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INTRODUCTION

George Rusch, NAC/AEGL Chair, opened the meeting with brief remarks and along with AEGL

Program Director, Roger Garrett, welcomed the committee members and guests and expressed

thanks to Bob Snyder for hosting the meeting and inviting speakers.  Then Bob Snyder welcomed 

NAC/AEGL to Rutgers University and gave a brief overview of Environmental and Occupational

Health Sciences Institute (EOHSI).  EOHSI was established in l986. The institute sponsors

research, education, and service programs in a setting that facilitates interaction among experts in

the areas of environmental health, toxicology, occupational health, exposure assessment, public

policy and health education.

George Rusch thanked the Chemical Managers and authors for making timely contributions to the

meeting highlights preparation.  The draft meeting highlights of NAC/AEGL-24 were reviewed. 

A  motion was made by John Hinz and seconded by David Belluck to accept the aforementioned

draft meeting highlights without modifications.  The motion passed unanimously by a show of

hands.  

The revised highlights of NAC/AEGL-24 are attached (Appendix A).  The highlights of the

NAC/AEGL-25 meeting are presented below along with the meeting agenda (Attachment 1) and

the attendee list (Attachment 2).  The meeting highlights are presented by subject categories of

discussion and do not necessarily follow the order in the agenda.
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Status Report of G-Agents and VX from COT/AEGL Review

John Hinz provided a brief status report on the response of the COT/AEGL to the CW agents in

their Seventh Interim Report (May 2002).  He distributed two handouts: (1) addressing  the CW

AEGL issues by an e-mail of June 11 signed by Glenn Leach and John Hinz to NAC/AEGL and

(2) a summary of the response to COT/AEGL comments (Attachment 3).  He also stated that the

AEGL Development Team is requesting additional information from COT/AEGL at their July

meeting to further clarify and consolidate their commentary on the CW agents in the

COT/AEGL’s Seventh Interim report.  John later distributed the detailed response to COT

comments that states that the outstanding issues requiring input from NAC/AEGL will be brought

to the Sept. NAC/AEGL meeting (Attachment 4).

Technical Issue Discussion:

 Question of critical health effects starting  points for AEGL determination

George Alexeeff presented an analysis evaluating the consistency in the document development

process for AEGLs.  The specific concern was that the starting points for many compounds

appeared to be inconsistent with the Standing Operating Procedures (SOPs) and with AEGL

definitions.  The analysis was based on the justifications provided in 51 AEGL documents

(Attachment 5).  He outlined the sections of the SOPs pertaining to use of a no-observed-adverse-

effect-level (NOAEL) as the starting point for AEGL development.  The AEGL-3 values have

consistently used a starting point that is equivalent to or adjusted to the “highest exposure level

that does not cause lethality” as described in the SOPs.  The AEGL-2 values appeared to be

inconsistent in 22 of the documents by identifying a starting point that is a severe LOEL instead

of a NOAEL (or NOEL), without the incorporation of an adjustment factor.  For AEGL-1 values,

nine of the documents appeared to identify a starting point concentration that produced an AEGL-

1 effect, instead of a NOAEL (Attachment 6).  George Alexeeff pointed out that many of these

inconsistencies may be addressed by additional clarifications in the documents.  In other cases, a

new starting point may need to be identified.  Roger Garret presented a further evaluation of this

information indicating which documents could be addressed by further clarification, which

documents are already being revised and which values may require revision (Attachment 7).  He

requested that comments on this subject be sent to Paul Tobin by July 18, 2002, so that the table

could be revised.

 

Invited Technical  Presentations  from EOHSI

Neurobehavioral Function and the Regulatory Process 

Nancy Fiedler

Neurobehavioral tests are used to assess sensory and cognitive behavioral function among

humans exposed acutely and chronically to neurotoxicants.   The purpose of this talk was to

review the validity of these tests for predicting functions that are relevant for the AEGL

regulatory process. Subtle decrements in behavioral function (e.g., latency of response) can be



NAC/AEGL- 25 F 10/20023

documented using neurobehavioral tests and can be benchmarked to known neurologic conditions

(e.g., multiple sclerosis) and to substances such as alcohol.  Dr. Fiedler specifically reviewed the

data on toluene, noting the subtlety of the neurobehavioral endpoints in many of the studies.

Weight of Evidence Application to AEGL Development

Mike Gallo

ATSDR defines weight of evidence (WOE) as the following: “A weight -of-evidence analysis

involves the balanced review and integration of relevant exposure, toxicological, medical and

health outcome data to help determine whether exposures under site-specific conditions might

result in harmful effects.”  Weight of evidence as applied to assessment scenarios always involves

two major factors, namely, expert opinion and informed judgement.  All relevant qualitative and

quantitative toxicity data as well as uncertainty factors must be applied in making informed

decisions.

Analysis of the Fallouts of the World Trade Center Disaster

Paul Lioy

There was significant damage to many buildings within the 16-acre World Trade center complex. 

A consequence of the pulverization of these buildings and the fires was the release of a large

plume of particles and gases into the atmosphere.  Dust was collected and analyzed  to determine

chemical and physical characteristics of the atmospheric particles, and further, to determine if

these pollutants could have acute or long-term human health consequences.  The following

contaminants were identified: asbestos, glass fibers, benzene, chromium, copper, diesel fumes,

freons, lead, mercury, PAHs, PCBs, and sulfur dioxides.  Materials of health concern included

asbestos, PAHs, lead and glass fiber.  Analysis of long-term problems of these materials should

focus on the indoor environment for poorly cleaned residences or workplaces and unprotected

cleanup workers.

Concept and Methodologies for Short Term Exposure Limits 

for European Land Use Planning

Annick Pichard

In Europe, in the frame of the Seveso Directive, Acute Exposure Threshold limits are necessary to

determine safety distances either for land use planning or emergency situations.  Presently, US

AEGLs are developed for emergency situations.  Therefore, the range of applicability of these

values is somewhat limited specifically in the case of land use planning.  In the context of land-

use planning, a European project is underway and aims to elaborate “a methodology  to develop

acute exposure threshold levels in case of chemical release.”
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RESPONSES TO Federal Register Notice COMMENTS 

ON THE  PROPOSED AEGL VALUES

Comments from the Federal Register Notice of February 15, 2002, on the proposed  AEGL

values  for carbon tetrachloride, chlorine, chlorine dioxide, and propylene oxide were received

and discussed.  The NAC/AEGL deliberations of these chemicals were briefly summarized as

follows. 

Carbon Tetrachloride

CAS Reg. No. 65-23-5

Chemical Manager: Bill Bress, ASTHO

Staff Scientist: Robert Young, ORNL

Two comments were received  on the proposed AEGL values.  They were submitted by George

Alexeeff, Office of Environmental Health Hazard Assessment, CA, and John Morawetz of  The

International Chemical Workers Union.  George Alexeeff had concern regarding the

carcinogenicity calculation and the AEGL-1 and -2 values (Attachment 8).  J. Morawetz’s

concerns involve the AEGL-2 and -3 values recommended by the NAC/AEGL (Attachment 9). 

Bill Bress represented the AEGL Development Team’s resolutions to these comments, and the

AEGL values were revisited (Attachment 10). 

For AEGL-1, the use of a lower exposure concentration (76 ppm), identified as the NOAEL in the

study, was considered as the starting point for AEGL-1 development.  This would have resulted

in essentially the same AEGL-1 values (22, 14, 11, 6.3, and 4.8 ppm for the 10-min., 30-min., 1-

hr, 4-hr, and 8-hr periods, respectively).   However, it was motioned by Robert Snyder, seconded

by John Hinz to retain the current (previously approved) AEGL-1 levels, based on a LOAEL in

the study, for 10-min of 25 ppm, 30-min of 16 ppm, 1-hr of 12 ppm, 4-hr of 6.9 ppm and 8-hr of

5.2 ppm.  The motion passed [YES: 17; NO: 2; Abstain: 0] (Appendix B).  The proposed AEGL-2

levels were based on a human subject study of exposure to 1,191 ppm by Davis (1934).  

It was pointed out from Davis (1934) study that for 3 of 4 individuals the exposure duration of the

volunteer subjects was limited to less than 15 minutes (originally reported as only one individual

left the chamber before 15 minutes) and that the 9-min exposure that was intolerable for one

individual was more appropriate for development of the AEGL-2 values.  The revised AEGL-2

values of 114 ppm, 74 ppm, 56 ppm, 32 ppm and 24 ppm for 10 minutes, 30 minutes, 1 hour, 4

hours, and 8 hours, respectively.  Ernest Falke made a motion to accept these values and 

seconded by Mark McClanahan.  The motion passed [YES:17; NO:1; Abstain: 0](Appendix B). 

