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INTRODUCTION

George Rusch, Chair, opened the meeting.  The highlights of the meeting are described below and
the meeting agenda (Attachment 1) and attendee list (Attachment 2) are attached.  The NAC-4
highlights were approved with minor changes (Appendix A).

The following agenda items were briefly discussed.  Project Director Roger Garrett made
abbreviated remarks on the AEGL project, including interactions among chemical managers,
chemical reviewers, and ORNL staff scientists.  He noted that the first 15 chemicals are essentially
finished and ready for publication in the Federal Register for public comment but more time is
needed to review them for consistency.  Designated Federal Officer Paul Tobin described strategies
for prioritizing the chemicals nominated by various organizations for development of AEGLs
(Attachment 3) and distributed the candidate priority chemical list as of March 1997.  Although the
list will remain fluid, it needs to be finalized as organizations need to know for attendance at
meetings and also for testing considerations.  Chemicals on the list can be ordered according to
several factors including toxicity and production or by the organizations' priority list in which case
some chemicals suggested by each organization (AIHA, ATSDR, DoD, etc.) could be included on
the list.  Thus far 78 chemicals appear on the list.  The chosen chemicals are not based on spill data.
Comments on the list are due by March 28 to Paul.  Jonathan Borak noted that some of the listed
chemicals are not appropriate for acute exposures.  To date (4/8/97), the final chemical priority list
has been completed and is available to NAC members (Attachment 4).

Paul will continue pursuing OSHA monitoring data.  He reported that the AEGL internet site is
under development; the Federal Register will carry an announcement of the proposed AEGL values.
There will be an AEGL symposium at the 214th annual meeting of the American Chemical Society
in Las Vegas in September 1997.  Any NAC members interested in participating in the symposium
should contact Po-Yung or Paul.

George Alexeeff commented on the absence of representatives from EPA ORD and environmental
groups on the committee.  Roger Garrett noted that these groups had been contacted but there was
no response at this time.  George Alexeeff also commented that the benchmark dose and human
equivalent concentrations were not presently used in the AEGL derivations.



NAC/AEGL-5F 8/19972

TECHNICAL DISCUSSIONS

Protocol of Acute Inhalation Toxicity Study Outline (George Rusch)
Thomas Sobotka suggested that neurotoxicity should be part of the Technical Support Document
outline.  In the present documents, neurotoxicity, if relevant, is discussed under the Lethal and/or
Nonlethal Toxicity sections.

Uncertainty Factor Subcommittee Report (Richard Thomas)
As a result of two conference calls which included discussions of Ernest Falke's "Living Document"
Richard Thomas noted that there is much consistency in the use of uncertainty factors (UFs) among
chemicals at this point.  However, justification for use of specific UFs is still needed in some of the
documents.  Richard will prepare a brief consensus or summary for the committee; additional
comments from committee members should be given to the chemical managers.

"Living Document" (Ernest Falke)
Ernest Falke has compiled critical data used in deriving AEGL values (e.g. species, critical effect,
reference, scaling procedures, UF application, etc.); these summary sheets were distributed to
committee members prior to the meeting.  His comments were directed to rounding off in a uniform
manner, leveling values across time, and combined UFs (Attachment 5).  He recommended that
rounding off should be to two significant figures.  Although this might indicate a greater degree of
precision than the data indicates, the values are needed by modelers who will use the numbers for
dispersion models (at the AEGL-2 level).  For leveling values across an AEGL level, several
approaches can be used: leveling across all time periods versus using two levels (i.e., one for the 30-
minute and 1-hour and another for the 4- and 8-hours time periods).  Leveling  should probably be
addressed on a chemical-by-chemical basis.  Uncertainty factors of 3 and 10 have generally been
used in the completed AEGL documents and should continue to be used unless there is
overwhelming support for a lack of species differences.  For the use of combined interspecies and
intraspecies UFs, Ernie suggested that 3 x 3 = 10 as 3 is really 3.16, the geometric mean of 10;
furthermore, 3 x 10 = 30.  Discussion among the committee ensued followed by the following 3
proposals:  (1) a boilerplate statement should be added to the documents indicating that "all AEGL
values are rounded to 2 significant figures unless the data indicate otherwise.  This policy is not
meant to imply a greater degree of precision than the data allows."  A statement for inclusion in the
preface or summary will be crafted and submitted to the committee.  (2) For two UFs of 3 use a
single UF of 10 because 3 = 3.16 and 3.16 x 3.16 = 10.  Also 3 x 10 = 30.  (3) Use empirical data
to derive the exponent "n" in Cn x t = k; if data for derivation of n are lacking, use the ten Berge
default value of 2.  The 3 proposals were adopted by the committee.

Action Item: Chemical managers and ORNL staff scientists are to comply with the rounding off and
uncertainty factor proposals.  If changes to the AEGL values are small, they should be adjusted
without further committee action.  If substantial changes occur for any of the values, they should be
brought to the committee's attention via e-mail.
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10-minute AEGL for compressed gases (George Rusch)
Because 10-minute exposures are not needed for all chemicals, it was decided that these would be
developed based on need by a specific group or manufacturer and the availability of short-term
exposure data as it is difficult to go from long-term to short-term exposures with a degree of
certainty.

Status of cyanogen chloride (Mark McClanahan)
Due to the paucity of data and relatively small volume shipment containers (40 lbs), it was decided
to defer further action until additional data is located.  Only two manufacturers were located
(Attachment 6).  Paul Tobin noted that Ciba-Geigy (Novarttis) and Sandoz (Degussa) are interested
in AEGLs to develop their risk management plans.

Compilation of associated adverse health effects of AEGL-2 and -3 (Larry Gephart)
Larry Gephart defined some endpoints associated with each AEGL level (Attachment 7).  The use
of cancer and teratogenic effects for AEGL-2 and -3 endpoints was discussed.

Additional Items
David Belluck noted the need for a Standard Operating Procedures (SOP) document.  It was
suggested that this could either be a broadening of the scope of the UF committee or the UF
committee report could feed into the SOP document.  Richard Thomas will summarize procedures
used in the present documents.

