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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 1986. 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 EQHSI

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
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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
Alexeeft, 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 Feederal 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 HCI, 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 HCI, 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 1.0 1.0 1.0 1.0 1.0

HCI 1.8 1.8 1.8 1.8 1.8
AEGL-2

HF 95 34 24 12 12

HCI 100 43 22 11 11
AEGL-3

HF 170 62 44 22 22

HCI 620 210 100 26 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
LC,, 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 NR NR NR NR NR not recommended
(Nondisabling)
AEGL-2 NOAEL (11.2 ppm, 15-min. on
(Disabling) 0.13 0.056 0.028 0.0070 | 0.0035 |gestation Day 8) for eye
malformations in rats (Sunderman et
al., 1979)
AEGL-3 0.46 0.32 0.16 0.040 0.020 [ estimated lethality threshold (LC,, of
(Lethal) 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/m?)]

Classification | 10-min 30-min 1-hour 4-hour 8-hour Endpoint (Reference)
AEGL-1 NR NR NR NR NR Not recommended; insufficient data
(Nondisabling)
AEGL-2 1.2 0.40 0.19 0.050 0.024 [Based upon a three-fold reduction in
(Disabling) (9.6) (3.2) (1.5) (0.40) (0.19) [the AEGL-3 values
AEGL-3 3.5 1.2 0.58 0.15 0.073  [Estimated lethality threshold in rats
(Lethal) (28) (9.6) (4.6) (1.2) (0.59) |(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 LC;, 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, (LC,, 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).

Thev 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 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
(Nondisabling) humans at 6.25 ppm for 5
minutes (Dunlap et al., 1958)
AEGL-2 4.2[10] 4.2[10] 4.2[10] 4.2[10] 4.2[10] NOAEL Serve eye irritation in
(Disabling) humans at 12.5 ppm for 5

minutes. (Dunlap et al., 1958)
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AEGL-3 130 [310] 130 [310] 67 [160] 17 [41] 8.3 [20] NOEL for lethality in mice, rats,
(Lethality) 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.

NAC/AEGL- 25 F 13 10/2002



LIST OF ATTACHMENTS
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) ) ) Attachment 1
National Advisory Committee for

Acute Exposure Guideline Levels for Hazardous Substances

NAC/AEGL-23
June 17-19, 2002

Environmental & Occupational Health Sciences Institute, Conference Room C
Rutgers University
170 Frelinghuysen Road
Piscataway, NJ 08854

Betty Davis, 732-445-0202, davisbe@eohsi.rutgers.edu

AGENDA

Monday. June 17, 2002

9:30 a.m.

9:45

11:45

12:15 p.m.
1:15

2:00
3:00
3:15

5:15

Welcome to Environmental and Occupational Health Sciences Institute (Bob Snyder)
Introductory remarks and approval of NAC/AEGL-24 Highlights (George Rusch, Roger Garrett,
and Paul Tobin)

Question of critical health effects starting points for AEGLs determination:

* George Alexeeff perspective

* AEGL Program staff analysis

* Presentation on “Impairment to escape” related to AEGL values (Nancy Fiedler)

Status report regarding G-Agents and VX from COT/AEGL review (Gleen Leach, John
Hinz/Annetta Watson)

Lunch

Issues regarding HCI/HF from COT/AEGL review (John Hinz/Cheryl Bast, Larry Gephart/Sylvia
Talmage)

Revision of Tetrachloroethylene (Bill Bress/Claudia Troxel)

Break

Review of comments received from February 15, 2002, Federal Register Notice - Carbon
tetrachloride, Chlorine, Chlorine dioxide, and Propylene oxide

Adjourn for the day

Tuesday, June 18, 2002

8:30 a.m.

8:45

9:45
10:30
10:45

12:00 noon
1:00

2:30

3:15

3:30

5:00

Summary of Biological & Chemical Terrorism: a New Jersey Perspective (Bob Snyder)
Weight of Evidence Application to AEGL Development (Mike Gallo)

Revision of Allylamine (Loren Koller/Sylvia Milanez)

Break

Issues regarding Nickel carbonyl: AEGL-2 and revisit of Iron pentacarbony!: 8- hours AEGL values
(Kyle Blackman/Bob Young))

Lunch

Revision of Toluene (Larry Gephart/Sylvia Talmage)

Revision of Allyl alcohol (Mark McClanahan/Claudia Troxel)

Break

Review of Benzene (Bob Snyder/Marcel Raaij)

Adjourn for the day

Wednesday, June 19, 2002

8:30 a.m.
9:30
10:15
10:30
11:15
11:30

Review of Benzene (continued)

Revisit of Chlorine trifluoride: AEGL-1 and related issues (Bob Benson/Sylvia Talmage)
Break

Analysis of the Fallouts of the World Trade Center Disaster (Paul Lioy)

Administrative matters

Adjourn meeting
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Seventh Interim Report (May 02) of

the COT Subcommittee on AEGLs;

Review of Interim Values for the G-

series Nerve Agents (GA, GB, GD,
GF) and Nerve Agent VX

John Hinz
AEGL Chemical Manager, G-series agents
17 June 2002

Attachment 3

Nerve Agent AEGL Development
Team Request for Clarification

«Seventh Interim Report

—requests additional information

—expresses differing opinions on similar issues
«Request for clarification and consolidated
comment submitted to COT by Nerve
Agent AEGL Development Team, 30 May

—request accompanied by summary response
addressing each major issue of COT concern

Status (17 June 02)

« Development Team has since received preliminary
comments from individual Subcommittee primary
and secondary reviewers, who consider the Team
response to be appropriate

» Current Development Team response under
consideration by all COT Reviewers

«» Formal COT determination will await next
scheduled Subcommittee meeting (15-17 July 02)

« OQutstanding issues requiring input by NAC will be
brought to September NAC meeting




Hinz John P Civ AFIERA/RSRE

From: Leach, Glenn J Dr USACHPPM [Glenn.Leach@APG.AMEDD.ARMY MIL]
Sent: Tuesday, June 11, 2002 9:28 AM
To: ‘falke.emest@epa.gov'; 'garrett.rodger@epa.gov’, ‘tobin.paul@epa.gov'

'george.rusch@honeywell.com’; ‘tahan letty@epa.gov'; 'kolleri@pacifier.com’;
'vdh.state.vt.us’; 'lpy@orni.gov'; 'kenneth.still@wpafb.af.mil'
Cc: john.hinz@brooks.af.mil'; ‘watsonap@ornl.gov'; Hauschild, Veronique D Ms USACHPPM
Subject: CW AEGL Issues

Dear NAC Members,

You are all probably aware that the Interim AEGLs for the chemical
warfare nerve agents GA, GB, GD, GF and VX were presented to the COT
Subcommittee on AEGLs in February, 2002. At present, the COT Subcommittee is
still considering an official position on several significant issues.

Potential consideration of nerve agents for decision-making at the
June 2002 meeting of the National Advisory Committee (NAC) was initially
based on the assumption that the NAC leadership and TSD authors would
receive a .

definitive determination on all issues of concern from the COT/AEGL
by mid-May. This did not occur in the Seventh Interim Report of the COT
Subcommittee on AEGLs. The DoD sponsor acknowledges that a full AEGL
evaluation of these compounds demands care and caution, and that sufficient
time must be allowed for completion of this task.

It is also observed that the Federal Register notice announcing the
next meeting of the National Advisory Committee for AEGLs (67FR 38269-38270;
3 June 2002), to be held 17-19 June at Rutgers University, does not include

mention of nerve agents as a topic for discussion. The Nerve Agent
AEGL Chemical Managers, who also represent the DoD sponsor, prefer that all
discussions of nerve agent AEGLs before the National Advisory Committee be

announced to the public in advance and in sufficient time for the
public to be adequately informed. In our opinion, to do otherwise would send
the wrong message to the public, be contrary to the basic principles of the
Standing Operating Procedures, and not reflect the extraordinary care to
maintain transparency that has characterized all previous AEGL discussions
of these compounds in open Committee meetings. For all these reasons, the
Nerve Agent AEGL Chemical Managers conclude that consideration of nerve
agent AEGL estimates at the 17-19 June meeting of

the National Advisory Committee would be premature.

We expect the COT to finalize their position on the key issues
during their July meeting in Woods Hole. Following the July COT meeting, the
Chemical Managers believe that any outstanding issues requiring input by the
NAC can be resolved at the September NAC meeting with no significant changes
in the publication schedule.

Glenn Leach
John Hinz



SUMMARY RESPONSE (3 Jun 02 Pagination UpGrade)
Nerve Agent AEGL Development Team
30 May 2002

Annetta Watson, Corresponding Author
Life Sciences Division
Oak Ridge National Laboratory
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Seventh Interim Report
of the Subcommittee on
Acute Exposure Guideline Levels

National Research Council
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SUMMARY RESPONSE
Nerve Agent AEGL Development Team
30 May 2002

Background:

At the recommendation of the COT Program Director, the nerve agent Technical Support
Document (TSD) authors respectfully request clarification on several technical issues
identified in the nerve agent portions of the Seventh Interim Report. Due to national
concern regarding potential chemical terrorist use of nerve agents, this communication
has been prepared as one means of facilitating and expediting the AEGL review process
for these compounds.

The principal issues for which clarification and consolidated comments are requested
include:

1) Relative potency determination for GB: VX
2) Value of “n” for agent GB time scaling
3) Selection of critical study for developing agent GB AEGL-1 estimates

In some cases, the Seventh Interim Report expresses different opinions on the same issue.

In other cases, issue resolution and author guidance resulting from TSD author response
to Subcommittee queries at the Beckman Center meeting (6-8 Feb 2002), coupled with
COT Subcommittee discussion and consultation with the SOPs that took place at the
same meeting, are not reflected in the review comments provided in the Seventh Interim
Report.

In a separate case, the TSD authors were requested to perform additional literature review
and report back their appraisal on the issue of carboxylesterases as a factor in estimating
interspecies uncertainty factors (rat-to-human; AEGL-3 determinations). This appraisal
was completed in March, 2002, and provided to the COT Subcommittee at that time. It is
respectfully requested that the COT Subcommittee provide a “reading” of that previous
analysis in sufficient time to update the TSD as appropriate and prior to the July COT
Subcommittee meeting at Woods Hole.

The authors appreciate your time in responding to our requests for clarification on these
important issues.

Please note that detailed individual responses to each review comment contained in the

Seventh Interim Report have also been prepared by the nerve agent TSD authors, and are
being provided to the COT Subcommittee under separate cover.

Summary Authors’ Response to Seventh Interim Report, 30 May 2002 2
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Comparative analyses illustrating the AEGL-1 and AEGL-2 estimates resulting when
either “n” = 1 or “n” = 3 are substituted into the ten Berge et al (1986) equation were
presented as plots to the COT Subcommittee as part of the Beckman Center discussions.
These plots also included designation of the experimental human and animal data, with
emphasis on data points provided by the critical studies. Of the three “n” values
considered, the plots drawn for “n” = 2 were most reflective of the available human and
animal database. The reviewer withdrew his comment at the Beckman Center discussion
table, and retention of the “n” value of 2 seemed acceptable to the COT Subcommittee at
the time.

Since carly February, a more recent study on GB vapor-induced miosis in SD rats was
presented at the Nashville SOT meeting (Mioduszewski et al, 2002, in press; “Low-level
sarin vapor exposure in rats: Effect of exposure concentration and time on pupil size,”
ECBC-TR-235, US Army Soldier and Biological Chemical Command, Aberdeen Proving
Ground, MD; publication expected in June 2002). Miosis response data (female SD rat)
from this report have been subjected to regression analysis to determine a best-fit
concentration x time curve. The resulting “n” value is 2.00. These recent miosis data
from a well-conducted and well-calibrated study support the use of an “n” = 2 when time
scaling for non-lethal endpoints following vapor exposure to nerve agents. (Plots and
further information are in detailed individual responses being provided to the COT
Subcommittee under separate cover).

Clarification Request: After group discussion and author presentation of plots illustrating
the results of various “n” evaluations, the COT reviewer’s comment was withdrawn at the
Beckman Center meeting. Further, the March file of preliminary COT Subcommittee
comments (GAgents 2_6_02.doc) provided to the authors also indicated that this
comment had been withdrawn. If additional information known to the reviewer and/or
the COT Subcommittee has resulted in retention of this comment after consideration of
the Beckman Center record, please advise the authors such that adequate preparation can
be made to present necessary supporting logic at the July COT meeting.

3) Critical study for supporting GB AEGL-1 estimates

COT Subcommittee Comments: On pp. 16-17, paragraphs 1 and 2 (“The most difficult
point in this document.... This flawed study should not be used to derive AEGL-1
values”), and p. 17, paragraph #3 (“The Harvey (1952) study is very old.....use of the
van Helden (1999) marmoset study is recommended”).

Author Analysis: At the Beckman Center meeting, the authors recommended that the
very excellent and state-of-the art study of marmoset threshold miosis prepared by Van
Helden et al (2001), and for which there is highly credible documentation for GB vapor
generation and measurement, be substituted as the critical study for AEGL-1 estimation.
The authors further recommended that Harvey (1952) and Johns (1952) would be
retained as secondary and supportive studies.

Summary Authors’ Response to Seventh Interim Report, 30 May 2002 4
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As previously stated, a more recent study on GB vapor-induced miosis in SD rats was
presented at the Nashville SOT meeting (Mioduszewski et al, 2002, in press, and cited
above). A preprint of this report has provided a 3rd data set to consider for the miosis
endpoint. Results are summarized in Table 1 below. Current Interim values are bolded.

TABLE 1. AEGL-1 Estimates for Nerve Agent GB (15 May 2002)

Time Interim Value (66 FR Alternate #1 b; Alternate # 2 ; female
Period 21940 (2 May 2001)"; marmoset miosis data SD rat miosis data
human data (mg/m:’) (mg/m) (m&/m})
10 min 0.0069 0.0045 0.0068
30 min 0.0040 0.0026 0.0039
1 hr 0.0028 0.0019 0.0020
4 hr 0.0014 0.00092 0.0012
8 hr 0.0010 0.00065 0.0010

2 Harvey, JS, 1952. Clinical observations on volunteers exposed to concentrations of GB. Medical
Laboratories Research Report No. 114, Publication Control No. 5030-114, MLCR 114 (CMLRE-ML-52),
Army Chemical Center, MD. Johns, RJ, 1952. The effect of low concentrations of GB on the human eye.
Chemical Corps Medical Laboratories Research Report No. 100, Publication Control No. 5030-100
(CMLRE-ML-52), Army Chemical Center, MD. [20 min exposures]

b an Helden HPM et al., 2001. Low-level Exposure to GB vapor in Air: Diagnosis/Dosimetry, Lowest
Observable Effect Levels, and Performance Incapacitation. Proceedings NATO Conference on Operatiopal
Medical Issues in Chemical and Biological Defense, Lisbon, Portugal (14-17 May, 2001; in press). [S hour
exposures]

“Mioduszewski R et al., 2002. Low-level sarin vapor exposure in rats: Effect of exposure concentration
and time on pupil size. ECBC-TR-235. Edgewood Research Development and Engincering Center, U.S.
Army Soldier and Biological Chemical Command, Aberdeen Proving Ground, MD (in press). [10 min, 1
hr, and 4 hr exposures] [report will hopefully be published in time for distribution at the July COT
meeting]

Assumptions: n = 2; interspecies UF = 1 (van Helden of TNO and staff of Porton Down consider miosis
response in all mammal eyes exposed to nerve agent vapors to be similar across species; the AEGL Nerve
Agent Development Team concurs); intraspecies UF = 10 (adjustment for possible susceptible individuals);
+UF=10

At the present time, the authors consider Mioduszewski et al (2002, in press) to be the
most robust data set (3 exposure durations, all of which match AEGL exposure durations
of interest; sufficiently large number of animals) available for use in developing an
AEGL-1 for nerve agent GB vapor exposure. The authors recommend that the
Mioduszewski et al (2002, in press) report be used as the critical study for GB AEGL-1
estimation, with retention of van Helden et al (2001), Harvey (1952), and Johns (1952) as
secondary and supportive studies. If this recommendation is acceptable, there will be
little to no change in the numerical values of AEGL-1 for agent GB.

Further information is provided in detailed individual responses being transmitted to the
COT Subcommittee under separate cover.
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Clarification Request: Please provide specific guidance regarding selection of a key
(non-human) study from which to develop GB AEGL-1 estimates (van Helden et al 2001;
and/or Mioduszewski et al 2002). Please also address whether substitution of the (recent)
miosis data for marmosets and/or female rats results in AEGL-1 estimates that are
significantly different from the existing Interim values.

4) Interspecies UF for rat to human

COT Subcommittee Comments: For GB: On p. 17 of the Seventh Interim Report,
paragraph #2 (“Even though the respiratory uptake....interspecies UF of at least 10
should be used.”), as well as p. 19, Specific Comment #11 on the page (“Page 64, line
17.. »With different detoxification mechanisms, why was the interspecies UF of 3
applied instead of 107”).

For VX: On p. 21, paragraph #1, (“Page 31...” reference to aliesterases and an UF of
10)

Author Analysis: At the Beckman Center meeting, the authors were requested to perform
some “homework” and expand evaluations of carboxylesterases (CaE) as a potential
factor in the development of an interspecies UF. Since early February, the authors have
contacted a number of investigators in the field who identified additional literature
sources, one of which had not yet been published at the time of the Beckman Center
meeting (Chanda et al 2002). Further, the TSD authors have more closely examined the
available lethal inhalation toxicity data for rats, primates and dogs; and developed several
interspecies comparisons as a means of evaluating whole-organism response.

In summary,

e An expanded examination of the literature regarding CaE in lab animals and humans
indicates that CaE is present in human plasma as well as numerous other human
tissues and organs (including those where exposure and distribution leading to death
by G-agent vapor toxicity would likely occur).

e The known detoxification potential of carboxylesterases is multifaceted and
encompasses consideration of CaE amount, affinity, and inhibitor resistant esterase
activity. The present state of incomplete characterization for human CaE precludes
accurate prediction regarding CaE detoxification potential in a population of humans
exposed to anticholinesterase compounds.

o Interspecies data for comparison of the whole organism response of lethality
indicates that, when challenged with a lethal concentration of GB vapor, adult female
SD rats are more robust than adult dogs or monkeys by approximate factors of 2.0-
2.5. Species differences in carboxylesterase concentrations may account for the more
robust response of adult female rats. Model predictions of human LCtso indicate a
rat: human ratio of between 3.0 and 3.5.
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Seventh Interim Report
of the Subcommittee on
Acute Exposure Guideline Levels

BACKGROUND

In 1991, the U.S. Environmental Protection Agency (EPA) and the Agency for Toxic
Substances and Disease Registry (ATSDR) asked the National Research Council (NRC) to
provide technical guidance for establishing community emergency exposure levels (CEELs) for
extremely hazardous substances (EHSs) pursuant to the Superfund Amendments and
Reauthorization Act of 1986. In response to that request, a subcommittee of the NRC
Committee on Toxicology (COT) prepared a report titled Guidelines for Developing Community
Emergency Exposure Levels for Hazardous Substances (NRC 1993). That report provides step-
by-step guidance for the derivation of CEELs for EHS:s.

In 1995, EPA, several other federal and state agencies, and several private organizations
convened an advisory committee—the National Advisory Committee on Acute Exposure
Guideline Levels (AEGLs) for Hazardous Substances (referred to as the NAC)—to develop,
review, and approve AEGLs (similar to CEELS) for up to 400 EHSs. AEGLs developed by the
NAC have a broad array of potential applications for federal, state, and local governments and
for the private sector. AEGLs are needed for prevention and emergency response planning for
potential releases of EHSs either unintentionally from accidents or as a result of terrorist
activities.

THE CHARGE TO THE SUBCOMMITTEE

The NRC convened the Subcommittee on Acute Exposure Guideline Levels to review the
AEGL documents approved by the NAC. The subcommittee members were selected for their
expertise in toxicology, pharmacology, medicine, industrial hygiene, biostatistics, risk
assessment, and risk communication.

The charge to the subcommittee is to (1) review AEGLs developed by the NAC for
scientific validity, completeness, and conformance to the NRC (1993) guidelines report, )
identify priorities for research to fill data gaps, and (3) identify guidance issues that may require
modification or further development based on the toxicological database for the chemicals
reviewed.

This interim report presents the subcommittee’s comments concerning the draft AEGL
documents for 14 chemicals: phosgene, hydrogen chloride, hydrogen fluoride, hydrogen sulfide,
G nerve agents, VX, diborane, cis- and trans-crotonaldehyde, perchloromethyl mercaptan, iron
pentacarbonyl, nickel carbonyl, allylamine, cyclohexylamine, and ethylenediamine.
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COMMENTS ON G NERVE AGENTS

At its February 6-8, 2002 meeting, the subcommittee reviewed the AEGL document on G
nerve agents. The document was presented by Annetta Watson and Robert Young of Oak Ridge
National Laboratory. The subcommittee recommends a number of revisions.

General Comments

1) COT SUBCOMMITTEE COMMENT: Page 55, line 23 and page 56, line 28: The most
difficult point in this document is the choice of the Harvey (1952) study as the key
reference for the development of AEGL-1 values. There are two reasons for this
difficulty:

N Harvey (1952) could not monitor or control air concentrations of the test material
at the time of the study. The concentrations were estimated to be 0.05 mg/nT but may
have been 0.01 or 0.2 mg/nt.

(2) The effects Harvey (1952) measured in subjects were almost totally subjective and
were not quantifiable.

This flawed study should not be used to derive AEGL-1 values.

AUTHORS’ RESPONSE: At the February 6-8, 2002, meeting in the Beckman Center, the
technical support document (TSD) authors recommended that the very excellent and state-of-the
art study of marmoset threshold miosis prepared by Van Helden et al (2001; “Low-level
exposure to GB vapor in air; Diagnosis/dosimetry, lowest observable effect levels, and
performance incapacitation,” Proceedings of the NATO Conference on Operational Medical
Issues in Chemical and Biological Defense. Lisbon, Portugal, 14-17 May 2001), and for which
there is highly credible documentation for GB vapor generation and measurement, be substituted
as the critical study for AEGL-1 estimation. The TSD authors further recommended that Harvey
(1952) and Johns (1952) would be retained as secondary and supportive studies. It is further
noted by the TSD authors that the van Helden et al (2001a, b) study became available after the
NAC made its Interim decision in June 01, that the AEGL-1 analysis of the van Helden data has
already been circulated among the TSD Development Team for concurrence, and that the
derivation was documented in the status report sent to each member of the COT Subcommittee
on AEGLs in their briefing books. It was noted by the Subcommittee members present that there
is concordance for the AEGL-1 estimates from the non-human primate (marmosets) when
compared to that derived from the human data set of Harvey (1 952) and Johns (1952).

In the intervening months, a more recent study on GB vapor-induced miosis in SD rats was
presented at the Nashville SOT meeting (Mioduszewski et al, 2002, in press; “Low-level sarin
vapor exposure in rats: Effect of exposure concentration and time on pupil size,” ECBC-TR-
235, US Army Soldier and Biological Chemical Command, Aberdeen Proving Ground, MD;
publication expected in June 2002). A preprint of this report has provided a 3rd data set to
consider for the miosis endpoint. Both genders of SD rat were tested for 3 time durations of
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AEGL interest (10 min, 1 hr, 4 hr), and the female rat appeared to be more susceptible than the
male. The ORNL Team has calculated the AEGL-1 estimations from the female rat data set.

For your information, the current Interim AEGL-1 estimates and the alternate estimates from the
van Helden (marmoset; 5 hr exposure) and Mioduszewski et al (female SD rat; 10 min, 1 hr and
4 hr exposures) data sets are summarized in the table below. The current Interim values are
bolded.

TABLE 1. AEGL-1 Estimates for Nerve Agent GB (15 May 2002)

Time Interim Value (66 FR Alternate #1°; Alternate # 2¢; female

Period 21940 (2 May 2001f; marmoset miosis data SD rat miosis data
human data (mg/m“?) ‘mg/m’) (mg/m’)

10 min 0.0069 0.0045 0.0068
30 min 0.0040 0.0026 0.0039

1 hr 0.0028 0.0019 0.0020

4 hr 0.0014 0.00092 0.0012

8 hr 0.0010 0.00065 0.0010

“ Harvey JS, 1952. Clinical observations on volunteers exposed to concentrations of GB. Medical Laboratories
Research Report No. 114, publication Control No. 5030-114, MLCR 114 (CMLRE-ML-52), Army Chemical Center,
MD. Johns, RJ, 1952. The effect of low concentrations of GB on the human eye. Chemical Corps Medical

Laboratories Research Report No. 100, Publication Control No. 5030-1 00 (CMLRE-ML-52), Army Chemical
Center, MD. [20 min exposures]

b van Helden HPM et al., 2001. Low-level Exposure to GB vapor in Air: Diagnosis/Dosimetry, Lowest Observable
Effect Levels, and Performance Incapacitation. Proceedings NATO Conference on Operational Medical Issues in
Chemical and Biological Defense, Lisbon, Portugal (14-17 May, 2001; in press). [5 hour exposures]

< Mioduszewski R et al., 2002. Low-level sarin vapor exposure in rats: Effect of exposure concentration and time
on pupil size. ECBC-TR-235. Edgewood Research Development and Engineering Center, U.S. Army Soldier and
Biological Chemical Command, Aberdeen Proving Ground, MD (in press). [10 min, 1 hr, and 4 hr exposures]
[report will hopefully be published in time for distribution at the July COT meeting]

Assumptions: n =2, interspecies UF = 1 (van Helden of TNO and staff of Porton Down consider miosis response
in all mammal eyes exposed to nerve agent vapors to be similar across species; the AEGL Nerve Agent Development
Team concurs); intraspecies UF = 10 (adjustment for possible susceptible individuals); » UF = 10

AUTHORS’ CONCLUSIONS: At the present time, the most robust data set available for use in
developing an AEGL-1 for nerve agent GB vapor exposure is that of Mioduszewski et al (in
press; publication expected in June 2002). A total of 423 rats were used in this well-conducted
study, of which 130 were controls. Three vapor exposure time periods, each of which is an
AEGL exposure interval (10 min, 1 hr, 4 hr), were incorporated into the study design, and a
sufficient number of individuals were exposed at each interval (10 min, 52 female SD rats; 1 hr,
35 female SD rats; 4 hr, 55 female SD rats). Further, the inhalation exposure chamber design
and air concentration monitoring are highly credible and well-calibrated to current standards.
The authors recommend that the Mioduszewski et al (in press) report be used as the critical

Detailed Authors’ Response to Seventh Interim Report, 30 May 2002 4
Nerve Agents



study for GB AEGL-1 estimation, with retention of van Helden et al (2001), Harvey (1952), and
Johns (1952) as secondary and supportive studies.

2) COT SUBCOMMITTEE COMMENT: Even though the respiratory uptake is 3.5-fold
greater in rats compared to humans (providing relative protection to humans when the AEGL is
based on rat data), rats possess an active carboxylesterase in the blood plasma, the compartment
that the nerve gases first encounter after respiratory uptake. Carboxylesterase is especially
important in protection from nerve gas toxicity and it is totally absent in humans (Augustinsson,
1959). Because of the absence of that enzyme and because of all other known and unknown
differences between the rat and human in enzymes controlling the level of the toxic component,
an interspecies UF of at least 10 should be used.

AUTHORS’ RESPONSE: Since early February, the authors have contacted a number of
investigators in the field, including Stephanie Padilla (USEPA Neurotoxicology Division at
RTP), Carey Pope (Dept. Physiological Sciences, College of Veterinary Medicine, Oklahoma
State Univ.), William Sette (USEPA Office of Pesticide Programs), and others. These
investigators identified additional literature sources, one of which had not yet been published at
the time of the Beckman Center meeting. Further, the TSD authors have more closely examined
the available lethal inhalation toxicity data for rats, primates and dogs; and developed several
interspecies comparisons as a means of evaluating whole-organism response.

Interspecies differences in carboxylesterase: While carboxylesterases are widely considered to
be absent from the blood plasma of humans, the G-agent TSD points out that carboxylesterases
are, indeed, present in human erythrocytes and monocytes as well as in human liver, kidney,
lung, skin and nasal tissue (Cashman et al 1996; p. 51 of the G-agent TSD, lines 3-4).

Additional literature search completed since the Feb 2002 COT Subcommittee meeting has
identified studies documenting the presence of carboxylesterases in many human tissues and
fluids, including brain, milk, mammary gland, pancreas, small intestine, colon, stomach,
placenta, as well as plasma and serum (Chanda et al 2002; Kaliste-Korhonen et al 1996). The
lung carboxylesterases are associated with alveolar macrophages (Munger et al 1991). It would
appear that some of the older literature quoted regarding the absence of CaE in human blood
plasma (Augustinsson 1959) is not fully accurate. Further, carboxylesterases are present in
human tissues and organs where exposure to nerve agent vapors would likely first occur (nasal
tissues and the lung), be distributed (erythrocytes, monocytes, plasma), and generate effects
(brain, stomach, colon, etc.). Carboxylesterase is also present in human serum. Recent studies
indicate that full characterization of the OP-protective capabilities of carboxylesterases requires
assessment not only of the amount, but also of the affinity exhibited by carboxylesterases for the
inhibitor, as well as the total carboxylesterase activity unlikely to be inhibited (inhibitor
resistant esterase activity, or IRE) (Chanda et al 2002). The detoxification potential of
carboxylesterases is multifacted, and is an area requiring further experimental characterization.

It is acknowledged that the CaE profile in humans is not well known and that there are few data
from which to characterize the contributions that CaE may make to human protection from
anticholinesterase poisoning. Chanda et al (2002) consider that full characterization of CaE
amount, affinity and IRE in human tissues will be necessary before accurate predictions can be
made regarding CaE detoxification potential following anticholinesterase exposures to humans.
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Interspecies lethality estimates: Given that the AEGL-3 estimation for the G-series nerve agents
is derived from a lethal inhalation toxicity study of adult female SD rats (Mioduszewski et al
2000a,b; 2001), it is reasonable to consider the whole-organism response of lethality as an
appropriate endpoint by which to compare data for rats (a CaE-rich species) with that for
monkeys and dogs, two experimental species considered in earlier studies to possess no plasma
carboxylesterase (Augustinsson 1959). Available experimental LCts data for the monkey, dog
and rat are presented in Table 8 (“Acute inhalation lethality values for Agent GB in Animals,” p.
20) of the G-agent TSD. In addition, Mioduszewski et al (2000a,b; 2001) published 5-min rat
LCtsq values (female SD rat: 164 mg-min/m’>; male SD rat = 230 mg-min/m?), which can be
converted by use of the ten Berge et al (1986) expression (using an n value of 2) to 2-min LCtsg
values (female SD rat: 104 mg-min/m>; male SD rat = 145.5 mg-min/m3 ). The resulting 2-min
LCtsg ratios are

e Female SD rat: monkey = 104/42 = 2.5
e Female SD rat: dog = 104/56 = 1.9

These comparisons indicate that, when challenged with a lethal concentration of GB vapor,
adult female SD rats (Mioduszewski et al 2000a,b; 2001) are more robust than adult dogs or
monkeys (Oberst et al 1961) by approximate factors of 2.0-2.5. Species differences in
carboxylesterase concentrations may account, in part, for the more robust response of the adult
female rats.

Human lethality estimates: Bide et al (1999) estimate GB inhalation toxicity values for humans

by application of allometric model extrapolation from extensive experimental animal data. Their
study estimates that a 2-min adult human LCtso approximates 31 mg-min/m’. The resulting 2-min
LCtsg ratio with the female SD rat is

e Female SD rat: human (est) = 104/31 = 3.4

This comparison indicates that, when challenged with a lethal concentration of GB vapor, adult
female SD rats (Mioduszewski et al 2000a,b; 2001) are likely to be more robust than adult
humans by a factor between 3.0 and 3.5.

Comparison of AEGL estimates: Full consideration of the reviewer ’s suggestion that the
composite UF for estimating AEGL-3 values should be raised from 30 to 100 requires
comparison of the resultant AEGL-3 estimates with those already derived for AEGL-2 and
AEGL-1. In addition, AEGL-3 estimates calculated with a composite UF = 100 (for ease of
reference, we will refer to these as AEGL-3X) need to be compared with available experimental
data for humans and animals. These comparisons have been performed and plotted in the
attached figures “Nerve Agent GB Animal Data” and “Nerve Agent GB Human Data ”
following the bibliography of this Authors’ Response. The solid line connecting the solid black
triangular points illustrates the AEGL-3 estimates calculated with a composite UF = 30
(presented as Interim AEGL-3 estimates to the COT Subcommittee on AEGLs at the Beckman
Center meeting, 6-8 Feb 02). The dotted line connecting the solid black rectangular points
illustrates the AEGL-3X estimates calculated with a composite UF = 100 (as recommended by
reviewers who support the full default value of 10 as the interspecies UF for AEGL-3 estimation
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from the rat vapor inhalation lethality data). Application of the composite UF = 100 would
“drop down” the AEGL-3 values over those for AEGL-2, making the AEGL-3X values largely
indistinguishable from those for AEGL-2. Further, the resulting AEGL-3X estimates would be
very much lower than most experimental data identifying concentrations where human
discomfort occurs, and is thus inconsistent with the definition of AEGL-3 levels (“above which it
is predicted that the general population, including susceptible individuals, could experience life-
threatening health effects or death.” NRC 2001, p. 3).

AUTHORS’ SUMMARY RESPONSE TO COMMENT 2):

e An expanded examination of the literature regarding carboxylesterase (CaE) in lab animals
and humans indicates that CaE is, indeed, present in human plasma as well as numerous
other human tissues and organs (including those where exposure and distribution leading to
death by G-agent vapor toxicity would likely occur). This expanded analysis will be added to
the TSD.

e The known detoxification potential of carboxylesterases is multifaceted and encompasses
consideration of CaE amount, affinity, and inhibitor resistant esterase activity. The present
state of incomplete characterization for human CaE precludes accurate prediction regarding
CaE detoxification potential in a population of humans exposed to anticholinesterase
compounds.

o Interspecies data for comparison of the whole organism response of lethality indicates that,
when challenged with a lethal concentration of GB vapor, adult female SD rats are more
robust than adult dogs or monkeys by approximate factors of 2.0-2.5. Species differences in
carboxylesterase concentrations may account for the more robust response of adult female
rats. Model predictions of human LCts indicate a rat: human ratio of between 3.0 and 3.5.

e Plotted comparisons of the AEGL-3 values (AEGL-3 with a composite UF = 30 versus
AEGL-3X with a composite UF = 100) indicates that application of the full default
interspecies UF of 10 would make the AEGL-3X estimates largely indistinguishable from
those derived for AEGL-2. Further, the AEGL-3X values are inconsistent with the results of
existing human (and animal) experimental data.

AUTHORS’ CONCLUSIONS REGARDING COMMENT 2): Recent literature indicates that
CaE detoxification potential exists in numerous human organs and tissue, including blood
plasma. It is acknowledged that further experimental characterization of CaE detoxification
potential in humans will be necessary before accurate prediction of the contributions CaE may
make to human protection from anticholinesterase poisoning. Interspecies comparisons of
calculated values for AEGL-3 (AEGL-3 versus AEGL 3X) with experimental GB vapor exposure
lethality data for rats and monkeys (as well as estimated human LCtsg values) has been
performed. The results indicate that an interspecies UF of approximately 3 for AEGL-3
determination is a reasonable characterization of the present state of knowledge for this
parameter.
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3) COT SUBCOMMITTEE COMMENT: Page 56, line 30: The Harvey (1952) study is very
old. Is the NAC confident of the exposure measurements? Are there any more recent studies?
This is especially critical because the VX AEGLs are also based on Harvey (1952). The Baker
and Sedgwick (1996) study is more complete, although it has fewer exposures. At a minimum,
those studies should be tied together. The use of the Van Helden (1999) marmoset data is
recommended.

AUTHORS’ RESPONSE: Please see previous response to first GB comments in this section,
repeated below:

At the February 6-8, 2002 meeting in the Beckman Center, the technical support document
(TSD) authors recommended that the very excellent and state-of-the art study of marmoset
threshold miosis prepared by Van Helden et al (2001; “Low-level exposure to GB vapor in air;
Diagnosis/dosimetry, lowest observable effect levels, and performance incapacitation, 7
Proceedings NATO Conference on Operational Medical Issues in Chemical and Biological
Defense. Lisbon, Portugal, 14-17 May 2001), and for which there is highly credible
documentation for GB vapor generation and measurement, be substituted as the critical study for
AEGL-1 estimation. Further, Harvey (1952) and Johns (1952) would be retained as secondary
and supportive studies. It is further noted by the T. SD authors that the van Helden et al (2001a,
b) study became available afier the NAC made its Interim decision in June 01, that the AEGL-1
analysis of the van Helden data has already been circulated among the TSD Development Team
for concurrence, and that the derivation is documented in the status report sent to each member
of the COT Subcommittee on AEGLs in their briefing books. It was noted by the Subcommittee
members present that there is concordance for the AEGL-1 estimates from the non-human
primate (marmosets) when compared to that derived from the human data set of Harvey (1952)
and Johns (1952).