 Following discussions revolving around the quality of a human lethality case report by Norwood

et al. (1950), it was moved by John Hinz and seconded by Loren Keller to reaffirm the original

values.   The motion failed [ YES:16; NO:9; Abstain:3](Appendix B).  After further discussion,

another motion was made by George Rodgers and seconded  by Bob Benson to adapt  the

downward adjustment of the AEGL-3 10-minute value from the 30-minute value proposed for

230 ppm, and reaffirm all other AEGL values.  Again, the motioned did not pass [YES:17;
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NO:10; Abstain:2](Appendix B).  Later, Susan Ripple, American Chemistry Council liaison,

presented new exposure data to clarify the concern of Norwood study which she will make

available to the committee at a later date.  Afterwards, a motion was made by Tom Hornshaw and

seconded by Richard Niemeier to reaffirm the proposed AEGL-3 values as published in the

Federal Register Notice  350, 230, 170, 99, and 75  ppm for 10-min, 30-min, 1-hr, 4-hr, and 8-hr,

respectively.  The motion passed [YES:16; NO:2; Abstain:0](Appendix B).  Finally,  a motion

was made by George Rusch and seconded by Bill Bress to elevate the TSD from Proposed to

Interim status.   The motion was approved unanimously by show of hands (Appendix B).

Chlorine

CAS Reg. No. 7782-50-5

Chemical Manager: Larry Gephart, Exxonmobil

Staff Scientist: Sylvia Talmage, ORNL

One comment was received from George Alexeeff, Office of Environmental Health Hazard

Assessment, CA.  The comment in part reads, ‘For chlorine the AEGL-2 starting point appears

inconsistent with the AEGL-2 definition.  The chlorine document states “...an exercising

susceptible individual exhibited effects consistent with the definition of the AEGL-2.” 

Specifically, it states that “a susceptible individual experienced an asthmatic-like attack

(shortness of breath and wheezing) at a concentration of 1 ppm after 4 hour of exposure (Rotman

et al. 1983).”  The document suggests that an asthmatic attack is an AEGL-2 response.  This is

inconsistent with discussions of the committee.  However, the document uses this AEGL-2 effect

as a starting point instead of using the NOAEL.  Thus, the appropriate NOAEL, possibly 0.5 ppm

for 4 hours should have been used as the starting point for AEGL-2 level.’ (Attachment 8).

The TSD Development Team responded by pointing out that the chlorine TSD was written before

the present AEGL definitions were adopted.  The text will be rewritten to conform with the

present definitions.  The Development Team further clarified that the asthmatic attack did not

occur during the first 4 hours of exposure and therefore, the 1.0 ppm concentration for 4 hours

was a NOAEL for the symptoms and therefore a NOAEL for the AEGL-2 (Attachment 11).  

It was moved by Mark McClanahan and seconded by John Hinz to elevate the chlorine values to

Interim status.  The motion passed unanimously by a show of hands (Appendix C).

Chlorine dioxide

CAS Reg. No. 10049-04-4

Chemical Manager: Bob Benson, EPA

Staff Scientist: Cheryl Bast, ORNL

One comment was received from George Alexeeff, Office of Environmental Health Hazard

Assessment, CA (Attachment 8).  The comment stated that the derivation of the proposed AEGL-

1 value started from an effect level, rather than a no-effect level, for an AEGL-1 response.  The

comment further stated the NAC’s SOP document (page 42) indicates that the starting point for

AEGL-1 development is the ‘highest experimental exposure without an AEGL-1 effect’
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(Attachment 8).  Bob Benson led the discussion for the TSD Development Team.  The

NAC/AEGL Committee discussed both the comments and the responses (Attachment 12).  It was

suggested that the rationale be modified to state that the modifying factor was also used because

the effect exceeded the definition of an AEGL-1 effect.  A motion was made by Mark

McClanahan and seconded by John Hinz to retain the AEGL-1 values but modify the rationale

and to elevate chlorine dioxide from Proposed to Interim status.  The motion passed unanimously

(Appendix D).

Propylene oxide

CAS Reg. No. 75-56-9

Chemical Manager: Jim Holler, ATSDR

Staff Scientist: Claudia Troxel, ORNL

The committee received two sets of comments regarding the Federal Register notice for

propylene oxide. The American Chemistry Council raised several concerns regarding the

carcinogenicity information contained in Appendix C, such as outdated carcinogenicity

information and appropriateness of the factor for the multistage model and the computation of the

cancer slope factor (Attachment 13).  John Morawetz suggested lowering the AEGL-1 values

based on limitations of the data set.  These limitations are identified as failure to question workers

regarding effects from exposure, the small sample size of individuals in the highest exposure

category, and the fact that the data came from unpublished reports (Attachment 14).

Jim Holler led the discussion for the TSD Development Team (Attachment 15).  The NAC/AEGL

reviewed the employee monitoring data set in the technical support document as provided by the

manufacturer, and discussed the limitations of the information.  The committee also discussed the

supporting study in mice with dyspnea as endpoint for AEGL-1 development.  Then, a motion

was made by Steven Barbee and seconded by Loren Koller to reaffirm the AEGL-1 values as

previously approved by NAC/AEGL. The motion failed [YES:9; NO:5; Abstain: 4] (Appendix

E).  After further discussion of the concern and clarification and with additional members present,

there was a revote of the motion to reaffirm the proposed AEGL-1 values.  The motion was

approved [YES:14; NO:5; Abstain: 0] (Appendix E).  Several follow up actions are to be taken to

address carcinogenicity issues.  Contacts will be made with the TSD Development Team to

identify more recent carcinogenicity data if possible.  The most recent factors for the multistage

model will be used.  This discussion of derivation and presentation of carcinogenicity data by the

committee raised an issue of whether such an approach is currently appropriate given the

international representation on the committee.  A workgroup is to be formed to review the

committee policy and Standing Operating Procedures with respect to carcinogenicity information. 

Finally, a motion was made by George Rodgers and seconded by Mark McClanahan to elevate

the AEGL values from Proposed to Interim status.  The motion was approved unanimously

(Appendix E).

REVIEW OF PRIORITY CHEMICALS FOR  AEGL VALUES
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Benzene

CAS Reg. No. 71-43-2

Chemical Manager: Bob Snyder, Rutgers University

Staff Scientist: Marcel van Raaij, RIVM, The Netherlands

The first draft of the TSD on Benzene was introduced by Marcel van Raaij (Attachment 16).

Values for AEGLs 1, 2, and 3 at 10 min. and 30 min. and at 1, 4, and 8 hrs were suggested but

there was no in-depth discussion owing to the delay in sending the draft document to the

members.  The major difficulty in preparing the TSD was that, although the data base for chronic

benzene toxicity and leukemogenesis is extensive, there are very little data of good quality, either

descriptive or quantitative, for acute toxicity.  A specific problem arises with respect  AEGL-1

values where it was suggested that the odor threshold might be used to establish the value.  This

raises the question of the validity of using odor thresholds in lieu of other effects, especially when

the chemical is not an irritant at low levels.  There is a search on for further data from the

American Petroleum Institute.  Additional comments were made that the TSD description of the

Midzenski, Kraut and Greenberg papers had some inaccuracies in their use in Section 5 and 6 of

TSD.  A broad-ranging discussion is anticipated when the Benzene TSD returns to the next 

meeting.

RESPONSE TO NAS/COT/AEGL COMMENTS

Hydrogen Fluoride and Hydrogen Chloride

Chemical Managers: Ernest Falke (HF), EPA and John Hinz (Hcl), DoD

Staff Scientists: Sylvia Talmage (HF) and Cheryl Bast (Hcl), ORNL

The COT/AEGL Subcommittee in their Seventh Interim Report (Attachment 18) suggested that

for both HF and HCl, time scaling of the AEGL-2 and AEGL-3 values from a 1-hour starting

point to 4 and 8 hours resulted in values that were too low or inconsistent with the human and

animal data.  Therefore, they suggested adjustment of these values.  Specifically, the COT/AEGL

Subcommittee suggested that the 4 and 8 hour values be similar for the respective chemicals and

that the 4-hour values be only slightly lower than the respective 1-hour values.  The values also

must reflect the relative toxicity of these two chemicals.  The AEGL development team response

was to set the 4-hour HCl AEGL-2 value equal to half of the 1-hour value (based on chemical

similarity to HF) and then, for both HF and HCl, set the 8-hour AEGL-2 and AEGL-3 values

equal to the respective 4-hour values (Attachment 17).  Appropriate reasoning for these changes

based on the human data was added to the respective TSDs.  The reasoning for making the 4- and

8-hour values equal will also address the relative water solubilities and resulting nasal scrubbing

of the chemicals at low concentrations.  The suggested changes were approved by the NAC.  HF: 

