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Preface 

 
Extremely hazardous substances (EHSs)1 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 Hazardous Substanc-
es in 1993. Subsequently, Standard Operating Procedures for Developing Acute 
Exposure Guideline Levels for Hazardous Substances was published 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 Exposure 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 more than 270 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 nineteenth volume in that  
 

                                                           
1As defined pursuant to the Superfund Amendments and Reauthorization Act of 1986. 



Copyright © National Academy of Sciences. All rights reserved.

Acute Exposure Guideline Levels for Selected Airborne Chemicals:  Volume 19

xiv                  

 

Preface 

series. AEGL documents for the cyanide salts, diketene, methacrylaldehyde, pen-
taborane, tellurium hexafluoride, and tetrafluoroethylene are each published as an 
appendix 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. 

The committee’s review of the AEGL documents involved both oral and 
written presentations to the committee by the authors of the documents. The 
committee examined the draft documents and provided comments and recom-
mendations 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 interim 
reports and presented them for reexamination by the committee as many times 
as necessary until the committee was satisfied that the AEGLs were scientifical-
ly justified and consistent with the 1993 and 2001 NRC guideline reports. After 
these determinations have been made for an AEGL document, it is published as 
an appendix in a volume such as this one. 

The interim report of the committee that led to this report was reviewed in 
draft form by individuals selected for their diverse perspectives and technical ex-
pertise, in accordance with procedures approved by the NRC’s Report Review 
Committee. The purpose of this independent review is to provide candid and criti-
cal comments that will assist the institution in making its published report as sound 
as possible and to ensure that the report meets institutional standards for objectivi-
ty, evidence, and responsiveness to the study charge. The review comments and 
draft manuscript remain confidential to protect the integrity of the deliberative 
process. We wish to thank the following individuals for their review of the com-
mittee interim report, which summarize the committee’s conclusions and recom-
mendations for improving NAC’s AEGL documents A. Wallace Hayes (Harvard 
School of Public Health), Sam Kacew (University of Ottawa), and Judith Zelikoff 
(New York University). 

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 interim report was overseen by Robert Goyer (Universi-
ty of Western Ontario [retired]). Appointed by the NRC, he was responsible for 
making certain that an independent examination of the interim report was car-
ried out in accordance with institutional procedures and that all review com-
ments were carefully considered. Responsibility for the final content of this re-
port rests entirely with the authoring committee and the institution. 

The committee gratefully acknowledges the valuable assistance provided 
by Ernest Falke and Iris A. Camacho from EPA. The committee also acknowl-
edges Susan Martel, 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 Environmental Studies and Toxicology), Radiah Rose (manager of editorial 
projects), Mirsada Karalic-Loncarevic (manager of the Technical Information  
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Center), 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.  
 

Edward C. Bishop, Chair 
Committee on Acute Exposure  
Guideline Levels 
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DEDICATION 
 
 

The Committee on Acute Exposure Guideline Levels dedicates  

this volume to our late colleague Dr. Donald E. Gardner. 

Don was a member of the committee for 12 years,  

and served as chair for 8 of those years. He was a distinguished  

toxicologist, respected leader, and valued friend. 
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National Research Council Committee 
Review of Acute Exposure Guideline 

Levels for Selected Airborne Chemicals 

 
This report is the nineteenth volume in the series Acute Exposure Guide-

line Levels 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 emergen-
cy 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 and Health. 
Although 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 Admin-
istration (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 
evaluate 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 identi-
fy, 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: 

                                                           
1NAC completed its chemical reviews in October 2011. The committee was composed 

of members from EPA, DOD, many other federal and state agencies, industry, academia, 
and other organizations. From 1996 to 2011, the NAC discussed over 300 chemicals and 
developed AEGLs values for at least 272 of the 329 chemicals on the AEGLs priority 
chemicals lists. Although the work of the NAC has ended, the NAC-reviewed technical 
support documents are being submitted to the NRC for independent review and finaliza-
tion. 
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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 
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 un-
published 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 toxici-
ty studies, (4) animal toxicity studies, (5) controlled human studies, (6) observa-
tions of humans involved in chemical accidents, and (7) epidemiologic studies. 
Toxicity data from human studies are most applicable and are used when availa-
ble in preference to data from animal studies and in vitro studies. Toxicity data 
from inhalation exposures are most useful for setting AEGLs for airborne chem-
icals because inhalation is the most likely route of exposure and because extrap-
olation of data from other routes would lead to additional uncertainty in the 
AEGL estimate. 
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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 
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 im-
portant 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 were initially prepared by ad hoc AEGL devel-
opment teams consisting of a chemical manager, chemical reviewers, and a staff 
scientist of the NAC contractors—Oak Ridge National Laboratory and subse-
quently SRC, Inc. The draft documents were then reviewed by NAC and elevat-
ed from “draft” to “proposed” status. After the AEGL documents were approved 
by NAC, they were published in the Federal Register for public comment. The 
reports were then revised by NAC in response to the public comments, elevated 
from “proposed” to “interim” 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 committee is satisfied with the reviews. 
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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 and the contractors for the accuracy and completeness of the toxici-
ty data cited in the AEGL reports. Thus far, the committee has prepared eighteen 
reports in the series Acute Exposure Guideline Levels for Selected Airborne Chem-
icals (NRC 2001b, 2002b, 2003, 2004, 2007b, 2008b, 2009, 2010a,b, 2011, 
2012a,b,c, 2013a,b, 2014a,b,c). This report is the nineteenth volume in that series. 
AEGL documents for the cyanide salts, diketene, methacrylaldehyde, pentaborane, 
tellurium hexafluoride, and tetrafluoroethylene are each published as an appendix 
in this report. The committee concludes that the AEGLs developed in these ap-
pendixes are scientifically valid conclusions based on the data reviewed by NAC 
and are consistent with the NRC guideline reports. 
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Tetrafluoroethylene1 
 

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 Sylvia 

Talmage (Oak Ridge National Laboratory), Heather Carlson-Lynch (SRC, Inc.), Chemi-
cal Manager George Rusch (National Advisory Committee [NAC] on Acute Exposure 
Guideline Levels for Hazardous Substances), and Ernest V. Falke (U.S. Environmental 
Protection Agency). 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 has concluded that the AEGLs developed in this document are scientifi-
cally 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 concentrations for the general public, including susceptible subpopula-
tions, such as infants, children, the elderly, persons with asthma, and those with 
other illnesses, it is recognized that individuals, subject to idiosyncratic respons-
es, could experience the effects described at concentrations below the corre-
sponding AEGL. 

 
SUMMARY 

 
Tetrafluoroethylene is a colorless, odorless, and highly flammable gas. It 

is insoluble in water and in most organic solvents. Fluorocarbons as a class ex-
hibit high chemical stability which might be responsible for their lack of biolog-
ic action in contrast with chlorocarbons. The primary end use of tetrafluoroeth-
ylene is for polymerization to produce Teflon®. Recent production data were not 
available. 

No human data on exposure to tetrafluoroethylene were available. Howev-
er, numerous laboratory studies of rodents exposed for durations up to 6 h were 
sufficient to derive AEGL values for tetrafluoroethylene. At lethal and near-
lethal concentrations, animals died of pulmonary congestion. At nonlethal con-
centrations, tetrafluoroethylene was nephrotoxic in rodents. Nephrotoxicity is 
related to metabolism to a reactive intermediate via the hepatic glutathione S-
transferases (GST). In the kidney, the glutathione conjugate is metabolized to 
the cysteine S-conjugate and is then bioactivated via renal ß-lyase to a reactive 
thiol. The resulting renal cell necrosis and regeneration is thought to be respon-
sible for renal neoplasms in rats following chronic exposure. In all cases where 
recovery was evaluated, surviving animals had evidence of recovery from renal 
lesions. 

The AEGL-1 values for tetrafluoroethylene are based on a no-observed-
adverse-effect level (NOAEL) for reversible renal lesions observed in rats and 
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mice following a 6-h exposure to tetrafluoroethylene at 1,200 ppm (Keller et al. 
2000). Renal toxicity results from a metabolite formed after a series of metabol-
ic steps. No data comparing the toxicokinetics of tetrafluoroethylene in humans 
and rodents are available, but data from related compounds suggest that species 
differences in metabolism could be important. Thus, a default interspecies un-
certainty factor of 10 was applied. A default intraspecies uncertainty factor of 10 
also was applied because data on variability in the toxicokinetics of tetrafluoro-
ethylene in humans are lacking and because of evidence that polymorphisms in 
several of the enzymes in the bioactivation pathway for this and related com-
pounds might modify susceptibility. The total uncertainty factor was 100. Time 
scaling was performed using the equation Cn × t = k. Data on tetrafluoroethylene 
were insufficient for determining an empirical value for the exponent n, so de-
fault values of n = 3 for extrapolating to shorter durations and n = 1 for extrapo-
lating to longer durations were used (NRC 2001). Because of the uncertainty 
associated with time scaling a 6-h point-of-departure to a 10-min value, the 10-
min AEGL-1 value was set equal to the 30-min AEGL-1 value. 

The AEGL-2 values for tetrafluoroethylene are based on reversible renal 
effects observed in rat studies. Dilley et al. (1974) found reversible renal lesions 
following a 30-min exposure to tetrafluoroethylene at 3,500 ppm, and Odum and 
Green (1984) found minor changes in urinary clinical chemistry parameters fol-
lowing a 6-h exposure at 3,000 ppm (increases in urinary glucose and enzyme 
activity were not statistically significant). These effects meet the definition of 
the AEGL-2. A 4-h exposure at 3,700 ppm resulted in renal tubule necrosis 
(Haskell Laboratory 1977), an irreversible effect (exceeds the definition of the 
AEGL-2). Although histopathologic examinations were not performed after a 6-
h exposure at 4,000 ppm (Odum and Green 1984), it is likely that irreversible 
effects also took place. At 6,000 ppm for 6 h, renal-cell necrosis was observed.  

The 6-h exposure to tetrafluoroethylene at 3,000 ppm (Odum and Green 
1984) was considered a NOAEL for irreversible effects, and was used as the 
point-of-departure for calculating AEGL-2 values. An interspecies uncertainty 
factor of 10 and an intraspecies uncertainty factor of 10 were applied for the 
same reasons described of the AEGL-1 values. Time scaling was also performed 
in the same manner as for the AEGL-1 values. Because of the uncertainty asso-
ciated with time scaling a 6-h point-of-departure to a 10-min value, the 10-min 
AEGL-2 value was set equal to the 30-min AEGL-2 value. 

AEGL-3 values for tetrafluoroethylene are based on a study in Syrian 
hamster. Mortality rates in hamsters exposed to tetrafluoroethylene at 10,200, 
20,700, 25,000, 30,000, 40,100, or 78,700 ppm for 4 h were 0, 0, 10, 70, 100, 
and 100%, respectively. Those data were used to calculate a 4-h BMCL05 
(benchmark concentration, 95% lower confidence limit with 5% response) of 
20,822 ppm, which was used as the point-of-departure. The choice of that con-
centration is supported by the highest nonlethal concentration of 20,000 ppm in 
a 4-h study with rats (Haskell Laboratory 1959). An interspecies uncertainty 
factor of 10 and an intraspecies uncertainty factor of 10 were applied for the 
same reasons described of the AEGL-1 values. Time scaling was also performed 
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in the same manner as for the AEGL-1 values. Because of the uncertainty asso-
ciated with time scaling a 4-h point-of-departure to a 10-min value, the 10-min 
AEGL-3 value was set equal to the 30-min AEGL-3 value. The AEGL values 
for tetrafluoroethylene are presented in Table 6-1. 

Tetrafluoroethylene has carcinogenic potential, but neither inhalation nor 
oral carcinogenicity slope factors are available. An assessment based on the car-
cinogenic potential of tetrafluoroethylene indicates that AEGL values for a theo-
retical excess lifetime cancer risk of 10-4 would be lower than the AEGL values 
developed on the basis of noncancer end points (see Appendix C). The tumor-
igenic response to tetrafluoroethylene is the result of repeated long-term expo-
sure causing repetitive tissue damage. Because AEGLs are applicable to rare 
events or a single once-in-a-lifetime exposure and because of the uncertainty in 
assessing excess cancer risk following a single acute exposure of 8 h or less, the 
acute toxicity values were used to set AEGL levels. 