In the intervening months, a more recent study on GB vapor-induced miosis in SD rats was
presented at the Nashville SOT meeting (Mioduszewski et al, in press; “Low-level sarin vapor
exposure in rats: Effect of exposure concentration and time on pupil size,” ECBC-TR-235, US
Army Soldier and Biological Chemical Command, Aberdeen Proving Ground, MD; publication

- expected in June 2002). A preprint of this report has provided a 3rd data set to consider for the
miosis endpoint. Both genders of SD rat were experimentally tested for 3 time durations of
AEGL interest (10 min, 1 hr, 4 hr), and the female rat appears to be more susceptible. The
ORNL Team has calculated the AEGL-1 estimations from the female rat data set.

For your information, the current Interim AEGL-1 estimates and the alternate estimates from the
van Helden (marmoset; 5 hr exposure) and Mioduszewski et al (female SD rat; 10 min, 1 hr and
4 hr exposures) data sets are summarized in Table 1 provided earlier. The current Interim
values are bolded.

AUTHORS’ CONCLUSIONS: At the present time, the most robust data set available for use in
developing an AEGL-1 for nerve agent GB vapor exposure is that of Mioduszewski et al (in
press; publication expected in June 2002). A total of 423 rats were used in this well-conducted
study, of which 130 were controls. Three vapor exposure time periods, each of which is an
AEGL exposure interval (10 min, 1 hr, 4 hr), were incorporated into the study design, and a
sufficient number of individuals were exposed at each interval (10 min, 52 female SD rats; 1 hr,
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35 female SD rats; 4 hr, 55 female SD rats). Further, the inhalation exposure chamber design
and air concentration monitoring are highly credible and well-calibrated to current standards.
The authors recommend that the Mioduszewski et al (2002, in press) report be used as the
critical study for GB AEGL-1 estimation, with retention of van Helden et al (2001), Harvey
(1952), and Johns (1952) as secondary and supportive studies.

4) COT SUBCOMMITTEE COMMENT: Page 57, lines 24-29: What is the specific
justification for the use of the Mioduszewski et al. (2000b) data for calculating the n value?
While cholinesterase inhibition is the mechanism used as the basis for AEGL-2 and AEGL-3,
there is no correlation between the decrease in cholinesterase inhibition and miosis.

AUTHORS’ RESPONSE: In the absence of other signs, miosis is a local effect and the result of
direct inhibition to the cholinesterases involved in controlling contraction of the pupillary
muscles. Because miosis is a local effect and confined to the tissues of the eye, there is usually
little to no measurable simultaneous depression of cholinesterase activity in the blood. Because
miosis is observable and measurable prior to any detectable inhibition of blood cholinesterase, it
is a preferred clinical sign for early diagnosis of vapor exposures to nerve agents or pesticides
with anticholinesterase properties. This was recognized by clinicians treating victims of the
Tokyo Subway Incident in 1995, when cases were triaged according to whether miosis only or
miosis plus other signs or symptoms were exhibited. If additional signs, such as vomiting,
breathing difficulty, etc, were noted, the case was considered to have experienced systemic
exposure and treated aggressively. The standard medical practice for cases of “miosis only” is
to consider miosis as evidence of localized vapor exposure to the eye(s), and observe without
treatment (Sidell, 1995; Sidell et al 2000).

With greater exposures, a cascade of signs and symptoms can develop, including increasing
bronchoconstriction, copious respiratory secretions, abdominal cramps, convulsions, etc. These
are all the consequence of cholinesterase inhibition at synapses controlling smooth and skeletal
muscles as well as glandular activity. At appropriately high agent concentrations, the chief
cause of death is respiratory failure largely due to systemic effect cascade.

Thus, all toxicological endpoints identified as critical in developing AEGL-1, AEGL-2, or AEGL-
3 estimates for these agents are the consequence of cholinesterase activity inhibition, and the
same mechanism of toxicological action is operant at all AEGL levels. All endpoints observed in
human and animal studies represent a response continuum to anticholinesterase exposure.

§c__r3

Accordingly, it is valid to apply an “n” value derived from GB lethality data to time scaling for
non-lethal endpoints. As a consequence, the “n” value developed from the well-conducted and
data-rich study of SD rat lethality performed by Mioduszewski and his colleagues is appropriate

for application to time-scaling for AEGL-1 and AEGL-2 endpoints.

This position is consistent with that of the Science Policy of the USEPA Office of Pesticide
Programs (USEPA 2000; Office of Pesticide Programs Science Policy on the Use of Data on
Cholinesterase Inhibition for Risk Assessments for Organophosphorous and Carbamate
Pesticides, Aug 19, 2000).
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Further, the use of an “n” derived from lethality data is supported by the AEGL SOPs (NRC
2001; p. 99); this is particularly appropriate when the mechanism of toxicity is the same.

Comparative analyses illustrating the AEGL-1 and AEGL-2 estimates resulting when either “n”
= ] or “n” = 3 were substituted into the tenBerge et al (1986) equation and presented as plots to
the COT Subcommittee at the Beckman Center meeting in February. The plots also included
designation of the experimental human and animal data, with emphasis on data points provided
by the critical studies. Of the three “n” values considered, the plots drawn for “n” = 2 were
most reflective of the available human and animal database. Retention of the “n” value of 2

seemed acceptable to the COT Subcommittee at the time.

In the intervening months, a more recent study on GB vapor-induced miosis in SD rats was
presented at the Nashville SOT meeting (Mioduszewski et al, 2002, in press; “Low-level sarin
vapor exposure in rats: Effect of exposure concentration and time on pupil size,” ECBC-TR-
235, US Army Soldier and Biological Chemical Command, Aberdeen Proving Ground, MD;
publication expected in June 2002). Both genders of SD rat were tested for 3 time durations of
AEGL interest (10 min, 1 hr, 4 hr), and the female rat appears to be more susceptible. Miosis
response data (female SD rat) from this report have been subjected to regression analysis to
determine a best-fit concentration x time curve (please see regression analysis and plot “GB
Vapor Mioduszewski et al 2002” provided as the last page of this package). T he resulting “n”
value is 2.00. These recent miosis data from a well-conducted and well-calibrated study support
the use of an “n” = 2 when time scaling for non-lethal endpoints following vapor exposure to
nerve agents.

Additional text expanding on the concept of an effects continuum linking the AEGL endpoints
can readily be included in the next edition of the TSD.

Specific Comments

5) COT SUBCOMMITTEE COMMENT: Exposure to acetylcholinesterase inhibitors
(AChEI), or organophosphates, may lead—in addition to their well-known acute effects—to
long-term delayed sequelae on the peripheral nervous system. This is an important effect to
consider when setting AGEL-2 values. This delayed toxicity should also be mentioned in
Sections 2.3 (page 17) and 3.3 (page 33). The concept of NTE inhibition is obsolete and should
only be mentioned in combination with more recent opinions on the mechanism of
organophosphate-induced delayed neuropathy (OPIDN) (page 9, line 47; page 10, line 5;
Sections 4.2 and 4.5.2).

AUTHORS’ RESPONSE: The authors will re-write the TSD sections where NTE is mentioned,
using more recent literature already provided by the reviewer.

Sections 2.3 and 3.3 include by reference an extensive review of nerve agent toxicity (Opresko et
al 1998). The SOPs for AEGL Technical Support Document development encourage inclusion of
material by reference rather than individual scholarly evaluations of all pertinent topics. The
Opresko et al (1998) paper provided an examination of the literature (up to late 1997) on
delayed neuropathy following experimental nerve agent exposures to laboratory species. When
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supralethal doses of GA (120 X LDso; mild neuropathic signs), or GB (30-60 X LDsg), or GD
(not at 38 X LDsy; but delayed neuropathy observed at 120-150 X LDsg in a single surviving hen)
are administered to adult chickens previously protected from lethality by large antidote doses,
delayed neuropathy was observed for these G agents (Gordon et al 1983; Willems et al 1984).
Since chickens are considered a sensitive species for this effect, it would appear that the
potential for delayed neuropathy would be a concern only for those individuals surviving a
greater than 30 X LDsg exposure to the G-agents.

The observed presence of (long-lasting but reversible) single-fibre electromyographic changes
(SFEMG) in the Baker and Sedgewick (1996) report, chosen as the critical study for AEGL-2
derivation, is considered by the TSD authors to be a possible early indicator or precursor of the
Intermediate Syndrome. Intermediate Syndrome is a delayed effect of some severe
organophosphorous insecticide exposure cases. While not considered debilitating or permanent
effects in themselves, SFEMG changes are considered in the AEGL-2 analysis to be an early
indicator of exposures that could potentially result in more significant effects. Selection of the
SFEMG effect as a protective definition of an AEGL-2 level is considered appropriate given the
steep dose-response toxicity curve of nerve agents. The observed SFEMG change is essentially a
NOAEL for AEGL-2; this determination is consistent with the AEGL SOPs (NRC 2001).

Thus, the issue of delayed neuropathic effects has been considered (by reference) and
accommodated by the selection of the SFEMG effect as a protective definition of AEGL-2.

Treatment of these points can be expanded in the next edition of the TSD.

6) COT SUBCOMMITTEE COMMENT: Page viii, line 26: Is a UF of 10 sufficient to
protect individuals with inherited pseudocholinesterase deficiency? (The incidence of the
heterozygous condition low is about 3%, and the incidence of the homozygous condition
low is about 1:4,000, as suggested on page 48, Section 4.5.3.)

AUTHORS’ RESPONSE: It is acknowledged that the distribution of enzyme activity variants in
human populations exhibits polymorphism. Even so, the SOP analyses and guidelines regarding
intraspecies uncertainty factors (Section 2.5.3.3, pp. 75-91; NRC 2001) states ‘‘the maximum
variation in responses in susceptible subpopulations are believed to generally range between 3-
fold and 10-fold of the responses for healthy individuals” (p. 88). F urther, “a default UF of 10
is used in the development of AEGLs to account for susceptible human subpopulations™ (p. 88).

_ In keeping with the AEGL SOP, the most appropriate value for calculating AEGL estimates for
nerve agents is an intraspecies UF of 10. ,

This logic and SOP guidance were discussed at the Beckman Center meeting, and seemed
acceptable to the COT Subcommittee at the time.

The COT Subcommittee position on intraspecies UF, as stated in the “COT SUBCOMMITTEE
COMMENT 36" of this response document, indicates that “the use of a UF of 10 appears
reasonable.”

7) COT SUBCOMMITTEE COMMENT: Page ix, line 7: It is true that for the acute effects,
the biochemical mechanism of toxicity in rats and humans is the same; it is not true for
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the delayed peripheral neurotoxicity as shown by the large interspecies differences in
response.

AUTHORS’ RESPONSE: Given that supralethal doses of the G-series agents are required to
generate delayed neuropathic responses in sensitive laboratory species (hens), it would appear
that the potential for delayed neurotoxicity would be a concern only for those individuals
surviving a greater than 30 X LDs) exposure to the G-agents. As a consequence, the employment
of uncertainty factors protective for the AEGL-3 endpoint would also be protective for an
endpoint of delayed neurotoxicity.

Please see earlier discussion of this point: When supralethal doses of GA (120 X LDso; mild
neuropathic signs), or GB (30-60 X LDs), or GD (not at 38 X LDso; but delayed neuropathy
observed at 120-150 X LDsg in a single surviving hen) are administered to adult chickens
previously protected from lethality by large antidote doses, delayed neuropathy was observed for
these G agents (Gordon et al 1983; Willems et al 1984).

8) COT SUBCOMMITTEE COMMENT: Page A-2, line 32: A UF of 10 may not be
sufficient to protect ACHE-deficient subjects.

AUTHORS’ RESPONSE: It is acknowledged that the distribution of enzyme activity variants in
human populations exhibits polymorphism. Even so, the SOP analyses and guidelines regarding
intraspecies uncertainty factors (Section 2.5.3.3, pp. 75-91; NRC 2001) states “the maximum
variation in responses in susceptible subpopulations are believed to generally range between 3-
fold and 10-fold of the responses for healthy individuals” (p. 88). F urther, “a default UF of 10
is used in the development of AEGLs to account for susceptible human subpopulations” (p. 88).
In keeping with the AEGL SOP, the most appropriate value for calculating AEGL estimates for
nerve agents is an intraspecies UF of 10.

This logic and SOP guidance were discussed at the Beckman Center meeting, and seemed
acceptable to the COT Subcommittee at the time.

The COT Subcommittee position on intraspecies UF, as stated in the “COT SUBCOMMITTEE
COMMENT 36" of this response document, indicates that “the use of a UF of 10 appears
reasonable.”

9) COT SUBCOMMITTEE COMMENT: A-4, lines 8-10: Is there a difference in observed
effects for AEGL-1 and AEGL-2 values? Expand the text discussion to address either the
degree of effect or the number of personnel affected.

AUTHORS’ RESPONSE: Text description will be expanded to more fully emphasize endpoints
observed in the critical study (Baker and Sedgewick 1996) from which AEGL-2 estimates were
developed (e.g, the number of subjects exhibiting miosis, dyspnea and photophobia, single-fibre
electromyographic changes, and RBC-ChE inhibition). Care will be taken to point out that
observed endpoints illustrate a continuum of response, and are indicative of systemic exposure.
Further, as a consequence of COT Subcommittee guidance, the critical study for calculation of
AEGL-1 estimates will now be one for a laboratory species exhibiting quantitative and
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significant miosis. Thus the difference between observed effects for the AEGL-1 and AEGL-2
determinations will be far more marked in the next edition of the TSD.

10) COT SUBCOMMITTEE COMMENT: Page 2, line 46 and page 3, line 9: (3 x 10

mg/nt )(480 min) = 0.00144 mg-min/nt (CDC-CSEPP). That is significantly less than
the 0.5 mg-min/nt on line 9 and also on page 12, line 30.

AUTHORS’ RESPONSE:

The two Cts under consideration do not have equivalent toxicological endpoints; they are
defined differently and have different applications.

The current control limit for general public exposure to agents GB and GA of 3 % 1 0° mg/m’ is a
no-adverse-health-effect level for continuous exposure (24 hours/da) (see 53 FR 8504, 15 Mar
1988). This concentration would represent a GB Ct of 0.004 mg-min/m3 Jfor a 24-hour
continuous exposure. Please note that the CDC considers a GB/GA air concentration of 3 x 1 0
mg/m> would pose no adverse health risk to the public (including sensitive subpopulations) for
extended time periods in excess of 24 hours’ duration.

The Agent Threshold Effect Level identified in line 9 of page 3 is a Ct of 0.5 mg-min/m’ for agent
GB, and is considered, for the purposes of emergency planning, to be a “lowest-observed-effect-
level” that could be exceeded without danger. However, if projected GB concentrations
resulting from a release event would result in Cts >0.5 mg-min/m 3, then evacuation procedures
are considered warranted to provide maximal protection to safeguard the general public. The
CDC considered that the steep slope of the dose-response toxicity curve for nerve agents justifies
this caution.

Please see an existing discussion of these concepts in Section 8.2, pp. 72-73, of the G-series
agent TSD under review at the Beckman Center meeting.

11) COT SUBCOMMITTEE COMMENT: Page iv and further: General comment on
respiratory uptake: It seems that all calculations are based on the assumption that the
minute volume remains constant. However, in a case of calamity, respiratory rate may
increase considerably through physical exertion during attempts to escape, thus leading to
increased pulmonary uptake.

AUTHORS’ RESPONSE: Minute volumes up to about 25 L/min should cover most situations
involving civilian populations; however, as the reviewer points out, breathing rates may be
higher under stressful evacuation conditions. Dosimetric adjustments based on breathing rate
are not normally considered by the AEGL protocol (please see Sect. 2.4, p. 57, of the SOP; NRC
2001). In the case of the G-series agents, such a dosimetric adjustment would not be necessary
for the AEGL-1 (and to some extent, the AEGL-2) values, which are based on a local effect to the
eye (miosis) as the most sensitive indicator of exposure toxicity. Changes in respiratory rate
would not affect the miosis endpoint.

12) COT SUBCOMMITTEE COMMENT: Page 3, line 2: What is the validity of miosis as a
primary adverse health effect? Is it because it can be measured quite well, or is it really
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the most sensitive parameter? Rhinorrhea could be more sensitive, but it is difficult to
measure (page 47, line 41) (see also Hardy 1952).

AUTHORS’ RESPONSE: A number of investigators consider both miosis and rhinorrhea to be
early signs of exposure to cholinesterase inhibitors. The presence of rhinorrhea can be
indicative of inhalation exposure and/or development of systemic effects, while miosis only in the
absence of other signs or symptoms is a local effect to the pupillary muscles of the eye. As a
consequence, the presence of miosis is considered an appropriately sensitive indicator of direct
vapor exposure, with the additional advantage of being readily recognized and quantifiable.

13) COT SUBCOMMITTEE COMMENT: Page 4: Whole-body exposure experiments are a
combination of inhalation and dermal/mucosal uptake; thus, the results may not always
be relevant for setting air standards.

AUTHORS’ RESPONSE: The reviewer may be referring to p. 4 of the Status Report
accompanying the TSD.

Agreed. Nevertheless, it is generally acknowledged that a specific toxicological endpoint for
vapor exposure to nerve agents will be achieved at a lower concentration exposure for the
inhalation route than for other routes (e.g., the estimated human LClso for percutaneous vapor
exposure to agent GB is 10,000 mg-min/m’, while the estimated human LCtso for inhalation
vapor exposure to agent GB is <35 mg-min/m*; NRC 1997).

14) COT SUBCOMMITTEE COMMENT: Page 4: The way the AEGL values are expressed
using a large number of zeros after the decimal point suggests certain degree of accuracy
that does not exist. These values should be rounded to the nearest 0 or 5 and expressed in
micrograms per 1r.

AUTHORS’ RESPONSE: The recommended presentation of AEGL values is to provide two
significant figures. In addition, the primary users of nerve agent AEGL values are employing
emergency response models and training based on air concentration values provided in units of
mg/m’ (state and federal regulatory agencies and the DoD). As a consequence, the AEGL
estimates are provided both in units of mg/m’® and ppm.

At the Beckman Center meeting it was further agreed that introduction of a new unit such as
micrograms/m3 . while scientifically accurate, would be unfamiliar to the end users (who are
used to working with mg/mj), and unnecessary errors would likely be introduced in end user
applications.

15) COT SUBCOMMITTEE COMMENT: Page 5, line 3: In the chemical name, “ethyl” is
missing.

AUTHORS’ RESPONSE: Thank you for catching this error. Corrections will be made in
Table 1, line 5 (p. 5) and the Executive Summary (p. vi, line 8).

16) COT SUBCOMMITTEE COMMENT: Page 11, line 34: The most sensitive effect is
apparently thinorrhea, but it is apparently difficult to quantify accurately.
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AUTHORS’ RESPONSE: A number of investigators consider both miosis and rhinorrhea to be
early signs of exposure to cholinesterase inhibitors. The presence of rhinorrhea can be
indicative of inhalation exposure and/or development of systemic effects, while miosis only in the
absence of other signs or symptoms is a local effect to the pupillary muscles of the eye. As a
consequence, the presence of miosis is considered an appropriately sensitive indicator of direct
vapor exposure, with the additional advantage of being readily recognized and quantifiable.

17) COT SUBCOMMITTEE COMMENT: Page 13, line 20-21: Again, miosis is not the
earliest effect.

AUTHORS’ RESPONSE: A number of investigators consider both miosis and rhinorrhea to be
early signs of exposure to cholinesterase inhibitors. The presence of rhinorrhea can be
indicative of inhalation exposure and/or development of systemic effects, while miosis only in the
absence of other signs or symptoms is a local effect to the pupillary muscles of the eye. As a
consequence, the presence of miosis is considered an appropriately sensitive indicator of direct
vapor exposure, with the additional advantage of being readily recognized and quantifiable.

18) COT SUBCOMMITTEE COMMENT: Page 13, line 42: RBC or plasma ACHE?

AUTHORS’ RESPONSE: Morita et al (1995) reported findings for both “Acetylcholinesterase
in erythrocytes (E-AchE)” and “serum ChE.”

19) COT SUBCOMMITTEE COMMENT: Page 17, line 31: add “and peripheral nervous
system.”

AUTHORS’ RESPONSE: This additional material will be added to the next edition of the TSD.

20) COT SUBCOMMITTEE COMMENT: Page 33, line 21: add “and peripheral nervous
system.”

AUTHORS’ RESPONSE: This additional material will be added to the next edition of the TSD.

21) COT SUBCOMMITTEE COMMENT: Page 39, line 35 to page 40, line 37: With respect
10 the metabolism issues that are confusing (including the fact that the respective studies
were spread over decades during which names and sometimes assignments of identity of
enzymes changed), it would be helpful to the reader if the following editorial changes
were performed: (1) give the entire metabolism information here (under the heading
“metabolism”) and do not provide part of it in other sections (such as “species
differences”); (2) give a complete synopsis of all enzymes (substantially) contributing to
detoxication of the toxic compounds and of their differences among the animal species
used for the toxicity studies and humans; (3) give all synonyms of the enzymes (and point
out where assignments of the identity of the enzyme is uncertain) rather than leave it up
to the reader to distinguish whether a different name in a later paragraph refers to the
same enzyme mentioned before.

AUTHORS’ RESPONSE: The authors appreciate these specific suggestions to improve the text
presentation, and will address Dr. Oesch’s recommendations. Dr. Oesch points out text
reflective of changes in the evolution of enzyme naming conventions throughout the time period
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covered by the cited literature. In particular, the synonymy between “aliesterase” and
“carboxylesterase” requires clarification in the text. The scientific community acknowledges
that the nomenclature and classification of mammalian carboxylesterases needs greater clarity
(Satoh and Hosokawa 1998). Edited text incorporating contemporary naming conventions is
being prepared to address this comment, and will be substituted for existing text.

22) COT SUBCOMMITTEE COMMENT: Page 40, lines 23-33: Beside the 6-fold
differences in human paraoxonase observed by Kujiraoka et al. (2000), it may be
advantageous to also mention the much larger (40-fold) differences observed by Furlong
et al. (1989).

AUTHORS’ RESPONSE: This additional point regarding 40-fold differences observed in
Furlong et al (1989) will be added to the next edition of the TSD.

23) COT SUBCOMMITTEE COMMENT: Page 41, line 26: OPIDN, or dying back
phenomenon, is not due to ACHE inhibition.

AUTHORS’ RESPONSE: The next edition of the TSD will include new text describing the
“dying back” neuropathy in terms of axonal transport blockage, as clarified in new
reference material provided to the TSD authors by Dr. de Wolff (de Wolff et al, 2002).

24) COT SUBCOMMITTEE COMMENT: Page 46, line 9: The argument is not convincing
as to why RBC-CHE was rejected as a critical end point.

AUTHORS’ RESPONSE: Additional text describing population and individual variability of
RBC-ChE activity will be incorporated here.

25) COT SUBCOMMITTEE COMMENT: Page 47, lines 40-41: See remarks on page 11
and page 13; miosis is not the most sensitive indicator.

AUTHORS’ RESPONSE: A number of investigators consider both miosis and rhinorrhea to be
early signs of exposure to cholinesterase inhibitors. The presence of rhinorrhea can be
indicative of inhalation exposure and/or development of systemic effects, while miosis only in the
absence of other signs or symptoms is a local effect to the pupillary muscles of the eye. As a
consequence, the presence of miosis is considered an appropriately sensitive indicator of direct
vapor exposure, with the additional advantage of being readily recognized and quantifiable.

26) COT SUBCOMMITTEE COMMENT: Page 47, lines 48-50: The neuropathy target
esterase (NTE) theory is obsolete; the current literature on this point should be reviewed
and the entire section should be rewritten and updated.

AUTHORS’ RESPONSE: The authors will re-write the TSD sections where NTE is mentioned,
using more recent literature already provided by the reviewer (de Wolff, et al 2002).

27) COT SUBCOMMITTEE COMMENT: Page 48, line 40: Incidence may be much higher,
but it is in a recognizable susceptible group. '

AUTHORS’ RESPONSE: Agreed.
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28) COT SUBCOMMITTEE COMMENT: Page 53, line 23: Not only skin absorption of

vapor but, more importantly, percutaneous uptake of the aerosol droplets should be
considered here.

AUTHORS’ RESPONSE: While it is recognized that droplets and/or aerosols may be present
during certain release events (as they may be for numerous other industrial compounds reviewed
during the AEGL process), the focus of the present AE GL activity (and the community
emergency preparedness need) for these compounds is vapor exposure.

29) COT SUBCOMMITTEE COMMENT: Page 54, Section 4.5.7, line.33: Protective
clothing can have an adverse effect. Some materials absorb the organophosphates, and
because of occlusion of the skin, the proposed “protection” afforded by certain types of
clothing will work as an absorption-promoting device.

AUTHORS’ RESPONSE: Agreed.

Nevertheless, the percutaneous vapor concentrations necessary 1o reach the same endpoint is far
in excess of the respiratory concentrations required, as discussed earlier (e.g., the estimated
human LCtsy for percutaneous vapor is 10,000 mg-min/m’, while the estimated human LCltsy for
inhalation vapor is <35 mg-min/m3 ; NRC 1997). If emergency response control limits for the
public (not equipped with personal protective clothing) are developed so as to safeguard against
an adverse inhalation exposure, then the public will also be simultaneously safeguarded against
a percutaneous vapor exposure. T his is a protective position.

Further, emergency responders suited in personal protective clothing operate under additional
safeguards in the form of limited stay times, observer and atmospheric monitoring, etc.

30) COT SUBCOMMITTEE COMMENT: Page 54, line 48: Casualty Management and Care.
The section is not relevant, and it should be deleted.

AUTHORS’ RESPONSE: The section on casualty management and care was added at the
express direction of the NAC. At the Beckman Center meeting, the TSD authors agreed that this
material is inappropriate for inclusion in an analysis of AEGL values, and that the identified text
(Sect. 4.5.7) would be deleted.

31) COT SUBCOMMITTEE COMMENT: Page 60, line 5: The most relevant parameter for
long-term adverse health effects for the derivation of AEGL-2 values is peripheral
neurotoxicity.

AUTHORS’ RESPONSE: Literature review that took place during the development of the
Technical Support Document revealed no controlled nerve agent vapor exposure studies in
animal or human subjects for the specific endpoint of peripheral neurotoxicity.

The critical study by Baker and Sedgewick (1996) was selected because it did examine single
fibre electromyographic (SFEMG) changes as a possible early indicator of the nondepolarizing
neuromuscular block found associated with the Intermediate Syndrome paralysis noted in some
cases of severe organophosphorous insecticide poisoning. The Baker and Sedgewick (1996)
study concluded that the SFEMG changes were persistent (>15 months), but reversible and
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subclinical. While not considered debilitating or permanent effects in themselves, the TSD
authors consider SFEMG changes to be an early indicator of agent exposures that could
potentially result in more significant effects at a slightly greater concentration. The TSD authors
further consider selection of this effect to be a protective definition of an AEGL-2 effect level.

32) COT SUBCOMMITTEE COMMENT: Page 64, line 17 and page 65, line 1: With
different detoxification mechanisms, why was the interspecies UF of 3 applied instead of
10?

AUTHORS’ RESPONSE: This comment has been previously addressed in the response to an
earlier, General Comment (see p. 5 of this Authors’ Response for an extensive response
regarding analysis of interspecies differences in carboxylesterases, etc. )

33) COT SUBCOMMITTEE COMMENT: Page 70, lines17-19: Reconsider the AEGL value
in light of the SOP definition.

AUTHORS’ RESPONSE: The cross-comparison of AEGL estimates with the existing data
characterizing toxic response in experimental animals and volunteer human subjects reveals that
the Interim AEGL-1, -2, and -3 estimates for these compounds are highly protective
determinations.

As a consequence, many would consider that consideration of additional reductions in the
Interim AEGL estimates for the G-series nerve agents would not be well supported by existing
toxicological data.

34) COT SUBCOMMITTEE COMMENT: Page 79, line 16: Is that the current document?
Consider the recent non-stockpile EIS.

AUTHORS’ RESPONSE: DA (1988) is the final Programmatic EIS document for the stockpile
disposal program. Thank you for the citation to the non-stockpile EIS.

35) COT SUBCOMMITTEE COMMENT: Page 91, line 38: Is that the current version?

AUTHORS’ RESPONSE: The citations (USACMDA 1993 a,b) refer to two preliminary survey
reports identifying the presence and extent of the non-stockpile problem; experimental data were
not sourced to either of these reports. If more recent surveys have been published, the TSD
authors would appreciate the citations.

36) COT SUBCOMMITTEE COMMENT: The subcommittee recommends that this chapter
provide tables that compare properties, human and animal toxicity data, and epidemiologic data
for all of the agents. It is apparent that the bulk of the data was generated for GB. Relatively
few empirical data exist for the remainder of the congeners in this series. The cancer summary
on page 38 and the general summary on the same page are important and the subcommittee
concurs that the AEGL values for GA, GD, and GF must be derived by extrapolation of the GB
values. GA is potentially more toxic than GB. Sidell (1974) claims that the reason the workers
exposed to GB and treated within 20 min survived (page 14), whereas others exposed to GA and
treated within the same time died is because the half-life of GB is longer than that of GA (70 min
vs 11 min). The discussion of the “Desert Storm illness” etiology was balanced, but not
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contributory. The subcommittee would like to see a scholarly evaluation of potential biomarkers
and other end points for evaluating exposure in the epidemiology and relative potency sections.

The NRC subcommittee agrees that RBC cholinesterase is a poor indicator of toxicity
(see Storm et al., 2000), and the subcommittee believes that NAC’s comments on op
insecticides strengthen this section. Organophosphates exhibit gender differences in
susceptibility, much like the G agents (Table 15), and there are probably also significant age
differences in susceptibility. Therefore, the use of a UF of 10 appears reasonable.

VX could also be included with the G agents because the NAC uses the Harvey (1952)
study for developing AEGL-1 values and the Baker and Sedgewood (1996) study for AEGL-2
values, but it is not clear why there is an additional UF of 3 for poor quality of data for VX and
not for GA, GD, or GF. The NAC should eliminate the anecdotal reports on Desert Storm.

Although the subcommittee understands that the NAC’s charge was to address inhalation
exposures, these agents may have a strong dermal-exposure component that cannot be ignored.
Percutaneous absorption will be especially important for some victims in the immediate vicinity
of GB release and for remedial investigation and cleanup responders to an incident involving
release and dispersion of those materials.

AUTHORS’ RESPONSE: As existing data allow, tables summarizing the requested

parameters, and an examination of biomarkers for evaluating exposure (epidemiology and
relative potency sections) can be developed.

The discussion of “Desert Storm” reports and anecdotes will be deleted.

The above comment “The subcommittee would like to see a scholarly evaluation of potential
biomarkers and other end points for evaluating exposure in the epidemiology and relative
potency sections” appears to be drawn from Dr. Doull’s written review comments distributed at
the Beckman Center meeting and read into the meeting record in Dr. Doull’s absence. His
written comments state “...I like the scholarly evaluation of potential end points for evaluating
exposure in the epidemiology and relative potency sections. ” It would appear that the
“scholarly evaluation” is already present to a large extent in the Technical Support Document.
If the Subcommittee wishes the authors to address additional and specific points or reference
materials in the epidemiology and relative potency sections, please advise.

The TSD authors concur with the COT Subcommittee position that “the use of a [intraspecies]
UF of 10 appears reasonable.”

The TSD authors concur with the COT Subcommittee position that the analysis for VX can be
incorporated into the analysis for the G-series agents.

The NAC considered that agent VX possessed sufficiently different physical and chemical
properties to be deserving of separate database consideration, while still acknowledging that the
primary mechanisms of toxicity are the same for all nerve agents. The NAC further considered
that the G-series agents are all sufficiently similar in volatility and chemical properties such that
the preponderance of similar data for the G-agents allowed these compounds to be logically
considered together (and differing primarily in the matter of relative toxic potency).
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It is understood and acknowledged that the agents may have a dermal exposure component of
concern. This is an issue for other, commercial hazardous materials evaluated by the AEGL
process, as well. The issue of percutaneous exposure is taken seriously and is stressed in
decontamination and training requirements for nerve agent emergency responders as well as
residents in host communities adjacent to the unitary stockpile sites. At present, the AEGL SOPs
(NRC 2001) do not address a protocol for developing “dermal AEGLs.”

COMMENTS ON NERVE AGENT VX

At its February 6-8, 2002 meeting, the subcommittee reviewed the AEGL document on
VX. The presentation was made by Annetta Watson of Oak Ridge National Laboratory. The
subcommittee recommends a number of revisions.

General Comments

1) COT SUBCOMMITTEE COMMENT: Although considerable data are presented, the
AEGL values for VX are based on the relative potency of VX and GB; VX is considered to
be 12 times more acutely toxic than GB. Although there are data to support the contention
for 12 times greater potency for miosis (applicable to AEGL-2 and AEGL-3 values in one
species), the evidence does not appear to be sufficient to support the potency factor of 12 for
AEGL-3 values if ChEso is used as the indicator of lethality. In addition, the GB base study
is questionable. Data are presented in Table 8, page 25, that contradict the 12-times greater
potency relationship. The NRC subcommittee recommends using a value of 5-7 for relative
potency in deriving AEGL-3 values. It should also be noted that the CDC recommendation
is the same as that for GB.

Another consideration in the relative potency factor for miosis appears on page 36, line 20:
VX is more potent than GB for miosis in one species only. This observation might not hold
for other toxic effects in other species. The subcommittee therefore recommends rounding
the relative potency factor to 10.

AUTHORS’ RESPONSE: The available experimental data base for comparing the potency of
agent GB relative to agent VX is summarized in Tables 7 and 8 (pp. 24-25) of the TSD for agent
VX: the Table entries in bold are those for experimental and primary sources; the non-bolded
ratios are those found in secondary or derivative sources. Primary data for GB-to-VX
comparisons (same endpoint) are available for 3 mammalian species. In all cases, agent VX is
more potent than agent GB.

Human inhalation (Oberst et al 1961; Bramwell et al 1963) and human oral (Grob and Harvey
1958; Sidell and Groff 1974) exposures are included in the experimental data base summarized
in Tables 7 and 8 of the TSD for agent VX; reported endpoints for each human study were ChEsg
" The Bramwell et al (1963) study of VX inhalation toxicity is considered a flawed and
nonverifiable source because the human subjects were not exposed to a rigorously controlled
atmosphere [breathing zone concentrations could not be determined, potential effects of the
carrier solvent (benzene) on agent absorption by subject not evaluated, etc.]. As a consequence,
the GB: VX ratio for inhalation ChEso [which includes the VX Ct from Bramwell et al (1963)] is
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not as credible as the comparable ratio derived from the well-conducted human oral exposure
studies of Grob and Harvey (1958) and Sidell and Groff (1974). In addition, the oral exposure
studies evaluate the effects of known agent doses (* g/kg). Of the values derived from available
human data, the GB: VX ratio calculated from oral dose exposures needed to achieve RBC-
ChE sy is the most credible.

With no adjustments for differences in recovery or reversibility (“aging ”), direct application of
experimental data from human subjects for the ChEso endpoint supports a GB: VX relative
potency estimate of 4.2. Because the ChEsg endpoint is part of the continuum of response for

these anticholinesterase compounds, it is consistent to apply the same RP for estimating AEGL-
1, AEGL-2 and AEGL-3 values for agent VX.

The authors recommend a RP of 4.2 (rounded to 4.0) to characterize the GB: VX potency ratio
for all AEGL levels.

With regard to the CDC recommendation, one reviewer at the Beckman Center meeting cited the
relative GB: VX potency of 12 as given in a CDC Federal Register notice (67 FR 894: 8 Jan
2002). The TSD authors also provided a file of this notice to the COT Program Director in the
first weeks following the Beckman Center meeting. In that FR notice, the CDC cited the
NAC/AEGL Technical Support Document as its source for this relative potency determination of
12, as well as the Callaway and Dirnhuber (1971) paper on rabbit miosis as the critical study for
relative potency determination. The CDC cited no new information or analyses regarding
relative potency, but repeated the analysis contained in the NA C/AEGL TSD for agent VX. Thus,
the CDC analysis for VX relative potency as contained in the FR notice of 8 Jan 02 is duplicative
of the NAC relative potency argument contained in the Interim VX AEGL Technical Support
Document under review by the COT Subcommittee.

2) COT SUBCOMMITTEE COMMENT: Page 31, lines 22-24 and page 32, lines 1-4: Itis
not clear whether the NAC recommendation to use a UF of 10 also applies to VX. If the
“aliesterases” on page 32, line 1, refer to the same entity as “carboxylesterases” of page 31,
line 22, then the proposed UF of 3 for interspecies differences pertinent to AEGL-3
determination is appropriate. If the two names refer to two different entities, it is likely that
the NAC’s recommendation to increase the UF for interspecies differences relevant to
AEGL-3 determination for GB to 10 also apply to VX. A revised description in the text
would be helpful including clarification of whether the reference to “these compounds” in
line 2 of page 32 means “these enzymes.”

