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INTRODUCTION

George Rusch, NAC/AEGL Chair, and Ernie Falke, EPA Representative, began the meeting with
a tribute to Roger Garrett.  Among many other projects with which Roger was associated, his
involvement in the successful AEGL program may be his most lasting legacy.  George Rusch
handed out mini-posters, copies of posters of final AEGLs presented by ORNL staff at the 42nd

Annual Meeting of the Society of Toxicology in Salt Lake City.  Paul Tobin, EPA Designated
Project Officer, updated the Committee on the status of the EPA internet site.  It was also
mentioned that files of draft documents of AEGL chemicals are available for review by
committee members on the non-public ORNL web site prior to NAC meetings.  Federal Register
Notice 7 is now at the EPA Assistant Administrator’s Office, and should be signed shortly.  In
response to the USEPA concern on human studies, Ernie Falke had previously noted that the
Standing Operation Procedures (SOPs) already has a statement addressing the use of human data. 
George Rusch mentioned the availability of electronic Organization of Economic Development
(OECD) data on high production chemicals.  Warren W. Jederberg is Navy’s nomination to 
replace Kenneth Still (who has taken a new position as Director, Fleet Safety and Occupational
Health for the U.S. Pacific Fleet). 

The draft NAC/AEGL-28 meeting highlights were reviewed.  One change - a clarification of the
basis for the AEGL-1 for formaldehyde - was suggested by George Alexeeff.  Bob Benson
volunteered to clarify the basis/effect for the AEGL-1.  A motion was made by Loren Koller and
seconded by Bob Benson to accept the meeting highlights as presented with the aforementioned
revision.  The motion passed unanimously by voice vote.   The final version of the
NAC/AEGL-28 meeting highlights is attached (Appendix A) and was distributed to the
NAC/AEGL by e-mail.  At this time Paul Tobin passed out information sheets to be filled out by
the chemical managers (assuming they are not making the presentation) and to be used for writing
up the meeting minutes (Attachment 1).  Ernie Falke promised to send a WAV file covering the
discussion of the chemical of interest to each chemical manager. 
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Ernie Falke discussed the status of chemicals that will be considered at the NAC-30 and -31
meetings (Attachment 2).  A possible change in the process by which Proposed AEGLs are
announced in the Federal Register was discussed.  Proposed AEGL chemicals could be listed in
the Federal Register with a notice to go to the EPA web site to view the actual values as well as
the technical support documents.  A discussion among Ernie and several NAC members
addressed the listing of several chemicals with low production data but that appear on lists of
potential terrorist chemicals.

The highlights of the NAC/AEGL-29 meeting are summarized below along with the Meeting
Agenda (Attachment 3) and the Attendee List (Attachment 4).  The subject categories of the
highlights do not necessarily follow the order listed in the NAC/AEGL-29 Agenda.

TECHNICAL  ISSUE  DISCUSSIONS

Revisit of Fundamental Principles of Industrial Hygiene
John Morawetz

John Morawetz discussed the five points to be considered in evaluation of occupational studies
(Attachment 5).  These points are under consideration for addition to the SOPs.  John stressed the
need for personal sampling data in using human studies to set AEGL values and the need to
always associate an exposure level with a sampling time.  He reiterated the problems associated
with other types of monitoring data including the different types of occupational samples,
variability in sampling time, variability in exposures in the work environment, and the different
types of collection devices.  Although there was general agreement with all five statements
suggested by John, there was further discussion on rearranging and/or combining points.  These
included moving point 2 to point 1, combining points 1 and 4, and omitting point 5.  There should
also be inclusion of the statement that other routes of exposure (other than inhalation) are
recognized.  Richard Niemeier reported that the Health Hazard Evaluation program has a
monitoring data base, but it is not easily searchable.  George Rusch recommended that the
committee vote on this issue electronically before the next meeting. 

Industrial Hygiene/Emergency Planning Considerations in AEGL Development
Edward Bishop (NRC/COT AEGL Subcommittee)