 
1. INTRODUCTION 

 
Tetrafluoroethylene is a colorless and odorless gas. It is insoluble in water 

and in most organic solvents. Tetrafluoroethylene is extremely flammable and 
unstable; therefore, it is shipped in cylinders that contain stabilizers (Haskell 
Laboratory 1959; Matheson 1980). It is easily ignited by heat, sparks, or flames 
(HSDB 2012). The lower explosive limit for tetrafluoroethylene is 100,000 ppm 
(DuPont 1988). Additional chemical and physical properties of tetrafluoroeth-
ylene are presented in Table 6-2. 

Fluorocarbons as a class exhibit high chemical stability. The C-F bond is 
stable because of the short inter-atomic distance between the atoms (Clayton 
1967). The bond affinity may explain the lack of biologic action of fluorocar-
bons in contrast with chlorocarbons.  
 
 
TABLE 6-1 AEGL Values for Tetrafluoroethylene 

Classification 10 min 30 min 1 h 4 h 8 h 
End Point 
(Reference) 

AEGL-1a 
(nondisabling) 

27 ppm 
(110  
mg/m3) 

 27 ppm 
(110  
mg/m3) 

22 ppm 
(89  
mg/m3) 

14 ppm 
(56  
mg/m3 ) 

9.0 ppm 
(37  
mg/m3) 

NOAEL for 
reversible renal 
lesions in rats  
and mice (Keller  
et al. 2000). 

AEGL-2 
(disabling) 

69 ppm 
(280  
mg/m3) 

69 ppm 
(280  
mg/m3) 

55 ppm 
(220  
mg/m3) 

34 ppm 
(140  
mg/m3) 

 23 ppm 
(92  
mg/m3) 

NOAEL for renal 
necrosis in rats 
(Odum and  
Green 1984). 

AEGL-3 
(lethal) 

420 ppm 
(1,700  
mg/m3) 

420 ppm 
(1,700 
 mg/m3) 

330 ppm 
(1,400  
mg/m3) 

210 ppm 
(850  
mg/m3) 

 100 ppm 
(430  
mg/m3) 

4-h BMCL05  
for lethality in 
hamsters (Haskell 
Laboratory 1980). 

aTetrafluoroethylene has no distinctive odor. 
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TABLE 6-2 Chemical and Physical Properties of Tetrafluoroethylene 
Parameter Value References 
Synonyms Ethene, tetrafluoro; perfluoroethylene;  

FC-1114; Fluoroplast 4; TFE monomer 
HSDB 2012 

CAS registry no. 116-14-3 HSDB 2012 

Chemical formula CF2 = CF2 Matheson 1980 

Molecular weight 100.02 HSDB 2012 

Physical state Colorless gas HSDB 2012 

Melting point -131.15oC HSDB 2012 

Boiling point -75.9oC HSDB 2012 

Solubility in water 159 mg/L at 25oC HSDB 2012 

Density/specific gravity  1.519 g/cm3 at -76oC HSDB 2012 

Vapor density (air = 1) 3.87 HSDB 2012 

Vapor pressure 2.45 × 104 mm Hg at 25oC HSDB 2012 

Flammability limits 14-43% 
Lower explosive limit: 100,000 ppm 

Matheson 1980; 
DuPont 1988 

Conversion factors 1 ppm = 4.09 mg/m3 
1 mg/m3 = 0.244 ppm 

AIHA 2004 

 
 

Tetrafluoroethylene is manufactured in enclosed systems in a four-step pro-
cess involving the production of hydrogen fluoride and chloroform from calcium 
difluoride, hydrogen sulfide, methane, and chlorine (Gangal 2004). Hydrogen flu-
oride and chloroform are subsequently reacted in the presence of antimony trifluo-
ride to form chlorodifluoromethane. Chlorodifluoromethane is pyrolysed at 590-
900°C to produce a yield of 95% tetrafluoroethylene. When tetrafluoroethylene is 
shipped, Terpene B (0.4%) or d-limonene is added to inhibit polymerization (Gan-
gal 2004). 

US production of tetrafluoroethylene was between 50 and 100 million 
pounds in 2006 (HSDB 2012). Approximately two-thirds of tetrafluoroethylene 
produced is polymerized to produce Teflon®. Tetrafluoroethylene is dimerized 
to produce octafluorocyclobutane propellant for food product aerosols. It is also 
used in refrigerants, foam blowing agents, solvents, fluoropolymers, and steri-
lant gas (HSDB 2012). 

The toxicity of tetrafluoroethylene has been reviewed by Clayton (1967), 
Kennedy (1990), ACGIH (2001), ECETOC (2003), and AIHA (2004). A number 
of unpublished studies conducted for the DuPont Chemical Company were 
available for review. Studies have also been conducted on the toxicity of pyroly-
sis products of tetrafluoroethylene resins. Because numerous combustion prod-
ucts, including hydrogen fluoride, are formed when resins are burned, the results 
of the pyrolysis studies are not discussed in this document. 
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2. HUMAN TOXICITY DATA 
 

No human studies on the toxicity of tetrafluoroethylene were found. Moni-
toring data from several plants that use tetrafluoroethylene in closed systems 
indicate that 7-h time-weighted-average concentrations are 6.5 ppm or lower 
(FIG 1982). Alarms in the plants are set at 20 ppm. 

 
3. ANIMAL TOXICITY DATA 

 

3.1. Acute Lethality 
 

Lethality data from studies of animals exposed to tetrafluoroethylene by 
inhalation are summarized in Table 6-3 and briefly discussed below. 
 
3.1.1. Rats 
 

Groups of four male CD rats were exposed by inhalation to tetrafluoroeth-
ylene at nominal concentrations of 10,000, 20,000, 40,000, 80,000, or 800,000 
ppm for 4 h (Haskell Laboratory1959). The method used to generate the test at-
mosphere was not described. Tetrafluoroethylene was scrubbed with H2SO4 to 
remove the Terpene B inhibitor. The mortality rate was 0/4 at 10,000 ppm, 0/4 at 
20,000 ppm, 2/4 at 40,000 ppm, 4/4 at 80,000 ppm, and 4/4 at 800,000 ppm. Rats 
in the 800,000-ppm group died after 2.75 h of exposure. The LC50 (lethal concen-
tration, 50% lethality) was approximately 40,000 ppm. Clinical signs included 
labored breathing during exposure (all concentrations), weight loss (≥40,000 
ppm), inactivity, dark eyes, prostration, and convulsions. Gross necropsy revealed 
hepatic injury (≥40,000 ppm), renal damage (all concentrations), and pulmonary 
congestion and edema (≥80,000 ppm).  

Sakharova and Tolgskaya (1977) exposed groups of male and female rats 
(number and strain not specified) to tetrafluoroethylene at unspecified concen-
trations for 4 h. LC50 values are presented in Table 6-3. At necropsy, lesions 
were observed in the liver, kidneys, and brain. Renal lesions included degenera-
tion and necrosis of the convoluted tubules. No further details were reported by 
the investigators. 

A study by Zhemerdei (1958) is not included in Table 6-3 because of in-
sufficient details (Kennedy 1990). The study reported 100% mortality in rats 
exposed to tetrafluoroethylene at 25,000 ppm for 2 h. The lowest concentration 
causing mortality in rabbits was 40,000 ppm; the exposure duration was not 
specified. 

 
3.1.2. Mice 
 

Sakharova and Tolgskaya (1977) exposed male and female mice (strain 
not specified) to unspecified concentrations of tetrafluoroethylene for 4 h. The 
LC50 value was 35,000 ppm. Details of the study were not provided. 
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TABLE 6-3 Acute Lethality in Laboratory Animals Exposed to  
Tetrafluoroethylene 
Species Concentration (ppm) Exposure Duration Effect Reference 

Rat 10,000 
20,000 
40,000 
80,000 
800,000 

4 h 0% mortality 
0% mortality 
50% mortality 
100% mortality 
100% mortality 

Haskell Laboratory 1959 

Rat 31,000-32,000 4 h LC50 Sakharova and  
Tolgskaya 1977 

Mouse 35,000 4 h LC50 Sakharova and  
Tolgskaya 1977 

Guinea pig 28,000 4 h LC50 Sakharova and  
Tolgskaya 1977 

Hamster 10,200 
20,700 
25,000 
30,000 
40,100 
78,800 
28,500 

4 h 
4 h 
4 h 
4 h 
4 h 
4 h 
4 h 

0% mortality 
0% mortality 
10% mortality 
70% mortality 
100% mortality 
100% mortality 
LC50 (calculated) 

Haskell Laboratory 1980 

 
 
3.1.3. Guinea Pigs 
 

Sakharova and Tolgskaya (1977) exposed male and female guinea pigs 
(strain not specified) to unspecified concentrations of tetrafluoroethylene for 4 h. 
The LC50 value was 28,000 ppm. Details of the study were not provided. 

 
3.1.4. Hamsters 
 

Groups of 10 male Syrian hamsters were exposed by inhalation to tetra-
fluoroethylene at analytically-determined concentrations of 0, 10,200, 20,700, 
25,000, 30,000, 40,100, or 78,700 ppm for 4 h (Haskell Laboratory 1980). All 
animals exposed at the two lowest concentrations survived the 14-day observa-
tion period. Mortality rates in the 25,000- and 30,000-ppm groups were 1/10 and 
7/10, respectively; the deaths occurred over 1-10 days. All animals in the 
40,100- and 78,700-ppm groups died. The calculated LC50 value was 28,500 
ppm (95% confidence interval: 26,400-31,500 ppm). Clinical signs included 
salivation and lethargy at 40,100 ppm and clear discharge from the nose and 
reduced response to sound at 78,700 ppm. No obvious clinical signs were ob-
served at concentrations of 30,000 ppm or lower. Following exposure, moderate 
weight loss, defined as 6-15 g/day, occurred at concentrations of 20,700 ppm 
and higher. Following exposure at 10,200 ppm, weight loss was slight for one 
day after exposure. No histopathologic examinations were performed. 



Copyright © National Academy of Sciences. All rights reserved.

Acute Exposure Guideline Levels for Selected Airborne Chemicals:  Volume 19

170 Acute Exposure Guideline Levels 

3.2. Nonlethal Toxicity 
 

All acute toxicity studies reporting nonlethal effects from tetrafluoroeth-
ylene were conducted with rats. Results from those studies are summarized in 
Table 6-4. Relevant information is also available from a repeat-exposure study 
that described effects in rats after the first exposure to tetrafluoroethylene (Kel-
ler et al. 2000; see Section 3.3). 

A group of 15 adult male Sprague-Dawley rats were exposed by inhalation 
to tetrafluoroethylene at 3,500 ppm for 30 min (Dilley et al. 1974). Ten of the an-
imals were maintained for 2 weeks for metabolism studies. Five of the rats were 
serially killed for pathologic examination. No deaths were reported. Exposure to 
tetrafluoroethylene produced an increase in urinary fluoride, potassium, and creat-
inine and diuresis. Gross examination of the tissues performed 3-4 days after ex-
posure revealed marked hyperemia of the renal medulla and a pale band in the 
cortex near the corticomedullary junction. Small ischemic-appearing areas were 
found occasionally in the mid-cortical area. These grossly-observed renal changes 
were nearly absent after 2 weeks. No lesions were observed microscopically.  

A group of 10 CD male rats was exposed to tetrafluoroethylene at an ana-
lytically-determined concentration of 3,700 ppm for 4 h (Haskell Laboratory 
1977). Renal damage (degeneration of the epithelium of the tubules) was found 
immediately after exposure. After a 14-day recovery period, fibrosis of the renal 
tubules was present. There were no clinical signs during exposure. 

Groups of four male Wistar-derived rats were exposed to tetrafluoroeth-
ylene at 0, 1,000, 2,000, 3,000, 4,000, or 6,000 ppm for 6 h (Odum and Green 
1984). The method used to generate the test atmosphere was not described. Rats 
were killed 24 h after the start of the exposure. No deaths were reported. Kid-
neys from the control and 6,000-ppm groups were examined microscopically.  
 