AUTHORS’ RESPONSE: Dr. Oesch points out where the TSD text reflects changes in the
evolution of enzyme naming conventions throughout the time period covered by the cited
literature. In particular, the synonymy between “aliesterase” and “carboxylesterase’ requires
clarification in the text. The scientific community acknowledges that the nomenclature and
classification of mammalian carboxylesterases needs greater clarity (Satoh and Hosokawa
1998). Edited text incorporating contemporary naming conventions is being prepared to
address this comment, and will be substituted for existing text.

The detoxification potential of endogenous carboxylesterase to protect against the lethal effects
of nerve agent exposure was tested by Maxwell (1992) in (male) SD rats. Nerve agents GA, GB,
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GD, or VX in isotonic saline were administered by s.c. injection. The degree of in vivo CaE
inhibition was measured in the plasma, lung and liver of exposed rats. In vivo protection
provided by endogenous CaE was estimated by comparing differences in LDso following nerve
agent exposures to rats with inhibited CaE activity [following administration of the probe, 2-(O-
cresyl)-4H—1,3,2-benzodioxaphosphorin-z-oxide] versus nerve agent exposures to rats without
inhibited CaE activity. Maxwell determined that endogenous CaE in the rat provided no
significant protection against in vivo lethal exposures to nerve agent VX under the experimental
protocol employed; further, Maxwell concluded that “CaE detoxification does not appear to be
important” against exposures to lethal concentrations of agent VX.

AUTHORS’ CONCLUSIONS REGARDING COMMENT 2): The SD rat in vivo experimental
results of Maxwell (1992) indicate that endogenous CaE in this species confers no protection
against lethal exposures of nerve agent VX. Thus, rats exposed to VX should not be considered
more robust than other species possessing a different CaE profile.

3) COT SUBCOMMITTEE COMMENT: Dermal absorption could be a major potential
source of exposure, so the subcommittee recommends the addition of a section to address this
hazard. Although initial exposure would likely be to vapor or aerosol, site remediation efforts
would expose response personnel to the dermal hazards of VX.

The NAC should also address the issue of exposure to acrosols versus vapors. There may or may
not be a difference in delivered dose and, therefore, toxicity. Although there are no experimental
data, the issue should be addressed, if only in a theoretical framework (U.S. EPA, 1987; Oxo-
Process Panel, 1995). It could also be discussed and submitted as a research need.

AUTHORS’ RESPONSE: New text providing greater emphasis on the percutaneous hazard
posed by VX surface contamination and the potential for aerosol generation during an energetic
release can be added to the TSD. Further, specific research necessary to more fully characterize
the vapor toxicity as well as the percutaneous toxicity of agent VX can be highlighted in the
document.

Greater emphasis can be placed on the fact that the AEGL estimates are for vapor exposure
only, and cautions to that point emphasized in AEGL summary tables.

At present, AEGL guidelines have been developed with an emphasis on vapor exposures.

Specific protocols for aerosol exposures may be considered at some future date, and would apply
not only to agent VX, but also to the numerous other, industrial, hazardous materials that are
likely to exhibit an aerosol component during release events.

" The documents identified are being located for author consideration.

4) COT SUBCOMMITTEE COMMENT: VX is 10 times as acutely toxic as GB on a
mechanistic basis; however, the low volatility, lipophilicity, and persistence increase the risk of
VX dermal absorption in comparison with GB. Therefore, overall risk of VX exposure may
therefore be much higher than the 10 or 12 times cited. The text should indicate that the 10- or
12-times greater potency is appropriate for vapor exposures.

Detailed Authors’ Response to Seventh Interim Report, 30 May 2002 22
Nerve Agents



AUTHORS’ RESPONSE: There is no question that agent VX poses a dermal absorption risk;
this point can be more specifically emphasized in the TSD, as addressed in “Authors’ response”
to Comment 3) above. Nevertheless, the sponsor has noted that the more immediate need is for
an agent VX vapor emergency guideline level, with the potential for developing a comparable
guideline for agent VX aerosol exposure at some future time.

Text can be added to emphasize that the current AEGL determinations are intended for
application to vapor exposure only.

5) COT SUBCOMMITTEE COMMENT: Delayed, long-term peripheral VX neurotoxicity

cannot be excluded. The relative potency compared with GB for this effect may also be
higher and rigorous discussion of this end point should be presented.

AUTHORS’ RESPONSE: Literature on this point is summarized in Section 4.5.2, “Delayed
Neuropathy,” pp. 29-30 of the nerve agent VX TSD. In tests with chickens, a susceptible
species, delayed neuropathy was not observed in 3 strains of antidote-protected chickens given a
single s.c. dose of VX equivalent to 5-10 times the lethal dose. Further, repeated supralethal i.m.
injections of VX (each injection being equivalent to 1.3 times the LDsg) for either 3 days/wk over
30 days, or 5 days/wk over 90 days, produced no signs of organophosphate-induced delayed
neuropathy (Goldman et al 1988; Wilson et al 1988). It is true that, in rats, continuous s.c.
exposure via osmotic pump to a daily supralethal dose equivalent to 1.3 times the s.c LDsp is
reported to generate myopathy in the soleus muscle (Lenz et al 1996). Nevertheless, application
of the Lenz et al (1996) results seems appropriate only for individuals who survive lethal
concentration exposures (which are well above Interim AEGL-3 values).

6) COT SUBCOMMITTEE COMMENT: The NAC selected UFs of 3 or 10 for intraspecies
extrapolation rather randomly. The NAC should provide a sound rationale for the selection
of every uncertainty factor used. Include the literature reference for the 12-times greater
potency of VX relative toxicity for miosis in the executive summary. Although the argument
presented is convincing, it is buried in the document.

AUTHORS’ RESPONSE: Additional text can be added to the Executive Summary identifying
the specific study and logic employed for development of the relative potency factor.

The logic used to develop an uncertainty factor estimate 10 address interspecies variability in the
AEGL-3 determination is the same for both agent GB and agent VX. Any potency difference in
agent elicitation of the same response (lethality) in the same species (SD rat) is intended to be
accommodated by the relative potency factor, since there are insufficient experimental data from
which to derive a direct interspecies comparison. Agent VX database limitations are
accommodated by the application of an (additional) modifying factor (MF = 3) in the AEGL
estimation. Thus, the concern is still that of comparing the lethality responses of female SD rats
to the estimated human lethality response for agent GB. This issue was addressed at length in
the companion authors’ response for the G-agents

Further, there appears to be insufficient evidence on which to base an interspecies uncertainty
factor of a value greater than 3 for the rat-to-human extrapolation performed in the Agent VX
Interim TSD for AEGL-3 effects under review. As previously discussed in the earlier response to
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COT Subcommittee Comment 2), the SD rat in vivo experimental results of Maxwell (1992)
indicate that endogenous CaE in this species confers no protection against lethal exposures of
nerve agent VX. Thus, rats exposed to VX should not be considered more robust than other
species possessing a different CaE profile (e.g., humans).

Briefly, then, interspecies comparisons of calculated values for AEGL-3 (AEGL-3 versus AEGL
3X) with experimental GB vapor exposure lethality data for rats and monkeys and dogs (as well
as estimated human LCtsp values) has been performed. The results indicate that an interspecies
UF of approximately 3 for AEGL-3 determination is a reasonable characterization of the present

state of knowledge for this parameter, for all the nerve agents under consideration (G-series as
well as VX).

Specific Comments

7) COT SUBCOMMITTEE COMMENT: Page vii, lines 7-18: Include the Callaway and
Dirnhuber (1971) citation, and state that this is based on rabbit data.

AUTHORS’ RESPONSE: Can do.

8) COT SUBCOMMITTEE COMMENT: Page vii, lines 33-34: AEGL-1 and AEGL-2
values for VX are not based on human data. They are based on human exposure to GB.

AUTHORS’ RESPONSE: Additional clarifying text can be added to these lines.

9) COT SUBCOMMITTEE COMMENT: Page 7, lines 43-46: How can the NAC justify
including the results of unethical experiments?

AUTHORS’ RESPONSE: First, the referenced study (Kimura, KK, BP McNamara and VM
Sim. 1960, Intravenous administration of VX in man. U.S. Army Chemical Research and
Development Laboratory, Technical Report No. 3017. Army Chemical Center, MD) is not
considered “unethical.” This experiment was performed with the informed consent of the
participants, under full clinical supervision, and in a hospital setting considered suitable for the
time (resuscitation team at bedside “to administer atropine, oximes, oxygen, artificial
resuscitation and tracheotomy if indicated”). Many of the observed effects summarized onp. 7
of the Interim TSD are those noted for the single subject of the dose-response range-finding
study—Dr. Van Sim, MD, a principal investigator of the reported study. Dr. Sim, a physician,
was an internationally known investigator in this field, had previously performed research at
Porton Down on nerve agent induced miosis, and volunteered 1o be the subject for the reported
investigation. Dr. Sim was most certainly an informed volunteer. The same Technical Report
No. 3017 included summaries of observed effects noted for 6 additional volunteers, identified by
subject codes, who were also similarly monitored under the Clinical Research Division
Volunteer Program.

When this issue was brought up by the COT Subcommittee reviewer at the Beckman Center
meeting, the AEGL SOPs for the application of human data to AEGL estimation (Sect. 2.3.2,
“Evaluation, Selection, and Documentation of Key and Supporting Data, ” especially material on
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p. 53; NRC 2001) were discussed. Key to acceptance of human subject data for use by the AEGL
process is evidence that subjects provided informed consent, and that the studies were performed
under appropriate clinical supervision. All these criteria can be met by the Kimura et al 1960
study.

This determination seemed to be acceptable to the COT Subcommittee at the time.

Please note that the Kimura et al (1960) report has not been used in the TSD as a critical study
for the development of AEGL estimates.

10) COT SUBCOMMITTEE COMMENT: Page 8, line 34: How relevant is dermal vapor
absorption for this low-volatility substance? Dermal absorption of aerosol droplets may be
more relevant as it is a potentially high-risk mode of exposure.

AUTHORS’ RESPONSE: Dermal vapor absorption is a low priority for this compound,
although there are certain release events that will generate a dermal vapor threat. It is
generally acknowledged that a specific toxicological endpoint for vapor exposure to nerve agent
VX will be achieved at a lower concentration exposure for the inhalation route than for other
routes (e.g., the estimated human LCtso for percutaneous vapor exposure to agent VX is 150 mg-
min/m’, while the estimated human LCtsy for inhalation vapor exposure to agent VXis <I15 mg-
min/m>; NRC 1997). Thus, AEGL estimates based on non-dermal exposures are considered
protective for both inhalation and dermal routes.

Please see also earlier response to COT Subcommittee Comment 3).

11) COT SUBCOMMITTEE COMMENT: Page 10, line 6-8: How were these symptoms
quantified? They appear subjective.

AUTHORS’ RESPONSE: As stated in lines 10-12, mood alterations were determined by
results of Clyde Mood card sort (Bowers et al 1964).

Intellectual impairment was determined as follows: impairment of ability to perform simple
arithmetic tasks, inability to perform serial sevens, impairment of performance in reading or
standard games of concentration, and other, subjective, symptoms (“impairment in orientation ”)
(Bowers et al 1964).

Anxiety was determined by the appearance of palpitations, coupled with other, subjective
symptoms (“restlessness”).

Psychomotor depression was determined by the appearance of reply latency, slowed speech, and
evidence of fatigue; in addition to other, subjective, symptoms (reported feelings of being
“slowed down”).

12) COT SUBCOMMITTEE COMMENT: Page 17, lines 27-33: This statement needs to be
revised and clarified.

AUTHORS’ RESPONSE: Descriptions of blood cholinesterase depression will be clarified
(from that used by the Crook et al 1983) so that “reduced to 92% of control” will be replaced by
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decrement language such as “decreased by 8% from baseline control.” Similarly, “[reduced] to
24% of control” will be replaced by “decreased by 76% from baseline control.”

13) COT SUBCOMMITTEE COMMENT: Page ix: What is the practical use of these
homeopathic levels? Can these end points be analyzed in any rigorous fashion? AEGL-1 for
8 h =28 ng/nr. Does the NAC mean to imply that exposure to 27 ppm is safe and 29 ppm s
toxic?

AUTHORS’ RESPONSE: AEGLs are considered predictive values, and, as such, are not
intended to be definitive thresholds. This concept is true for all hazardous compounds
considered in the AEGL program, and is not confined to chemical warfare agents only.

The primary users of nerve agent AEGL values are developing and running emergency response
models for pre-incident identification of hazard zones and protective actions (shelter-in-place,
etc,). Effect-level estimates such as AEGL values are considered valuable as decision criteria
for advance planning and identification of hazard zone boundaries.

In addition, emergency response planning and training by end users (state and federal
regulatory agencies and the DoD) are based on air concentration values provided in units of
mg/m>. As a consequence, the AEGL estimates for the chemical warfare agents are provided
both in units of mg/m> and ppm (the precedent was established for the chemical warfare agent
sulfur mustard by the COT Subcommittee some time ago).

At the Beckman Center meeting it was further agreed that introduction of a new concentration
unit such as nanograms/m’, while scientifically accurate, would be unfamiliar to the end users
(who are used to working with mg/m’), and unnecessary errors would likely be introduced in end
user applications.

14) COT SUBCOMMITTEE COMMENT: Page 21, line 4: Two species—what about the
rats mentioned on page 13?

AUTHORS’ RESPONSE: For clarity, the text on p. 21, line 4, will be edited to read “Credible
acute lethality data for inhalation exposure to agent VX vapors are available for only two
species (mice and goats)...”

The rat data inhalation exposure data summarized onp. 13 (Crook et al 1983) are not
considered credible (see Section 2.2 and Table 5, p. 15). The other rat data summarized in
Section 3.1.1 on p. 13 are for non-inhalation or non-vapor exposure routes (aerosols,
subcutaneous, or intragastric).

15) COT SUBCOMMITTEE COMMENT: Page 39, line 17: Two species—what about the
rat data on page 13?7

AUTHORS’ RESPONSE: Please see response to COT Subcommittee Comment 14) above.

16) COT SUBCOMMITTEE COMMENT: Page 44, line 32: Delete this title.
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AUTHORS’ RESPONSE: Agree. Title will be deleted from the next edition of the TSD.

Research needs described will be incorporated into Section 8.3 “Data Adequacy and Research
Needs.”

17) COT SUBCOMMITTEE COMMENT: Page 44, line 34: Delete “The NAC has noted
that”

AUTHORS’ RESPONSE: Agree. Identified text will be deleted from the next edition of the

TSD. Research needs described will be incorporated into Section 8.3 “Data Adequacy and
Research Needs.”

18) COT SUBCOMMITTEE COMMENT: Page 45, lines 1-6: Delete that paragraph

AUTHORS’ RESPONSE: Agree. Identified text will be deleted from the next edition of the
TSD.

Editorial Comments

19) COT SUBCOMMITTEE COMMENT: Page vi, lines 17-18: “VXis odorless, so overt

toxicity could occur after exposures below those of odor detection.” Rewrite these sentences to
reflect the poor warning properties of this material.

AUTHORS’ RESPONSE: Suggested new text, “Because Agent VX'is considered odorless, this
compound possesses no olfactory warning properties.”

20) COT SUBCOMMITTEE COMMENT: Page 4, line 4;: Chemical name: should be
diisopropyl.

AUTHORS’ RESPONSE: Agree; edit change will be made in new edition text.

21) COT SUBCOMMITTEE COMMENT: Page 16, line 13: Change “0.000005” to “5 x 10
6 2

AUTHORS’ RESPONSE: The concentrations were summarized in this TSD text as provided by

the author of the original study (Crook et al 1983). The new edition of the TSD can include
scientific notation of this value as well.

22) COT SUBCOMMITTEE COMMENT: Page 17, lines 22-23: Change “highest” to
“higher.” A similar change should be made on page 16 in the discussion of the write-ups for rat
and mouse data.

AUTHORS’ RESPONSE: To increase clarity, new text will read “...but none at 0.00006
3 »»”
mg/m”.

23) COT SUBCOMMITTEE COMMENT: Page 17, lines 27-30: To clarify the intended
meaning, indicate actual inhibition of plasma ChE rather than percentage plasma ChE activity
remaining after inhibition.
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AUTHORS’ RESPONSE: Please see previous response to COT Subcommittee Comment 12)
above.

24) COT SUBCOMMITTEE COMMENT: Page 18, Section 3.3, line 15: Add possible
peripheral neurotoxicity.

AUTHORS’ RESPONSE: New text on lines 19-20 will read “...on both smooth and skeletal
muscle function as well as the central and peripheral nervous system. ”

18) COT SUBCOMMITTEE COMMENT: Page 44, line 39: Do not put “miosis” and
“lethality” on one line.

AUTHORS’ RESPONSE: Wording will be clarified.
Additional References
U.S. Environmental Protection Agency: TSCA Section 8¢ Submission and Status Report on n-

Butyl Acetate. 8EHQ-0387-0659. U.S. EPA, Office of Toxic Substances, Washington,
DC (April 6, 1987).

Oxo Process Panel: n-Butyl Acetate: Summary and Conclusions. Written Statement Presented

by the Chemical Manufacturers Association OXO Process Panel to the ACGIH TLV
Subcommittee (February 2, 1995).

Detailed Authors’ Response to Seventh Interim Report, 30 May 2002
Nerve Agents

28



References Cited

Augustinsson, K-B, 1959. Electrophoresis studies on blood plasma esterases. I. Mammalian
plasmata. Acta. Chem. Scand. 13: 571-592.

Baker, DJ, and Sedgewick, EM, 1996. Single fibre electromyographic changes in man after
organophosphate exposure. Hum. Exp. Toxicol. 15: 369-375.

Bide, RW, J Armour, and E Yee, 1999. An approach to obtain estimates of human toxicity. Part
III: A reasonable, defendable procedure to obtain human inhalation toxicity estimates (LCtos,
LCtso, LCtys) directly from animal toxicity data (GB is used as an example). Presented to the
NATO Challenge Subgroup, 12-14 May 1999, San Antonio, TX.

Bowers, MB, E Goodman, and Sim, VM. 1963. Some behavioural changes in man following
anticholinesterase administration. J. Nerv. Mental Dis. 138: 383-389.

Bramwell, ECB, WSS Ladell, and Shephard, RJ. 1963. Human exposure to VX vapour. Porton
Technical Paper, No 830, Porton Down, Salisbury, Wilts., UK.

Callaway, S, and Dirnhuber, P. 1971. Estimation of the concentration of nerve agent vapour
required to produce measured degrees of miosis in rabbit and human eyes. Technical Paper No.
64, Chemical Defence Research Establishment, Porton Down, Salisbury, Wilts., UK.

Cashman, JR, BY Perotti, CE Berkman, and J Lin, 1996. Pharmacokinetics and molecular
detoxication. Environ. Health Persp. 104: 23-40.

Chanda, SM, TL Lassiter, VC Moser, S Barone, Jr., and S Padilla, 2002. Tissue
carboxylesterases and Chlorpyrifos toxicity in the developing rat. Human Ecol. Risk Assess.
8(1): 75-90.

Crook, JW, Hott, P, Owens, EJ, et al. 1983. The effects of subacute exposures of the mouse, rat,
guinea pig, and rabbit, to low-level VX concentrations. U.S. Army Armament Research and
Development Command, Chemical Systems Laboratory, Technical Report ARCSL-TR-82038,
Aberdeen Proving Ground, MD.

DA (Department of the Army). 1988. F inal programmatic impact statement for the chemical
stockpile disposal program. U.S. Department of the Army, Office of the Program Executive
Officer, Program Manager for Chemical Demilitarization, Aberdeen Proving Ground, MD.

De Wolff, FA, N Treijtel, and M Vermeulen, 2002. “Mechanisms of peripheral neurotoxicity,”
pp. 282-303, chap. 15, In DS Lester, W Slikker and P Lazarovici (eds), Site-Selective
Neurotoxicity. Taylor and Francis, Publishers, London and New York.

Furlong, CE, RJ Richter, SL Seidel, LG Costa and AG Motulsky, 1989. Spectrophotometric
assays for the enzymatic hydrolysis of the active metabolites of chlorpyrifos and parathion by
plasma paraoxonase/arylesterase. Analyt. Biochem. 180: 242-247.

Detailed Authors’ Response to Seventh Interim Report, 30 May 2002 29
Nerve Agents



Goldman, M, Rosenblatt, LS, Wilson, BW, et al. 1988. Toxicity studies on agent VX: Final
report. Laboratory for Energy-Related Health Research, University of California, Davis, CA.

Gordon, JJ, RH Inns, MK Johnson, L Leadbeater, MP Maidment, DG Upshall, GH Cooper, and
RL Rickard, 1983. The delayed neuropathic effects of nerve agents and some other
organophosphorous compounds. Arch. Toxicol. 52: 71-82.

Grob, D, Harvey, JC. 1958. Effects in man of the anticholinesterase compound Sarin (isopropyl
methyl phosphonofluoridate). J. Clin. Invest. 37:350-368.

Harvey, JC. 1952. Clinical observations on volunteers exposed to concentrations of GB.
Medical Laboratories Research Report No. 114, Publication Control No. 5030-114, MLCR 114
(CMLRE-ML-52). Army Chemical Center, MD.

Johns, RJ. 1952. The effect of low concentrations of GB on the human eye. Chemical Corps
Medical Laboratories Research Report No. 100, Publication Control No. 5030-100 (CMLRE-
ML-52). Army Chemical Center, MD.

Kaliste-Korhonen, E, K Tuovinen, and O Hénninen, 1996. Interspecies differences in enzymes
reacting with organophosphates and their inhibition by paraoxon in vitro. Human Exper.
Toxicol. 15: 972-978.

Kimura, KK, McNamara, BP, Sim, VM. 1960. Intravenous administration of VX in man. U.S.

Army Chemical Research and Development Laboratory, Technical Report No. 3017. Army
Chemical Center, MD.

Kujiraoka, T, T Oka, M Ishihara, T Egashira, T Fujioka, E Saito, S Saito, N Miller and H
Hattori. 2000. A sandwich enzyme-linked immunosorbent assay for human serum paraoxonase
concentration. J. Lipid Research 41: 1358-1363.

Lenz, DE, Maxwell, DM, Austin, LW. 1996. Development of a rat model for subacute exposure
10 the toxic organophosphate VX. J. Amer. College Toxicol. 15 (suppl. 2):869-877.

Maxwell, DM. 1992. The specificity of carboxylesterase protection against the toxicity of
organophosphorus compounds. Toxicol. Appl. Pharmacol. 114:306-312.

Mioduszewski, RJ, J Manthei, R Way, D Burnett, B Gaviola, W Muse, R Crosier, D Sommerville,
and SA Thomson, 2000a. Estimating the probability of sarin vapor toxicity in rats as a function

of exposure concentrations and duration of exposure. Presented at the 39" Annual Meeting of
the Society of Toxicology, March, 2000, Philadelphia, PA. Toxicologist 54: 18 (#84).

Mioduszewski, RJ, J Manthei, R Way, D Burnett, B Gaviola, W Muse, SA Thomson, D
Sommerville, and R Crosier, 2000b. Estimating the probability of sarin vapor toxicity in rats as a

function of exposure concentrations and duration of exposure. Proceedings of the International
Chemical Weapons Demilitarization Conference (C WD-2000), The Hague, NL. 21-25 May,
2000.

Detailed Authors’ Response to Seventh Interim Report, 30 May 2002 30
Nerve Agents



Mioduszewski, RJ, J Manthei, R Way, D Burnett, B Gaviola, W Muse, AJ Durst, D Sommerville,
R Crosier, SA Thomson and C Crouse, 2001. ECBC Low Level Operational Toxicology
Program: Phase I—Inhalation toxicity of sarin vapor in rats as a function of exposure
concentration and duration. ECBC-TR-183, Edgewood Research Development and Engineering
Center, Aberdeen Proving Ground, MD (August 2001).

Mioduszewski, RJ, et. al., 2002 (in press). Low-level sarin vapor exposure in rats: Effect of
exposure concentration and time on pupil size. ECBC-TR-235. Edgewood Research
Development and Engineering Center, U.S. Army Soldier and Biological Chemical Command,
Aberdeen Proving Ground, MD (June 2002).

Munger, JS, G Shi, EA Mark, DT Chin, C Gerard, and HA Chapman, 1991. A serine esterase
released by human alveolar macrophages is closely related to liver microsomal
carboxylesterases. J. Biol. Chem. 266: 18832-1 8838.

National Research Council (NRC), 1997. Review of acute human-toxicity estimates for selected
chemical-warfare agents. Subcommittee on Toxicity Values for Selected Nerve and Vesicant
Agents, Committee on Toxicology. National Academy Press, Washington, DC.

National Research Council (NRC), 2001. Standing Operating Procedures for Developing Acute
Exposure Guideline Levels for Hazardous Chemicals. Committee on Toxicology, Subcommittee
on Acute Exposure Guideline Levels. National Academy Press, Washington, DC.

Oberst, FW, WS Koon, MK Christensen, et. al., 1961. Retention of inhaled sarin vapor and its
effect on red blood cell cholinesterase activity in man. Clin. Pharmacol. Ther. 9: 421-427.

Satoh, T and M Hosokawa, 1998. The mammalian carboxylesterase: From molecules to
functions. Ann. Rev. Toxicol. 38: 257-288.

Sidell, FR, 1995. Management of Chemical Warfare Agent Casualties: A Handbook for
Emergency Medical Services. HB Publishing, Bel Air, MD.

Sidell, FR and WA Groff, 1974. The reactivatibility of cholinesterase inhibited by VX and sarin
in man. Toxicol. Appl. Pharmacol. 27: 241-252.

Sidell, FR, WC Patrick, III, and TR Dashiell, 2000. Jane’s Chem-Bio Handbook. Jane's
Information Group, Alexandria, VA.

ten Berge, WF, A Zwart and LM Appelman, 1 986. Concentration-time mortality response
relationship of irritant and systematically acting vapours and gases. J. Hazard. Materials 13:
301-309.

USACMDA (U.S. Department of the Army, Chemiéal Materiel Destruction Agency). 1993a.
Interim survey and analysis report. Program Manager for Non-Stockpile Chemical Materiel,

Detailed Authors’ Response to Seventh Interim Report, 30 May 2002 31
Nerve Agents



: Attachin
Office of Environmental Health Hazard Assessmi o o
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Headquarters 1001 [ Street @ Sacramento, California 95814
\‘ Mailing Address: P.O. Box 4010 « Sacramento, California 95812-4610

Oakland Office » Mailing Address: 1515 Clay Street, 16™ Floor » Oakland, California 94612

Winston H. Hickox February 6, 2002

Agency Secretary

Gray Davis
Governor

George Rusch, Ph.D.
Department of Toxicology
And Risk Assessment !
Chair, NAC/AEGL Committee
Honeywell
101 Columbia Road
Morristown, New Jersey 07962

Dear Dr. Rusch:

This letter is a follow-up to an issue I raised at the National Advisory Committee on Acute
Exposure Guideline Levels NAC/AEGL) for Hazardous Substances meeting on December 3, 2001.
At the meeting I indicated my concern regarding the unevenness in the document development
process, possibly due to the preparation of the Standing Operating Procedures (SOPs) after the
NAC/AEGL committee had already developed a large number of documents. Specifically, this letter
focuses on one issue, the inconsistency in selection of a starting point for AEGL determination.

As stated in the SOPs (page 36), “in the development of the AEGLs, the NAC/AEGL
Committee selects the highest exposure level from animal or human data where the effects used to
define a given AEGL tier are not observed.” This point is reiterated in the Chapter subheading 2.2.1
“Selection of the Highest Exposure Level at Which the Effects that Define an AEGL are not
Observed.” Also as stated on page 40, “for reasons discussed earlier in this chapter, the NAC/AEGL
Committee generally selects the highest experimental concentration that does not elicit the symptoms

or effects defined by the AEGL tier in question. This concentration represents the starting point for
AEGL development.”

The SOPs discuss various ways of identifying this starting point. For example, page 36
describes the no-observed-adverse-effect-level INOAEL) concept, and page 37 discusses the
benchmark concentration (BMC) approach. Using the NOAEL or BMC approach is consistent with
the AEGL definitions on page 35 of the SOPs. Each definition defines a level “above which” effects
may be experienced. The recent documents follow this general approach. Unfortunately, in many of
the earlier documents reviewed by the NAC/AEGL committee, concentrations producing the effect
of a specific tier were chosen as the starting point for AEGL development, instead of NOAELs. In
some of these documents, the AEGL definition is also different in that it defines a level “at or above
which” effects may be experienced; examples include the documents for allylamine, 1,2-
dichloroethylene, ethylene oxide, hydrazine, hydrogen chloride, sulfur mustard, tetrachloroethylene
and 1,1,1-trichloroethane. For these reasons, [ am asking the NAC/AEGL committee to consider this
issue and suggest revisions that are consistent with the current SOPs. Since a number of the
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documents are in the process of being reviewed by the National Academy of Sciences (NAS)
Subcommittee on Acute Exposure Guideline Levels, I am providing this information to the NAS
subcommittee as well, so that the issue can be resolved before the documents are finalized.

I prepared the attached table listing the type of starting point for AEGL development,
highlighting in bold the chemicals with an AEGL starting point that appears to be inconsistent with
the SOPs and with AEGL tier definition. The table consists of 51 substances that have reached
interim status and thus have or will soon be brought to the NAS subcommittee’s attention. The
description of the starting point comes directly from the document, and there was no attempt on my
part to reinterpret the understanding of the NAC/AEGL Committee on this point. In some cases, as
discussed below, the issue may be resolved by providing additional clarity in the document, however,
in most cases it would appear the starting point requires adjustment or reevaluation. When the
documents indicated the starting point produced an AEGL level effect, this is designated in the
attached table as a lowest-observed-adverse-effect level (LOAEL) or lowest-observed-effect level
(LOEL). When the document indicated the starting level was below the AEGL effect level, this was
designated in the table as a NOAEL (or NOEL, no-observed-effect level). The document version
utilized was cited, in case the version available to the rest of the NAC/AEGL or the subcommittee is
different. This review will discuss the starting points identified for these 51 substances in developing
AEGL-3, AEGL-2 and AEGL-1 values.

AEGL-3

The NAC/AEGL committee documents are most consistent with the SOPs for the AEGL-3
values. In almost every case, the documents identify a starting point that is equivalent to or adjusted
to the “highest exposure level that does not cause lethality” as described in the SOPs (page 44-45).
In almost all cases the documents identify the NOEL for lethality, estimate the lethality NOEL using
a BMC approach, or identify the LCs, and divide by 3. These three approaches are described in the
SOPs and all appear to be consistent with the AEGL-3 definition since they either identify a “NOEL”
for lethality or estimate the “NOEL” through modeling or dividing an effect level (LCso) by an
adjustment factor. One exception is the AEGL-3 value for iron pentacarbonyl where a concentration
which produced lethality was used as the starting point without an adjustment factor. Thus, in
contrast to the rest of the AEGL-3 evaluations, the starting point for this compound is inconsistent
with the SOPs, and appears to be inconsistent with AEGL-3 definition.

AEGL-2 .
The inconsistency in identifying starting points appears to be greatest in the development of the
AEGL-2 values. Although the SOPs (page 42) clearly state “in developing AEGL-2 values, the
NAC/AEGL Committee estimates a NOAEL for serious or irreversible effects or effects that impair
escape,” 22 of the documents appear to identify a starting point that is a severe LOEL instead of a
NOAEL (or NOEL), without the incorporation of an adjustment factor. As indicated in the attached
table, the compounds with AEGL-2 starting points that are not NOAELS, or adjusted to NOAELs,
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are allylamine, carbon monoxide, chlorine, chlorine trifuoride, crotonaldehyde, diborane, 1,2-
dichloroethylene, dimethyldichlorosilane, ethylene oxide, ethylenediamine, HCFC 141b, hydrazine,
hydrogen chloride, hydrogen sulfide, methy! trichlorosilane, nickel carbonyl, otto fuel, phosgene,
propionitrile, sulfur mustard, toluene, and 1,1,1-trichloroethane.

A few examples from the table demonstrate that the starting point selected is a severe LOEL '
instead of a NOAEL (or NOEL). One example is allylamine, where the starting point for AEGL
development is the concentration where rats developed cardiovascular lesions. Another example is
1,2-dichloroethylene where the 4- and 8-hour values are based on the starting point concentration that
produces narcosis in the rat. In the case of nickel carbonyl the starting point, a single 15-minute
exposure of pregnant hamsters on GD 4 or 5, resulted in increased malformations in offspring. Asa
final example, the starting point for 1,1,1-trichloroethane was the calculated ECs for ataxia in rats.
These examples indicate a wide variety of severe effects occurring at the starting point concentration.
It is important to emphasize that the documents describe these effects as severe, AEGL-2 effects, and
an adjustment factor from effect level to no effect level was not incorporated. For most of the
remaining 29 compounds AEGL-1 effects occur at the AEGL-2 starting point, but that is expected
and is described in the SOPs.

AEGL-1

The inconsistent selection of starting points occurs to fairly high extent in the development of
the AEGL-1 levels. The SOPs (page 42) indicate that the starting point for AEGL-1 development is
the “highest experimental exposure without an AEGL-1 effect.” Chemical documents consistent
with this approach are noted in the table with a NOAEL. However, nine of the documents appear to
identify a starting point concentration that produced an AEGL-1 effect (indicated in the table with a
LOAEL), instead of a NOAEL. The compounds with AEGL-1 starting points that are not NOAELs,
but produce AEGL-1 level effects are: chlorine trifluoride, crotonaldehyde, hydrazine, nerve agent
GB, sulfur mustard, tetrachloroethylene, toluene, toluene diisocyanate, 1,1,1-trichloroethane.

Several examples from the table demonstrate this point. One example is cyclohexylamine
where the starting point concentration produced respiratory and ocular effects (labored breathing, red
nasal discharge, and partially closed eyes) in rats. For the nerve agent GB the starting point
concentration produced rhinorrhea, headache, tightness in chest, cramps, nausea and miosis in human
volunteers. In the case of toluene diisocyanate the starting point concentration produced chest
tightness, eye and throat irritation, cough, rhinitis, dyspnea, and/or headache lasting for up to several
hours post exposure in 15 asthmatics. A final example is 1,1,1-trichloroethane where the starting
point concentration produced eye irritation, slight dizziness, and a decline in perceptual acuity in
humans. The effects reported are clearly AEGL-1 effects, and the documents indicate that the
starting point concentration produces these health effects. :

It is important that this inconsistent selection of the starting point be addressed, since it may
have repercussions on the planning or response phase of a chemical accident. Most agencies
addressing environmental issues are used to target levels that are no-effect or “safe” levels; and most
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environmental standards are designed in this manner. The SOPs are consistent with this approach.
However, developing some AEGL values in a manner that indicates the AEGL value may cause the
effect for that tier, while other AEGLs are developed in a manner indicating they do not cause the
effect for that tier, is likely to be confusing to the ultimate user of the values. In some cases it may
result in the incorporation of additional factors by the end user, and in other cases it may threaten the
public health.

As described above, the starting points for many compounds are inconsistent with the SOPs,
and appear to be inconsistent with AEGL definitions. I hope this letter and table have been helpful in
identifying those compounds. While it was not my intent to provide alternative values for any of the
documents, there are several ways that this inconsistency can be addressed. The best alternative is to
identify appropriate no effect levels (NOAELS for tiers 1, 2 or 3) for the studies, if they are available,
or to predict NOAELs using the BMC methodology, and use the BMC as the starting point. Fora
number of the compounds, NOAELSs are available from the same study; these compounds include
allylamine, carbon monoxide, chlorine trifluoride (L-2), crotonaldehyde (L-2), diborane, ethylene
oxide, HCFC 141b, iron pentacarbonyl, otto fuel, phosgene, sulfur mustard (L-2), and toluene. A
second alternative is to apply an appropriate adjustment factor to the LOEL or LOAEL. This has
been done for the methyl isocyanate AEGL-2 value, for two AEGL-1 values, and in a number of
cases for AEGL-3 values. A third possibility is that the document lacks clarity or is in error and that
the starting point selected is actually below the AEGL tier and is not a LOEL or LOAEL.

[ thank you for your attention to these issues and would be happy to answer any other questions
about my analysis. Please feel free to contact me at my Oakland office (510) 622 3202, Sacramento
office (916) 322-2067 or by e-mail galexeef(@oehha.ca.gov.