(Appendix F); HCl:  (Appendix G).  The revised Interim values appear in the table below.
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AEGL INTERIM  VALUES FOR HYDROGEN FLUORIDE AND HYDROGEN CHLORIDE

(ppm)

Classification 10-minute 30-minute 1-hour 4-hour 8-hour

AEGL–1

   HF

   HCl

1.0

1.8

1.0

1.8

1.0

1.8

1.0

1.8

1.0

1.8

AEGL–2

   HF

   HCl

  95

100

34

43

24

22

12

11

12

11

AEGL–3

   HF

   HCl

170

620

62

210

44

100

22

26

22

26

Tetrachloroethylene 

CAS Reg. No. 127-18-4

Chemical Manager: Bill Bress, ASTHO

Staff Scientist: Claudia Troxel, ORNL

Bill Bress presented the COT/AEGL comments on tetrachloroethylene (TCE) and led the

discussion on revisiting the values (Attachment 19).  AEGL-1 and -3 values were changed from

the original Interim values, and the AEGL-2 values remained the same.  The AEGL-1 value for

10 min through 8 hours at 35 ppm was proposed by Bob Snyder and seconded by  Mark

McClanahan.  Because the endpoint was sensory irritation, the same number was used throughout

the AEGL-1 time periods.  The motion passed  [YES: 15; NO:1 ; Abstain: 1] (Appendix F). 

AEGL-2 values of 10 min through 1 hr of 230 ppm, 4 hour at 120 ppm and 8 hour at 81 ppm were

not changed.  The 10-min 1-hr numbers were the same because of a Rowe 1962 study, which

mentioned serious motor impairment at 280 ppm for up to 2 hours.  AEGL-3 values of 1,600 ppm

for 10 min and 30 min, 1,200 ppm for 1 hr, 580 ppm for 4 hr, and 410 ppm for 8 hr were

proposed by  Bob Snyder and seconded by Mark McClanahan.  The numbers were based on an

LC50 value divided by 3.  For time scaling, an n=2 was retained.  The n value was calculated by

ten Berge from the Rowe lethality study for TCE.  The motion was approved [YES:12; NO: 4;

Abstain: 2] (Appendix H).

Nickel Carbonyl

CAS Reg. No. 13463-39-3

Chemical Manager: Kyle Blackman, FEMA

ORNL Staff Scientist: Robert Young, ORNL

Responding to comments by the COT/AEGL, the development of AEGL-2 values for nickel
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carbonyl was revisited.  Specifically, concern had been expressed in the COT/AEGL review

regarding the validity of using developmental toxicity in compromised dams (hamsters) as the

critical effect for AEGL-2 development (Sunderman et al., 1980).  Robert Young provided an

overview of the issue and pertinent data, and outlined three options for revision of the AEGL-2

(Attachment 20).  These included: (1) a recommendation that no AEGL-2 values be developed

due to limited data, (2) a three-fold reduction of the AEGL-3 values which could be supported by

the developmental toxicity studies, and (3) the use of a developmental toxicity study in rats

wherein a NOAEL (11.2 ppm, 15-min. on gestation Day 8; eye malformations) for developmental

effects was reported (Sunderman et al., 1979).  Following discussion of the relevance/validity of

using developmental toxicity as a critical effect for AEGL-2 development and the strengths and

weaknesses of the three proposed approaches, it was the consensus of the NAC/AEGL that the

AEGL-2 values should be driven by the data from the rat developmental toxicity study.  Because

the approach of the three-fold reduction of the AEGL-3 values provided AEGL-2 values similar

to those using the rat developmental toxicity study, it would be relegated to supporting

information.  In addition to the revision of the AEGL-2 values, 8-hr AEGL-2 and AEGL-3 values

were also derived in response to COT/AEGL concerns that these 8-hr values may be appropriate

with respect to possible prolonged, pressurized releases of nickel carbonyl (the 8-hour values

were previously not recommended due to the rapid decomposition of nickel carbonyl in ambient

air).  A motion was made by Ernie Falke and seconded by Richard Niemeier to accept the

proposed values for AEGL-2 of 0.13, 0.056, 0.028, 0.0070, and 0.0035 ppm for 10 min., 30 min.,

1 h, 4h and 8 h, respectively and AEGL-3 of 0.020 ppm for 8 h.  The motion passed [YES:17;

NO:0; Abstain:1] (Appendix I).  The following table summarizes the revisions of the AEGLs for

nickel carbonyl. The values in bold are the revised numbers.

Summary of Interim AEGL Values For Nickel Carbonyl  [ppm]

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

AEGL-1

(Nondisabling)

NR NR NR NR NR not recommended

AEGL-2

(Disabling) 0.13 0.056 0.028 0.0070 0.0035

NOAEL (11.2 ppm, 15-min. on

gestation Day 8) for eye

malformations in rats (Sunderman et

al., 1979)

AEGL-3

(Lethal)

0.46 0.32 0.16 0.040 0.020 estimated lethality threshold (LC01 of

3.17 ppm); mouse lethality data

(Kincaid et al., 1953)

NR: Not recommended. Numeric values for AEGL-1 are not recommended because the lack of available data. 

Absence of an AEGL-1 does not imply that exposure below the AEGL-2 is without adverse effects.

Iron Pentacarbonyl

CAS Reg. No. 13463-40-6
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Chemical  Manager: Kyle Blackman, FEMA

ORNL Staff Scientist: Robert Young, ORNL

The COT/AEGL questioned the absence of  8-hour values for iron pentacarbonyl.  Specifically,

concern was expressed regarding the possibility of a continuous pressurized release which may

necessitate an 8-hour value regardless of the known instability of iron pentacarbonyl under

normal atmospheric conditions.  In response to the query, Robert Young presented 8-hour AEGL-

2 and AEGL-3 values based upon temporal extrapolation using a default n of 1 (Attachment 21).  

A motioned was made by Mark McClanahan and seconded by Richard Niemeier to accept the

proposed values for 8 h AEGL-2 and 3 as 0.024 and 0.073 ppm.  The values were accepted 

unanimously (Appendix J) and are summarized in the following table in bold. 

Summary of Interim AEGL Values For Iron Pentacarbonyl [ppm (mg/m3)]

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

AEGL-1

(Nondisabling)

NR NR NR NR NR Not recommended; insufficient data

AEGL-2

(Disabling)

1.2

(9.6)

0.40

(3.2)

0.19

(1.5)

0.050

(0.40)

0.024

(0.19)

Based upon a three-fold reduction in

the AEGL-3 values

AEGL-3

(Lethal)

3.5

(28)

1.2

(9.6)

0.58

(4.6)

0.15

(1.2)

0.073

(0.59)

Estimated lethality threshold in rats

(6-hr exposure to 2.91 ppm) (BASF,

1995).  n = 1; UF=30 (10 for

interspecies variability, 3 for

individual variability)

NR: Not recommended. Numeric values for AEGL-1 are not recommended because (1) the lack of available data,

and (2) an inadequate margin of safety exists between the derived AEGL-1 and the AEGL-2.  Absence of an AEGL-

1 does not imply that exposure below the AEGL-2 is without adverse effects.

Allylamine

CAS Reg. No. 107-11-9

Chemical Manager: Loren Koller, OSU

ORNL Staff Scientist: Sylvia Milanez, ORNL

Loren Koller led the discussion of issues raised by COT/AEGL at the February 2002 meeting. 

The revised TSD incorporated mechanistic studies published since 1994 and adjusted UFs in

deriving AEGL-1 and 2 values (Attachment 22).

The AEGL-1 value was revised by using the same endpoint (irritation) and  a total uncertainty

factor of 6 (3 intraspecies, 2 modifying factor).  The value  was 0.42 ppm for all time points

because it is an irritant.  A motion was made Bob Benson and seconded by Mark McClanahan to
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accept the revised AEGL-1 values.  The motion was approved unanimously (Appendix K).

For AEGL-2 values, NAC/AEGL favored using an UF of 30 rather than 50.  However, when 30

was used, the 8 hour AEGL-2 and AEGL-3 values became very close.  This was unacceptable to

most committee members.  The ensuing discussion focused on changing the AEGL-3 values. 

However, it was determined that these values most likely could not be increased (COT had

also accepted them) but the committee recommended to change the n from 0.85 to 1.0 for

consistency purposes.  Time expired before this recommendation reached a vote.  Later, Loren

Koller presented a different approach for the AEGL-2 values which appeared favorable to most

who remained in attendance (no quorum).  Chairman George Rusch requested that this TSD be

recycled.  The revised TSD will be distributed electronically.  The NAC/AEGL members are

requested to provide a prompt reply for any recommendations or disapproval, listing reasons

why and suggestions for revision, of the numbers presented in an attempt to minimize discussion

on the chemical at the September meeting.