George Alexeeff presented highlights from the Society of Toxicology meeting pertinent to UFs from
his poster and that of McLaren/Hart-ChemRisk.  The presentation was a stochastic evaluation of
acute inhalation thresholds from published LOAELs and involved data on UFs (for interspecies,
intraspecies, and LOAEL to NOAEL extrapolation).  George evaluated the distribution of LOAEL
to NOAEL ratios and considered the importance of severity of effect (i.e., irritation, irreversible, or
lethal).  The ratios were used to estimate UFs when extrapolating from LOAELs to NOAELs within
and between effect levels.  In general, an UF of 3-5 would encompass the 95th percentile within an
effect level, but an UF of 10 is necessary to encompass the 95th percentile when going from a lethal
level to the highest NOAEL (Attachment 8).  Abstracts from these posters and others in the
symposium were distributed to NAC members prior to the meeting.  Expanded abstracts of Alexeeff
et al., Gillis et al., and Schmidt et al. were presented to the UF subcommittee (Appendix B).

The question arose as to whether there is an AEGL-1 for arsine.  After checking the ballots, Paul
Tobin indicated that a level 1 for arsine (0.1 ppm across all time periods) had been approved by the
committee.  Later, it was  brought to the committee's attention that the exponent n (in Cn x t = k) for
scaling across time for HCN should be 2.7 instead of 2.  It was decided that HCN would be revisited
accordingly after the public comment period.
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AEGL PRIORITY CHEMICALS

Phosgene
CAS Reg. No. 75-44-5

Chemical Manager: William Bress, Vermont Department of Health
Chemical Reviewers: David Belluck, Minnesota Pollution Control Agency

Larry Gephart, Exxon Biomedical
Staff Scientist: Jim Norris, ORNL

Bill Bress introduced the chemical and noted its use and effects in World War I (Attachment 9).  Jim
Norris suggested that an AEGL-1 level not be developed due to the lack of data meeting the
definition of AEGL-1.  A proposed AEGL-2 level was based on an inhalation study with rats in
which there was increased lung weight and proteins in the lavage fluid; combined inter- and
intraspecies uncertainty factors of either 30 or 100 were suggested (Attachment 10).  The proposed
AEGL-3 was based on a lethality study with sheep and a combined uncertainty factor of 100.
Jonathan Borak suggested that more recent papers were available to cite for the mechanism of
action.  One paper, Rinehart and Hatch (1964), as noted in the ERPG document, was discussed as
being a paper of interest for setting the AEGL-3 values.  Jim agreed to acquire the paper (the paper
had been previously ordered, but the citation was wrong).  However, he noted that another Rinehart
paper presented only the CT product and not the specific exposure times and concentrations.  George
Alexeeff presented an overview of studies from the document for consideration in setting AEGL-1
levels (Attachment  11).  Experimental details were provided by Jim for not using the other studies
mentioned in the draft document.  The committee requested that these studies be incorporated in a
manner to support the usage of the sheep data.  Further action on phosgene was postponed until the
June meeting.

Ethylene oxide
CAS Reg. No. 75-21-8

Chemical Manager: Kyle Blackman, FEMA
Chemical Reviewer: George Alexeeff, California EPA 
Staff Scientist: Kowetha Davidson, ORNL 

Kyle Blackman introduced ethylene oxide and presented several issues of concern (Attachment 12).
Kowetha Davidson discussed an additional developmental toxicity study published since the
preliminary summary distributed at the December 1996 meeting.  She then presented the proposed
values for each AEGL level (Attachment 13).  The proposed AEGL-3 values were based a LC01
derived from the NTP mouse study and using an uncertainty factor of 3 for intraspecies variability,
1 for interspecies variability, and the C × t = k (Haber’s law) equation for extrapolating across
time frames.  There was much discussion on the use of the mouse data vs rat data, the use of
Haber’s law vs ten Berge’ equation (cn × t = k) for time frame extrapolation, the use of 1 for the
interspecies uncertainty factor, and use of a NOEL for lethality vs the LC01.  Bob Snyder was
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concerned about the role of epoxide hydrase in the metabolism of ethylene oxide; he would like
to see more information on metabolism in the document. The committee chose to use the rat data
by Jacobson et al. (1956) for deriving the AEGL-3 values, an LC01 rather than a NOEL for
lethality, an n-value of 1.2 based on a regression analysis of the rat data for time frame
extrapolation, and uncertainty factors of 3 for intraspecies and interspecies extrapolation (total UF
= 10).  The AEGL-3 values approved by the committee are as follows: 360, 200, 63, and 35 ppm
for 30-minute, 60-minute, 4-hour, and 8-hour exposure durations, respectively (Appendix C).

The proposed values for AEGL-2 were based on a developmental toxicity study using rats (BRRC,
1993), which showed a LOEL of 50 ppm for 6-hour/day exposures during organogenesis; an
uncertainty factor of 3 for intraspecies variability and 1 for interspecies sensitivity was applied,
and Haber’s law was used to extrapolate across the different time frames (Attachment B).  There
was considerable discussion on the use of the developmental toxicity study for deriving the
AEGL-2 values.   George Rogers pointed out that growth retardation is not a relevant endpoint for
acute exposures as it is due to chronic exposure.  William Snellings (Product Safety Division,
Union Carbide Corporation) presented data in which he compared the results of several
developmental toxicity studies including one from his laboratory (Attachment 14).  The discussion
then focused on using other studies to derive the AEGL-2 values.  A subchronic toxicity study (13
weeks) and a single exposure study in rats were considered.  The single exposure study showing
neurotoxicity, diarrhea, and eye and respiratory tract irritation in rats exposed to 1000 ppm for 4
hours (Embree et al., 1977) was selected for deriving AEGL-2 values.  Kowetha Davidson pointed
out that dominant lethality was observed in this study.  The committee voted to used the Embree
et al. (1977) study applying an uncertainty factor of 30 (3 for intraspecies variability and 10 for
interspecies sensitivity) and ten Berge’s equation, where n = 1.2, for extrapolation across time
frames.  An interspecies uncertainty factor of 10 was applied because there is little difference
between lethality and the observed neurotoxicity, i.e. the concentration resulting in neurotoxicity
was close to the lethal threshold.