Sincerely,

George V. Alexeeff, Ph.D., D.A.B.T.
Deputy Director for Scientific Affairs

Enclosure:

cc:  See next page.
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February 6, 2002
Page 5

CC:

Paul S. Tobin, Ph.D., W/Enclosure
U. S. EPA Headquarters

Ariel Rios Building, (7406M)
1200 Pennsylvania Avenue, N. E.
Washington, DC 20460

Roger Garrett, Ph.D., W/Enclosure
U. S. EPA Headquarters

Ariel Rios Building, (6380WW)
1200 Pennsylvania Avenue, N.E.
Washington, DC 20460

Dr. Daniel Krewski, Chair

Subcommittee on Acute Exposure
Guideline Levels

University of Ottawa

I Stewart Street, Room 320

Ottawa, Canada K1M6NS



\dentification of Starting Points for AEGL Development Relative to NOAELs and LOAELs

Applied
AEGL :g;fl; LOAEL to NAC
# Chemical Starting Point for AEGL Development NOAEL Draft

Level LOAEL/ X
Uncertainty Date
LOEL?
Factor?
t .

1 |Allyl aicohol L1 Mean odor detection threshold of 1.8 ppm for humans (AIHA, 1989). app:‘isable not appiicable | Dec-00
Allyl alcohal L2 Exposure of 40 ppm for 7 hours/day d:: n;)é;:?uk in severe effects in rats (Dunlap et NOEL not applicatle | Dec-00
Al alcohol L3 No lethality in mice, rats and rabbits ex?ggit)ﬁ for 1 hour to 200 ppm (Union Carbide, NOEL not applicable | Dec-00

Exposure to 0.2 ppm allylamine for 3-4 hours a day was not associated with worker
2 |Allylamine L-1 detection or complaints, but exposure to higher but undefined concentrations NOAEL not applicable | May-00
caused mucous membrane irritation in >20 workers (Shell Oil Co., 1992).
Four rats exposed to 60 ppm for 14 hours developed cardiovascular lesions
Allylamine L-2 including scattered myofibril fragments with loss of striation, perivascular LOEL No May-00
edema, and cellular infiltration. (Guzman et al., 1961)
Estimated the lethality NOEL in rats by calcuiating LCq,s (533 ppm for a 1- hour,
. 286 ppm for 4 hours, 69.2 for 8 hours) using the lethality dose response curve .
Altylamine L3 (LCsss were 1933 ppm. 286 ppm and 177 ppm respectively). LCO1 derived by NOEL | notapplicable | May-00
probit analysis (Hine et al., 1960).
3 {Boron trichioride L-1 Based on relative toxicity to hydrogen chioride. npt not applicable | Dec-00
applicable
. . . . N not .
Boron trichloride L-2 Based on refative toxicity to hydrogen chloride. applicable not applicable | Dec-00
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Applied

impair the ability to escape. (Horn and Weir, 1955).

AEGL :gé\LEtlr LOAELto | NAC
# Chemical Starting Point for AEGL Development NOAEL Draft
Level LOAEL/ .
Uncertainty Date
LOEL?
Factor?
Boron trichloride L-3 1-hour rat LCs, of 2,541 ppm (Vemot, 1977) LOEL Yes, 3 Dec-00
not N
i - 1
4 |Carbon monoxide L-1 Not recommended applicable not applicable | Feb-0
Decrease in time to onset of angina pectoris during physical exercise at 4 %
Carbon monoxide L-2 |COHb produced from a 253 ppm exposure for 50-70 minutes in humans (Alired LOEL No Feb-01
et al. 1989a,b; 1991; Sheps et al 1990, 1991).
Concentrations estimated to result in a COHb of 40% in humans, not expected to
Carbon monoxide L-3 produce life-threatening effects, based on human studies of Chiodi et al. (1941) and NOEL not applicable | Feb-01
Haidane (1895).
5 | Chilorine L1 No effect in 31 human subjects at 0.5 p;%r;laf;)r 4 hours (Anglen 1981, Rotman et al. NOAEL not applicable | Oct-01
Exposure of a susceptible subject to 1 ppm for 4 hours resulted in serious
Chlorine L2 asthmatic-like sympt and pulmonary function changes (Rotman et al. LOEL No Oct-01
1983).
Estimated the lethality NOEL by averaging the 1-hour NOELs in rats (213 ppm and estimated
Chlorine L-3 302 ppm) with the 1-hour NOEL in mice (150 ppm) (MacEwen and Vernot 1972, not applicable | Oct-01
NOEL
Zwart and Woutersen 1988)
"Dogs had a definite sign of irritancy within the first 45 minutes of exposure
. . . | discharge); lacrimation occurred after three hours of exposure
6 {Ch L1 (nasa N Aug-00
Chiorine trifiuaride (presumably during the first day of exposure)” (p. 11 of document), to 1.17 LOAEL ° 9
ppm. The starting point is based on a 3-hour exposure. (Horn and Weir, 1956)
Strong irritation in two dogs exposed to 5.15 ppm for 6 hours, may be
Chlorine triftuoride L-2 extremely uncomfortable but are reversible; however, they could possibly LOEL No Aug-00

1ast modified12:43 PM6/12/2002
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Applied
AEGL :8:5 :,j, LOAELto | NAC
# Chemical Starting Point for AEGL Development NOAEL Draft
Level LOAEY N
Uncertainty Date
LOEL?
Factor?
Estimated the lethality NOEL in mice by calculating an LCoy of 135 ppm for a 1-hour‘ estimated
Chlorine trifluoride L-3 |exposure using the lethality dose response curve (LCso was 178 ppm). LCy, derived NOEL not applicable | Aug-00
by probit analysis, using (MacEwen and Vemot, 1970).
not .
7 |Chloromethyl methyl ether L1 Not recommended applicable not applicable | Dec-00
LOEL (but
g Puimonary hyperplasia, broncheotracheal squamous metaplasia in rats effect was N o
Chioromethyl methy ether L2 exposed to 1 ppm for 6 hours for 30 exposures (Drew et al., 1975). following 30 ° Dec-0
exposures)
Estimated the lethality NOEL in rats by calculating an LC,o, of 14.8 ppm fora 7-hour fimated
Chioromethy! methyt ether L-3 exposure using the lethality dose response curve (LCsqwas 55 ppm). LCyq derived esN O;f not applicable | Dec-00
by probit analysis (Drew et al. 1975).
s Crotonaldehyde (cis and L1 Mild eye irritation (facrimation) in wc?rkers at 0.56 ppm during the workday. LOAEL No May-00
trans) (Frannick, 1982)
Crotonaldehyde (cis and Rat impaired puimonary function (manifest as a 20-40% reduction in carbon
trans) Y L-2 monoxide and ether uptake rates compared to pre-exposure value) and LOEL No May-00
bronchiole lesions at 8000 ppm-min (Rinehart, 1967).
.
Estimated the lethality NOEL in rats by calculating an LCq,s of 440 ppm for 10-min,
Crotonaldehyde (cis and 268 ppm for 30-min, 138 ppm for 1- hour, and 26 ppm for 4-hour exposures using | estimated .
trans) L3 the lethality dose response curves (LCsos were 1480 pp, 593 ppm, 391 ppm, and 88 NOEL not appiicable | May-00
ppm respectively). LCo, derived by probit analysis. (Rinehart, 1967)
. Respiratory and ocular effects (labored breathing, red nasal discharge, and partially
9 .
Cyclohexylamine L1 closed eyes) in rats exposed for 4 hours to 54.2 ppm (Bio/dynamics, inc., 1990) LOAEL Yes, 3 May-00
Respiratory and ocular effects (labored breathing, red nasal discharge, and partially
Cyclohexylamine L-2 closed eyes) in rats exposed for 4 hours to 54.2 ppm. NOEL for irreversible ocular NOEL not applicable | May-00
lesions {bio/dynamics, Inc., 1980)
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NOAEL/

Applied

LOAEL to NAC
# Chemical AEGL Starting Point for AEGL Development NOEL or NOAEL Draft
Level LOAEL/ )
Uncertainty Date
LOEL?
Factor?
Cyclohexylamine L-3 No rats died from 567 ppm 4-hour exposure (Bio/dynamics, Inc., 1890) NOEL not applicable | May-00
not .
i - I 0
10 [Diborane L-1 Not recommended applicable not applicable | Dec-0
Diborane L-2 Inflammatory epithelial degeneration in the brom.:hiolas in male ICR mice (4/10) LOAEL No Dec-00
exposed to 5 ppm for 2 hours (Nomiyama et al., 1995)
Estimated the lethality NOEL in mice by caiculating an LCqy, of 9.17 ppm for a 4-hour simated
Diborane L-3 exposure using the lethality dose response curves (LCsos was 31.5 ppm). LCq, esN O;L not applicable | Dec-00
derived by probit analysis. (Uemura et ai. 1995).
. . In 2 human subjects 825 ppm for 5 minutes caused slight dizziness but no eye
1 :r:nsD)nchloroethylene (cis and L-1 imitation {Lehman and Schmidt-Kehl, 1936). The NOAEL for eye imitation was NOAEL not applicable | Jan-00
chosen as the starting point.
For 10-min to 1-hour AEGLs, dizziness produced in 2 h subjects after 10-
1,2-Dichloroethylene (cis L2 min exposure to 1000 ppm was used (Lehman and Schmidt-Kehl, 1936). For 4{ LOEL No Jan-00
and trans) and 8-hour AEGLs, narcosis in rats at 6000 ppm for a 6-hour exposure was
used (Hurtt et al., 1993)
For 10-min to 1-hour AEGLs, non-lethal effects produced in 2 human subjects after
1,2-Dichloroethylene (cis and 3-min exposure to 1700 ppm was used (Lehman and Schmidt-Kehi, 1836). For 4- "
- le | Jan-00
trans) L-3 and 8-hour AEGLs, level of 12,300 ppm which produced no lethality in rats exposed NOEL not applicable | Jan
for 4 hours was used (Kelly, 1999)
Dimethyldichlorosilane L-1 Modification of hydrogen chioride AEGL-1 values (U.S. EPA 1997a) NOAEL not applicable | May-00
Dimethyldichlorasilane L-2 Necrotic and swollen paws, corneal opacity, grey areas on lungs, and other LOEL No May-00

effects in rats exposed to 1309 ppm for 1 hour (Dow Corning, 1997a)
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Applied

AEGL :géfljr LOAEL to NAC
# Chemical Starting Point for AEGL Development NOAEL Draft
Level LOAEL/ .
Uncertainty Date
LOEL?
Factor?
Estimated the lethality NOEL in rats by calculating an LCy, of 1589.5 ppm fora 1- simated
Dimethyldichlorosilane L-3 hour exposure using the lethality dose response curves (LCsos was 2082 ppm). elegéf not applicable | May-00
' LC,, derived by probit analysis. (Dow Corning, 1997a)
. not .
12 | Ethylene oxide L-1 Not Recommended. applicable not applicable | Apr-00
Fetal growth retardation in rats manifested by a statisticaily significant
Ethylene oxide L-2 decrease in fetal weight and non-statistically significant increase in the LOEL No Apr-00
incidence of delayed ossification at 100 ppm. (Sneilings et al., 1982a)
Estimated the lethality NOEL. in rats by calculating an LCg, of 625 ppm for a 4-hour simated
Ethylene oxide L-3 exposure using the lethality dose response curves (LCses was 1460 ppm). LCy, esNgéLe not applicable | Apr-00
derived by probit analysis. (Jacobson et al., 1956) .
13 | Ethylenediamine L-1 Not recommended. n_ot not applicable | Aug-00
applicable
I Bronchiolar edema, and light cloudy kidney swelling in rats from ~484 ppm for
i L-2
Ethylenediamine 6 hours. (Carpenter et al., 1948) LOEL No Aug-00
Ethylenediamine L-3 No lethality in 6 rats at ~1000ppm for 8 hours. (Smyth et al., 1951) NOEL not applicable | Aug-00
L not
14 - ; . ,
Ethylenimine L1 Derived from L-2 values. applicable not applicable | Aug-01
Ethylenimine L2 No effect for respiratory difficulty or escape impairment from an exposure of 10 ppm NOEL not applicable | Aug-01-

for 4 hours in guinea pigs (Carpenter et al., 1948)
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Applied
AEGL :gEALE';Ir LOAEL to NAC
# * Chemical Starting Point for AEGL Development NOAEL Draft
Level LOAEL/ N
Uncertainty Date
LOEL?
Factor?
Estimated the lethality NOEL in rats by caiculating an LCq, of 15 ppm for an 8-hour estimated
Ethylenimine L-3 exposure using the lethality dose response curves (LCgos was 35 ppm). LCoy NOEL not applicable { Aug-01
derived by probit analysis. (Carpenter et al., 1948)
15 | Fluorine L1 No eye and skin irmitation in § hur.nans at10 ppm for 15 min; no respiratory difficulty NOAEL not applicable | Nov-99
{(Keplinger and Suissa 1968)
Fluorine L2 NOEL (67ppm for 30 mlq) for severe effects of irn‘tation, dyspnea, and lung NOEL not applicable | Nov-99
congestion. (Keplinger and Suissa 1968)
Fiuorine L3 No lethality in mice at 75 ppm for 1-hou:.s\;v6r;;<):h is 1/2 the LCs, (Keplinger and Suissa NOCEL not applicable | Nov-99
18 |Furan L-1 Not Recommended n_ot not applicable | Dec-00
applicable
Furan L2 Exposure of rats to 1014 ppm for 1 hour produ_ced respiratory distress, increased | could nqt be No Dec-00
secretory response (Terril et al., 1989). determined
Furan L-3 No lethaiity to rats exposed to 2851 ppm for 1 hour (Terril et al., 1989). NOEL not applicable | Dec-00
17 {HCFC 141b L-1 No effects in one exercising subject at 1000 ppm for 6 hours. (Utell et al., 1997} NOAEL not applicable | Jan-00
Cardiac response an 1/10 dogs at 5200 ppm, exposed for 10 minutes, for
HCFC 141 - N Jan-00
CFC141b L-2 cardiac arrhythmia (Mullin, 1977) LOEL ° an
last modified12:43 PM6/12/2002 Page 6




Applied
AEGL :825';_ LOAEL to NAC
# Chemical Starting Point for AEGL Development NOAEL Draft
Level LOAEL/ U .
ncertainty Date
LOEL?
Factor?
R Highest cancentration (19000 ppm) tested for 10 minutes that did not result in NOEL ot applicable | Jan-00
HCFC 141b | L3 lethality in the cardiac sensitization test on 1-2 dogs. (Hardy et al., 1989a). O nat app
No effects in eight human subjects exposed to 8000 ppm for 1 hour (Emmen and .
- t licable | Jan-00
18 |HFC 134A L1 Hoogendijk, 1998) NOAEL | notapplicable | Jan
HFC 134A L-2 No effect in six dogs at 40,000 ppm for cardiac sensitization (Hardy et al., 1991) NOEL not applicable | Jan-00
HFC 134A L-3 Not lethal at 80,000 ppm for 10 minutes in six dogs (Hardy et al., 1991) NOEL not applicable | Jan-00
19 |Hydrazine L-1 Skin flushing and swoilen eyes in n;;g:;ays at 0.4 ppm for 24 hours (House, LOAEL No Mar-00
Lesions of the nasal transitional epitheiium (minimal necrosis, mild to
. moderate exfoliation, minimal to moderate acute inflammation, and mild
d . y y
Hydrazina L2 apoptosis) from a 1 hour exposure to 750 ppm of rats (Latendresse et al., LOEL No Mar-00
1995)
Hydrazine L-3 1-hour rat LCy, of 3,192ppm (HR, 1993) LOEL Yes, 3 Mar-00
. No adverse effects in exercising human asthmatics exposed to 1.8 ppm for 45 .
20 -1
Hydrogen chioride L minutes (Stevens et al., 1992) NOAEL not applicable | May-00
Hydrogen chloride L-Z. RD50 value of 309 for mu.:e (?arrow.. ?97.7) was divided by 3 to produce a LOEL No May-00
(10min) significant irritation level.
1
|
i
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Applied
AEGL NOMEL | LoaELto | Nac
# Chemical Level Starting Point for AEGL Development LOAEL/ NOAEL Draft
Uncertainty Date
LOEL?
Factor?
Histopathology observed in rats exposed to 1300 ppm for 30 minutes included
L-2 severe necrotizing rhinitis, turbinate necrosis, thrombosis of nasai
Hydrogen chloride (1-, 4-, 8- submucosa vessels (nose breathers) and severe ulcerative tracheitis LOEL No May-00
hour) |accompanied by necrosis and luminal ulceration (mouth breathers) (Stavert et
al., 1991)
Hydrogen chloride L-3 1-hour rat LCs, of 3124 ppm (Wohislagel et al, 1976; Vemot et al., 1977) LOEL Yes, 3 May-00
. Serious effects may occur below detectable concentrations or concentrations not .
21 - . I -00
Hydrogen cyanide L causing discomfort (NA) applicable not applicable | Jan
. Slight central nervous system depression evident by a change in brain wave activity .
- -00
Hydrogen cyanide L-2 in monkeys from 30 minute exposure to 60 ppm. (Purser, 1984) NOEL not applicable | Jan
Estimated the lethality NOEL in rats by calculating an LCqy;s of 138, 127, and 88 ppm
for a 15-, 30- and 60- minute exposures, respectively using the lethaiity dose estimated
Hydrogen cyanide L-3 response curves (LCg,s were 196, 173, and 139 ppm for 15-, 30- and 60- minute NOEL not applicable | Jan-00
exposures, respectively). LCqy, derived by probit analysis. (E.l. du Pontde
Nemaurs, 1981)
. Subthreshold concentration for inflammation of 3 ppm (0.85-2.9 ppm) for 1 hour
22 [H fi d - . . . ?
ydrogen fluoride L which was without sensory imitation (Lund et ai. 1997, 1999). NOAEL No Jan-02
L-2 NOEL (950 ppm, for 10 minutes) for lethal effects which produced lung effects in rats
Hydrogen fluoride (10min) include small increases in myeloperoxidase and polymorphonuclear feukocytes in NOEL not applicable | Jan-02
the BAL were observed along with histoiogic changes in the trachea. (Daibey, 1996)
L-2
Hydrogen fluoride (:S‘Tmij Reversible irritation in dogs exposed to 243 ppm for 1 hour (Rosenholtz et al. 1963) NOEL No Jan-02
8-hour)
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|
Apptied
AEGL :géf lc:/r LOAELto | NAC
# Chemical Level Starting Point for AEGL Development LOAEL/ NOAEL Draft
eve LOEL? Uncertainty Date
Factor?
LOEL (but
) oral
. . . cannulation
23 |Hydrogen fiuoride L-3. Lethality (1/20) in orally cannulated rats exposed to 1764 ppm for 10 minutes is said to No Jan-02
(10min) (Dalby, 1996). o
eliminate
scrubbing
by the nose)
L-3
Hydrogen fluoride (30‘:?'%'_1 No lethal effects at 263 ppm for a 1-hour exposure in mice (Wohislagel et al., 1976) esr:mc;thed not applicable | Jan-02
hour)
: Headache (3/10), increased airway resistance (8/10) in asthmatic humans at 2 ppm
Hydrogen sulfide L-1 for 30 minutes (Jappinen et al., 1990) LOAEL Yes, 10 Sep-00
Minor perivascular edema and increased protein and LDH in lavage fluid in
24 fi -
Hydrogen sulfide L2 rats exposed to 200 ppm for 4 hours (Green et al., 1991; Khan et al., 1991) LOEL No Sep-00
R Highest concentration (504 ppm) causing no mortality in the rat after a 1-hour
Hydrogen sulfide L3 exposure (Mac Ewen and Vermot, 1972) NOEL No Sep-00
. . not
Iron pentacarbonyl L-1 Not recommended; insufficient data. applicable No May-00
25 |lron pentacarbonyi L-2 Based upan a three-fold reduction in the AEGL-3 values. n.ot No May-00
applicable
a . . N ¥
Iron pentacarbonyl L3 10% mortality (1/10) in rats exposed to a single 6-hour exposure of 2.91 ppm LOEL No May-00
(BASF, 1995)
Isobutyronitrile L-1 Insufficient data to derive L-1 values. apprl::);ble not applicable | Aug-00
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Applied
AEGL :géf‘;’r LOAELto ;| NAC
# Chemical Starting Point for AEGL Development NOAEL Draft
Level LOAEL/ N
Uncertainty Date
LOEL?
Factor?
26 |Isobutyronitrile L2 No maternal or fetal toxicity in rats expos::st;) 100 ppm for 6 hours {Saillenfait et al., NOEL not applicable | Aug-00
Isobutyronitrile L-3 LCsp of 1800 ppm for a 1-hour exposure in rats (Eastman Kodak, 1986a) LOEL Yes, 3 Aug-00
o . . not "
Methacrylonitrile L-1 Insufficient data to derive L-1 values. applicable not applicable | Aug-00
- not .
Methacrylonitrile L-2 1/3 of AEGL-3 vaiues applicable not applicable | Aug-00
27 Methacrylonitrile L-3 No lethality in mice exposed for 4 hours to 19 ppm (Pozzani et al., 1968) NOEL not applicable | Aug-00
Pharmmacologic study expasing 3 female and 12 male subjects to 800 ppm methanol
for 8 hours (Batterman et al. 1998; Franzblau 1999, 2000, personal communication). .
| - ' ' ! Fi 1
Methano L One of the study's coauthors stated in a personal communication that none of the NOAEL not applicable | Feb-0
subjects reported symptoms.
No significant increase in cervical ribs, exencephaly, or cleft palate in mice exposed
5 to a single 2000 ppm exposure for 7 hours. (Rogers et al., 1997, 1999, personal N F
Methanol L-2 communication). The end of exposure methanol blood concentration of 487 mg/l NCEL not applicable | Feb-01
(Rogers et al 1993, ) was the starting point for AEGL development.
28 |Methanal L3 Lowest calculated peak blood conce‘nttatlon resulting in death was 1109 mg/L LOEL Yes, 2 Feb-01
(Naragqi et al. 1979)
t "
Methyl isocyanate L-1 Not derived. apprljigable not applicable | May-00
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Applied

(Harvey, 1952).

No

AEGL :géfl:r LOAEL to NAC
# Chemical Starting Point for AEGL Development NOAEL Draft
Level LOAEL/ .
Uncertainty Date
LOEL?
Factor?
Based on decreased fetal body weights at 2 ppm for single 3-hour exposure (Varma,
Methyl isocyanate L-2 1987) and cardiac arrhythmias in rats after 2-hour exposure to 3 ppm (Tepper et all, LCEL Yes, 3 May-00
1987)
Exposure of 1 ppm for 6 hours on GDs 14-17 produced a NOQEL for pup survival
Methyl isocyanate L-3 during lactation but increased the number of dead fetuses at birth. (Schwetz et all, NOEL not applicable | May-00
1987)
Methyi trichlorosilane © L1 Modification of hydrogen chioride AEGL-1 values (U.S. EPA 1897a) apprl‘i:;ble not applicable | May-00
Ocular opacity, irritation, hunched posture, and NOEL for lethality in rats
. . exposed to 622 ppm for 1 hour (Dow Corning, 1997a). "This level was
29 | M i i | -
ethyl trichlorosilane L2 considered to be the threshold for impairment of escape and onset of serious LOEL No May-00
long-term effects.”
X " : Estimated the lethality NOEL in mice by calculating the 1 hour LCq, of 844 in rats. estimated .
Methyi trichiorosilane L-3 The LCs, was 1365 ppm (Dow Coming, 1997a) NOEL not applicable | May-00
" - not .
Nerve Agent GA L-1 Based on relative toxicity to Nerve Agent GB. applicable not applicable ; Oct-00
30 [Nerve Agent GA L-2 Based on relative toxicity to Nerve Agent GB. apprl]ig;ble not applicable | Oct-00
Nerve Agent GA L-3 Based on relative toxicity to Nerve Agent GB. npt not applicable | Oct-00
applicable
Rhinorrhea, headache, tightness in chest, cramps, nausea and miosis
Nerve Agent GB (Sarin) L1 observed in human volunteers exposed to 0.05 mg GB/m® for 20 minutes LOAEL Oct-00
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Applied

AEGL :gé‘f';’r LOAELto | NAC
# Chemicai Level Starting Point for AEGL Development LOAEL/ NOAEL Draft
LOEL? Uncertainty Date
) Factor?
Miosis, dyspnea and photophobia, 60% RBC-CHE inhibition in eight male
. a . .
31 |Nerve Agent GB (Sarin) L-2 servrcerpen exposed' to 0.5 mg GB/m™ for 30 minutes, walking atg rate of 96 NOEL not applicable | Oct-00
paces/min and breathing normally. However, effects were not considered to be
debilitating or permanent (Baker and Sedgwick, 1996).
Estimated the lethality NOEL in rats by caiculating LCqys (11.54 mg/m3 for 10 min,
5.84 mg/m” for 30 min, 4.01 mg/m3 for 1- hour, 2.08 mg/m® for 4 hours, 1.76 mg/m®
Nerve Agent GB (Sarin) L-3 for 8 hours) using the lethality dose response curve (LCsos were 18.1,8.51,6.39, NOEL not applicable | Oct-00
3.03, and 2.63 mg/m® respectively). LCq, derived by probit analysis (Mioduszewski
et al., 2000b).
N - not .
Nerve Agent GD L-1 Based on relative toxicity to Nerve Agent GB. applicable not applicable | Oct-00
32 |Nerve Agent GD L-2 Based on relative toxicity to Nerve Agent GB. n.o( not applicable | Oct-00
applicable
. . not .
Nerve Agent GD L-3 Based an relative toxicity to Nerve Agent GB. applicable not applicable | Oct-00
not "
) . - . -00
Nerve Agent GF L-1 Based on relative toxicity to Nerve Agent GB. applicable not applicable | Oct:
. - not '
33 |Nerve Agent GF L-2 Based on relative toxicity to Nerve Agent GB. applicable not applicable | Oct-00
not .
i . - Oct-00
Nerve Agent GF L-3 Based on relative toxicity to Nerve Agent GB. applicable not applicable | Oct
not .
3 . - | -00
Nerve Agent VX L-1 Based on relative toxicity to Nerve Agent GB. applicable not applicable | Oct
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Applied

#6423-43-4)

al., 18974)

AEGL :C?EALEtIr LOAELto | NAC
# Chemical Starting Point for AEGL Development NOAEL Draft
Level LOAEL/ .
Uncertainty Date
LOEL?
Factor?

34 |Nerve Agent VX L-2 Based on relative toxicity to Nerve Agent GB. appTig;ble not applicable | Oct-00

Nerve Agent VX L-3 Based on relative toxicity to Nerve Agent GB. npt not applicable | Oct-00

applicabie
. Not recommended. Qualitative data are limited and quantitative data consistent with not .
Nickel carbonyt LA AEGL-1 effects are unavaiiable. applicable not applicable | May-00
Single 15-minute exposure of pregnant hamsters to 8.4 ppm on GD 4 or 5
. resulted in a significant increased malformations, increased proportions of

35 ®

Nickel carbonyl L2 litters with malformed fetuses, and serious cavity hemorrhage in offspring, LOEL Ne May-00

(Sunderman et al. 1980).
Estimated the lethality NOEL in mice by calculating an LCy; of 3.17 ppm for a 30- timated
Nickel carbonyl L-3 minute exposure using the lethality dose response curves (LCsos was 33.6 ppm). esth;f not applicable | May-00
LCoq; derived by Litchfield and Wilcoxon method (HRC, 1953)

Nitric acid L-1 No changes in pulmonary function in humans (Sackner and Ford, 1981) NOAEL not applicable | Aug-96

38 | Nitric acid L2 |rritation with cough; increased pulse and respiratory rates (Lehmann and NOEL not applicable | Aug-96
Hasegawa, 1913)

Nitric acid L-3 30-min LCsg in the rat {Gray, et al., 1954) LOEL Yes, 3 Aug-96

Otto Fuel (mainly Propylene

glycol dinitrate CAS L1 No headache in 2 human subjects at 0.03 ppm for a 6-hour exposure (Stewart et NOAEL not applicable | Jan-00
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Applied
AEGL NOfEL | LoaELte | Nac
# Chemical Level Starting Point for AEGL Development LOAEL/ NOAEL Draft
Uncertainty Date
LOEL?
Factor?
inly P
O'ttzoi:lg::‘g::tlenéAsropylene Severe headaches in humans, and one subject reported dizziness, at 0.5 ppm
37 36:23-43-4) L-2 for a 6 hour exposure. Slight loss of equilibrium occurred after 6.25 hours. LOEL No Jan-00
Starting point was at 6 hours. (Stewart et al., 1974)
Otto Fuel (mainly Propylene
glycol dinitrate CAS ) Severe but non-lethal effects in monkeys exposed to 70 ppm for 6 hours (Jones et " -0
#6423-43-4) L-3 al, 1972) NCEL not applicable | Jan-00
No focal subacute interstitial pneumonia, no increase in lung weights or any other
Perchloromethyl mercaptan L-1 |adverse effects in rats exposed to 0.079 ppm for 6 hours/day, 5 daysiweek for 70-72 NOAEL not applicable | Dec-00
days (Knapp and Thomassen, 1987).
No severe effects in rats, such as hair coat stains, puimonary edema, increased
mucous secretions, alveolitis, or interstitiat fibroplasia, at 0.58 ppm for 6 hours, 5 "
38 .
Perchloromethyl mercaptan L2 days/week for 70 days. The severe effects occurred at a higher exposure NOEL not applicable | Dec-00
concentration of 1.15 ppm, after a 6 hour/day, 5 day/week, 2 week exposure.
Perchloromethyl mercaptan L-3 No lethality in rats exposed to 9 ppm for 1 hour (Stauffer Chemical Co., 1973). NOEL not applicable | Dec-00
No clinical, hematological or histopathological effects in rats exposed to 25 ppm for 6 .
- 1
Phenol L1 hours/day, 5 days/week for 2 weeks (CMA, 1998; Hoffmann et al. 1999, abstract) NOAEL not applicable \ Feb-0
No severe effects in rats exposed to 25 ppm for 6 hours/day, 5 daysiweek for 2
weeks (CMA, 1998). At a higher exposure concentration, 234 ppm, rats exhibited "
39 - ! 1
Phenol L2 ocular and nasal imitation, muscle spasms and a slight loss of coordination within 4 NOEL not applicable | Feb-0
hours and tremors and prostration in 1 of 6 animals after 8 hours (Flickinger, 1976).
Phenol L-3 No lethality in rats exposed to 234 ppm for 8 hours (Flickenger, 1976). NOEL not applicabie | Feb-01
Ph L-1 ne developed not not applicable | Aug-00
osgene - none develope applicable
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Applied

AEGL :ggfl:, LOAEL to NAC
# Chemical Starting Point for AEGL Development NOAEL Draft
Level LOAELS X
Uncertainty | Date
LOEL?
! Factor?
i
40 |Phosgene L2 Chemical pneumonia occurred in rats exposed to 2 ppm for 1.5 hours (Gross LOEL No Aug-00
et al. 1965).
No effect level for death in rats was 15 ppm for a 30-minute exposure (Zwart et al.
Phosgene L-3 1990); this was used for 30-min, 1-, 4-, and 8-hour values. No effect level for death NOEL not applicable | Aug-00
in rats of 36 ppm for a 10-minute exposure was used for the 10-minute value.
" . not .

- i 0

Phosphine L-1 Appropriate data not available applicable not applicable | Dec-0
41 | Phosphine L2 No severe respiratory effects in rats exposed to 10 ppm phosphine for 6 hours. NOEL No Dec-00

(Newton et all, 1993)
Phosphine L-3 No lethality in rats exposed to 18 ppm phosphine for 6 hours. (Newton, 1991) NOEL not applicable | Dec-00
I . . not "
Propionitrite L-1 Insufficient data to derive L-1 values applicable not applicable | Aug-00
Headache, nausea, vomiting, dizziness, confusion in a human subject
42 | Propionitrile L-2 exposed to 33.8 ppm for 2 hours who had to be admitted to a hospital and LOEL No Aug-00
given an antidote. (Scholnick et al., 1993)

Propionitrile L-3 No lethality in rats exposed to 690 ppm for 4 hours {Younger Labs, 1978} NOEL not applicable | Aug-00
Propylenimine L-1 No vaiues derived directly for AEGL-1. Based on ethylenimine. apprl‘igzble not applicable | Aug-01
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Applied

AEGL :géf':r LOAEL to NAC
# Chemical Level Starting Point for AEGL Development LOAEL/ NOAEL Draft
Uncertainty Date
LOEL?
Factor?
- not "
a3 - i ici imi
Propylenimine L-2 Based on refative toxicity to ethylenimine. applicable not applicable | Aug-01
Propylenimine L3 No lethality in 6 guinea pigs exposed f109r4380) minutes to 500 ppm (Carpenter et al. NOEL not applicable | Aug-01
An exposure of 56 mg/ m?® for 2 minutes produced a band of fine injection
Sulfur Mustard L-1 across exposed bulbar conjuctiva in 3 of 4 human subjects. Trace angular LOAEL No Jan-00
conjunctivitis in one of 4 subjects. Absence of irritation. (Anderson, 1942)
An exposure of 4.5 mg/ m?® for 13.5 minutes produced irritation, soreness,
widespread conjunctivitis, photophobia, and chemosis, necessitating
441 Sulfur Mustard L2 |medical treatment in 3 human miltary volunteers. Ocular effects could be LOEL No Jan-00
characterized as military casualities and such personnel might be ineffective
for up to 7 days. Effects were severe enough to impair escape (Anderson,
1942)
Sulfur Mustard L-3 Absence of lethality in mice e:(posed to 21.2 mglm: for one hour. (Kumar and NOEL not applicable | Jan-00
Vijayaraghavan, 1998).
106 ppm for 1 hour resulted in eye irritation in the exposed volunteers, and
Tetrachl th L-1 N -00
etrachloroethylene slight fullness in the head reported by one subject (Rowe et al., 1952). LOAEL ° Dec
No ataxia reported in rats exposed to 1150 ppm for 4 hours/day, 5 days a week for 2
45 | Tetrachloroethylene L-2 weeks (Goldberg et al, 1964). Overt ataxia was noted following the first 4-hour NOEL not applicable | Dec-00
exposure to the next highest concentration of 2300 ppm.
No lethality in mice exposed at 2450 ppm for 4 hours and no lethaiity in rats licable | D
- ec-00
Tetrachioroethylene L3 exposed at 2445 ppm for 4 hours (Frieberg et al., 1953, NTP, 1986). NOEL not applicable
. No effects in mice or rats (possibly but not likely lethargic) at 2 ppm for 6 hours/day AE .
- L t applicable | Dec-00
Tetranitromethane L for 2 weeks (5 days/week), (NTP, 1990). NO. not app
fast modified12:43 PM6/12/2002 Page 16




NOAEL/

Applied

headache in 15 asthmatics exposed to 0.01 ppm for 1 hour. (Baur, 1985)

LOAEL to NAC
# Chemical AEGL Starting Point for AEGL Development NGEL or NOAEL Draft
Level LOAEL/ .
Uncertainty Date
LOEL?
Factor?
. No clear lethargy effects in rats or mice at 5 ppm for 6 hours/day for 2 weeks (5 .
- le | Dec-00
46 | Tetranitromethane L-2 daysiweek), (NTP, 1990). NOEL not applicable | Dec
. R No lethaliity in rats or mice exposed to 10 ppm for 6 hours/day for 2 weeks (5 .
Tetranitromethane L-3 daysiweek), (NTP, 1990). NOEL not appiicable | Dec-00
In humans, eye and nose irritation, headache with no significant foacts on
Toluene L1 psychomotor function at 100 ppm for a 6 hour exposure (Andersen et al 1383). LOAEL No Dec-00
Headache, nausea, incoordination, decreased reaction time in humans
exposed to 200 ppm for 8 hours (Wilson, 1943). The studies by Wilson (1943)
47 |Toluene L-2 and von OQettingen et al. (1942) establish that toluene concentration at 200 or LOEL No Dec-00
above 200 for an 8-hour exposure produce mental confusion incoordir ,
lassitude, nausea and headache in humans.
Toliene L-3 Expasure for 1-hour to 19,018 ppm in mice was the LCso (Moser and Balster 1985). LOEL Yes, 3 Dec-00
Chest tightness, eye and throat irritation, cough, rhinitis, dyspnea, and/or
Toluene 2 4-diisocyanate L-1 headache lasting for up to several hours post exposure in 15 asthmatics LOAEL No May-00
exposed to 0.01 ppm for 1 hour. (Baur, 1985)
48 | Toluene 2,4-diisocyanate L2 Severe eye and throat |mtano'n, lacrimation in 1 of 6 humans exposed to 0.5 ppm for NOEL No May-00
; 30 minutes. {Henschier et al., 1962)
Totuene 2,4-diisocyanate ;L3 4-hour LCs, 0f 9.7 ppm in the mouse (Duncan et al., 1962) LOEL Yes, 3 May-00
i
|
|
\
|
Toluene 2 6-diisocyanate ‘ L4 Chest tightness, eye and throat irritation, cough, rhinitis, dyspnea, and/or LOAEL No Apr-00
i
!
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Applied

AEGL :gEAf |;1r LOAELto | NAC
# Chemical Level Starting Point for AEGL Development LOAEL/ NOAEL Draft
Uncertainty Date
LOEL?
Factor?
M Severe eye and throat imitation, lacrimation in 1 of 6 humans exposed to 0.5 ppm for "
48 | Toll .
Toluene 2,6-diisocyanate L-2 30 minutes. (Henschier et al., 1962) NOEL not appticable | Apr-00
Toluene 2,6-diisocyanate L-3 4-hour LCso of 9.7 ppm in the mouse (Duncan et al., 1962) LOEL Yes, 3 Apr-00
. Eye irritation, slight dizzi and a decline in perceptual acuity in humans
. - N -
1.1,1-Trichloroethane L1 exposed to 450 ppm for 4 hours (Salvini et al. 1971) LOAEL ° Sep-99
50 |1,1,1-Trichlorosthane L2 EC4, for ataxia in rats, of 6740, 6000, 4240, and 3780 ppm f?r 30 minutes, 1 LOEL No Sep-99
hour, 2 hours, and 4 hours respectively. (Mullin and Krivanek 1982)
1,1,1-Trichloroethane L-3 LC, of 7000 ppm extrapolated from LCso graph (Bonnet et al. 1980). NOEL not applicable | Sep-99

51
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Attachment 6

Improving Consistency in

Selecting AEGL Starting Points

George Alexeeff
June 17, 2002

Overview

Identified starting points for AEGLs 1-, 2-
and 3-, for 51 chemicals at interim status.
Identified starting point justification

— Especially whether NOAEL or LOAEL
Reviewed SOP documentation

Found starting point selection has been

inconsistent with SOPs, espectally for
AEGL-2.