 
TABLE 6-4 Non-lethal Toxicity in Rats Exposed to Tetrafluoroethylene 
Concentration (ppm) Exposure Duration Effect Reference 

3,500 30 min Reversible renal changes. Dilley et al. 1974 

3,700 4 h Renal tubule fibrosis. Haskell Laboratory 1977 

1,000 6 h No effects. Odum and Green 1984 

2,000 6 h NOAEL for renal effects.  

3,000 6 h Increases in urinary glucose  
and enzyme activity were small, 
variable, and not statistically 
significant. 

 

4,000 6 h Increases in urinary glucose and 
enzyme activity were statistically 
significant. 

 

6,000 6 h Renal necrosis.  
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Marked damage to the proximal tubule of the kidneys was found in treated ani-
mals. The damage was characterized by renal tubular necrosis involving the pars 
recta of the proximal tubule and by calcified intratubular deposits in the medul-
la. Evaluations of the 24-h urine collections found high concentrations of urinary 
glucose and marked increases in alkaline phosphatase and γ-glutamyltranspep-
tidase activity. Damage to the kidneys in the lower dose groups was assessed by 
urinary glucose and enzyme activity levels. Using those two parameters, the 6-h 
exposure at 2,000 ppm was a no-observed-effect level and the 6-h exposure at 
3,000 ppm resulted in small and variable (but not statistically significant) effects 
on urinary glucose and alkaline phosphatase and γ-glutamyltranspeptidase activ-
ity. At 4,000 ppm, increases in urinary glucose and enzyme activity were statis-
tically significant.  

 

3.3. Repeat-Exposure Studies 
 

3.3.1. Dogs 
 

Two dogs were exposed to tetrafluoroethylene at 1,000 ppm for 4 h/day,  
5 days/week for a total of 25 exposures (Haskell Laboratory 1946; Table 6-5). 
The blood pressure of one dog dropped as exposures continued, but the second 
dog did not show any significant trend in blood pressure measurements. No ab-
normal heart sounds were detected. Both dogs gained weight during the expo-
sure period. The dogs were subsequently exposed to tetrafluoroethylene at 4,000 
ppm for 4 h on one day and for 6 h on the following day. Both tolerated the ex-
posures “quite well.” In another experiment, a dog was exposed to several con-
centrations of tetrafluoroethylene a few weeks apart. A 4-h exposure at 500 ppm 
had no effect on blood pressure, but a “fairly marked” drop in blood pressure 
was reported in the dog after being exposed at 1,000 ppm or higher. A fourth 
dog was exposed twice to tetrafluoroethylene at 2,000 ppm for 1 h. Blood pres-
sure was unaffected after the first exposure, but dropped “fairly sharply” 4 h 
after the second exposure. Blood pressure measurements were not provided. The 
third and fourth dogs were killed 1 month after the last exposure, and no gross or 
microscopic lesions of the heart, lungs, spleen, liver, kidneys, or adrenal glands 
were found. 

 
3.3.2. Rats 
 

Groups of 10 male CD rats were exposed to tetrafluoroethylene at 0, 100, 
500, 1,000, or 2,500 ppm (analytic concentrations of 0, 101, 500, 991, or 2,490 
ppm) for 6 h/day, 5 days/week for 2 weeks (Haskell Laboratory 1981). Half of the 
animals were evaluated at the end of exposure and the other half after a 14-day 
recovery period. No clinical signs of toxicity were observed during treatment. In-
creases in renal and hepatic weight, reductions in serum alkaline phosphatase and 
glutamic pyruvic transaminase activity, and renal lesions were observed. Renal  
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TABLE 6-5 Repeat-Exposure Studies of Tetrafluoroethylene 
Species Concentration (ppm) Exposure Duration Effect Reference 
Dog, unspecified breed 1,000 4 h/d,  

5 d/wk, 
25 exposures 

Few observations; drop in blood pressure in 1/2 dogs. Haskell Laboratory 1946

 4,000 4 and 6 h Tolerated “quite well.”  

CD rat, 10 males/group 0, 100, 500,  
990, 2,490 

5 h/d, 
5 d/wk,  
2 wk 

No clinical signs at any concentration. No effect at 
990 ppm. Reversible changes in clinical chemistry 
parameters and reversible renal lesions at 2,490 ppm.  

Haskell Laboratory 1981

CD rat, 10 males/group 0, 1,100, 3,510 4 h/d, 
5 d/wk, 
2 wk; killed 0 and 14 d 
postexposure 

Reversible renal lesions at 1,100 ppm. Incomplete 
recovery of renal lesions at 3,510 ppm. 

Haskell Laboratory 1977

F344 rat, 25 females/group 0, 31, 300,  
600, 1,200 

6 h/d, 
9 exposures over 12 d 

No cell proliferation in the kidneys after one  
exposure at any concentration. Increase in renal  
cell proliferation in 1,200-ppm group after test day  
5 (recovery by test day 12); microscopic renal lesions 
at 600 and 1,200 ppm; renal function unaffected; liver 
and spleen unaffected. 

Keller et al. 2000 

F344/N rat, 5/sex/group 0, 312, 621, 1,250, 
2,500, 4,990 

6 h/d, 
5 d/wk, 12 exposures  
over 16 d 

Reduced weight gain in males and females at  
5,000 ppm. Increased renal weight in all males and  
in females exposed at ≥2,500 ppm. Renal tubule 
degeneration in males and females exposed at ≥625 
ppm. No renal lesions at 312 ppm. 

NTP 1997 

CD rat, 15/sex/group 0, 203, 606, 1,990 6 h/d, 
5 d/wk, 
90 d 

Body and organ weight changes at 1,990 ppm;  
tubular nephrosis at 606 and 1,990 ppm. No-effect 
level was 200 ppm. 

Haskell Laboratory 1982
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CD rat, 50/sex/group 0, 312, 625, 1,250, 

2,500, 5,000 
5 h/d, 
5 d/wk, 
90 d 

No clinical signs; reduced body weight and weight 
gain at 5,000 ppm; increased renal and hepatic weight 
at ≥625 ppm in one or both sexes; anemia; renal 
tubule degeneration in males at ≥625 ppm and in 
females at ≥2,500 ppm. 

NTP 1997 

B6C3F1 mouse,  
25 females/group 

0, 31, 300,  
600, 1,200 

6 h/d, 
9 exposures over 12 d  

No cell proliferation in the kidneys after one exposure 
at any concentration; increase in renal cell 
proliferation in 600- and 1,200-ppm groups after test 
day 5 (recovery by test day 12); microscopic renal 
lesions at 1,200 ppm; no decreased renal function; 
liver and spleen unaffected. 

Keller et al. 2000 

B6C3F1 mouse, 5/sex/group 0, 312, 622, 1,260, 
2,500, 4,990 

6 h/d, 
5 d/wk, 
12 exposures over 16 d 

No clinical findings; no effect on body weight or 
weight gain; some organ weight differences in females 
at ≥2,500 ppm; renal tubule epithelial cell 
karyomegaly in males at ≥1,250 ppm and in females 
at ≥ 2,500 ppm; no renal lesions at 312 or 612 ppm. 

NTP 1997 

B6C3F1 mouse, 48/sex/group 0, 312, 625, 1,250, 
2,500, 5,000 

5 h/d, 
5 d/wk, 
90 d 

No clinical signs; no effect on body weight and weight 
gain; no effect on organ weight; anemia in males at 
≥2,500 ppm and in females at 5,000 ppm; polyuria at 
≥2,500 ppm (both sexes); renal epithelial cell 
karyomegaly at ≥1,250 ppm in both sexes; no renal 
lesions at 312 or 625 ppm. 

NTP 1997 

Syrian hamster, 10 
males/group 

0, 101, 500, 991, 
2,490 

6 h/d, 
5 d/wk, 
for 2 wk 

No clinical signs; no renal lesions; testicular  
atrophy in 2,490-ppm group only after 14-day  
post-exposure period. 

Haskell Laboratory 1981

Syrian hamster, 15/sex/group 0, 203, 606, 1,990 6 h/d, 
5 d/wk, 
90 d 

No effect on body weight or body weight gain; 
increased renal weight in females at 1,990 ppm; 
testicular atrophy in males at 1,990 ppm. 

Haskell Laboratory 1982
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lesions were found in the 2,490-ppm group only, and consisted of swelling of the 
tubular epithelial cells, dilation of the tubular lumen, and sparse cellular degenera-
tion in the juxtamedullary cortex. These effects were not apparent after the 14-day 
recovery period. Urinary fluoride concentrations remained elevated after 14 days. 

Groups of 10 male CD rats were exposed to tetrafluoroethylene at analyti-
cally-determined concentrations of 1,100 or 3,510 ppm for 4 h/day, 5 days/week 
for 2 weeks (Haskell Laboratory1977). At the higher concentration, mild to 
moderate body weight loss (unspecified) during the test phase was reported, but 
recovery took place during the 2-week postexposure period. Five rats from each 
group were killed immediately after exposure, and examinations revealed de-
generative changes in the kidneys. Following the 2-week postexposure period, 
recovery from renal lesions was almost complete in the 1,100-ppm group and 
was incomplete in the 3,510-ppm group. 

Groups of 25 female F344 rats were exposed to tetrafluoroethylene at 0, 
31, 300, 600, or 1,200 ppm for 6 h/day over 12 days (Keller et al. 2000). The 
regimen involved 5 days of consecutive exposure, 2 days of no exposures, and  
4 days of consecutive exposure. Groups of rats were killed after the first, fifth, 
and ninth exposure for evaluation of cell proliferation in the liver, kidneys, and 
spleen. The organs also were examined microscopically after the ninth exposure. 
No biologically significant effects on cell proliferation were found after a single 
exposure. On test day 5, a statistically and biologically significant increase in 
cell proliferation (indicated by cell labeling following infusion with 5-bromo-
3ʹdeoxyuridine) in the kidney was observed in rats exposed at 1,200 ppm (nine-
fold increase over the control value). The effect on cell proliferation was transi-
ent as cell proliferation was absent or less evident by test day 12. After the ninth 
exposure, minimal lesions of the kidney were observed microscopically in rats 
exposed at 600 and 1,200 ppm. Cell proliferation and lesions were accompanied 
by increases in renal weight. No microscopic changes were found in the liver or 
spleen. 

Groups of five male and five female F344/N rats were exposed to tetraflu-
oroethylene at analytically-determined concentrations of 0, 312, 621, 1,250, 
2,500, or 4,990 ppm for 6 h/day, 5 days/week for 12 exposures over a 16-day 
period (NTP 1997). Animals were observed twice daily for clinical signs and 
weighed weekly. Blood samples were taken before the animals were killed to 
evaluate hematology parameters. Animals were killed the day after the last ex-
posure. Selected organs were weighed and selected tissues were examined mi-
croscopically. All rats survived to the end of the study. In contrast with respec-
tive control groups, the final mean body weights of males and females exposed 
at 4,990 ppm were statistically significantly reduced by 14% (p < 0.01) and 10% 
(p < 0.05), respectively. No treatment-related differences in hematology parame-
ters were found. Relative to body weight, hepatic weight was significantly 
greater in treated males than in the controls, but appeared unaffected in the treat-
ed females. Absolute and relative renal weight was increased in all treated males 
and in females exposed at 2,500 and 4,990 ppm. Renal tubule degeneration was 
observed in all males exposed at 625 ppm or higher and in all females exposed 
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at 1,250 ppm or higher. Renal tubule degeneration was observed in three of five 
females exposed at 625 ppm. The severity of the lesion increased with concen-
tration. 

Groups of 15 male and 15 female CD rats were exposed by inhalation to 
tetrafluoroethylene at 0, 203, 606, or 1,990 ppm, 6 h/day, 5 days/week for up to 
90 days (Haskell Laboratory 1982). Five rats per sex were killed after 45 days 
for interim evaluation. Decreased final body weight and body weight gain were 
observed in both sexes exposed at 1,990 ppm. Absolute and relative hepatic 
weights were significantly increased in both sexes at the end of the study, as 
were the absolute and relative renal weights of male rats in the 1,990-ppm 
group. Urinary fluoride concentrations increased in a concentration-dependent 
manner. At both the interim and final evaluations, tubular nephrosis was seen in 
male and female rats exposed at 606 and 1,990 ppm; frequency increased with 
exposure duration. 