The AEGL-2 values approved by the committee are as follows: 190, 110, 33, and 19 for 30-
minute, 60-minute, 4-hour, and 8-hour exposure durations, respectively (Appendix C).  These
values are backed up by a subchronic toxicity study in rats exposed 500 ppm 6 h/day, 3 days/week
that did not show neurotoxicity until 5 weeks into the study; these values were considered to be
protective of reproductive and developmental outcomes.

The proposed AEGL-1 values for ethylene oxide presented by the ORNL staff scientist were based
on a NOEL for developmental toxicity (Snellings et al., 1982) (Attachment 13).  The committee
discussed the relevancy of deriving AEGL-1 values for ethylene oxide considering the definition
for AEGL-1.  The odor detection level for ethylene oxide is 260 ppm or greater.  Toxic effects are
expected to occur below the odor detection level and below the concentration expected to cause
sensory irritation.  The committee voted not to derive AEGL-1 values.
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The derived values are shown in the table below.

SUMMARY OF PROPOSED AEGL VALUES FOR ETHYLENE OXIDE

Classification 30-min 1-hour 4-hour 8-hour       Endpoint

AEGL-1 NDa ND ND ND Not relevant

AEGL-2 190 ppm
342 mg/m3

110 ppm
198 mg/m3

33 ppm
59 mg/m3

19 ppm
34 mg/m3

Neurotoxicity

AEGL-3 360 ppm
648 mg/m3

200 ppm
360 mg/m3

63 ppm
113

mg/m3

35 ppm
63 mg/m3

Lethality

a Not determined due to lack of data.

2,4- and 2,6-Toluene diisocyanate (TDI)
CAS Reg. Nos. 91-08-7 and 584-84-9

Chemical Manager: Steven Barbee, Olin Corporation 
Chemical Reviewers: Jonathan Borak, ACOEM

Doan Hansen, Brookhaven National Laboratory 
Staff Scientist: Carol Forsyth, ORNL

After an introduction by Steven Barbee (Attachment 15), Carol Forsyth presented the data
(Attachment 16).   AEGL-3 levels were based on a 4-hour LC50 of 9.7 ppm in the mouse.  The
committee requested that a better explanation of the UFs used be added to the paper.  A UF of 3 was
applied to estimate the LC0 and a UF of 10 was applied which includes 3 for inter- and 3 for intra-
species variation.  Values for the 30-min, 1-, and 8-hour time points were extrapolated using ten
Berge with a default of n = 2.  The committee directed that statements be added to the effect that
while there may be individuals presensitized to TDI, it is impossible to predict the rate of
sensitization in the general population.  Therefore, there may be individuals that have a strong
reaction to TDI and the AEGL values may not be protective of these individuals.  The committee
might have considered lower values for AEGL-3, but did not know how to quantify the numbers of
presensitized individuals.  The AEGL-3 values are presented in the table below.  Because of the
response of several asthmatics to tested concentrations in the studies used to derive AEGL-1 and -2
values, it was proposed and passed that discussion of AEGL-1 and -2 values be tabled until the
physicians on the committee are present (Appendix D).  

SUMMARY OF PROPOSED AEGL VALUES FOR 2,4- and 2,6-TOLUENE DIISOCYANATEa

Classification 30-min 1-hour 4-hour 8-hour       Endpoint

AEGL-3 0.92 ppm
6.6 mg/m3

0.65 ppm
4.6 mg/m3

0.32 ppm
2.3 mg/m3

0.23 ppm
1.6 mg/m3

Lethality 

a These values may not be protective of individuals presensitized to the chemical.
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Aniline
CAS No. 62-53-3

Chemical Manager: Robert Snyder, Environmental and Occupational Health Sciences
Chemical Reviewer: George Rodgers, AAPCC 
Staff Scientist: Sylvia Talmage, ORNL

Robert Snyder presented a historical perspective of exposure to aniline in the workplace.  Data for
derivation of AEGLs including inhalation data in rats, metabolism, the formation of methemoglobin
(the relevant endpoint) over time, the calculation of the exponent n from exposures at different
times, relative species sensitivity based on oral studies, and the potential greater sensitivity of infants
and cardiac patients relative to healthy adults were presented by Sylvia Talmage (Attachment 17).
The AEGL-1 was based on an exposure of rats to 100 ppm for 8 hours which resulted in a peak
methemoglobin level of 22%.  The 100 ppm value was divided by an interspecies uncertainty factor
of 10 (results of oral studies and levels of methemoglobin reductase levels in red blood cells
suggested that humans are much more sensitive than rats) and an intraspecies uncertainty of 10
(anecdotal data suggested that infants are much more sensitive than adults) and scaled to the other
time periods using C1 x t = k (n was based on LC50 studies at different time points).  The AEGL-2
was based on the same study in which rats exposed to a level of 150 ppm for 8 hours reached a peak
hemoglobin level of 41%.  The same uncertainty factors and scaling procedure as used for the
AEGL-1 were applied.  The AEGL-3 was based on the same study with rats, but because no
exposures resulted in a methemoglobin level relevant to the definition of the AEGL-3, the graph
concentration versus methemoglobin level at 8 hours was extended to attain a concentration
resulting in a methemoglobin level of approximately 70-80%, the defined threshold for death.  The
same uncertainty factors and scaling procedure as used for the AEGL-1 were applied.  The values
approved by the NAC appear in the table below.  Because aniline is absorbed through the skin, a
skin notation will be added to the table (Appendix E).