Ed Bishop, an industrial hygienist, environmental engineer, member of the National Academy of
Sciences Subcommittee on AEGLs, and lead COT reviewer for the nerve agent AEGLs,
presented his address to the Chemical Stockpile Emergency Preparedness Program (CSEPP)
National Preparedness Workshop entitled, “AEGLs and CSEPP.”  The Workshop was held in
Mobile, AL, on June 24-26, 2003.  The CSEPP, jointly managed and supported by FEMA and the
Department of the Army, provides technical and training support for chemical warfare agent
emergency preparedness in the states where agent stockpiles are located.  During a short
introductory discussion of industrial hygiene considerations, Ed stressed the necessity for
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rigorous evaluation of occupational monitoring data.  He noted that exposure assessments from
exposure reconstructions are generally poor.  For emergency planning, planners first consider
hazard vs toxicity.  For example, for high-production volume chemicals, the first question should
be, “is there a hazard?”  Extremely hazardous chemicals are considered first.  Transport and
storage of chemicals also need to be considered.  For emergency planners, the AEGL-1 is
considered a notification level, not an evacuation level (evacuations have their own risk).  For the
AEGL-2, which is an evacuation or shelter-in-place level, mitigations should be considered ahead
of time.  These include storage of insufficient quantities to reach an AEGL-2 level,
implementation of a public risk communication program, and issuance of evacuation or shelter-
in-place procedures.  As an example of risk communication, Ed discussed his role as a National
Academy of Sciences member in communicating the safety of the AEGL-1 for nerve agents that
are stored at the Anniston, AL, depot.  Ed pointed out that the final adjustment factors for VX
AEGLs were those recommended by the COT and were reductions of those originally
recommended by the NAC.  The talk was followed by a discussion among Ed, John Morawetz,
and other NAC members concerning evaluation of industrial hygiene studies.  There appeared to
be a general consensus among participants concerning the definition of an adequate monitoring
study.  

Derivation of an Uncertainty Factor for NOAEL to LOAEL Extrapolation
George Alexeeff

George Alexeeff discussed his findings on extrapolation from LOAELs to NOAELs for mild
health effects (Attachment 6).  This work is published in Regulatory Toxicology and
Pharmacology 36:96-195 (2002).  The results are based on 40 hazardous air pollutants (88 data
sets).  George listed the signs and symptoms identified with mild health effects.  Ratios of
LOAELS to NOAELs ranged from 1.1 to 13.8 (median 2.0).  The 95th percentile was 6.3.  Results
were not affected by species, group size, exposure duration, or endpoint.  Paul Tobin pointed out
that thresholds for AEGLs are neither NOAELs or LOAELs but somewhere in between; using
either NOAEls or LOAELS reduced by certain factors may be conservative.  With approval of the
NAC/AEGL a description of George's findings along with how the NAC/AEGL will use this
information will be placed in the SOPs. 

Categorizing the Signs and Symptoms at the AEGL and Sub-AEGL
George Alexeeff

George Alexeeff passed out summary sheets of effects used as endpoints at the sub-AEGL-1, 
AEGL-1, and AEGL-2 levels (Attachment 7).  These descriptors will be added to the USEPA
web site.  

AEGL Application in Emergency Planning
Robert Snyder

Robert Snyder demonstrated an Emergency Response Center program that integrates AEGL
levels with chemical release modeling data over time.  This program identifies the time and
distance at which AEGL concentrations are reached downwind following a release.  The model
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can be specific for geographic areas/cities in that vulnerable sites (schools, hospitals) and sites of
emergency responders can be mapped.  A chlorine release was used as an example of both
emergency planning and an educational tool.  A question arose concerning the use of averaging
AEGL concentrations across time intervals vs using the specific time intervals set by the NAC.

Relevance of Developmental Endpoints
Marcel van Raaij

Marcel van Raaij stressed that developmental toxicity is a relevant endpoint for setting AEGL
values.  He evaluated data for single day vs multiple exposures (i.e. regular guideline based
developmental studies) in order to determine which effects observed in regular guideline based
studies were relevant or useful for setting acute health limits.  Comparisons were made for a
specific species-substance-route-effect combination.  Endpoints of interest were: maternal
toxicity, resorptions, fetal body weight, and malformations.  For most endpoints, higher doses
were required for single exposure studies to get the same effect as from a repeat dose.

It was indicated that general maternal toxicity in regular guideline studies is not a good indicator
for acute effects.  Resorptions can be induced in single dose studies with similar doses (or slightly
higher) than those used in repeated dose studies.  Fetal body weight analysis showed variable
data.  For some substance-species-route combination there was no difference in the
NOAEL/LOAEL values between single and repeated doses while for others a substantial
difference was observed (NOAEL/LOAEL about 4-5 fold higher in single dose studies).  This
requires a case-by-case evaluation taking into account also other developmental effects.  For
malformations, a similar pictures was found (no difference for some, substantial difference for
others).  By default, it was proposed to consider malformations as relevant endpoints for acute
limit setting, unless information was available to indicate the contrary.  The full report of this
investigation can be downloaded from the RIVM-website (www.rivm.nl).