Before performing a chronic toxicity and carcinogenicity study, NTP 
(1997) conducted a 13-week range-finding study with F344/N rats (see Section 
3.8 for details). At the end of the study, minimal to mild lesions of the kidney 
were observed in 10/10 male rats exposed at 650 ppm or higher and in 9/10 
and10/10 female rats exposed at 2,500 and 5,000 ppm, respectively. 

 
3.3.3. Mice 
 

Groups of 25 female B6C3F1 mice were exposed to tetrafluoroethylene at 
0, 31, 300, 600, or 1,200 ppm for 6 h/day over 12 days (Keller et al. 2000). The 
regimen involved 5 consecutive days of exposure, 2 days of no exposure, and 4 
consecutive days of exposure. Groups of mice were killed after the first, fifth, 
and ninth exposure for evaluation of cell proliferation in the liver, kidneys, and 
spleen. The organs were examined microscopically after the ninth exposure. No 
biologically significant effects on cell proliferation were observed after a single 
exposure. On test day 5, a statistically and biologically significant increase in 
cell proliferation (indicated by cell labeling) in the kidney was observed in mice 
exposed at 600 and 1,200 ppm. The effect on cell proliferation was transient and 
was absent or less evident by test day 12. After the ninth exposure, minimal le-
sions of the kidney were observed microscopically in mice exposed at 1,200 
ppm. Cell proliferation and lesions were accompanied by increases in renal 
weight. No microscopic changes were found in the liver or spleen. 

Groups of five male and five female B6C3F1 mice were exposed to tetra-
fluoroethylene at analytically determined concentrations of 0, 312, 622, 1,260, 
2,500, or 4,990 ppm for 6 h/day, 5 days/week, for 12 exposures over a 16-day 
period (NTP 1997). Observations were the same as in the study with rats (Sec-
tion 3.3.2). All mice survived to the end of the study. The final mean body 
weights of males and females were similar among the respective control and 
exposure groups. No treatment-related differences in hematology parameters 
were found. The absolute and relative hepatic weights of females in the 5,000-
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ppm group were significantly greater (25% and 15%, respectively) than those of 
controls. The absolute hepatic weight of females in the 2,500-ppm group was 
also increased by 19% relative to that of the controls. The absolute renal weight 
of females in the 5,000-ppm group was increased by 17% relative to that of the 
controls. Renal tubule karyomegaly (enlargement of the cell nucleus) was ob-
served in male mice exposed at 1,250 ppm or higher and in female mice exposed 
to 2,500 ppm or higher. One of five females in the 1,250-ppm group was also 
affected. The severity of this lesion increased with concentration. 

 
3.3.4. Hamsters 
 

Groups of 10 male Syrian hamsters were exposed to tetrafluoroethylene at 
analytically-determined concentrations of 0, 101, 500, 991, or 2,490 ppm for 6 
h/day, 5 days/week for 2 weeks (Haskell Laboratory 1981). No clinical signs of 
toxicity were observed during exposure. The three deaths that occurred during 
the exposures were not concentration-related and could not be attributed tetra-
fluoroethylene. Urinary fluoride concentrations were elevated immediately fol-
lowing the exposures (991- and 2,490-ppm groups), but not after the 14-day 
recovery period. After the recovery period, serum albumin was reduced in the 
three highest exposure groups. No changes in renal or hepatic weights or histo-
pathologic lesions of the kidney were observed in hamsters killed immediately 
after exposure or after 14 days. Testicular atrophy was observed in the 2,490-
ppm group only after the 14-day recovery period. This effect was not significant 
at lower concentrations. 

Groups of 15 male and 15 female Syrian hamsters were exposed to tetraflu-
oroethylene at 0, 203, 606, or 1,990 ppm, 6 h/day, 5 days/week for up to 90 days 
(Haskell Laboratory 1982). Six hamsters per sex were killed after 45 days for in-
terim evaluation. At the end of the study, body weight and body-weight gain ap-
peared unaffected. Organ weights were variable; a clear increase in organ weights 
over control values was found only for renal weight in females exposed at 1,990 
ppm. Urinary fluoride concentrations appeared to increase in a concentration-
dependent manner, but reduced urine production complicated collection of sam-
ples. Considerable variation was seen in testes weight and maturity among the 
exposed groups, making the evaluation of testicular atrophy problematic. Howev-
er, atrophic changes were observed in the testes, regardless of maturity, of ham-
sters exposed at 1,990 ppm at both the interim evaluation (4/6 test animals vs 1/6 
controls) and final evaluation (5/9 test animals vs 1/9 controls). 

 
3.4. Neurotoxicity 

 
Rats exposed to tetrafluoroethylene for 5-10 min at concentrations of 

500,000-700,000 ppm showed no signs of narcosis Haskell Laboratory (1946). 
Because this study used concentrations anticipated to be in the lethal range, the 
results cannot be used to estimate risk to humans. Rats exposed to lethal and 
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near-lethal concentrations showed no typical signs of narcosis (Sakharova and 
Tolgskaya 1977). 

 
3.5. Cardiac Sensitization 

 
In a standard cardiac sensitization test, none of four dogs and neither of 

two cats were sensitized by after being exposed to tetrafluoroethylene at 
250,000-500,000 ppm for durations of 5-15 min (Burgison et al. 1955). Because 
this study used concentrations anticipated to be in the lethal range, the results 
cannot be used to estimate risk to humans. 

 
3.6. Developmental and Reproductive Toxicity 

 
No information on the developmental or reproductive effects of tetrafluo-

roethylene in animals was found. 

 
3.7. Genotoxicity 

 
Tetrafluoroethylene vapor was evaluated for mutagenicity in Salmonella 

typhimurium strains TA97, TA98, TA100, and TA1535, with and without meta-
bolic activation by S9 rat liver homogenate (Haskell Laboratory 1986a). Test 
atmospheres (headspace concentrations) were 0.5-5% (4,900-48,200 ppm). Tet-
rafluoroethylene was not mutagenic in any test strain. Cysteine conjugates of 
tetrafluoroethylene were not mutagenic in the S. typhimurium assay, with or 
without metabolic activation by S9 rat kidney homogenate (Green and Odum 
1985). The structurally-similar chemical tetrachloroethylene was not mutagenic 
in the S. typhimurium test and failed to induce sister chromatid exchanges or 
chromosomal aberrations in cultured Chinese hamster ovary cells (summarized 
in NTP 1997). Tetrachloroethylene produced equivocal results in the mouse 
lymphoma mutagenicity assay. 

Tetrafluoroethylene did not induce gene mutations at the HPRT locus in 
cultured Chinese hamster ovary cells (Haskell Laboratory 1986b). Exposures 
were for 5 h with metabolic activation and for 18 h without metabolic activation. 
Nominal atmospheric concentrations were 20-100%. A retest also produced 
negative results (Stahl 1988). 

Tetrafluoroethylene was tested for clastogenic (chromosome-damaging) 
activity in vitro in Chinese hamster ovary cells, with and without metabolic acti-
vation (Vlachos 1987). Measured atmospheres of tetrafluoroethylene were 30.4-
100%. No significant increases in structural chromosomal aberrations were seen 
after exposure for 5 h without metabolic activation or for 2 h with metabolic 
activation. 

In a 13-week study, male and female B6C3F1 mice were exposed to tetra-
fluoroethylene at 0, 312, 625, 1,250, 2,500, or 5,000 ppm for 6 h/day, 5 days/week 
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(Sheldon et al. 1988; NTP 1997). No increase in the frequency of micronucleated 
erythrocytes in peripheral blood samples was found. 

Hong et al. (1998) investigated the frequency of H- and K-ras mutations 
in hepatocellular tumors taken from B6C3F1 mice in the NTP (1997) carcino-
genicity study (see Section 3.8). The frequency of H-ras codon 61 mutations in 
all treatment groups was lower than in the study controls and lower than in his-
torical controls. K-ras mutations at several codons and H-ras mutations at codon 
117 were not detected in hepatocellular neoplasms. The investigators concluded 
that hepatocellular neoplasms caused by tetrafluoroethylene are developed via a 
ras-independent pathway. 

 
3.8. Chronic Toxicity and Carcinogenicity 

 
The National Toxicology Program (NTP 1997) evaluated the inhalation car-

cinogenicity of tetrafluoroethylene in F344/N rats and B6C3F1 mice of both sexes. 
NTP concluded that there was clear evidence of carcinogenic activity of tetrafluo-
roethylene in male F344/N rats based on increased incidences of renal tubule neo-
plasms and hepatocellular neoplasms. There was clear evidence of carcinogenic 
activity in female F344/N rats based on increased incidences of renal tubule neo-
plasms, liver hemangiosarcomas, hepatocellular neoplasms, and mononuclear cell 
leukemia. There was clear evidence of carcinogenic activity in male and female 
B6C3F1 mice based on increased incidences of hepatic hemangiomas and heman-
giosarcomas, hepatocellular neoplasms, and histiocytic sarcomas. On the basis of 
these studies, the International Agency for Research on Cancer (IARC 1999) con-
cluded that there is sufficient evidence in experimental animals for the carcinogen-
icity of tetrafluoroethylene. Tetrafluoroethylene is possibly carcinogenic to hu-
mans (Group 2B). IARC reported that no epidemiologic data relevant to 
carcinogenicity in humans were available. The American Conference of Govern-
mental Industrial Hygienists recommended a rating of A3 – confirmed animal car-
cinogen with unknown relevance to humans (ACGIH 2001, 2013). NTP’s chronic 
toxicity and carcinogenicity studies are described below. 

Groups of 60 male F344/N rats were exposed to tetrafluoroethylene at 
156, 312, or 625 ppm and groups of 60 female F344/N rats were exposed at 312, 
625, or 1,250 ppm for 6 h/day, 5 days/week for 104 weeks (NTP 1997). Groups 
of 10 animals per sex were evaluated after 15 months for organ weight changes 
and clinical pathology. Survival was reduced in males in the 625-ppm group 
(2%) compared with the control group (34%). Survival in females of all treat-
ment groups was reduced (30-36%) compared with controls (56%), but the re-
ductions were not concentration-related. The incidence of cataracts in females 
exposed at 1,250 ppm was greater than in the controls. The primary non-
neoplastic tissue lesions were hyperplasia and degeneration of the renal tubules 
in some or all of the treated males and females and were concentration related. 
Correlated with these lesions were increased incidences of renal tubule neo-
plasms (primarily adenomas) in males exposed at 625 ppm and females exposed 
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at 1,250 ppm. In males, incidences of renal tubule adenoma or carcinoma were 
3/50 in controls, 5/50 at 156 ppm, 9/50 at 312 ppm, and 13/50 at 625 ppm. The 
incidences in females were 0/50 in controls, 3/50 at 312 ppm, 3/50 at 625 ppm, 
and 10/50 at 1,250 ppm. Liver neoplasms (hemangiosarcomas and hepatocellu-
lar adenomas or carcinomas) were increased in both sexes of all treatment 
groups. Mononuclear cell leukemia was increased in a concentration-related 
manner in females of all the treatment groups. 

In the same study (NTP 1997), groups of 58 male and 58 female B6C3F1 
mice were exposed to tetrafluoroethylene at 0, 312, 625, or 1,250 ppm for 95-96 
weeks. Groups of 10 animals per sex were evaluated after 15 months for organ 
weight changes. There were no treatment-related clinical findings. Survival rates 
were severely reduced in both sexes of treated mice. Reduced survival was at-
tributed to exposure-related hepatic neoplasms. Body weight was generally un-
affected until the end of the study. Non-neoplastic effects included hepatic angi-
ectasis (both sexes in all treatment groups), hematopoietic cell proliferation of 
the liver (females in all treatment groups), renal tubule dilation (males in all 
treatment groups), renal tubule karyomegaly (males in the 625- and 1,250-ppm 
groups and females in the 1,250-ppm group), hematopoietic cell proliferation of 
the spleen (both sexes in all treatment groups). Concentration-related neoplastic 
lesions in both sexes included hepatocellular adenomas or carcinomas, hepatic 
hemangiomas and hemangiosarcomas, and histiocytic sarcomas. The incidences 
of hepatocellular adenoma or carcinoma in male mice were 26/48 in controls, 
34/48 at 312 ppm, 39/48 at 625 ppm, and 35/48 at 1,250 ppm. The incidences in 
female mice were 17/48, 33/48, 29/47, and 28/47, respectively. Renal neoplasms 
were not increased in treated mice. 

