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INTRODUCTION

George Rusch, NAC/AEGL Chair, opened the meeting with brief remarks noting that this off-site
meeting was in conjunction with the 42" Annual Meeting of the Society of Toxicology. At the
end of the meeting, George surveyed the committee members regarding their opinion on having
the regular quarterly NAC/AEGL meetings in conjunction with other meetings such as SOT.
EPA staff scientists, George Woodall and Marquea King, were introduced. George noted the
absence of Roger Garrett, AEGL Program Director, due to illness.

Paul Tobin provided an update from EPA on the use of data involving human subjects for
development of AEGL values (Attachment 1). In addition, Ernie Falke referred to the Standing
Operation Procedures (SOPs) for a statement on human studies. The SOPs state that no data on
humans known to be obtained through force, coercion, misrepresentation or any other such means
will be used in the development of AEGLs (Attachment 2).

Paul Tobin reported that an internal AEGL web site is under development and will be maintained
by Po-Yung Lu. In the near future, draft TSDs and key references will be available on the web
site prior to NAC/AEGL meetings. Ursula Gundert-Remy mentioned that the Europe ACUTEX
is making good progress and will keep the NAC/AEGL updated in the future.

The draft NAC/AEGL-27 meeting highlights were reviewed; two minor changes were suggested.
John Morawetz asked for clarification on whether the meeting had discussed if the health effects
found in toluene studies below 200 ppm were considered AEGL 1 effects. He also was
concerned about how the committee should proceed if a member raises a question on the accuracy
of the description of a paper used in the TSD section on the derivation of AEGL values. He
proposed that the committee either reach a consensus on the description of the paper or postpone
discussion on the derivation section and withhold judgment until there is a consensus. A motion
was made by Mark McClanahan and seconded by John Hinz to accept the meeting highlights as
presented with the aforementioned revisions. The motion passed unanimously by a voice vote.

NAC/AEGL-28 F 7/2003



The final version of the NAC/AEGL-27 meeting highlights is attached (Appendix A) and was
distributed to the NAC/AEGL by e-mail on March 28, 2003.

The highlights of the NAC/AEGL-28 meeting are summarized below along with the Meeting
Agenda (Attachment 3) and the Attendee List (Attachment 4). The subject categories of the
highlights do not necessarily follow the order listed in the NAC/AEGL-28 Agenda.

STATUS REPORTS

NRC/COT/AEGL Subcommittee Review Meeting of January 27-29, 2003

Ernie Falke reported that a total of 13 (new and revisited) TSDs were reviewed in January at
Irvine, CA. They are Acrylic acid, Allylamine, Carbon monoxide, Chlorine dioxide,
Crotonaldehyde, Cyclohexylamine, Ethylenediamine, Ethyleneimine, HFE-7100, Hydrogen
sulfide, Methanol, Phenol, and Propyleneimine. In addition to reviewing the TSDs, the concept
of LOA was introduced to COT/AEGL subcommittee. The COT/AEGL supported the concept of
LOAs. LOA methodology will be incorporated into the SOPs in the near future.

Critical Health Effects Starting Points for AEGL Determination: LOAEL vs NOAEL

Roger Garrett and George Alexeeff had a number of discussions on the TSDs of concern. A
summary status report (Attachment 5) was prepared by Po-Yung Lu and distributed to the
NAC/AEGL for information and any further discussion. It appeared that no more clarification is
warranted and a motion was made by George Alexeeff and seconded by Bill Bress to accept the
status report. The motion was approved by a unanimous voice vote (Appendix B).

TECHNICAL ISSUE DISCUSSIONS

LOA Subcommittee Report: Data Quality Report
Mark McClanahan

Mark McClanahan summarized the odor subcommittee’s February 13, 2003 conference call.
George Alexeeff discussed three tables he had developed showing chemical specific
sub-AEGL-1, AEGL-1 and AEGL-2 signs/symptoms identified in the TSDs. Most of the
discussion focused on the AEGL-1 table. The AEGL-1 table includes those signs/symptoms used
to define the AEGL-1 level as well as those classified as more severe than AEGL-1 but not
AEGL-2 signs/symptoms. The participants expressed some confusion with the AEGL-1 table.
George Alexeeff will revise the AEGL-1 signs/symptoms table. He may produce two separate
tables or designate those signs/symptoms which have not been used to define AEGL-1 but have
been identified in the TSDs as below AEGL-2 with an asterisk. George Alexeeff will revise this
table and present all three tables at the June meeting. He will also produce a more compact set of
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tables (not chemical specific) with just signs/symptoms for these three levels: less than AEGL-1,
AEGL-1 (but less than AEGL-2) and AEGL-2.

The subcommittee also discussed a paper about NOAELs/LOAELSs published by George Alexeeff
that led to the suggestion that George present his findings at the June meeting. With approval of
the NAC/AEGL a description of George's findings along with how the NAC/AEGL will use this
information will be placed in the SOPs.

Overview of Fundamental Principles of Industrial Hygiene
John Morawetz

John Morawetz gave a presentation on Basic Occupational Exposure Assessment, noting the
variability in exposures in the work environment, the different types of occupational samples and
collection devices, and the variable sampling times. He compared the constant exposure to all
subjects in animal and human chamber studies to the variability in occupational exposures, the
basic sources of occupational variation, and the various types of exposure measurements (area,
personal, short-term, time-weighted-averages, bulk) (Attachment 6). He then presented a draft
proposal for the evaluation of human exposure measurements in the occupational setting
(Attachment 7). The committee agreed with the first two points of his proposal that breathing
zone samples are preferable and that the type of sample should be clearly described in the TSD
(Appendix C). Discussions on the rest of John Morawetz's proposal was deferred to the June
meeting when Ed Bishop of the NRC/COT will be attending. A working team was formed to
explore these issues further.

AEGL Applications: Relevance to Occupational Exposures
George Rusch

A revised draft of the application of Acute Exposure Guideline Levels was distributed at the
meeting (Attachment 8) representing input from several committee members. It was briefly
discussed before the decision was made to defer further discussion to the NAC/AEGL-29
meeting.

Iron pentacarbonyl
CAS Reg. No. 75-55-8

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

Ernie Falke reviewed the values that were originally approved by the NAC/AEGL in
NAC/AEGL-25 (June 2002) (Attachment 9). The point-of-departure (POD) for the AEGL-3 was
2.91 ppm for 6 hours which resulted in the death of 1/10 rats (a second exposure resulted in 50%
mortality). The NAC/AEGL decided to revisit the AEGL-3 because it was based on a “LOAEL.”
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There was uncertainty as to how many deaths actually resulted from the single exposure as deaths
may not occur for several days. Ernie did a benchmark dose analysis (log probit) of the BASF
(1995) rat data using two scenarios: 1 of 10 or 5 of 10 animals would have died from the exposure
to 2.91 ppm. Assuming 1/10 deaths, the resulting MLE LC,, and BMDL LC; were 2.4 and 1.7
ppm, respectively. Assuming 5/10 deaths, the resulting respective values were 1.9 and 0.80 ppm
( Attachment 9). Normally the more conservative BMDL LC; of 0.80 ppm would apply.
However, no deaths occurred when 10 rats were exposed to 1.0 ppm for 6 hours/day for up to 28
days. Therefore, 1.0 ppm was chosen as a more reasonable POD. Because the rat is 2-3 times
more sensitive than the mouse (based on the data of Sundeman et al. 1959) and a very
conservative endpoint was used (no deaths for 28 days), an interspecies uncertainty factor of 1 is
reasonable. An intraspecies uncertainty factor of 3 as used in the original derivation was retained.
Time-scaling utilized n = 1. Steve Barbee noted that the Sundeman et al. (1959) experiment was
for only 5 days, a more reasonable acute exposure (the data involved an exposure to 118 ppm and
a suggested total UF of 30). It was decided to use the Sundeman et al. (1959) data for support. It
was moved Loren Koller and seconded by Mark McClanahan to accept the rederived AEGL-3
values of 3.6, 1.2, 0.60, 0.15, and 0.075 ppm. The motion passed unanimously (YES: 18; NO: 0;
Abstain: 0) (Appendix D). There was comment about the 8-hour AEGL-3 value being lower than
the ACGIH-TLV.