Review of Criteria Document of Simple Asphyxiants
Marcel van Raaij (Author)

Jonathan Borak (Chemical Manager)
George Rusch and George Rodgers (Chemical Managers)

Marcel presented highlights from his paper on simple asphyxiants (Attachment 8).  The purpose
is to develop criteria for handling hypoxia within the scope of AEGLs.  So, the document is
intended to serve as a guideline for handling the effect of asphyxia rather than handling
asphyxiants per se.  Discussion covered starting points, physiological response to hypoxia,
susceptible populations including individuals with obstructive pulmonary and cardiovascular
diseases and individuals with reduced oxygen transport capacity.  Comments on susceptible
populations were made (e.g. sickle cell anemia).  Endpoints for hypoxia could be correlated with
the arterial saturation level.  Data for effects at different levels of arterial oxygen saturation were
taken from high altitude physiology, air travel, and experimental observations on patients with
coronary or pulmonary diseases.  Levels of 80% (190,000 ppm) and 65% arterial oxygen
saturation (330,000 ppm) were suggested for the AEGL-2 and -3, respectively.  No AEGL-1 was
proposed.  It was agreed that comments could be sent to the author before August 2003.  The
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description of the clinical part of the document should be edited and additional attention should
be paid to the 10-minute interval.

REVIEW of PRIORITY CHEMICALS

Revisit of Nickel Carbonyl AEGL-2
(CAS No. 13463-39-3)

Chemical Manager: Ernie Falke, EPA
Staff Scientist: Bob Young, ORNL

In response to concerns expressed by the COT AEGL Subcommittee, the AEGL-2 for nickel
carbonyl was revisited for the second time (Attachment 9).  Following earlier derivations, the
COT stated that death or unknown health status of dams at the concentrations chosen as the points
of departure for the AEGL-2 (1998: 8.4 ppm for the hamster, Sunderman et al. 1980; and 2002:
11 ppm for the rat Sunderman et al. 1979) precluded the contention that nickel carbonyl is a
developmental toxicant (developmental toxicity was originally chosen as the AEGL-2 endpoint). 
Because dams died or their health status was unknown at concentrations that caused
malformations, the COT stated that the data do not support the contention that nickel is a
selective developmental toxin.  A discussion of malformations as a toxicant endpoint as well as
the relative sensitivity of the rat, mouse, and hamster for the endpoint of developmental toxicity
ensued.  The NAC tended to accept malformations as an AEGL endpoint.  A suggestion for
reducing the AEGL-3 value by 3 in order to derive an AEGL-2 value was also entertained. 
However, the NAC chose to use the available data rather than dividing the AEGL-3 by 3.  It was
moved by Bob Benson and seconded by Tom Hornshaw to use 2.17 ppm, a 30-minute non-lethal
value for the mouse, the most sensitive species in lethality studies, as the point of departure for
the AEGL-2.  This value was divided by inter- and intraspecies uncertainty factors of 3 each for a
total of 10 and a modifying factor of 3.  In the absence of time-scaling data, the default n values
of 3 and 1 had previously been established.  The resulting values for the 10-minute through 8-
hour exposure durations are 0.10, 0.72, 0.036, 0.0090, and 0.0045 ppm, respectively.  The motion
passed (YES: 13: NO: 3; ABSTAIN: 0) (Appendix B).  The AEGL-3 values will be retained. 
Justification for not using the hamster data needs to be added to the TSD.

Benzene
CAS Reg. No.71-43-2 

Chemical Manager: Robert Snyder, 
Staff Scientist: Marcel van Raaij, RIVM, The Netherlands

The chemical revisit/review on benzene was presented by Marcel van Raaij (Attachment 10).  The
AEGL-1 values of benzene had been accepted at the NAC-27 meeting in December 2002.  The
endpoint for the AEGL-1 was absence of CNS effects in humans exposed to 110 ppm for 2 h;
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there were several support studies.  AEGL-1 values were 127, 73, 52, 18, and 9 ppm for 10
minutes, 30 minutes, 1 hour, 4 hours, and 8 hours respectively.

Marcel discussed studies relevant to derivation of AEGL-2 and AEGL-3 values, noting the lack of
clinical studies compared with toluene.  Therefore, an animal neurobehavioral study with the rat
(Molnar et al. 1986) was suggested for the AEGL-2, and the same study with the endpoint of no
deaths (Molnar et al. 1986) was suggested for the AEGL-3.  The various indications from (old)
occupational and some case studies, with exposures over 1000 ppm, was suggested to serve as a
back-ground framework, although caveats are present with most of these studies.  At this point
there was a lengthy discussion of the quality of the monitoring studies, and how the information
from these studies might be used or interpreted.  In particular the usefulness of area sampling
values (from historic literature) for human exposure was discussed. John Morawetz moved to
remove the study of Greenberg et al. (1926, 1939) from the derivation section because the
exposure duration was only 20 minutes and involved an area sample.  The motion was seconded
by George Alexeeff.  The motion failed (YES: 7; NO: 9; ABSTAIN: 0) (Appendix C).  In addition,
Morawetz made comments on the description of studies by Midzenski et al. (1992) and Wong
(2002), especially with respect to the derivation sections.  John Hinz and George Alexeeff
proposed to shorten the description of the monitoring studies in derivation sections and to refer
back to the primary study summaries.  After considerable discussion it was decided that reference
to the human studies (which are not inconsistent with the AEGL values) in the derivation sections
for AEGL-2 and AEGL-3 will be reduced as possible, and if referenced, their limitations would be
clearly described in order to provide the same message in the derivation sections as in the primary
study summaries.