Allyl Alcohol

CAS Reg. No. 107-18-6

Chemical Manager: Mark McClanahan, CDC

Staff Scientist: Claudia Troxel, ORNL

Mark McClanahan reviewed the status of the development of values for allyl alcohol as a follow

up from the last meeting, including development of an n value based on the reported LC50 data,

and creating a categorical plot of the data (Attachment 23).  The AEGL-2 values were developed

using a 40 ppm, 7 hours/day, 60-exposure study that showed reversible irritation in rats, and the

AEGL-3 values were based on a 200 ppm 1-hour exposure to rats, mice, and rabbits that

produced no mortality.  The empirical value for n, (LC50 data, Union Carbide 1951) equaled 0.78. 

Using this n for time scaling and the two cited data sets, produced AEGL-3 values lower than the

corresponding AEGL-2 values (except the 10-minute value).

Rounding the value of n to 1 had resolved the conflicting values on the previous occasion.  The

starting data for derivation of AEGL-3 values was the highest concentration causing no mortality

in mice, rats, and rabbits (200 ppm for 1 hour).  The interspecies uncertainty factor was set to 1

because of three species had the same exposure and experienced no mortality.  At higher

exposures each of these species had mortality.   These data suggest little difference between

species in response to allyl alcohol exposure.  An intraspecies uncertainty factor of 3 was

chosen.  Although the traditional approach for uncertainty factors in a case such as this would

argue for an uncertainty factor of 10 because of the lack of data addressing inter-individual

variability, this would result in a composite uncertainty factor of 10.  An uncertainty factor of 10

would drive the AEGL-3 values to a level that would be inconsistent with available data.

Repeat 7-hour and 8-hour exposures at 100 ppm  required 32 or more days for all rats to die,

while at 150 ppm, all rats in one study, and 8 of 10 of the rats, in the other study died by the end

of the first two exposures.  Because of these data, the calculated 10-minute value of 400 ppm
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was set equal to the 30-minute value, in order not to exceed the 150 ppm concentration that

killed almost all the animals in only two 7- or 8-hour exposures. 

TABLE 1.  AEGL-3 Values For Allyl Alcohol 

(using  n=1, UF=3, 200 ppm, 1-hour exposure)

Classification 10-min 30-min 1-hr 4-hr 8-hr

AEGL-3 130  ppm 130 ppm 67 ppm 17 ppm 8.3 ppm

 It was moved by John Hinz and seconded by  Dave Belluck to accept these proposed AEGL-3

values.   The motion passed unanimously (Appendix L).

The basis for derivation of AEGL-2 values was human data (Dunlap et al., 1958) that reported

slight to moderate nose irritation in 7 of 7 volunteers exposed to 12.5 ppm allyl alcohol for 5

minutes (Table 5).  At 25 ppm 5 of 5 subjects reported severe eye irritation.  The 12.5 ppm was

taken as a no-effect-level for severe eye irritation.  An intraspecies uncertainty factor of 3 was

used because irritation is not likely to vary greatly among individuals.

TABLE 2.  AEGL-2 Values For Allyl Alcohol 

(UF=3, 12.5 ppm, 5-minute human exposure)

Classification 10-min 30-min 1-hr 4-hr 8-hr

AEGL-2 4.2  ppm 4.2  ppm 4.2  ppm 4.2  ppm 4.2  ppm

It was moved by Bob Benson and seconded by Loren Koller to accept these proposed AEGL-2

values.  The motion was approved [YES:15; NO: 0; Abstain: 0] (Appendix L). 

They moved it

Table 3.  AEGL-1 Values For Allyl Alcohol 

(UF=3, 6.25 ppm, 5-minute human exposure)

Classification 10-min 30-min 1-hr 4-hr 8-hr

AEGL-1 2.1  ppm 2.1  ppm 2.1  ppm 2.1  ppm 2.1 ppm

It was moved by Steven Barbee and seconded by John Hinz  to accept these proposed AEGL-1

values.  The motion passed unanimously (Appendix L).  Values appear in the summary table

below.

TABLE 4. SUMMARY OF APPROVED AEGL VALUES FOR ALLYL ALCOHOL (ppm [mg/m3])

Classification 10-min 30-min 1-hr 4-hr 8-hr Endpoint (Reference)

AEGL-1

(Nondisabling)

2.1 [5.1] 2.1 [5.1] 2.1 [5.1] 2.1 [5.1] 2.1 [5.1] Slight to moderate irritation in

humans at 6.25 ppm for 5

minutes (Dunlap et al., 1958)

AEGL-2

(Disabling)

4.2 [10] 4.2 [10] 4.2[10] 4.2 [10] 4.2 [10] NOAEL Serve eye irritation in

humans at 12.5 ppm for 5

minutes. (Dunlap et al., 1958)
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AEGL-3

(Lethality)

130 [310] 130  [310] 67 [160] 17 [41] 8.3 [20] NOEL for lethality in mice, rats,

and rabbits exposed to 200 ppm

for 1 hr (Union Carbide, 1951)

Administrative  Matters

The next meeting, NAC/AEGL-26, has been set for September 10-12, 2002, in Washington,

D.C.   More information about the lodging will be provided soon by Po-Yung Lu.  The tentative

NAC/AEGL-27 meeting is proposed for December 9-11, 2002, in Washington, D.C.

The meeting highlights were prepared by Po-Yung Lu and Sylvia Talmage, Oak Ridge National

Laboratory, with input from the respective chemical managers.
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Appendix A

National Advisory Committee (NAC)

for Acute Exposure Guideline Levels (AEGLs) for Hazardous Substances

April 9-11, 2002

 Final Meeting-24 Highlights 

U.S. Department of Transportation

DOT Headquarters/Nassif Building, Rooms  6200-6204

400 7th Street, S.W., Washington, D. C.

INTRODUCTION

George Rusch, NAC/AEGL Chair, opened the meeting with brief remarks and along with AEGL

Program Director, Roger Garrett, welcomed the committee members and guests. Thanks were

expressed to George Cushmac for continued hosting of the NAC/AEGL meeting at the

Department of Transportation.  Roger Garrett briefly discussed his health situation and offered his

continued commitment to the AEGL Program.

George Rusch made the following administrative announcements:

� The current emphasis of the AEGL Program is to work closely with NAS/COT  and

publish as many TSDs as possible in 2002.  Therefore, we are seeing many recycled

TSDs in this meeting instead of new TSDs.

� To facilitate the process of  meeting highlights preparation, the Chemical Manager

along with the ORNL scientist, will capture the essence of the discussions and

forward the results to Po-Yung Lu in two weeks.  Po-Yung can then integrate the 

information and distribute the highlights to NAC/AEGL members in a timely manner.

Bob Snyder inquired about the accessibility of the meeting recording tapes.  These are available

upon request through Paul Tobin.  

The highlights of NAC/AEGL-23 held December 3-5, 2001, in San Antonio were reviewed; two

minor revisions will be made.  They were : “There was discussion on the appropriateness of

product presentations to the committee and the limitations on short term detection tubes.” and “

Revisions were made to the discussion and vote on methanol.” A  motion was made by John Hinz

and seconded by David Belluck to accept the aforementioned draft meeting highlights.  The

motion passed unanimously.  The revised highlights of NAC/AEGL-23 are attached (Appendix
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A).  The highlights of the NAC/AEGL-24 meeting are presented below along with the meeting

agenda (Attachment 1) and the attendee list (Attachment 2).  Ballots were taken during the

meeting and are incorporated into the appropriate chemical specific section as Appendices.

Publication Status/TSDs Review by NAS/COT (Feb. 2002)

George Rusch reported to NAC/AEGL that the preparation of volume three of TSD documents is

under way and publication by the NRC should take place in summer. This volume will include

HFC-134a,  HCFC- 141b, Otto Fuel, HCN and Phosgene.  He also summarized the status of

Interim TSDs submitted to NAS for review.   An impressive number of TSDs, a total of 17, were

reviewed by the NAS/COT AEGL subcommittee during the February 6-8, 2002, meeting at

Irvine, California.  These chemicals are listed in Attachment 3.  The NAS formal report on these

chemicals will be available in early May.  In addition, George Rusch provided the NAC/AEGL

with a list of TSDs that are available for presentation to the COT Subcommittee at the July and

October 2002 meetings (Attachment 4).

In a separate presentation, George Rusch reported on the status of the G-Nerve agent (GA, GB,

GD, and GF) and VX AEGLs which were presented to the COT Subcommittee at the February

2002 meeting (Attachment 5).  In order to expedite the review of these compounds, the TSD

authors were asked to submit their responses to the COT Subcommittee concerns prior to

publication of the COT’s  formal report.  The TSD’s responses were provided to the COT

Subcommittee on March 15, 2002 and are currently under review.

