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Preface 

 
Extremely hazardous substances (EHSs)2 can be released accidentally as a 

result of chemical spills, industrial explosions, fires, or accidents involving rail-
road cars and trucks transporting EHSs. Workers and residents in communities 
surrounding industrial facilities where EHSs are manufactured, used, or stored 
and in communities along the nation’s railways and highways are potentially at 
risk of being exposed to airborne EHSs during accidental releases or intentional 
releases by terrorists. Pursuant to the Superfund Amendments and Reauthoriza-
tion Act of 1986, the U.S. Environmental Protection Agency (EPA) has identi-
fied approximately 400 EHSs on the basis of acute lethality data in rodents. 

As part of its efforts to develop acute exposure guideline levels for EHSs, 
EPA and the Agency for Toxic Substances and Disease Registry (ATSDR) in 
1991 requested that the National Research Council (NRC) develop guidelines 
for establishing such levels. In response to that request, the NRC published 
Guidelines for Developing Community Emergency Exposure Levels for Hazard-
ous Substances in 1993. Subsequently, Standard Operating Procedures for De-
veloping Acute Exposure Guideline Levels for Hazardous Substances was pub-
lished in 2001, providing updated procedures, methodologies, and other 
guidelines used by the National Advisory Committee (NAC) on Acute Exposure 
Guideline Levels for Hazardous Substances and the Committee on Acute Expo-
sure Guideline Levels (AEGLs) in developing the AEGL values. 

Using the 1993 and 2001 NRC guidelines reports, the NAC—consisting of 
members from EPA, the Department of Defense (DOD), the Department of En-
ergy (DOE), the Department of Transportation (DOT), other federal and state 
governments, the chemical industry, academia, and other organizations from the 
private sector—has developed AEGLs for approximately 200 EHSs. 

In 1998, EPA and DOD requested that the NRC independently review the 
AEGLs developed by NAC. In response to that request, the NRC organized 
within its Committee on Toxicology (COT) the Committee on Acute Exposure 
Guideline Levels, which prepared this report. This report is the tenth volume in 
that series. AEGL documents for N,N-dimethylformamide, jet propellant fuels 5 

                                                 
2As defined pursuant to the Superfund Amendments and Reauthorization Act of 1986. 
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Preface 

and 8, methyl ethyl ketone, perchloromethyl mercaptan, phosphorus oxychlo-
ride, phosphorus trichloride, and sulfuryl chloride are each published as an ap-
pendix in this report. The committee concludes that the AEGLs developed in these 
appendixes are scientifically valid conclusions based on the data reviewed by 
NAC and are consistent with the NRC guideline reports. AEGL reports for addi-
tional chemicals will be presented in subsequent volumes. 

The committee’s review of the AEGL documents involved both oral and 
written presentations to the committee by the NAC authors of the documents. 
The committee examined the draft documents and provided comments and rec-
ommendations for how they could be improved in a series of interim reports. 
The authors revised the draft AEGL documents based on the advice in the in-
terim reports and presented them for reexamination by the committee as many 
times as necessary until the committee was satisfied that the AEGLs were scien-
tifically justified and consistent with the 1993 and 2001 NRC guideline reports. 
After these determinations have been made for an AEGL document, it is pub-
lished as an appendix in a volume such as this one. 

The six interim reports of the committee that led to this report were re-
viewed in draft form by individuals selected for their diverse perspectives and 
technical expertise, in accordance with procedures approved by the NRC’s Re-
port Review Committee. The purpose of this independent review is to provide 
candid and critical comments that will assist the institution in making its pub-
lished report as sound as possible and to ensure that the report meets institu-
tional standards for objectivity, evidence, and responsiveness to the study 
charge. The review comments and draft manuscript remain confidential to pro-
tect the integrity of the deliberative process. We wish to thank the following 
individuals for their review of the six committee interim reports, which summa-
rize the committee’s conclusions and recommendations for improving NAC’s 
AEGL documents for N,N-dimethylformamide (fourteenth interim report, 2006), 
jet propellant fuels 5 and 8 (seventeenth interim report, 2010), methyl ethyl ke-
tone (twelfth and fifteenth interim reports, 2005 and 2008, respectively), per-
chloromethyl mercaptan (fifteenth interim report, 2008), phosphorus oxychlo-
ride (eleventh and fifteenth interim reports, 2004 and 2008, respectively), 
phosphorus trichloride (eleventh and fifteenth interim reports, 2004 and 2008, 
respectively), and sulfuryl chloride (sixteenth interim report, 2009):  Deepak 
Bhalla (Wayne State University), Harvey Clewell (The Hamner Institutes for 
Health Sciences), David Gaylor (Gaylor and Associates, LLC), Sidney Green, 
Jr. (Howard University), A. Wallace Hayes (Harvard School of Public Health), 
Rogene Henderson (Lovelace Respiratory Research Institute [retired]), Sam 
Kacew (University of Ottawa), Charles Reinhardt (DuPont Haskell Laboratory 
[retired]), Kenneth Still (Occupational Toxicology Associates, Inc.), and Ber-
nard M. Wagner (New York University Medical Center [retired]). 

Although the reviewers listed above have provided many constructive 
comments and suggestions, they were not asked to endorse the conclusions or 
recommendations, nor did they see the final draft of this volume before its re-
lease. The review of the eleventh interim report was overseen by Rakesh Dixit 
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(MedImmune/AstraZeneca Biologics), and the twelfth interim report was over-
seen by David Gaylor (Gaylor and Associates, LLC). The review of the four-
teenth, fifteenth, sixteenth, and seventeenth interim reports was overseen by 
Robert Goyer, University of Western Ontario (retired).  Appointed by the NRC, 
they were responsible for making certain that an independent examination of the 
interim reports was carried out in accordance with institutional procedures and 
that all review comments were carefully considered. Responsibility for the final 
content of this report rests entirely with the authoring committee and the institu-
tion. 

The committee gratefully acknowledges the valuable assistance provided 
by the following persons: Ernest Falke and Iris A. Camacho (both from EPA) 
and George Rusch (Honeywell, Inc.). The committee also acknowledges Keegan 
Sawyer, the project director for her work this project. Other staff members who 
contributed to this effort are James J. Reisa (director of the Board on Environ-
mental Studies and Toxicology), Susan Martel (senior program officer for toxi-
cology), Ruth Crossgrove (senior editor), Radiah Rose (manager of editorial 
projects), Mirsada Karalic-Loncarevic (manager of the Technical Information 
Center), Orin Luke (senior program assistant), and Tamara Dawson (program 
associate). Finally, I would like to thank all members of the committee for their 
expertise and dedicated effort throughout the development of this report.  
 

Donald E. Gardner, Chair 
Committee on Acute Exposure  
Guideline Levels 
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and co-founder of the Acute Exposure Guideline Levels program, 

Dr. Paul Tobin, 
whose 31 years of distinguished service with the  

U.S. Environmental Protection Agency in the fields of chemistry,  
toxicology and health-risk assessment contributed significantly to scientific 

knowledge, to the development of the Acute Exposure Guideline Levels  
program, and to the protection of public health and safety. 
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National Research Council Committee 
Review of Acute Exposure Guideline 

Levels of Selected Airborne Chemicals 

 
This report is the tenth volume in the series Acute Exposure Guideline Le-

vels for Selected Airborne Chemicals. 
In the Bhopal disaster of 1984, approximately 2,000 residents living near a 

chemical plant were killed and 20,000 more suffered irreversible damage to their 
eyes and lungs following accidental release of methyl isocyanate. The toll was 
particularly high because the community had little idea what chemicals were 
being used at the plant, how dangerous they might be, or what steps to take in an 
emergency. This tragedy served to focus international attention on the need for 
governments to identify hazardous substances and to assist local communities in 
planning how to deal with emergency exposures. 

In the United States, the Superfund Amendments and Reauthorization Act 
(SARA) of 1986 required that the U.S. Environmental Protection Agency (EPA) 
identify extremely hazardous substances (EHSs) and, in cooperation with the 
Federal Emergency Management Agency and the U.S. Department of Transpor-
tation, assist local emergency planning committees (LEPCs) by providing guid-
ance for conducting health hazard assessments for the development of emer-
gency response plans for sites where EHSs are produced, stored, transported, or 
used. SARA also required that the Agency for Toxic Substances and Disease 
Registry (ATSDR) determine whether chemical substances identified at hazard-
ous waste sites or in the environment present a public health concern. 

As a first step in assisting the LEPCs, EPA identified approximately 400 
EHSs largely on the basis of their immediately dangerous to life and health val-
ues, developed by the National Institute for Occupational Safety or Health. Al-
though several public and private groups, such as the Occupational Safety and 
Health Administration and the American Conference of Governmental Industrial 
Hygienists, have established exposure limits for some substances and some ex-
posures (e.g., workplace or ambient air quality), these limits are not easily or 
directly translated into emergency exposure limits for exposures at high levels 
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but of short duration, usually less than 1 hour (h), and only once in a lifetime for 
the general population, which includes infants (from birth to 3 years of age), 
children, the elderly, and persons with diseases, such as asthma or heart disease. 

The National Research Council (NRC) Committee on Toxicology (COT) 
has published many reports on emergency exposure guidance levels and space-
craft maximum allowable concentrations for chemicals used by the U.S. De-
partment of Defense (DOD) and the National Aeronautics and Space Admini-
stration (NASA) (NRC 1968, 1972, 1984a,b,c,d, 1985a,b, 1986a, 1987, 1988, 
1994, 1996a,b, 2000a, 2002a, 2007a, 2008a). COT has also published guidelines 
for developing emergency exposure guidance levels for military personnel and 
for astronauts (NRC 1986b, 1992, 2000b). Because of COT’s experience in rec-
ommending emergency exposure levels for short-term exposures, in 1991 EPA 
and ATSDR requested that COT develop criteria and methods for developing 
emergency exposure levels for EHSs for the general population. In response to 
that request, the NRC assigned this project to the COT Subcommittee on Guide-
lines for Developing Community Emergency Exposure Levels for Hazardous 
Substances. The report of that subcommittee, Guidelines for Developing Com-
munity Emergency Exposure Levels for Hazardous Substances (NRC 1993), 
provides step-by-step guidance for setting emergency exposure levels for EHSs. 
Guidance is given on what data are needed, what data are available, how to eva-
luate the data, and how to present the results.  

In November 1995, the National Advisory Committee (NAC)1 for Acute 
Exposure Guideline Levels for Hazardous Substances was established to iden-
tify, review, and interpret relevant toxicologic and other scientific data and to 
develop acute exposure guideline levels (AEGLs) for high-priority, acutely toxic 
chemicals. The NRC’s previous name for acute exposure levels—community 
emergency exposure levels (CEELs)—was replaced by the term AEGLs to re-
flect the broad application of these values to planning, response, and prevention 
in the community, the workplace, transportation, the military, and the remedia-
tion of Superfund sites. 