SUMMARY OF PROPOSED AEGL VALUES FOR ANILINEa

Classification 30-min 1-hour 4-hour 8-hour       Endpoint

AEGL-1 16 ppm
61 mg/m3

8 ppm
 30 mg/m3

2 ppm
 7.6 mg/m3

1 ppm
 3.8 mg/m3

Methemoglobin formation (22%)

AEGL-2 24 ppm
91 mg/m3

12 ppm
46  mg/m3

3 ppm
 11 mg/m3

1.5 ppm
 5.7 mg/m3

Methemoglobin formation (41%)

AEGL-3 40 ppm
152 mg/m3

20 ppm
76 mg/m3

5 ppm
19 mg/m3

2.5 ppm
9.5 mg/m3

Methemoglobin formation (70%)

a Cutaneous absorption may occur; direct skin contact with the vapor or liquid should be avoided. 
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isoPropyl chloroformate,
CAS Reg. No. 108-23-6

Chemical Manager: Doan Hansen, Brookhaven National Laboratory
Chemical Reviewers: Ernest Falke, EPA

Zarena Post, Texas Natural Resource Conservancy 
Staff Scientist: Cheryl Bast, ORNL

Doan Hansen discussed the paucity of data for this chemical and the problem of using an RD50 that
approaches the LC50 to set an AEGL-3 (Attachment 18).  Cheryl Bast presented the data on
isopropyl chloroformate and its two isomers, methyl and propyl chloroformate (Attachment 19), and
asked the committee's advice on proceeding with the calculation of values.  Data on the three
chloroformate isomers will be summarized and sent to committee members for their evaluation.

Hydrochloric acid will be reviewed at the next meeting because the committee needs more time to
handle comments.

The next meeting (6th NAC AEGL meeting) will be held June 9, 10, and 11 in the same place.  The
NAC-7 meeting may be considered in conjunction with the ACS Symposium in September 1997,
to be held in Las Vegas.

Meeting highlights were compiled by Sylvia Talmage and Po-Yung Lu, ORNL.
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LIST OF ATTACHMENTS

The attachments were distributed during the meeting and will be filed in the EPA Docket Office.

1. NAC Meeting No. 5 Agenda
2. NAC Meeting No. 5 Attendee List
3. DFO report - Paul Tobin
4. Final chemical priority list - Paul Tobin
5. Issues of AEGL draft documents - Ernie Falke
6. General comments on cyanogen chloride - Mark McClanahan
7. AEGL endpoints - Larry Gephart
8. Data analysis of SOT posters relevant to UFs - George Alexeeff
9. General comments on Phosgene - Bill Bress
10. Data analysis of proposed AEGL values for Phosgene - Jim Norris
11. Animal toxicities of Phosgene - George Alexeeff
12. General comments on ethylene oxide - Kyle Blackman
13. Data analysis of proposed AEGL values for Ethylene oxide - Kowetha Davidson
14. Developmental toxicity studies of Ethylene oxide - William Snellings
15. General comments on 2,4- and 2,6-Toluene diisocyanate (TDI) - Steve Barbee
16. Data analysis of TDI data - Carol Forsyth
17. Data analysis of derivation of AEGLs for Aniline - Sylvia Talmage
18. Introduction of isoPropyl chloroformate - Doan Hansen
19. Data summaries of isoPropyl chloroformate and Methyl and Propyl chloroformate - Cheryl

Bast

LIST OF APPENDICES

A. NAC-4 Highlights
B. Expanded abstracts of UFs by Alexeeff et al. from the SOT meeting
C. Ballott for Ethylene oxide
D. Ballott for 2,4- and 2,6-Toluene diisocyanate (TDI) - AEGL-3 only
E. Ballott for Aniline
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Appendix A.

National Advisory Committee (NAC)
for Acute Exposure Guideline Levels (AEGLs) for Hazardous Substances

Final Meeting 4 Highlights
Green Room, 3rd Floor, Ariel Rios Building

1200 Pennsylvania Avenue, NW
Washington, D.C.

December 16-18, 1996

INTRODUCTION

The highlights of the meeting are noted below, and the meeting agenda (Attachment 1) and attendee list
(Attachment 2) are attached.

Dr. Roger Garrett welcomed the committee members and provided a brief overview of the NAC/AEGL
program for new Committee members.  He noted that the Committee should attempt to increase efficiency
but not at the expense of quality.

The summary of meeting 3 (September 17-19, 1996) was reviewed and approved with minor changes
(Appendix A).  Dr. Steve Barbee noted that clarification was needed regarding the AEGL values for hydrogen
cyanide.  He stated that the Wexler et al. (1974) data should have been used to derive the AEGL-2 values
instead of the AEGL-3 values.  This change will not affect the selected concentrations and will be reflected
in the final draft report to be circulated for public comments.  It was noted that the 4-hr and 8-hr AEGL-2
values for arsine as proposed by the NAC/AEGL and listed in the meeting summary should be rounded to
the nearest tenth to maintain relational consistency (the arsine values in question were amended accordingly
the following day [12/17/96]) (Appendix B).  Dr. Doan Hansen noted that for methyl mercaptan, the n
exponent for temporal scaling was changed from 2.5 to 2.2 resulting in slightly altered values for the 30-
minute and 1-hr AEGL-2 and AEGL-3 values.

Dr. Robert Snyder commented that it is the NAC/AEGL that recommends the AEGL values and that ORNL
provides data analyses and submits draft documents to the NAC/AEGL.

REPORTS FROM SUBCOMMITTEES AND GENERAL INTEREST ITEMS

Uncertainty Factor Subcommittee
Dr. David Belluck indicated that requests were made to all 50 states regarding how they addressed uncertainty
factor application and issues and that 20-25 states had responded thus far.  An updated report will be provided
at the next NAC/AEGL meeting.  Mr. Larry  Gephart noted that a report on the use and interspecies
variability of the RD50 had been provided to Dr. Richard Thomas.  Dr. Richard Thomas noted that an
overview of uncertainty factor application will be an agenda item at the next (March) meeting.

Time-line for Document Review
A revised time-line for document review to facilitate the effectiveness of the review process and in the use
of meeting time was briefly discussed by Dr. George Rusch, NAC/Chair (Attachment 3).  It was noted that
the Committees' role in document review had been expanded (chemical manager and two secondary
reviewers) and that a list of priority chemicals would be made available to the NAC in January 1997
(Attachment 4).  Dr. Po-Yung Lu (ORNL) noted that the chemicals and chemical managers for the March
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meeting had mostly been identified and that the June meeting chemicals were also selected but that chemical
managers had not yet been identified. 

Acute Inhalation Toxicity Study Outline
Dr. George Rusch noted that no comments had been received to date regarding the study outline.