At this point, John Hinz moved and Bill Bress seconded AEGL-2 values of 2000, 1100, 800, 400,
and 200 ppm based on a 4-hour no-effect level for adverse locomotor depression (CNS-related
effect) of 4000 ppm with the rat.  Inter- and intraspecies uncertainty factors of 3 each for a total of
10 were applied.  These uncertainty factors are adequate as higher values do not comply with the
(limited) human experience (occupational exposures above 1000 ppm), and CNS depression does
not vary by more than a factor of 2-3 in the human population.  In addition, higher uncertainty
factors would provide AEGL-values that do not match the values of toluene and xylene.  Time
scaling was based on n values of 2 for shorter exposure durations and 1 for longer exposure
durations.  The data of von Oettingen had shown that a value of 3 for the shorter exposure
durations was too conservative.  The motion passed (YES: 14; NO: 2; ABSTAIN: 1) (Appendix
D). 

A motion was made by John Hinz and seconded by Mark McClanahan to accept AEGL-3 values
of 9700, 5600, 4000, 2000, and 990 ppm based on no deaths in rats exposed to 5900 ppm for 4
hours (Molnar et al. 1986).  Inter- and intraspecies uncertainty factors of 1 (based on allometric
arguments as evidenced by the data on toluene), and 3 (see above), respectively, were applied. 
Time scaling utilized n values of 2 and 1 as for the AEGL-2 above.  The AEGL-values are
supported by Svirbely et al. (1943). In addition, the (high) values for the 10 and 30 minutes are
supported by a range of animal data. The motion passed (YES: 15; NO: 1; ABSTAIN: 1)
(Appendix D).
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Summary of AEGL Values for Benzene

Classification 10-minute 30-minute 1-hour 4-hour 8-hour Endpoint (Reference)

AEGL–1 127 ppm 73 ppm 52 ppm 18 ppm 9 ppm Derived earlier

AEGL–2 2000 ppm 1100 ppm 800 ppm 400 ppm 200 ppm NOAEL, CNS effects -
rat (Molnar et al. 1986)

AEGL–3 9700 ppm 5600 ppm 4000 ppm 2000 ppm 990 ppm NOAEL for mortality in
rats (Molnar et al. 1986)

Chlorine Pentafluoride
CAS No. 13637-63-3

Staff Scientist: Sylvia Talmage, ORNL
Chemical manager: Bill Bress, ASTHO

Sylvia Talmage reviewed the data base on chlorine pentafluoride, a strong oxidizing chemical
once proposed for use as a rocket fuel (Attachment 11).  Only animal data were available.  The
AEGL-3 was based on the highest 1-hour non-lethal value of 80 ppm for the rat (Darmer et al.
1972).  The calculated BMCL05 was the same value (81 ppm).  The rat data were used because
they provided the best dose-response relationship and because group sizes were larger for the rat
than for the monkey or dog.  The 80 ppm was adjusted by interspecies and intraspecies uncertainty
factors of 3 each for a total of 10.  Time scaling was based on the same rat lethality data which
covered exposure durations from 15 minutes to 1 hour.  The time-scaled exponent (n) was 2.  It
was moved by John Hinz and seconded by Steve Barbee to accept AEGL-3 values of 20, 11, 8, 4,
and 2.8 ppm for the 10-minute through 8-hour exposure durations.  The motion passed
unanimously (YES: 17; NO: 0; Abstain: 0) (Appendix E).

The proposed AEGL-2 was based on a series of studies with monkeys, dogs, rats, and mice
(MacEwen and Vernot 1972, 1973).  Exposures were to 5 or 10 ppm for 60 minutes, 20 ppm for
30 minutes, and 30 ppm for 10 minutes.  Following discussion of which series of studies to use, it
was decided to use the higher value of 10 ppm at the 60-minute exposure and the respective values
at the 10 and 30-minute exposures.  Each of these concentrations was adjusted by interspecies and
intraspecies uncertainty factors of 3 each for a total of 10.  The 4- and 8-hour values were
extrapolated from the 1-hour value.  It was moved by John Hinz and seconded by Bob Snyder to
accept AEGL-2 values of 3, 2, 1, 0.5, and 0.36 ppm for the 10-minute through 8-hour exposure
durations.  The motion passed (YES: 14; NO: 1; ABSTAIN: 1) (Appendix E).