Upcoming Conference  Event Pertinent  to AEGL Program

Bob Snyder announced an upcoming conference jointly sponsored by UMDNJ-Robert Wood

Johnson Medical School and Rutgers University.  The conference, entitled “Preparing for

Biological & Chemical Terrorism: A New Jersey Perspective,” will be held on June 6-7, 2002 at

the Environmental and Occupational Health Sciences Institute, Piscataway, NJ.  The conference

will discuss some of the “lessons learned” as well as the current research on biological and 

chemical terrorism.  It will be a synthesis of public health, basic research and emergency

preparedness issues.  Bob welcomed and encouraged  all NAC/AEGL members and guests to

attend since several AEGL features will be discussed during the conference.  Conference

brochures were distributed (Attachment 6). 

REVIEW OF PRIORITY CHEMICALS FOR  10-Minutes AEGL VALUES

AMMONIA

 CAS Reg. No. 7664-41-7

Chemical Manager: Larry Gephart, Exxonmobil

Staff Scientist: Kowetha Davidson, ORNL
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A discussion on derivation of 10-minute values was initiated by Larry Gephart, noting that the

TSD is SOP compliant.  Kowetha Davidson presented  the proposed 10- minute AEGL values for

ammonia (Attachment 7).  The same data and approach used to derive the 5-and 30-minute

values, and 1-, 4-, and 8-hour values was recommended to derive the 10-minute values.  

Following the discussion, NAC/AEGL decided to use irritancy rather than odor as the primary

endpoint for the AEGL-1.  The 10-minute AEGL-1 value, 25 ppm, was made equal to the other

proposed AEGL-1 values.  The 10-minute values for AEGL-2, 270 ppm, and AEGL-3, 2700 ppm,

were time-scaled using a calculated value of n = 2.  A motion to accept the values was made by

Loren Koller and seconded by Ernest Falke.  Each level was voted on separately.  AEGL-1

(YES:22; NO:0; Abstain:0); AEGL-2 (YES:21; NO:2; Abstain:0); AEGL-3 (YES:23; NO:0;

Abstain:0) (Appendix B).

FLUORINE

CAS Reg. No. 7782-41-4

Chemical Manager: Ernie Falke, EPA

Staff Scientist: Sylvia Talmage, ORNL

The data base on fluorine was reviewed by Sylvia Talmage prior to establishing 10-minute values

(Attachment 8).  In response to the suggestion by the COT Subcommittee that accommodation to

irritant gases occurs at low concentrations, the AEGL-1 values for fluorine were all set equal. 

The 15-minute no-effect exposure of human subjects to a concentration of 10 ppm was divided by

an intraspecies uncertainty factor of 3 and a modifying factor of 2 (based on a limited data base). 

The resulting value of 1.7 ppm was applied across all AEGL-1 exposure durations.  The 10-

minute AEGL-2 and AEGL-3 values were both time-scaled from the previously-approved values. 

Because the previously-approved time-scaled 8-hour values for the AEGL-2 and AEGL-3

appeared low in light of the human experience and because the 8-hour AEGL-2 value conflicted

with the 8-hour AEGL-1 value, the 8-hour values were set equal to the respective 4-hour values. 

An AEGL category graph developed by Ernie Falke demonstrated the appropriateness of setting

the 8-hour values equal to the 4-hour values.  It was moved by Mark McClanahan and seconded

by Loren Koller to accept the revised values.  Separate votes were taken for the 10-minute values

and for the AEGL-2 and AEGL-3 8-hour values:  AEGL-1, 2, & 3 for 10-minutes values (YES:

21; NO:3; Abstain:2); AEGL-2 for 8 hours (YES:21; NO:0; Abstain:3); AEGL-3 for 8-hours 

(YES:21; NO:0; Abstain:3) (Appendix C).  The NAC-approved values appear below:

SUMMARY OF AEGL VALUES FOR FLUORINE (ppm)

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

AEGL–1 1.7 1.7 1.7 1.7 1.7 No sensory irritation -

human

AEGL–2 20 11 5.0 2.3 2.3 Mild lung congestion  -

mouse
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AEGL–3 36 19 13 5.7 5.7 Severe lung congestion -

mouse

NITROGEN DIOXIDE

CAS  Reg. No. 10102-44-0

&

NITRIC ACID

CAS Reg. No. 7697-37-2

Chemical Manager: Loren Koller, OSU (retired)

Staff Scientist: Carol Forsyth, ORNL

Loren Koller led the discussion on development of 10-minutes AEGLs as outlined in Attachment

9.  The NAC/AEGL questioned the information used for development of the nitric acid AEGL-2

[Diem (1907), cited in Henschler (1991)] in that the exposure involved a single human subject. 

Furthermore, the information was from a secondary source.  Mark Ruijten  commented that the

study by Gray et al. (1954), selected for the AEGL-3 value of nitric acid, has  problems with the

reporting as well as the interpretation of the data.  Mark indicated that the exposure was to a

mixture but that the results are reported as nitrogen dioxide.  The NAC/AEGL directed the TSD

Development Team to reexamine the Gray manuscript (Attachment 10) to confirm his comments. 

If the data cannot be used, another study should be selected for development of AEGL-3 values.   

There were also some questions about the Henschler et al. (l960) data used for the AEGL-2 and

the Henry et al. (1969) paper used for the nitrogen dioxide AEGL-3.  Again, the TSD

Development Team was directed to confirm the quality of the data and reevaluate the available

data for deriving AEGLs.  Tom Sobotka  agreed to search for FDA information on nitrogen

dioxide (nitric oxide) for inclusion in the TSD development.  The entire TSD of nitric acid and

nitrogen dioxide should be reevaluated at a later time.

REVISION OF PRIORITY CHEMICALS

ETHYLENIMINE

CAS Reg. No. 151-56-4

 &

PROPYLENIMINE

CAS Reg. No. 75-55-8

Chemical Manager: Mark McClanahan, CDC

Staff Scientist: Kowetha Davidson, ORNL

The NAS/COT/AEGL Subcommittee requested the NAC/AEGL to consider deriving AEGL-1

values for these chemicals.  At the December 2001 meeting Mark McClanahan presented AEGL-

1 values based on dividing the AEGL-2 values by two.  This factor was the average for the ratio

of AEGL-3 divided by AEGL-2 for the time 10-, 30- and 60-minutes as these were the only
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AEGL-1 values proposed.  Values for 4- and 8-hours would be below the odor detection

threshold.    At the December meeting NAC/AEGL members raised the question about the AEGL

ratios for similar chemicals.  A check of the chemicals the NAC/AEGL has approved showed the

committee had evaluated no other imines and had approved only three amines.  The AEGL ratios

from these three amines provided no useful insight.  Between the December 2001 meeting and the

April 2002 meeting Mark McClanahan compiled the AEGL-3/AEGL-2 and AEGL2/AEGL-1

ratios for all the chemicals approved by the NAC/AEGL (List compiled by Paul Tobin dated

January 18, 2001.)   Mark presented the results of the ratio analysis in the following table.  The

results  show that for the 8-hour data the ratio of the geometric means for the two ratios, AEGL-

3/AEGL-2 and AEGL-2/AEGL-1 for the approved chemicals is one.  This ratio for the 30-minute

data is 2.2.

RATIO AEGL-2 TO AEGL-1

time
number of

chemicals

geometric mean multiplicative

standard deviation range

30-minute 40 8.85 3.70 1.50 to 1066.67

8-hour 40 3.61 3.05 1.30  to  566.67

RATIO AEGL-3 TO AEGL-2

30-minute 72 3.97 1.94 1.67 to  36.40

8-hour 73 3.62 2.00 1.33 to  40.77

RATIO OF AEGL-1/AEGL-2 TO AEGL-3/AEGL2

30-minute NA 2.2 NA NA

8-hour NA 1.0 NA NA

Mark presented proposed AEGL-1 values for 10- 30- and 60-minute of 11, 3.3, and 1.5 ppm

respectively (Attachment  11).  The basis for these was the Carpenter et al. (1948) study in guinea

pigs.  Animals exposed to 25 ppm for 3 hours experienced extreme respiratory difficulty while

animals exposed to 10 ppm for 4 hours did not.  The 10 ppm, 4-hour exposure was the basis for

the AEGL-2 derivation as a no-effect level for AEGL-2 type symptoms.  To estimate the

threshold for AEGL-1 effects (notable discomfort, irritation, or certain asymptomatic,

non-sensory effects) a factor of 3 was used to adjust to the less severe effects defining level one. 