SOP Statement on Selecting
AEGL Starting Point

2.2.1 “Selection of the Highest Exposure
Level at Which the Effects that Define an
AEGL are not Observed.” (p. 36)

“in the development of the AEGLs, the
NAC/AEGL Committee selects the highest
exposure level from animal or human data
where the effects used to define a given
AEGL tier are not observed.”

SOP Statement on Selecting
AEGL Starting Point (cont.)

“for reasons discussed earlier in this
chapter, the NAC/AEGL Committee
generally selects the highest experimental
concentration that does not elicit the
symptoms or effects defined by the AEGL
tier in question. This concentration
represents the starting point for AEGL
development.” (p. 40)

Definition Issue

Some documents, identify a level
“at or above which an effect will occur”
instead of a level
“above which an effect will occur”.

allylamine, 1,2-dichloroethylene, ethylene
oxide, hydrazine, hydrogen chloride, sulfur
mustard, tetrachloroethylene and 1,1,1-
trichloroethane.

Approaches Consistent with
Definition and SOPs

« Choosing for each level

— NOAEL or NOEL
— Benchmark concentration

— Divide a LOAEL or LOEL with an adjustment
factor




AEGL-3 Issue

+ SOPs: the starting points are equivalent to
“highest exposure level that does not cause
lethality” (pp. 44-45)

« NOEL for lethality
« BMC approach
+ LC,, divided by 3

+ 50 of 51 documents are consistent with SOPs

» Iron pentacarbonyl starting point produced
lethality

AEGL-2 Issues

« SOPs: “in developing AEGL-2 values, the
NAC/AEGL Committee estimates a NOAEL for
serious or irreversible effects or effects that impair
escape” (p. 42)

« 22 documents appear to identify a starting point
that is an AEGL-2 LOEL without an adjustment
factor.

« Documents describe starting points as severe
AEGL-2 effects

AEGL-2 Issues (cont.)

+ Example: Allylamine
~ the starting point is the concentration where rats
developed cardiovascular lesions
+ Example: 1,2-dichloroethylene
— the 4- and 8-hour starting point is the concentration that
produced narcosis in the rat.
« Example: 1,1,1-trichloroethane
~ The starting point is the calculated EC,, for ataxia in
rats

AEGL-1 Issues

- SOPs: the AEGL-1 starting point is the
“highest experimental exposure without an
AEGL-1 effect.” (p. 42)

- Nine documents appear to identify a starting
point concentration that produced an
AEGL-1 effect, without incorporating an
adjustment factor.

AEGL-1 Issues (cont.)

« Example: cyclohexylamine
- the starting point concentration produced
respiratory and ocular effects in rats.
+ Example: nerve agent GB

— the starting point concentration produced
rhinorrhea, headache, tightness in chest,
cramps, nausea and miosis in human
volunteers.

Possible Solutions

Clarify document or fix errors in document

« Identify appropriate no effect levels, i.e.,
NOAELSs for AEGLSs 1-, 2- or 3-

- allylamine, carbon monoxide, chlorine trifluoride (L-2),
crotonaldehyde (L-2), diborane, ethylene oxide, HCFC
141b, iron pentacarbonyl, otto fuel, phosgene, sulfur
mustard (L-2), and toluene

« Calculate BMCs if possible
- Apply LOEL to NOEL adjustment factor




Attachment 7

“[2A9] PIOYSSIY} TOHY Y3 < 9q 03 sreadde jurodpus 199110 YITesy [EONHD PIAISSqQ ‘A £103918D)
JuawrdoaAsp TOHHY UT SIFURYD PIPUSUIUINIAI-SYN I STeOTWN) 1Al A103318)
‘samsodxa sydnynurx <§-s ‘uonsonb
u1 Apwis 9y} SuIpunoLIns saoUe)SWNOI anbrun uo paseq TIVON € 03 TAVQ'T & WOLy pIisnipe st [9A3] 19959 YI[eaY [eOND PIAISSqQO :III £&103918)
"€/ ‘85 ‘10108) JusUnsnipe ue 10 ‘JN ‘JN & Suisn THYON © 01 THVQ'T & Wo1J paisnipe si 1099 YiesY [eINLID PIAISqQ ;11 &108918)
“1091J9 PIOYSaI) IOV Y3 > ST Jutodpus 199135 YI[esy [edNLD PAAISqO .1 £108912)

10} Ul PISSAIPPE I SJUSUIUIOD PUB MO[Sq PIQIIOSAP SILI052)ed ) OJUT PAPIATPQNS ST8 UONISIND UT STEOTMIYD ¢ SY) ‘MITASI JO 35BS 104

(¢ "d ‘dOS) .oneA

Z-TDEV 91 198 0) PIsn 9q ARUI JIOJUIOSSIP PUE S)99JF0 S[GISIAAI SUISNED [2AS] ISOYSTY 93 USY) ‘erep [ejuswiradxs uroly pautuiIs)sp aq Jouured amsodxs o)

J1 onjeA Z-TOHVY 94} 19§ 0} pasn S JouLIo] o) ‘amsodxa 19YSTY € Je $10935 SUIqestp pue SInsodxa Jo [9AS] SUO JB USIS SIE SI09HS S[qISISASI JOUTUI JT ‘adeoase

aredurt €1 $19035 10 109119 S[QISISASIIT 10 SNOLISS Jof TIVON € SIJBUINS),, S01IUIIo)) oYY, S193J9 S[QISIASIIL IO SNOLISS douduadxa 01 Afeyi Kj8ursearour

are 10 pa[qesTp owrodsq Aew o[doad yey) PooyI[ax] SUISEAISUT e ST 215Y) ‘ON[eA Z-TOHAV 9 9A0qY -2deoss aredwrt ety $10909 10 S10919 YITeay S[qISISALIT

10 STIOLIOS PUE LIOJUIOISTP SSTEO TeN} SI3MJP S[qISISAST U99A19q PIOYSIIY} Y, SE paurop st jutodpus 7-TOHY oy ‘Sdurexs 1o, juewrdoessp TOIV

10y syurod Sunre)s [ TAVON-TOEY,, Y} Souyep A[feoytoads [enuey ssrnpaoold Sunerad Supuels 1007 SUL TOAS] 109JJ9-9SI0Ape-paAIesqo-ou 21307001X0)

OISSE[O 1) U ST SISqUINY TOFY SALSP 01 Past THVON UL “TAVON 91 £q JUesur ST jeyam st uoneoyred jo jurod 181y 9y, "TAVON SU3 JO Pedlsul THVOT
o) Po10A[es ATIOALI0OUT SN0 TOHV/IVN Y} 1Y) PSUIOU0D ST oY SI9YM STEOTUIIYD €€ JO ISI] B PARITIQNS Jooxa[y 93102D :59su0dsay] LU

ST} JO TS| UI STEITUISYD 9SS} SUTUIBXI] 99)TUIIo)) a3 ey} 3unsonbar st oY “Suonuysp TOHV Y} [HAM JU)sisuosut

2q 03 sxeadde sty swre oy Jurodpus 1099 YIESY [EOTLID 3N} 31 10 “TAVON,, B UTRIq0 0} UOTOSLI0d 1096y AJoJes [eUONIPPE Ue Jnoujm “uswrdo[aasp

DdV 10§ Gurodpus 10050 yresy [eonud o) jutod Sunres oyl se TAVO'T 94} Post Joer J1q “THVON 33 A/HUSPE 10U PIP 3SNIIo) TOAV/OVN U1 Jeu}

UI20u09 ST Jo sapdurexs sre ureiay pajussard speorusyd oL, (zv 'd) 19905 TOHV 1€y moyim arnsodxs reyuouriradxa 1sayS1y,, o st JuawdoPasp THHV 10)

qurod Sunres oy, Jey) JOS S SO0 Y ‘onfea OV 2AN09dsa1 pue [IMUSYD Yoed Sururouo) (o d) Juswrdoraasp TOAV 1oy Jutod Sunrels sy sjussardar

UOTIRINUSOU0D STY1 *,, Teyy saje)s Joyumy of (9¢ 'd) , PoAIdsqo 10U a1k 190 TOHY USAIS B SUYSP 0] PIsn SI00fS Y3 SI3YM Ejep Ueny 10 [euriue woy

[9A9] 15941y 9Y3 $199[8S SORTWIOY) TOHV/IVN oY} ‘STOHV U Jo juswrdoaasp oy ur ‘agenSue] OS oY) SO 9H (JOS) TenuBuI S2INpaoo1d suonersdQ
Sutpuels 1007 Y} UT UMOP PTE] SB 90uepIng umo I3y} SuImof[oy 10U ST 90unuo)) TOHV/JIVN Ui eyl SUIDU0S SBY JJeoxa[y 981000) :anss|

INFIWJOTIATA TOAV 04 SNIIDNOD AONALSISNOD
TAIVO I/ TAVON A TdISSOd HLIM STVOIINAHD A0 ISTT AddIXATV IDA0HAD 40 SISA'TVNY




V'N=4dW ‘01 = dn e,

(9561 ‘Top pue Wiof]) samsodxa
pareadal ypim Joreaid Sutwoosq spape yum
SUJUOW Te39A3s JoJ pareadas axom samsodxe

359Y], "HOJWOOSTP O[qRIOU PAIIPISUOD 3q
PInoo ‘s STy} SULIND Moo 10U PIp Yomym
‘onpwILoe “[“JOHV Ue Jo UOTIUIp

‘STAVON AJreorseq {[ns are spiodpus

"TOFV 9y ‘suoprunap ur a3ueyo ay) jo otds ug
"STOHV JO SUONIUIP MaU oY) AJTjes 0} uspim
-31 9q [[IM JUAWMOOp oY, . '9A0qge Jo Je,, oseyd
Y} papn[oul Yorym STOFV JO SUOTIUYSP plo

o) yaim A1dwros 0y ussoto axam sjutodpus oy pue
L661 UT U3LIM JSITf Sem JUSTINOOP ST, 910N

(9561 ‘IO pue WIOK)

au uryyim o[qeydoooe st uoneyn JyS1s | [ouo(y ssuodsay *21080d%0 INOY ¢ ® U0 paseq st yurod Suryress oy,
0 asuodso1 Ut o3 IVYOSIp [eSEU € PUe SJURILUT JUSWIWIOD) wdd 211 01 ‘Gueumsop jo [ d) . (emsodxs
PUE SIOPO 0} SATIISUSS AJoWONXA st Sop © Jo -SVN-uisuy] Jo Aep 1511y oy Sutmp A[qeumnsaid) smsodxo
250U Y], "HOJWOOSTP 9[qeIOU I0f TTVON Jo sImoy 201y I5|JE PALINOO0 UOTJRUILIOR]
estwdd £['] oy amsodzs moy-¢ ¢ Surmp (00-8nvy) (oN) (93 reypsip Teszu) samsodxa Jo sapnumnu p 1SN spLIOn[JIY
uosuag/sFeure ], s3op ur 28xeyostp [eseu Jo jurodpus oy, 00-9ny 1aV0T Uy una Aourejian Jo uds orungep © pey s8o(,, -1 suIoyg 4
V'N=dW ‘1 =dQTeoL
TAVON Z-1DAV Fea[o © sjuasaidor siy],
-oneuojdudse axam
asay} Inq ‘ssspourered uonouny Kreuowynd
w1 sa3ueto swos pey osfe spafqns Afesy]
TEULIOU 312 5)53) UoToUN] Sunj usoytg “Aep
JX2U 2} UO UOTJRUTIIEXS 9Y) Aq S]qISIoAaX
A1rdwion a1om swoyduids sy ‘omsodxs syy
Sumof[og ‘patejtordeour 1ou sem oy ‘sinoy M SYN
¥ Joye Jaqureys smsodxo oy Y] Ajrepumioa | Jo snyess ooyd
renplatpur ordoye sy, -odeoss oy jusunredun
e Jo 519332 yireay Sumse[-Suo] ‘snouss Jajo [uoneotigng
10 2[qIsI9A31I 10] THYON ®© §1 ‘Tenplarput gd-pasodoxg] (€861 “Te 10 weUnoy)
ordoge Sutsioroxs we wl Surzosym pue yieslq saureyo uonoung Arevownd pue swoydwiAs
Jo ssoupoys Jo Sumsisuoo swoyduiks reonus (10-0) (oND ONI[-OTIRUNJISE SNOLIOS UT PSYNSaJ SINOY
weydopyefewe], | oxi-oneunpse ‘7 IOV o1 1of jutodpus ayy, 1090 THO0T | 30ywdd [ 01302fqns siqndaosns e Jo smsodxg 1 suLIo[yD 1
[smeyg] | (pasn aopoej
Kyarerradug)
(eurg ymwdopsraq
IIMITATY IDVN) TAVON | "TOAV 1oy yutedpuy 109))F WIUIH | [PAYT
jaogmy osuodsoy JyeIS TOAV | WeIADVN [ JI0TAVOT | [BINLD Y], uo yudmmo) jaaxafy | HFV | mormmeg) | 4

PAJY PIOYSAND TOTV P > Juredpun 1032 ey [EIPLI PasLasqO  STVOINTHO I AJODALVO




AJIoTX0}. JOWIOST TENULIRIP T = AN
S Q2% ¥ 30 01 “TY 1 0€ ‘01 30J T =N

'SPRPR TVIOHV 0] THVON ® paIepisuoo st
wdd gog9 ‘2303219, "Apms Tediounsd ayy un
wdd oo ‘1 18 peyodas A[uo axom AS1oqa]
Jo surs reotut(o ‘os[y “Aprys Tedioutsd oy
ur wdd o9 e papodas sem UoOTEUIPIOOSUT

(€661 “Te

Sse SISooreH JedTur]o ou “Apms joyid & ur [e8e1g ny) pesn sem amsodxs moy-9 ® 10§ wdd 999
wdd (009 18 PAIISQO 910M UOTIEUTPIOOOUT osuodsayy Je SJRI UI STSOOTeU ‘STOHIV NoY-g pue § Jog
Se SIS0oTeu JO SUS1s YSnoyy moy-g “p JUSUIWIO))
SV N-wusuy}] (9¢61 (suen pue
“(wdd 0001) s1qrsivass ‘YoN-IPIUIYOS pue Ueunjz]) pasn sem wdd 0001 §10) suafAe
st pue Sunepoedeour jou s1 ssomzziq (0o-suny) (oN) o0} amsodxa unw-( | Jaye spalqns weumy 7 ur -oJoTyai
rednsed Jnoy-1 ‘nurul -0 “01 00-uer TAOT | peonpord ssoutzzip ‘STOAY INOY-] 0} UL~ Jo] 1 Al
[s8wm1g
'spapge T-TOAV Mmofeq osuodsay
are pure ‘adeoso opadun Jou pinom “9[qISIaAaI JUSUIWIOD
2Ie §109J2 SYJ, "SI[ONJOUOIq UT UoTjeIsUaSop SVN-wLouy]
Tenaypide Asopewure[jut ut poj[nsal (5661 “Te 3o wureAnuoN) smoy g Joy wdd ¢
sorur ut sAep g Joy widd ¢ 0} aansodxy (zo-uer) (oN) 01 pasodxa (0 1/¢) 90T YD oTew Ul S3]OTYoUOIq
Je][oH/IPX01Y, TTOAV "SIy § 0} seynuiur g 00-02Q TIVOT a1 wr wonesouagop ferjaynids Aloreururelyu 71 sueloqi(q
[+3m15
osuodsoy
JUSWIIO))
SV N-wa]
‘suontuysp | (suen pue
~TOAV 2y £q HIOJUIOSIp S|qEIOU PaIopISUOd (zo-uer) (N | (z861 “yormrery) “Kepdtom sy Surrap wdd g¢°0 sto) apAyspre
UOSUeH/ZoURTIN 10U ST woTEILLL 845 PIIA - TAVON 00-4eI TIVOT Te SI9I0oM U (UOEUILIO®]) UOFEILLI 343 PII -1 -uojeI)
V'N=JW ‘01 = AN Te0L
"adeoss 0} Ay[iqe
ayyy sredun (a3ueys Surpiom) jou op sudts oy
‘a10Ja19Y], "peroape Afporewr readde jou pp
s8op ‘amsodxa Ioy-XIs 3Y) Jo pud oy Aq Inq [eS®1s
‘SInoY XIs oY) SULMp poIMoo0 UOTIEILLI JO asuodsay
suSis esoy[, “(SS6T Mo PUE WIOK) sinoy oUW (561
9 305 widd ¢ [°g Jo UOTIEIUSOUOS © 0) pasodxo SV N-wiLsuy) “J1op\ pue wIofy) -adeoss o3 ANyiqe iy Jredur
sSop ur sak3 a1y} Jo SunjuIlq pue “@aYLIOUTYI Kjqssod pinos Aot ‘1oasmoy 3[qISIoAsI oI
‘UOTJRWULIDR] “UOTIeALLES JO SUBIS £q pasuspial (00-3ny) (oN) | nq s[qepopuooun Kjewanxs 9q Aewl ‘sMoy 9 10§ spuonyn
uosuagefewrre, se uoTjeyran Suoxs sem Jutodpus sy, 00-Sny T40T | wdd ¢1-¢ 01 pasodxa sSop om} ur uoneiLLE Suong 71 suLIoTyD




V'N=dW 0l=4dn

“TAVON
T TOHV UE pajopIsuo) “s)o9go o[qIsIoasLny
ut jusax 3o sdeoss aredun oy papsdxoe

3
10U INQ POJWODSTP 1813 sjussasdal (syreyLin (zo-uer) (onD £961 “T2 13 Z)oyuasoy) moy [ 3oy | 4 ‘0 apuonyy
yreydony/efeure], JoJ Japous sAnIsuss €) s3op ul sy zo-uer TAON wdd gz 03 pesodxa sSop ur UOTIRILLI S]qISIoASY 71 uaSorpAY
(9661 ‘A2qipq) "vayova
3unfina.q yinout 94001 paropnuts Y3 ut saSupyo n8ojoisty yim Suorp paaiasqo
uonvmUuUD) 102241 ‘0S1Y “poYsaLy) 242m Ty Y ui s934>0n9] apsjonuoydiomdjod
C-IDHAY Mm013q (g ut sa18203na; puv asvpixoisdojadiu ug sas0a.10U1 Jipws spniout (i
4vaponuoydiowdiod pup asvprxosadojadut a1qponddp jou 104 ut s100ffo Suny paonpo.d yorym s3034f> 01 apLonyf
Lipydany/a3vun ut asvadouy) 51935 - TAVON Z0-uopr THON 1wy13] 4of (sopnupme 0 40f ‘wdd 956) THON z-T uaBoipAyy
VN=dNW‘€=4dn [o3e35
asuodsey
JUSURLO))
SVN-wiauy] (8661
‘PIoyseIy) [“TOFV Ue mofeq ore (Tvyg “L661 “Te 12 punT) UonelLInt £105USS INOYYIM
TRIY2UOIq UT PUE ST[20 £(T0) %1 UT asealoun (zo-wer) (on) Sem Yonpm oy | Jof (wdd 6°z-¢3°0) wdd apuionyy
weydany/ofewe], ‘uonye Ktosuos-mo) s103PH - TIVON 0-Uref {THVON | €Jo uoTjeumure[jur 10§ UOTIEHUSOUOd PIOYSSIYIqng 11 uadoipAy
[e3y)g
ssuodsoy
aseq vjep osreds 7 = g 0€ = AN} juswIoy) (5661 “Te 10 9ssaIpualer]) sjex jo
SV N-wirapuy] wdd gz o3 omsodxa oy | woxy (s1soydode pyw
“TIVON T 104V PUT UONBIIUIE[JUT $)N0E S}LIOPOL OF [EUITUTL
Ue paIopisuod st pue adeoss sredw jou (00-sung) (oN) “UOTIBI[ONXa S1RISPOW 0} PIIUI ‘SISOIOU [ewuTuTo)
ared/3uno X PInoMm suoIsa] Teseu a[qisioaal Ajejerdwoy 00-Te]N 1907 umiyayrds Teuorysuer reseu sy Jo suotso| 1 suzeIpAH
0=4AW 001 =4n [e8mg
asuodsay
JUSUIWO))
SV N-wiLop]
"2[QISISASI SJam SI0[ o) (8161 “Te 19 Iopuaden)
pue adesss medur jou prnom Surjjoms Loupry (zo-uer) (oN) ‘snoy 9 Joj widd g4~ woxy sper ur Surjroms suTureTp
URYRUR[ DO /ZoUR|IIY pue (302 pakelep v) vwopa Je[orgouoig 00-3ny 14071 Aaupry Apnojo WS pure ‘ewisps Tejoryouorg 1 -ousjAyyyg
I=dN 0l =4dn
[e3mg (ez861
“(uoneorpisso pasodoig] “Te 10 sSurjpeug) widd 1 e uonesyIssO pakeop
PaAE[ap UT 3sEaIOUT JrestuSis A[Tesnsne;s JO 30USPIOUT SY} UT 95BAISUT [UOTISTIR}S-UOU pue
ueunjoR|g ou pure) Z-IOFV Jof ployserpaoreq | (0ooz4ovND (N WBtam [¥12] U1 a5€2109p JUROYTUSIS Af[eonsTiEls aprxo
[aosplae( st 3y31om Apoq Te1a) U 2583150p 94/ - § SYL 00-1dy T301 ® 4q poisajuew S1eX Ut UOTIEpIe)al [mold Tery 1 austAyiyg




VN=dWN‘€=4dn

‘Tong oyo 0¥ pajeIsusd
sonjea oy) peidaose seq LOO/SYN UL

‘TIO4V 10 THYON
Ue PoISpISUOD SI STY], “Apnys ot Ut payestpur
S193[J° 34} JO AUre UIOI} PSJROTPUT Sea

L4834
adeoss o} Apiqe oN “Jong opo Jo wdd 6o [mo1any -£Z¥9 SVO
0} 21nsodxs Jnoy-9 & Suump spalqns weurny INYO Joye
u (pesolo saho Yy sur JySrenseureoy0) | uonworgng 1of (bL6T “Te 12 Hemalg) (eyenyurp
1eoy Sutpue)s oourereq - wmuqiinbs fermsod Apeay-Teutd] 'smoy 9 je sem Juiod Sunreig “smoy ¢7°g Joye [0o48
3Inseaws 0} pasn 3593 S1oquioy]) wnuqiinba paimooo umuqijinbs jo ssof ySis “ansodxa ousfAdo1])
SINSBIW 0} PASN §)53) ANISUS A[oWISTXD (10-uer) (oN) Inoy-9 e Joj widd ¢( ye ssaurzzip paptodal
ssaxg/eSeunre], o) UT JUSPIAS sem odessa 0} ANIfIqeut oN 00-uer 1401 Pa3lqns suo pue ‘SUreWMY U SAYOEPEIY SIASS 771 1°ond ono 11
[23015
asuodsay]
JusUW0))
VN =AN0I =4N SYN-uioiu]] (2261 ‘towia pup usms
(00-dag) (oN) | oo aunsodxa anoy-r 4ayfp siva ay1 ut Aiypriow apifins
22q40gNsvg Aoriout 0170 - THVON 00-das TAON ou Buisnvo (wdd p¢) uonp.yuasuoo jsaySigy &7 uaBoply
VN=dW'01 =40
‘Spage T-1OdV 0¥
TAVON ® poIepisuod adeoss Jo juaunmeduss
10 ZYIOAV Y} M0]oq S199J9 9[qISISALI
ou 15253ns SATPNJS PIONPUOD [[om oM ], [s8e15
asuodsay]
‘sodeydoloewn JUSUIUOY
Jefooae Areuownd jo Ayjiqera SYN-wuay] (1661
uo j09e ou 1wdd (o7 ‘piny s3eaey wr “Tep Ueyy {1661 “Te 10 usain) smoy $ yoj wdd
HQ'T pue ursjord paseasour ‘A3ofoyyed ssox3 (10-dog) (oD 007 03 pasodxa syes vl pinjg o3eae| Wt H('] pue spyjns
saqred iseq Jo suSts Teorpo as1eape oN :widd 0z 1V 00-dog 13071 u2)01d pasearour pue ewrepa Je[nosealiad JOUTy -1 uadoIpAH o1
4noy
8-y
'sa102ds 2ayisuss (VN (9461 “1v 12 423v]s]40H) 20104 Ut BansodXw | ~T ‘0f apronyf
yeydon/sSeune], IS0 3Y3 ‘201t Ut SYIDIP ON - THVON z0-uor | THON pomwwuysyg anoy -1 40f wdd g9z v 5109[f2 J0YI12] ON £ uaBoipAl]




VN=dW‘€=4dn

(o]
*SWT) IS31[Xed SY) T8 PSYISIASI 0q [[IM Sonfep 00]) pasiAax
"sousLIadxs UewNy uo paseq orsifesIum 9q Joqumy e
are Aoy} payeoIpUT pure SISGUINU 3531} 0} e paysonbax
AjBuons pa1oalqo stequIsur sshTUIWos SN SVN ‘910N
[e3mg
"HOJWOOSTP S[qEI0U PaIIPISUod JUSURIOD)
10U pue JURILLIT UL JOU ST SUSN[O], UOTJRILLIl SYN-RIuy (€861
ou sem a3ot widd o0z 1e e pamoys sarpmys “Ie 15 uosIapuy’) arnsodxs oy 9 v oy wdd oo
3O 'saIpIYs (T JO 7 A[uo Ul ayoepesy pire (10-41np) (oN) e uonpury JojowoyoAsd uo s1oas juesHIuSIs ou
yeyden/sSewe ], uonejLUT 350U pue 949 ‘s1y 9 Joj widd o1 00-05q TIVOT | UM syoepeay ‘UOTR)LLI 950U pue 945 ‘streurny uf 171 suenjo], 91
VN=dW'€=4dn [s8mig
JSUIIo))
SVN-ummur]
(T$61 “Te 10 smoyy) polqns suo £q paprodal pray
"UOTIELIIT 345 plrw Wl (10-&1ng) (ON) | ot ur sseujjny yyS1fs pue ‘swoopumyoa pasodss ayy sus]AYe
SSOIC]/]oX01], Aquo paynsaz anoy | 10y widd 91 - TAIVON 00-92Q TIVOT ut uoTyeyLL 040 UT pajnsal oy [ Joj widd 9g] 1”1 -0Io[yoena], 9
V'N=dW ‘€= 40
[mora0y
TNJO 12ye
uonestiqug Joy (zv61 ‘vosopuy) “UOTEILII Jo acudsqY
“THVON Apeoy-reurd] 'spafqus p Jo suo ux spranounfuos rejndue
[7TOHV Ue paIopIstos pue 1HOJUIOOSIp soel], ‘spofqns wewny p Jo ¢ W eARPUNfU0Y
s[qeiou oN ‘(stanounfuos sjqeiou o) (101d2s) (oN) Teqnq pasodxo ssoloe Uorpsfur sty Jo pueq e prejsny
1ms/Bunoy | uonafin pprur) sppape sejnoo s - TIVON 00-uer TaVO1 paonpoxd soynun 7 Joj ur/Sur 9 Jo amsodze uy 11 gng 14
VN = AW 08 = N (23015
asuodsay]
JusWO.)
SYN-wrio]]
(c661
‘83.oyostp (psou ‘pas wdd (00-02¢y) (oN) “Ip 12 uoimapN) ‘sanoy g 4of surydsoyd wdd g1
ayvAsDg 010 sty 9 - 5193ff5 7-TOHY 40f TIVON 00-22 THON | 01 pasodxa sjp4 ut 510affs Aioip.dsad 249435 oN 7 aurydsoy £
VN =AW 0 =4
[mataas
(‘p2atadat asop ayj o} jpuotiodosd INHO 421f
Ajas.aaur 51 Houzip] fo 2dAy sy 1) uonyoonqnd 1of
* 2dposa apaduit jou pinom inq s.moy $7 Apoay -pouty]
01 1onba 40 ubyj s53] SPM 3UBID] IDIWID
‘a4nsodxa 4ayfv sdojaasp puownsud ay ] (Z0-114dy) (oN) (S961 “Iv 12 $s5040)) s4noy ¢'T 4of wdd 7 o1
ss24g/4s0g wdd 7 10 say ¢*[ - pruownaud [po1waY)) 00-3ny THO7T pasodxa 14 ut pa.Linos0 puownaud (po1usY ) -1 ausdsoyq z1




VN =4AW0l =dN
Y7 4n0y [ fo &/1 14 £/IDFY (¢o-uop) (s 'say) (LL6T 1D 12 30UIIA 19/ 6] apiiopys
Zng sed 4of TAVON o1 paisnipo () THVOT 0040y 1107 10 12 12315104 M) wdd 7 ‘€ Jo O O] 4moy-| &1 us3opAH
"§109]J9 2I9AS PUE 958q
eyep osreds € = AN (M 8 1 0€) 01 =N
‘opBW Sem juunsnipe
TAVON 0V TAVOT ® ‘210Jo1ay], ‘oseq ejep (1661 “Te 12
asreds o1 Joj Jusunsnipe papnjour os[e Jojoej HoAR)S) (SI9YIRaIq YINOU) UOTIRISO[N [EUTlm] pue
(Sukrpous,, ST, € Jo J0)0v] B AQ PapIAIp sIsoIoau Aq parueduioooe SPIAYDILT) SATIRISO[N
SEM §109]J9 TeseU pue Sun| 9I9A9s pasneo 9J0A38 pue (SIOYIE2IQ 9SOU) S[ASSIA BSOONWIQNS
et} urw g Joy widd oogT Jo TAVOTV TesEU JO SISOqUIONY) ‘sisolosu sjeurqmm spunp | gy
Z0-uer) (oN) Suiznoosu axaass papajoun sajnurw o oy wdd | “1 [og] spuoyo
ZuHseg TTOAV "N § pUB p ‘T ‘gnuru ¢ 00-Ae TAOT | 00E1 01 pasodxa sjel ut paatasqo AJofoyredorsiy 71 -usSoIpAH
[28e;15
asuodsay
UUWOD
"uoTeILLI SUISNED UOTIRIULOU00 SV N-umou) ToAs] (umu
£ UTE)qo 0)'¢ Jo Jojor  Aq widd 60¢ Jo @y (zo-uer) (oN) uoTRILI reoyTuBIs € 0onpord o) ¢ Aq PIPIATP on aplIoyo
zZngseq Surpiatp £q THVON 01 passnipe TAVOT 00-Le TAOT |  sem (8861 ‘Molreg) 901U 10J G0E JO dnTeA (Y 1 us3orpAy z
[28v18
sa1oads adypnut/ N = AN J0€ = AN asuodsay
U0
SYN-wLIU]
(wdd poo| = gpudd 761°€) ¥ 0T 44 (000z-2uns)
ored/3uno x I Butptaip 4q TAVON 01 paisnipr TAVOT 00~ (s '523) THOT £661 YH) wdd 76[°¢ fo % ] 1p4 anoy-| &7 auiznapdf] 1
*€/%0T “8-2 ‘z0308) Juaumysnfpe ue xo ‘I € I0 ‘g € Susn THVON ® 03 TAVO'T & urod) pajsnipe sy jurodpud 309)J2 Y [EIPLI PIAIISGO  STVOINAHD I AJODALVO
(oN)
229G MIAS 10 '240qD SO 2WUDS (0o-Aop) TAON 200GV SO 2UWDS -1 -+'7 IdL I°34
[28p18
asuodsay
IUBUUO))
adposa atodul Jou pinom pup 3]qIsiaaal SYN-uti4a1u]]
1 'SUONP4095 [DSDU ‘UONIDUILIOD] ‘140fi0ISID (Z961 “1p 12 42]yosusL]) sapnutit
P23Y4DUL) UOHDILLL PROUNOUOLG “SOINMUII () § (00-Avp) (VN 0§ 4of wdd ¢p o1 pasodxa supwny 9 fo [
229G IASI0] Jof wdd ¢ 1p pasodxa suowny - TAYON 00-AvN TAON Ul UOHDIMILOD] ‘UOHDIILLL IDOIY) puD 343 242025 z-1 -9°C ‘Il Ll




‘sarnsodxa sadpmu

-3 ‘uopsanb ur £pmys ayy Surpumorms s33uEISUMIID anbrm uo paseq TIVON B 03 TAVO'T € uody pajsnfpe sy jurodpus 129JJ9 ey [EINLI PIAIISqO

SSTVOINTHD 111 AJODALVO

[Bunaaw Gnp -
23p1g asuodsay
JusUUIO))
103ouf paisnipv xg Buipialp £q g-TOY 40f SVYN- wriamug]
TAVON 01 psnfpo (0sOT 44 #) TAVO'T (00-4opy) (¢ 'sap) (2961 “10 12
soqregAsiog E-TDHY 'S4y § 03 aynutut O] 00-4dy yclog) upoun(y) asnowt ayi ui wdd /"6 fo % ] 4noy-y &1 9 1dl L
[Bunsow
DVN Aqnr -
0 =W 0 =HN | 23p15 asuodsay
JUBUWUOD)
‘S193ff2 £~IDHY 40f THYON 01 X§ Suiptaip SYN-wLizuf] (1861 v 12 42dda]) wdd g 03 ainsodxs
4q paisnipo (spruyldy.iiv ovIpapO pasvaioul anoy-7 434 s1p.4 Ul SoIYIALID dDIpIPd pup
pup 1y31am Apoq [p1af paonpal) THVOT (00-AoN ) (¢ say) (1861 ‘vtz ) aunsodxa anoy-g aj8uis 1of wdd 21ounfs
Ja[o3]/phsiog 108V 00-@oN THOT Z v spy31m Apoq [p12f pasva.oop Uo pasvg 1| -ostidyispy 9
VN =4dN-€=4N
102ffe £-10IY [ursoruf]
4of THYON 01 X7 8upiaip £q paisnipo (6L61
Anpoyia) 410f (12427 joupyiaut pooq) THVOT (10-924 ) (z 'say) | “1v12 1boaop) J/Bu 601 [ SPM y3pap Ul Bulnsad
o[/ WAL EYTOHY 'S4y § 01 apnutud o[ 00-92: 13071 UONDAIUDIUOD pO0]q yD3d PaIDINIIDD J1SIMOT -1 1ouvyI1apy <
VN =W 0T =4
[23p18
asuodsay]
JUBUUO])
SYN-wira1uf]
108f2 £~TOHY 49/ THVON (10-100) (¢'s37) (09861 “vpoX uvuysvy) apuu
s1oSpoyseq 01 xg Supiatp £q paisnlpo () THVOT 00-3ny THOT $I04 ut a4nsodxa anoy-[ v 4of wdd ppgr Jo %7 £1 -o4inqosy 4
[28v15
244n2 asuodsayy
asuodsaijasop mopoys ! [-TOHY £q pauifop JUBUUIO))
uDY) 242035 240U 5198ff2 £ = N '€ = A1 SYN-uirdasur]
(0661 “1v 12 auauiddos)
AN XE © Yl THYON 01 paisnipp (10-1dag) (01 'sag) | umu gg 10f wdd 7 1o suvwny sypwyiso ut (01/8) apijns
22q40gasvg | (01/2 MVY w1 2503.00u1 Juupdfiudis) THYOT 00-das TavVo1 20UDIS 1594 ADMAID PaSDILOUL (/) YovPLIL -7 ua304pAL] £




yeqdonsTeuwre],

0=dNW"‘01=4dn

'syex

Sunypesiq reuwou ur SYjeap OU Ul S)NSaI s)es
Ppare[nuued ut A)reiow o408 0} dn ssnes ey
SUOHERUISUOD 1By} SMOYS B1ep [RUonIppy
“Buyesiq asou rewtiou o} paredwos
SANEAISSUO ST [SPOW UOTIE[NUUE) [LI0 J0UlS
TAVOT ® ueyy Dypel THVON ®© sfuasaidey
SBIUL syiesp 07/ Jo Jurodpus uo paseq