The proposed AEGL-1 value was based on a NOAEL for signs of irritation in the rat (MacEwen
and Vernot 1973).  The TSD author suggested dividing this value by interspecies and intraspecies
uncertainty factors of 10 and 3, respectively, in order to obtain a value consistent with the
breakdown product, HF (AEGL-1 = 1 ppm) and the related chemical, ClF3 (AEGL-1 = 0.12 ppm). 
The NAC agreed with the 3 ppm concentration, but adjusted by intraspecies and interspecies
uncertainty factors of 3 each for a total of 10.  The resulting 0.3 ppm was used across all exposure
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durations because there is adaptation to the slight irritation that defines the AEGL-1.  The motion
passed (YES: 13; NO: 4; ABSTAIN: 0) (Appendix E).  It was noted that the 8-hour AEGL-1 of 0.3
ppm is essentially the same value as the 8-hour AEGL-2 of 0.36 ppm. 

Summary of AEGL Values for Chlorine Pentafluoride

Classification 10-minute 30-minute 1-hour 4-hour 8-hour Endpoint (Reference)

AEGL–1 0.30 ppm 0.30 ppm 0.30 ppm 0.30 ppm 0.30 ppm No signs of sensory
irritation - rat (MacEwen
and Vernot 1973)

AEGL–2 3.0 ppm 2.0 ppm 1.0 ppm 0.50 ppm 0.36 ppm Lacrimation, salivation -
monkey, rat, mouse
(MacEwen and Vernot
1972)

AEGL–3 20 ppm 11 ppm 8.0 ppm 4.0 ppm 2.8 ppm Highest non-lethal value,
BMCL05  - rat (Darmer et
al. 1972)

Bromine pentafluoride
CAS No. 7789-30-2

Staff Scientist: Sylvia Talmage, ORNL
Chemical Manager: Bill Bress, ASTHO

Sylvia Talmage described the data base for bromine pentafluoride (Attachment 12).  The data base
consisted of a single lethality study with the rat, conducted at two concentrations (Dost et al. 1968,
1970).  The AEGL-3 was based on the highest non-lethal value in this study, 500 ppm for 40
minutes.  This concentration was divided by inter- and intraspecies uncertainty factors of 3 each
for a total of 10 and time scaled using the default values for n of 3 for shorter time intervals and 1
for longer time intervals.  In the absence of conflicting data, a total uncertainty factor of 10 for
irritants has been acceptable to the NAC and the COT.  It was moved by Bob Benson and
seconded by John Hinz to accept the resulting values of 79, 55, 33, 8.3 and 4.2 ppm for the 10-
minute through 8-hour exposure durations, respectively.  The motion passed unanimously (YES:
16; NO: 0; ABSTAIN 0) (Appendix F).

In the absence of data for the AEGL-2, the values for chlorine pentafluoride were used.  These
values are acceptable as bromine pentafluoride has been shown to be less reactive and slightly less
toxic than chlorine pentafluoride.  Tom Hornshaw moved and Bill Bress seconded the motion that
AEGL-2 values of 3.0, 2.0, 1.0, 0.50, and 0.36 ppm be accepted.  The motion passed unanimously
(YES: 16; NO: 0; ABSTAIN: 0) (Appendix F).

It was decided that, in the absence of data, the AEGL-1 values for bromine pentafluoride would
not be set equal to the AEGL-1 values for chlorine pentafluoride.  It was moved by George
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Alexeeff and seconded by Nancy Kim to use NR (not recommended) for the AEGL-1 due to the
absence of data.  The motion passed (YES: 12; NO: 3; ABSTAIN: 2) (Appendix F).  It was then
moved and seconded by Richard Niemeier and Loren Koller, respectively, to add a notation below
the summary table that emergency responders may refer to chlorine pentafluoride or chlorine
trifluoride for AEGL-1 values.  The motion did not pass (YES: 6; NO: 7; ABSTAIN: 4) (Appendix
F).  The NAC noted that if this chemical becomes important to some agency, it would be
beneficial to have additional testing done to improve the precision of the data.

Summary of AEGL Values for Bromine Pentafluoride

Classification 10-minute 30-minute 1-hour 4-hour 8-hour Endpoint (Reference)

AEGL–1 NRa NR NR NR NR

AEGL–2 3.0 ppm 2.0 ppm 1.0 ppm 0.50 ppm 0.36 ppm Based on analogy with 
chlorine pentafluoride

AEGL–3 79 ppm 55 ppm 33 ppm 8.3 ppm 4.2 ppm Highest non-lethal value 
- rat (Dost et al. 1970)

NR: AEGL-1 values are not recommended due to the lack of data. 