 
3.9. Summary 

 
Acute lethal concentrations (approximate 4-h LC50 values) of tetrafluoro-

ethylene were 28,000-40,000 ppm (Sakharova and Tolgskaya 1977; Haskell 
Laboratory 1959; 1980). The highest nonlethal values were 20,000 ppm for the 
rat (Haskell Laboratory 1959) and 20,700 ppm for the hamster (Haskell Labora-
tory 1980). No significant interspecies differences in acute lethality were found. 
Pulmonary congestion was observed at lethal or near-lethal concentrations. At 
lower concentrations, the kidney was the primary target of tetrafluoroethylene; 
no effects were observed in the liver. Renal damage was characterized by high 
concentrations of urinary glucose and increases in the activity of several en-
zymes. A 6-h exposure to tetrafluoroethylene at 2,000 ppm was a NOAEL for 
renal effects and a 6-h exposure at 3,000 ppm produced minimal effects (Odum 
and Green 1984). A 6-h exposure at 6,000 ppm resulted in frank renal effects. A 
4-h exposure at 3,700 ppm produced pathologic changes in the kidney that were 
not completely reversible (Haskell Laboratory 1977). A single 6-h exposure to 
tetrafluoroethylene at 1,200 ppm was a no-effect concentration for renal lesions 
as evidenced by a lack of cell proliferation (Keller et al. 2000). 
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In repeat-exposure studies, renal lesions were reversible in rats exposed to 
tetrafluoroethylene at 2,490 ppm for 5 h/day for 2 weeks (Haskell Laboratory 
1981) but were not completely reversible at 3,510 ppm for 4 h/day for 2 weeks 
(Haskell Laboratory 1977). Renal lesions were also reversible in rats exposed at 
1,200 ppm for 6 h/day for 12 days (Keller et al. 2000). 

Tetrafluoroethylene was not mutagenic or genotoxic in several assays. 
Chronic exposure resulted in carcinogenic effects in rats and mice of both sexes 
(NTP 1997). The kidneys, liver, and blood were targets of carcinogenicity. 

 
4. SPECIAL CONSIDERATIONS 

 
4.1. Metabolism and Disposition 

 
No human studies on the absorption, distribution, metabolism, or excretion 

of tetrafluoroethylene were found. 
Absorption of tetrafluoroethylene by the lungs is low, reflecting low solu-

bility. Ding et al. (1980) exposed rabbits to tetrafluoroethylene at 1,000 ppm for 
60 min via a face mask. Alveolar absorption was 6.8%.  

The nephrotoxic effects of tetrafluoroethylene are attributable to a reactive 
metabolite formed in the kidney after a series of preliminary metabolic steps. 
The metabolism of tetrafluoroethylene was reviewed by Schnellmann (2008). 
CYP-450 oxidation, a pathway common to many haloalkenes, does not appear 
to be involved in the metabolism of tetrafluoroethylene. Tetrafluoroethylene is 
metabolized in the liver by glutathione (GSH)–S-transferases (GST) to S-
(1,1,2,2-tetrafluoroethyl)glutathione. In the small intestine and bile, the GSH 
conjugate is degraded by the loss of glutamic acid and glycine to the cysteine S-
conjugate. Mercapturic acid conjugates may also be formed in the small intes-
tines. The cysteine S-conjugate is reabsorbed into the blood and transported to 
renal cells. Metabolism of the GSH conjugate to the cysteine conjugate, via the 
activity of γ-glutamyl transferase and a dipeptidase, may also occur in the kid-
ney (Schnellmann 2008). Finally, the cysteine conjugate is metabolized by renal 
β–lyase to ammonia, pyruvate, and a reactive thiol that is capable of binding to 
macromolecules (Schnellmann 2008). This activation pathway has been ob-
served in vitro in human proximal tubular renal cells (Chen et al. 1990).  

Some tetrafluoroethylene may be metabolized further as evidenced by in-
creased excretion of urinary fluoride after single or repeat exposure (Dilley et al. 
1974; Kennedy 1990; Keller et al. 2000). Only a small amount of F‾ ion was 
detected in the urine of rats exposed to tetrafluoroethylene at 3,700 ppm for  
30 min (Dilley et al. 1974). 

 
4.2. Mechanism of Toxicity 

 
At high concentrations, death from tetrafluoroethylene may be due to 

pulmonary congestion. Nephrotoxic effects of tetrafluoroethylene are attributa-
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ble to a reactive metabolite in the kidney; there is a correlation between the co-
valent binding of the reactive thiol of the cysteine conjugate with renal proteins 
and nephrotoxicity (reviewed by Schnellmann 2001). In addition, administration 
of the cysteine S-conjugate of tetrafluoroethylene (precursor of the reactive me-
tabolite) by intraperitoneal injection (Lock and Ishmael 1998) or oral gavage 
(Keller et al. 2000) resulted in nephrotoxicity similar to that observed with the 
parent compound in inhalation studies. In animal models, the toxicity of tetra-
fluoroethylene is characterized by proximal tubular necrosis and is observed 
clinically as increases in urinary glucose and protein, cellular enzyme activity, 
and blood urea nitrogen. The mitochondrion might be the ultimate target of the 
reactive metabolite, as decreases in cellular respiration are observed before cell 
death. No hepatocellular toxicity was observed from tetrafluoroethylene by any 
route of administration. 

The mechanism of action that leads to tumor formation may be renal tu-
bule damage via the processing of the glutathione conjugate. Cell necrosis fol-
lowed by chronic regeneration of the epithelium in the kidney (increased cell 
proliferation) results in greater opportunity for error in DNA synthesis and mu-
tation (Cohen and Ellwein 1990; Cohen 1998). 

 
4.3. Structure-Activity Relationships 

 
C-F containing compounds are generally less toxic than their chlorinated 

counterparts because of the stability of the C-F bond (Odum and Green 1984). 
For three fluoroethylenes—dichlorodifluoroethylene, chlorotrifluoroethylene, 
and tetrafluoroethylene—toxicity decreased as the number of fluorine atoms 
increased (Sakharova and Tolgskaya 1977). Using rat 4-h LC50 values for com-
parison, dichlorodifluoroethylene and chlorotrifluoroethylene were approximate-
ly 240 and 18 times more toxic, respectively, than tetrafluoroethylene. 

For halogenated methanes, ethanes, and ethylenes, fluorine substituents 
decrease tissue solubility (Gargas et al. 1988). Therefore, uptake of fluoroethyl-
enes is lower than that of chloroethylenes. 

 
4.4. Other Relevant Information 

 
4.4.1. Species Variability 
 

Species differences in toxicity among rats, mice, and guinea pigs exposed 
to tetrafluoroethylene were not obvious (see Tables 6-3, 6-4, and 6-5). 

Data comparing uptake or metabolism of tetrafluoroethylene by rodents 
and humans are not available. However, data on compounds with similar meta-
bolic pathways suggest species differences in metabolism that may also apply to 
tetrafluoroethylene. For example, physiologically-based pharmacokinetic mod-
eling of the related compound tetrachloroethylene (which, unlike tetrafluoroeth-
ylene, is also metabolized via CYP450 oxidation) suggested that blood concen-
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trations of the parent compound were comparable in mice, rats, and humans 
exposed via inhalation (Chiu and Ginsberg 2011). However, predictions of the 
oxidative- and conjugative-metabolite concentrations were very different among 
the three species, with lower predicted concentrations of oxidative metabolites 
and higher (10-fold or greater) predicted concentrations of conjugative metabo-
lites in humans (Chiu and Ginsberg 2011). Although the prediction of higher 
concentrations of conjugative metabolites in humans had significant uncertainty 
associated with it (because of sparse data) and might be partly explained by 
lower relative oxidative metabolism (a pathway not relevant to tetrafluoroeth-
ylene), the model results suggest the possibility of important interspecies differ-
ences in metabolism that might affect susceptibility to tetrafluoroethylene. 

 
4.4.2. Susceptible Populations 
 

No data on the variability in human susceptibility to tetrafluoroethylene 
toxicity was available. As noted above, metabolism of tetrafluoroethylene to the 
penultimate nephrotoxic metabolite involves several steps and enzymes, includ-
ing glutathione-S-transferase, γ-glutamyl transferase, and the cysteine-S-
conjugate β-lyase. Polymorphisms in any of these enzymes may increase or de-
crease susceptibility to tetrafluoroethylene nephrotoxicity by an unknown 
amount. For example, Moore et al. (2010) observed differential risks of renal 
cancer (believed to occur through a similar metabolic activation pathway) in 
people occupationally exposed to the related compound trichloroethylene, de-
pending on their GST and cysteine β-lyase genotypes. In addition, sex-
dependent differences may exist in the human metabolism of tetrafluoroethylene 
(although obvious sex differences in tetrafluoroethylene toxicity in laboratory 
animals were not discernable; see Table 6-5). In vitro studies using rodent renal 
cells suggest sex differences in the metabolism of the related compound tetra-
chloroethylene to its nephrotoxic metabolite (occurring through a similar meta-
bolic pathway) (Lash et al. 2002). 

 
4.4.3. Concentration-Exposure Duration Relationship 
 

Tetrafluoroethylene has low solubility in biologic fluids. Although blood 
concentrations of halogenated hydrocarbons reach equilibrium rapidly and do 
not increase greatly with exposure duration (NRC 1996; Bakshi 1998), metabo-
lism and resulting damage to the kidneys may have a time component. No em-
pirical data on the relationship between concentration and exposure duration for 
a single end point were found. When such data are lacking, time scaling is per-
formed using the equation Cn × t = k, where the exponent n ranges from 0.8 to 
3.5 (ten Berge et al. 1986). Temporal scaling was performed using default val-
ues of n = 3 when extrapolating to shorter durations and n = 1 when extrapolat-
ing to longer durations (NRC 2001). 
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4.4.4. Concurrent-Exposure Issues 
 

No concurrent exposure issues relevant to tetrafluoroethylene were found. 

 
5. DATA ANALYSIS FOR AEGL-1 

 
5.1. Human Data Relevant to AEGL-1 

 
No human studies on tetrafluoroethylene were available for deriving 

AEGL-1 values. 

 
5.2. Animal Data Relevant to AEGL-1 

 
Only a few acute studies of tetrafluoroethylene assessed effects that meet 

the definition of the AEGL-1. After a single 6-h exposure of female rats or mice 
to tetrafluoroethylene at 1,200 ppm, there was no increase in cell proliferation in 
the kidney (the target organ) (Keller et al. 2000). Cell proliferation would indi-
cate cell necrosis followed by replacement. Groups of four male Wistar-derived 
rats had no damage to the kidneys immediately following a 6-h exposure to tet-
rafluoroethylene at 2,000 ppm, and minimal damage was found after a 6-h expo-
sure at 3,000 ppm (Odum and Green 1984). Damage was assessed via clinical 
chemistry parameters. 