€7 TOHV amumw g

[+3mis
asuodsey
JUSWILIO))

SVN-wiLsug

(zo-wer)
To-uep

(oN)
1401

"asou o) Aq Surqqnios
SYEUTUI]D 0} PTES ST UOTB[ULED 810 :3j0N]

(9661 “4qreq) urwx o1 J0j wdd 9.1 03
pasodxa sjes payernuwes &jreso ut (oz/1) Ao

ur o
€1

spuonyy
usSorp

yosny/ofewne],

V'N=dW ‘€=4n

"LOD/SVN 2 £q paydaooe usaq e aavy
* syurodpua esnLId ap pue ‘EounpY sty
10§ STOHAV 1 e Pajou 3q pmoys )
"SUOTIRIUAOU0S TSNy ploj -¢ 0} -7

JE Pa1Inag0 yieap o} pay yey osuodsal oerpres
au pue (s[oA9] snous3opus X - sunydaurds
snousgoxa Jo asop o8rey) samsussiodns

ST 53} oY) S¥ 9ATIBAISSUOO ST Jutodpus st
QSJ, oy uf paure(dzs sy ‘o|qisoass A][ng
seam pure Suneyoedeour jou sem sutydaurds
snousFoxa Jo Sn g yym uorpafur Summolyiog
91$1-040H wdd g5 Surpeyur sojFesq

01 Jo T ut erunpArre oeIpres Jo ssuodsol sy,

[so1a03
TNYO Joyge
uonestqng 10§
Apeay ~Teury)

(zo-uer)
00-uref

(oN)
TI0T

(LL61 wmp)
BIURAYLIE SRIPIEO JOJ ‘Sopnurul (] Jof pesodxes
‘wdd gpzg 38 s8op ¢1/1 uo ssuodsax oelpre)

1

qI¥1 D40H

s1o3poy /uanin)

V'N=dW 'l =dnreol

‘Senrea moy -3 HIODV Jo

VHSO 31 Uew} 1omo] sI 12t} Z- IOV Inoy
-1 ® 105 0} a]qesnedun AqresrSo st 1 sjoN
“adeoss 0} Jusunredun ue paopisucs

10U ST 1B} 1033 OJQISIASI E ST SN,

sepuuI () - 0§ JoJ BUIBUL [EUOTHISXS 3]qe)s
Ui sjusned oseastp ATeuo1os Jo asioiaxs
TeotsAyd Surmp emS3ue Jo josuo o} swm
paonpax s[qissod pue aSueypo uowSas 1§ oy
Jo spnyjdure fewrmxewr uy sSureyd juesyyuSts
OSIV " 9171 sem aSueyp Juowdss 1§ oy o)
dwn Ul 9582109p 31 ‘qHOD %+ WV - TAVON

[wrzaayuy)

(10-999)
10994

(oN)
13071

(1661 ‘0661 Te 30 sdoyg

"1661 Q86861 “Te 19 pe[y) swrewny ut uru
0L-0¢ J0J amsodxs wdd ¢¢7 © woxy psounouord
GHOD % ¥ e 951015%> [eorsAyd Sutmp

s10)9ad euISe Jo 195UO 0} SWIT) UT 35BI0A(]

71

spIxouUow
uoqre)




01

0=dN‘0=4n

('smoy

8 103 sputad VHSO 1eus 249] [-TOFV
Inoy -1 ®3es U0 “(werey poys) wdd ¢00°0
st A'LL HIOOV ‘wdd z0°0 51 T9d VHSO)
"PaIse} soneunpse

21} UT WOTYE)LUT JeOTy) pure 945 Ut safueto
WreoyTuSTs A[TeoTisTie)s Ou aJom 919y,

‘ayoepesy [Sunoowr Any -
Jo/pure uoneyLLy Jeoly) ‘eoudsAp YSnoo | oSeig ssuodssy
‘sTuIyI ‘ssowydn 5oy papiodas 1/ 1nq swwo)
s1zjsurered Suny ur a8treyo ou pooustiadxe SYN-umsng] (5861 “meg) ‘moy | Joj wdd [0°Q 03 pesodxs
Inoy Jatppoue 3oy wdd 70 snyd (3sax 9opnur sorpeunpse ¢ 1 ut armsodxs jsod smoy [e194ss 0}
S pue) amsodxa oy | Jeye wdd 19'0 01 (00-Kep) (oN) dn 103 Sunsey syoepesy Jopue ‘esudsAp ‘snuTgs ayeueLoosnp
2aqreg/qIAsIo] soTjeunyj)se Jo amsodxo "1 T Jo asn uo paseq 00-Ke]y TAVO1 YSN00 “UOTRIILN TeON) pue 043 ‘SSoUNEN) Is9YD 1-1| -$‘7euenjo}
"yage Asoyendsar 1o rejnoo uue)-guof
Tenuajod Jo jesuo sy Jurpredal ssnureISOUn
SJepounIodse 0} € = JW ‘€ = AN
*3[qISI9AS3 8 J0U Aeur Jng
dopaasp 0} sIoY 93e) SIS IS} 1e ON (Zp61 ‘uosiapuy) adeosss Jredur 03 y3nous o19A0s
Z-1OAV 10] TIVON ® PoIopisuoo o1om 5P ‘sAep £ 0y dn 10 cATIO9Qoul 9q
$)03]J U1} Suo] J0J paprjout (XE) AN pue WS [suuosiad yons pue sen[enses Arej[ru se
adeoss aredun jou pjnom [-TOHV UT S P33 uorpestqng PazZLIZIORIEYo 9q PINOO S)09J2 Te[nd( 'SIeamoa
Jo od£y owres Jo uotstredxy " wiurw-Sur SVN JoJ Apesy Arejnjnur ¢ UT JUsUIesI) [eoTpaw Sunejissaosu
09 e (Jusuryear) Testpawr Jurrnbal UonejLIT ‘sosowayd pure “erqoydojoyd ‘smranounfuos
pue “erqoydojoyd ‘ewaps ‘spianounfuos (10-1da8) oN) praadsopim ‘ssausios VoL peonpoid prejsnjy
Tns/3unox PaZI[e1oUE - UOTEILL Je[00) 10RPT 00-1ref T4O1 seynunu ¢ [ Joj /B ¢"p Jo amsodxs uy 1 Jnyjng




Il
[28mg
asuodsay ‘ENO MAN HLIM A0V 14T AANLS
JUsSUNUOy)
“Ma1A91 1,0 U0 paseq SVN-wisjuy] (z$61 “Aoarery)
1“IOFV o1 Yorosdde Jo uonerspisuosay senutw 07 Joj uy/go Swr g-g o} pasodxa
(1000) (ON) |  saoepmyoa wewmy ut paazesqo stsoru pue osneu (ures) go
ZuIuoste m 7104V "SI g 0} opnum o 00-»0 TAVOT | ‘sduren Yot up ssoupydn ‘atowpeay] “esyuounyy 11| a8y sanN €
(‘oseq eyep osreds) ¢ = g1y ‘o€ = dn
[:8m1g
(TAVON e 0} osuodssy
TIVOT © wox jusunsnfpe pardun we pue) usUwo)
aseq Tjep osreds oy} JoJ JuNoooe 0} pasn sea SV N-wsju}
€ Jo J0yo%y SuANIpowr v “payestput adeoss Jo (eL661 Burwoy moqy) Inoy [ Joy wdd gog] 03 aure[is
usunredut oN “o[qIsIoAax Ay aJom spoape (00-LeW) (oN) pasodxo syex ur spagye Istp0 pue ‘sSun] uo seare -0IO[UoTp
aNeg/seqg e “pazoaooas AJjry speurue Surarans |y 00-Ae]y TIOT | 4218 “Ayoedo [esuwroo ‘smed USJ[OAS PUR OTIO100N] 71 “JAqeun(y 4
[+3mg
asuodseyy
fLici e
SVN-wueuy} (1961 “Te 12 wwzng) “uonenyyus
Te|n][ad pue ‘eluspo Je[noseatiad ‘Uoreins
T ey JO S50] {im suswSe) [LIqIoAW palayeos
(zo-uer) (oN) Surpnjour suoiss| rejnoseaotpreo padojaasp
Ja[o3/zoueIy ‘AIOV'1ddd ONIAL AANLS 00-Ke Y 1301 Smoy ¢1 Joy wdd g 03 pasodxs syer mog 1 surrelAry 1
pwdopasp THFV uy safueys PIPUANLUOIII-GYN HIM SEIURY) STVOINTHD Al AJOOALVO
(ss61
‘meg) moy [ 10 wdd 10 0} pesodxe soreuny)se
{Sumsour A -
s8e1g asuodsay
jusunuoy)
SYN-witom]
(oN) $1 Ut ayoepesy Jo/pue “edudsAp ‘spruryx
saqregiphsiog "9A0QE 5S¢ oures 00-1dv TAVOT | Y3noo ‘wonelast jeonp pue e ‘sseupydn 5oy 11 9T 1L 9




4!

“mo] 00} Sutaq

VN=dW‘T=4n 10 LOD/SVN
ap &q
pasfor sontep
(BT
[z-1083Vv asuodssy
Jo prepurels oy 3951 1, Uuse0(] ] "peyersuss JUSUWO))
9q [IiMm senfeA TOFVY MU pire mo] 00 Suraq SV N-wiLejug)
Joj pajoofor sanrea ‘Jeasmo] ‘(s12P° SNO "(IL6T “Te 12 TIATES) sIn0Y ¢ 10 sueye
URYRUR[DON pInw) smoy 4 1oy wdd (g4 1e onSryej epusw (00-2unyg) (oN) | wdd g 01 pasodxs suewmy w Ayinoe remdasiad olo[yo
(dewre], | pue ssourzzip JyB1s ‘oneLu o847 - TAVON 66-dog T1AV01 Ul SUTosp © U ‘ssouzZIp JYS1fs ‘Voneli ofy -1 WL-TTT
[23v15
VN =AdN 01 =4Nn asuodsay
JusUUo)
SYN-wLauf
# Yp1/O¥N] QASINEY
ONIFZd
(10-Ang) (¢ s23) ‘(5861 “o1510g pup 4a50p) 7 311
yeydogyeSeute], | 2ousriadxs ubuny uo pasvq moy oot sanpp 00-92q TAOT | som 201 ur wdd 9106 [ 01 4noy-| 10f aansodxy £-7 ausniof
‘Mo
VN=dN‘€=4n 00} 3¢ sanyeA
skes LOO/SYN
19)0N strewmy
[e8e15 Ul 9yoepesy pue BasNEU ‘OpnJIsse] ‘UonEurpIooour
asuodsoy ‘uotsnyuo Tejuswr sonpoad armsodxs moy-g
JUSUIOY) Ue J0J 9A0qe J0 ()07 JE UOTIZRUSOUCS SUsn|o} jeu) aIsIATY
SVN-wLeuy] UstIqeIsa (Z461) e 12 23umeQ voA pue (c461) ONIEd
PaUSISSE aq [[I# saneA MON uos[Ip Aq soTprs sy, (Ep61 ‘UOs[I) S0y §
"30UsLISdXs UPWINY Uo peseq 1OD/SYN (10-A1nyg) (oND Joj wdd oz 03 pasodxs swrewmy ur swm uoroesl
yreydon/efewre] Y} £Q MO[ 00) PAUTEIP U2aq SAEY SONTEA 00-02Q 1401 PaseaIoap ‘UOTJBUTPIOOOUT “BaSTEU ‘SYoepes ] 1 susnjo],
0=4N ‘001 =4dn .
[Sunasws Lng -
"ploysarp Ayteya] Surreumse Jo | a8wg asuodsay (0861 “fe ONILIIN
Joae] Ul Apms sty Suisn 0} pajosfqo Joyny JUSUIIOY) 19 ueuuapung) Suudsgo ux sFeyrowsy Ajaes ANOL IV
"ayenbopeul paIspIsuos -SVNI SNOWISS PUe ‘SISNYIY PIULIOJTRUI M SIS JO LISIATA
2Jom saIpys [ejusuidoloasp oY asnedaq suorprodoad paseaIdut ‘SUOTJEULIOJTEW PoseaIout
TEOTWISYO POWIMST SYN 198 BIep Yeom (zo-uer) (oND) JueolUSIs U pay[nsax ¢ Jo y (4O uo wdd 48 03 JAuogres
ueunjoeld/Suno x (psyesouss Joqumu 1y-g oN) 00-Ae]N 14071 s1ojsurey ueuSaid Jo amsodxa aynuru- | sjSutg 1 [OYOIN




¢l
95eq Byep asreds ¢ = g ‘o = A0 [+8e15
asuodsay (suejisoso]
JusUnUOy) «'S193g0 ULIa}-Fuo] snowss Jo jasto pue adeoss jo YorpiAyqounp
SVN-wuouy] tusunredur sof proysany syy oq oy PaIopISUOD sem 9935 os[y)
'€ 50 Jopr] ® Aq3utpiarp 1PA[ ST, ‘(81661 Burwoy mo(y) Inoy [ 10§ suefis
49 TAVON 01 TAVO'] 2 10§ moooe (00-Aepy) (oND) wdd 729 03 pasodza syes ur Ayreyay o3 TION -o1o[yoLn
ioMrednseg 01 paysnfpe a1om uses Ayioedo Je[noo ayy, 00-Aepy 1301 pue ‘amysod payouny ‘uorerin ‘Ayoedo repnog 1 Ao 4
[Bumeows &png -
0=AN0e=dn | 99w ssuodsoy
jusunuoy)
SYN-wuisy)
"anfeA *yT erenores
01 e1ep YSnous jou st axay Swred Joyny (zo-uep) (oN) (5661 ‘“ISvg) wdd 16°T Jo amsodxs Inoy-9 [Auoqres
ueuryoe[g/suno SJUSWIWIOD SN 998 00-Aey 14071 3[8urs v 0 pasodxa sjex W (01/1) Afeptour o450 €1 -eyusd uoy €
0=aW 001 =4n
yeydn royys/09 [e8e15
Ut uonanpax v, Op - 07 ‘uses Aeys] muootad asuodsay
Aoasg wdd poog 9AOQE U22s a1v SUOISY] usunuo) (L961 “reysury)
“smnun 1ad wdd ggog 1o sajormouoIq SYN-wsug] unw-widd (08 ye suorsey s[otyouoIq pue (suen
Ksoyendsar oy jo Suotsa[ saneIayIoId (enyea amsodxs-o1d oy paredwoo saje1 oxeidn pue s1o)
Ppue uonouny Areuournd paseala(q (zo-uep) (oN) 1912 pue opIXoUO UOQIes Uy uonodnpal 9404-07 spAyapre
USSUCH]/Zoue]Ijy TIOHV 'S 8 0} saynuru 00-Ley TA0T ¥ 58 Jsayruew) uonoury Areuownd poaredur ey 1 ~uojor) 4
3peIB Yoo} £ = JW ‘01 = 4 Teo],
“eIse[delowr snourenbs
[eIgou0Iqoatoen ym €1/7 pue erserdroddy
SATRIRUSERI M £1/7 s Sjoope
TESOONMW [ewturr pamoys wedsajyy oty
10} pautelax sTewnue usayIy g, "s3eyuoursy
Te1372]1Q YBI[S Yyim Tewrure auo pue sSuny [wwayur] (N
TEULIOU Uim STEUNIUe I10J pamoys saansodxa (sodxs (SL61 “Te 19 mai() somsodzs 0€ 10§ smoy 9 Joy Joy)e JAypaw
0€ I3y Ajorerpaurnur paatasqo spogy (0002a@) | o¢ Sumojoy sem wdd | 0} pssodxs ser ur eisejdejaw snourenbs 1Ayzouwx
e /zoweIy JueSe orusourorey 00-93 | eP2nq) THOT Tesysenosysuolq “erseidiadAy Lreuousng 71 -0I0[yD) 1
BANPIOYSIY TOAV< 29 03 saeadde yuodpus 1oy IBEY [EINHD PIAISQO  STVOINTHD A AYOOALVD
“MO[ 00} saneA
sAes LOJ/SYN
‘pannbax a3wig asuodsoy NOISIATY
SUoISIA®Y "mof 00) Suraq se JLOJ/SVN sunuo)) SATIN
) Aq pojoafor usaq saey sonfea asayy, SYN-wuy]
(z861 Sfsuearry pue uynpy) Appanoedsar smoy aueyys
UEYRUR[OO]y "2deosa apadun (00-ouny) (ON) [ ¥ pue ‘smoy z ‘moy 1 seynumur ¢ Toywrdd gg.¢ -oJofyou],
/o8ewrey, | 3, (wnuqubs jo ssof) exere 105 0509 66-dog THOT | PU® ‘0Tt ‘0009 ‘0bL9 Jo s1ex Y erxere 10§ ¥y 1 N




vl

*A[uo sasodmd uostredusos 10} popuyout are pue spsunsnipe T030¢] Kjages eavy 1o TIVON U} UO paseq aJom SOYeIl UT SJeoTay) 7. LON

9seq wep osteds 7 = Iy ‘g = 40

[sSw1g
'95%q Ejep asreds oy Jo ssneoaq poppe asuodssy
Sem om Jo 1o010e] SuAsIpow  “Kjayes Boiiel i Juswrwoy)
SE ‘PUT sfenpiatpur sjqndsosns Joj papnjour SVN-wLuy) (€661 “T¢ 12 Yoruoyos) ‘sjopnue we voar3
Sem J0108] AUresoun Uy ‘paredun jou seam Pue renidsoy e o} payyrurpe oq oy PeY oym sxnoy
adeosa 01 A1[iqe sny snyy s Surjosy sem oy (10-repy) (oN) T 10j wdd g-¢g 0 pasodxs walqns weumy v ur
s1e8poyg iseg 9s1B0q SIMOY 0M} Joye padeoss poafqns sy, 00-Sny THOT | uotsnyuos ‘sssurzzip ‘Summuoa “eosney ‘ayoepesyy 71| sinwordolg




Attachment 8

570238

a George Alexeeff <GALEXEEF@oehha.ca.gov> on 03/15/2002 07:42:05 PM a033 o)

C —-oo/

To: - NCIC OPPT/DC/USEPA/US@EPA
cc: Roger Garrett/DC/USEPA/US@EPA, Paul Tobin/DC/USEPA/US@EPA, gabriele.haeffner@fobig.de,
Ipy@oml.gov, MTM.van.Raaij@rivm.nl

Subject: OPPTS-00330, FRL-6815-8

Attached are comments ©

n three AEGL documents carbon tetrachloride, chlorine
dioxide and chlorine. Hard copy will be sent to follow.

George V. ARlexeeff, Ph.D., D.A.B.T.

Deputy Director for Scientific Affairs

Qffice of Environmental Health Hazard Assessment
Cal/EPA

email: galexeef@oehha.ca.gov

Oakland phone: (510) 622-3202

Sacramentoc phone: (916) 322-2067

The energy challenge facing California is real. Every Californian needs to
take immediate action to reduce energy consumption.

h &’;“ % o
Carbon Tet Fed Reg comments-1.txt ~ Chlorine Dioxide Fed Reg comments-1.txt  Chlorine Fed Reg comments-1.txt

-3
';;
D

£z o=

Zo T

. 80

wm i

[pF

o M

- L-;\_,'
n?
[Sa
=
~

= o

= 'Ua

no Vo

NN —m

>

X S5

oo oo
CONTAIN NO CBI n




Carbon Tet Fed Reg comments-1

March 15, 2002

Document Control Office (7407)

Office of Pollution Prevention and Toxics (OPPTS)
Environmental Protection Agency

1200 Pennsylvania Avenue

Washington, DC 20460

Docket control # OPPTS-00330 - Carbon tetrachloride values

I would like to raise several concerns regarding carcinoge
nicity calculations, the AEGL-1 values and the AEGL-2 values recom
mended by the Acute Exposure Guideline Levels Committee (AEGL) for

carbon tetrachloride.

Carcinogenicity Calculations

The carbon tetrachloride document appears to have some miscalculat
ions in Appendix D where the cancer risks are evaluated. Page D-1
describes the cancer assessment of carbon tetrachloride. The doc
ument uses the inhalation unit risk of 1.5E-5 pg/m3 and states tha
t this is associated with a 1 in 100,000 risk of 7 E-2 pg/m3. Onl
ine the U.S. Environmental Protection Agency (U.S. EPA) indicates
the following risks (http://cfpub.epa.gov/iris}:

Air Concentrations at Specified Risk Levels

Risk Level Concentration
E-4 (1 in 10,000) 7%x10-3 mg/m3
E-5 (1 in 100,000) 7x10-4 mg/m3
E-6 (1 in 1,000,000) 7x10-5 mg/m3

Thus the risk cited for 7 E-2 pg/m3 should be a 1 in a 1,000,000 r
isk level, not 1 in 100,000. The calculated risk for 1 x 10-4 ris
k is incorrect in that it provides two answers, 64 png/m3 or 0.18 m
g/m3, neither of which is correct. Instead the value should be 64
mg/m3.

The document only calculated the 1 x 10-4 risk level. On page 117
of the Standing Operating Procedures for Developing Acute Exposur
e Guideline Levels for Hazardous Chemicals (SOPs) it states:

n . .Therefore, the Committee will continue to provide data and inf
ormation on the carcinogenic properties of chemicals in the Techni
cal Support Documents, and in instances where the

appropriate data are available, develop quantitative cancer risk a
ssessments at risk levels of 10-4, 10-5, and 10-6 in accordance wi
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Carbon Tet Fed Reg comments-1

th the National Academy of Science (NAS) guidance (NAS, 1993a). T
he NAC/AEGL Committee will attempt to limit potential cancer risk
to 10-4 or less where there is scientifically credible data to sup
port the risk based on a single exposure. If at some future date,
substantial and convincing scientific data become available that
clearly establishes a relationship between a single, short-term in
halation exposure to a chemical and the onset of tumors that are 1
ikely to occur in humans, the carcinogenic risk in the development
of the appropriate AEGL values will be considered..."

Consequently, it would appear that the calculations for risk level
s of 10-4, 10-5, and 10-6 should be added to the document. Also
, to give a more complete picture of the carcinogenicity of carbon
tetrachloride, I suggest that the following statement be added to
the Executive Summary, at the beginning of the first full paragra
ph on page 3: "U.S. EPA has classified carbon tetrachloride as a
possible human carcinogen.”

Finally, I believe that the AEGL committee has discussed on numero
us occasions, without objection that the table of proposed values
include a footnote indicating the carcinogenicity of the chemical.

AEGL~1 Values

As stated in the SOPs (page 36), "therefore, in the development of
the AEGLs, the NAC/AEGL Committee selects the highest exposure le

vel from animal or human data where the effects used to define a g

iven AEGL tier are not observed.” This point is reiterated in the
Chapter subheading 2.2.1 "Selection of the Highest Exposure Level
at Which the Effects that Define an AEGL are not Observed." Also

as stated on page 40, "for reasons discussed earlier in this chap
ter, the NAC/REGL Committee generally selects the highest experime
ntal concentration that does not elicit the symptoms or effects de
fined by the AREGL tier in question. This concentration represents
the starting point for AEGL development.”

Specifically the SOPs (page 42) indicate that the starting point £
or AEGL-1 development is the "highest experimental exposure withou
t+ an AEGL-1 effect." However, the carbon tetrachloride document a
ppears to identify the concentration producing an AEGL-1 effect, n
amely "resulting in a feeling of nervousness and slight nausea."
Thus, the document identified a lowest observed adverse effect lev
el (LOAEL), instead of a no-observed adverse effect level (NOAEL),

as the starting point. Identification of a LOAEL as the starting
point for AEGL development is inconsistent with the SOPs, the app
roach for identifying starting points of many other AEGLs, and app
ears to be inconsistent with the AEGL-1 definition.

Page 2




Carbon Tet Fed Reg comments-1

One could address the problem by identifying an appropriate NOAEL
from the study and to use it as the starting point. In this case
it appears to be 76 ppm for two and one-half hours.

AEGL-2 Values
For carbon tetrachloride the document states "the AEGL-2 was also
pased upon human data from controlled exposure experiments in whic
h subjects experienced headache, nausea and vomiting following 15-
minute exposure to 1191 ppm carbon tetrachloride (Davis, 1934). I
t is believed that these effects may impair escape." However, the
SOPs (page 42) clearly state: "in developing AEGL-2 values, the
NAC/AEGL Committee estimates a NOAEL for serious or irreversible e
ffects or effects that impair escape." Consegquently, the document
describes these effects as AFGL-2 effects. This appears to be in
consistent with the AEGL-2 definition and the SOPs. One could add
ress the problem by identifying an appropriate NOAEL from the stud
y and to use it as the starting point. In this case it appears to
be 317 ppm for a 30-minute exposure.

Thank you for consideration of these comments. If you sho
uld have any questions about the comments, please contact me at (5
10) 622-3202 or by e-mail: galexeef@oehha.ca.gov.

Sincerely,

George V. Alexeeff, Ph.D., D.A.B.T.
Deputy Director for Scientific Affairs
Office of Environmental Health

Hazard Assessment
1515 Clay Street, 1lé6th Floor
Oakland, California 94612
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Chlorine Dioxide Fed Reg comments-1

March 15, 2002

Document Control Office (7407)

Office of Pollution Prevention and Toxics (OPPTS)
Environmental Protection Agency

1200 Pennsylvania Avenue

Washington, DC 20460

Docket control # OPPTS-00330 - Chlorine Dioxide wvalues

I would like to raise a concern regarding the AEGL-1 value
s recommended by the Acute Exposure Guideline Levels Committee (AE
GL) for chlorine dioxide.

As stated in the SOPs (page 36), "therefore, in the development of
the AEGLs, the NAC/AEGL Committee selects the highest exposure le

vel from animal or human data where the effects used to define a g
iven AEGL tier are not observed." This point is reiterated in the
Chapter subheading 2.2.1 "Selection of the Highest Exposure Level
at Which the Effects that Define an AEGL are not Observed." Also
as stated on page 40, "for reasons discussed earlier in this chap
ter, the NAC/AEGL Committee generally selects the highest experime
ntal concentration that does not elicit the symptoms or effects de
fined by the AEGL tier in guestion. This concentration represents
the starting point for AEGL development."

Specifically as the SOPs (page 42) indicate that the starting poin
t for AEGL-1 development is the "highest experimental exposure wit
hout an AEGL-1 effect." However, the chlorine dioxide document ap
pears to identify the concentration producing an AEGL-1 effect, na
mely "slight salivation, slight lacrimation, and slight red ocular
discharge in rats exposed to 3 ppm chlorine dioxide for 6 hours (
DuPont, 1955)" as the starting point. 1In this case it does not ap
pear that the document identified a no-observed adverse effect lev
el (NOAREL) for this study. The effects reported are AEGL-1 effect
s. Consequently, if another appropriate NOAEL cannot be identifie
d from another study, an adjustment factor could be used as has be
en done with a number of other chemicals. However, identification
of a LOAEL as the starting point for AEGL development is inconsis
tent with the SOPs, and appears to be inconsistent with the AEGL-1
definition.

Thank you for consideration of these comments. If you sho
uld have any questions about the comments, please contact me at {5
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Chlorine Dioxide Fed Reg comments-1

10) 622-3202 or by e-mail: galexeef@oehha.ca.gov.

Sincerely,

George V. Alexeeff, Ph.D., D.A.B.T.
Deputy Director for Scientific Affairs
Office of Environmental Health

Hazard Assessment
1515 Clay Street, 16th Floor
Oakland, California 94612
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March 15, 2002

Document Control Office (7407)

Office of Pollution Prevention and Toxics (OPPTS)
Environmental Protection Agency

1200 Pennsylvania Avenue

Washington, DC 20460

Docket control # OPPTS-00330 - chlorine values

| would like to raise a concern regarding the AEGL-2 values recommended by the
Acute Exposure Guideline Levels Committee (AEGL) for chlorine.

As stated in the SOPs (page 36), "therefore, in the development of the AEGLs, the NAC/AEGL
Committee selects the highest exposure level from animal or human data where the effects used
to define a given AEGL tier are not observed.” This point is reiterated in the Chapter subheading
2 2.1 "Selection of the Highest Exposure Level at Which the Effects that Define an AEGL are not
Observed.” Also as stated on page 40, “for reasons discussed earlier in this chapter, the
NAC/AEGL Committee generally selects the highest experimental concentration that does not
elicit the symptoms or effects defined by the AEGL tier in guestion. This concentration represents
the starting point for AEGL development.”

The AEGL-2 definition states that it is "the airborne concentration of a substance above which it is
predicted that the general population, including susceptible individuals, could experience
irreversible or other serious, long-lasting adverse health effects or an impaired ability to escape.”
The SOPs indicate that this is accomplished by choosing the appropriate AEGL-2 no-observed
adverse effect level (NOAEL), as the starting point.

For chorine the AEGL-2 starting point appears inconsistent with the AEGL-2 definition. The
chiorine 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
hours of exposure (Rotman et al., 1983)." The document suggests that an asthmatic attack is an
AEGL-2 response. This is consistent 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. :

Thank you for consideration of these comments. If you should have any questions about the
comments, please contact me at (510) 622-3202 or by e-mail: galexeef@oehha.ca.gov.

Sincerely,

George V. Alexeeff, Ph.D., D.A.B.T.

Deputy Director for Scientific Affairs

Office of Environmental Health Hazard Assessment
1515 Clay Street, 16th Floor

Oakland, California 94612
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Attachment 9

¥

John Morawetz <JMorawetz@CWUC.org> on 03/15/2002 02:3512 PM
a2

To:
cc:

-o03
NCIC OPPT/DC/USEPA/US@EPA

George Rusch <george.rusch@alliedsignal.com>, Po-Yung Lu <lpy@ornl.gov>, Roger
GarretyDC/USEPA/US@EPA, Paul Tobin/DC/USEPA/US@EPA
Subject: RE: Docket OPPTS-00330 Carbon tetrachloride

Docket OPPTS-00330

Enclosed are my comments on the AEGL pro
tetrachloride.

posed values for Carbon
John S. Morawetz

(513)621-8882

CFR Carbon Tetrachloride.doc
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Document Control Office (7407) March 15, 2002
Office of Pollution Prevention and Toxics (OPPTS)

EPA

1200 Pennsylvania Avenue

Washington, DC 20460

Docket control # OPPTS-00330 Carbon Tetrachloride values

I would like to raise concerns regarding the AEGL-2 and AEGL-3 values recommended by the AEGL
Committee for Carbon Tetrachloride.

The 4 subjects in the Davis article, which is relied on for the AEGL-2 values, had more serious effects
than stated in the current version of the TSD with three of the four subjects not staying the entire 15
minutes. As the TSD states, one subject “could not stay” and left after nine minutes however two of
the other three subjects left before the end of exposure (10 and 12 minutes and all three who left had
vomiting and nausea). The inability to remain in an exposure chamber for the original exposure time
period has been used by the committee before to set AEGL-2 values. The 1,191 ppm exposure appears
to be the appropriate starting level for the AEGL-2 determination but the LOAEL time period is 9
minutes. The committee needs to determine either a lower time period or exposure for a NOAEL.

My concemns on the AEGL-3 level are centered on the Norwood, 1951 article that describes the death
of a heavy drinker 6 days after exposure to carbon tetrachloride for 15 minutes. The authors state "The
conditions under which this man was exposed were duplicated to the best of our ability, and the
measured concentration was 250 parts of carbon tetrachloride per million parts of air.” Without a
significant reason for discounting this published report, this should be the committee’s starting point.

One question is the possible theoretical calculation of exposure given Norwood’s detail of the amount
of carbon tetrachloride used, time period of exposure, size of the room and ventilation (erroneously
reported as the Norwood method in section 7.1). There are some factors that might effect a theoretical
calculation of exposure. As a first cut, the calculated amount of vapor dispersed in the room volume
would only occur at the end of the 15 minutes when all the carbon tet was used and evaporated. The
time weighted average for the 15 minutes of exposure would therefore be an integrated function of the
rising exposure levels and be approximately half of the final concentration. This, however, assumes
complete mixing, even distribution and no loss of solvent from the room.




The location of the vent that supplied fresh air to the room is unknown, the location of the deceased’s
work to the open door that served as the exhaust from the room is unknown and the magnitude of the
“slight negative gradient” to the rest of the building is unknown. In addition, this process does not
account for the Molecular Weight of carbon tet (153; approximately 5 times heavier than air, which
would tend to keep the vapors close to the floor and possibly the door with it’s negative gradient). The
fresh air, in contrast, regardless of the location of the vent, would tend to rise above the dense solvent
vapors and probably be closer to the deceased’s breathing zone. With all these uncertainties, the best
option is to use the measured concentration as reported in the published paper.

I request that the Committee reconsider and lower the current recommended AEGL 3 levels by using
the Norwood exposure value of 250 ppm for 15 minutes as a LOAEL for lethality. Alternatively, the
Committee could leave the 1, 4 and 8 hour values as is but set the 10 and 30 minute values at the
current 1 hour 170 ppm AEGL 3 value. The rational then would be that the human data places an
upper limit of levels at lower time periods that the animal model may not fully take into account.

In addition, the description in the TSD of the Norwood article has some errors. In the initial summary
in Section 2.1, it should state that there were 55 (not 51) industrial cases (51 summarized and cases 4
through 7). Of the three (rather than 7) non-industrial exposures, one (not 5) resulted in serious health
effects. The second Norwood fatality described in Section 2.1 should include information stated about
her drinking habits: “The patient had been a heavy user of alcoholic liquors for many years”.

Table 2 lists the Norwood study as “‘estimated” exposure. The original study states "The conditions
under which this man was exposed were duplicated to the best of our ability, and the measured
concentration was 250 parts of carbon tetrachloride per million parts of air." Table 2 should list the
250 ppm with the notation “(duplicated conditions)” for the fatality.

Section 7.1 describes the Norwood exposure method as *“the concentration (250 ppm) was determined
based upon a reconstruction of the accident using room volume and the amount of carbon tetrachloride
dispersed”. Although this information is included in the article, it does not state that 1t used this
information to calculate the 250 ppm. Rather Norwood clearly states that the level was “measured”.

. In Section 7.3 on the derivation of the AEGL-3 level, the phrase “exposure terms are uncertain” should
be explained. It also states “the information is anecdotal”. This report is a case series and not
anecdotal since it is published in a peer reviewed journal, has a complete medical description of a
number of cases and exposure level under duplicated conditions for the reported case.

Sincerely,

John S. Morawetz

c: Larry Gregoire Bill Kojola, AFL-CIO
Secretary Treasurer's Office George Rusch, AEGL Chairman
Eric Bray Rodger Garrett, EPA
Michael Sprinker Po-Yung Lu, ORNL

Frank Mirer, UAW -




Table 2 also lists the exposure for 2 individuals at 250 ppm. The conditions that were duplicated was
the work the deceased did. The article states that the other two workers “continued the mopping under
the same conditions” but is not clear whether they continued to work in the same room for 4 hours.
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CARBON TETRACHLORIDE

RESPONSE TO FEDERAL
REGISTER COMMENTS

NAC/AEGL - 25
JUNE 17-19, 2002

EOHSI
Rutgers University
Piscataway, NJ
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Response to FR comments on Carbon Tetrachloride - J. Morawetz

Regarding AEGL-2:
The fact that individuals could not tolerate the exposure for a full 15 minutes does not necessarily

imply that there were "more serious effects". "Tolerance" in the context of the Davis report is
not referring to mechanistic or metabolic-mediated tolerance but rather to a subjective decision
regarding what the individual was willing to endure. If the subjects were, for some reason,
unable to extract themselves from the exposure situation they would likely have suffered no more
than additional nausea and vomiting; effects that are in and of themselves not actually AEGL-2
severity. In developing the AEGL-2 values, a conservative assumption was made that these
effects may impair escape. In fact, such effects may actually encourage egress. For these
reasons, the 15-minute exposure time was used for the basis for time scaling.

Use of the 9-minute exposure could be used, however, and would provide lower AEGL-2 values
as follows:

10-minute 114 ppm

30-minute 74 ppm

1 hr 56 ppm
4 hrs 32 ppm
8 hrs 24 ppm

These values, while expectedly lower, do not appear to be unreasonable when compared to
available data, and to the AEGL-1 and AEGL-3 values.

Regarding the Norwood study and AEGL-3:

Regardless of the precision of the measurements obtained during the reconstruction, it is still just
that, a reconstruction. The individual in the Norwood report was highly compromised and
represents an extremely sensitive individual (analogous to using moribund animals in a
controlled experiment). As such, the case report by Norwood was not used as a driver for
AEGL-3 development. It was considered inappropriate to use the response of one individual
where the quantitative exposure component was derived from a reconstruction.