AEGLs represent threshold exposure limits (exposure levels below which 
adverse health effects are not likely to occur) for the general public and are ap-
plicable to emergency exposures ranging from 10 minutes (min) to 8 h. Three 
levels—AEGL-1, AEGL-2, and AEGL-3—are developed for each of five expo-
sure periods (10 min, 30 min, 1 h, 4 h, and 8 h) and are distinguished by varying 
degrees of severity of toxic effects. The three AEGLs are defined as follows: 
 

AEGL-1 is the airborne concentration (expressed as ppm [parts per mil-
lion] or mg/m3 [milligrams per cubic meter]) of a substance above which it is 
predicted that the general population, including susceptible individuals, could 
experience notable discomfort, irritation, or certain asymptomatic nonsensory 
effects. However, the effects are not disabling and are transient and reversible 

                                                           
1NAC is composed of members from EPA, DOD, many other federal and state agen-

cies, industry, academia, and other organizations. The NAC roster is shown on page 9. 
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upon cessation of exposure. 
AEGL-2 is the airborne concentration (expressed as ppm or mg/m3) of a 

substance above which it is predicted that the general population, including sus-
ceptible individuals, could experience irreversible or other serious, long-lasting 
adverse health effects or an impaired ability to escape. 

AEGL-3 is the airborne concentration (expressed as ppm or mg/m3) of a 
substance above which it is predicted that the general population, including sus-
ceptible individuals, could experience life-threatening adverse health effects or 
death. 
 

Airborne concentrations below AEGL-1 represent exposure levels that can 
produce mild and progressively increasing but transient and nondisabling odor, 
taste, and sensory irritation or certain asymptomatic nonsensory adverse effects. 
With increasing airborne concentrations above each AEGL, there is a progres-
sive increase in the likelihood of occurrence and the severity of effects described 
for each corresponding AEGL. Although the AEGL values represent threshold 
levels for the general public, including susceptible subpopulations, such as in-
fants, children, the elderly, persons with asthma, and those with other illnesses, 
it is recognized that individuals, subject to idiosyncratic responses, could experi-
ence the effects described at concentrations below the corresponding AEGL. 

 
SUMMARY OF REPORT ON  

GUIDELINES FOR DEVELOPING AEGLS 
 

As described in Guidelines for Developing Community Emergency Expo-
sure Levels for Hazardous Substances (NRC 1993) and the NRC guidelines re-
port Standing Operating Procedures for Developing Acute Exposure Guideline 
Levels for Hazardous Chemicals (NRC 2001a), the first step in establishing 
AEGLs for a chemical is to collect and review all relevant published and unpub-
lished information. Various types of evidence are assessed in establishing AEGL 
values for a chemical. These include information from (1) chemical-physical 
characterizations, (2) structure-activity relationships, (3) in vitro toxicity studies, 
(4) animal toxicity studies, (5) controlled human studies, (6) observations of 
humans involved in chemical accidents, and (7) epidemiologic studies. Toxicity 
data from human studies are most applicable and are used when available in 
preference to data from animal studies and in vitro studies. Toxicity data from 
inhalation exposures are most useful for setting AEGLs for airborne chemicals 
because inhalation is the most likely route of exposure and because extrapola-
tion of data from other routes would lead to additional uncertainty in the AEGL 
estimate. 

For most chemicals, actual human toxicity data are not available or critical 
information on exposure is lacking, so toxicity data from studies conducted in 
laboratory animals are extrapolated to estimate the potential toxicity in humans. 
Such extrapolation requires experienced scientific judgment. The toxicity data 
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for animal species most representative of humans in terms of pharmacodynamic 
and pharmacokinetic properties are used for determining AEGLs. If data are not 
available on the species that best represents humans, data from the most sensi-
tive animal species are used. Uncertainty factors are commonly used when ani-
mal data are used to estimate risk levels for humans. The magnitude of uncer-
tainty factors depends on the quality of the animal data used to determine the no-
observed-adverse-effect level (NOAEL) and the mode of action of the substance 
in question. When available, pharmacokinetic data on tissue doses are consid-
ered for interspecies extrapolation. 

For substances that affect several organ systems or have multiple effects, 
all end points (including reproductive [in both genders], developmental, neuro-
toxic, respiratory, and other organ-related effects) are evaluated, the most impor-
tant or most sensitive effect receiving the greatest attention. For carcinogenic 
chemicals, excess carcinogenic risk is estimated, and the AEGLs corresponding 
to carcinogenic risks of 1 in 10,000 (1  10-4), 1 in 100,000 (1  10-5), and 1 in 
1,000,000 (1  10-6) exposed persons are estimated. 

 
REVIEW OF AEGL REPORTS 

 
As NAC began developing chemical-specific AEGL reports, EPA and 

DOD asked the NRC to review independently the NAC reports for their scien-
tific validity, completeness, and consistency with the NRC guideline reports 
(NRC 1993, 2001a). The NRC assigned this project to the COT Committee on 
Acute Exposure Guideline Levels. The committee has expertise in toxicology, 
epidemiology, occupational health, pharmacology, medicine, pharmacokinetics, 
industrial hygiene, and risk assessment. 

The AEGL draft reports are initially prepared by ad hoc AEGL develop-
ment teams consisting of a chemical manager, two chemical reviewers, and a 
staff scientist of the NAC contractor—Oak Ridge National Laboratory. The 
draft documents are then reviewed by NAC and elevated from “draft” to “pro-
posed” status. After the AEGL documents are approved by NAC, they are pub-
lished in the Federal Register for public comment. The reports are then revised 
by NAC in response to the public comments, elevated from “proposed” to “in-
terim” status, and sent to the NRC Committee on Acute Exposure Guideline 
Levels for final evaluation. 

The NRC committee’s review of the AEGL reports prepared by NAC and 
its contractors involves oral and written presentations to the committee by the 
authors of the reports. The NRC committee provides advice and recommenda-
tions for revisions to ensure scientific validity and consistency with the NRC 
guideline reports (NRC 1993, 2001a). The revised reports are presented at sub-
sequent meetings until the subcommittee is satisfied with the reviews. 

Because of the enormous amount of data presented in AEGL reports, the 
NRC committee cannot verify all of the data used by NAC. The NRC committee 
relies on NAC for the accuracy and completeness of the toxicity data cited in the 
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AEGL reports. Thus far, the committee has prepared nine reports in the series 
Acute Exposure Guideline Levels for Selected Airborne Chemicals (NRC 2001b, 
2002b, 2003, 2004, 2007b, 2008b, 2009, 2010a,b). This report is the tenth volume 
in that series. AEGL documents for N,N-dimethylformamide, jet propellant fuels 
5 and 8, methyl ethyl ketone, perchlormethyl mercaptan, phosphorus oxychlo-
ride, phosphorus trichloride, and sulfuryl chloride are each published as an ap-
pendix in this report. The committee concludes that the AEGLs developed in these 
appendixes are scientifically valid conclusions based on the data reviewed by 
NAC and are consistent with the NRC guideline reports. AEGL reports for addi-
tional chemicals will be presented in subsequent volumes. 
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Phosphorus Trichloride1 
 

Acute Exposure Guideline Levels 

 
PREFACE 

 
Under the authority of the Federal Advisory Committee Act (FACA) P.L. 

92-463 of 1972, the National Advisory Committee for Acute Exposure Guide-
line Levels for Hazardous Substances (NAC/AEGL Committee) has been estab-
lished to identify, review, and interpret relevant toxicologic and other scientific 
data and develop AEGLs for high-priority, acutely toxic chemicals. 

AEGLs represent threshold exposure limits for the general public and are 
applicable to emergency exposure periods ranging from 10 minutes (min) to 8 
hours (h). Three levels—AEGL-1, AEGL-2, and AEGL-3—are developed for 
each of five exposure periods (10 and 30 min and 1, 4, and 8 h) and are distin-
guished by varying degrees of severity of toxic effects. The three AEGLs are 
defined as follows: 
 

AEGL-1 is the airborne concentration (expressed as parts per million or 
milligrams per cubic meter [ppm or mg/m3]) of a substance above which it is 
predicted that the general population, including susceptible individuals, could 
experience notable discomfort, irritation, or certain asymptomatic, nonsensory 

                                                           
1This document was prepared by the AEGL Development Team composed of Robert 

Young (Oak Ridge National Laboratory) and Tom Hornshaw (National Advisory  
Committee [NAC] on Acute Exposure Guideline Levels for Hazardous Substances). The 
NAC reviewed and revised the document and AEGLs as deemed necessary. Both the 
document and the AEGL values were then reviewed by the National Research Council 
(NRC) Committee on Acute Exposure Guideline Levels. The NRC committee concludes 
that the AEGLs developed in this document are scientifically valid conclusions based on 
the data reviewed by the NRC and are consistent with the NRC guidelines reports (NRC 
1993, 2001). 
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effects. However, the effects are not disabling and are transient and reversible 
upon cessation of exposure. 

AEGL-2 is the airborne concentration (expressed as ppm or mg/m3) of a 
substance above which it is predicted that the general population, including sus-
ceptible individuals, could experience irreversible or other serious, long-lasting 
adverse health effects or an impaired ability to escape. 

AEGL-3 is the airborne concentration (expressed as ppm or mg/m3) of a 
substance above which it is predicted that the general population, including sus-
ceptible individuals, could experience life-threatening health effects or death. 
 

Airborne concentrations below the AEGL-1 represent exposure concentra-
tions that could produce mild and progressively increasing but transient and 
nondisabling odor, taste, and sensory irritation or certain asymptomatic, nonsen-
sory effects. With increasing airborne concentrations above each AEGL, there is 
a progressive increase in the likelihood of occurrence and the severity of effects 
described for each corresponding AEGL. Although the AEGL values represent 
threshold levels for the general public, including susceptible subpopulations, 
such as infants, children, the elderly, persons with asthma, and those with other 
illnesses, it is recognized that individuals, subject to idiosyncratic responses, 
could experience the effects described at concentrations below the correspond-
ing AEGL. 

 
SUMMARY 

 
Phosphorus trichloride (CAS no. 007719-12-2) is a colorless, clear fuming 

liquid with a pungent, irritating odor. In the presence of water, the chemical de-
composes rapidly in a highly exothermic reaction to phosphonic acid, or hydro-
gen chloride, and pyrophosphonic acids. The primary use of phosphorus trichlo-
ride is for the production of phosphonic acid which, in turn, is used in the 
production of glyphosphate herbicides. Annual domestic production of 294,000 
tons has been reported. 

No acute lethality data on humans are available. Qualitative data regarding 
human exposures indicate signs and symptoms of exposure consistent with a 
highly irritating chemical; ocular and dermal irritation, respiratory tract irrita-
tion, shortness of breath, and nausea.  