 
5.3. Derivation of AEGL-1 Values 

 
The AEGL-1 values for tetrafluoroethylene are based on a NOAEL of 

1,200 ppm for reversible renal lesions in rodents. Renal cell proliferation was 
not observed in rats or mice following a 6-h exposure to tetrafluoroethylene at 
1,200 ppm in the well-conducted study by Keller et al. (2000). Renal toxicity 
from tetrafluoroethylene results from a metabolite formed after a series of meta-
bolic steps. No data comparing the toxicokinetics of tetrafluoroethylene in hu-
mans and rodents are available, but data from related compounds suggest that 
species differences in metabolism may be important (see Section 4.4.1). Thus, a 
default interspecies uncertainty factor of 10 was applied. A default intraspecies 
uncertainty factor of 10 also was applied because data on variability in the toxi-
cokinetics of tetrafluoroethylene in humans are lacking and because of evidence 
of polymorphisms in several of the enzymes in the bioactivation pathway for 
this and related compounds that might modify susceptibility (see Section 4.4.2). 
The total uncertainty factor was 100. Time scaling was performed using the 
equation Cn × t = k. Data on tetrafluoroethylene were insufficient for determin-
ing an empirical value for the exponent n, so default values of n = 3 for extrapo-
lating to shorter durations and n = 1 for extrapolating to longer durations were 
used (NRC 2001). Because of the uncertainty associated with time-scaling a 6-h 
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point-of-departure to a 10-min value, the 10-min AEGL-1 value was set equal to 
the 30-min AEGL-1 value. Table 6-6 presents the AEGL-1 values for tetrafluo-
roethylene. The calculations are presented in Appendix A, and a category plot of 
the AEGL values in relation to the toxicity data on tetrafluoroethylene is pre-
sented in Appendix B. 

Repeat-exposure studies showing minimal effects from tetrafluoroethylene 
support the AEGL-1 values. When the exposures in the key study with rats and 
mice (Keller et al. 2000) were repeated for up to 12 days, cell proliferation oc-
curred in both species after five exposures at 1,200 ppm, but was less evident or 
absent after nine exposures. Nine exposures over 12 days produced occasional 
degeneration or necrosis of renal tubule epithelial cells at 600 ppm (rats) and 
1,200 ppm (rats and mice). The investigators considered the renal effects to be 
minimal in rats at both 600 and 1,200 ppm. In rats and hamsters exposed to tet-
rafluoroethylene at concentrations of 203, 606, or 1,990 ppm over 90 days, 203 
ppm was the no-observed adverse effect concentration for both species (Haskell 
Laboratory 1982). No renal lesions were found in rats or mice exposed to tetra-
fluoroethylene at 312 ppm for 90 days (NTP 1997). 

 
6. DATA ANALYSIS FOR AEGL-2 

 
6.1. Human Data Relevant to AEGL-2 

 
No human studies on tetrafluoroethylene were available for deriving 

AEGL-2 values. 

 
6.2. Animal Data Relevant to AEGL-2 

 
Several acute exposure studies of tetrafluoroethylene reported effects 

meeting the definition of the AEGL-2. Rats exposed at 3,500 ppm for 30 min 
exhibited gross changes of the kidney, but no renal lesions were observed mi-
croscopically 14 days after exposure (Dilley et al. 1974). Exposure at a slightly 
higher concentration of 3,700 ppm for a longer duration (4 h) resulted in irre-
versible effects (Haskell Laboratory 1977). In that study, fibrosis of the renal 
tubules was observed after a 14-day recovery period. Although microscopic ex-
aminations of the kidneys were not performed, clinical chemistry values indicat-
ed that a 6-h exposure of rats to tetrafluoroethylene at 2,000 ppm was a no-effect 
concentration for renal damage (Odum and Green 1984). A concentration of 
3,000 ppm can be considered the threshold for renal lesions as clinical chemistry  
 
 
TABLE 6-6 AEGL-1 Values for Tetrafluoroethylene 
10 min 30 min 1 h 4 h 8 h 

27 ppm 
(110 mg/m3) 

27 ppm 
(110 mg/m3) 

22 ppm 
(89 mg/m3) 

14 ppm 
(56 mg/m3) 

9 ppm 
(37 mg/m3) 
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parameters were only slightly affected (effects on urinary glucose concentrations 
and activity of several enzymes were small, variable, and not statistically signif-
icant). At 4,000 ppm, increases in urinary glucose and enzyme activity were 
statistically significant and, on the basis of the Haskell Laboratory (1977) study, 
renal fibrosis likely resulted. 

 
6.3. Derivation of AEGL-2 Values 

 
Renal effects in two acute exposure studies of tetrafluoroethylene in rats 

meet the definition of the AEGL-2. Reversible renal lesions were reported by 
Dilley et al. (1974) and changes in clinical chemistry parameters indicating re-
versible renal effects were found by Odum and Green (1984). The 30-min expo-
sure of rats to tetrafluoroethylene at 3,500 ppm (Dilley et al. 1974) was not used 
because time scaling would result in concentrations incompatible with the 
AEGL-1 values. A 6-h exposure of rats to tetrafluoroethylene at 3,000 ppm re-
sulted in increases in urinary glucose concentrations and enzyme activity levels 
that were small, variable, and not statistically significant (Odum and Green 
1984). Thus, 3,000 ppm was considered a NOAEL for irreversible renal lesions 
and was used as the point-of-departure for calculating the AEGL-2 values. 

For the same reasons described above for the AEGL-1 values, a total un-
certainty factor of 100 was applied; a factor of 10 for interspecies differences 
and a factor of 10 for intraspecies differences. Time scaling was performed as 
described for the AEGL-1 values. Because of the uncertainty associated with 
time-scaling a 6-h point-of-departure to a 10-min value, the 10-min AEGL-2 
value was set equal to the 30-min AEGL-2 value. Table 6-7 presents the AEGL-
2 values for tetrafluoroethylene. The calculations are presented in Appendix A, 
and a category plot of the AEGL values in relation to the toxicity data on tetra-
fluoroethylene is presented in Appendix B. 

Repeat-exposure studies of tetrafluoroethylene that result in reversible ef-
fects support the choice of the key study. In the rat, renal lesions consisting of 
cellular degeneration in the juxtamedullary cortex were reversible after exposure 
to tetrafluoroethylene at 2,490 ppm for 6 h/day, 5 days/week for 2 weeks 
(Haskell Laboratory 1981). No pathologic lesions were found in the kidneys of 
dogs exposed at 4,000 ppm for 4 h on one day and 6 h on the following day 
(Haskell Laboratory 1946). Although the study is old, the results are consistent 
with other studies. 

 
7. DATA ANALYSIS FOR AEGL-3 

 
7.1. Human Data Relevant to AEGL-3 

 
No human studies on tetrafluoroethylene were available for deriving 

AEGL-3 values. 
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7.2. Animal Data Relevant to AEGL-3 
 

Lethality studies of tetrafluoroethylene in several species are available. 
The highest 4-h nonlethal concentrations were 20,000 ppm in the rat (Haskell 
Laboratory 1959) and 20,700 ppm in the hamster (Haskell Laboratory 1980). In 
the latter study, groups of 10 male Syrian hamsters were exposed by inhalation 
to tetrafluoroethylene at concentrations (analytically determined) of 0, 10,200, 
20,700, 25,000, 30,000, 40,100, or 78,700 ppm for 4 h (Haskell Laboratory 
1980). All animals in the two lowest exposure groups survived the 14-day ob-
servation period. Mortality rates in the 25,000, and 30,000 ppm groups were 
1/10 and 7/10, respectively; the deaths occurred over 1-10 days. All animals in 
the 40,100- and 78,700-ppm groups died. The calculated LC50 was 28,500 ppm 
(95% confidence interval: 26,400-31,500 ppm). Clinical signs included saliva-
tion and lethargy at 40,100 ppm and clear discharge from the nose and reduced 
response to sound at 78,700 ppm. No obvious clinical signs were observed at 
concentrations of 30,000 ppm or lower. 

 
7.3. Derivation of AEGL-3 Values 

 
Using data from the 4-h study of tetrafluoroethylene in hamsters (Haskell 

Laboratory 1980), a benchmark concentration approach was used to derive 
AEGL-3 values (NRC 2001). The 4-h BMCL05 of 20,822 ppm was used as the 
point-of-departure. The choice of BMCL05 is supported by the highest 4-h non-
lethal concentration of 20,000 ppm in a study of rats (Haskell Laboratory 1959). 

For the same reasons described above for the AEGL-1 values, a total un-
certainty factor of 100 was applied; a factor of 10 for interspecies differences 
and a factor of 10 for intraspecies differences. Time scaling was performed as 
described for the AEGL-1 values. Because of the uncertainty associated with 
time-scaling a 4-h point-of-departure to a 10-min value, the 10-min AEGL-3 
value was set equal to the 30-min AEGL-3 value. Table 6-8 presents the AEGL-
3 values for tetrafluoroethylene. The calculations are presented in Appendix A, 
and a category plot of the AEGL values in relation to the toxicity data on tetra-
fluoroethylene is presented in Appendix B. 
 
 

TABLE 6-7 AEGL-2 Values for Tetrafluoroethylene 
10 min 30 min 1 h 4 h 8 h 

69 ppm 
(280 mg/m3) 

69 ppm 
(280 mg/m3) 

55 ppm 
(220 mg/m3) 

34 ppm 
(140 mg/m3) 

23 ppm 
(92 mg/m3) 

 
 

TABLE 6-8 AEGL-3 Values for Tetrafluoroethylene 
10 min 30 min 1 h 4 h 8 h 

420 ppm 
(1,700 mg/m3) 

420 ppm 
(1,700 mg/m3) 

330 ppm 
(1,400 mg/m3) 

210 ppm 
(850 mg/m3) 

100 ppm 
(430 mg/m3) 
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The 4- and 8-h values of 210 ppm and 100 ppm, respectively, are support-
ed by repeat-dose studies in which dogs tolerated tetrafluoroethylene at 4,000 
ppm for 4 or 6 h for 2 days without overt toxicity (Haskell Laboratory 1946) and 
rats tolerated 2,490 ppm for 5 h/day for 2 weeks (Haskell Laboratory 1981), 
3,510 ppm for 4 h/day for 2 weeks, and 4,990 ppm for 6 h/day, 5 days/week for 
up to 90 days (NTP 1997) without overt signs of toxicity. 

 
8. SUMMARY OF AEGLS 

 
8.1. AEGL Values and Toxicity End Points 

 
The AEGL values for tetrafluoroethylene are presented in Table 6-9. La-

boratory studies in rodents were sufficient to derive AEGL values for most of 
the exposure durations. At lethal and near-lethal concentrations, animals died of 
pulmonary congestion. At nonlethal concentrations, tetrafluoroethylene was 
nephrotoxic in rodents. Nephrotoxicity is related to metabolism of tetrafluoro-
ethylene to a reactive intermediate via the hepatic glutathione S-transferases. In 
the kidney, the glutathione conjugate is metabolized to the cysteine S-conjugate 
and then bioactivated via renal ß-lyase to a reactive metabolite. The resulting 
renal cell necrosis and regeneration is thought to be responsible for renal neo-
plasms in rats after chronic exposure to tetrafluoroethylene. 

The AEGL-1 values are based on a NOAEL for reversible renal effects in 
rats and mice, and the AEGL-2 values are based on renal necrosis in the rat. 
AEGL-3 values are based on an estimated lethality threshold in hamsters, which 
is supported by a study in rats.  

An estimation of AEGL values based on the carcinogenic potential of tet-
rafluoroethylene resulting from a single, short-term exposure was made (see 
Appendix C). The assessment shows that AEGLs derived on the basis of car-
cinogenic effects would be lower than all of the AEGL values. The carcinogen-
icity assessment was based on a long-term exposure study showing tumorigenic 
responses in several organs and tissues of rats and mice. The tumorigenic re-
sponse in the kidneys is believed to be secondary to repeated tissue injury. In 
other organs, no precancerous lesions were observed in either species following 
subchronic exposure. With the exception of lesions of the kidneys, there are no 
acute exposure data demonstrating a tumorigenic response. Because of the un-
certainties inherent in assessing excess cancer risk following a single acute ex-
posure at durations of 8 h or less, the acute toxicity values were used to set the 
AEGL values. 

 
8.2. Other Standards and Guidelines 

 
Tetrafluoroethylene has been cleared by the U.S. Food and Drug Admin-

istration under 21 CFR 177.1550 for food-related uses in perfluorocarbon resins 
made by polymerizing or copolymerizing the chemical.   
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Current standards and guidelines for tetrafluoroethylene are presented in 
Table 6-10. The emergency response planning guidelines (ERPGs) of the Amer-
ican Industrial Hygiene Association (AIHA 2004, 2013) are higher than the 
AEGL values. The ERPG-1 value is based on urinary fluoride concentrations 
(an indicator of mild transient health effects) in rats and hamsters exposed to 
tetrafluoroethylene at 200 ppm for 90 days (Haskell Laboratory 1982). For the 
ERPG-2, a 30-min exposure to tetrafluoroethylene at 3,500 ppm that resulted in 
grossly observable changes in the kidneys of rats (Dilley et al. 1974) and the 
repeated daily 6-h exposure at 500 ppm ((Haskell Laboratory 1981) were con-
sidered. The potential for cancer from a single 1-h exposure was considered 
small. The 1-h ERPG-3 was based on a judgment that the LC50 values for most 
species were around 30,000 ppm for a 4-h exposure and no adverse clinical ef-
fects were found in rats or mice exposed at 5,000 ppm for 6 h/day, 5 days/week 
for 13 weeks (NTP 1997).  