The NAC/AEGL has occasionally derived AEGL-2 values by dividing AEGL-3 values by 3,

however, it did not believe the available data warranted development of AEGL-1 values for

ethylenimine.   Because the AEGL values for propylenimine are based on its chemical similarity

and relative acute toxicity (one-fifth) to ethylenimine, the NAC/AEGL also chose not to develop

AEGL-1 values for it.

George Rusch, Chair, will take the result from NAC/AEGL discussion not to develop AEGL-1

values for ethylenimine and propylenimine to the next NAS/COT/AEGL meeting in July.

METHYL MERCAPTAN
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CAS Reg. No. 74-93-1

Chemical Manager: Doan Hansen, BNL

Staff Scientist: Cheryl Bast, ORNL

Doan Hansen pointed out that methyl mercaptan is one of the older chemicals on the first AEGL

priority working list.  Because originally there had not been agreement on the role that odor

should play in setting AEGL-1, it had been difficult to finalize the AEGL values. The document

had been tabled at that time, pending development of the SOP.

Cheryl Bast lead the discussion of new data that potentially affected existing AEGL-2 and -3

levels (Attachment 12).  The new data resulted in new AEGL-2 and -3 values as shown below. 

The Committee was about to address AEGL-1, with no new data, and with presentation and

discussion of the odor Level of Annoyance (LOA) concept still to take place at the next meeting. 

However, rather than engage in an unproductive discussion, the results of which might be

changed after the LOA discussion, the Committee decided to table methyl mercaptan for one or

two more meetings.  It is hoped that consensus will be more easily reached on AEGL-1 at that

time.

AEGL-2 values were based on shallow breathing and hypoactivity in mice exposed to 258 ppm

methyl mercaptan for 6 hours (Elf Atcohem, 1996).  An intraspecies uncertainty factor of 3 was

applied and is considered sufficient due to the steepness of the lethal response curve which

implies limited individual variability.  An interspecies uncertainty factor of 3 was also applied. 

Although an interspecies uncertainty factor of 10 might normally be applied due to limited data,

AEGL-2 values calculated utilizing a total UF of 30 would yield values that are inconsistent with

the total data base.  Temporal scaling was performed using the default values of n=3 when

extrapolating to shorter time points (30-minutes, 1-hour, and 4-hours) and n = 1 (8-hours) when

extrapolating to longer time points using the cn x t = k equation.  The 30-minute AEGL-2 value

was also be adopted as the 10-minute AEGL-2 value due to the added uncertainty of extrapolating

from a 6-hour time point to 10-minutes.  It was moved by Ernest Falke and seconded by Bob

Benson to adopt the proposed AEGL-2 values.  The values were accepted: (YES:19; NO:2;

Abstain:0) (Appendix D). 

AEGL-3 values were based on the LC01 (430 ppm) for rats exposed for four hours (Tansy et al.,

1981).  An intraspecies uncertainty factor of 3 was applied and is considered sufficient due to the

steepness of the lethal response curve.  An interspecies uncertainty factor of 3 was also applied. 

Although an interspecies uncertainty factor of 10 might normally be applied due to limited data,

AEGL-3 values calculated utilizing a total UF of 30 would yield values that are inconsistent with

the total data base.  Temporal scaling was performed using n=3 when extrapolating to shorter

time points (30-minutes, 1-hour, and 4-hours) and n = 1 (8-hours) when extrapolating to longer

time points using the cn x t = k equation.  A motion to accept the AEGL-3 values was made by

Steve Barbee and seconded by Nancy Kim (YES:21; NO:1; Abstain:1) (Appendix D).
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Summary of Proposed AEGL Values for Methyl Mercaptan [ ppm]

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

(Reference)

AEGL-1 � � � � � TABLED

AEGL-2 59 59 47 30 19 Shallow breathing and

hypoactivity in mice (Elf

Atochem, 1996)

AEGL-3 120 86 68 43 22 LC01 in rats (Tansy et al.,

1981)

PHOSPHORUS TRICHLORIDE

CAS Reg. No. 7719-12-2 

Chemical Manager: Tom Hornshaw, IEPA

Staff Scientist: Bob Young, ORNL

Bob Young presented a re-visit of the AEGLs for phosphorus trichloride (PCl3), for which the

NAC/AEGL has previously accepted Proposed AEGL-3 values (Attachment 13).  This re-visit

was prompted by the submission of an unpublished study conducted by Hazelton Laboratories

that suggested that the proposed AEGL-3 values may be too low.

Bob presented an overview of the Hazelton study, in which rats were exposed to 0, 0.5, 3.4, and

11.0 ppm (analytical concentrations) for 6 hr/d, 5 d/wk, for 4 weeks.  This study reported no

deaths or treatment-related clinical signs, hematological or clinical chemistry changes, or effects

on body or organ weights.  The only adverse effects reported were from histopathological

findings of respiratory (mainly nasal) lesions.  The NOAEL and LOAEL for these lesions were

3.4 and 11.0 ppm, respectively.

Based on these new study results, Bob suggested that the current AEGL-3 values (1.1, 1.1, 0.88,

0.56, and 0.28 ppm for 10 min, 30 min, 60 min, 4 hr, and 8 hr, respectively) may be too low since

the Hazelton study rats survived 4 week exposures to 11 ppm.  He also suggested that the

Hazelton study might be used as the basis for developing the AEGLs 1 and 2.  Regarding an

approach for adjusting the current AEGL-3 values, Bob suggested that the new data could support

a reduction in the interspecies uncertainty factor used with the guinea pig LC50 from 10 to 3, since

it appears that the guinea pig is more sensitive than rats; this is supported by occupational reports

(albeit of relatively poor quality) that workers exposed to 14-27 ppm for 2-6 hours experienced

only irritation (Sassi, 1953).  Regarding an approach for the AEGLs-1 and 2, he suggested that

the Hazelton study NOAEL and LOAEL could be the basis for developing these values, although

the data are from a repeated dose study.

To begin the discussion, it was noted that the rat nose more efficiently protects the lungs than the

guinea pig nose, which may account for the disparity in the rat and guinea pig results.  It was
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asked if the AEGL values for hydrogen chloride could provide help in deriving new values for

PCl3, since 3 molecules of HCl are generated from the rapid reaction of PCl3 with water.  Since

the AEGL-3 values for HCl are about 2 orders of magnitude greater than the current PCl3 AEGL-

3 values, and phosphoric, phosphonic, and pyrophosphonic acids and significant heat of

dissociation are also generated in the reaction with water, it was decided that comparison to HCl

AEGLs would not be beneficial.  It was then suggested that the occupational data from Sassi

(1953) might be used as the basis for the AEGLs-1 and 2, but Bob reminded the NAC/AEGL that

these data are taken from an abstract of an article, which is all that is available to the Committee. 

As a result, it was decided that the Sassi study could be no more than supporting information for

AEGL development.

After further discussion, it was suggested that the rat 4-hr LC50 of 104.3 ppm (Weeks et al., 1964)

could be used as the basis for the AEGL-3 values, using one-third of this concentration as the

threshold for lethality, inter- and intraspecies uncertainty factors of 3, and the default values of n. 

The intraspecies UF of 3 is unchanged from the current AEGL-3 values.  It was argued that an

interspecies UF of 3, instead of the current value of 10, is supportable because the guinea pig is

not a good model for deep lung irritants, and the occupational data suggest that humans can

survive exposures to concentrations similar to those that only cause nasal lesions in rats upon

repeated exposure.  A motion for AEGL-3 values of  7.0, 7.0, 5.6, 3.5, and 1.8 ppm for the 5

AEGL time periods was made by Larry Gephart and seconded by John Hinz.  The motion passed

(YES:20; NO:1; Abstain:0)( Appendix E).

It was then argued that the LOAEL of 11.0 ppm from the Hazelton study could be the basis for

the AEGLs-2, being the highest dose not causing AEGL-2 effects, and the NOAEL of 3.4 ppm

could be the basis for the AEGLs-1, being the highest dose not causing AEGL-1 effects.  Inter-

and intraspecies uncertainty factors of 3 were again suggested, using the same reasoning as for

the AEGLs-3, and the occupational data were cited as supportive of the appropriateness of using

the Hazelton study for developing the AEGLs-1 and 2.  Using the default values of n, AEGL-2

values of 2.5, 2.5, 2.0, 1.3, and 0.83 ppm for the 5 AEGL time periods were proposed by Bob

Benson and seconded by Richard Thomas.  The motion passed (YES:21; NO:0; Abstain:0).  A

motion to accept AEGL-1 values of 0.78, 0.78, 0.62, 0.39, and 0.26 ppm was made by Bob

Benson and seconded by Mark McClanahan.  The motion passed (YES:13; NO:5; Abstain:3).