Lethality data are available for rats, cats, and guinea pigs. Cursory studies 
conducted nearly 100 years ago in Germany provided preliminary data on lethal 
and nonlethal effects in cats and guinea pigs following various treatment regi-
mens with inhaled phosphorus trichloride. Although results of the studies indi-
cated the respiratory tract to be a critical target, the methods and results of these 
studies were not verifiable. Weeks et al. (1964) reported 4-h LC50 values of 
104.5 ppm and 50.1 ppm for rats and guinea pigs, respectively. An unpublished 
study by Hazleton Laboratories (1983) identified a no-observed-adverse-effect 
level (NOAEL) of 3.4 ppm and a lowest-observed-adverse-effect level (LOAEL 
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(histopathologic changes in the respiratory tract) of 11 ppm following repeated 
exposure (6 h/day, 5 days/week for 4 weeks) of rats. There are no data regarding 
reproductive and developmental toxicity, genotoxicity, or carcinogenicity of 
phosphorus trichloride. Definitive data regarding the mechanism of action of 
phosphorus trichloride are unavailable. Decomposition products (hydrogen chlo-
ride, phosphonic acid, and pyrophosphonic acids) are responsible, at least in 
part, for the contact irritation reported by humans, and the irritation and tissue 
damage observed in animal species.  

The concentration-time relationship for many irritant and systemically act-
ing vapors and gases may be described by Cn × t = k, where the exponent n 
ranges from 0.8 to 3.5. Due to the limited toxicity data for this chemical, an em-
pirical derivation of n was not possible. In the absence of an empirically derived 
exponent (n), and to obtain conservative and protective AEGL values, temporal 
scaling was performed using n = 3 when extrapolating to shorter time points and 
n = 1 when extrapolating to longer time points using the Cn × t = k equation. 
Because phosphorus trichloride is a contact irritant, minor irritation effects are 
not expected to vary with exposure duration (NRC 2001). Therefore, all AEGL-
1 values were set at 0.34 ppm (the 3.4 ppm point-of departure adjusted by a total 
uncertainty factor of 10). The 10-min AEGL-3 values were set equivalent to the 
30-min values due to uncertainties in extrapolating from the experimental expo-
sure durations of 4 h and greater. 

Quantitative data consistent with AEGL-1 effects were unavailable. Occu-
pational exposures of humans to 1.8-3.6 ppm for 2-6 h (Sassi 1952) and expo-
sure of rats to 3.4 ppm for 6 h/day, 5 days/week for 4 weeks (Hazleton Labora-
tories 1983) were without notable effect. The occupational exposure data lacked 
details regarding pairing of the exposure durations (weeks to months) to expo-
sure concentrations. The 3.4 ppm exposure of rats data was considered a 
NOAEL for AEGL-1 effects. These data as well as the AEGL-1 values are sup-
ported by the human experience. The interspecies uncertainty factor was limited 
to 3 because of the concordance of the animal data with the human experience 
and because the most sensitive species tested (guinea pig) was only about 2-fold 
more sensitive. The intraspecies uncertainty factor was limited to 3 because pri-
mary effects of phosphorus trichloride (irritation and subsequent tissue damage) 
appear to be due, in part, to hydrogen chloride and phosphonic acid resulting 
from chemical dissociation. Additional reduction of the AEGL-1 values would 
be inconsistent with available human and animal data. 

Information consistent with AEGL-2 effects was limited to an occupa-
tional exposure report and a multiple exposure study with rats. For occupational 
exposures, there was notable irritation following 2-6 h of exposure to approxi-
mately 14-27 ppm phosphorus trichloride and more severe but reversible irrita-
tion following exposures of 1-8 weeks. Reports providing qualitative informa-
tion but no exposure terms affirmed the potential for respiratory tract irritation 
following acute exposures to phosphorus trichloride. Data for rats showed upper 
respiratory tract involvement following multiple exposures (over 4 weeks) to 11 
ppm but not to 3.4 ppm (Hazleton Laboratories 1983). For development of 
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AEGL-2 values, the 11 ppm exposure in rats was considered a NOAEL  
for AEGL-2 effects. Uncertainty factor application was the same as for the 
AEGL-1 tier. 

AEGL-3 values were developed based upon a 3-fold reduction of the 4-h 
LC50 (Weeks et al. 1964) as an estimate of the lethality threshold (104.3 ppm/3 = 
34.8 ppm). A total uncertainty factor adjustment of 10 was used to develop the 
AEGL-3 values. Animal data indicated some variability in the toxic response to 
phosphorus trichloride with guinea pigs being the more sensitive among the spe-
cies tested but only about 2-fold compared to the rat. Additionally, further re-
duction of the AEGL-3 values did not appear warranted based upon the human 
occupational exposure data. Therefore, uncertainty adjustment regarding inter-
species variability was limited to 3. To account for intraspecies variability, a 
factor of 3 was applied. The uncertainty of intraspecies variability was limited to 
3 because primary effects of phosphorus trichloride (irritation and subsequent 
tissue damage) appear to be due, in part, to hydrogen chloride and phosphonic 
acid resulting from chemical dissociation. Additionally, these products would 
likely affect all mucosal surfaces in a similar manner and would do so independ-
ent of metabolism processes. The total uncertainty factor of 10 may be justified 
by human exposure data showing that repeated 2 to 6-h exposures of up to 27 
ppm were without life-threatening consequences. Furthermore, the results of the 
Hazleton Laboratories (1983) study showed no fatalities in rats following multi-
ple 6-h exposures to 11 ppm. The AEGL values for phosphorus trichloride are 
presented in Table 6-1.  
 
 
TABLE 6-1 Proposed AEGL Values for Phosphorus Trichloride 
Classification 10 min 30 min 1 h 4 h 8 h End Point (Reference) 
AEGL-1 
(Nondisabling) 

0.34  
ppm 

0.34  
ppm 

00.34  
ppm 

0.34  
ppm 

0.34  
ppm 

NOAEL of 3.4 ppm in rats 
exposed 6 h/day,  
5 days/week for 4 weeks; 
no time scaling for irritant 
(Hazleton Laboratories 
1983) 

AEGL-2 
(Disabling) 

2.5  
ppm 

2.5  
ppm 

2.0  
ppm 

1.3  
ppm 

0.83  
ppm 

NOAEL for AEGL-2  
tier effects; based  
upon respiratory tract 
histopathology in rats 
exposed 6 h/day,  
5 days/week for 4  
weeks (Hazleton 
Laboratories 1983) 

AEGL-3 
(Lethal) 

7.0  
ppm 

7.0  
ppm 

5.6  
ppm 

3.5  
ppm 

1.8  
ppm 

Estimated lethality 
threshold based upon  
3-fold reduction of rat  
4-h LC50 (104.3 ppm/3  
= 34.8 ppm) (Weeks  
et al. 1964)a 

aBased upon animal data, lethality may be delayed. 
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1. INTRODUCTION 
 

Phosphorus trichloride (CAS No. 007719-12-2) is a colorless, clear, fum-
ing liquid with a pungent, irritating odor (Fee et al. 1996). Odor threshold in-
formation is unavailable for this chemical. Domestic production of approxi-
mately 294,000 tons has been reported (SRI 1992). The primary use of phos-
phorus trichloride is for the production of phosphonic acid which, in turn, is 
used in the production of the herbicide, glyophosphate. Phosphorus trichloride 
decomposes rapidly in water in highly exothermic reactions. It may also decom-
pose in moist air to hydrochloric acid and hydrated phosphoric acid. The reac-
tion products include phosphonic acid, hydrogen chloride, or pyrophosphonic 
acids, depending on the mole ratio of water and phosphorus trichloride (Fee et 
al. 1996). If the mole ratio of water and phosphorus trichloride is greater than 3, 
the following reaction will occur.  

The chemical and physical data on phosphorus trichloride are presented in 
Table 6-2. 
 

PCl3 + 3 H2O → H3PO3 + 3 HCl 
 

If the mole ratio is 2.5 to 3, reaction products will be a mixture of 
phosphonic acid and pyrophosphonic acids. 
 

         O O             O 
         ║ ║            ║ 

3 PCl3   +   8 H2O   →   9 HCl   + HPOPH   + HPOH 
         │  │   │ 
       HO  OH        OH  

 
 
TABLE 6-2 Chemical and Physical Data for Phosphorus Trichloride 

Synonyms 
Phosphorus chloride,  
trichlorophosphine 

Fee et al. 1996; NIOSH  
2005 RTECS 2009 

CAS Registry No. 007719-12-2 O’Neil et al. 2001 

Chemical formula PCl3 O’Neil et al. 2001 

Molecular weight 137.33 O’Neil et al. 2001 

Physical state Liquid O’Neil et al. 2001 

Boiling and melting point 76°C/-112°C O’Neil et al. 2001 

Density 1.574 O’Neil et al. 2001 

Solubility Decomposes in water and alcohol Fee et al. 1996 

Vapor pressure 100 mm Hg at 21°C ACGIH 1991 

Conversion factors in air 1 ppm = 5.6 mg/m3 

1 mg/m3 = 0.18 ppm 
Beliles and Beliles 1993 
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2. HUMAN TOXICITY DATA 
 

2.1. Acute Lethality 
 

No acute lethality exposure-response data or case reports are currently 
available. 

 
2.2. Nonlethal Toxicity 

 
Sassi (1952) summarized twenty cases of acute (2-6 h) or “subacute” (1-8 

weeks of work) exposures of workers to phosphorus trichloride. The concentra-
tion of phosphorus trichloride in the workrooms ranged from 10-20 mg/m3 
(~1.8-3.6 ppm) under normal conditions to 80-150 mg/m3 (~14-27 ppm) during 
periods when the plant was “out of order.” The method by which the concentra-
tions were determined was not stated in the translated abstract. For the acute 
exposures, workers experienced a burning sensation in the eyes and throat, pho-
tophobia, chest tightness, dry cough, and slight bronchitis which occurred within 
2-6 h of exposure. It is unclear, however, if the reported symptoms were associ-
ated with the “out of order” condition or were also present to some extent during 
“normal” operation. For the “subacute” exposures, pharyngeal irritation, cough-
ing, catarrh, dyspnea, and asthmatic bronchitis occurred at 1-8 weeks of expo-
sure. Slight increases in body temperature and moderate leucocytosis with neu-
trophilia were also reported for both exposures. Signs and symptoms reportedly 
resolved in 3 to 6 days for the acute exposures and 10-15 days for the subacute 
exposures.  