The original AEGL-2 values were calculated by dividing the AEGL-3 values by 3 (supported by
the steep dose-response curve). Tom Hornshaw suggested a larger factor such as 6, based on the
3 for the steep dose-response curve and 2 for bad data. He also suggested looking at nickel
carbonyl to derive a structure-activity relationship. The discussion was tabled at this point.
When the discussion was resumed, the consensus was that nickel carbonyl was not a good
surrogate for iron pentacarbonyl (this included differences in species sensitivity). It was moved
by Bob Benson and seconded by Bob Snyder to retain the original AEGL-2 values. The motion
passed (YES:15; NO: 0; Abstain: 1) (Appendix E). It was noted that the reduction factor of 3
must be justified.

REVIEW AND RESOLUTION OF COT/AEGL COMMENTS

Ethyleneimine
CAS Reg. No. 107-15-3
&
Propylenimine
CAS Reg. No. 75-55-8

Chemical Manager: Mark McClanahan, CDC
Staff Scientist: Kowetha Davidson, ORNL

TSDs of Ethyleneimine and Propylenimine were reviewed by COT/AEGL in January 2003. They

were approved by COT/AEGL pending the availability of data to develop an LOA. Kowetha
Davidson presented the available odor information (Attachement 10) used to develop LOA values
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for these two chemicals. Marc Ruijten provided the calculation of the LOA based upon an odor
threshold (OTs,,) for ethyleneimine of 0.698 ppm. This gave an LOA, under field conditions, of
10.8891 which to two figures is 11 ppm. The 10 and 90 percent population response estimates
are 2.1 to 56 ppm, respectively. (Under laboratory conditions the default values gives a factor of
12 times the OT, while under field conditions the factor is 16.) A motioned was made by Ernie
Falke to accept the LOA of 11 ppm; the motion was seconded by Richard Thomas. The motion
passed (YES: 16; NO: 0; Abstain: 1) (Appendix F).

There are no odor threshold data for propylenimine so an LOA value could not be calculated.

Piperidine
CAS Reg. No. 110-89-4

Chemical Manager: Mark McClanahan, CDC
Staff Scientist: Kowetha Davidson, ORNL

The NAC/AEGL committee initially considered piperidine at the June 1997 meeting at which
time there was insufficient data on which to base development of either AEGL-2 or AEGL-3
values. Since that time, BASF has made available two studies upon which to base AEGL values.
A motion was proposed by John Hinz and seconded by Nancy Kim to set aside AEGL-1 values
developed in Sept. 1998. The motioned was unanimously approved (Appendix G). Kowetha
Davidson presented data analyses of the two studies (Attachment 11).

The AEGL-1 values were based on the lowest concentration (50 ppm) that caused nasal irritation
in rats (nasal secretions and bloody encrustation) during and after a 6-hour exposure; there was no
eye irritation at this concentration (BASF, 1990). Uncertainty factors (UF) of 3 for interspecies
sensitivity and 3 for intraspecies variability (total UF = 10) were applied to the 50-ppm exposure.
The rationale for selecting interspecies and intraspecies UFs of 3 is as follows: (1) the effect
observed at 50 ppm was mediated by direct contact of piperidine (corrosive agent) with the nasal
epithelium without involvement of other regions of the respiratory tract, and (2) the composition
of the nasal mucosa is similar among species and among individuals within the population. After
applying a total uncertainty factor of 10, the resulting value of 5 ppm was time scaled based on
ten Berge’s equation, C" X t = k. Scaling was based on regression of LCs, values for the mouse,
guinea pig, and rat (n = 1.5). The 6-hour exposure was scaled to other time points except that the
30-minute value was retained for 10 minutes. It was proposed by Bob Snyder and seconded by
Bob Benson to adopt the proposed AEGL-1 of 10, 10, 6.6, 2.6, and 1.7 ppm for 10-, 30-minutes,
1-, 4- and 8-hours, respectively. The motion passed (YES:14; NO:1; Abstain:0) (Appendix G).

The initially proposed AEGL-2 values were based on the concentration of piperidine (200 ppm)
that caused nasal irritation along with salivation and evidence of some eye irritation within a 6-
hour exposure duration. This value was considered a NOAEL for severe irritation. Uncertainty
factors and the time scaling procedure were the same as described for derivation of AEGL-1
values. The 30-minute value was retained for 10 minutes because of scaling from a 6-hour
exposure. It was proposed by Bob Snyder and seconded by John Hinz to adopt the proposed
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AEGL-2 of 100, 100, 66, 26 and 17 ppm for 10-, 30-minutes, 1-, 4- and 8-hours, respectively.
The motion failed (YES:8; NO: 6; Abstain:1) (Appendix G). A new endpoint was considered in
which the AEGL-2 values were based on the concentration (100 ppm) of piperidine that had no
effect on CNS, but caused some irritation (nasal crusts) within a 6-hour exposure duration.
Uncertainty factors and the time-scaling procedure were the same as described for derivation of
AEGL-1 values. A motion was made by Richard Thomas and seconded by John Hinz to accept
the new set of AEGL-2 values: 50, 50, 33, 13, and 8.3 for 10 and 30 minutes and 1, 4 and 8 hours,
respectively. The motion passed (YES:11; NO: 2; Abstain:2) (Appendix G).

The AEGL-3 values were based on the LC,, calculated from 4-hour lethality data in rats. The
LC,, of 448 ppm for a 4-hour exposure is lower than the lowest concentration that caused one
death among 20 rats (5% lethality) and higher than the concentration that caused no deaths or
clinical signs indicative of death. Uncertainty factors of 3 for interspecies sensitivity and 3 for
intraspecies variability (total UF = 10) were applied to the LC,,. The data for comparing species
sensitivity to lethal concentrations of piperidine are very scarce. The reported LCs, values for 4-
hour exposures was 5996 mg/m® for the mouse and 4800 mg/m’ for the rat, which is only 20%
lower than that for the mouse. These data support an uncertainty factor for interspecies
sensitivity of 3. The uncertainty factor for intraspecies variability is 3, because an uncertainty
factor of 10 would produce AEGL values for 1, 4, and 8 hours lower than the irritation threshold
of 26 ppm. The time scaling procedure was the same as described for AEGL-1. It was proposed
by George Alexeeff and seconded by John Hinz to adopt the proposed AEGL-3 values of 370,
180, 110, 45, and 28 ppm for 10 and 30-minutes and 1, 4 and 8 hours, respectively. The motion
carried (YES:13; NO: 0; Abstain: 2) (Appendix G).

Proposed AEGL Values for Piperidine (ppm)
Classification |10 minutes |30 minutes |1 hour 4 hours |8 hours Endpoint/ Reference
AEGL-1 10 10 6.6 2.6 1.7 nasal irritation/
(Nondisabling) BASF, 1990
AEGL-2 50 50 33 13 8.3 nasal irritation, signs of eye
(Disabling) irritation, salivation /BASF, 1990
AEGL-3 370 180 110 45 28 threshold for lethality/ BASF, 1980
(Lethal)

The level of distinct odor awareness under field conditions (LOA) for piperidine, based on an
OTs, 0f 0.37 ppm is 5.7775 or 5.8 ppm and the estimated 10 and 90 percent population response
values are 1.127 or 1.1 ppm and 29.6176 or 30 ppm. A motion was made by Richard Thomas and
seconded by Nancy Kim to accept this value and population response estimates for piperidine.
The motion carried (YES:12; NO: 1; Abstain:2) (Appendix G).

REVIEW of PRIORITY CHEMICALS
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Carbon Disulfide
CAS Reg. No. 75-15-0

Chemical Manager: George Rodgers, AAPCC
Staff Scientist: Jens-Uwe Voss, Germany

The chemical review on carbon disulfide (CS,) was presented by Jens-Uwe Voss (Attachment 12).
AEGL-1 and AEGL-3 values had already been derived in September 2002 (NAC/AEGL-26). The
derivation of AEGL-3 was based on data from a study (Du Pont 1966) that was available from
secondary sources at that time. Therefore, it was noted at the meeting that the original study is
necessary to check the acceptability of the data. The original study was provided by Du Pont and
the acceptability was confirmed.