Nitric acid
CAS No. 7697-37-2

Staff Scientist: Carol Wood, ORNL
Chemical Manager: Loren Koller, OSU (retired)

Carol Wood reviewed the history of and data for nitric acid (Attachment 13).  Values had been
adopted in 1997, but the key studies for the AEGL-2 and AEGL-3 were questionable.  At the
present meeting, an additional study (DuPont 1987) was made available.  This study was a nose-
only exposure of rats to >70% respirable particles of nitric acid; nitrogen dioxide was monitored
and not detected.  The AEGL-3 was based on the 1-hour LC01, calculated from the LC50 study by
log-probit analysis.  The resulting 1-hour LC01 of 919 ppm was used to derive AEGL-3 values. 
Values were scaled using the equation Cn × t = k where n ranges from 0.8 to 3.5 (ten Berge et al.
1986).  In the absence of an empirically derived, chemical-specific exponent, scaling was
performed using n = 3 for extrapolating to the 10- and 30-minute time points and n = 1 for the 4-
and 8-hour time points. An total uncertainty factor of 10 was used including a 3 for interspecies
extrapolation and 3 for intraspecies extrapolation.  It was moved by Loren Koller and seconded by
Richard Niemeier to accept values of  170, 120, 92, 23, and 11 ppm for the 10-minute through 8-
hour exposure durations, respectively.  The motion passed (YES: 12; NO: 3; ABSTAIN: 1)
(Appendix G).  Ernie Falke stated that the above scenario is not realistic and that nitric acid will
convert to nitrogen dioxide.  Therefore, the values should defer to nitrogen dioxide.

The same study (DuPont 1987) served as the basis for the AEGL-2.  Discussion centered around
options for the point of departure: one-third of the AEGL-3, the non-lethal value of 470 ppm, or a
lower, no-effect value of 260 ppm.  A concern over the presence of ulcers on the noses of confined
rats was answered by a telephone call to Dave Kelly, author of the DuPont study (the ulcers were
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an artifact of the exposure method).  The accepted point of departure was a 1-hour exposure of rats
to 470 ppm which resulted in transient body weight loss 1-2 days post-exposure.  In the absence of
an empirically derived, chemical-specific exponent, scaling was performed using n = 3 for
extrapolating to the 10- and 30-minute time points and n = 1 for the 4- and 8-hour time points.  A
total uncertainty factor of 10 was used including a 3 for interspecies extrapolation and 3 for
intraspecies extrapolation.  In addition, a modifying factor of 2 was applied because clinical
observations were not well described, a concentration-response could not be determined for
nonlethal effects, and clear evidence of AEGL-2 effects was not available in the study.  As
supporting evidence, no effects or cancer were observed in rats exposed to 19 ppm 6 hr/day every
other day for a total of 6 exposures followed by observation for 22 months.  It was moved by Steve
Barbee and seconded by Bob Snyder (with the provision that the NAC sees the final document) to
accept values of 43, 30, 24, 6, and 3 ppm for the 10-minute through 8-hour exposure durations,
respectively.  The motion passed (YES: 12: NO: 2; ABSTAIN: 0) (Appendix G).

For the AEGL-1, a 30-minute through 8-hour value of 0.53 ppm had been adopted previously. 
The highest NOAEL in humans of 1.6 ppm for 10 minutes was used to derive AEGL-1 values.  An
uncertainty factor of 3 was applied to account for sensitive populations since both human and
animal data suggest that asthmatics may be especially sensitive to acidic atmospheres. 
Extrapolations were not performed because this was based on a no-effect level and because
irritation is generally concentration dependent but not time dependent.  It was moved by Bob
Benson and seconded by McClanahan to adopt the same value for the 10-minute exposure
duration.  The motion passed unanimously by a show of hands.

Summary of AEGL Values for Nitric Acid

Classification 10-minute 30-minute 1-hour 4-hour 8-hour Endpoint (Reference)

AEGL–1 0.5 ppm 0.5 ppm 0.5 ppm 0.5 ppm 0.5 ppm NOAEL for irritation -
humans 

AEGL–2 43 ppm 30 ppm 24 ppm 6 ppm 3 ppm Transient weight loss -
rat (DuPont 1987)

AEGL–3 170 ppm 120 ppm 92 ppm 23 ppm 11 ppm LC01 - rat (DuPont 1987)

Hydrogen Selenide
CAS No. 7783-07-5

Staff Scientist: Carol Wood, ORNL
Chemical manager: Robert Snyder, Rutgers University/EOHSI