An abstract by Wason et al. (1982) provided information on an assessment 
of 27 individuals exposed to phosphorus trichloride released in a railroad acci-
dent in 1980. The report indicated that the phosphorus trichloride reacted with 
water used to disperse the spillage and with air moisture that resulted in the re-
lease of phosphoric and hydrochloric acids and phosphorus oxides. No informa-
tion was provided regarding weather conditions (e.g., wind, temperature, humid-
ity) at the time of the accident. Signs and symptoms were characteristic of 
exposure to irritants and included burning eyes (86%), shortness of breath 
(59%), throat irritation (59%), lacrimation (59%), headache (48%), nausea 
(48%), burning sensation on the skin (44%), and sputum production (41%). Ad-
ditional effects occurring in 33% or less of the patients included chest pains, 
wheezing, skin rash, blurred vision, vomiting, and abdominal pain. Lactate de-
hydrogenase was mildly elevated and serum bilirubin and/or serum transami-
nases were elevated in three individuals. Results of pulmonary function tests 
showed greater severity of effect with decreasing distance from the release site. 
At 2 months, 86% of the individuals who were within 1/16 mile were hypoxe-
mic while only 50% of those 1/16 to 1/8 mile distance were hypoxemic. There 
were no exposure durations provided (probably >1.5 h as described below) and 
no exposure concentrations were measured or estimated.  
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Wason et al. (1984) reported in more detail on the railroad accident in-
volving spillage of phosphorus trichloride. The report focused on 17 individuals 
(16 men and one woman, ages 21-59 years), seven of whom were requested to 
return for follow-up study after the initial medical examination. Signs and symp-
toms of exposure included eye, skin and throat irritation, nausea, vomiting, 
blurred vision, headache, and various effects associated with respiration and 
ventilation (e.g., wheezing, cough, chest pain, dyspnea, sputum production). 
Chest x-rays of all subjects were normal and there was no evidence of hepatic 
toxicity. Spirometry tests revealed that the subjects (10 of 17) who were closest 
(within 110 yards) to the accident site had a significant decrease in vital capac-
ity, maximal breathing capacity, FEV1, and maximal ventilatory flow rate at 
25% of vital capacity. An improvement in the ventilatory changes was seen 1 
month later. Subjects closer to the release site appeared to exhibit signs and 
symptoms of greater severity. It was also found that patients that were exposed 
for less than 1 h and 30 min had significantly (p = 0.02) greater maximal expira-
tory flow rates at 25% of vital capacity than did those individuals exposed for 
longer periods. Water was used to disperse the spilled phosphorus trichloride 
and, as noted in the report, the actual exposure most likely involved phosphoric 
acid and hydrochloric acid more so than phosphorus trichloride. Eight subjects 
were exposed for less than 1 h and 30 min and nine were exposed longer (dura-
tion not specified). Pulmonary function tests in the seven follow-up patients 1 
month after the accident revealed significant improvements in vital capacity, 
FEV1, peak expiratory flow rate, and maximal expiratory flow rate at 50% vital 
capacity. Although this report provides information regarding the nonlethal ef-
fects in humans following exposure to phosphorus trichloride, there were no 
data on the exposure concentrations and it is uncertain as to the precise chemi-
cals (i.e., phosphorus trichloride and/or its degradation products) to which the 
people were exposed.  

A NIOSH health hazard evaluation of workers at the FMC plant in Nitro, 
West Virginia revealed that those with known repeated exposures to phosphorus 
oxychloride and/or phosphorus trichloride experienced a significantly higher  
(p < 0.001) prevalence (65%) of occasional respiratory symptoms (chest tight-
ness, wheezing, difficulty breathing) compared to unexposed workers (5%) 
(Tharr and Singal 1980). However, no correlation was found between results of 
pulmonary function tests on the workers and exposure to these chemicals. The 
study utilized 37 exposed workers and 22 unexposed workers. Most air samples 
were below detection limits although one employee (with respiratory protection 
of a chlorine gas mask) was exposed to 6 mg phosphorus trichloride/m3 (1 ppm) 
for 1 h during a truck-loading operation (no effects were reported for this indi-
vidual).  

A follow-up study conducted by NIOSH on 26 of the exposed workers and 
11 of the unexposed workers from the aforementioned FMC Corp. group re-
vealed that half of the exposed workers reported significantly (p < 0.002) more 
episodes of respiratory effects (wheezing, breathlessness, and chest tightness) 
compared to the unexposed workers who reported no such effects (Moody 
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1981). Results of pulmonary function tests did not reveal significant findings 
regarding effects of phosphorus trichloride (or phosphorus oxychloride) expo-
sure. No significant difference in pulmonary function (FEV1) was found in the 
exposed workers vs. the unexposed workers over a 2-year period. The small 
sample size, however, reduces the power of the study to detect such changes. 

Although lacking exposure terms, there is information regarding acciden-
tal releases of phosphorus trichloride in Illinois (T. Hornshaw, Office of Chemi-
cal Safety, Illinois EPA, personal communication, 2009). Two significant re-
leases of phosphorus trichloride occurred in 1988 from a chemical plant in 
Sauget, Illinois. The first, on April 17, resulted from overfilling of a railroad 
tanker, with an estimated 6,000-12,000 pounds released in the railroad yard. The 
plume caused the evacuation of approximately 22 square blocks, and 417 citi-
zens of neighboring Rush City and East St. Louis, Illinois reported to area hospi-
tals for treatment. Two of these citizens were admitted overnight and subse-
quently released. Eye and respiratory irritation were the main symptoms 
reported. The second incident resulted from failure of a rupture disk during start-
up procedures at the plant on July 31. It was calculated that no more than 50 
pounds of phosphorus trichloride were released from the plant, and the plant’s 
security and industrial hygiene personnel were able to visually track and bound 
the plume that moved into Rush City. Their reports indicated that the plume 
traveled approximately 2 miles before dissipating. This plume caused 244 citi-
zens to report to area hospitals for treatment. Eight of these citizens were admit-
ted; seven were kept overnight and released, while the eighth was kept for 3 
days before release. This patient’s history of asthma contributed to the severity 
of effects, and the asthma was also aggravated by the exposure to the phospho-
rus trichloride. The main complaints of the citizens were eye, nose, and throat 
irritation. No measurements of airborne concentrations were made during either 
incident. 

 
2.3. Epidemiologic Studies 

 
No epidemiologic studies of phosphorus trichloride toxicity are currently 

available. 

 
2.4. Developmental and Reproductive Toxicity 

 
Data regarding the reproductive and developmental toxicity of phosphorus 

trichloride in humans are not available. 

 
2.5. Genotoxicity 

 
No human genotoxicity data for phosphorus trichloride are currently 

available. 
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2.6. Carcinogenicity 
 

Information regarding the potential carcinogenicity of phosphorus trichlo-
ride in humans is not available. 

 
2.7. Summary 

 
There are no data regarding lethal exposures of humans to phosphorus tri-

chloride but some information on nonlethal exposures is available. Workers ex-
posed to phosphorus trichloride following a railroad car spill exhibited signs and 
symptoms consistent with exposure to a highly irritating chemical. Although the 
reports of this accident describe qualitatively the effects of exposure, there are 
no quantitative exposure-response terms. Pulmonary function deficits (e.g., vital 
capacity, FEV1, peak expiratory flow rate, maximal expiratory flow rate at 50% 
vital capacity) that correlated with distance from the release showed improve-
ment at 1 month following the exposure. The effects reported could be attributed 
to phosphorus trichloride decomposition products (phosphonic acid and hydro-
gen chloride) as well as the parent compound. In an occupational exposure set-
ting, workers experienced a burning sensation in the eyes and throat, photopho-
bia, chest tightness, dry cough, and slight bronchitis following 2-6 h of exposure 
to approximately 14-27 ppm phosphorus trichloride. Exposure of workers to 
these levels for 1-8 weeks resulted in pharyngeal irritation, coughing, catarrh, 
dyspnea, and asthmatic bronchitis. Increases in body temperature and moderate 
leucocytosis with neutrophilia were also reported for both exposure durations, 
but all signs and symptoms resolved upon removal from the exposure. The de-
tection of elevated LDH activity in individuals following accidental exposures 
may imply other organ and tissue damage. 

 
3. ANIMAL TOXICITY DATA 

 
3.1. Acute Lethality 

 
3.1.1. Rats 
 

Weeks et al. (1964) reported on the acute lethality of phosphorus trichlo-
ride in female rats exposed for 4 h to an atmosphere of phosphorus trichloride 
generated by passing nitrogen gas through the liquid test material. Chemical 
analysis was used to determine the amount of the test material in the exposure 
chamber. The rats were observed for 14 days after removal from exposure. The 
rats were restless and exhibited labored breathing during the exposure. During 
the exposure, the eyes were closed and there was considerable porphyrin secre-
tion around the eyes. Deaths occurred over a period of 10 days indicating, under 
the conditions of this experiment, a notable latency period in the lethal response. 
The nostrils and paws of the exposed rats exhibited swelling, edema, discolora-
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tion and subsequent sloughing of tissues that was consistent with the activity of 
a corrosive agent. Microscopic examination revealed necrosis of epithelium and 
supporting structures in the nostrils but pulmonary damage was considered to be 
negligible. The investigators noted that the primary site of damage appeared to 
be the kidneys and was characterized by nephrosis of tubules in the cortico-
medullary region. A 4-h LC50 of 104.3 ppm was calculated and reported by the 
investigators. The exposure concentrations tested to obtain this value were not 
reported and, therefore, there was no information regarding the exposure-
response relationship. 

 
3.1.2. Guinea Pigs 
 

Weeks et al. (1964) also examined the lethal effects of phosphorus trichlo-
ride on guinea pigs exposed for 4 h. The experimental protocol was as described 
for the experiments with rats (Section 3.1.1). Based upon the published report, 
the response of guinea pigs was similar to that of rats; restlessness, signs of ocu-
lar and nasopharyngeal irritation, and renal damage. With the exception of the 4-
h LC50 of 50.1 ppm, no additional exposure-response data were provided. 

Results of early inhalation exposure experiments reported by Butjagin 
(1904) showed that guinea pigs exposed to 623 ppm phosphorus trichloride died 
shortly after 3 h of exposure. 

 
3.1.3. Cats 
 

Butjagin (1904) reported that test animals (guinea pigs and cats) died 
shortly after a 3-h exposure to 623 ppm. In another experiment, one cat exposed 
to 694 ppm died after 306 min. 

 
3.2. Nonlethal Toxicity 

 
3.2.1. Rats 
 

In an unpublished study conducted for the Monsanto Company (Hazleton 
Laboratories 1983), groups of 15 Sprague-Dawley rats (15/sex/group) were ex-
posed to phosphorus trichloride vapor/aerosol for 6 h/day, 5 days/week for 4 
weeks. Over the 4-week period, nominal exposure concentrations were 0.5, 3.0, 
or 10.0 ppm and analytical concentrations were 0.49, 3.37, and 10.96 ppm. The 
test atmosphere was generated by passing air (200-990 cc/min depending upon 
the test concentration group) over the headspace above a non-specified volume 
of phosphorus trichloride in a flask. The vapor was then carried to the test 
chambers via Teflon7 tubing. Sample concentrations were determined three 
times per day by collecting chamber samples in impingers containing 20 mL of 
sodium hydroxide. The samples were subsequently analyzed in a chloride meter 
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and expressed as ppm phosphorus trichloride. Over the 4-week exposure period, 
concentration excursions deviated from target values by -2.0, + 12.3, and + 9.6% 
for the low, medium, and high-dose groups, respectively. A control group was 
exposed to filtered air under the same conditions. No rat died during the expo-
sure period and no treatment-related adverse effects were observed. All rats 
were sacrificed and necropsied on day 29. Histological alterations in the max-
illo- and nasoturbinates and in the lateral wall of the nasal cavity were observed 
in seven male and four females of the high-dose group; the remaining high-dose 
rats exhibited no remarkable findings in the nasal cavities and turbinates. 
Squamous metaplasia of the respiratory epithelium was also present in six males 
and four females of the high-dose group. There were no treatment-related effects 
on hematologic or biochemical parameters, and no ophthalmologic effects or 
body weight/organ weight changes were observed. Under the conditions of this 
study, 3.4 ppm was considered a NOAEL in rats. 