With respect to possible AEGL-2 relevance, effects on the central nervous system (CNS) and
effects on the developing embryo/fetus were discussed. Developmental effects (malformations)
were observed in animal studies with repeated administration of carbon disulfide for at least one
third of the whole gestational period, but no developmental toxicity study with a single exposure
was available. The data base was inconsistent as effects reported in Yang et al. 1993 (abstract)
and in Tabacova et al. 1978 were not seen in several other studies at higher exposure levels (e.g.
Saillenfait et al. 1989). Carbon disulfide reacts with the NH,-group of endogenous compounds
(e.g., amino acids) forming dithiocarbamates. Since some dithiocarbamate chemicals are
reproductive and/or developmental toxins in animals, it was discussed whether endogenously
formed dithiocarbamates could play a role in the occurrence of developmental effects following
carbon disulfide exposure. Although this cannot be ruled out, it has to be taken into account that
while carbon disulfide itself is rapidly eliminated from the body after ceasing exposure, the so-
called “acid-labile” pool of bound carbon disulfide containing thiocarbamates has a long half-life
and increases with daily repeated exposures. Therefore, it is unclear whether developmental
effects observed after repeated exposure to carbon disulfide are of relevance for single acute
exposures. For the reasons noted above, it was agreed that developmental effects should not be
used for the derivation of AEGL-2 values for carbon disulfide.

Regarding effects on the CNS, a single exposure of rats for 4 hours to 2000 ppm led to an
inhibition of the escape response (pole climbing in response to a buzzer to avoid electrical shock);
no such effect was seen at 1000 ppm (NOAEL). This concentration was used as a starting point to
derive AEGL-2 values. A total uncertainty factor of 10 was applied. The interspecies uncertainty
factor was reduced to 3 based on the similarity of acute effects on the CNS produced by CNS-
depressing agents in rodents and humans. Moreover, use of a default interspecies uncertainty
factor of 10 would have resulted in values which are contradicted by experimental human studies
in which no serious or escape-impairing effects were reported during or following 6-8 hours of
exposure to 80 ppm. An intraspecies uncertainty factor of 3 was applied to account for sensitive
individuals because the threshold for CNS impairment is not expected to vary much among indi-
viduals. Time scaling was performed according to the equation C" x t =k, using the default of n =
3 for shorter exposure periods (30 minutes and 1 hour) and n = 1 for longer exposure periods (8
hours), due to the lack of suitable experimental data for deriving the concentration exponent. For
the 10-minute AEGL-3 the 30-minute value was used because the derivation of AEGL-3 values

NAC/AEGL-28 F 7 7/2003



was based on a long experimental exposure period and no supporting studies using short exposure
periods were available for characterizing the concentration-time-response. A motion was made by
John Hinz and seconded by George Rodgers to adopt the proposed AEGL-2 values for carbon
disulfide for 10 minutes to 8 hours of 200, 200, 160, 100, and 50 ppm, respectively. The motion
passed (YES: 16; NO: 2; Abstain:0) (Appendix H).

Regarding odor annoyance, no study was available that could be used to derive a level of distinct
odor awareness (LOA). The odor of carbon disulfide depends on the purity of the compound.
Purest carbon disulfide has a chloroform-like pleasant smell. However, due to decomposition
products, commercially available carbon disulfide typically has an unpleasant repulsive odor of
decaying radish. The quality and intensity of the odor will vary with the amount of these
decomposition products that are rapidly formed by the exposure of carbon disulfide to light and
air. A motion was made by Thomas Hornshaw and seconded by John Hinz that a LOA should not
be derived. The motion passed unanimously (YES: 17; NO: 0; Abstain: 0) (Appendix H).

Summary of AEGL Values For Carbon Disulfide [ppm]
Classification | 10-min 30-min 1-hour 4-hour | 8-hour Endpoint (Reference)
AEGL-1 5.0 5.0 4.0 2.5 2.0 Increase in blood acetaldehyde in
(Nondisabling) humans with moderate intake of
alcohol (Freundt et al. 1976b)
AEGL-2 200 200 160 100 50 Inhibition of escape response in
(Disabling) behavioral study in rats (Goldberg et
al. 1964)
AEGL-3 600 600 480 300 150 Lethality in rats after 4 hours (0/6 at
(Lethal) 3000 ppm; 6/6 at 3500 ppm) (Du
Pont 1966)
Formaldehyde

CAS Reg. No. 50-00-0

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

Sylvia Talmage reviewed the data base on formaldehyde (Attachment 13). There were approximately
22 studies with human subjects involving controlled exposures. The data base on animal studies
involving acute exposures is less robust. Because formaldehyde is a carcinogen in the rat, most animal
studies involved chronic exposures. The discussions for each AEGL level were long and covered
ranges of topics including the threshold for sensory irritation, the range of variability in the population,
and formaldehyde-induced sensory irritation in mobile homes.

Initially, AEGL-3 values of 127, 88, 70, 35, and 18 ppm for the 10-minute through 8-hour exposure
durations, respectively, were proposed. The basis was no deaths in rats exposed to 350 ppm for 4
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hours (Nagorny et al. 1979). Interspecies and intraspecies uncertainty factors of 3 each for a total of
10 were used. No data on time-scaling were available so the default n values of 3 and 1 were applied.
It was moved by Richard Thomas and seconded by Steve Barbee to accept these values. Later, during
a discussion of a proposed AEGL-2 value of 13.8 ppm across time, it was noted that the 8-hour
AEGL-3 value might be too similar to the AEGL-2 value. Therefore, the original AEGL-3 values
were withdrawn and new numbers were proposed. It was decided to use the two LCs, values for the
rat (from two different studies) to derive an n value of 3.9. The 350 ppm value was divided by a total
uncertainty factor of 10 and time scaled using n = 3.9. The resulting values were 79, 60, 50, 35, and
29 ppm for the 10-minute through 8-hour exposure durations, respectively. It was moved by Richard
Thomas and seconded by Steve Barbee to accept these values. The motion passed (YES: 17; NO: 1;
Abstain: 0) (Appendix I).

The proposed AEGL-2 value of 8 ppm across time was discussed (as were values based on other
studies), but rejected by the NAC in favor of a 30-minute exposure of human subjects to 13.8 ppm
(Sim and Pattle 1957). The endpoint was nasal and eye irritation with mild lacrimation; there was
adaptation to the eye irritation. It was moved by John Hinz and seconded by Richard Thomas to adopt
14 ppm (rounded up from 13.8 ppm) for all time points. The motion passed (YES: 14; NO: 2;
Abstain: 2) (Appendix I). Animal cancer studies with chronic exposures to 14 ppm would be used as
support. The Douglas (1974) study with exposures to 8 and 13 ppm via goggles and a mouthpiece was
to be located to see if it would be relevant as a support document (only an abstract was available at
the present time).

An AEGL-1 of 1 ppm for all time points, based on the weight-of-evidence from multiple studies was
initially proposed. It was moved by George Rodgers and seconded by Ernie Falke to accept this value.
The motion failed (YES: 8; NO: 9; Abstain:1)(Appendix I). It was then moved by Bob Benson and
seconded by Marinelle Payton to use 0.4 ppm across all time points. This value was reported as
irritating in two of the many human studies. Other studies showed more severe irritation at higher
exposures. The motion passed (YES: 13; NO: 3; Abstain: 1) (Appendix I).

Summary of AEGL Values for Formaldehyde

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

AEGL-1? 0.40 ppm 0.40 ppm 0.40 ppm 0.40 ppm 0.40 ppm |Eye irritation and rhinitis -
humans (Pazdrak et al. 1993;
Krakowiak et al. 1998)

AEGL-2 14 ppm 14 ppm 14 ppm 14 ppm 14 ppm  |Mild lacrimation with
adaptation (Sim and Pattle
1957)

AEGL-3 79 ppm 60 ppm 50 ppm 35 ppm 29 ppm  |Highest non-lethal value - rat

(Nagorny et al. 1979)

Acetone
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CAS Reg. No. 67-64-1

Chemical Manager: Mark McClanahan, CDC
Staff Scientist: Jens-Uwe Voss/Gerhard Rosner, Germany

The chemical review on acetone was presented by Jens-Uwe Voss (Attachment 14). Acetone is
the most widely used ketone in industry. In 1994, worldwide production capacity was about 3.8
million tonnes. Acetone is used primarily as a solvent and to synthesize methacrylates, bisphenol
A, and other ketones. Owing to its high volatility and flammability (explosive limits in air, lower:
2.6 %, upper: 12.8 % v/v), acetone poses an acute fire and explosion hazard.