Carol Wood presented the data on hydrogen selenide (Attachment 14).  The AEGL-3 was based on
an estimated LC01 of 66 ppm obtained by a log-probit analysis of data from a 1-hour LC50 study in
Wistar rats (Zwart and Arts 1989).  Values were scaled using the equation Cn × t = k where n
ranges from 0.8 to 3.5 (ten Berge et al. 1986).  A value of n = 2 was calculated by Zwart and Arts
(1989) from a probit analysis of lethality data in the rat.  A total uncertainty factor of 30 was
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applied which includes 3 to account for sensitive individuals and 10 for interspecies extrapolation. 
The intraspecies uncertainty factor of 3 is considered sufficient due to the relatively steep
concentration-response relationship with regard to lethality in rats, suggesting little individual
variability.  An interspecies UF of 10 is needed because data were available in only two species
and the limited data available indicate that the rat is not the most sensitive.  Bob Benson moved
and Steve Barbee seconded the motion to accept the AEGL-3 values for the 10-minute through 8-
hour exposure durations of 5.4, 3.1, 2.2, 1.1, and 0.78 ppm, respectively.  The motion passed
(YES: 14; NO: 1; ABSTAIN: 0) (Appendix H).

Because no data with appropriate endpoints were found, the AEGL-2 was derived by dividing the
AEGL-3 by 3.  The motion was made by Ernie Falke and seconded by Richard Niemeier to accept
values of 1.8, 1.0, 0.73, 0.37, and 0.26 ppm.  The motion passed (YES: 12; NO: 3; ABSTAIN: 1)
(Appendix H).

An AEGL-1 was not recommended because no data with the appropriate endpoints were found. 
The motion was made by Mark McClanahan and seconded by Steve Barbee to not recommend an
AEGL-1.  The motion passed with a show of hands.

Summary of AEGL Values for Hydrogen Selenide

Classification 10-minute 30-minute 1-hour 4-hour 8-hour Endpoint (Reference)

AEGL–1 NRa NR NR NR NR

AEGL–2 1.8 1.0 0.73 0.37 0.26 One-third of the AEGL-3

AEGL–3 5.4 3.1 2.2 1.1 0.78 1-hour LC01 -  mouse
(Zwart and Arts 1989)

NR: AEGL-1 values are not recommended due to the lack of data. 

Methyl thiocyanate
CAS No. 

Staff Scientist: Carol Wood, ORNL
Chemical Manager: 

Carol Wood noted the lack of data for methyl thiocyanate, other than an intraperitoneal injection
study with mice (Attachment 15).  Two options were presented: (1) values should not be
recommended (NR), or (2) adopt HCN values, based on the breakdown of methyl thiocyanate to
HCN.  However, there was no data on relative potency.  It was moved by Ernie Falke and
seconded by Loren Koller to not adopt values.  The motion passed (YES: 12; NO: 1; ABSTAIN:
1) (Appendix I).  The chemical will not be forwarded to the National Academy of Sciences.

Bromine trifluoride
CAS No. 7787-71-5)
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Staff Scientist: Sylvia Talmage, ORNL
Chemical Manager: Bill Bress, ASTHO

In the absence of any data, Sylvia Talmage proposed using the AEGL values for the chemical
analogue, chlorine trifluoride (Attachment 16).  Information on chemical reactivity and toxicity
shows that bromine fluorides are less reactive and less toxic than chlorine fluorides.  Therefore,
using the chlorine trifluoride values, which are based on empirical data, would be conservative. 
The chlorine trifluoride values were based on studies with rats and dogs in which slight irritation
(Horn and Weir 1956), severe irritation (Horn and Weir 1955), and the LC01 for the mouse
(MacEwen and Vernot 1970), were endpoints for the AEGL-1, -2, and -3, respectively.  It was
moved by Ernie Falke and seconded by Mark McClanahan to adopt the chlorine trifluoride values
for bromine trifluoride.  The motion passed (YES: 14; NO: 1; ABSTAIN: 0) (Appendix J).  The
values appear in the table below.  The NAC suggested adding a caveat to the TSD to the effect
that, if the chemical becomes important, additional testing be done.