Literature Search/Acquisition Considerations
Dr. P.-Y. Lu provided an overview of the literature search/acquisition processes at ORNL for AEGL
document preparation.  The NAC/AEGL members were encouraged to continue assisting in identifying
pertinent literature.  Dr. Paul Tobin noted that the exact measured exposure levels are requested from OSHA
and will be submitted in the near future.  Dr. David Belluck also offered assistance in obtaining very old
documents.  Dr. Roger Garrett noted that non peer-reviewed data from the private sector is not always easily
accessed and that a mechanism needs to be developed to obtain these reports.

Compilation of "Living Document"
Dr. Ernest Falke is in the process of compiling critical data used in deriving AEGL levels (e.g., species,
critical effect, reference, scaling procedures, uncertainty factor application, etc.).  He noted that special
attention should be directed to justifying assumptions and methods used in the derivation of AEGL values.
Essentially, we must capture what we have done and why it was done.  This will be discussed at the next
meeting.

AEGL Document Format
Dr. David Belluck noted that comments regarding document format will be deferred until the next meeting.

AEGL PRIORITY CHEMICALS

Nitric Acid, CAS Reg. No. 7697-37-2

Chemical Manager: Dr. Loren Koller, Orgeon State Univ.
Staff Scientist:  Dr. Carol Forsyth, ORNL
Dr. Koller noted that the NO2 data had been examined relative to revisiting the nitric acid AEGLs.  He
recommended that the nitric acid AEGLs not be revised and that the report should be considered as complete.
The current AEGLs for nitric acid are shown in the table below.

SUMMARY OF PROPOSED AEGL VALUES FOR NITRIC ACID

Classification 30-min 1-hour 4-hour 8-hour Endpoint

AEGL-1 0.5 ppm
1.3 mg/m3

0.5 ppm
1.3 mg/m3

0.5 ppm
1.3 mg/m3

0.5 ppm
1.3 mg/m3

Minor irritation in humans

AEGL-2 5 ppm
12.9 mg/m3

4 ppm
10.3 mg/m3

3 ppm
7.7 mg/m3

2 ppm
5.2 mg/m3

Notable irritation, respiratory effects
in humans

AEGL-3 15 ppm
38.7 mg/m3

 13 ppm
33.5 mg/m3

8 ppm
20.6 mg/m3

7 ppm
18.1 mg/m3

Approximate LC0 in rats
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Hydrogen Fluoride, CAS Reg. No. 7664-39-3

Chemical Manager: Mr. Larry Gephart, Exxon Biomedical Sciences
Staff Scientist: Dr. Sylvia Talmage, ORNL
Data were presented and issues discussed regarding the derivation of 10-minute AEGLs for
hydrogen fluoride (HF).  Mr. Larry Gephart provided a brief overview of the AEGLs previously
proposed for HF (August 1996 NAC meeting).  These are shown in the table below.

SUMMARY OF PROPOSED AEGL VALUES FOR HYDROGEN FLUORIDE

Classification 10-min 30-min 1-hour 4-hour 8-hour Endpoint

AEGL-1 2 ppm
1.6 mg/m3

2 ppm
1.6 mg/m3

2 ppm
1.6 mg/m3

1 ppm
0.8 mg/m3

1 ppm
0.8 mg/m3

Slight eye and nose irritation in
humans (Largent 1960; 1961)

AEGL-2 130 ppm
107 mg/m3

18 ppm
15 mg/m3

13 ppm
11 mg/m3

10 ppm
8 mg/m3

7 ppm
6 mg/m3

NOAEL for serious lung effects in
rats (PERF 1966)a, highest
concentration for slight eye and nose
irritation and reddening of facial skin
in humans (Largent 1960; 1961)b

AEGL-3 170 ppm
139 mg/m3

62 ppm
51 mg/m3

44 ppm
36 mg/m3

22 ppm
18 mg/m3

15 ppm
13 mg/m3

Threshold for lethality in mice
(Wohlslagel et al., 1976)

a 30-min and 1-hr AEGL-2 values
b 4-hr and 8-hr AEGL-2 values

Mr. Larry Gephart and Dr. Walden Dalbey (Mobil Business Resources Corporation) provided data
to support a 10-minute AEGL-2 for HF (Attachments 5&6).  They provided the results of a study
conducted by the Petroleum Environmental Research Forum that was designed to define the HF
concentration causing serious effects and estimating the threshold for these effects.  Exposure of
mouth-breathing rats  for 10 minutes to 1764 ppm HF resulted in serious effects including lethality
(1/20 animals), 950 ppm caused local irritation but no serious effects, and 271 ppm HF was a
NOAEL.  The uncertainty factor application included 3 for interspecies variability (HF is a primary
irritant, LC50 values are similar across species, and the irritation endpoint is appropriate for human
health risk assessment), and 3 for intraspecies variability (mouth breathing by test species bypasses
nasal scrubbing and maximizes the dose).  The approximate arithmetic mean value of the
concentrations causing serious effects (1764 ppm) and no serious effects (950 ppm), i.e., 1300 ppm
was chosen as the threshold for serious effects for the 10-minute AEGL-2.  Based upon this
estimated threshold and a total UF of 10 (3 x 3), 130 ppm was proposed as the 10-minute AEGL-2
for HF.  The proposed 10-minute AEGL-2 of 130 ppm was accepted by the Committee (Appendix
C).  A 10-minute AEGL-3 of 170 ppm (1764 ppm/10) and a 10-minute AEGL-1 of 2 ppm (the effect
would not change between the 10- and 30-minute time frames) were proposed and accepted by the
Committee (Appendix C).