 
3.2.2. Guinea Pigs 
 

In experiments reported by Butjagin (1904), guinea pigs were exposed to 
phosphorus trichloride at various concentrations for different durations (1-6 h). 
Only minor effects (restlessness, salivary and nasal secretions, coughing, and 
irregular respiration) were observed following 6-h exposure to 0.71 ppm or 1-h 
exposure to 1.78 to 5.36 ppm. In the report summary, it was also noted that ex-
posures of 50-90 ppm for 1 h produced severe signs of toxicity. The phosphorus 
trichloride concentrations were determined by measurement of chlorine. It ap-
pears that only one to three animals were used for any given exposure and, for 
some experiments, the same animals were used in multiple tests. 

 
3.2.3. Cats 
 

Butjagin (1904) also conducted experiments with adult cats (2.1- 4.0 kg) 
exposed to phosphorus trichloride as previously described for guinea pigs. The 
results were similar to those reported for the guinea pigs; 6-h exposure to 0.71 
ppm or 1-h exposure to 1.78 to 5.36 ppm produced signs of restlessness and 
nasopharyngeal irritation. Six-hour exposures to concentrations of 135 to 303 
ppm rapidly produced signs of severe irritation (salivary, nasal, and ocular se-
cretions, breathing through the mouth, irregular and severely labored respira-
tion). Histological examination at 6 to 7 days after exposure revealed severely 
damaged nasal septum and bronchioles, and pulmonary edema. Inasmuch as 
these animals were terminated for necropsy, it is likely (based upon the findings) 
that they might not have survived. In summary, the study author reported that 1-
h exposure to 50-90 ppm resulted in severe signs of toxicity. It appears that for 
at least some of the experiments, the same cats were used. 
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3.3. Developmental and Reproductive Toxicity 
 

No data are available regarding the developmental and reproductive toxic-
ity of phosphorus trichloride in animals. 

 
3.4. Genotoxicity 

 
No data are currently available regarding the genotoxicity of phosphorus 

trichloride. 

 
3.5. Carcinogenicity 

 
No data are available regarding the carcinogenic potential of phosphorus 

trichloride in animals. 

 
3.6. Summary of Toxicity Data in Animals 

 
Definitive quantitative exposure-response toxicity data in animals were 

limited. Median lethal exposure concentrations for rats and guinea pigs are 
available and shown in Table 6-3. A report by Weeks et al. (1964) provided an 
adequate description of experimental protocol and 4-h LC50 value for rats (4-h 
LC50 = 104.3 ppm) and guinea pigs (4-h LC50 = 50.1 ppm). Additional data ob-
tained from limited numbers of cats and guinea pigs exposed to various concen-
trations of phosphorus trichloride for varying durations described both lethal and 
nonlethal responses (Butjagin 1904). An unpublished study by Hazleton Labora-
tories (1983) showed that multiple 6-h/day exposures of male and female rats to 
phosphorus trichloride at 11 ppm over 4 weeks produced only histologic 
changes in the nasal turbinates while exposure to 3.4 ppm failed to produce any 
notable effects. The available information affirms that exposure to vapors of 
phosphorus trichloride may produce dermal, ocular, and nasopharyngeal irrita-
tion as well as pulmonary and renal damage. Additionally, on the basis of lim-
ited data in rats, cats, and guinea pigs, there appears to be a latency period in the 
lethal response to phosphorus trichloride. 
 
 
TABLE 6-3 Acute Lethality of Phosphorus Trichloride in Laboratory Species  
Species Lethality Value Reference 
Rat 4-h LC50 : 104.3 ppm Weeks et al. 1964 

Cat lethality at 306 min, 694 ppm Butjagin 1904 

Cat lethality at 3 h, 623 ppm  Butjagin 1904 

Guinea pig 4-h LC50 : 50.1 ppm Weeks et al.1964 

Guinea pig lethality at 3 h, 623 ppm  Butjagin 1904 
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4. SPECIAL CONSIDERATIONS 
 

4.1. Metabolism and Disposition 
 

Data on the metabolism and disposition of phosphorus trichloride are not 
currently available. 

 
4.2. Mechanism of Toxicity 

 
The mechanism of toxicity of phosphorus trichloride is currently un-

known. The lethal toxicity of phosphorus trichloride does not, however, appear 
to be explained solely by the activity of the irritant degradation products (hydro-
gen chloride and phosphonic acid). The rapid exothermic reaction in the pres-
ence of water may contribute to localized tissue damage and also explain, in 
part, the greater toxicity of phosphorus trichloride relative to hydrogen chloride 
and phosphonic acid. 

 
4.3. Structure-Activity Relationships 

 
Barbee et al. (1995) conducted an acute toxicity study of oxalyl chloride 

(COCl)2 in which groups of 10 rats were exposed for 1 h to 0, 462, 866, 1,232, 
1,694, or 2,233 ppm. The 1-h LC50 was found to be 1,840 ppm. 

Phosphorus trichloride produces many of the same signs and symptoms as 
phosphorus oxychloride does following acute inhalation exposures (Weeks et al. 
1964; ACGIH 1991) and also undergoes rapid hydrolysis to phosphonic acid 
and hydrogen chloride. 

 
4.4. Other Relevant Information 

 
4.4.1. Species Variability 
 

Data are insufficient to reliably describe species variability in the toxic re-
sponse to inhaled phosphorus trichloride.  

 
4.4.2. Concurrent Exposure Issues 
 

No concurrent exposure issues of special concern have been identified that 
could be directly incorporated in the development of AEGL values for phospho-
rus trichloride. 



Copyright © National Academy of Sciences. All rights reserved.

Acute Exposure Guideline Levels for Selected Airborne Chemicals:  Volume 10

263 Phosphorus Trichloride 

5. DATA ANALYSIS AND PROPOSED AEGL-1 
 

5.1. Summary of Human Data Relevant to AEGL-1 
 

Quantitative human data consistent with AEGL-1 effects were not avail-
able. Information regarding human exposures to phosphorus trichloride indicates 
acute exposures result in dermal and ocular irritation, irritation of the respiratory 
tract, headache, nausea, and shortness of breath.  

 
5.2. Summary of Animal Data Relevant to AEGL-1 

 
The only animal data available that were consistent with AEGL-1 severity 

effects were those provided in the report by Butjagin (1904). In this study, cats 
and guinea pigs exposed to phosphorus trichloride concentrations of 0.71 for 6 h 
or for 1 h to 1.78-5.36 ppm exhibited restlessness, salivary and nasal secretions, 
coughing, and irregular respiration. Hazleton Laboratories (1983) reported a 
NOAEL of 3.4 ppm for rats following multiple 6-h/day exposures. This was 
bounded by a NOEL of 0.5 ppm and LOAEL (11 ppm). 

 
5.3. Derivation of AEGL-1 

 
Data consistent with AEGL-1 effects come from an older study in cats and 

guinea pigs (Butjagin 1904). There are no odor threshold data and no quantita-
tive data in humans. Because of the uncertainties regarding exposure atmosphere 
measurements from a study conducted almost 100 years ago and the fact that 
individual test animals may have been exposed to multiple exposure regimens, 
the data from Butjagin (1904) were not used in the development of AEGL-1 
values. Data from the Hazleton Laboratories study suggested that an exposure 
above 0.5 ppm may be consistent with AEGL-1 effects as multiple 6-h expo-
sures to this concentration over a 4-week period were without effect. The Hazle-
ton Laboratories study identified 3.4 ppm as a NOAEL for rats receiving multi-
ple 6-h exposures over a period of 4 weeks. Sassi (1952) reported that 
occupational exposures of 1.8 to 3.6 ppm for 2-6 h occurred under normal oper-
ating conditions of a plant manufacturing phosphorus trichloride. However, it is 
unclear if these exposures were associated with any health effects and, therefore, 
can not be assumed to represent no-effect exposures. In lieu of additional data 
the experimentally determined NOAEL 3.4 ppm was considered a NOAEL for 
development of AEGL-1 values. Data for humans and animals indicated some 
variability in the toxic response to phosphorus trichloride. Therefore, uncertainty 
adjustment regarding interspecies variability was limited to 3. To account for 
intraspecies variability, a factor of 3 was applied. The uncertainty of intraspecies 
variability was limited to 3 because primary effects of phosphorus trichloride 
(irritation and subsequent tissue damage) appear to be due, in part, to hydrogen 
chloride and phosphonic acid resulting from chemical dissociation. The direct-
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contact corrosive effects resulting from these dissociation products would be 
similar for any mucosal surface and would be independent of biotransformation 
or other physiological processes. The attenuated uncertainty factors may be jus-
tified by the limited human exposure data (Sassi 1952), suggesting that humans 
could experience 2- to 6-h exposures of up to 3.6 ppm with no apparent effect 
and that AEGL-1 development is based upon an exposure that was without a 
discernible effect. The AEGL-1 values for phosphorus trichloride are shown in 
Table 6-4 and their derivations shown in Appendix A. The AEGL-1 values, 
based upon the 6-h exposure of rats to 3.4 ppm and a total uncertainty factor of 
10, are equivalent because the contact irritation expected from exposure to 
phosphorus trichloride is not expected to vary over time (NRC 2001). 

 
6. DATA ANALYSIS AND PROPOSED AEGL-2 

 
6.1. Summary of Human Data Relevant to AEGL-2 

 
Quantitative exposure-response data in humans are not available for de-

velopment of AEGL-2 values for phosphorus trichloride. Information regarding 
the human experience is limited to qualitative notations regarding signs and 
symptoms (ocular, dermal, and respiratory tract irritation, and ventilatory ef-
fects). The information in these reports suggests that acute exposure to phospho-
rus trichloride could cause irritation severe enough to impair egress from a con-
taminated area. Sassi (1952) reported that workers experienced a burning 
sensation in the eyes and throat, photophobia, chest tightness, dry cough, and 
slight bronchitis following 2-6 h of exposure to approximately 14-27 ppm phos-
phorus trichloride. Although these effects could possibly impair escape, thereby 
qualifying as AEGL-2 tier effects, the method(s) by which the exposure concen-
trations were determined was not reported. Exposure concentrations were not 
provided in other reports (with the exception of the anecdotal data by Tharr and 
Singal 1980) and information on exposure duration was limited. 