SUMMARY OF AEGL VALUES FOR PHOSPHORUS TRICHLORIDE (ppm)

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

AEGL–1 0.78 0.78 0.62 0.39 0.26 NOAEL for nasal lesions -

rat

AEGL–2 2.5 2.5 2.0 1.3 0.83 LOAEL for nasal lesions -

rat

AEGL–3 7.0 7.0 5.6 3.5 1.8 One-third of 4-hour LC50

- rat
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RESPONSES TO FEDERAL REGISTER COMMENTS 

ON THE  PROPOSED AEGL VALUES
(A). Comments from the Federal Register Notice of May 2, 2001, on the proposed  AEGL values 

for acrylic acid were received and discussed.  The NAC/AEGL  deliberation of  these chemicals

are briefly summarized as the following: 

ACRYLIC ACID

Comments were received from the Basic Acrylic Monomer Manufacturers, Inc. (BAMM)

regarding the proposed AEGL-1, -2 and -3 values; the comments addressed the selection of end

points, the selection of key studies, and the time scaling and completeness of the considered data

by the NAC/AEGL.  Initial discussion took place in September, 2001 (NAC/AEGL-22).  At that

time, Clay Frederick, Rohm and Haas Company, indicated that a recent report would be made

available for NAC/AEGL evaluation.  Two reports were  subsequently distributed to NAC/AEGL

by BAMM via Elizabeth Hunt (dated November 9 and December 31, 2001) prior to the April

(NAC/AEGL-24) meeting.  

This is a continuation of the discussion of acrylic acid from NAC/AEGL-22 which focused the

discussion on the  new information provided by BAMM.   Tipton Tyler, Health Studies

Management & Consulting, presented comments on acrylic acid to the NAC/AEGL on behalf of

BAMM (Attachment 14).   BAMM asked the committee to consider basing the AEGL-1 on

irritation rather than odor.  They felt that value(s) between 5 and 10 ppm would be justified if

irritancy rather than the odor threshold was used as the critical end-point.  BAMM felt odor was

not an appropriate end-point for acrylic acid as the chemical is “data rich” and concentrations that

produce direct effects on the nasal mucosa of rodents and primates have been well established. 

BAMM asked the Committee to consider basing the AEGL-2 value on impairment of avoidance

of escape and felt that values between 60 and 75 ppm were justified on the basis of involuntary

eye closure in rabbits.  Finally, BAMM expressed concern over the low values selected by the

Committee for AEGL-3 (51 ppm to 470 ppm for times ranging from 8 hours to 10 minutes). 

BAMM felt the large gap between the Committees proposed values and lethal levels in laboratory

animals (up to 2000 ppm for 4 hours without lethality) could compromise the credibility of the

AEGL-3.  A lack of credibility in the AEGL values could possibly lead to their being ignored in

life-threatening situations.

Dr. Gundert-Remy also presented the AEGL Development Team’s responses to these issues and

concerns (the detailed responses from the acrylic acid TSD Development Team are found in

Attachment 15).  The AEGL Development Team explained its view that AEGL values cannot be

derived directly from existing workplace exposure limits or other limit or guideline values,

because these values are derived for other purposes, subpopulations, exposure times and exposure

frequencies and are derived using methodologies different from the AEGLs Standing Operating

Procedures. Workplace monitoring and health surveillance data may, in principle, be used in the

AEGL derivation, however, evaluation of the data provided by BAMM was difficult because the

medical examination was not performed in correlation with exposure measurement, which was



NAC/AEGL-24 F 7/200210

seen as critical for slight irritative effects.  Moreover, the exposure data of BAMM and BASF

indicated that for most of the time actual workplace concentrations  are far below the limit values.

The NAC/AEGL committee decided to change the endpoint for the AEGL-1 derivation from the

odor threshold to irritation without changing the actual AEGL-1 values.  Acceptance of the

present AEGL-1 values with a change of endpoint was shown by a unanimous show of hands

(Appendix F).

With regard to AEGL-2, the AEGL Development Team considered a level of 75 ppm as an

adequate threshold for an AEGL-2 effect because at higher concentrations, clinical effects

occurred in animals (tearing and blepharospasm) that could impair the ability to escape, and

because olfactory tissue destruction which increases with the exposure concentration is

increasingly likely to result in permanent damage of the olfactory epithelium. The available

animal data clearly demonstrate that the degree of olfactory epithelium damage increases with

increasing exposure time and, thus, argue against using the same exposure concentration as the

AEGL-2 value for all relevant periods of time.  The AEGL Development Team suggested

incorporation of the monkey study into the TSD.  This study, together with the histopathological

analysis was considered an adequate basis for a further reduction of the interspecies factor to 1. 

At the same time, this study strengthens the rationale for reduction of the default interspecies

factor.  For the AEGL-2 derivation, the monkey study will be used as an additional key study. 

The motion to accept the revised AEGL-2 values was made by Bob Snyder and seconded by

Steve Barbee.  The motion passed (YES:17; NO:4; Abstain:0) (Appendix F).

With regard to AEGL-3, the aerosol data from the study of Hagan and Emmons (1988) were

considered a better basis for the derivation of AEGL-3 values because, in contrast to the vapor

exposure part of the study, three different exposure times were used providing information on the

time-dose-response relationship.  Also, this study used a considerable higher number of animals.

The monkey study on histopathological effects on the nasal mucosa was not considered an

adequate rationale for a further reduction of the interspecies uncertainty factor. The AEGL

Development Team referred to the AEGL Standing Operating Procedures for more information

on the derivation of the exponent for time scaling.  The Committee found no compelling reasons

or data to change the values or rationale for the AEGL-3 at this time.  It was moved by George

Rodgers and seconded by Dave Belluck to keep the present AEGL-3 values.  The motion passed

(YES:20; NO:0; Abstain:1) (Appendix F).   

Further more, a motion made by Steve Barbee and seconded by Ernest Falke, the acrylic acid

values were raised to Interim status (YES:21; NO:0; Abstain:1 or 0) (Appendix F).  The new

AEGL-2 values appear below.

SUMMARY OF AEGL-2 VALUES FOR ACRYLIC ACID (ppm)

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

AEGL–2 68 68 46 21 14 Threshold for clinical effects

and permanent olfactory

epithelium damage
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(B).  No comments from the Federal Register Notice of February 15, 2002, on the proposed 

AEGL values  for boron trifluoride, HFE-7100, and uranium hexafluoride were received. 

Therefore, these chemicals were elevated to Interim status as indicated below.

BORON TRIFLUORIDE

No comments were received from the Federal Register Notices of February 15, 2002.  A motion

to move the chemical from proposed to interim status was made by Mark McClanahan and

seconded by Richard Thomas.  The motion was approved unanimously by the NAC/AEGL

(Appendix G). 

HFE-7100 

No comments were received from the Federal Register Notices of February 15, 2002.  A motion

to move the chemical from proposed to interim status was made by Mark McClanahan and

seconded by Richard Thomas.  The motion was approved unanimously by the NAC/AEGL

(Appendix H). 

URANIUM HEXAFLUORIDE

No comments were received from the Federal Register Notices of February 15, 2002.  A motion

to move the chemical from proposed to interim status was made by Mark McClanahan and

seconded by Richard Thomas.  The motion was approved unanimously by the NAC/AEGL

(Appendix I). 

REVIEW OF PRIORITY CHEMICALS FOR  AEGL VALUES

TRICHLOROETHYLENE

CAS Reg. No. 79-01-6

Chemical Manager: Bill Bress, ASTHO

Staff Scientist: Marcel van Raaij, RIVM

Marcel van Raaij discussed the available toxicity data on trichloroethylene (TCE) (Attachment

16).  The data base includes controlled human studies, human metabolism studies, narcosis

information, and rat neurobehavioral studies.  Marcel suggested a “weight of evidence” approach

to development of AEGL-1 values.  The AEGL-1 was based on a 2-hour NOAEL of 300 ppm for

neurobehavioral effects in a study with humans volunteers (Vernon and Ferguson 1969);

additional studies with human volunteers were cited as supporting data.  For extrapolation across

time a human PBPK model supplied by Boyes et al. (2002) was used.  An intraspecies uncertainty

factor of 3 was used because the mechanism of action for general CNS depression is not expected
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to vary greatly among individuals.  It was moved by Bill Bress and seconded by John Hinz to

accept the proposed numbers.  The motion passed (YES:24; NO:0; Abstain:1) (Appendix J).  

The AEGL-2 was based on effects seen at 1000 ppm for 2 hours in the study by Vernon and

Ferguson (1969).  These effects included dizziness, light-headedness and lethargy.  These effects

were considered to be below a level for an AEGL-2 endpoint, i.e., the highest level not showing

any AEGL-2 effects.  For extrapolation across the various time periods, the human PBPK model

of Boyes et al. (2002) was used.  For inter-individual variation among humans an intraspecies

factor of 3 was used (the mechanism of action for general CNS depression is not expected to vary

greatly among individuals.  It was moved by Bob Benson and seconded by John Hinz to accept

the proposed values (YES:17/18; NO:7; Abstain:0) (Appendix J).

