, this drug induced no effects on mac-
rophage phagocytosis and NE levels and turnover in the frontal cortex. The present results are thus showing that picrotoxin induces some but not
all neuro-innate immunity changes previously reported for inescapable foot-shock and psychological stressors in mice. These facts suggest that
this chemical stressor triggers CNS pathways that might be somehow different from those fired by inescapable foot-shock and psychological
stressors, leading to different neuro-innate immune responses.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Experimental and epidemiological evidences are showing
the relevance of the relationships between stress and occur-
rence of changes in immune function. A fixed-effect analysis
showed that major depression and naturally occurring stressors
were associated in humans with (1) an overall leukocytosis, (2)
mild reductions in absolute NK-cell counts and relative T-cell

proportions, (3) marginal increases in CD4þ/CD8þ ratios, and
(4) moderate decreases in T-cell and NK-cell functions
(Zorrilla et al., 2001). Accordingly, a variety of stressors
have been found to alter immune responses in experimental
animals. Foot-shock increased susceptibility to herpes simplex
virus in mice (Kunescov et al., 1992); sound stress suppressed
the T- and B-cell mediated responses in rats (Sobrian et al.,
1997); tail shocks decreased the intensity of anaphylactic
shock in rats (Maric et al., 1991); inescapable foot-shocks
increased the number of immune cells in the bronchoalveolar
lavage fluid of ova-sensitized rats (Portela et al., 2001).

Palermo-Neto et al. (2003) described behavioral and immu-
nological changes produced by physical and psychological
stressors in mice. In this study, the authors showed that a psy-
chological stress, generated by the act of observing another
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ABSTRACT 
 

Characterizing the toxicity of airborne exposures to chemical warfare agents requires sensitive, 
accurate and reliable analytical chemistry methods as well as adequate methods for generating and 
controlling the test atmosphere.  In addition to concentration and exposure time, it is necessary to examine 
what effect the chamber equilibration time (t99) has on measured biological endpoints for shorter duration 
inhalation exposures (i.e. < 10 minutes).  The t99 is defined as the time necessary for an exposure chamber 
to reach 99% of its experimental concentration.  Once this value is reached, the chamber concentration 
will not rise more than an additional 1%, regardless of exposure time.  MacFarland (1975) has suggested 
that for short-term dynamic exposures, exposure time (t) should be greater than (or equal to) 13(t99) 
(MacFarland’s Rule).  Although there is no problem in adhering to this guideline for longer exposures 
(e.g. 60 or 240 min), adherence is not practical for exposures of 10 min or less where chamber dynamics 
will only allow the t99 value be kept to a minimum.  The present study examined dose-response (lethality) 
relationships for GB vapor in rats derived from 10-minute exposures with t99 values that do not adhere to 
MacFarland’s Rule, i.e., 2.1, 5.2, or 8 minutes.  It was generally concluded that differences in LCt50 
values collected under the above t99 conditions were minimal and would not be considered statistically 
significant.  

 
 
 

 
INTRODUCTION 

 
 Traditional predictions of GB dosage-mortality relationships over time using Haber’s rule1 have not 

been supported by the results of experimental studies involving exposure durations up to six hours.2,3   An 
inverse linear relationship between concentration (C) and time (t), as implied by Haber’s Law, does not 
exist in these situations.  Mioduszewski et al., (2001) examined the dose-response effects of Sarin (GB) 
vapor for lethality in rats at various exposure durations up to six hours.  It was found that the assumption 
regarding the relationship between exposure dose and lethality used historically (Haber’s rule; Haber, 
1924) to predict CW agent toxicity was not adequate to describe the lethal response data over time.  For 
many acutely toxic gases and aerosols, toxic effects cannot be adequately related to the Ct product.4,5  For 
these materials, the influence of concentration is usually more pronounced than that of exposure time.  In 

Comparative Effects of Single Intraperitoneal
or Oral Doses of Sodium Arsenate or Arsenic
Trioxide During In Utero Development
D.G. STUMP,1* J.F. HOLSON,1 T.L. FLEEMAN,1 M.D. NEMEC,1 AND C.H. FARR2

1WIL Research Laboratories, Ashland, Ohio 44805
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ABSTRACT Numerous studies have suggested
that single-day intraperitoneal (IP) injection of inorganic
arsenic results in failure of neural tube closure and
other malformations in rats, hamsters, and mice. Most
of these studies involved treatment of limited numbers
of animals with maternally toxic doses of arsenic
(generally AsV), without defining a dose-response rela-
tionship. In the present Good Laboratory Practice-
compliant study, sodium arsenate (AsV) was adminis-
tered IP and arsenic trioxide (AsIII) was administered
either IP or orally (by gavage) on gestational day 9 to
groups of 25 mated Crl:CD� (SD)BR rats. Only at dose
levels that caused severe maternal toxicity, including
lethality, did IP injection of arsenic trioxide produce
neural tube and ocular defects; oral administration of
higher doses of arsenic trioxide caused some maternal
deaths but no treatment-related fetal malformations. In
contrast, IP injection of similar amounts of sodium
arsenate (based on the molar amount of arsenic)
caused mild maternal toxicity but a large increase in
malformations, including neural tube, eye, and jaw
defects. In summary, neural tube and craniofacial
defects were observed after IP injection of both AsV and
AsIII; however, no increase in malformations was seen
following oral administration of AsIII, even at maternally
lethal doses. These results demonstrate that the fre-
quently cited association between prenatal exposure to
inorganic arsenic and malformations in laboratory ani-
mals is dependent on a route of administration that is
not appropriate for human risk assessment. Teratology
60:283–291, 1999. � 1999 Wiley-Liss, Inc.