Summary of AEGL Values for Bromine Trifluoride

Classification 10-minute 30-minute 1-hour 4-hour 8-hour Endpoint (Reference)

AEGL–1 0.12 ppm 0.12 ppm 0.12 ppm 0.12 ppm 0.12 ppm Analogy with chlorine
trifluoride

AEGL–2 6.20 ppm 6.2 ppm 3.1 ppm 0.77 ppm 0.39 ppm Analogy with chlorine
trifluoride

AEGL–3 81 ppm 27 ppm 14 ppm 3.4 ppm 1.7 ppm Analogy with chlorine
trifluoride

Revisit of Formaldehyde AEGL-1 and Time-Scaling of AEGL-3
CAS No. 50-00-0

Chemical Manager: Mark McClanahan
Staff Scientist: Sylvia Talmage, ORNL

The AEGL-1 value of 0.41 ppm, passed at the NAC-28 meeting, was reconsidered because the
study on which the value was based was flawed (Attachment 17).  Sylvia Talmage pointed out that
not only did the study authors find irritation at levels not irritating in approximately 20 other well-
conducted clinical studies, but the authors did not take analytical measurements.  Following
review of the clinical studies, there was a debate as to the perception of mild vs moderate
irritation.  Sylvia Talmage suggested using 3 ppm for the AEGL-1, based on an average irritation
score of mild in over 100 subjects.  It was moved by Bob Benson and seconded by Steve Barbee to
use the NOAEL for slight irritation of 0.9 ppm for the AEGL-1.  This was the highest exposure of
subjects whose eyes were sensitive to formaldehyde at which the subjects’ “responses were not
significantly different from clean air” (Bender et al. 1983).  At 1 ppm there was slight to moderate



NAC/AEGL-29 F 10/200313

eye irritation.  Exposures were eye-only for 6 minutes.  The 0.9 ppm was used across all exposure
durations.  The motion passed (YES: 11; NO: 3; ABSTAIN: 0) (Appendix K).

At the NAC-28 meeting, time scaling for the AEGL-3 was based on two LC50 values for the rat. 
The value of n was 3.9.  In the meantime, another LC50 study was located.  Sylvia Talmage
presented graphs of the n values using the rat and mouse data separately and combined.  The value
of n ranged from 1.4 (mouse data) to 2.4 (rat data).  However, based on the age of the studies and
flaws in most of the studies, the default n values of 3 and 1 appeared appropriate.  The point of
departure remained the same, a 4-hour non-lethal value of 350 ppm for the rat (Nagorny et al.
1979).  The adjusted 10-minute to 8-hour values were 100, 70, 56, 35, and 35 ppm, respectively
(the 8-hour value was set equal to the 4-hour value because formaldehyde is well scrubbed in the
nasal passages).  It was moved by Mark McClanahan and seconded by Ernie Falke to accept the
adjusted values.  The motion passed (YES: 11; NO: 1; ABSTAIN: 2) (Appendix K). 

Administrative  Matters

The site and time of the next meeting, NAC/AEGL-30, will be September 16-18, 2003 in
Washington. D.C.  The date for NAC/AEGL-31 has been set tentatively as December 10-12, 2003
in San Antonio, Texas.  John Hinz will provide more details on the December meeting. 

All items in the agenda were discussed as thoroughly as the time permitted.  The meeting
highlights were prepared by Sylvia Talmage, Oak Ridge National Laboratory, with input from the
respective chemical managers, authors, and other contributors.
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LIST OF ATTACHMENTS

The attachments were distributed during the meeting and will be filed in the EPA Docket Office.
Attachment 1.  Chemical Manager sheet
Attachment 2.  Status update of chemicals to be considered at the NAC-30 and -31
Attachment 3.  NAC/AEGL-29 Meeting Agenda
Attachment 4.  NAC/AEGL-29 Attendee List 
Attachment 5.  Revised Proposal for Evaluation of Occupational Monitoring Studies for inclusion

in TSDs
Attachment 6.  Evaluation of Data for LOAEL to NOAEL Extrapolation  
Attachment 7.  Categorizing the Signs and Symptoms at the AEGL sub-1, 1, and 2 Levels
Attachment 8.  Criteria for Simple Asphyxiants
Attachment 9.  Data Analysis of Nickel Carbonyl 
Attachment 10.  Data Analysis of Benzene
Attachment 11.  Data Analysis of Chlorine Pentafluoride 
Attachment 12.  Data Analysis of Bromine Pentafluoride
Attachment 13.  Data Analysis of Nitric Acid
Attachment 14. Data Analysis of Hydrogen Selenide
Attachment 15. Data Analysis of Methyl Thiocyanate
Attachment 16. Data Analysis of Bromine Trifluoride
Attachment 17. Data Analysis of Formaldehyde 

LIST OF APPENDICES 

Appendix A.  Revised meeting highlights of NAC/AEGL-28 
Appendix B.  Ballot for nickel carbonyl
Appendix C.  Ballot for omitting human studies in benzene derivation
Appendix D.  Ballot for benzene
Appendix E.  Ballot for chlorine pentafluoride
Appendix F.  Ballot for bromine pentafluoride
Appendix G.  Ballot for nitric acid
Appendix H.  Ballot for hydrogen selenide
Appendix I.  Ballot for methyl thiocyanate
Appendix J.  Ballot for bromine trifluoride
Appendix K.  Ballot for formaldehyde






































































































































































