The 30-minute to 8 hour AEGL-3 values were based on a NOAEL for mortality in mice of 4600

ppm for 4 hours.  An uncertainty factor of 3 was applied.  A value of 1.5 was used for time

scaling (n) based on a rat mortality study of Adams et al. (1951).  The 10-minute number was

kept at a maximal level of 10,000 ppm based on the experience with trichloroethylene as an

anesthetic agent.  At concentrations above 10,00 ppm, cardiac arrhythmias may occur in humans

(Orth and Gillespie, 1945; Pembleton, 1974).  It was moved by Robert Snyder and seconded by

Richard Thomas to accept the values (YES:19; NO:5; Abstain:0) (Appendix J).

SUMMARY OF AEGL VALUES FOR TRICHLOROETHYLENE (ppm)

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

AEGL–1 260 180 130 84 77 NOAEL for neuro-

behavioral effects in

humans

AEGL–2 960 620 450 270 240 Neurobehavioral effects in

humans

AEGL–3 10,000 6100 3800 1500 970 Cardiac sensitization;

threshold for lethality-

mouse

RESPONSE TO NAS/COT/AEGL COMMENTS

TOLUENE

CAS Reg. No. 108-88-3

Chemical Manager: Larry Gephart, Exxonmobil

Staff Scientist: Sylvia Talmage, ORNL

Sylvia Talmage distributed the COT Subcommittee’s review comments on the toluene AEGLs. 

The COT Subcommittee felt that, based on extensive human data, the toluene AEGL values were

unrealistic.  New values were proposed (Attachment 16), but the NAC suggested that further

research into the data available for modeling, particularly for the longer-term AEGL-2 values, be
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pursued.  It was suggested that a comparison could be made between the AEGL-2 values modeled

for the xylenes and AEGL-2 values for toluene.

ALLYL ALCOHOL

CAS Reg. No. 107-18-6

Chemical Manager: Mark McClanahan, CDC

Staff Scientist: Claudia Troxel, ORNL

 The NAS/COT Committee reviewed the allyl alcohol document during its August 2001 meeting

and made the following recommendation:

Because available data do not clearly indicate the extent to which the AEGL-3 value
should exceed the AEGL-2 value, the subcommittee recommends that the AEGL-3 and
AEGL-2 values be identical.

Mark McClanahan summarized the AEGL values approved by the NAC/AEGL at the October

2000 meeting for allyl alcohol (Attachment 18).   The basis for the AEGL-2 values was a 7-hour

exposure repeated 60 times in which 10 rats/group experienced reversible lung irritation at 40

ppm.  Time scaling for AEGL-2 used an n of 3 going to shorter times and an n of 1 going to

longer times.   AEGL-3 values were based on a one page summary from Union Carbide (1951) in

which no rats exposed to 200 ppm for 1-hour died and was taken as the threshold for lethality. 

Time scaling for AEGL-3 values use an n of 3 going to short times and an n of 2 going to longer

times.  The use of an n of 2 was necessary to avoid producing AEGL-3 values essentially equal

with the AEGL-2 value for 4-hours and smaller than the AEGL-2 value at 8-hours. 

The revised TSD provided the following as support for the suggestion of setting AEGL-3 values

equal to the AEGL-2 values:

� Study used for AEGL-3 is very weak - database does not provide good background for

assessing acute lethal concentrations.  Really is no clear indication of how much AEGL-3

value should exceed AEGL-2 value.  Conversely, decent support for the AEGL-2 value,

which is the level for “action.”

� Would eliminate the inconsistency observed during the time scaling of the AEGL-2 and

AEGL-3 values. 

Thus, the proposed values for allyl alcohol, modified according to the suggestion by the

NAS/COT are presented in the following table.

SUMMARY OF PROPOSED AEGL VALUES FOR ALLYL ALCOHOL (ppm)

Level 10-minute 30-minute 1-hour 4-hour 8-hour

AEGL-1 1.8 1.8 1.8 1.8 1.8 

AEGL-2 9.6 9.6 7.7 4.8 3.5 
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AEGL-3 9.6 9.6 7.7 4.8 3.5

The NAC/AEGL disagreed with the idea of making AEGL-2 and AEGL-3 values equal.  Ernest

Falke suggested that data from Table 3, “Summary of Acute Lethal Inhalation Data in Laboratory

Animals,” are available to calculate an n value for time scaling rather than using the default value. 

Thus, NAC/AEGL directed the TSD Development Team to use all available data to set a value

for n and recycle the TSD.

FURAN

CAS Reg. No. 110-00-9

Chemical Manager: George Rodgers, AAPCC

Staff Scientist:  Claudia Troxel, ORNL

George Rodgers presented the status of furan as follows (Attachment 19).  At its August 2001

meeting the COT reviewed the AEGL TSD on furan.  Claudia Troxel presented the document at

that time.  The COT Subcommittee made many specific comments about the TSD.  Most of these

were editorial and have been addressed by Claudia.  The one issue needing NAC discussion

relates to the total uncertainty factor used to calculate the AEGL-2 and AEGL-3 values.  We have

never proposed AEGL-1 values because of the total lack of usable data.  The furan database

contains only one study suitable for derivation of AEGL-2 or-3 values.  This study was done in

rats by Terrill et al. in 1989.  Groups of 10 rats (5 male and 5 female) were exposed for 1 hour to

three different concentrations of furan.  Surviving animals were sacrificed 14 days after exposure. 

No animals died at the two lower concentrations and 9/10 died at the highest concentration.  A 1-

hour LC50 was calculated to be 3466 ppm.  In our initial consideration of furan, interspecies and

intraspecies uncertainty factors of 10 and 3, respectively, were used.  An additional modifying

factor of 3 was used for a total uncertainty factor of 100.  The COT has suggested a higher

modifying factor because of the extremely poor data set.  After discussion the NAC voted to

change the modifying factor to 5 for a total uncertainty factor of 150. The values appear below. 

A motion to accept the revised values was made by Tom Hornshaw and seconded by George

Rodgers.  The vote was (YES:13; NO:5; Abstain:1) (Appendix K)

SUMMARY OF AEGL VALUES FOR FURAN (ppm)

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

AEGL–1 NR NR NR NR NR Insufficient data

AEGL–2 12 8.5 6.8 1.7 0.85 Threshold for adverse

effects - rat

AEGL–3 35 24 19 4.8 2.4 Threshold for lethality -

rat

NR = Not recommended.

REVIEW OF CHEMICALS  WITH  ISSUES  FROM
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PREVIOUS  MEETINGS

Sylvia Talmage presented the chronology on development of AEGL values for HCN and the

studies used as “weight of evidence” for development of the AEGL-1 (Attachment 20).  As of

January, 2002, The HCN AEGL values/TSD have been accepted as final by NAS/COT.  John

Morawetz brought up points of disagreement with the description and use of some of the studies

and values used for AEGL-1 development (Attachment 21).  George Rodgers, the Chemical

Manager, also disagreed with a statement taken from a NIOSH document.  In order to resolve

these issues,  George Rodgers will rewrite the justification for the AEGL-1.  

In addition, John Morawetz also passed out a handout that he prepared on the issues of AEGL

applications to occupational settings (Appendix 22). 

SECOND AEGL CHEMICAL PRIORITY LIST

Paul Tobin distributed the draft second AEGL chemical priority list to NAC/AEGL (Attachment  

23).  In addition, he described briefly how the priority list was put together from inputs provided

by the participating agencies and interested stake holders.  This list comprised 137 high priority

and 236 low priority chemicals for AEGL development.  He also explained the value of a

chemical classes approach for AEGL development.  Any comments on the draft priority list

should be addressed to Paul Tobin.

Administrative  Matters

1. George Alexeeff would like to discuss the inconsistency in endpoints used in development of

AEGL values.  This subject will be addressed at the June meeting.

2. John Morawetz handed out a memo in which he discussed the application of AEGL values to

the occupational setting.  The memo calls for a clear distinction to be made between

occupational guidelines such as ACGIH and OSHA and AEGLs (Attachment 22).

The next meeting, NAC/AEGL-25, has been set for June 17-19, 2002, in Piscataway, N.J.

(Rutgers University, hosted by Bob Snyder).  More information about the lodging will be

provided soon by Po-Yung Lu.  The tentative NAC/AEGL-26 meeting is proposed for September

10-12, 2002, in Washington, D.C.

The meeting highlights were prepared by Po-Yung Lu and Sylvia Talmage, Oak Ridge National

Laboratory, with input from the respective chemical managers.
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