In humans and other mammalians, acetone is a minor metabolite of normal intermediary
metabolism. Consequently, small quantities may occur in exhaled air. Endogenous acetone
formation is closely linked with ketogenesis in the catabolism of body fat. Concentrations above
normal levels in body tissues build up during fasting and especially in diabetic patients in the
ketoacidotic state.

The primary effects in humans are irritation and effects on the central nervous system (CNS).

CNS effects are also observed in animals following acute inhalation exposure. Acetone is not
genotoxic in vitro and in vivo. Carcinogenicity studies are lacking, but dermal carcinogenicity
studies in which acetone is used as vehicle control did not provide evidence of tumorgenic activity.
Isopropanol which is primarily metabolized to acetone in mammals was not considered
carcinogenic in a two-year inhalation carcinogenicity study with rats. In developmental toxicity
studies with repeated exposure, reduced maternal and fetal weight was observed but the incidence
of malformations was not significantly increased.

The AEGL-1 derivation is based on observations in four studies with human volunteers exposed
for 3-5 minutes (Nelson et al. 1943), 2 hours (Ernstgard et al. 1999), 6 hours (Matsushita et al.
1979a) and 7.5 hours (Stewart et al. 1975). At 200 ppm, subjective symptoms (feeling of
eye/throat irritation) were not reported more often than in controls (Stewart et al. 1975). At

250 ppm, no irritative symptoms on mucous membranes or effects on the CNS were observed in
one study (Ernstgard et al. 1999); in a second study, slight irritation and subjective discomfort
(feeling of tension, general weakness, heavy eyes, lacking in energy) was felt at 250 ppm, and
these subjective symptoms were felt by most volunteers at 500 ppm and 1000 ppm (Matsushita et
al. 1969a). Slight feeling of irritation at 300 ppm and subjective irritation in the majority of
exposed volunteers at 500 ppm were reported in a further study (Nelson et al. 1943). Therefore,
200 ppm were selected to derive AEGL-1. Because this concentration represents a NOAEL for
local effects and effects at higher concentrations were weak, an intraspecies factor of 1 was
applied. The value of 200 ppm was used for all time points since accommodation to slight
irritation occurs and the complaints about subjective discomfort at higher concentrations were
reported not to increase during 6 hour or 7.5 hour exposure. A motion was made by Nancy Kim
and seconded by Tom Hornshaw to adopt 200 ppm as AEGL-1 for all time points. The motion
passed unanimously (YES: 18; NO: 0; Abstain: 0) (Appendix J).
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The AEGL-2 is based on the NOAEL for ataxia in rats following exposure to 6000 ppm acetone
for 4 hours (Goldberg et al. 1964). At the next higher concentration of 12,000 ppm, reversible
ataxia was observed. Reversible ataxia also was observed in another study at exposure of rats to
12,600 ppm for 3 hours, but a no-effect level was not determined in that study (Bruckner and
Peterson 1981a). A total uncertainty factor of 4.2 was applied. An intraspecies uncertainty factor
of 4.2 was applied to account for sensitive individuals. This substance-specific factor was derived
from a study with rats of different ages in which it was observed that the lethal dose of acetone via
intraperitoneal injection was 4.2-fold lower in newborn than in adult rats (Kimura et al. 1971).
Additionally, in humans it is consistently observed for volatile anesthetics that newborns are the
most sensitive age group (NRC 2001). An interspecies factor of 1 was used: toxicokinetic studies
show that following inhalation the concentration of acetone in blood is similar or lower in humans
than in rats. Furthermore, with respect to toxicodynamics, effects of substances such as acetone
that are non-specific acute CNS-depressants in general do not show much variation between
species. Finally, an interspecies factor of 3 which is often used in the derivation of AEGLs for
CNS-depressant volatile solvents like acetone would (together with an intraspecies factor of 4.2)
have resulted in AEGL-2 values of 480 ppm for 4 hours and of 320 ppm for 8 hours. These values
are not supported by data from controlled human studies in which higher exposures for up to 7.5
hours resulted in irritation and slight headaches but no more severe effects. Furthermore,
available toxicokinetic data for humans show that an exposure to such concentrations would lead
to acetone concentrations in blood below 50 mg/L.. Such concentrations are still in the
physiological range which can be observed in healthy fasting humans. A substance specific
intraspecies uncertainty factor of 4.2 was applied to account for sensitive individuals. The
experimentally derived exposure values were scaled to AEGL time frames using the equation

c"x t=k with n = 1.7 as outlined below for AEGL-3. A motion was made by Richard Thomas
and seconded by John Hinz to adopt AEGL-2 values for acetone for 10 min., 30 min., 1 h, 4 h, and
8 h 0f 9300, 4900, 3200, 1400, and 950 ppm, respectively. The motion passed (YES: 15; NO: 1;
Abstain: 1) (Appendix J).

The AEGL-3 is based on a study in rats in which no deaths of animals occurred at exposure to
12,600 ppm for 3 hours (Bruckner and Peterson 1981a). In that study, also no deaths were
observed in animals exposed to 19,000 and 25,300 ppm, but since 1 of 6 animals died at

16,000 ppm in another study (Smyth et al. 1962), the findings at 12,600 ppm exposure for 3 hours
were taken as basis for the derivation of AEGL-3. A total uncertainty factor of 4.2 was applied.
An interspecies uncertainty factor of 1 was used because the same toxic effects (CNS-depression)
which are relevant for AEGL-2 are also relevant in case of AEGL-3. The experimentally derived
exposure values were scaled to AEGL time frames using the equation ¢" x t = k with a value of n =
1.7 that was derived by extrapolation from 4-hour and 8-hour LC;, data (Pozzani et al. 1959). A
motion was made by John Hinz and seconded by Tom Hornshaw to adopt AEGL-2 values for
acetone for 10 min., 30 min., 1 h, 4 h, and 8 h of 16000, 8600, 5700, 2500, and 1700 ppm,
respectively. The motion passed (YES: 16; NO: 2; Abstain: 0) (Appendix J).

The AEGL-2 values for 10 minutes, 30 minutes and 1 hour and the AEGL-3 values for 30 minutes,
1 hour and 4 hours are higher than 1/10 of the lower explosive limit (LEL) of acetone in air. The
AEGL-3 value for 10 minutes is higher than 1/2 of the LEL of acetone in air. It was discussed and
proposed to mark values higher than 1/10 of the LEL by an asterisk and to indicate in a footnote
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that safety considerations against hazard of explosion must be taken into account at these levels.
Similarly, it was proposed to replace values higher than 1/2 of the LEL in the table by a remark
»see below* and to present the value in a footnote together with a note that extreme safety
considerations against hazard of explosion must be taken into account at these levels. Both
proposals were accepted by specific count of hands for or against not recorded.

As additional information for emergency responders, a level of distinct odor awareness (LOA) was
derived. The LOA is based on a median odor detection threshold of 41 ppm (Wysocki et al. 1997)
and a threshold of 0.16 ppm for the reference chemical n-butanol in the same study. Wysocki et
al. (1997) reported that no correlation was observed between acetone and n-butanol olfactory
thresholds in that study. However, since the reference odor threshold of 0.04 ppm for n-butanol is
based on a large number of data, it was discussed to use a corrected odor threshold of 41 x
(0.04/0.16) ppm. Using a default factor of 16, a LOA of 170 ppm was calculated. A motion was
made by Richard Thomas and seconded by John Hinz to adopt a LOA of 170 ppm provided that no
objection will be made by Mark Ruijten who will be asked as an expert for the calculation of odor
values. The motion passed unanimously (YES:17; NO: 0; Abstain:0) (Appendix J).