 
6.2. Summary of Animal Data Relevant to AEGL-2 

 
Quantitative data in animals regarding effect severity consistent with 

AEGL-2 were limited to data on guinea pigs and cats reported by Butjagin 
(1904). The robustness of these data are, however, poor due to the small num-
bers of animals in each experiment (one to three) and the fact that some of the 
animals were apparently used in more than one experiment. This becomes a sig-
nificant concern considering the additive nature of irritation and tissue damage 
and the possible latency in activity for some adverse effects of phosphorus tri-
chloride (e.g., pulmonary damage and renal toxicity). Consistent with human 
acute exposure reports, the predominant response by animals is characterized by  
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TABLE 6-4 AEGL-1 Values for Phosphorus Trichloride 
AEGL Level 10-min 30-min 1-h 4-h 8-h 

AEGL-1 0.34 ppm 0.34 ppm 0.34 ppm 0.34 ppm 0.34 ppm 

 
 
ocular, nasopharyngeal, and pulmonary irritation and subsequent tissue damage. 
Animal data are not sufficient to provide a meaningful exposure-response rela-
tionship. The responses of cats and guinea pigs in the Butjagin study were re-
portedly more severe at higher concentrations and occurred more quickly. In the 
Butjagin (1904) report, cats and guinea pigs exposed to 5.36 ppm for 1 h exhib-
ited restlessness, signs of nasopharyngeal irritation, and irregular respiration. A 
6-h exposure of cats to concentrations of 135 to 303 ppm resulted in signs of 
severe irritation and respiratory distress. Histological examination of the cats 
exposed to 135 to 303 ppm revealed perforated nasal septa, bronchial damage, 
and pulmonary edema. Additionally, Weeks et al. (1964) noted renal damage in 
rats exposed to lethal concentrations of phosphorus trichloride. However, expo-
sure-response data were not provided regarding this effect. The Hazleton Labo-
ratories study (1983) in rats showed that multiple 6-h exposures to 11 ppm over 
a 4-week period produced histologic alterations in the nasal turbinates but no 
effects on ophthalmologic hematologic or biochemical parameters, and no overt 
signs of toxicity. Because the nasal lesions were the result of multiple exposures 
(5 days/week) over 4 weeks and not of a severity consistent with the AEGL-2 
tier, a threshold for AEGL-2 effects in rats is likely at an undetermined concen-
tration above 11 ppm for a single 6-h exposure. 

 
6.3. Derivation of AEGL-2 

 
Data upon which to base AEGL-2 development are limited. Sassi (1952) 

reported on occupational exposures of 2-6 h durations to concentrations of 14-
27 ppm that produced effects that could be considered only marginally consis-
tent with AEGL-2. As previously noted, the animal data reported by Butjagin 
(1904) are deficient for the purpose of AEGL development. Although the re-
sults from the Hazleton Laboratories (1983) study in rats exposed to phospho-
rus trichloride for 6 h/day, 5 days/week for 4 weeks did not define a response 
consistent with AEGL-2 severity, the 11 ppm exposure that resulted in histo-
pathologic alterations in the respiratory tract may be considered a NOAEL for 
AEGL-2 severity effects. Uncertainty factor application and time scaling were 
as described for AEGL-1. Data from available reports suggest that humans are 
not especially sensitive to the effects of phosphorus trichloride when com-
pared to laboratory animals. As such further reduction of AEGL values by the 
application of greater uncertainty factors dose not appear warranted. The 
AEGL-2 values for phosphorus trichloride are shown in Table 6-5 and their 
derivation outlined in Appendix A. 
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TABLE 6-5 AEGL-2 Values for Phosphorus Trichloride  
AEGL Level 10 min 30 min 1 h 4 h 8 h 

AEGL-2 2.5 ppm 2.5 ppm 2.0 ppm 1.3 ppm 0.83 ppm 

 

7. DATA ANALYSIS AND PROPOSED AEGL-3 
 

7.1. Summary of Human Data Relevant to AEGL-3 
 

Quantitative data are not available regarding lethality in humans exposed 
to phosphorus trichloride. 
 

7.2. Summary of Animal Data Relevant to AEGL-3 
 

Weeks et al. (1964) provided 4-h LC50 values of 104.3 ppm and 50.1 ppm, 
respectively, for rats and guinea pigs. In early experiments by Butjagin (1904), 
guinea pigs and cats exposed to 623 ppm phosphorus trichloride died within 3 h, 
and a cat exposed to 694 ppm died after 306 min of exposure. In the absence of 
any additional quantitative data, the median lethality values derived by Weeks et 
al. may be considered as a basis for AEGL-3 development and also serve to a 
limited extent as an index of species variability. Because the exposure-response 
data used to derive the median lethality values were not provided, it is not possi-
ble to determine the exposure-response relationship. 
 

7.3. Derivation of AEGL-3 
 

Because the median lethality values provided by Weeks et al. (1964) rep-
resent the only quantitatively determined estimates regarding the lethal response 
to acute inhalation of phosphorus trichloride, they may be considered as the ba-
sis for AEGL-3 development. The 4-h LC50 values for rats (104.3 ppm) and 
guinea pigs (50.1 ppm) suggest a species variability. In the absence of exposure-
response data, the lethality threshold was estimated as a 3-fold reduction of the 
rat 4-h LC50 (104.3 ppm/3 = 34.8 ppm) and used as the point-of-departure for 
AEGL-3 derivation. The guinea pig was only about 2-fold more sensitive, but 
the use of the guinea pig 4-h LC50 of 16.7 ppm (50.1 ppm/3 = 16.7 ppm) to de-
rive AEGL-3 values would be overly conservative and result in AEGL values 
that are inconsistent with human exposure information. 

The concentration-time relationship for many irritant and systemically act-
ing vapors and gases may be described by Cn × t = k, where the exponent n 
ranges from 0.8 to 3.5. Due to the limited toxicity data for this chemical, an em-
pirical derivation of n was not possible. In the absence of an empirically derived 
exponent (n), and to obtain conservative and protective AEGL values, temporal 
scaling was performed using n = 3 when extrapolating to shorter time points and 
n = 1 when extrapolating to longer time points using the Cn × t = k equation. 
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Because of the uncertainty in extrapolating from a 4-h exposure to a 10-min 
exposure, the latter was set equal to the 30-min AEGL-3. 

A total uncertainty factor adjustment of 10 was used to develop the 
AEGL-3 values. Data for humans and animals indicate some variability in the 
toxic response to phosphorus trichloride with guinea pigs being the more sensi-
tive (~2-fold) among the laboratory animals. Limited data regarding human ex-
posures showed that 2- to 6-h exposures to 14-27 ppm were not life-threatening 
(Sassi 1952). Therefore, uncertainty adjustment regarding interspecies variabil-
ity was limited to 3. To account for intraspecies variability, a factor of 3 was 
applied. The uncertainty of intraspecies variability was limited to 3 because pri-
mary effects of phosphorus trichloride (irritation and subsequent tissue damage) 
appear to be due, in part, to hydrogen chloride and phosphonic acid resulting 
from chemical dissociation. The activity of these dissociation products would 
damage any mucosal surface regardless of an individual predisposition to the 
effects of chemicals with more complex mechanisms of toxicity. The attenuated 
uncertainty factors may be further justified by limited human exposure data 
(Sassi 1952) suggesting that humans could experience repeated exposures of up 
to 27 ppm without life-threatening consequences. The resulting AEGL-3 values 
are presented in Table 6-6 and their derivation is shown in Appendix A. Because 
the lethal response in guinea pigs and rats was delayed up to 10 days, note of 
possible delayed response has been made regarding AEGL-3 values. 

 
8. SUMMARY OF AEGLS 

 
8.1. AEGL Values and Toxicity End Points 

 

The AEGL-1 values are based upon a NOAEL from a laboratory study in 
which rats received multiple exposures over a period of 4 weeks. Although a 
conservative assumption, the use of a NOAEL in the development of the AEGL-
1 values may be justified by the relative paucity of definitive exposure-response 
data, and the fact that limited information regarding the human experience indi-
cates that 2- to 6-h exposures to 1.8-3.6 ppm was without effect. The AEGL-2 
values were based on histopathologic alterations detected in the respiratory tract 
of rats following multiple exposures over 4 weeks. The effects on the respiratory 
tract were consistent with mode of action of phosphorus trichloride and, there-
fore, were considered a NOAEL for the AEGL-2 tier effect level (i.e., the effects 
were neither disabling nor irreversible). Information regarding the human ex-
perience suggests that 2- to 6-h exposures to 1.8-3.6 ppm were without effect 
and that exposure to 14-27 ppm resulted in irritation of the eyes and upper respi-
ratory tract, photophobia, chest tightness, and bronchitis. Therefore, further re-
duction of the AEGL-2 values does not appear to be warranted. The AEGL-3 
values were developed based upon lethality data in laboratory species. The 
AEGL-3 values were developed based upon a 4-h LC50 value for rats provided 
in a study by Weeks et al. (1964). Data pertaining to the human experience also 
indicate respiratory involvement as a critical effect.  
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8.2. Comparison with Other Standards and Criteria 
 

Existing standards and criteria for phosphorus trichloride are presented in 
Table 6-7. 
 
 
TABLE 6-6 AEGL-3 Values for Phosphorus Trichloride 
AEGL Level 10 min 30 min 1 h 4 h 8 h 

AEGL-3a 7.0 ppm 7.0 ppm 5.6 ppm 3.5 ppm 1.8 ppm 
aBased upon animal data, lethality may be delayed. 
 