Ammonia, CAS Reg. No. 7664-41-7

Chemical Manager: Mr. Larry Gephart, Exxon Biomedical Sciences
Staff Scientist:  Dr. Kowetha Davidson, ORNL
Mr. Larry Gephart provided a brief overview of the AEGL derivation effort for ammonia.  Although
AEGL-1 levels have been accepted by the Committee, AEGL-2 and AEGL-3 levels are still in the
derivation process.  Dr. Kowetha Davidson provided an overview (Attachment 7) of the data sets
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and previously proposed AEGL values, noting the variability in animal data and the uncertainty in
accident reconstruction.  Dr. Robert Michaels (RAM-TRAC Corp.) agreed that the animal data are
variable and again stated that the conservative accident reconstruction was more appropriate for
AEGL estimation (Attachment 8).  Dr. Joseph Rodricks* (Environ Corp.) provided an overview of
Environ’s report addressing proposed AEGLs for ammonia (Attachment 9).  He emphasized that the
mouse is an especially sensitive species and that the ten Berge extrapolation is applicable to limited
exposure durations, concentrations, and chemicals.  Mr. Kent Andersen (International Institute of
Ammonia Refrigeration) expressed reservations regarding the use of the RD50 for derivation of
AEGLs (Attachment 10).  Dr. Mazzola (DOE) provided an overview (Attachment 11) of the
weaknesses and uncertainties of accident reconstruction.  Dr. George Rusch recommended that the
toxicity data as well as the accident reconstruction data be re-examined and also suggested
consideration of the need for longer-term AEGLs for ammonia since lethality usually occurs at
short-duration exposures.  Dr. Borak noted that glottis closure may not be a valid endpoint for use
in AEGL derivation.  Discussion ensued regarding the use of human equivalent concentrations and
the use of established risk assessment paradigms for AEGL derivations.  It was the consensus of the
Committee to defer ammonia to the next meeting and that the accident reconstruction modeling may
require re-visitation by taking into account Dr. Mazzola’s discussion.  Additional action items for
ammonia included: (1) defining appropriateness of using the RD50; (2) consideration of Environ
Corp. comments; (3) assessing the validity of 4-hr and 8-hr AEGLs for ammonia; and, (4) assessing
the appropriateness of human equivalent concentrations, especially at high exposure levels. 

(*1/28/97 Note: Responses to NAC issues by Dr. Rodricks were transmitted by Dr. James M. Skillen
and received on 1/27/97.)  (Attachment 21)

Methylhydrazine, CAS Reg. No. 60-34-4

Chemical Manager: Dr. Richard Thomas, ICEH
Chemical Reviewers: Dr. George Rogers, AAPCC; Dr. Kyle Blackman, FEMA
Staff Scientist: Dr. Robert A. Young, ORNL
Dr. Richard Thomas presented a brief overview of the properties and toxicity of methylhydrazine
which was followed by a presentation by Dr. Young of the draft AEGL values and a summary of
the data sets used for their derivation (Attachment 12).  Of special concern was the steep exposure-
response relationship indicated by animal data and the apparent low toxicity shown by 10-min
exposure of human subjects.  Following extensive discussion, it was decided by the Committee that
the AEGL-3 be based upon a 1-hr LC50 in squirrel monkeys (the most sensitive species) and that the
AEGL-2 be adjusted based upon a 3-fold reduction of the AEGL-3 values; a reduction considered
adequate for estimating a threshold for serious, irreversible toxic effects.  An AEGL-1 was
considered to be inappropriate because notable toxicity may occur at concentrations below those that
may result in serious toxic effects.  A cancer risk assessment indicated that carcinogenic potential
would be irrelevant compared to noncarcinogenic toxicity for acute exposures to methylhydrazine.
Based upon the above discussion the following AEGL values were accepted by the Committee
(Appendix D).

SUMMARY OF PROPOSED AEGL VALUES FOR METHYLHYDRAZINE

Classification 30-min 1-hour 4-hour 8-hour Endpoint
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AEGL-1 NA NA NA NA

AEGL-2 2 ppm
3.8 mg/m3

1 ppm
1.9 mg/m3

0.2 ppm
0.4 mg/m3

0.1 ppm
0.2 mg/m3

Three-fold reduction of AEGL-3

AEGL-3 6 ppm
11.3 mg/m3

3 ppm
5.6 mg/m3

0.6 ppm
1.1 mg/m3

0.3 ppm
0.6 mg/m3

1-hr LC50 of 82 ppm reduced by 3-
fold to estimate lethality threshold;
UF=30a

a  UF=3 for interspecies variability because mechanism of lethality appears to be similar across species, UF=10 for sensitive   
populations.

It was noted that in the practical application arena, if hydrazine is known to be present with
methylhydrazine, the AEGL-1 for hydrazine (0.1 ppm for all time points) should be used.

Dimethylhydrazine, CAS Reg. No. 57-14-7 (1,1-DMH); 540-73-8 (1,2-DMH)

Chemical Manager: Dr. Richard Thomas, ICEH
Chemical Reviewers: Dr. George Rogers, AAPCC; Dr. Kyle Blackman, FEMA
Staff Scientist: Dr. Robert A. Young, ORNL
Dr. Richard Thomas provided a brief overview of the properties and toxicity of dimethylhydrazines
(1,1-dimethylhydrazine and 1,2-dimethylhydrazine) which was followed by a presentation by Dr.
Young of the draft AEGL values and a summary of the data sets used to derive draft AEGL values
(Attachment 13).  As for methylhydrazine, an AEGL-1 was considered to be inappropriate because
the odor threshold was above concentrations that could produce effects.  The data sets for deriving
AEGL-2 and AEGL-3 levels were reviewed by Dr. Young and the draft AEGL-2 and AEGL-3
values were revised slightly.  Similar to methylhydrazine, the AEGL values were not driven by
excess cancer risk.  Both Dr. Young and Dr. Thomas noted that the accepted AEGL-3 values for
dimethylhydrazine, methylhydrazine, and hydrazine were relationally consistent with the reported
relative toxicity of these chemicals.  Additionally, it was noted that for emergency planning
purposes, if hydrazine is known to be present, the hydrazine AEGL-1 of 0.1 ppm (for all time points)
should be employed.  Because of the paucity of toxicity data for 1,2-dimethylhydrazine, it was the
consensus of the Committee (Appendix E&F) that the values for 1,1-dimethylhydrazine be used for
1,2-dimethylhydrazine.