SUMMARY TABLE OF AEGL VALUES FOR ACETONE [ppm] *

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

AEGL-1 200 200 200 200 200 NOAEL for slight irritation
(Ernstgard et al. 1999;
Matsushita et al., 1969a;
[Nelson et al. 1943; Stewart et
al. 1975)

AEGL-2 9,300* 4,900* 3,200%* 1,400 950 Ataxia in rats (Bruckner and
Petersen 1981a; Goldberg et al.
1964)

AEGL-3 see below #| 8,600* 5,700%* 2500%* 1,700 [No lethality in rats (Bruckner
and Petersen 1981a; Smyth et
al. 1962)

a: Cutaneous absorption of liquid acetone may occur. Since liquid acetone is an eye irritant, eye contact must be
avoided.

#: The AEGL-3 value of 16,000 ppm (39,000 mg/m?) for 10 minutes is higher than 50 % of the lower explosive limit
of acetone in air (2.6 % = 26,000 ppm). Therefore, extreme safety considerations against the hazard of explosion must
be taken into account.

*: Concentrations are higher than 1/10 of the lower explosive limit of acetone in air (2.6 % = 26,000 ppm). Therefore,
safety considerations against the hazard of explosion must be taken into account.

Level of distinct odor awareness: 170 ppm (Odor detection threshold in humans; Wysocki et al. 1997).

Vinyl Chloride
CAS Reg. NO. 75-01-4

Chemical Manager: Bob Benson, EPA
Staff Scientist: Fritz Kalberlah, Germany
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Susan Ripple, liaison for the American Chemistry Council to the NAC/AEGL fulfilled the request
to provide insight on the issue of whether headaches in a few individuals can be attributed to vinyl
chloride exposure (Attachment 15). Susan Ripple pointed out that there are 3 studies: Lester et al.
1963, Baretta et al. 1969, and further supported by Patty et al. 1930. These three studies found that
at least some individuals developed headaches that lasted only 30 minutes at higher exposure-
levels. This is consistent with anecdotal information from industry assessments. A detailed
explanation of the carcinogenicity issue was presented, providing numbers of exposed workers in
the cohort studies by Ward et al. 2000 and Mundt et al. 1999. Overall, there were 12,700 subjects
in the vinyl chloride cohort study by Ward, with an SMR of 62 in 10,961 workers of less than 3
years exposure that developed liver cancer (ASL). Another way to look at these values is to
calculate the ppm.years, where the ASL incidence in the unknown exposure population was 67,
and for 1-734 ppm.years was an SMR of 107. Mundt likewise was presented in terms of length of
exposure, with an SMR of 83 incidence of ASLs in the 1-4-year exposure time frame. The
discussion of higher sensitivity in young and newborn rats as a possible cancer risk assessment
approach was presented as highly uncertain as the studies by Maltoni et al. 1981 had study-design
and reporting flaws.

Chemical Manager, Bob Benson, responded to Susan Ripple’s comments on the derivation of
AEGL-1, AEGL-2, and the cancer assessment. For AEGL-2 Susan Ripple suggested that the NAC
consider using a higher exposure (16,000 ppm for 5 minutes) from Lester et al. (1963) as the
starting point for the derivation. Bob Benson later indicated that the effects observed at this
exposure (dizziness, light headedness, some nausea, and dulling of visual and auditory cues) were
beyond the “threshold” for effects meeting the definition of AEGL-2. The NAC/AEGL used the
next lower exposure of 12,000 ppm exposure as the equivalent of the “threshold” for effects that
would impair the ability to escape and there was no need to reconsider this decision. For AEGL-1
Susan Ripple suggested that the NAC/AEGL consider using the same study and exposure as
originally used (Baretta et al., 1969) but use 7 hours as the exposure duration. The justification
was based on the fact that the original study did not make clear whether the headache occurred
during the first 3.5 hours or the subsequent 3.5 hours of exposure. Bob Benson later responded
and agreed that the wording in the publication did not make it absolutely clear when the headaches
occurred but a reasonable interpretation of the text was that headache occurred in some individuals
during both exposures. The wording in the text is “The only complaints were those of two
subjects who reported mild headache and some dryness of their eyes and nose during the 500 ppm
exposure experiments.” A logical interpretation is that the authors consider there were two
experiments - one with an exposure duration of 3.5 hours, and the other with an exposure duration
of 7.5 hours (3.5 hours, a break of 0.5 hours, and then additional exposure of 3.5 hours) - and that
headache was noted by two individuals during both exposures. Therefore it was logical to use 3.5
hours as the time required for headache as the NAC/AEGL had previously done. Therefore, there
was no need to reconsider this decision. Susan Ripple also presented a discussion of another
epidemiological study of workers exposed to vinyl chloride and occurrence of cancer (Ward et al.,
2000). There appeared to be no increase in cancer following short term exposure. However, it
was not clear whether actual exposure to VC was known. Susan Ripple agreed to provide a brief
summary of this information for inclusion in the Technical Support Document.

Fritz Kalberlah presented a discussion of the cancer assessment (Attachment 16). The appendix
included a cancer calculation for continuous lifetime exposure using the default procedure in the
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SOP; a cancer calculation based on childhood exposure using the unit risk estimate for childhood
exposure derived by EPA; a cancer calculation based on derivation of a unit risk estimate from a
five-week animal study from Maltoni et al. (1981); and a calculation based on the occurrence of
DNA adducts after a single in vivo exposure of adult animals. There was considerable discussion
about these calculations and how best to draw attention to the calculations in the Executive
Summary of the Technical Support Document. Bob Benson and Fritz Kalberlah agreed to
consider various alternatives and present these at a future NAC/AEGL meeting. The NAC/AEGL
also requested that information on transplacental carcinogenicity be added to the document.

Hydrogen Bromide
CAS Reg. No. 10035-10-6

Chemical Manager: Larry Gephart
Staff Scientist: Sylvia Talmage, ORNL

Sylvia Talmage reviewed the sparse data base for hydrogen bromide (Attachment 17). The
AEGL-1 was based on the only available clinical study in which subjects were exposed to
concentrations between 2 and 6 ppm for short periods of time (Conn. Dept. of Health 1955). 3
ppm was the NOAEL for notable discomfort as evidenced by nose and throat irritation (assumed to
be slight) in 1 of 6 subjects. The 3 ppm value was divided by an intraspecies uncertainty factor of
3. No time scaling was applied because adaptation occurs to the slight irritation that defines the
AEGL-1. It was moved by John Hinz and seconded by Nancy Kim to accept the AEGL-1 value.
The motion passed (YES: 16; NO: 0; Abstain: 0) (Appendix K).

In the absence of chemical-specific data, it was proposed that the HBr AEGL-2 values be based on
a structure-activity relationship with other hydrogen halides. The proposal to base the HBr AEGL-
2 on hydrogen fluoride (HF) was rejected in favor of basing the values on the more chemically
similar hydrogen chloride (HCI). It was moved by Mark McClanahan and seconded by Nancy
Kim to accept the HCI values for the 10-minute to 8-hour time periods of 100, 43, 22, 11, and 11.
The motion passed (YES: 15; NO: 0; ABSTAIN: 0) (Appendix K).

In response to earlier Committee suggestions, the benchmark concentration approach was used to
develop AEGL-3 values. One-hour rat lethality data generated by MacEwen and Vernot (1972)
were used. The BMCL,,, was suggested, but this suggestion was rejected in favor of the BMCL
(the BMCL,; is the suggested approach in the SOPs). After much discussion it was moved by
Ernie Falke and seconded by John Hinz to accept the BMCL,; values of 740, 250, 120, 31, and 31
ppm. The 4-hour and 8-hour values were set equal as was done for HC1 and HF, because all of
these hydrogen halides are well scrubbed at lower concentrations. The motion passed (YES: 16;
NO: 0; ABSTAIN: 0) (Appendix K).
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SUMMARY OF AEGL VALUES FOR HYDROGEN BROMIDE (ppm)
Classification | 10-minute | 30-minute 1-hour 4-hour 8-hour Endpoint

AEGL-1 1 1 1 1 1 NOAEL for notable
discomfort - humans

AEGL-2 100 43 22 11 11 Analogy with hydrogen
chloride

AEGL-3 740 250 120 31 31 Benchmark concentration
- rat lethality data

Boron Trifluoride
CAS Reg. No. 353-42-4

Chemical Manager: George Rusch, Honeywell
Staff Scientist: Claudia Troxel, ORNL

Experimental data will be available in later part of the year; then the TSD will be revisited
accordingly.