 
TABLE 6-7 Extant Standards and Guidelines for Phosphorus Trichloride 

Exposure Duration 
Guideline 10 min 30 min 1 h 4 h 8 h 

AEGL-1 0.34 ppm 0.34 ppm 0.34 ppm 0.34 ppm 0.34 ppm 

AEGL-2 2.5 ppm 2.5 ppm 2.0 ppm 1.3 ppm 0.83 ppm 

AEGL-3 7.0 ppm 7.0 ppm 5.6 ppm 3.5 ppm 1.8 ppm 

ERPG-1 (AIHA)a _ _ 0.5 ppm _ _ 

ERPG-2 (AIHA) _ _ 3 ppm _ _ 

ERPG-3 (AIHA) _ _ 15 ppm _ _ 

EEGL (NRC)b _ _ _ _ _ 

IDLH (NIOSH)c _ 25 ppm _ _ _ 

TLV-TWA (ACGIH)d     0.2 ppm 

REL-TWA (NIOSH)e     0.2 ppm 

PEL-TWA (OSHA)f _ _ _ _ 0.5 ppm 

TLV-STEL (ACGIH)g _ _ _ _ 0.5 ppm 

REL-STEL (NIOSH)h _ _ _ _ 0.5 ppm 

PEL-STEL(OSHA)i _ _ _ _ _ 

MAK (Germany)j _ _ _ _ 0.5 ppm 

MAK Spitzenbegrenzung 
(Germany)k 

_ _ _ _ _ 

Einsaztoleranzwert  
(Germany)l 

_ _ _ _ _ 

MAC  
(The Netherlands)j 

_ _ _ _ 0.2 ppm 

aERPG (emergency response planning guidelines, American Industrial Hygiene Associa-
tion) (AIHA 2009). 
The ERPG-1 is the maximum airborne concentration below which it is believed nearly all 
individuals could be exposed for up to 1 h without experiencing other than mild, transient 
adverse health effects or without perceiving a clearly defined objectionable odor. 
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The ERPG-2 is the maximum airborne concentration below which it is believed nearly all 
individuals could be exposed for up to 1 h without experiencing or developing irreversi-
ble or other serious health effects or symptoms that could impair an individual’s ability to 
take protective action. 
The ERPG-3 is the maximum airborne concentration below which it is believed nearly all 
individuals could be exposed for up to 1 h without experiencing or developing life-
threatening health effects. 
bEEGL (emergency exposure guidance levels, National Research Council) (NRC 1984)is 
the concentration of contaminants that can cause discomfort or other evidence of irrita-
tion or intoxication in or around the workplace, but avoids death, other severe acute ef-
fects and long-term or chronic injury.  
cIDLH (immediately dangerous to life or health, National Institute for Occupational 
Safety and Health) (NIOSH 1996) represents the maximum concentration from which 
one could escape within 30 min without any escape-impairing symptoms, or any irre-
versible health effects. 
dTLV-TWA (Threshold Limit Value-time-weighted average, American Conference of 
Governmental Industrial Hygienists) (ACGIH 2003) is the time-weighted average con-
centration for a normal 8-h workday and a 40-h work week, to which nearly all workers 
may be repeatedly exposed, day after day, without adverse effect. 
eREL-TWA (recommended exposure limits-time-weighted average, National Institute for 
Occupational Safety and Health) (NIOSH 2005) is defined analogous to the ACGIH-
TLV-TWA. 
fPEL-TWA (permissible exposure limits-time-weighted average, Occupational Health 
and Safety Administration) (OSHA) (29 CFR 1910.1000 [1999]) is defined analogous to 
the ACGIH TLV-TWA, but is for exposures of no more than 10 h/day, 40 h/week. 
gTLV-STEL (threshold limit value—short term exposure limit, American Conference of 
Governmental Industrial Hygienists) (ACGIH 2003) is defined as a 15-min TWA expo-
sure which should not be exceeded at any time during the workday even if the 8-h TWA 
is within the TLV-TWA. Exposures above the TLV-TWA up to the STEL should not be 
longer than 15 min and should not occur more than 4 times per day. There should be at 
least 60 min between successive exposures in this range. 
hREL-STEL (recommended exposure limits-short-term exposure limit, National Institute 
for Occupational Safety and Health) (NIOSH 2005) is defined analogous to the ACGIH 
TLV-STEL.  
iPEL-STEL (permissible exposure limits-short-term exposure limit, Occupational Health 
and Safety Administration) (OSHA) (29 CFR 1910.1000 [1999]) is analogous to the 
ACGIH TLV-STEL. 
jMAK (maximale Arbeitsplatzkonzentration [maximum workplace concentration], 
Deutsche Forschungsgemeinschaft [German Research Association]) (DFG 1999) is 
analogous to the ACGIH TLV-TWA.  
kMAK Spitzenbegrenzung (Kategorie II,2) [maximum workplace concentration (peak 
limit category II,2] (DFG 2003) constitutes the maximum average concentration to which 
workers can be exposed for a period up to 30 min, with no more than two exposure peri-
ods per work shift; total exposure may not exceed 8-h MAK. 
lMAK Einsatztoleranzwert [maximum workplace concentration, action tolerance levels] 
(Vereinigung zur Förderung des deutschen Brandschutzes e.V. [Federation for the Ad-
vancement of German Fire Prevention]) constitutes a concentration to which unprotected 
firemen and the general population can be exposed to for up to 4 h without any health 
risks. 



Copyright © National Academy of Sciences. All rights reserved.

Acute Exposure Guideline Levels for Selected Airborne Chemicals:  Volume 10

270          Acute Exposure Guideline Levels  

jMAC (maximaal aanvaarde concentratie [maximum accepted concentration]). Dutch 
Expert Committee for Occupational Standards, The Netherlands (MSZW 2004) is anal-
gous to the ACGIH-TLV-TWA. 

 
8.3. Data Adequacy and Research Needs 

 
The overall robustness of the data base for phosphorus trichloride toxicity 

is poor. The lack of data creates substantial uncertainty regarding the exposure-
response relationship for the toxic response to this chemical. Although qualita-
tive data are available regarding the acute inhalation toxicity of phosphorus tri-
chloride in humans, quantitative exposure-response data are lacking. Quantita-
tive exposure-response data are severely limited for nonlethal responses in 
animals. These deficiencies result in an incomplete picture of the exposure con-
centration-response curve and exposure duration-response for phosphorus tri-
chloride. Additional data are also needed regarding the mechanism of action, 
possible systemic effects (e.g., renal toxicity), and latency in the toxic responses 
(e.g., pulmonary damage) following acute inhalation exposure to phosphorus 
trichloride. The relationship between the AEGL values and available data are 
shown in the Category Plot in Appendix C. 
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APPENDIX A 
 

DERIVATION OF AEGL VALUES 
 

Derivation of AEGL-1 Values 
 
Key study:  Hazleton Laboratories 1983 
 
Toxicity end point: NOAEL of 3.4 ppm for rats following multiple 

exposure at 6 h/day, 5 days/week for 4 weeks. 
 
Scaling: No time scaling was applied for AEGL-1 because  

the contact irritation expected from exposure to 
phosphorus trichloride vapors is not expected to vary 
over time. This approach is consistent with the AEGL 
Standing Operating Procedures (NRC 2001). 

 
Uncertainty factors: Interspecies UF = 3; the attenuation of this 

uncertainty factor is justified by the fact that  
the guinea pig appears to be the most sensitive 
species tested. 

Intraspecies UF = 3; contact irritation and subsequent 
tissue damage appear to be due, in part, to hydrogen 
chloride and phosphonic acid resulting from chemical 
dissociaton and direct corrosive action of these 
components on mucosal surfaces.  

Additional application of uncertainty factor 
adjustment would provide AEGL-1 values that are 
inconsistent with limited data on human exposures. 

All AEGL-1 values were equivalent to the point-of-
departure (3.4 ppm for 6 h) adjusted by a total 
uncertainty factor of 10 (3.4 ppm/10 = 0.34 ppm) 
because the contact irritation expected from exposure 
to phosphorus trichloride vapors is not expected to 
vary over time. This approach is consistent with the 
AEGL Standing Operating Procedures (NRC 2001). 

 
Derivation of AEGL-2 

 
Key study:  Hazleton Laboratories 1983 
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Toxicity end point: LOAEL of 11 ppm for respiratory tract 
histopathologic changes in rats following multiple 
exposures at 6 h/day, 5 days/week for 4 weeks. 

 
Scaling: The concentration-time relationship for many irritant 

and systemically acting vapors and gases may be 
described by Cn × t = k, where the exponent n ranges 
from 0.8 to 3.5 (ten Berge et al. 1986). Due to the 
limited toxicity data for this chemical, an empirical 
derivation of n was not possible. In the absence of  
an empirically derived exponent (n), and to obtain 
conservative and protective AEGL values, temporal 
scaling was performed using n = 3 when 
extrapolating to shorter time points and n = 1  
when extrapolating to longer time points using  
the Cn × t = k equation. 
 
(11 ppm)1 × 6 h = 66 ppm-h (n = 1) 
(11 ppm)3 × 6 h = 7,986 ppm3-h (n = 3)  

 
Uncertainty factors: Interspecies UF = 3; the attenuation of this 

uncertainty factor is justified by the fact that the 
guinea pig appears to be the most sensitive species 
tested and because limited human exposure data 
(Sassi 1952) indicate that humans have experienced 
routine occupational exposures of up to 3.6 ppm 
without effect. 

Intraspecies UF = 3; contact irritation and subsequent 
tissue damage appear to be due, in part, to hydrogen 
chloride and phosphoric acid resulting from chemical 
dissociaton and direct corrosive action of these 
components on mucosal surfaces.  

Adjustments using a greater level of uncertainty 
would provide AEGL-2 values that are inconsistent 
with limited data on human exposures. 

 
10-min AEGL-2 The 10-min AEGL-2, was set equivalent to the  

30-min value (2.5 ppm) due to uncertainties in 
extrapolating from the 6-h experimental exposure 
duration to a 10-min duration. 

 
30-min AEGL-2  C3 × 0.5 h = 7,986 ppm3-h 
 C = 25.2 ppm 
 30-min AEGL-2 = 25.2 ppm/10 = 2.5 ppm (14 mg/m3) 
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1-h AEGL-2  C3 × 1 h = 7,986 ppm3-h 
 C = 20.0 ppm 
 1-h AEGL-2 = 20.0 ppm/10 = 2.0 ppm (11 mg/m3) 
 
4-h AEGL-2  C3 × 4 h = 7,986 ppm3-h 
 C = 12.6 ppm 
 4-h AEGL-2 = 12.6 ppm/10 = 1.3 ppm (7.3 mg/m3) 
 
8-h AEGL-2  C1 × 8 h = 66 ppm-h 
 C = 8.25 ppm 
 8-h AEGL-2 = 8.25 ppm/10 = 0.83 ppm (4.6 mg/m3) 

 
Derivation of AEGL-3 

 
Key study:  Weeks et al. 1964 
 
Toxicity end point: Lethality threshold estimated as 3-fold reduction in 

the 4-h LC50 for rats (104.3 ppm/3 = 34.8 ppm); 
delayed response possible. 

 
Scaling: The concentration-time relationship for many irritant 

and systemically acting vapors and gases may be 
described by Cn × t = k, where the exponent n ranges 
from 0.8 to 3.5 (ten Berge et al. 1986). Due to the 
limited toxicity data for this chemical, an empirical 
derivation of n was not possible. In the absence of  
an empirically derived exponent (n) and to obtain 
conservative and protective AEGL values, temporal 
scaling was performed using n = 3 when 
extrapolating to shorter time points and n = 1  
when extrapolating to longer time points using the  
Cn × t = k equation. 
 
(34.8 ppm)1 × 4 h = 139.2 ppm-h (n = 1) 
(34.8 ppm)3 × 4 h = 168,576.8 ppm3-h (n = 3)  

 
Uncertainty factors: Interspecies UF = 3; the attenuation of this 

uncertainty factor is justified by the fact that the 
guinea pig appears to be the most sensitive species 
tested and because limited human exposure data 
(Sassi 1952) indicate that humans have experienced 
exposures of up to 27 ppm without life-threatening 
consequences. 
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Intraspecies UF = 3; contact irritation and subsequent 
tissue damage appear to be due, in part, to hydrogen 
chloride and phosphonic acid resulting from chemical 
dissociaton and direct corrosive action of these 
components on mucosal surfaces.  