SUMMARY OF PROPOSED AEGL VALUES FOR DIMETHYLHYDRAZINE

Classification 30-min 1-hour 4-hour 8-hour Endpoint

AEGL-1 NA NA NA NA

AEGL-2 6 ppm
15 mg/m3

3 ppm
7 mg/m3

0.8 ppm
2 mg/m3

0.4 ppm
1 mg/m3

Behavioral changes and muscle fasciculations in
dogs exposed to 360 ppm for 15 minutes (Weeks et
al., 1963)a

AEGL-3 22 ppm
54 mg/m3

11 ppm
27 mg/m3

3 ppm
7 mg/m3

1.5 ppm
4 mg/m3

Lethality threshold of 327 ppm estimated from 1-hr
LC50 for dogs (Weeks et al., 1963)a

a Uncertainty factor of 30

Phosphine, CAS Reg. No. 7803-51-2

Chemical Manager: Dr. Ernest Falke, USEPA
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Chemical Reviewers: Dr. George Alexeeff, Calif. EPA; Dr. Zarena Post, Texas
Staff Scientist: Dr. Cheryl Bast, ORNL
Dr. Falke provided an outline of issues pertaining to the phosphine AEGLs: critical effect, study
selection, allometric scaling between laboratory species and humans, uncertainty factor application
for inter- and intraspecies variability, temporal scaling, and interpretation of exposure-response
curve data (Attachment 14).  Dr. Cheryl Bast provided an overview of the draft AEGLs for
phosphine (Attachment 15), noting the exceptionally steep exposure-response curve and lack of time
and concentration data from human accidents.  Following extensive discussion, the Committee
decided to base the AEGL-3 on a no-effect-level for death in Sprague-Dawley rats exposed to
phosphine for 6 hours.  The Committee then decided to base the AEGL-2 on a no-effect-level for
renal and pulmonary pathology in Fischer 344 rats exposed to phosphine 6 hours/day, 5 days/week
for 13 weeks.  Due to a lack of data, and the fact that lethality has been observed in animals exposed
to phosphine concentrations below the odor threshold, the Committee decided that derivation of
AEGL-1 values was not appropriate for phosphine (Appendix G).

SUMMARY OF PROPOSED AEGL VALUES FOR PHOSPHINE

Classification 30-min 1-hour 4-hour 8-hour Endpoint

AEGL-1 NA NA NA NA

AEGL-2 0.4 ppm
0.6 mg/m3

0.2 ppm
0.3 mg/m3

0.1 ppm
0.14 mg/m3

0.1 ppm
0.14 mg/m3

No-effect level for renal and
pulmonary pathology on rats
exposed to 3.1 ppm phosphine 6
hr/day, 5 days/week for 13 weeks
(Newton et al., 1993). UF=30a

AEGL-3 2 ppm
2.8 mg/m3

1.5 ppm
2.1 mg/m3

0.7 ppm
0.99 mg/m3

0.5 ppm
0.7 mg/m3

No-effect level for lethality in rats 
exposed to 18 ppm phosphine for 6
hr (Newton, 1991). UF=30a

aUF=3 for interspecies variability because mechanism of toxicity appears to be similar across species, UF=10 for sensitive populations
because children appear to be more sensitive than adults.

Chlorine, CAS Reg. No. 7782-50-5

Chemical Manager: Mr. Larry Gephart, Exxon Biomedical Sciences
Chemical Reviewers: Dr. George Alexeeff, Calif. EPA; Dr. Kyle Blackman, FEMA
Staff Scientist: Dr. Sylvia Talmage, ORNL

Following an introduction by Mr. Larry Gephart, the presentation on chlorine (Cl2) continued with
an overview of the studies (human and animal) and data selection for deriving AEGLs by Dr. Sylvia
Talmage (Attachment 16).  During the discussion of the human data, the seriousness of an asthmatic
attack from exposure to an irritant gas was pointed out by Dr. Jonathan Borak.  Therefore, the data
from the sensitive individual who suffered the asthmatic attack, exposure to 1 ppm of Cl2 for 4
hours, was used as the basis for the AEGL-2; the no-effect concentration for this individual, 0.5 ppm
for 4 hours, was used as the basis for the AEGL-1.  Since human data were used and a sensitive
individual was involved, no UFs were applied.  The data were scaled across time using the
relationship C2 x t = k.

During discussion of the animal data for the AEGL-3, it was noted that the endpoint was selected
based upon study and data quality and not necessarily the most sensitive species; mouse data
appeared to provide an overly conservative estimate of lethality that was not consistent with the
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overall preponderance of the data.  Mice suffered delayed deaths attributed to bronchopneumonia.
One-hour LC0 values for the rat were >200 ppm as was the 30-minute  LC   0 for the rabbit.
Therefore 200 ppm for one hour, which corresponds to an LC20 for the mouse, was chosen as the
basis for the AEGL-3.  Uncertainty factors of 3 for interspecies (Cl2 is a direct-acting primary irritant
with little difference among species in the response of biological tissue and the irritation endpoint
is appropriate for human health risk assessment) and 3 for intraspecies (the mechanism of toxicity
is the same for individuals of the same species) differences were applied.  The data were scaled
across time using the relationship C2 x t = k.  The resulting AEGLs for chlorine were approved by
the NCA (Appendix H) and are shown in the table below.

SUMMARY OF PROPOSED AEGL VALUES FOR CHLORINE

Classification 30-min 1-hour 4-hour 8-hour Endpoint

AEGL-1 1 ppm
3 mg/m3

1 ppm
3 mg/m3

0.5 ppm
1.5 mg/m3

0.5 ppm
1.5 mg/m3

No-effect level in humans including
sensitive individual (Rotman et al.,
1983)

AEGL-2 3 ppm
9 mg/m3

2 ppm
6 mg/m3

1 ppm
3 mg/m3

1 ppm
3 mg/m3

Asthmatic attack in sensitive
individual (Rotman et al., 1983)

AEGL-3 31 ppm
90 mg/m3

22 ppm
64 mg/m3

11 ppm
32 mg/m3

8 ppm
23 mg/m3

LC0 for rat (MacEwen and Vernot
1972; Zwart and Woultersen 1988),
LC20 for mouse (O'Neill 1991)

Phosgene, CAS Reg. No. 75-44-5

Chemical Manager: Dr. William C. Bress, ASTHO
Chemical Reviewers: Dr. David Belluck, Minnesota; Mr. Larry Gephart, EXXON
Staff Scientist: Dr. Jim Norris, ORNL

This document will be reviewed in March due to the recently uncovered, key references.