Titanum tetrachloride
CAS Reg. No. 7550-45-0

Chemical Manager: Tom Hornshaw, Illinois EPA
Staff Scientist: Claudia Troxel, ORNL

The chemical review was presented by Claudia Troxel (Attachment 18). The AEGL-3 values were
based on one-third of the rat LC,, values reported by Kelly (1980). The adjusted, empirical values
(1/3 of the values) for the 30, 60, and 240-minute exposure durations were used for the respective
AEGL time points. Using an n=0.88, the adjusted, 15-minute LC;, value was used to extrapolate
to 10 minutes, while the adjusted 240-minute LC, value was used to extrapolate to 480 minutes.

A total uncertainty factor of 10 was applied to be consistent with available toxicity data. A motion
was made by Loren Koller and seconded by Richard Thomas to adopt the proposed AEGL-3
values. The motion passed unanimously (YES: 17; NO: 0; Abstain: 0) (Appendix L).

The AEGL-2 was based on the exposure concentration of 1.3 ppm titanium tetrachloride for 6
hours/day, 5 days/week for 4 weeks (Kelly, 1979). Although no clinical signs were observed at
this concentration, using the next higher exposure concentration of 6.5 ppm for 6 hours/day, 5
days/week for 4 weeks (Kelly, 1979) results in values approaching the lethality threshold. A total
uncertainty factor of 10 was applied to be consistent with available toxicity data. The value was
then scaled across time using the derived value of n=0.88. The 10-minute value was initially set
equal to the 30-minute value because the NAC considers it inappropriate to extrapolate from an
exposure duration of 6 hours to 10 minutes. A motion was made by Loren Koller and seconded by
Richard Thomas to adopt the proposed AEGL-2 values. However, it was brought out at the end of
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the meeting that the AEGL-2 starting value could be scaled to the 10-minute time-period because
the derived value of n used time points encompassing that particular time point. Therefore, the
motion was amended so that the 10-minute AEGL-2 value would now be 7.6 ppm (instead of 2.2
ppm) following scaling across time. The motion passed (YES:17; NO: 0; Abstain: 0) (Appendix
L).

No acute toxicity data relevant to the definition of an AEGL-1 endpoint are available. Therefore,
the 0.7 ppm exposure for 6 hours/day was used to provide a general baseline of an exposure
concentration at which no one should experience notable discomfort, irritation, or certain
asymptomatic, non-sensory effects. A total uncertainty factor of 10 was applied (3 for interspecies
and 3 for intraspecies) because the endpoint selected is below the endpoint defined for the AEGL-
1 tier and because the study was a multiple exposure study. The value, 0.070 ppm, was then set
equal across time. A motion was made by Loren Koller and seconded by Richard Thomas to
adopt the proposed AEGL-1 values. The motion passed (YES:16; NO: 0; Abstain:0) (Appendix L).

Because titanium tetrachloride forms an aerosol upon contact with moist air, the AEGL values
should be presented only in terms of mg/m’, as was done for the chemical boron trifluoride.

Summary of Proposed AEGL Values for Name of Titanium Tetrachloride [mg/m*

Classification |10-minute | 30-minute 1-hour 4-hour 8-hour Endpoint (Reference)
AEGL-1 0.54 0.54 0.54 0.54 0.54 No clinical signs observed
(Nondisabling) in rats exposed to 0.7 ppm

for 6 h/d, 5 d/wk for 4 wks|
(Kelly, 1979)

AEGL-2 Exposure of rats to 1.3
(Disabling) 59 17 7.8 1.6 0.73 ppm for 6 h/d, 5 d/wk for
4 wks resulted in no
clinical signs, but next
exposure level approaches
lethality threshold (Kelly,

1979)
AEGL-3 One-third the rat LC,
(Lethal) 290 100 44 16 7.1 values (Kelly, 1980)

Administrative Matters
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The site and time of the next meeting, NAC/AEGL-29, was decided to be June 17-19, 2003 in
Washington. D.C. The date for NAC/AEGL-30 has been set tentatively as September 16-18, 2003
in Washington, D.C. The NAC/AEGL-31 has two options (1) early December in San Antonio or
(2) Dec. 15-17, 2003 in Washington, D. C. More information regarding the NAC/AEGL-29 hotel
information will be coming from Po-Yung Lu as soon as the arrangement is made.

All items in the agenda were discussed as thoroughly as the time permitted. The meeting

highlights were prepared by Po-Yung Lu and Sylvia Talmage, Oak Ridge National Laboratory,
with input from the respective Chemical Managers, authors, and other contributors.
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LIST OF ATTACHMENTS

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

Attachment 1.
Attachment 2.
Attachment 3.
Attachment 4.

Status update from EPA on Human Subject Studies

Excerpt from SOP on selection of Human Studies for TSD Preparation
NAC/AEGL-27 Meeting Agenda

NAC/AEGL-27 Attendee List

Attachment 5. Status Report of Category V chemicals: Critical Health Effect Starting Points for

AEGL Determination: LOAEL vs. NOAEL

Attachment 6. Basic Occupational Exposure Assessment

Attachment 7. Proposal of Information Be Included in Exposure Assessment of TSDs
Attachment 8. Application of Acute Exposure Guideline Levels
Attachment 9. Data Analysis of Iron pentacarbonyl

Attachment 10. Data Analysis of Ethyleneimine and Propylenimine
Attachment 11. Data Analysis of Piperidine

Attachment 12. Data Analysis of Carbon Disulfide

Attachment 13. Data Analysis of Formaldehyde

Attachment 14. Data Analysis of Acetone

Attachment 15. Data Analysis of Vinyl Chloride, ACC, Susan Ripple
Attachment 16. Data Analysis of Vinyl Chloride, Fritz Kalberlah
Attachment 17. Data Analysis of Hydrogen Bromide

Attachment 18. Data Analysis of Titanium Tetrachloride

Appendix A.

Appendix B.
Appendix C.

Appendix D.
Appendix E.
Appendix F.
Appendix G.
Appendix H.

LIST OF APPENDICES

Revised meeting highlights of NAC/AEGL-26 (sent to NAC/AEGL on 3/28/2003
by E-mail).

Ballot for Acceptance of the Status Report of NOAEL vs LOAEL (March 3, 2003)
Ballot for Acceptance of Occupational Exposure Measurement Information
(proposals: 1 and 2).

Ballot for Iron Pentacarbonyl

Ballot for Iron Pentacarbonyl

Ballot for Ethyleneimine

Ballot for Piperidine

Ballot for Carbon Disulfide

Appendix I. Ballot for Formaldehyde

Appendix J.
Appendix K.
Appendix L.

Ballot for Acetone
Ballot for Hydrogen Bromide
Ballot for Titanium Tetrachloride
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Attachment 1

The NAC/AEGL is working to ensure that emergency responders in this country and abroad are
armed with the vital information they need to protect the public and themselves from harm in the
event of chemical accidents or homeland security emergencies. This program uses domestic and
international existing test data, both animal and human, to determine levels of harm for a range of
exposure scenarios critical to those at the front line in defending public health. The NAC/AEGL
is also committed to the appropnate use of buman study information in developing AEGL values
to ensure health protective emergency response actions.

For this reason, BPA is asking that the NAC/AEGL adopt an explicit step early in the
AEGL value development process to make a determination that all human studies to be
considered have been conducted in accordance with the program’s Standard Operating
Procedures and were ethically conducted. If there are any studies that do not meet this criteria,
they would be rejected from further consideration in the development of the values for that
~ chemical.