Additional application of uncertainty factor 
adjustment would provide AEGL-3 values that are 
not consistent with limited data on human exposures 
or with the results of repeated exposures in rats 
wherein exposure to 11 ppm 6 h/day, 5 days/week for 
4 weeks showed only histologic changes in the upper 
respiratory tract and no overt signs of toxicity 

 
10-min AEGL-3 Due to uncertainties in extrapolating from a 4-h  

to 10-min exposure, the 10-min AEGL-3 is set 
equivalent to the 30-min value (7.0 ppm). 

 
30-min AEGL-3  C3 × 0.5 h = 168,576.8 ppm3-h 
 C = 69.6 ppm 

30-min AEGL-3 = 69.6 ppm/10 = 7.0 ppm  
(39 mg/m3) 

 
1-h AEGL-3  C3 × 1 h = 168,576.8 ppm3-h 
 C = 55.2 ppm 
 1-h AEGL-3 = 55.2 ppm/10 = 5.6 ppm (31 mg/m3) 
 
4-h AEGL-3  C3 × 4 h = 168,576.8 ppm3-h 

C = 34.8 ppm 
4-h AEGL-3 = 34.8 ppm/10 = 3.5 ppm (20 mg/m3) 

 
8-h AEGL-3  C1 × 8 h = 139.2 ppm-h 

C = 17.4 ppm 
8-h AEGL-3 = 17.4 ppm/10 = 1.8 ppm (10 mg/m3) 
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APPENDIX B 
 

ACUTE EXPOSURE GUIDELINES FOR FOR  
PHOSPHORUS TRICHLORIDE 

 
Derivation Summary for Phosphorus Trichloride 

 
AEGL-1 VALUES 

10 min 30 min 1 h 4 h 8 h 

0.34 ppm  0.34 ppm 0.34 ppm 0.34 ppm 0.34 ppm 

Reference: Hazleton Laboratories 1983 

Test Species/Strain/Number: Sprague-Dawley rats; 15/sex/group 

Exposure Route/Concentrations/Durations: Inhalation exposure (whole-body) to 0, 
0.5, 3.0, or 10.0 ppm (nominal) for 6 h/day, 5 days/week for 4 weeks 

Toxicity End Point: No effects noted at 3.4 ppm (analytical) following multiple 
exposure of rats over 4 weeks 

Time Scaling: No time scaling was applied for AEGL-1. All AEGL-1 values were 
equivalent to the point-of-departure (3.4 ppm for 6 h) adjusted by a total uncertainty 
factor of 10 (3.4 ppm/10 = 0.34 ppm) because the contact irritation expected from 
exposure to phosphorus trichloride vapors is not expected to vary over time. This 
approach is consistent with the AEGL Standing Operating Procedures (NRC 2001). 

Concentration/Time Selection/Rationale: In the absence of exposure-response data 
specific for AEGL-1 effects, the exposure to 3.4 ppm at 6 h/day, 5 days/week for  
4 weeks was selected as a conservative basis for AEGL development. 

Uncertainty Factors/Rationale: Total uncertainty application of 10 

Interspecies UF = 3: The interspecies uncertainty factor was limited to 3 because of 
the concordance of the animal data with the human experience and because the most 
sensitive species tested (guinea pig) was only about 2-fold more sensitive.  

Intraspecies UF= 3: The intraspecies uncertainty factor was limited to 3 because 
primary effects of phosphorus trichloride (irritation and subsequent tissue damage) 
appear to be due, in part, to hydrogen chloride and phosphonic acid resulting from 
chemical dissociation. Furthermore, the AEGL-1 is based upon a conservative 
assumption and additional reduction of the AEGL-1 values would be inconsistent 
with available human and animal data. 

Modifying Factor: Not applicable 

Animal-to-Human Dosimetric Adjustments: Not applicable 

Data adequacy: Neither human nor animal quantitative exposure-response data were 
available regarding effects consistent with AEGL-1 definition.. The 3.4-ppm 
exposure of rats over 4 weeks was selected as a NOAEL for AEGL-1. Although 
likely to be a conservative basis for developing AEGL-1 values, it may be justified 
due to the relative paucity of data on the toxic response to this chemical. 
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AEGL-2 VALUES 
10 min 30-min 1 h 4 h 8 h 

2.5 ppm 2.5 ppm 2.0 ppm 1.3 ppm 0.83 ppm 

Reference: Hazleton Laboratories 1983 

Test Species/Strain/Number: Sprague-Dawley rats; 15/sex/group 

Exposure Route/Concentrations/Durations: Inhalation exposure (whole-body) to 0, 
0.5, 3.0, or 10.0 ppm (nominal) for 6 h/day, 5 days/week for 4 weeks 

Toxicity End Point: Histopathologic alterations in respiratory tract in rats exposed  
to 11 ppm (analytical), 6 h/day, 5 days/week for 4 weeks. There were no concurrent 
hematologic or biochemical alterations indicative of a toxic response, and there  
were no ophthalmologic effects. The 11 ppm exposure concentration is considered  
a NOAEL for AEGL-2 tier effects. 

Time Scaling: The concentration-time relationship for many irritant and systemically 
acting vapors and gases may be described by Cn × t = k, where the exponent n ranges 
from 0.8 to 3.5. Due to the limited toxicity data for this chemical, an empirical 
derivation of n was not possible. In the absence of an empirically derived exponent 
(n), and to obtain conservative and protective AEGL values, temporal scaling was 
performed using n = 3 when extrapolating to shorter time points and n = 1 when 
extrapolating to longer time points using the Cn × t = k equation. For 10-min  
AEGL-2, values were set at equivalence to the 30-min values due to uncertainties  
in extrapolating from the experimental exposure durations of 4 h or greater. 

Concentration/Time Selection/Rationale: The multiple exposure of rats to 11 ppm 
over 4 weeks was considered a conservative estimate and NOAEL for AEGL-2 
effects (i.e., the effects were neither disabling nor irreversible). 

Uncertainty Factors/Rationale: Total uncertainty application of 10. 
Interspecies UF = 3:  The interspecies uncertainty factor was limited to 3 because  
of the concordance of the animal data with the human experience and because the 
most sensitive species tested (guinea pig) was only about 2-fold more sensitive. 
Intraspecies UF = 3: The intraspecies uncertainty factor was limited to 3 because 
primary effects of phosphorus trichloride (irritation and subsequent tissue damage) 
appear to be due, in part, to hydrogen chloride and phosphonic acid resulting from 
chemical dissociation. Furthermore, the AEGL-2 is based upon histopathologic 
changes in the respiratory tract that were not necessarily irreversible or disabling. 
Additional reduction of the AEGL-2 values would be inconsistent with available 
human and animal data. 

Modifying Factor: Not applicable 

Animal-to-Human Dosimetric Adjustments: Not applicable 

Data adequacy: Limited information regarding the human experience indicated that 
2- to 6-h exposures to 1.8-3.6 ppm were without effect and that exposure to 14-27 
ppm irritation of the eyes and upper respiratory tract, photophobia, chest tightness, 
and bronchitis. Because the effects were neither disabling nor irreversible, the end 
point used for AEGL-2 development is considered a NOAEL for AEGL-2 effects. 
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AEGL-3 VALUES 
10 min 30 min 1 h 4 h 8 h 
7.0 ppm 7.0 ppm 5.6 ppm 3.5 ppm 1.8 ppm 
Reference: Weeks, M.H., N.P. Mussleman, P.P. Yevich, K.H. Jacobson, and F.W. 
Oberst. 1964. Acute vapor toxicity of phosphorus oxychloride, phosphorus 
trichloride and methyl phosphonic dichloride. Am. Ind. Hyg. J. 25: 470-475. 
Test Species/Strain/Number: female rats /strain not specified/20 per group 
Exposure Route/Concentrations/Durations: inhalation/median lethal concentrations 
derived but exposure concentrations not specified/4 h 
Toxicity End Point: estimated lethality threshold by 3-fold reduction of rat 4-h LC50 
of 104.3 ppm  
Time Scaling: The concentration-time relationship for many irritant and systemically 
acting vapors and gases may be described by Cn × t = k, where the exponent n ranges 
from 0.8 to 3.5. Due to the limited toxicity data for this chemical, an empirical 
derivation of n was not possible. In the absence of an empirically derived exponent 
(n), and to obtain conservative and protective AEGL values, temporal scaling was 
performed using n = 3 when extrapolating to shorter time points and n = 1 when 
extrapolating to longer time points using the Cn × t = k equation. 

(34.8 ppm)1 × 4 h = 139.2 ppm-h (n = 1) 
(34.8 ppm)3 × 4 h = 168,576.8 ppm3-h (n = 3)  

Concentration/Time Selection/Rationale: a 3-fold reduction of the rat 4-h LC50 
(104.3 ppm/3 = 34.8 ppm) was used as an estimate of the lethality threshold. 
Uncertainty Factors/Rationale: 

Total Uncertainty: 10 
Interspecies UF = 3 Data for humans and animals indicate some variability 

in the toxic response to phosphorus trichloride but LC50 
values for rodents exhibited approximately a 2-fold 
difference. 

Intraspecies UF = 3 The uncertainty for intraspecies variability was limited 
to 3 because primary effects of phosphorus trichloride 
(irritation and subsequent tissue damage) appear to be 
due, in part, to hydrogen chloride and phosphonic acid 
resulting from chemical dissociation and the direct 
corrosive action of these on mucosal surfaces.  
The overall uncertainty factor adjustment of 10 may be 
justified by limited human exposure data suggesting that 
humans could experience exposures of up to 27 ppm 
without life-threatening consequences. Furthermore, the 
results of a multiple exposure studies in rats (11 ppm  
6 h/day, 5 days/week for 4 weeks) showed only 
histologic changes in the upper respiratory tract and  
no overt signs of toxicity. 

Modifying Factor: None applied 
Animal-to-Human Dosimetric Adjustments: Insufficient data 

(Continued) 
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AEGL-3 VALUES Continued 
10 min 30 min 1 h 4 h 8 h 
7.0 ppm 7.0 ppm 5.6 ppm 3.5 ppm 1.8 ppm 
Data adequacy: Lethality data are limited to two species and quantitative data for 
humans are limited. However, comparison of the AEGL-3 values with available data 
does not support application of uncertainty adjustment greater than that currently 
applied. Data suitable for determining exposure-time relationships are also lacking 
and impact on temporal extrapolation efforts. A delayed response is possible as 
demonstrated in the Weeks et al. (1964) study in which deaths of guinea pigs 
occurred up to 10 days post exposure.  
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APPENDIX C 
 

CATEGORY PLOT FOR PHOSPHORUS TRICHLORIDE 
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FIGURE 6-1 Category plot for phosphorus trichloride. 
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