The American Conference of Governmental Industrial Hygienists estab-
lished a threshold limit value for tetrafluoroethylene of 2 ppm (ACGIH 2001, 
2013) to minimize the potential for renal toxicity and hepatic and renal cancers 
based on a 2-year bioassay in rodents (NTP 1997). 
 
 
TABLE 6-9 AEGL Values for Tetrafluoroethylene 

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

AEGL-1 
(nondisabling) 

27 ppm 27 ppm 22 ppm 14 ppm 9.0 ppm 

AEGL-2 
(disabling) 

69 ppm 69 ppm 55 ppm 34 ppm 23 ppm 

AEGL-3 
(lethal) 

420 ppm 420 ppm 330 ppm 210 ppm 100 ppm 

 
 
TABLE 6-10 Standards and Guidelines for Tetrafluoroethylene 

Guideline 

Exposure Duration 

10 min 30 min 1 h 4 h 8 h 

AEGL-1 27 ppm 27 ppm 22 ppm 14 ppm 9.0 ppm 

AEGL-2 69 ppm  69 ppm 55 ppm 34 ppm 23 ppm  

AEGL-3 420 ppm 420 ppm 330 ppm 210 ppm 100 ppm 

ERPG-1 (AIHA)a – – 200 ppm – – 

ERPG-2 (AIHA)a – – 1,000 ppm – – 

ERPG-3 (AIHA)a – – 10,000 ppm – – 

TLV-TWA 
(ACGIH)b 

– – – – 2 ppm 

aERPG (emergency response planning guideline, American Industrial Hygiene Associa-
tion) (AIHA 2004, 2013). 
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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.  
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. 
bTLV -TWA (threshold limit value–time-weighted average, American Conference of 
Governmental Industrial Hygienists) (ACGIH 2001, 2013) is the time-weighted average 
concentration for a normal 8-h work day and a 40-h work week, to which nearly all 
workers may be repeatedly exposed, day after day, without adverse effect. 

 
8.3. Data Adequacy and Research 

 
No human data on tetrafluoroethylene are available. Data from studies 

with rodents were adequate for deriving AEGL values for several exposure du-
rations. Although some of the data were old, more recent and well-conducted 
repeat-exposure studies were available. 
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APPENDIX A 
 

DERIVATION AEGL VALUES FOR TETRAFLUOROETHYLENE 

 
Derivation of AEGL-1 Values 

 
Key study: Keller, D.A., G.L. Kennedy, Jr., P.E. Ross, D.P. Kelly, 

and G.S. Elliott. 2000. Toxicity of tetrafluoroethylene 
and S-(1,1,2,2-tetrafluoroethyl)-L-cysteine in rats and 
mice. Toxicol. Sci. 56(2):414-423. 

 
Toxicity end point: NOAEL for reversible renal lesions in rats and mice 

(1,200 ppm for 6 h) 
 
Uncertainty factors: Total uncertainty factor: 100 
 Interspecies: 10, because data on interspecies 

differences in the toxicokinetics of tetrafluoroethylene 
are lacking 

 Intraspecies: 10, because data on variability in the 
toxicokinetics of tetrafluoroethylene in humans are 
lacking and because of evidence that polymorphisms in 
several of the enzymes in the bioactivation pathway for 
this and related compounds may modify susceptibility 

 
Modifying factor: None 
 
Time scaling: Cn × t = k; default values of n = 3 for extrapolating to 

shorter durations and n = 1 for extrapolating to longer 
durations were used (NRC 2001). The 10-min AEGL-1 
value was set equal to the 30-min AEGL-1 value 
because of the uncertainty associated with extrapolating 
a 6-h point-of-departure to a 10-min value. 

 (1,200 ppm ÷ 100)3 × 360 min = 622,080 ppm-min 
 (12 ppm ÷ 100)1 × 360 min = 4,320 ppm-min 
 
Calculations: 
 
10-min AEGL-1: Set equal to the 30-min AEGL-1 value of 27 ppm 
 
30-min AEGL-1: C3 × 30 min = 622,080 ppm-min 
 C = 27 ppm 
 
1-h AEGL-1: C3 × 60 min = 622,080 ppm-min 
 C = 22 ppm 
 
4-h AEGL-1: C3 × 240 min = 622,080 ppm-min 
 C = 14 ppm 
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8-h AEGL-1: C1 × 480 min = 4,320 ppm-min 
 C = 9.0 ppm 

 
Derivation of AEGL-2 Values 

 
Key study: Odum, J., and T. Green. 1984. The metabolism and 

nephrotoxicity of tetrafluoroethylene in the rat.  
Toxicol. Appl. Pharmacol. 76(2):306-318. 

 
Toxicity end point: NOAEL for irreversible renal lesions (3,000 ppm for 6 h) 
 
Uncertainty factors: Total uncertainty factor: 100 
 Interspecies: 10, because data on interspecies differences 

in the toxicokinetics of tetrafluoroethylene are lacking 
 Intraspecies: 10, because data on variability in the 

toxicokinetics of tetrafluoroethylene in humans are 
lacking and because of evidence that polymorphisms in 
several of the enzymes in the bioactivation pathway for 
this and related compounds may modify susceptibility 

 
Modifying factor: None 
 
Time scaling: Cn × t = k; default values of n = 3 for extrapolating to 

shorter durations and n = 1 for extrapolating to longer 
durations were used (NRC 2001). The 10-min AEGL-2 
value was set equal to the 30-min AEGL-2 value because 
of the uncertainty associated with extrapolating a 6-h 
point-of-departure to a 10-min value. 

 (3,000 ppm ÷ 100)3 × 360 min 9.72 × 106 ppm-min 
 (30 ppm ÷ 100)1 × 360 min = 10,800 ppm-min 
 
Calculations: 
 
10-min AEGL-2: Set equal to the 30-min value of 69 ppm 
 
30-min AEGL-2: C3 × 30 min = 9.72 × 106 ppm-min 
 C = 69 ppm 
 
1-h AEGL-2: C3 × 60 min = 9.72 × 106 ppm-min 
 C = 55 ppm 
 
4-h AEGL-2: C3 x 240 min = 9.72 × 106 ppm-min 
 C = 34 ppm 
 
8-h AEGL-2: C1 × 480 min = 10,800 ppm-min 
 C = 23 ppm 
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Derivation of AEGL-3 Values 
 
Key study: Haskell Laboratory. 1980. Inhalation Median Lethal 

Concentration (LC50) in Hamsters. Haskell Laboratory 
Report No. 809-80. DuPont Co., Haskell Laboratory, 
Newark, DE. 

 
Toxicity end point:  Estimated lethality threshold in the hamster (4-h BMCL05 

of 20,822 ppm) 
 
Uncertainty factors: Total uncertainty factor: 100 
 Interspecies: 10, because data on interspecies differences 

in the toxicokinetics of tetrafluoroethylene are lacking 
 Intraspecies: 10, because data on variability in the 

toxicokinetics of tetrafluoroethylene in humans are 
lacking and because of evidence that polymorphisms in 
several of the enzymes in the bioactivation pathway for 
this and related compounds may modify susceptibility 

 
Modifying factor: None 
 
Time scaling: Cn × t = k; default values of n = 3 for extrapolating to 

shorter durations and n = 1 for extrapolating to longer 
durations were used (NRC 2001). The 10-min AEGL-3 
value was set equal to the 30-min AEGL-3 value 
because of the uncertainty associated with extrapolating 
a 4-h point-of-departure to a 10-min value. 

 (20,822 ppm ÷ 100)3 × 240 min = 2.166 × 109 ppm-min 
 (20,822 ppm ÷ 100)1 × 240 min = 49,968 ppm-min 
 
Calculations: 
 
10-min AEGL-3: Set equal to the 30-min value of 420 ppm 
 
30-min AEGL-3: C3 × 30 min = 2.166 × 109 ppm-min 
 C = 420 ppm 
 
1-h AEGL-3: C3 × 60 min = 2.166 × 109 ppm-min 
 C = 330 ppm 
 
4-h AEGL-3: 20,822 ppm ÷ 100 = 208 ppm (rounded to 210 ppm) 
 
8-h AEGL-3: C1 × 480 min = 49,968 ppm-min 
 C = 100 ppm 
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APPENDIX B 
 

CATEGORY PLOT FOR TETRAFLUOROETHYLENE 
 
 

 
FIGURE B-1 Category plot of toxicity data and AEGL values for tetrafluoroethylene. 
 
 

TABLE B-1 Data Used in Category Plot for Tetrafluoroethylene 
Source Species ppm Minutes Category 
AEGL-1  27 10  AEGL 

AEGL-1  27 30  AEGL 

AEGL-1  22 60  AEGL 

AEGL-1  14 240  AEGL 

AEGL-1  9 480  AEGL 

AEGL-2  69 10  AEGL 

AEGL-2  69 30  AEGL 

AEGL-2  55 60  AEGL 

AEGL-2  34 240  AEGL 

AEGL-2  23 480  AEGL 

AEGL-3  420 10  AEGL 

AEGL-3  420 30  AEGL 

AEGL-3  330 60  AEGL 

(Continued) 
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TABLE B-1 Continued 
Source Species ppm Minutes Category 

AEGL-3  100 480  AEGL 

AEGL-3  210 240  AEGL 

Dilley et al. 1974 Rat 3,500 30 1, reversible renal changes 

Haskell Laboratory 1977 Rat 3,700 240 2, renal tubule fibrosis 

Haskell Laboratory 1959 Rat 10,000 240 2, no mortality 

Haskell Laboratory 1959 Rat 20,000 240 2, no mortality 

Haskell Laboratory 1980 Hamster 20,700 240 2, no mortality 

Haskell Laboratory 1980 Hamster 25,000 240 SL, 10% mortality 

Sakharova and Tolgskaya 1977 Guinea pig 28,000  240 SL, 50% mortality 

Haskell Laboratory 1980 Hamster 28,500 240 SL, 50% mortality 

Haskell Laboratory 1980 Hamster 30,000 240 SL, 70% mortality 

Sakharova and Tolgskaya 1977 Rat 31,500 240 SL, 50% mortality 

Sakharova and Tolgskaya 1977 Mouse 35,000  240 SL, 50% mortality 

Haskell Laboratory 1959 Rat 40,000 240 SL, 50% mortality 

Haskell Laboratory 1980 Hamster 40,100 240 3, 100% mortality 

Haskell Laboratory 1959 Rat 80,000 240 3, 100% mortality 

Odum and Green 1984 Rat 1,000 360 0, no effects 

Keller et al. 2000 Rat and 
mouse 

1,200 360 0, no renal cell proliferation 

Odum and Green 1984 Rat 2,000 360 1, no renal effects 

Odum and Green 1984 Rat 3,000 360 1, nonsignificant clinical 
chemistry changes 

Odum and Green 1984 Rat 4,000 360 2, significant clinical 
chemistry changes 

Odum and Green 1984 Rat 6,000 360 2, renal necrosis 

For category: 0 = no effect, 1 = discomfort, 2 = disabling, SL = some lethality, 3 = lethal. 
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APPENDIX C 
 

CANCER ASSESSMENT OF TETRAFLUOROETHYLENE 
 
 

The US Environmental Protection Agency (EPA) has not conducted a cancer 
assessment of tetrafluoroethylene. NTP (1997) has conducted cancer bioassays for 
this chemical in F344 rats and B6C3F1 mice. There was clear evidence of carcino-
genicity in male and female rats and male and female mice. 