Attachment 2
SOP p 53

The NAC/AEGL Committee is dependent upon existing clinical, epidemiologic, and case
report studies published in the literature for data on humans. Many of these studies do not
necessarily follow current guidelines on ethical standards that require effective, documented,
informed consent from participating humans subjects. Further, recent studies that followed such
guidelines may not include that fact in the publication. Although human data may be important
in deriving AEGL values that protect the general public, utmost care must be exercised to ensure
first of all that such data have been developed in accordance with ethical standards. No data on
humans known to be obtained through force, coercion, misrepresentation, or any other such
means will be used in the development of AEGLs. The NAC/AEGL Committee will use its best
judgment to determine whether the human studies were ethically conducted and whether the
human subjects were likely to have provided their informed consent. Additionally, human data
from epidemiologic studies and chemical accidents may be used. However, in all instances
described here, only human data, documents, and records will be used from sources that are
publicly available or if the information is recorded by the investigator in such a manner that
subjects cannot be identified directly or indirectly. These restrictions on the use of human data
are consistent with the “Common Rule” published in the Code of Federal Regulations
(Protection of Human Subjects, 40 CFR 26, 2000).



National Advisory Committee for

Acute Exposure Guideline Levels for Hazardous Substances

NAC/AEGL-28
March 7-8, 2003

Eagle Gate East & West
Best Western Salt Lake Plaza Hotel
122 West South Temple
Salt Lake City, Utah 84101
801-521-0130

AGENDA

Friday, March 7, 2003

8:00 a.m.

8:15
8:30
9:00
9:30
10:00
10:15
10:30
11:45
1:00 p.m.
3:00
3:15
5:15

Introductory remarks and approval of NAC/AEGL-27 Highlights (George Rusch, Roger Garrett,
and Paul Tobin)

Highlights of COT/AEGL January meeting (Ernie Falke and George Rusch)
Report on LOA data quality (Mark McClanahan and Marc Ruijten )
Resolution of LOAEL vs NOAEL on Iron pentacarbonyl (Emie Falke)
Overview of fundamental principles of industrial hygiene (John Morawetz)
Break

AEGL application: Relevance to occupational exposure (George Rusch)
Review of Carbon disulfide: AEGL-2 (George Rodgers/Jens-Uwe Voss)
Lunch

Review of Formaldehyde (Mark McClanahan/Sylvia Talmage)

Break .

Review of Acetone (Mark McClanahan/Jens-Uwe Voss)

" Adjourn for the day

Saturday, March 8, 2003

8:00 a.m.

9:45
10:00

10:30
11:45
12:00 noon

1:00

2:00

2:15

3:15

5:00

5:15

Review of Vinyl chloride:

< Ql*derivation (Susan Ripple, ACC)

% Carcinogenicity assessment (Bob Benson/Fritz Kalberlah)
Break
Report on LOA values of Ethlylenimine and Propylenimine (Mark McClanahan/Kowetha
Davidson)
Review of Hydrogen bromide (Larry Gephart/Sylvia Talmage)
Status report of Boron trifluoride testing (George Rusch)
Lunch
Review of Piperidine (Mark McClanahan/Kowetha Davidson)
Break
Review of Nitric acid (Loren Koller/Carol Wood)
Review of Titanium tetrachloride (Tom Homshaw/Claudia Troxel)
Administrative matters
Adjourn meeting
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Attachment 5

March 3, 2003

TO: Roger Garrett and George Alexeeff
FROM: Po-Yung Lu

SUBJECT: Status Report of NOAEL/LOAEL Consistency Concerns for AEGL Development

CC: Ernie Falke, George Rusch, Paul Tobin

This status report provides a summary on the subject of critical health effect starting points for AEGL
determination: “NOAEL/LOAEL Consistency Concerns for AEGL Development”. This report
captures the highlights of several discussions that took place at the NAC/AEGL meetings, and subsequent
correspondence. As indicated in this report, you will find that most of the TSDs identified in George
Alexeeff’s memo of August 1, 2002 were clarified just in time and moved forward to NAC/AEGL review
or COT/AEGL review and publication. In the case of only a few of the TSDs ( HCFC 141b, Otto Fuel,
and Phosgene) published in 2002, ORNL was not able to make any changes in time since they were
approved by COT/AEGL for publication and final TSDs were sent to NAS in April 2002. However, for
these three chemicals, any necessary modifications to the TSDs will be made when AEGL values might
be revisited in the future. -

Background Information:

George Alexeeff submitted a letter (February 6, 2002, distributed at the NAC/AEGL-25 meeting) with a
list of 33 chemicals for which he was concerned that the NAC/AEGL Committee is not consistently
following the Standing Operations Procedures Manual (2001), as described on pages 36, 40, and 42. The
chemicals presented in the letter are examples of his concern that the NAC/AEGL Committee did not
identify a NOAEL, but rather used a LOAEL as the starting point for AEGL development, without an
additional safety (UF/MF) factor correction to obtain a "NOAEL". Subsequently, the EPA AEGL
Program (Roger Garrett and Letty Tahan), with ORNL staff input, conducted an analysis and subdivided
the 33 chemicals in question into the following five categories below for ease of discussion (also
distributed at the NAC/AEGL-25 meeting). They are:

Category I: Observed effect level is < the AEGL threshold level

Category II: Observed effect is adjusted from a LOAEL to a NOAEL using a UF, or a MF, or
an adjustment factor, e.g. LC,,/3.

Category III:  Observed effect level is adjusted from a LOAEL to a NOAEL based on
circumstances surrounding the study in question, e.g., multiple exposures.

Category [V:  Revisions expected based on NAS/COT-AEGL Subcommittee review.

Category V:  Observed effect > the AEGL threshold level.

After George and Roger's presentations and discussion at NAC/AEGL-25 (June 17-19, 2002), it was
agreed that only Category V chemicals need further clarification and justification. George Alexeeff
further prepared a response (dated August 1, 2002) to the AEGL Programs’s analysis. Roger requested
that the TSD Development Team prepare the responses to address these concerns, particularly the
Category V chemicals. The responses to Category V chemicals were distributed prior the NAC/AEGL-27
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(Dec. 9-11, 2002) meeting and were discussed and accepted by NAC/AEGL in Dec. 2002. However,
George Alexeeff had a continuing concern about iron pentacarbonyl. Although this chemical had been
reviewed and approved in the NAC/AEGL-25 meeting (June 2002) and is close to approval by
COT/AEGL, it will be revisited at the upcoming NAC/AEGL-28 meeting in March 7-8, 2003 in Salt
Lake City, Utah.

Response Status Report to August 1,2002 Memo:

Category 1 Chemicals:

* Chlorine: v
The staff interpretation is correct. The TSD has been revised accordingly and submitted to NAS,
COT/AEGL for review in January 2003.

* Chlorine trifluoride:
As stated in the AEGL Program staff response, nasal discharge from the sensitive nose of the
dogs is a NOAEL for the AEGL-1. This is explained in the revised TSD and was approved in
NAC/AEGL-27.

* Crotonaldedyde:
Mild eye irritation s not considered notable discomfort; it is clarified in the revised TSD which
was recently reviewed by COT/AEGL in January 2003.

* Diborane:
Inflammatory epithelial degeneration in the bronchioles in male ICR mice is a reversible
histological change. The TSD was modified to reflect that this change is not a LOAEL. The
Diborane TSD has been accepted by COT/AEGL for final publication.

* 1,2-Dichloroethylene:
The TSD is on a holding status for modeling work; however, corrections will be made during the
revision.

* Ethylene oxide:
Clarification will be made in the next revision. Afterwards, the TSD will be ready for
COT/AEGL review in July 2003.

* Ethylendiamine:
Clarification has been made to reflect the comment. The revised TSD was reviewed in January
2003 by COT/AEGL. Approval for publication is expected in the next (9th) Interim Report.

* Hydrazine:
Clarification will be made to fit the AEGL-2 definition of a NOAEL. The revised TSD will then
be ready for COT/AEGL final review for publication in July 2003.

* Hydrogen fluoride:
The TSD was revised accordingly. The TSD was reviewed at the January 2003 COT/AEGL
meeting. Approval for final publication is expected in the 9th Interim Report.

* Otto Fuel:
Final TSD was submitted to NAS in April and published by NAS in Volume 2, 2002.

* Phosgene:
Final TSD was submitted to NAS in April and published by NAS in Volume 2, 2002.