INTRODUCTION

Concerns regarding the potential developmental tox-
icity of inorganic arsenic stem from the publication of
numerous animal studies that used maternally toxic
doses and environmentally nonrelevant routes of admin-
istration. Intraperitoneal (IP) or intravenous injections
of sodium arsenate (AsV) or sodium arsenite (AsIII) to
pregnant rats (e.g., Beaudoin, ’74; Umpierre, ’81), ham-
sters (e.g., Ferm and Carpenter, ’68; Willhite, ’81; Hood
and Harrison, ’82; Carpenter, ’87), and mice (e.g., Hood,
’72; Hood and Bishop, ’72) have resulted in increased

numbers of resorptions and fetal malformations, espe-
cially cranial neural tube closure defects.

The objectives of the present study, conducted in
accordance with Good Laboratory Practice regulations
and of greater robustness than previous studies, were
(1) to reproduce in rats the fetal effects seen in previous
studies that used the IP route of administration prior to
neural tube closure, (2) to ascertain if a single oral dose
of inorganic arsenic produces similar effects when
administered prior to neural tube closure, and (3) to
determine dose-response relationships for each expo-
sure regimen.

MATERIALS AND METHODS

All experiments were conducted at WIL Research
Laboratories. The animal facilities are accredited by
the Association for Assessment and Accreditation of
Laboratory Animal Care International, and animals
are maintained in accordance with the Guide for the
Care and Use of Laboratory Animals (NRC, ’96).

Animals

Sexually mature (�70 days old), nulliparous, and
nonpregnant female, Crl:CD� (SD)BR rats were pur-
chased from Charles River Laboratories (Portage, MI)
and allowed to acclimate for at least 12 days before
admission to the experimental program. They were
housed in an environmentally controlled (72 � 4° F;
30–70% relative humidity) room on a 12-hour light/
dark cycle and were allowed feed (Certified Rodent
LabDiet� 5002, PMI Nutrition International) and re-
verse osmosis-purified municipal water ad libitum.

After the acclimation period, each female was paired
with an untreated resident male of the same strain and
source. The day when evidence of mating was identified
by the presence of a copulatory plug or sperm in a
vaginal smear was designated gestational day (GD) 0.

Test article

Sodium arsenate (Na2HAsVO4·7H2O, 98.4%) was pur-
chased from GFS Chemicals (Columbus, OH). Arsenic

*Correspondence to: Dr. Donald G. Stump, WIL Research Laborato-
ries, Inc., 1407 George Road, Ashland, OH 44805
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Inhalation (mg∙min/m3) Ingestion (mg/kg) Dermal (mg/m2)

Mild Incap Life
Threat Lethal Mild Incap Life

Threat Lethal Mild Incap Life
Threat Lethal

Acrylonitrile 20,204 47,886 81,543 132,274 2.4 5.8 9.9 16 461 1,093 1,860 3,018

Arsenic Trioxide 3,376 11,479 54,020 58,071 0.72 2.5 3.0 3.4 ---1 --- --- ---

Brodifacoum 151 183 203 373 0.023 0.028 0.031 0.061 16 20 22 43

Fentanyl 1 8 70 11,666 0.0004 0.003 0.03 5.0 0.1 1 8.4 1,400

Formaldehyde 371 790 5,286 14,531 2.1 4.4 29 80 340 725 4,852 13,338

Hydrazine 33 23,800 46,666 121,333 0.002 1.5 3.0 7.9 1.4 906 1,779 4,620

Hydrogen Sulfide 33 50,490 60,748 77,284 --- --- --- --- 332 50,4902 60,7482 77,2842

Parathion 1,388 5,092 5,449 5,806 0.4 1.2 1.5 1.8 59 161 204 247

Phosgene 246 481 768 1,500 --- --- --- --- --- --- --- ---

Picrotoxin 217 898 952 1,462 0.05 0.19 0.20 0.31 6.5 27 29 44

Potassium Cyanide 9,384 20,433 26,655 62,194 0.13 0.27 0.36 0.84 137 298 391 908

Sarin 1.7 105 125 175 0.00082 0.049 0.058 0.082 27 1,696 2,000 3,400

Sodium Fluoroacetate 1,913 3,360 5,880 16,333 0.41 0.72 1.26 3.50 1,731 3,043 5,347 14,852

Strychnine 569 591 612 2,599 0.12 0.13 0.13 0.56 --- --- --- ---

Sulfur Mustard 25 75 2,020 4,932 0.0035 0.011 0.29 0.70 502 5002 4,6522 10,0002

TETS3 69 287 304 467 0.02 0.06 0.07 0.1 2.1 8.6 9.2 14

Thallium Sulfate 2,920 4,694 7,547 12,133 0.6 1.0 1.6 2.6 --- --- --- ---

Results: Median Doses

Low Uncertainty Moderate Uncertainty High Uncertainty

1 Not Estimated  2 mg·min/m3  3 Tetramethylenedisulfotetramine  