Groups of 60 male F344/N rats were exposed to tetrafluoroethylene at 0, 156, 
312, or 625 ppm for 6 h/day, 5 days/week for 104 weeks (NTP 1997). A statistically 
significant increase in hepatocellular adenomas or carcinomas (4/50, 7/50, 15/50, 
and 8/50) and renal tubule adenoma or carcinoma (single sections 1/50, 0/50, 6/50, 
and 3/50; single and step sections 3/50, 5/50, 9/50, and 13/50) were found. The inci-
dence of any of these tumors in male rats was 5/50, 7/50, 16/50, and 11/50 with in-
creasing concentration. 

Groups of 60 female rats were exposed to tetrafluoroethylene at 0, 312, 625, 
or 1,250 ppm for 6 h/day, 5 days/week for 104 weeks (NTP 1997). A statistically 
significant increase in hepatocellular adenoma or carcinoma (0/50, 7/50, 12/50, and 
8/50), hepatic hemangiosarcoma (0/50, 0/50, 5/50, and 1/50), renal tubule adenoma 
or carcinoma (single sections 0/50, 3/50, 1/50, and 5/50; single and step sections 
0/50, 3/50, 3/50, and 10/50), and mononuclear cell leukemia (16/50, 31/50, 23/50, 
and 36/50) was found. The incidence of any of these tumors in female rats was 
16/50, 33/50, 32/50, and 41/50 with increasing concentration. 

In the same study (NTP 1997), groups of 58 male and 58 female B6C3F1 mice 
were exposed to tetrafluoroethylene at 0, 312, 625, or 1,250 ppm for 95-96 weeks. In 
male mice, a statistically significant increase in the incidences of hepatic hemangio-
ma or hemangiosarcoma (0/48, 26/48, 30/48, and 38/48), hepatocellular adenoma or 
carcinoma (26/48, 34/48, 39/48, and 35/48), and histiocytic sarcoma in all organs 
(0/48, 12/48, 7/48, and 7/48) was found. The incidence of any of these tumors in 
male mice was 24/48, 35/48, 47/48, and 44/48 with increasing concentration. In fe-
male mice, a statistically significant increase in the incidences of hepatic hemangio-
ma or hemangiosarcoma (0/48, 31/48, 28/47, and 35/47), hepatocellular adenoma or 
carcinoma (17/48, 33/48, 29/47, and 28/47), and histiocytic sarcoma in all organs 
(1/48, 21/48, 19/47, and 18/48) was found. The incidence of any of these tumors in 
female mice was 17/48, 45/48, 45/48, and 44/48 with increasing concentration. 

These data were used to derive an inhalation unit risk for tetrafluoroethylene us-
ing procedures consistent with EPA (1994, 2005) guidelines. The total cancer risk of 
any tumor is the value of interest; therefore, the data on the incidence of any tumor that 
was statistically significant was used. The derivation of the inhalation unit risk was 
calculated after conversion to continuous exposure (24 h/day and 7 days/week) as de-
scribed in EPA (1994). Exposure in the bioassay in ppm was multiplied by 6 h/24 h 
and 5 days/7 days. The multi-stage model was used to calculate the lower 95% confi-
dence limit for a 10% tumor response (BMCL10). If data from all concentrations did 
not provide an adequate fit, the highest concentration was omitted. The inhalation unit 
risk was calculated by dividing 0.1 by the BMCL10. The calculated inhalation unit risks 
from the individual bioassays were 0.00598 (ppm)-1 for male rats, 0.00798 (ppm)-1 for 
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female rats, 0.0149 (ppm)-1 for male mice, and 0.0413 (ppm)-1 for female mice. The 
geometric mean of these values (0.013 [ppm]-1 or 5.32 × 10-2 [mg/m3]-1) was used in 
the calculation of the carcinogenicity assessment as described in NRC (2001). 

Calculations to estimate a concentration of tetrafluoroethylene that would 
cause a theoretical excess cancer risk of 10-4 are presented below: 
 

Risk of 1 × 10-4: (1 × 10-4 risk) ÷ (5.32 × 10-2 mg/m3)-1 = 1.88 × 10-3 mg/m3 
 

To convert 1.88 × 10-3 mg/m3 for a 70-year exposure (25,600 h) to a 24-h ex-
posure: 
 

24-h exposure = dose × 25,600 h 
= (1.88 × 10-3 mg/m3) × 25,600 

= 48.15 mg/m3 
 

To account for uncertainty regarding the variability in the stage of the cancer 
process at which tetrafluoroethylene may act, a multistage factor of 6 is applied 
(Crump and Howe 1984): 
 

(48.15 mg/m3) ÷ 6 = 8.0 mg/m3 (2.0 ppm) 
 

Therefore, on the basis of potential carcinogenicity of tetrafluoroethylene, an 
acceptable 24-h exposure would be 8 mg/m3 (2.0 ppm). If the exposure is limited to 
a fraction of a 24-h period, the fractional exposure becomes 1/fraction × 24 h (NRC 
1985). 
 

24-h exposure = 8.0 mg/m3 (2.0 ppm) 
8-h exposure = 24 mg/m3 (5.9 ppm) 
4-h exposure = 48 mg/m3 (12 ppm) 
1-h exposure = 192 mg/m3 (47 ppm) 

0.5-h exposure = 385 mg/m3 (94 ppm) 
 

For 10-5 or 10-6 risk levels, the 10-4 values are reduced by 10-fold or 100-fold. 
The mechanism of action that leads to renal tumor formation may be attributed to 
renal tubule damage via the processing of the glutathione conjugate. Cell necrosis 
followed by constant regeneration of the epithelium in the kidney (increased cell 
proliferation) results in greater opportunity for error in DNA synthesis and mutation. 
The mechanism of action leading to neoplasms in the liver and other organs is un-
clear. No treatment-related lesions of the liver in rats or mice of either sex were 
found after 16-day or 13-week exposures to tetrafluoroethylene at 5,000 ppm for 6 
h/day, 5 days/week, although hepatic weights were increased (NTP 1997). Because 
of the uncertainties inherent in assessing excess cancer risk following a single acute 
exposure of 8 h or less duration, the acute toxicity values were used to set the AEGL 
values for tetrafluoroethylene.   
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APPENDIX D 
 

ACUTE EXPOSURE GUIDELINE LEVELS FOR 
TETRAFLUOROETHYLENE 

 
Derivation Summary 

 
AEGL-1 VALUES 

10 min 30 min 1 h 4 h 8 h 

27 ppm 27 ppm 22 ppm 14 ppm 9 ppm 

Key reference: Keller, D.A., G.L. Kennedy, Jr., P.E. Ross, D.P. Kelly, and G.S. Elliott. 
2000. Toxicity of tetrafluoroethylene and S-(1,1,2,2-tetrafluoroethyl)-L-cysteine in rats 
and mice. Toxicol. Sci. 56(2):414-423. 

Test species/Strain/Number: Rat, F344, 25 females/group. Mice; B6C3F1,  
24 females/group. 

Exposure route/Concentrations/Durations: Inhalation; 0, 31, 300, 600, or 1,200 ppm  
for 6 h 

Effects: No biologically significant effect on cell proliferation at any concentration 

End point/Concentration/Rationale: NOAEL for reversible renal effects (1,200 ppm  
for 6 h) 

Uncertainty factors/Rationale: 
Total uncertainty factor: 100 
Interspecies: 10, because data on interspecies differences in the toxicokinetics of 
tetrafluoroethylene are lacking 
Intraspecies: 10, because data on variability in the toxicokinetics of tetrafluoroethylene  
in humans are lacking and because of evidence that polymorphisms in several of the 
enzymes in the bioactivation pathway for this and related compounds may modify 
susceptibility 

Modifying factor: None 

Animal-to-human dosimetric adjustment: Not applied 

Time scaling: Cn × t = k; default values of n = 3 for extrapolating to shorter durations  
and n = 1 for extrapolating to longer durations were used (NRC 2001). Because of the 
uncertainty associated with time scaling a 6-h point-of-departure to a 10-min value,  
the 10-min AEGL-1 value was set equal to the 30-min AEGL-1 value. 

Data adequacy: The key study was well-conducted. Additional animal studies conducted 
at higher concentrations show a continuum of renal toxicity. 

 

AEGL-2 VALUES 
10 min 30 min 1 h 4 h 8 h 

69 ppm 69 ppm 55 ppm 34 ppm 23 ppm 

Key reference: Odum, J., and T. Green. 1984. The metabolism and nephrotoxicity of 
tetrafluoroethylene in the rat. Toxicol. Appl. Pharmacol. 76(2):306-318. 

Test species/Strain/Number: Rat; Wistar-derived; 4 males/group 

(Continued) 
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AEGL-2 VALUES Continued 
Exposure route/Concentrations/Durations: Inhalation; 0, 1,000, 2,000, 3,000, 4,000, or 
6,000 ppm for 6 h 

Effects: 
1,000 ppm: no observed effects 
2,000 ppm: NOAEL for renal effects 
3,000 ppm: threshold for urinary glucose and enzyme changes 
4,000 ppm: significant increases in urinary glucose and enzyme activities  
(no histologic examination) 
6,000 ppm: renal necrosis (histologic examination) 

End point/Concentration/Rationale: NOAEL for renal necrosis (3,000 ppm for 6 h) 

Uncertainty factors/Rationale: 
Total uncertainty factor: 100 
Interspecies: 10, because data on interspecies differences in the toxicokinetics of 
tetrafluoroethylene are lacking 
Intraspecies: 10, because data on variability in the toxicokinetics of tetrafluoroethylene  
in humans are lacking and because of evidence that polymorphisms in several of the 
enzymes in the bioactivation pathway for this and related compounds may modify 
susceptibility 

Modifying factor: None 

Animal-to-human dosimetric adjustment: Not applied 

Time scaling: Cn × t = k; default values of n = 3 for extrapolating to shorter durations  
and n = 1 for extrapolating to longer durations were used (NRC 2001). Because of the 
uncertainty associated with time scaling a 6 h point-of-departure to a 10-min value, the 
10-min AEGL-2 value was set equal to the 30-min AEGL-2 value. 

Data adequacy: The key study was well-conducted. That study and other animal studies 
of tetrafluoroethylene at other concentrations showed a continuum of renal toxicity. 

 
AEGL-3 VALUES 

10 min 30 min 1 h 4 h 8 h 

420 ppm 420 ppm 330 ppm 210 ppm 100 ppm 

Key reference: Haskell Laboratory. 1980. Inhalation Median Lethal Concentration (LC50) 
in Hamsters. Haskell Laboratory Report No. 809-80. DuPont Co., Haskell Laboratory, 
Newark, DE. 

Test species/Strain/Number: Hamster; Syrian; 10 males/group 

Exposure route/Concentrations/Durations: Inhalation; 10,200, 20,700, 25,000, 30,000, 
40,100, or 78,700 ppm for 4 h 

Effects: 
10,200 ppm: 0% mortality 
20,700 ppm: 0% mortality 
25,000 ppm: 10% mortality 
30,000 ppm: 70% mortality 
40,100 ppm: 100% mortality 
78,700 ppm: 100% mortality 

(Continued) 
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AEGL-3 VALUES Continued 
End point/Concentration/Rationale: 4-h BMCL05 of 20,822 ppm  

Uncertainty factors/Rationale: 
Total uncertainty factor: 100 
Interspecies: 10, because data on interspecies differences in the toxicokinetics of 
tetrafluoroethylene are lacking 
Intraspecies: 10, because data on variability in the toxicokinetics of tetrafluoroethylene in 
humans are lacking and because of evidence that polymorphisms in several of the 
enzymes in the bioactivation pathway for this and related compounds may modify 
susceptibility 

Modifying factor: None 

Animal-to-human dosimetric adjustment: Not applied 

Time scaling: Cn × t = k; default values of n = 3 for extrapolating to shorter durations  
and n = 1 for extrapolating to longer durations were used (NRC 2001). Because of the 
uncertainty associated with time scaling a 4-h point-of-departure to a 10-min value, the 
10-min AEGL-3 value was set equal to the 30-min AEGL-3 value. 

Data adequacy: The results of the key study are supported by a similar mortality pattern 
in rats (Haskell Laboratory 1959). 
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