The alternate proposal to leave intact the 1, 4, and 8-hr AEGL-3 values (170, 99, 75 ppm,
respectively) but set the 10-minute and 30-minute values equivalent to the 1-hr value (i.e., 170
ppm for all three exposure durations) is, however, justifiable. Such an approach would allow for
incorporation of the Norwood report to some extent (thereby incorporating a human data element
into the assessment, but not to the point of being the sole driver for all AEGL-3 values) and still
allow for use of the more quantitatively definitive animal data. ’



Response to FR comments on Carbon Tetrachloride - G. Alexeeff

Regarding carcinogenicity calculations
The 0.64 mg/m? is, in fact, for the 10°° risk not 10 as noted in the FR comment. The values

listed at the bottom of page D-1 in the TSD are correct but refer to 10 risk levels not a 10 risk
as implied. Corresponding values for lower risk levels will be added. A carcinogenicity footnote
also can be incorporated in the AEGL Exec. Summary table although a carcinogenicity statement
does appear in the Executive Summary and in §2.5. Application of the cancer assessment for
AEGL development is, however, difficult to justify due to the fact that the unit risk was derived
by route-to-route extrapolation.

Regarding AEGL-1 values
The use of 76 ppm at 2.6 hr as a NOAEL for AEGL-1 would provide the following AEGL-1

values:
10 minutes 22 ppm
30 minutes 14 ppm

1 hr 11 ppm
4 hrs 6.3 ppm
8 hrs 4.8 ppm

These are slightly less than the originally accepted values and would appear to be justified.

Regarding AEGL-2 values
Use of the suggested 317 ppm, 30-minute exposure results in the following AEGL-2 values:

10-minute 49 ppm
30-minute 32 ppm

1hr 24 ppm
4 hrs 14 ppm
8 hrs 10 ppm

Upon comparison with human exposure information, these appear to be unrealistically low
values. For example, 70-minute exposures of 6 subjects to 31-87 ppm (TWA of 49 ppm)
resulted in odor detection, and transient, clinically insignificant changes in serum ions and
urinary urobilinogen in 2 subjects (Stewart et al., 1961). Generally, repeated exposures of
humans equivalent to the suggested AEGL-2 values result in effects below what would be
considered AEGL-2 severity.
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Attachment 11
Federal Register Comment Regarding Chlorine AEGL-2:

I would like to raise a concern regarding the AEGL-2 values recommended by the Acute
Exposure Guideline Levels Committee (AEGL) for chlorine.

As stated in the SOPs (page 36), "therefore, in the development of the AEGLs the NAC/AEGL
Committee selects the highest exposure level from animal or human data where the effects used
to define a given AEGL tier are not observed." This point is reiterated in the Chapter subheading
2.2.1 "Selection of the Highest Exposure Level at Which the Effects that Define an AEGL are
Not Observed." Also as stated on page 40, "for reasons discussed earlier in this chapter, the
NAC/AEGL Committee generally selects the highest experimental concentration that does not
elicit the symptoms or effects defined by the AEGL tier in question. This concentration
represents the starting point for AEGL development.”

The AEGL-2 definition states that it is "the airborne concentration of a substance above which it
is predicted that the general population, including susceptible individuals, could experience
irreversible or other serious, long-lasting adverse health effects or an impaired ability to escape.”
The SOPs indicate that this is accomplished by choosing the appropriate AEGL-2 no-observed
adverse effect level NOAEL), as the starting point.

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.

Thank you for consideration of these comments. If you should have any questions about the
comments, please contact me at (510) 622-3202 or by e-mail: galexeef(@oehha.ca.gov.

Sincerely, George V. Alexeeff, Ph.D., D.A.B.T.

AEGL Development Team Response to Federal Register Comment:

The chlorine document was written prior to adoption of the present SOPs. At that time the
AEGL levels were defined as "..at or above.." and the endpoint used by the NAC met the
definition of an AEGL-2. The chlorine document has been edited and includes the following
description:

The endpoint for the AEGL-2, transient pulmonary function changes and asthmatic-like
symptoms consisting of shortness of breath and wheezing in an exercising atopic individual, is a
NOAEL for irreversible or other serious, long-lasting health effects or an impaired ability to
escape. The atopic individual voluntarily left the exposure chamber some time after 4 hours of

NAC-25, June 17-19, 2002



exposure ("before the full 8-h exposure to 1 ppm"); he was not incapacitated. Following the
exposure, the symptoms were completely reversible by the follow-up examination on the next
day (15 pulmonary tests/parameters were measured). Healthy subjects also had some changes n
pulmonary function parameters during an 8-hour exposure to 1 ppm, but these were

asymptomatic.

In summary, the AEGL Development Team for chlorine considers the symptoms experienced by
an exercising atopic individual in response to a 4-hour exposure to 1 ppm of chlorine to be a
NOAEL for the AEGL-2 endpoint.

NAC-25, June 17-19, 2002
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| 00330

g Anne_LeHuray@americanchemistry.com on 43/18/2002 12:48:50 PM

To: NCIC OPPT/DC/USEPA/US@EPA
cc: Paul Tobin/DC/USEPA/US@EPA DOQ\,(@,\' :WOO 330
Subject: Comments re Proposed AEGL Values for Propylene Oxide 031802

Please find attached comments on EPA's proposed AEGL values for propylene
oxide (CAS no. 75-56-9) published in the Feb. 15, 2002 Federal Register
A hard copy of the comments are being submitted to the Document

C o004

notice.
Control Office via US Mail.

(See attached file: PO_AEGL_031802.pdf)

Anne P. LeBuray, Ph.D.
Manager, Propylene Oxide/Propylene Glycol Panel
Bmerican Chemistry Council
1300 Wilson Boulevard
Arlington, Virginia 22209

(703) 741-5630

phone:
fax: (703) 741-6630
anne_lehuray@americanchemistry.com

e-mail:

PO_AEGL,_031802.pdf
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CURTNEY M. PRICE
Vice PresanenT ChemiStl'y
CHEMSTAR counc“ Cand Charustry
Make; it Priciible

March 18, 2002

Via US Mail and E-Mail

Document Control Office (7407)

Office of Pollution Prevention and Toxics (OPPT)
Environmental Protection Agency

1200 Pennsylvania Avenue, N.W.

Washington, D.C. 20460

Re:  National Advisory Committee for Acute Exposure Guideline Levels (AEGLs) for
Hazardous Substances: Proposed AEGL Values — Propylene Oxide (CAS No. 75-56-9)

The Propylene Oxide/Propylene Glycol Panel (“Panel”) of the American Chemistry
Council appreciates this opportunity to comment on the October 2001 “Public Draft” of
“Proposed Acute Exposure Guideline Levels (AEGLSs) for Propylene Oxide (CAS No. 75-56-
9).” The Panel, whose members are Huntsman Corporation, Lyondell Chemical Company and
The Dow Chemical Company, has previously provided comments and participated in meetings
as the AEGL values and documentation have been developed. The Panel recognizes that, in
response to our earlier comments, some changes have been adopted.

While all of our prior specific recommendations on appropriate AEGL value levels have
not been adopted, the Panel understands that its prior views have been previously considered and
will not reiterate them here. Thus, while the Panel does not view the current AEGL values as
being appropriate, it is not now seeking further revisions in those values. Rather, our comments
below focus on the content of the Public Draft dated October 2001.

Appendix C

The Panel is concemed that the Public Draft and particularly Appendix C include
carcinogenicity data that are not up-to-date and therefore are scientifically inaccurate and
incomplete. For the reasons discussed below, two types of changes should be made. First, a
brief disclaimer should be added concerning the limited purpose of Appendix C for chemicals,
like propylene oxide, where carcinogenicity data do not drive the AEGL values. Second,
important specific changes should be made to the calculations.

Scope of Appendix C

Where carcinogenicity test data do not drive the AEGL values, detailed analysis of cancer
data should be beyond the scope of AEGL documentation which is concerned with acute

S$ Responsible Core®
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EPA Document Control Office (7407)
March 18, 2002
Page 2

exposure. As Appendix C shows, the propylene oxide data do not suggest that short term
exposures, as defined in the AEGL program, would lead to human cancer.

Importantly, EPA and other U.S. and international agencies have well-established
programs to evaluate carcinogenicity data and to use the data to classify chemicals as to their
carcinogenic potential. Propylene oxide has been reviewed by the European Union, by IARC,
and others. In its most recent Report, NTP has classified propylene oxide as “reasonably
anticipated to cause cancer.” NTP, 9'h Report on Carcinogens (revised 2001). Thus, we do not
quarrel with conclusions concerning potential carcinogenicity of propylene oxide. We are
disturbed, however, that the Public Draft may leave the impression that the carcinogenicity
information in the document is up-to-date and fully articulated.

As a policy matter, the AEGL Committee should avoid becoming embroiled in detailed
discussions of carcinogenicity data as such discussions detract from the AEGL Commiittee’s
mission of establishing short term acute values. Often, as is the case with propylene oxide, data
concerning carcinogenicity are complex, involve multiple animal and human data sets, and
require extensive consideration of mechanistic data. The AEGL Committee already has a
difficult task in establishing AEGL values for the current chemicals and the additional chemicals
likely to be added to the program over the next few years. To burden this process with the
obligations associated with detailed reviews of carcinogenicity data is short-sighted and surely
will lead to much greater controversy over issues that are not central to the mission of the AEGL

program.

A better approach is to limit the scientific discussion, both in the text and Appendix C to
the minimum necessary to demonstrate that the carcinogenicity data do not impact the AEGL
values. It is important to acknowledge explicitly that the AEGL Committee has not extensively
reviewed all of the available data bearing on carcinogenicity qualitatively and quantitatively.
This is particularly true here where Appendix C is based on EPA’s IRIS documentation that is
woefully out-of-date. The current IRIS documentation does not consider voluminous
mechanistic data, some of which are cited in the Public Draft and are erroneous in that the data
do not reflect current methodology. The Draft should contain a standard caveat for materials like
propylene oxide where cancer potency data do not impact the AEGL values adopted in order to
put Appendix C in its appropriately limited context. We suggest adding a statement such as:

“This Appendix was developed for the limited purpose of
determining whether carcinogenicity concerns should be used in
driving any AEGL values. It is based on a preliminary analysis
and does not represent a comprehensive determination by the
Environmental Protection Agency of carcinogenicity classification
or potency factors.”

Changes to Appendix C

The draft Appendix C requires several changes. None of these changes impact the Panek
supported conclusion that cancer potency should not be a factor in setting AEGL values for

Q Responsible Care*

1300 Wilson Boulevard, Arlington. VA 22209 « Tel 703-741-5600 « Fax 703-741-6091 » hitp://www.americanchemisiry.com

g




EPA Document Control Office (7407)
March 18, 2002
Page 3

propylene oxide, but EPA should not be issuing documents that are incorrect and inaccurate
without the caveats described above, as they have a way of being cited out-of-context as
authoritative in many different places. The corrections described below and the fact that the
current propylene oxide IRIS value, the starting point for Appendix C, is quite dated are further
reasons why a minimalist approach, with appropriate caveats about old data sources and lack of
review and consensus, should be adopted.

We agree with the decision not to use the values based on carcinogenicity for AEGL-3 as
calculated in Appendix C. Not only were the calculated time-dependent values all above the
respective AEGL-3 proposed values, the negative tumor results from the Sellakumar ez al.
(1987) short term, high dose rat study are quite convincing that cancer is not the appropriate
endpoint of concern for the AEGLs, no matter what excess cancer risk level is used.

An important clarification, however, is needed for the calculations presented. Appendix
C uses an adjustment factor of 6: “To adjust for uncertainties in assessing potential cancer risks
for short-term exposures under the multistage model,...” citing Crump and Howe (1984). This
adjustment factor is not explicitly described in Crump and Howe (1984), but an adjustment
factor of 2.8 described as being derived from Crump and Howe (1984) is found in NRC (1986),
the reference cited by the Public Draft as the source of the method used for calculations
performed in Appendix C. If further adjustments to the factor recommended in NRC (1986) for
adjusting short-term exposures were made, this should be explained and further justified in
Appendix C. The two-fold difference between the adjustment factor described by NRC (1986)
and that used in Appendix C would further increase the values listed.

Several comments regarding the cancer slope factor used in the Public Draft calculations
for propylene oxide are also warranted. The male mice from the NTP (1985) study that
determined the cancer potency used in the calculations for Appendix C may have exceeded a
maximum tolerated dose (MTD) at the high dose used (400 ppm). Mortality was significantly
increased compared to controls, and the average body weight of the male mice at 400 ppm were
22% below the average body weight of control male mice. Female mice also had increased
mortality at the high dose compared to controls and had mean body weights 10% lower than
controls at the high dose. Male and female mice only had significant nasal tumor increases at the
high dose and nasal tumor response in female mice was less than in male mice. Male and female
rats demonstrated no nasal tumor increases at the doses tested, and rats did not exhibit increased
mortality or body weight decreases compared to control rats. These results taken together
indicate that the cancer potency currently listed in IRIS using the NTP (1985) male mouse data
may be reflective of a high dose effect due to toxicity (e.g., the MTD was exceeded), thus
resulting in overly conservative predictions of human risk.

In addition, the cancer potency used for the calculations in Appendix C was derived using
an interspecies dose scaling factor of two-thirds body weight, the default at that time, and not the
more current EPA default value of three- fourths body weight. This correction alone would
decrease the cancer potency by a factor of two, and other refinements that should be made would
Jower the cancer potency even more. Decreases in the cancer potency would increase the values
calculated in Appendix C, values that are not currently intended for setting AEGLs for propylene
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oxide If, on the other hand, the current cancer potency for propylene oxide listed in IRIS was to
be considered for setting future regulatory criteria, including AEGLs, an extensive re-evaluation
of cancer potency for propylene oxide using more current data, approaches and refinements,
especially new mechanistic data, must be completed.

Other Comments

The current draft leaves the false impression that human lethality has resulted from
exposure to propylene oxide in both the tables and text. For example, the summary table for
“AEGL-3 Lethality” currently reads: “Highest recorded nonlethal concentration of ....” As there
are no reports of human lethality (see Draft at Section 2.1, page 2), something like the following
language would be more appropriate: “No human lethality reports identified; highest
documented human exposure was 1520 ppm for 171 minutes, resulting in irritation. (CMA,
1998).” A similar correction would also be appropriate for the Executive Summary, page viii,
1.18 and Section 7.3, page 39. Insertion at the beginning of those paragraphs of the following
phrase would help clarify the Draft: “No reports of human lethality were identified.”

Another important comment refers to page 6, last paragraph which states at line 36:
“Cytogenetic studies have not yet found ....” The word “yet” should be deleted as it implies
that positive results are expected, which is both speculative, and unlikely, based on the negative
results in monkeys following 2- year inhalation exposures to propylene oxide for chromosomal
aberrations or micronuclei, the endpoints under discussion (Lynch et al., 1984).

Finally, Section 8.3 “Data Adequacy and Research Needs” should include an explicit
statement that no research needs were identified. Alternatively, the Section title could be
changed to “Data Adequacy™ or something similar, such as the former section title “Confidence

in AEGLs.”

Should there be any questions or requests for further information, please contact the
Panel Manager, Dr. Anne LeHuray at anne_lehuray@americanchemistry.com or (703) 741-
5630.

Sincerely yours,

Courtney M. Price
Vice President, CHEMSTAR

cc: Paul S. Tobin, OPPT
Propylene Oxide/Propylene Glycol Panel
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ICWUC CENTER FOR WORKER
HEALTH AND SAFETY TRAINING

Training programs for Emergency Response,
F Hazardous Waste and Nuclear Workers 52 730 B
20 329 Race Street, Cincinnati, Ohio 45202-3534
» (513) 621-8882 / FAX (513) 621-8247
Frank D. Martino, Executive Director, fmartino@icwuc.org Visit us at HSED.ICWUC.ORG
Michael Sprinker, Health & Safety Director, msprinker@icwuc.org
John F. Morawetz, Center Director, jmorawetz@icwuc.org }7'3)
Document Control Office (7407) March 15, 2002 =
Office of Pollution Prevention and Toxics (OPPTS) T Tia
EPA o320 NG Ai
1200 Pennsylvania Avenue N
Washington, DC 20460 C -00 ‘S. I
N Bk

Docket control # OPPTS-00330 Propylene Oxide values

~

I would like to raise concerns regarding the AEGL-1 values recommended for Propylene Oxide. As
with many risk assessment documents, only limited information is available to extrapolate to safe
levels of exposure. If there are significant limitations in the available studies, it is imperative that

adequate uncertainty factors be taken into account.

The current document relies primarily on a letter sent to the AEGL Committee by the CMA. This
summarizes industrial hygiene data from 3 manufacturing facilities in 1949, 1968 and 1975.
Although the CMNA has been helpful in answering questions from the committee, there are some

limitations with these reports:

1) These reports are monitoring surveys that did not include any questioning of workers on the
presence or absence of symptoms.

2) The sample size of the employees who reportedly have no health effects at the specified

Jevel of exposure is small.

2

3) This is unpublished data and the original reports are not available to the committee.
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ey that summarizes the health status of a group of people

should also summarize the exposure of the entire group. The usual value taken for the exposure of &~
group is the mean. In this case, we have 5 job titles with the range and arithmetic mean for each
group. It is not appropriate to start with the exposure value of the few people in the single highest 3
exposure group who have the highest exposure values (31 ppm) if we are then summarizing the
health status of the rest of the workers. In addition, these individuals are the investigators who

conducted the monitoring survey, not the usually people to rely on for the presence or absence of

In general, an occupational health surv

symptoms.

Members of the Consortium CONTAWIN NO ORI
International Chemical Workers American Flint Glass . vAmet:E:an Federation

Union Counci/lUFCW Workers Union - of Teachers
United Steelworkers of America

USWA Rubber/Plastics Conference Coalition of Black Greater Cincinnati Occupational

USWA Aluminum, Brick and Glass Division Trade Unionists Health Center

United Food and University of Cincinnati

International Association of

Machinists and Aerospace Workers Commercial Workers ' Department of Environmental Heaith
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I request that the Committee reconsider and lower the current recommended AEGL-1 levels.
Alternatively, the committee could start with the value of 18 ppm, the mean exposure value of the
three job categories with the vast majority of the samples from employees of facility 3 (23 of 24
measurements). If the committee decides to rely on the exposure of the few individuals with the
highest exposure, a modifying factor of 2 should be incorporated for the sparse data set (as done in
the AEGL-3 value; only two samples for the lab personnel who did the sampling and one for an
engineer at a similar exposure value). Finally, there was no investigation of the presence or absence
of symptoms in this population. Instead we are relying on the lack of “mention of complaints by
workers in the report” and no complaints in the workers medical files “during routine medical
surveys and physical exams”. The lack documentation of symptoms without a scientific or
systematic investigation is an additional reason for using a modifying factor of 2.

Sincerely,

o= vemdy

John S. Morawetz

¢ Larry Gregoire Bill Kojola, AFL-CIO
Secretary Treasurer's Office George Rusch, AEGL Chairman
Eric Bray Rodger Garrett, EPA
Michael Sprinker Po-Yung Lu, ORNL

Frank Mirer, UAW




PROPYLENE OXIDE: Federal Register Comments

Comments from John Morawetz:
AEGL-1 values based on letter sent to NAC/AEGL by the
CMA. Letter summarizes industrial hygiene data.
Limitations of summarized reports:

»  monitoring surveys did not include questioning of
workers on the presence or absence of symptoms.

» sample size of employees who reportedly have no
health effects at specified level of exposure is small.

»  unpublished data and original reports are not
available to the committee.

For AEGL-1 value, the highest 8-hour TWA value of 31.8
ppm was chosen for the derivation. It is not appropriate
to start with the exposure value of the few people in the
single highest exposure group who have the highest
exposure values (31 ppm) if we are then summarizing the
health status of the rest of the workers. In addition, these
individuals are the investigators who conducted the
monitoring survey, not the usual people to rely on for the
presence or absence of symptoms.

Response: Summary of Data Provided by CMA

Background PO concentrations were measured over three 8-
hour shifts in a plant in 1975 to perform baseline routine annual
monitoring (CMA, 1998a). The concentration of the sampies in
ambient air ranged from none detected (< 0.1 ppm) to 31.8 ppm
(vol/vol). PO concentrations were also measured in the
breathing zones of workers using Sipin Personal Sampler Pumps
over the eight-hour work periods., Measured concentrations
ranged from 13.2 to 31.8 ppm as 8-hour time weighted averages
measured over the 3-day sampling period (see Table). No
worker complaints were noted in the report.

Summary Results of Persona] Exposure Mositering
Propylene Oxide
i i No. .
Job Classification ; ;p (:: No. &;; ) " ‘Mean® Job -
’ (ppm) (ppm)
Mean 95% UCL

Maintenance 5 13 149-189 174 18.30
personnel
Laboratory 2 2 302-31.8 310 36.05
personnel
Engincer 1 1 302 30.2 -
Forcman 2 4 16.1-23.2 2058 24.49
Operators 6 11 132-233 18.69 20.31

*Caiculated arithmetic mean and 95% upper confidence level for the associated job class. Job
classes were identified and jtored by b XPH groups rather than job titles.

Attachment 15

Request reconsidering and lowering the current AEGL-
1:

»  could start with value of 18 ppm, the mean exposure
value of the 3 job categories with vast majority of
samples from employees (23 of 24 measurements)

»  or, if NAC decides to stay with high exposure
concentration, a modifying factor of 2 should be
incorporated for sparse data set (as was done for
AEGL-3)

Justification of AEGL-1 in Executive Summary

Proposed AEGL-1 values for PO were based on environmental
health survey in which 8-hour time weighted averages (TWA)
were determined from a 3-day sampling period during which no
worker complaints were noted (CMA, 1998). The highest 8-
hour TWA value of 31.8 ppm was chosen for the derivation.

An interspecies UF was not needed, since the data were from
human exposures. An intraspecies UF of 3 was applied because
the toxic effects (no complaints noted) were less severe than
those defined for the AEGL-1 tier. Therefore, total UF of 3.

These values are supported by mouse data from an NTP (1985)
study. Mice were the most sensitive species tested, and dyspnea
was the most sensitive endpoint of toxicity following exposure
to propylene oxide. Dyspnea was observed in mice exposed for
4 hours to 387 ppm propylene oxide vapor, the lowest
concentration tested, but not in mice were exposed to 98.5 ppm
propylene oxide vapor or less for 6 hours/day, 5 days/week for 2
weeks (NTP, 1985). Therefore, an AEGL-1 can be derived
using the exposure concentration of 98.5 ppm for 6 hours (a
NOEL for dyspnea). Following application of a total UF of 3
(interspecies UF of 1 because mice were the most sensitive
laboratory species tested, and available data indicate that mice
are equally or slightly more sensitive than humans; an
intraspecies UF of 3 because the toxic effect [NOEL for
dyspnea)] was less severe than that defined for the AEGL-1 tier),
one obtains AEGL-1 values approximately 2-fold greater than
those generated using the human data.

]



Summary of Proposed AEGL Values for Propylene Oxide (ppm) @MMMAMMM“M

Level 10-m | 30-m | I-br | &-br | 8-br Endpoint (CMA, 1998) . . .
Concerned that Public Draft and particularly Appendix C
AEGL-1 1110 (110 60 [19 |11 {B-hour TWA of 31.8 ppm melud, . icity data th
resulted in no worker inctuae carcinogenicity data that are not up-to-date and
plai therefore are scientifically inaccurate and incomplete.
AEGL-2 11300 | 510 [290 |91 |51 |Humans: Strong odor and
irritation noted in Recommendations:
monitoring study; average
of AEGL-2 values using 4
exposure concentrations > Briefdisclaimer should be added concerning the
and durations: imited . . .
380 ppm for 177 minutes, limited purpose of Appendix C for chemicals, like
525 ppm for 121 minutes, PO, where carcinogenicity data do not drive AEGL
392 ppm for 135 minutes, .
460 ppm for 116 minutes values. Examp le:
AEGL-3 12700 | 1100 | 610 | 190 | 110 |Humans: Highest recorded . P . -
nonlethal concentration of This appendix was developed for the limited
1520 ppm for 171 minutes purpose of determining whether carcinogenicity

concerns should be used in driving any AEGL
values. It is based on a preliminary analysis and
does not represent a comprehensive
determination by the EPA of carcinogenicity
classification or potency factors.”

Response: This disclaimer could easily be added

> Important clarifications/changes should be made to
the calculations. > Several comments should be included regarding the
cancer slope factor.
*  To adjust for uncertainties in assessing potential

cancer risks for short-term exposures under the *  NTP study that determined cancer potency

multistage model, a factor of 6 was used, when a
Jactor of 2.8 is found in the reference cited by the
Public Draft as the source of the method used for
calculations (NRC, 1986). Ifa 6 is used, the
increases in the adjustment factor should be
explained and justified.

Response: The SOP states that in instances in which

Jactor may have exceeded maximum tolerated
dose

cancer potency used for calculations derived
using interspecies dose scaling factor % b.w.
(default at that time), not the more current EPA
default factor of % b.w.

multistage models can be used and prudence dictates Response: these comments will be added to text in

conservatism, the NRC guidance suggests reducing the Appendix C

approximation of D by an adjustment factor of 2 to 6,

depending on the number of assumed stages in the

multistage model used. > Other comments are editorial in nature. The three
editorial comments will be incorporated into the
document,
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AEGL-3 derivation

Select animal study: quality of study, species, time
frame of exposure.

Use Molnar et al., 1986 as key study (5940 ppm for
4h, NOEL for mortality).

No substance specific N value; use default values
of n=3 and n=1.

Interspecies factor =1 (based on allometric
arguments (see also toluene, higher factor would
nol comply with human experience)

Intraspecies factor = 3 (mechanism is CNS-
depression which does not vary more than a factor
of 2-3 in the human population.

riym

Benzene NAC AEGL 25| MTM van Raay 2

AEGL- summary

TABLE 10 SUND LARYRELATIONSHIP OF PROICGEED AEQL VALLES
Qassificagion | 10-Mivate 0N Bixee _ 1-Hour +How # 8 How®
A 8
ABQ-l 8 8 8 B 8
(Nordis bling)
AEQL2 130 600 635 400 0
(Disbling)
ABQLY 3700 400 3 19%0 %0
(Latl)

riymm

{Benzene NAC AEGL 25{ MTM van Raaiy

AEGL-3 derivation

Use 5940 ppm for 4h as starting point (Molnar et al.,
1986)

N=3 or n=1
Total UF is 3

AEGL-3 VALUES FOR BENZENE (ppm)

AEGL Leved 10 minutes | 30 minutes 1 hour 4 hours 8 hours
AEGL-3 (based on 3700 4000 3100 1980 9%
5940 ppim 4h)

AEGL-3 for Toluone 7700 0 50 150 1606
riyyn

[Banzene NAC AEGL 25§ MTM van Rasij 2
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Seventh Interim Report
of the Subcommittee on
Acute Exposure Guideline Levels

BACKGROUND

In 1991, the U.S. Environmental Protection Agency (EPA) and the Agency for Toxic
Substances and Disease Registry (ATSDR) asked the National Research Council (NRC) to
provide technical guidance for establishing community emergency exposure levels (CEELs) for
extremely hazardous substances (EHSs) pursuant to the Superfund Amendments and
Reauthorization Act of 1986. In response to that request, a subcommittee of the NRC
Committee on Toxicology (COT) prepared a report titled Guidelines for Developing Community
Emergency Exposure Levels for Hazardous Substances (NRC 1993). That report provides step-
by-step guidance for the derivation of CEELs for EHSs.

In 1995, EPA, several other federal and state agencies, and several private organizations
convened an advisory committee—the National Advisory Committee on Acute Exposure
Guideline Levels (AEGLs) for Hazardous Substances (referred to as the NAC)—to develop, -
review, and approve AEGLs (similar to CEELSs) for up to 400 EHSs. AEGLs developed by the
NAC have a broad array of potential applications for federal, state, and local governments and
for the private sector. AEGLs are needed for prevention and emergency response planning for
potential releases of EHSs either unintentionally from accidents or as a result of terrorist

activities.

THE CHARGE TO THE SUBCOMMITTEE

The NRC convened the Subcommittee on Acute Exposure Guideline Levels to review the
AEGL documents approved by the NAC. The subcommittee members were selected for their
expertise in toxicology, pharmacology, medicine, industrial hygiene, biostatistics, risk
assessment, and risk communication.

The charge to the subcommittee is to (1) review AEGLs developed by the NAC for
scientific validity, completeness, and conformance to the NRC (1993) guidelines report, (2)
identify priorities for research to fill data gaps, and (3) identify guidance issues that may require
modification or further development based on the toxicological database for the chemicals

reviewed. .
This interim report presents the subcommittee’s comments concerning the draft AEGL

documents for 14 chemicals: phosgene, hydrogen chloride, hydrogen fluoride, hydrogen sulfide,
G nerve agents, VX, diborane, cis- and trans-crotonaldehyde, perchloromethyl mercaptan, iron
pentacarbonyl, nickel carbonyl, allylamine, cyclohexylamine, and ethylenediamine.



COMMENTS ON PHOSGENE

At its February 6-8, 2002 meeting, the subcommittee reviewed the AEGL document on
phosgene. The document was presented by Cheryl Bast of Oak Ridge National Laboratory. The
subcommittee concluded that the revised document conforms with the Guidelines for Developing
Community Emergency Exposure Levels for Hazardous Substances (NRC 1993) and Standing
Operating Procedures for Developing Acute Exposure Guideline Levels for Hazardous
Substances (NRC 2001) and that no further modifications to the document are required.

COMMENTS ON HYDROGEN CHLORIDE

At its February 6-8 2002 meeting, the subcommittee reviewed the revised AEGL
document on hydrogen chloride (HCI). The document was presented by Cheryl Bast of Oak
Ridge National Laboratory. The subcommittee recommends that the following revisions be

made.

Comments

Compare and contrast the HCl documentation and literature cited in the NRC (2002) -
report titled Review of Submarine Escape Action Levels for Selected Chemicals to the draft
AEGL document. Specifically, the proposed AEGLs should be considered in light of the NRC
(2002) conclusion: “The subcommittee believes that for irTitant gases, the concentration of the
gases is more important than the exposure duration for determining toxicity” (page 3).

Page ii, lines 30-33: The data on exercising asthmatics should be used to justify an intraspecies
UF of 3.

Page 2, lines 21-24: Is reactive airways dysfunction syndrome (RADs) a clinically or
scientifically recognized condition? If so, provide reference to literature sources to

justify that statement.

Page 2, lines 37-40: Delete this unsubstantiated information apparently taken from an old
textbook.

Page 6, lines 22-23: Delete the studies by Darmer et al. (1974), Wohlslagel et al. (1976), and
Higgins et al. (1972). The results of those investigations are discussed in detail later in

the report.

Page 13, lines 8 and 9: Delete “dissolves in the nasal passages” and replace with “solubilizes in
mucus present in the nasal passages.”

Page 15, lines 35-37: It is stated here that “baboons exposed to up to 17,000 parts per million
(ppm) exhibited increases in respiratory frequency.” [t should be stated that “baboons




inhaling 500, 5,000, or 10,000 ppm exhibited concentration-dependent increases in
respiratory frequency.” '

Page 15, lines 39-41: Some explanation of the species difference in the susceptibility of mice
and rats to HCI should be included. The same phenomenon has been documented in the
case of hydrogen fluoride (HF), and the HF document mentions that mice may have a
greater nasal scrubbing capacity. Has this been established? If so, insert references to
the peer-reviewed literature to substantiate that statement. The higher respiratory rate of
the mouse should result in greater disposition of HF in the nasal passages and deeper
pulmonary-tract penetration of the chemical. It would be worthwhile to consider
including here the paragraph (page 35, lines 39-45, and page 36, lines 1 and 2) from the
HF document. That paragraph from the HF documentation contrasts breathing patterns
of rodents (obligate nose breathers) and humans.

Page 17, 34-41: It should be recognized that exercise will increase HF uptake and exacerbate
irritation. Thus, these asthmatic human subjects should be considered a sensitive

- subpopulation.

Page 19, lines 1-26: It is difficult to understand the magnitude of the total UF and how it was
derived. There is no mention of the modifying factor (MF).

Page 19, lines 15-17 and lines 23-26: It is stated that confidence in time scaling for HCl is good
and that ten Berge et al. (1986) calculated an n value of 1 for HCl. The 4- and 8-hour (h)
AEGL-2 values derived with this approach are inconsistent with the empirical data. If
exercising asthmatic subjects can inhale HCl at 1.8 ppm for 45 minutes (min) without any
adverse health effects, they should certainly be able to inhale HCI at 2.7 ppm for 8 h or
5.4 ppm for 4 h without serious, long-lasting effects or impaired ability to escape.
Therefore, the 4- and 8-h AEGL-2 values should be changed.

Page 21, line 10: The sentence that starts with “A number of factors argue ...” should begin a
new paragraph. The logic is hard to follow in Section 7.3, because there is so much

information on different subjects.

'

Page 21, lines 25-34: As with the AEGL-2 values, use of the C! x t=k equation by the NAC
resulted in unrealistically low AEGL-3 values for 4 to 8 h. The 13 ppm and 26 ppm
concentrations proposed by the NAC are inconsistent with the AEGL-3 definition and are
not likely to cause any changes more severe than moderate sensory irritation in some

individuals.

Page 25, lines 34-39: Why are the two papers by Bond and coworkers listed as “Cited in IARC,
1992”7 The original literature should be consulted and cited. The Machle et al. (1942)

lethality study with rabbits and guinea pigs should be included.

Major concern is focused around the rationale for using the least sensitive rodent for
developing AEGL values. The most sensitive rodent was the mouse, and the rat was the least
sensitive. As the text is written, it seems that the justification was that although the rat is the

w)



least sensitive rodent, the rat is more sensitive than humans to inhaled HCL. Is this reference
correct, and, if so, what specific peer-reviewed publications support that conclusion?

It is not clear why the authors used one-third of the LCsp value to establish AEGL-3
values. S

It appéars that the NAC failed to consider a MF of 3, which is generally used per the SOP
~ for a sparse database.

COMMENTS ON HYDROGEN FLUORIDE

At its February 6-8, 2002 meeting, the subcommittee reviewed the revised AEGL
document on hydrogen fluoride. The document was presented by Sylvia Talmage of Oak Ridge
National Laboratory. The subcommittee recommends that the following revisions be made in the

document.

Comments
Page 5, line 1: The title of this section should be “Executive Summary” rather than “Summary.”

Page 6, line 1: Insert the following after the sentence that ends “and coughing (Rosenhaltz et al.,
1963)”: “This value is one-fourth of the rat LCsq value in the same study. Rats exposed
to a similar concentration (291 ppm) developed moderate eye and nasal irritation. The
next higher concentration (489 ppm for 1 h) resulted in respiratory distress and severe eye
and nasal irritation in the rat, signs more severe than those ascribed to AEGL-2. The
moderate eye and nasal irritation observed in dogs at 243 ppm was considered the

threshold for impaired ability to escape.”

Page 6, line 8: The following sentence should be added at the end of the paragraph: It should be
noted that the resulting 30-min AEGL-2 value of 34 ppm is similar to the 32 ppm
concentration that was tolerated for only several minutes by human subjects in the study

by Machle et al. (1934).

Page 9, lines 10 and 11: The order of the concentrations of hydrogen fluoride (HF) listed in parts
per million should be revised to correspond with the respective concentrations presented

in milligram per liter!

Page 30, lines 40-46: LCs studies demonstrate that mice are 2- to 4-fold more susceptible to HF-
induced pulmonary damage and lethality than rats. This species difference is tentatively
attributed to differences in nasal scrubbing capacity. Are there data relevant to species
differences in scrubbing capacity? If so, those references should be cited in the
discussion. The species difference in LCso values may be due largely to the greater

~ respiratory rate of the mouse. Are there comparative studies of the relative pulmonary




deposition of HF or similar water-soluble compounds in humans and rodents that could
serve as reference material?

Page 34, line 10: It is noted here that the NRC (1991) concluded that the mouse may not be a
good model for humans exposed to respiratory irritants. This is apparently at odds with
the RDso database and its correlations to workplace air standards (e.g., Am. Ind. Hyg.
Assoc. J. 54(9):488-544, 1993), therefore, a brief summary of the NRC rationale for that

statement should be added.

Page 35, lines 4-6: Persons who are exercising should experience greater HF deposition and
pulmonary irritation than persons at rest. Individuals involved in emergency situations
are likely to be under duress and engaged in physical activity; therefore some
consideration of emergency response personnel and those attempting to escape as a
susceptible subpopulation might be appropriate.

Page 36, lines 23-25: Were the volunteers in the study by Lund et al. (1999) exercising
throughout their 1-h HF exposures? The subjects in the 1997 study by Lund et al. rested
for the first 45 min and exercised during the last 15 min of their 1-h exposures. Clarify

the protocols utilized in the Lund (1999) investigation.
Page 36, lines 27-30: Were the workers described in these four studies asymptomatic?

Page 39, lines 42 and 43: This sentence should be revised to be consistent with the recommended
additions at the top of page 6 of the Executive Summary.