Ethylene Oxide, CAS Reg. No. 75-21-8

Chemical Manager: Dr. Kyle Blackman, FEMA
Chemical Reviewers: Dr. George Alexeeff, Calif. EPA; Dr. Jonathan Borak, ACOEM/ACEP
Staff Scientist: Dr. Kowetha Davidson, ORNL
Dr. Davidson provided an overview of the extensive database for ethylene oxide (EO) (Attachment
17).  Several issues were identified regarding EO and included: (1) evaluating toxic vs anesthetic
effects and obtaining information on blood:gas partition coefficients; (2) the need for the
NAC/AEGL to determine if reproductive/developmental effects are AEGL-2 or AEGL-3 effects;
(3) cancer risk issues: data from long-term bioassays may not be appropriate for a direct alkylating
agent; and, (4) investigate details of the ampoule exposure case report.  

Dr. Bill Snellings (Product Safety, Union Carbide) provided information on the toxicity of EO
(Attachment 18) and noted that the only know fatalities from ethylene oxide accidents were
associated with the chemical's explosivity.  He noted that the TLV has been sequentially lowered
over the years, that vomiting may be an important critical effect, that EO may induce dominant lethal
effects in female rodents, and that no developmental effects have been shown at <1200 ppm but that
exposure to 450 ppm caused hindleg paresis in rodents.  Dr. Snellings noted that it is important to



NAC/AEGL-4F 5/19978

evaluate effects relative to their biological relevance.  The Committee requested that Dr. Snellings
review the ORNL draft document and Dr. Snellings noted that he would attempt to provide odor
threshold data.

Agenda Items
1. Determine if the fetus or pregnant woman should be considered the sensitive population and

obtain information on what percent of the population is represented by pregnant women.

2. Dr. Belluck will discuss document formatting.

3. A request from Dr. Eugene Ngai (Solkatronic Chemicals) has been made to consider
development of 10-minute AEGLs for compressed gases (Attachment 19). This topic will be
discussed by the NAC.

4. A compiltaion of adverse health effect endpoints upon which to base AEGL-2 and AEGL-3
values will be discussed.

5. “Uncertainty” subcommittee report by Dr. Thomas.

6. The "living document" being developed by Dr. Falke regarding rationales for AEGL derivations
will be discussed.

7. Consideration of all public comments that convey new and significant information pertinent to
the development of AEGLs for ammonia, including any new and significant findings submitted
by Ram Trac Corp.

Wrap-Up Comments from all participants:
! good discussions regarding relevant technical issues
! presentation of calculations in documents very helpful
! handouts of overheads very helpful
! document distribution was timely; preferred sequential receipt of documents rather than one

large overwhelming package
! timely comments on documents appreciated; as document distribution improves, receipt of

comments will hopefully improve as well
! need data on production, use, storage, etc. for chemicals
! because of the dynamics and diversity of the NAC, consistency in methodology application (e.g.,

uncertainty factor application) is important
! may want 10-minute AEGL routinely
! must make sure to provide rationale for assumptions and adjustments to methodologies
! compile summary of currently derived AEGL “living document”
! quality and good science are critical, productivity and efficiency also important
! include chemical manager on draft document; include exposure-response graphs if possible

Dr. Tobin distributed a chart on the various agencies interactions on the NAC/AEGL project
(Attachment 20).

Dr. Garrett provided closing comments regarding the overall effectiveness of the NAC/AEGL and
ORNL activities to date. He reiterated the objective and function of the Committee to develop
AEGLs for 30 to 40 chemicals per year that are solidly based on good science.  He emphasized the
point that to attain this level of production together with scientifically defensible values, most of the
work must be done in iterative fashion outside of the formal meetings.
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To accomplish this, Roger emphasized that it is critical for each chemical manager to accept the
“ownership” of the chemicals assigned to them and to serve aggressively as the catalyst and monitor
of productive work, the liaison between the Oak Ridge staff scientist and the Committee members,
and the key individual for resolving as many of the scientific and technical issues as possible prior
to the formal meeting.

Based on his observations of the first four meetings, Roger believes that we have seen examples of
very good, average and poor performances of Chemical Managers.  He added that if we are to reach
our goals, all chemical managers must perform at the upper end of the scale.  He speculated that
many Committee members may not fully understand the role of the chemical manager and
committed himself to providing more definitive guidance.  Roger concluded his remarks by
emphasizing that the Chemical Manager function represents the “engine” that will drive  an efficient
and effective process.

Next meeting: March 17-19, 1997, Washington, D.C.

(Minutes were prepared by Drs. Robert Young and Po-Yung Lu, ORNL, and were approved on March 17, 1997.)
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List of Attachments

The attachments were distributed during the meeting and will be filed in the EPA Docket Office.

1. NAC meeting 4 agenda
2. NAC meeting 4 attendees
3. Time-line for document review - revised from Dr. Rusch
4. Future chemicals for NAC review
5. Data analysis for 10-minute AEGL of HF from Gephart
6. Data analysis for 10-minute AEGL of HF from Dalbey
7. Data analysis of ammonia from Davidson
8. Residual issues of Ammonia Emergency Planning from Michaels
9. Review and technical critique of AEGLs proposed for ammonia from Rodricks
10. Ammonia for RD50 documents from Andersen
11. Overview of accident reconstruction from Mazzola
12. Data analysis of methylhydrazine AEGLs from Young
13. Data analysis of dimethylhydrazine AEGLs from Young
14. Data analysis of phosphine from Falke
15. Data analysis of phosphine from Bast
16. Data analysis of chlorine from Talmage
17. Preliminary data analysis of ethylene oxide from Davidson
18. Ethylene oxide LC50 values from Snellings
19. Correspondence to Dr. Rusch on compressed gases from Ngai
20. Agencies interactions on the NAC/AEGL from Tobin
21. Skillen/Rodricks response to NAC comments

List of Appendices

A. Final NAC meeting 3 highlights
B. Ballot of arsine modification
C. Ballot of hydrogenfluoride 10-minute AEGLs
D. Ballot of methylhydrazine AEGLs
E. Ballot of 1,2-dimethylhydrazine AEGLs
F. Ballot of 1,1-dimethylhydrazine AEGLs
G. Ballot of phosphine AEGLs
H. Ballot of chlorine AEGLs
