Page 39, lines 44 and 45: The use of the equation C? x t =k to scale from 1 to 8 h yields 4- and
8-h AEGL-2 values that are inconsistent with the AEGL-2 definition. Subjects in the
studies by Largent (1960, 1961) were exposed to approximately 8 ppm for 6 h daily for
up to 50 days (d). The eye, nose, and skin irritation that they experienced was far from
disabling. HF is very rapidly absorbed and should therefore not accumulate in the mucus
membranes under such conditions. The intensity of eye and nasal irritation associated
with exposure to a moderate concentration of a direct ocular and upper respiratory tract
irritant, however, will increase somewhat at moderate vapor levels. Therefore, if the ¢ x t
relationship is applied as contrast to a ceiling value (NRC 2002), consideration should be
given to proposing the 4- and 8-h AEGL-2 values that are only marginally lower than the
1-h AEGL-2 values. '

Page 41, line 23: “Disabling, irreversible effects or inability to escape” is the definition of
AEGL-2, not AEGL-3.

Page 41, lines 26 and 27: Judging from the data in Tables 3 and 6, the mouse is appr0x1mately 3
to 10 times more sensitive to HF acute lethality than the rat.

Page 41, lines 31 and 32: The use of the same time-scaling equation yields values that are far too
low at the 4- and 8-h time points. However, there are no controlled lethality data for
exposures longer than 1 h. This necessitates caution. Also, deep-lung irritant effects



(e.g., pulmonary edema) can become more pronounced with time at relatively high vapor
concentrations. Nevertheless, comparisons of the proposed AEGL values with the
empirical experience should be performed. For example, two human subjects were
exposed 6 h daily to concentrations of 8 ppm for 25 or 50 d without apparent ill effects
(Largent 1960, 1961). No deaths occurred in groups of four male and female rhesus
monkeys inhaling 690 ppm for 1 h (MacEwen and Vernot 1970). These comparisons
dictate revision of the proposed values to conform to the SOP definitions of the
respective AEGLs.

Page 43, lines 34 and 35: Remove the latter part of the sentence that refers to secondary sources
that state that 50 ppm exposure for a 30- to 60-min period was lethal. It should be noted
that the National Institute for Occupational Safety and Health (NIOSH) immediately
dangerous to life and health (IDLH) value was based on eye, nasal, and airway irritation
seen in animals (Machle et al. 1934) and in humans (Largent 1961). The other concern is
the obvious difference between the 30-min AEGL-3 value (62 ppm) and the existing

" IDLH value (30 ppm). It seems that the only justification was that the IDLH value was
derived from the studies of Largent (1961) and Machle et al. (1934 (page 43, lines 34-
35), which was apparently based on reported irritation of eyes, nose, and airways, and
(unidentified) secondary sources that cited that 50 ppm was lethal for a 30- to 60-min
exposure. What studies were those? The established IDLH value and those “secondary
sources,” stating that 50 ppm was lethal for 30 min, require more complete justification.

COMMENTS ON HYDROGEN SULFIDE

At its February 6-8, 2002 meeting, the subcommittee reviewed the revised AEGL
document on hydrogen sulfide (H,S). The document was presented by Cheryl Bast of Oak Ridge
National Laboratory. The subcommittee recommends that the following revisions be made in the

document.

General Comments

Compare and contrast the H,S documentation and literature cited in the NRC (2002)
report titled Review of Submarine Escape Action Levels for Selected Airborne Chemicals to the
draft AEGL document. Specifically, the proposed AEGL values should be reconsidered in light
of the NRC (2002) conclusion: “The subcommittee believes that for irritant gases the
concentration of the gases is more important than the exposure duration for determining toxicity
(NRC 2002, page 3).

On the basis of arguments presented on page 21, line 26, and page 22, lines 1-3, the
derivation of AEGL-1 is inconsistent with the Standing Operating Procedures (SOP) manual. A
30% incidence of headache complaints is not inconsistent with the AEGL-1 definition: “the
effects are not disabling and are transient and reversible upon cessation of exposure.” The use of
an “extra” 3-fold UF “because adult asthmatics may not be more sensitive than healthy
individuals to headache” has no plausible physiological basis. The rationale for the use of an
additional 3- fold UF because the “end point (headache) is more severe than the end points




Summary of Current AEGL Values for Tetrachloroethylene
(ppm)

Level [10-m|30-m| 1-h | 4-h | 8-h |Endpoint (Reference)

AEGL-1 | 50 50 35 18 12 |Mild eye irritation in

6 subjects exposed to
106 ppm for 1 hr (Rowe
etal, 1952)

AEGL-2 | 230 | 230 | 230 | 120 | 81 [No-effect level for
ataxia in rats following
exposure to 1150 ppm
PCE for 4 hours/day, 5
days/week for 2 weeks
(4 hr time period used
for the derivation)
(Goldberg et al., 1964) *

AEGL-3 | 690 | 690 | 490 | 240 | 170 |Highest conc. with no
deaths: 2450 in mice
and 2445 ppm in rats for]
4 hrs (Friberg et al,,
1953; NTP, 1986)

* 10- and 30-min AEGL-2 value set equal to 1-h value of 230 ppm because
human study demonstrated exposure to 600 ppm for 10 min caused
significant effects (cye and nose irritation, dizziness, tightness and
numbing about mouth, some loss of inhibitions, motor coordination
required great effort; Rowe et al., 1952). After applying an UF of 3,
AEGL values based upon this study are consistent with the 1-h AEGL-2
value of 230 ppm.

Time scaling using an n = 2 derived by ten Berge, 1986.

Response for AEGL-1

»  Agree that the values should not have been scaled
across time because the endpoint is that of irritation

» Ifkeep the same key study and endpoint, then the
values would be 35 ppm across time

»  With regard to key study, this study was the one
reporting the lowest exposure producing irritant effects.
Mild irritation was reported in 5 subjects exposed to
106 ppm for 1 hour. COT recommends going with
more notable discomfort reported at concentration
of 200 ppm, which would result in values of 70 ppm
across time

Attachment 19

COT Comments for Tetrachlorotheylene

AEGL-1

Inappropriate exposure level (i.e., 100 ppm) used as
starting point. Exposure to approximately 100 ppm
(Stewart et al. 1961b; Rowe et al. 1952; Stewart et al.
1970; Stewart et al. 1981) consistently resulted in mild
irritation of ocular and nasal mucus membranes in
some subjects. The AEGL-1 is defined as the airborne
concentration above which persons could experience
notable discomfort or irritation. Subjects exposed to
approximately 475 ppm for approximately 2 hr reported
modest eye irritation, tightness in frontal nasal sinuses,
and increased nasal secretions (Carpenter 1937).

These symptoms seem more consistent with notable
discomfort. Rowe et al. (1952) observed only slight eye
irritation in volunteers inhaling 100 ppm. Nasal
irritation and more pronounced eye irritation were seen
at 200 ppm by Rowe et al. (1952) and Stewart et al.
(1961). In light of the foregoing, 200 ppm would
appear to be a more appropriate starting point.

Odor and irritation are related to local concentration.
Therefore, duration-dependent adjustment (or the use of
Haber’s rule) for such effects is inappropriate.

3

AEGL-2

»

1t is probably best to use 1,150 ppm (the no-effect level
Jor ataxia of rats in the study by Goldberg et al. (1964))
as the basis for derivation of the AEGL-2 value. An
interspecies UF is not warranted due to the greater
systemic dose of an inhaled VOC received by a rat
(versus a human). The intraspecies UF of 3 is
appropriate. Use of C" x t = k equation to scale across
time is inappropriate. As described below, this generic
approach is not appropriate for VOCs.

AEGL-3

The ten Berge (1986) equation is not valid for scaling
across time with VOCs. PCE is rapidly absorbed from
the lungs and reaches near steady-state, or equilibrium,
in the blood (and brain) within 1-2 hr or less (Stewart
etal. 1961b). Thereafter, the blood and brain PCE
concentrations and the level of CNS depression
increase asymptotically (i.e., very slightly) for the
duration of the exposure. Thus, the AEGL-3 values for
longer exposures will not diminish significantly.



Response for AEGL-2 and -3:

» If decrease interspecies UF to 1, then total UF of 3. See
Table for AEGL-2 and 3 values

»  With regards to the comment about time-scaling, with
this particular chemical the data demonstrate that it is
indeed appropriate. The value of n=2 is obtained from
ten Berge, who used the rat mortality data from Rowe et
al (1952). Clearly for the mortality data, the response
varied with time and concentration.

Additionally, the statement COT makes about Perc
reaching near steady-state within 1-2 hr or less (Stewart
et al. 1961b) does not appear to be true. Although the
Stewart et al. (1961b) study did reach this conclusion,
other studies indicate that this is not the case. Studies
that measured the amount of Perc in exhaled air of
humans during exposures up to 8-hours long found the
Perc concentrations continued to rise throughout the
exposures. Another study that measured Perc
concentrations in the brain and blood of rats exposed to
200 ppm for up to 6 hours found that equilibrium had
not yet been reached.

Therefore, it appears appropriate to scale across time with
n=2,

To keep AEGL values in context of the exisiting data, here
are some experimental data from metabolism and
elimination studies in humans. While some of these studies
did not address subjective symptoms, they do show that
exposure to 200 ppm for 8 hours is not disabling. The
studies (with the exposure concentrations and durations) are
as follows:

Fernandez et al. (1976: 23 males and 1 female exposed to 100 ppm
for 1, 2, 4, or 8 hours; 150 ppm for 1, 4, 6, or 8 hours; 200
ppm for 2, 4, 8 hours)

Jang et al. (1997: 6 male Caucasians and 6 male Orientals exposed
to 50 ppm for 6 hours)

Monster et al. (1979: 6 healthy male workers ages 27-34 exposed
for 4 hours to 72 ppm at rest, 144 ppm at rest, and 142 ppm at
rest combined with work load)

These were also summarized in human nonlethal toxicity section:

Stewart et al. (1981: 10 male workers and 11 females exposed for
1, 3, or 7.5 hours daily to 50 to 150 ppm for up to 4 weeks -
minimal effects)

Stewart et al. (1961b: groups of six, healthy male workers ages 30-
59 exposed to 194 ppm for 187 minutes, 194 ppm for 83
minutes, or 101 ppm for 183 minutes - irritation reported )

Summary of AEGL Values for Tetrachloroethylene (ppm)

10-m[30-m| 1-b | 4-h | 8-b | Comment

AEGI-]

50 50 35 18 12 |Currently proposed (start with
106 ppm for 1 h; UF=3; scale
across time)

35 35 35 35 35 |Flatline because irritant effect (at
a minimum, this needs to be done)

70 70 70 70 70 |COT: start with 200 ppm; UF=3;
flatline

AEGL-2

230 | 230 | 230 | 120 | 81 |Currently proposed (UF = 10);
10 min, 30 min and 1-h set equal
because 600 ppm for 10 min
caused significant effects

770 | 770 | 770 | 400 | 270 |COT: UF =3 (keep 10 min, 30
min, and 1-hr equal to one
another based on effects seen at
600 ppm for 1 hr

1100} 1100 770 | 400 | 270 |COT: UF = 3; 10 min equal to 30
min because 4 hr exposure

400 | 400 | 400 | 400 { 400 |[COT: UF =3 and flatline

AEGL-3

690 | 690 | 490 | 240 | 170 [Currently proposed

2300 | 2300 | 1600 | 800 | 570 |COT: UF=3

800 | 800 | 800 | 800 | 800 |COT: UF =3 and flatline
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NICKEL CARBONYL

REVISIT OF AEGL-2
IN RESPONSE TO COT/AEGL

NAC/AEGL - 25
JUNE 17-19, 2002

EOHSI
Rutgers University
Piscataway, NJ
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CURRENT INTERIM AEGL-2 VALUES

COT/AEGL found the basis for the interim AEGL-2
values to be unacceptable

- developmental toxicity endpoint in compromised
dams is inappropriate

very limited data regarding nickel carbonyl-induced
effects consistent with AEGL-2 definition

caution regarding extrapolation of nickel-induced
teratogenic effects in animals to possible effects in
the work place (Warner, 1979)



ALTERNATE AEGL-2

no AEGL-2 values
3-fold reduction of AEGL-3 values

NOAEL for developmental toxicity in rats
(Sunderman et al., 1979)



ALTERNATE AEGL-2

® initial TSD draft recommended no AEGL-2 values
due to insufficient data



ALTERNATE AEGL-2

® 3-fold reduction of AEGL-3 values as estimate of
AEGL-2

® precedent for 3-fold reduction of AEGL-3 as

estimate of AEGL-2

- AEGL-2 values for iron pentacarbonyl
developed by 3-fold reduction of AEGL-3
values

- AEGL-2 for monomethylhydrazine (NRC,
2000)

- accepted procedure in SOP/AEGL (NRC,
2001)

® 3-fold reduction of AEGL-3; justifiable ?

- occupational exposure data showed lung
function and EEG effects (not life-
threatening) in workers following long-term
exposure to 0.0009 - 0.07 ppm (Shi et al.,
1986; 1994)

- human experience suggests that long-term
exposure to levels similar to AEGL-2 were
without serious, irreversible effect



ALTERNATE AEGL-2

developmental toxicity in rats (Sunderman et al.,
1979)

- absence of eye malformations; 11.2 ppm, 15
min, gestation Day 8

- increased incidences (p<0.001) of eye
malformations at 22.4 and 42 ppm, 15-min,
gestation Day 8

- total UF of 100 (10x 10)

® developmental endpoint; justifiable ?

- caution regarding extrapolation of nickel-
induced teratogenic effects in animals to
possible effects in the work place (Warner,
1979)
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Attachment 22

NAC/Draft 3: 06/2002

ACUTE EXPOSURE GUIDELINE LEVELS (AEGLs)
FOR

ALLYLAMINE
(CAS Reg. No. 107-11-9)

H,C=C-CH,-NH,

DRAFT - Responses to February 2002 COT Comments on
Allylamine

ORNL Staff Scientist:
Name: Sylvia Milanez
phone: (865) 576-2964
Chemical Manager:

Name: Dr. Loren Koller
phone: (541) 745-5131

Chemical Reviewer:
Name: Mark McClanahan
phone: (770) 458-2258

Chemical Reviewer:
Name: Emest Falke
phone: (202) 564-7646

fax: (865) 574-9888 e-mail: milanezs@oml.gov

fax: (541) 737-2730 e-mail: koller]l @pacifier.com

fax: (770) 458-2258 e-mail: markwandamci@juno.com

fax: (202) 564-7460 e-mail: falke emest@epa.gov

ALLYLAMINE NAC/Draft 3: 06/2002

For AEGL-2, an intraspecies UF of 10 is appropriate due to lack of
information about variability in vascular SSAO activity and possible
sensitive subpopulations.

COT previously recommended an interspecies UF of 3 (total UF=30),
which yields AEGL-2 values only slightly lower than AEGL-3 values.
An interspecies UF of 10 (total UF=100), yields AEGL-2 values lower
thanthe 5-ppm "ceiling" value recommended for occupational exposure
by Guzman et al. (1961). An interspecies UF of 5 (total UF=50) is
recommended because considerable detail is known about the mode of
action and it appears to be the same in all mammalian species
(including humans) that have been tested.

»  The AEGL-2 values were re-derived using an interspecies UF
of 5 and an intraspecies UF of 10. Additionally, AEGL-2
values were derived using a different exposure scenario in the
same study, one that was a threshold for heart lesions
(previously used scenario where heartlesions were induced).

Summary of AEGL Values for Allylamine [ppm (m/mg3)]

Classifi- | 10- | 30- | 1- 4- 8- Endpoint
cation min | min | hour | hour | hour (Reference)

AEGL-1 0.250.25 | 0.25 | 0.25 | 0.25 | Mild irritation or

(Non- (0.58)|(0.58)| (0.58) | (0.58) (0.58) | discomfort (Hine et
disabling) al., 1960)
AEGL2 | 6.1 | 6.1 | 41 | 18 | 1.2 |Threshold for rat

(Disabling) (1.4) (14) | (9.5) | (4.2) | (2.8) | heart lesions (Guz-
man et al., 1961)

AEGL-3 146 | 40 18 3.5 | 2.3 {Lethality threshold
(Lethal) (341)| (94) | (42) | (8.1) | (5.4) |inrats (Hine etal.,,
1960)

- IR R N S
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ALLYLAMINE NAC/Draft 3: 06/2002

The major comments addressed were as follows:

Incorporate new allylamine mechanistic studies (post-1994). For
example, Conklin et al. (2001) provided evidence of a two-step
mechanism of cardiotoxicity: (1) metabolism of AA to acrolein and
hydrogen peroxide (H,0,) by semicarbazide-sensitive amine oxidase
(SSAOQ) in the coronary arteries; and (2) the induction of vasospasm of
coronary arteries by those metabolites.

»  This new mechanistic information is reflected in the rewritten

Section 4.2., Mechanism of Toxicity.

Give more emphasis to and greaterdescription of information indicating
that AA can be cardiotoxic in most mammals.
»  Section 4.2, Species Variability was rewritten.

Discuss information about human subpopulations (diabetics, patients

with congestive heart failure and/or uremia) that may be more

susceptible due to their increased serum SSAO activity or less
susceptible [e.g. persons prescribed monoamine oxidase inhibitors].

»  Potentially susceptible subpopulations are discussed in the
rewritten Section 4.4.2. Less susceptible persons were not
discussed (no information; not directly relevant for AEGL
derivation).

Why was a sub-NOAEL conc. (i.e., 0.2 ppm) adopted as AEGL-1? The
AEGL-1 should probably be ~1 ppm, in view of the threshold for
irritation of 2.5 ppm in the more sensitive human subjects of Hine
(1960).
»  The AEGL-1 was re-derived using human 5-minute exposure
study where 2.5 ppm (lowest conc tested) caused slight to
moderate eye and nose irritation and pulmonary discomfort in
21-54% of volunteers. Applied a UF of 10 because the
threshold for sensory irritation was not established and
exposure was for only 5 minutes. An AEGL-1 of 1 ppm is not
appropriate because it is similar to the 8-hour AEGL-2.

1

ALLYLAMINE NAC/Draft 3: 0672002

Uncertainty factors (UF) used for derivation of Allylamine
AEGLs

Interspecies UF: not applicable

Intraspecies UF: 10: threshold for sensory irritation not
established, exposure was for only 5 minutes. Supported
by occupational study where exposure to 0.2 ppm for up
to 4 hours did not elicit worker complaints.

AEGL-2: Total UF=50

Interspecies UF: 5: Variability is not likely sufficient to
warrant a default of 10 because the mechanism of toxicity
is similar among several mammalian species and humans,
but cardiotoxicity from inhalation exposure in vivo was
only shown in rats. UF of 3 results in concs near the
threshold for lethality from pulmonary lesions at 4 and §
hrs.

Intraspecies UF: 10: There were no studies evaluating the
variability of the cardiotoxic response among humans,
and there are several potentially sensitive subpopulations
(persons with congestive heart failure and/or diabetes).

3. T =

Interspecies UF: 10: Due to lack studies with AEGL-3
endpoints in species other than rats; uncertainty if
pulmonary toxicity is most sensitive endpoint.

Intraspecies UF: 3: Threshold for lethality due to direct
destruction of lung tissue is not likely to vary greatly
among humans




ALLYL ALCOHOL - April 2002 Meeting

» Discussed COT proposed changes:
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.

»  The primary reason for this suggestion was because
of problems with scaling AEGL values across time

>

AEGL-2: Default of n=1,3. 10-min value set
equal to 30-min value because extrapolating
from 7-h exposure duration.

AEGL-3: If go with default of n=1,3, the 4-h
AEGL-3 value approaches 4-h AEGL-2 (5.0 vs.
4.8 ppm) and the 8-h AEGL-3 is below the 8-h
AEGL-2 (2.5 vs. 3.5 ppm). Therefore, an n=3
was used to extrapolate from longer to shorter
durations, and an n=2 was selected for shorter to
longer duration extrapolations

It was suggested by NAC that available data be used

to generate a value for n for scaling across time

Values based upon scaling across time using the

empirically derived value of 0.78 for n:

Level 10-m 30-m 1-br 4-hr 8-hr
AEGL-1 1.8 1.8 1.8 1.8 1.8
AEGL-2 120 120 48 8.2 3.4
AEGL-3 200 49 20 34 1.4
Chemical Toxicity - TSD Animal Data
o - o Alyl Alcohot
S e [
3
g

Attachment 23

» Empirical derivation of n based on data from Dunlap
et al., 1956

>

>

n=078

rat 1-, 4- and 8-hour LC,, values of 1060, 165,
and 76 ppm, respectively

This was discussed the first time ally}l alcohol was
presented to NAC. It initially was decided not to use
this value because the LC,, values were based on target
concentrations. Although authors stated that actual
concentrations ranged from 15-25% of nominal, the
actual measured concentrations were not given.

Values based upon default » values to scale across time
(currently approved values)

Level 10-m | 30-m |1-hr |4-hr | 8-hr | Endpoint (Reference)

AEGL-1 | 1.8 1.8 [ 1.8 [1.8 | 1.8 |[Mean odor detection
threshold

AEGL-2 | 96 | 96 |7.7 |4.8 | 3.5 |Reversible irritation in rats!
exposed to 40 ppm for 7k
for 60 exp. (increased lung
wt observed at necropsy)

AEGL-3 | 36 25 |20 | 10 | 7.1 |Highest conc. causing no

mortality in mice, rabbits,
and rats: 200 ppm for 1 h

Chemical Toxicity - TSD Animal Data
ARyt Alcohot




Other considerations: Study by Dunlap et al., 1958

»  Groups of 5-7 human volunteers exposed to ally} alcohol for 5 minutes
» Volunteers exposed to 25 ppm for 5 min reported severe eye imitation

Summary of Sensory Response to Allyl Alcohol During 5-Minute Exposure ®
Conc. No. Olfactory Eye lrritation * Nose Irritation ®
(ppm) | Subj R Y

Any 2 Any 2 Any 2

Response | Mod Response | Mod Response | Mod
0.78 6 5 1 0 2 0
6.25 6 5 2 1 0 3 1
12.5 7 6 1 1 7 4
25.0 5 3 1 5 5t 5 5

* The numbers listed in the “Any Response™ column are for the number of volunteers showing any response
at all; the dk ” column those listing greater than “slight”,
* Response graded as severe

CONCLUSIONS

» nvalue of 0.78 produces AEGL values that are
inconsistent with each other and with existing empirical
data (human 5-minute exposure values)

»  Leaves few choices

Stick with the values as currently proposed

(COT has issue with this because of the problem with
time-scaling; need convoluted justification of n value
for AEGL-3 values)

» Do not derive AEGL-2 value
(not recommended - these values serve as a baseline:
they are based on a multiple exposure scenario in
which rats exposed for 40 ppm for 7 hrs/d exhibited
reversible signs of irritation.)

>
Do not derive AEGL-3 value
(these values are based on data from a 1951 study in
which the only information recorded was mortality;
no information on controls, method of exposure,
analytical verification of conc., or period of
observation following exposure).



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

NAC/AEGL-24 F 1 7/2002



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 UMDNIJ-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

NAC/AEGL-24 F 2 7/2002



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 23 23 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. (1960) 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.

T  TRATOAEGL2TOAEGLL 1
) number of geometric mean multiplicative

time chemicals 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

R-hour NA 10 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 (EIf 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 ¢" 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 LC,, (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 ¢" 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 (EIf
Atochem, 1996)

AEGL-3 120 86 68 43 22 LC,, 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 (PCI13), 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 LC,, 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
PCI3, since 3 molecules of HCI are generated from the rapid reaction of PCI3 with water. Since
the AEGL-3 values for HCI are about 2 orders of magnitude greater than the current PC13 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 HCI
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 LC,, 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 0f 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

NAC/AEGL-24 F 8 7/2002



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
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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 LC,, 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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LIST OF ATTACHMENTS

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

Attachment 1.
Attachment 2.
Attachment 3.
Attachment 4.
Attachment 5.
Attachment 6.
Attachment 7.
Attachment 8.
Attachment 9.

Attachment 10.

Attachment 11

Attachment 12.
Attachment 13.
Attachment 14.
Attachment 15.
Attachment 16.
Attachment 17.
Attachment 18.
Attachment 19.
Attachment 20.
Attachment 21.
Attachment 22.

Attachment 23

NAC/AEGL-24 meeting agenda

NAC/AEGL-24 attendee list

TSDs reviewed at February NAS/COT/AEGL meeting

TSDs Candidates for review at July/October NAS/COT/AEGL meetings
COT/ Review Status of G-series Nerve Agents and VX

Conference Flyer- Preparing for Biological & Chemical Terrorism: A New Jersey
Data Analysis of Ammonia

Data Analysis of Fluorine

Data Analysis of Nitric acid and Nitrogen Dioxide

Reference, Acute inhalation toxicity of white fuming nitric acid by ten Berge
. Data Analysis of Ethylenimine and Propylenimine

Data Analysis of Methyl mercaptan

Data Analysis of Phosphorus Trichloride

BAMM handout on Acrylic Acid

TSD Development Team Responses Federal Register Comments on Acrylic acid
Data Analysis of Trichloroethylene

Data Analysis of Toluene

Data Analysis of Allyl Alcohol

Data Analysis of Furan

Chronology of HCN TSD Development

Morawetz HCN discussion

Issue: Applications of AEGLs to Occupational Settings

. AEGL Second Priority List

LIST OF APPENDICES

Appendix A. Revised meeting highlights of NAC/AEGL-23
Appendix B. Ballot for Ammonia

Appendix C. Ballot for Fluorine

Appendix D. Ballot for Methylmercaptan

Appendix E. Ballot for Phosphorus Trichloride

Appendix F. Ballot for Acrylic Acid

Appendix G. Ballot for Boron Trifluoride

Appendix H. Ballot for HFE-7100

Appendix . B

allot for Uranium Hexafluoride

Appendix J. Ballot for Trichloroethylene
Appendix K. Ballot for Furan
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Chemical: CApgor TerrpAchwalbE CAS Reg. No.: S¢-23-3
NAC Member AIAEGL ZAEGL AEGI:‘F NAC Member .;XEGL ZAEGL gEGL“F
George Alexeeff Al f 3 N Y Nancy Kim )/ Y Y n Y
Steven Barbee Y Y ¥ Y |N| Loren Kolter Y Y ¥y IN
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David Belluck Y Y |y Y |n|Mark McClanahan Y v M [N
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George Cushmac Y Y Y Y | W] ZarenaPost A A A AA
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Appendix C
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NAC/AEGL Meeting 25: June 17-19,2002

Chemical: CHi00 \HE CAS Reg. No.: 9 2¢a-50-§
NAC Member AEGL | AEGL | AEGL [ NAC Member AEGL | AEGL | AEGL
1 2 3 1 2 3

George Alexeeff Nancy Kim
Steven Barbee ' Loren Koller
Lynn Beasley A A A || Glenn Leach
David Belluck Mark McClanahan
Robert Benson John Morawetz
Jonathan Borak A A A Richard Niemeier
William Bress Marinelle Payton
George Cushmac Zarena Post A A A
Al Dietz George Rodgers
Ernest Falke : . George Rusch, Chair
Larry Gephart Robert Snyder
John Hinz Thomas Sobotka A A
Jim Holler Kenneth Still A A
Thomas Hornshaw Richard Thomas
Doan Hansen A A A TALLY

¥ Urngdimous gy Sk oF HAr/S
PPM, (mg/m?) 10 Min 30 Min 1 Hr 4 Hr 8 Hr
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Chemical: Q¢ 190 e Diox vz CAS Reg. No.: jo049. o4 -4

NAC Member AEGL | AEGL | AEGL | NAC Member AEGL | AEGL | AEGL
1 2 3 1 2 3

George Alexeeff Nancy Kim

Steven Barbee Loren Koller

Lynn Beasley A A A Glenn Leach

David Belluck Mark McClanahan

Robert Benson John Morawetz

Jonathan Borak A A A Richard Niemeier

William Bress Marinelle Payton

George Cushmac Zarena Post A A A

Al Dietz George Rodgers

Ernest Falke George Rusch, Chair

Larry Gephart Robert Snyder

John Hinz Thomas Sobotka A

Jim Holler Kenneth Still A A

Thomas Hornshaw Richard Thomas

Doan Hansen TALLY
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PPM, (mg/m°) 10 Min 30 Min 1 Hr 4 Hr 8 Hr
AEGL1 » (  ( ) ) ( )  ( ) 5 (
AEGL2 5 ( » ( ) s ( ) » ( )  (
AEGL3 5 ( » ( )  ( ) ) ( ) » (

AEGL 1 Motion:

AEGL 2 Motion:

AEGL 3 Motion:
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Appendix E
NAC/AEGL Meeting 25: June 17-19,2002
Chemical: Pro PV (6 iE  OXIVE CAS Reg. No.: 1)54_ 5; .9
NAC Member AEGL | AEGL | AEGL | NAC Member AEGL | AEGL | AEGL
1 2 4 |3 1 2 3
George Alexeeff N ﬁ Nancy Kim P Y
Steven Barbee Y Y Loren Koller IR
Lynn Beasley ARl A A || Glenn Leach AAl A A
David Belluck Ay Mark McClanahan v Y
Robert Benson Py John Morawetz N N
Jonathan Borak ARl A A [ Richard Niemeier N
William Bress H ﬂ Marinelle Payton A 'Q A A
George Cushmac Y Y Zarena Post A ﬁ A A
Al Dietz ARl A |A George Rodgers AN
Ernest Falke Yy George Rusch, Chair N Y
Larry Gephart Yy Robert Snyder Y
John Hinz Y v Thomas Sobotka A A
Jim Holler }' Y Kenneth Still A A A
Thomas Hornshaw ¢ Y Richard Thomas A A A
Doan Hansen A A A TALLY |4 / \q,'lq -
Y lprrred > B lein Vrtinirs0S '
PPM, (mg/m°) 10 Min 30 Min 1 Hr 4 Hr 8 Hr
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NAC/AEGL Meeting 25: June 17-19,2002

Chemical: yypage.y FlLuoR I DE CAS Reg. No.: N664-39 - 3

NAC Member AEGL | AEGL | AEGL || NAC Member AEGL AEGL AEGL
1 2 3 1 2 3
George Alexeeff n) 7/ Nancy Kim 6} A A
Steven Barbee \/ 7/ Loren Koller y y
Lynn Beasley A A A Glenn Leach ﬁ ﬁ A
David Belluck >/ Y Mark McClanahan Y Y
Robert Benson Y Y John Morawetz ™~ Y
Jonathan Borak A A A Richard Niemeier Y 7/
William Bress N N Marinelie Payton A A A
George Cushmac Y 7’ Zarena Post A A A
Al Dietz f\ A A George Rodgers ‘O \D
Emest Falke y Y George Rusch, Chair N 7/
Larry Gephart 7’ Y Robert Snyder 7 ‘7/
John Hinz N v Thomas Sobotka A A A
Jim Holler Vo N Kenneth Still A A
Thomas Hormshaw \/ 7/ Richard Thomas Pj P\ A
Doan Hansen A A A TALLY ‘Lf/\ 1 ‘,‘7/ 17
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Appendix G

Chemical: |jvp 120ccq4 CHLO \DE CAS Reg. No.: ?‘] (< '7 _of -0
NAC Member AEGL | AEGL | AEGL || NAC Member AEGL | AEGL | AEGL
1 2 3 1 2 3
George Alexeeff >/ Y Nancy Kim B A
Steven Barbee 7 \/ Loren Koller y 7/
Lynn Beasley A A A Glenn Leach /6 _ ﬁ
David Belluck Y N Mark McClanahan Y y
Robert Benson 7’ ,\/ John Morawetz 7( 7/
Jonathan Borak A A A Richard Niemeier >/ Y
William Bress \/ 7/ Marinelle Payton ﬁ A
George Cushmac \/ y Zarena Post A A A
Al Dietz )Q ﬁ George Rodgers \/ y
Ernest Falke y 7/ George Rusch, Chair P f
Larry Gephart 7’ 7/ Robert Snyder \/ ~
John Hinz y >/ Thomas Sobotka A A A
Jim Holler , Y 7/ Kenneth Still A A
Thomas Hornshaw }l y Richard Thomas ﬁ ‘A
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Chemical: T&=—r2Ach w0 E7hYLe HE CAS Reg. No.: | 2T7-\F-4%
NAC Member AEGL | AEGL | AEGL [NAC Member AEGL | AEGL | AEGL
1 2 3 1 2 3
George Alexeeff N N [ Nancy Kim A A
Steven Barbee Y Y || Loren Koller Y Y
Lynn Beasley A A A Glenn Leach H A
David Belluck Y Y Mark McClanahan Y v
Robert Benson Y N |[John Morawetz N N
Jonathan Borak A A A Richard Niemeier Y Y
William Bress Y Y | Marinelle Payton M P
George Cushmac - Y Y [ Zarena Post A A A
Al Dietz n A George Rodgers \/ f
Emest Falke \[ N George Rusch, Chair \/ 7’
Larry Gephart Y Y Robert Snyder \/ N
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Chemical: N M/ Ly vavl/& CAS Reg. No.: 1346 3 - 39.3
NAC Member AEGL | AEGL | AEGL | NAC Member AEGL | AEGL | AEGL
1 2 3 1 2 3

‘George Alexeeff Y Nancy Kim Y

Steven Barbee )I Loren Koller )l

Lynn Beasley A A A Glenn Leach ﬁ

David Bélluck 7 Mark McClanahan \/

Robert Benson Y John Morawetz ﬁ

Jonathan Borak A A A Richard Niemeier y

William Bress Y Marinelle Payton ﬁ

George Cushmac Y Zarena Post A A A

Al Dietz ﬁ George Rodgers Y

Ernest Falke Y George Rusch, Chair Y

Larry Gephart Y Robert Snyder 7
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Jim Holler Y Kenneth Still A

Thomas Hornshaw 7’ Richard Thomas
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Chemical: %n 2oy Ay O, CASReg.No: 39463 4o -
NAC Member VAEGL AEGL ZEGL NAC Member AEGL | AEGL | AEGL
1 2 3 1 2 3
George Alexeeff Nancy Kim
Steven Barbee Loren Koller
Lynn Beasley A A A Glenn Leach
David Belluck Mark McClanahan
Robert Benson John Morawetz
Jonathan Borak A A A Richard Niemeier
William Bress Marinelle Payton
George Cushmac Zarena Post A A
Al Dietz George Rodgers
Ernest Falke George Rusch, Chair
Larry Gephart Robert Snyder
John Hinz Thomas Sobotka A A
Jim Holler Kenneth Still A A
Thomas Hornshaw Richard Thomas
Doan Hansen A A A TALLY
PPM, (mg/m>) 10 Min 30 Min 1 Hr 4 Hr 8 Hr
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Chemical: P‘W AL CAS Reg. No.: 67 - - q
NAC Member ’ AEGL | AEGL | AEGL || NAC Member AEGL | AEGL | AEGL
1 2 3 1 2 3
George Alexeeff ﬂ A A Nancy Kim Y
Steven Barbee 7’ Loren Koller 7/
Lynn Beasley A A A Glenn Leach ﬁ A A
David Belluck m y Mark McClanahan ')/
Robert Benson \/ John Morawetz A A A
Jonathan Borak A A A Richard Niemeier y
William Bress Y Marinelle Payton ﬁ 2 A
George Cushmac \/ Zarena Post A A A
Al Dietz ﬂ A A George Rodgers Y
Ernest Falke y George Rusch, Chair Y
Larry Gephart \/ Robert Snyder ﬁ A A
John Hinz 7’ Thomas Sobotka A A A
Jim Holler Y Kenneth Still A A A
Thomas Hornshaw 7/ Richard Thomas ﬁ A A
Doan Hansen A A A TALLY 16 //‘
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Chemical: g,1y. ALconoy CAS Reg. No.: 107-19-¢€
NAC Member AEGL | AEGL | AEGL [ NAC Member AEGL | AEGL | AEGL
1 2 3 1 2 3

George Alexeeff A A A | NancyKim Y Y N
Steven Barbee Y Y Y | Loren Koller Y ¢ v
Lynn Beasley A A A || Glenn Leach A A Y
David Belluck Y Y Y || Mark McClanahan Y Yy y
Robert Benson Y Y Y || John Morawetz A A A
Jonathan Borak A A A Richard Niemeier Y Yy Yy
William Bress Y Y Y [/ Marinelle Payton A A A
George Cushmac )’ 3 7’ Y Zarena Post A A A
Al Dietz A A A |l George Rodgers Y Y y
Ernest Falke Y Y Y | George Rusch, Chair Y y Y
Larry Gephart V4 Y ¥ || Robert Snyder A A A
John Hinz y Y Y Thomas Sobotka A A A
Jim Holler Y y Y | Kenneth still A A A
Thomas Hornshaw Y Y Y || Richard Thomas A A A
Doan Hansen A A A TaLLy | 19/, | 1B/15| %/
PPM, (mg/m*) 10 Min 30 Min 1 Hr 4 Hr 8 Hr
AEGL 1 “ )| a.t ) |2.1 ) |21 o )| 2.4 o
AEGL2 .5 o ) |4, 2 5 ) |4 2= 5 ( ) e, s € )| ¢, > 5 (
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