* Sulfur Mustard:
There was a typographical error in the staff response report of June 2002. The statement “not
reversible” should have been “not irreversible.” No correction was needed as the proper
statement was already contained in the TSD. In addition, the effect had already been termed a
threshold which meets the definition of each AEGL level. This TSD is considered final and has
been approved for publication by NAS.




* Tetrachloroethylene:
This chemical is on hold until PBPK modeling can be performed. The staff response is that mild
eye irritation is a NOAEL for the AEGL-1; this will be clarified in the next revision and moved
forward to COT/AEGL review.

* Toluene:
Following rejection by the COT/AEGL, the TSD was totally rewritten. This revised version was
approved by the NAC/AEGL-27.

Category II Chemicals:

* Hydrogen chloride:
Clarification was made and the revised TSD was reviewed by COT/AEGL in January 2003.
Approval for publication is expected in the 9th Interim Report.

Category Il Chemicals:

* Carbon monoxide:
The staff response states that the reduced time to onset of angina during physical exercise of
coronary disease patients was a reversible effect that is not considered an impairment to escape.
This will be clarified in the revision when recycled to a future COT/AEGL meeting.

* HCFC 141b:
Final TSD was submitted to NAS in April and published by NAS in Volume 2, 2002.

* Sulfur Mustard:
The TSD was revised accordingly and is at NAS for final publication.

Category IV Chemicals:
No specific chemicals were identified since the endpoints are undergoing revision in response to
COT/AEGL comments.

Category V Chemicals: :
There were six chemicals identified in the EPA AEGL Program analysis report prepared by
Roger Garrett and Letty Tahan with input from ORNL staff members in June 2002. Specific
responses were prepared and distributed prior the NAC/AEGL-27 meeting. The responses were
reviewed and accepted by NAC/AEGL during the meeting except for a concern by George
Alexeeff on Iron pentacarbonyl. This chemical will be revisited at the NAC/AEGL-28 meeting.

This is a complete status report on the subject of critical health effect starting points for AEGL
determination: “NOAEL/LOAEL Consistency Concerns for AEGL Development”. If there are
any questions, please let me know.



Basic Occupational
Exposure Assessment
John S. Morawetz
International Chemical Workers Union Council/UFCW
Center for Worker Health & Safety Training
Cincinnati, Ohio

(513) 621-8882  IMorawetz@ICWUC.org

Attachment 6

Exposure Assessment

+ Variability of exposure in an occupational
environment vs. chamber study

+ Types of occupational samples

 Time to collect sample

Chamber Studies

« Goal: Constant exposure level
+ Same exposure concentration
— Over time
— Over location




Occupational Exposures

Highly variable exposure
Primarily driven by work processes

and job tasks
Different levels at various locations
« Workers move around the workplace

Types of Samples

+ Bulk

— Processing equipment, Storage containers

» Area
— Occupational vs. Environmental
_ Useful for control technology

« Personal: Breathing Zone

Time to collect sample

« Instantaneous/Grab samples

. Time Weighted Average
— Commonly 8 hour sample
— Can range from 15 minutes to 8 hours
_ Short term: usually 15 minutes

« Time to collect exposure sample may not
equal time of worker’s exposure
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Attachment 7

" The AEGL Standard Operating Procedures (SOP) includes a section on Evaluation, Selection, and

Documentation of Key and Supporting Data (Section 2.3.2). This section covers the description and how
exposures are determined:

5) Scientifically credible exposure concentration and exposure duration for the study are
provided.

In using occupational studies, exposures and their measurement are not the same as in animal or human
chamber studies. In chamber cases, exposures are generally controlled and often uniform both over time,
within the chamber and therefore for all subjects. In occupational exposures, this is not the case.
Exposures vary significantly over time, by area and by person. The variability of personal samples within
the same department is estimated to range from 10 to 4,000 fold. Area samples can significantly
underestimate or overestimate personal exposures depending on the location of the area samples in
relation to the source of contamination and where workers perform their jobs for specific time periods.
Estimates of the variability between area and personal samples can be up to 100 fold while other authors
have found there is no correlation. Additionally, there is no assurance that workers in various
departments in the same facility will have the same exposures unless specific evidence in the form of
individual sampling data is presented. In animal and chamber studies, exposure measurements are often
performed continuously or at regular intervals to assure that exposure is well controlled and constant. In
occupational studies with more variability, there often is less data.

In occupational studies there are two time durations: first the duration that the sample was taken and
second, the duration that the worker was exposed. It’s critical in the description of occupational studies
that both time elements are reported, namely the duration of workers” exposures and the duration of the
exposure measurement. In addition, if an exposure measurement is not a personal sample (area, bulk or
calculated), this must be clearly noted. These are basic fundamentals of industrial hygiene which are
noted in the references below.

The AEGL committee should amend the SOP’s elements for Key and Supporting Documents in the
following areas to accurately describe and use occupational exposure measurements:

Bulk samples
1a) Bulk samples and theoretical calculations from bulk samples are not measurements of workers’
exposures. Bulk sample and theoretical calculation levels should be clearly described as such.

1b) Bulk samples and theoretical calculations from bulk samples should generally not be utilized in the
AEGL derivation sections unless there is substantial documentation on workers’ tasks and their
relationship to these samples.

Area samples
2a) Area samples are not a measurement of workers’ exposures. Area or general workplace air levels

should be clearly described as such.

2b) Area or general workplace air levels should generally not be utilized in the AEGL derivation sections
unless there is substantial documentation on workers’ tasks and their relationship to these samples.



Short term samples
3a) Short term samples are not a measurement of workers’ full shift exposure. All short term samples
should be clearly described as such.

3b) Short term levels should generaily not be utilized in the AEGL derivation sections unless there is clear
evidence that they were personal samples and then only with the appropriate measurement time.

Multiple workplace studies

4) When studies investigate multiple workplaces, exposure assessments from one of these worksites can
not be extrapolated to the conclusion of the entire study. Descriptions of the exposure levels found in
these studies should clearly state the specific number of worksites to which these exposure levels pertain.

To incorporate these points in the SOP, the following language should be added to the SOP’s Evaluation
section.

In using occupational studies,

1) Breathing zone samples are the preferred estimate of workers’ exposures. All breathing zone
samples should be described as such.

2) Area, general workplace, bulk samples and theoretical calculations from bulk samples should be
clearly described as such.

3) Usually general workplace, bulk samples and theoretical calculations from bulk samples are not
necessarily accurate measurements of workers’ exposures. They should not be utilized in the
AEGL derivation sections unless there is substantial documentation on workers tasks and the
relationship to these samples.

4) Breathing zone short term samples should be described as such and used primarily for the
sampled time period.

5) Exposure assessments from a single workplace in a multiple workplace study usually can not
extrapolate to exposures for other workplaces in the study. Descriptions of the exposure levels
found in these studies should clearly state the number of worksites that found any specific exposure
levels. This should also include the number, duration and types of measurements.

A



" References
Fundamentals of Industrial Hygiene, J. Olishifski Editor, Second Edition, 1979
Chapter 15: Industrial Toxicology; R. Smith, J. Olishifski
Chapter 16: Evaluation; E. Hermann, J. Peterson
Chapter 17: Methods of Evaluation; J. Olishifski
Chapter 18: Air Sampling Instruments; J. Olishifski
Chapter 19: Direct Reading Gas and Vapor Monitors; J. Zatek

The Industrial Environment — its Evaluation and Control; NIOSH, 1973
Chapter 8: Principles and Use of Standards of Quality for the Work Environment; B. Dinman
Chapter 10: General Principles in Evaluating the Occupational Environment; A. Hosey
Chapter 50: An Industrial Hygiene Survey Checklist; R. Soule

Mulhausen, J. Damiano J. (1998): A Strategy for Assessing and Managing Occupational Exposures. 2nd
Edition, American Industrial Hygiene Association, Fairfax, Virginia, pages 104-105.

Patty’s Industrial Hygiene and Toxicology; Volume III: Theory and Rationale of Industrial Hygiene
Practice; L. Cralley, 1979
Chapter 6: Measurement of Worker Exposure; J. Lynch

Patty’s Industrial Hygiene; Volume 1; 2000; R. Harris
Chapter 18; Interpreting Levels of Exposures to Chemical Agents; Rappaport, S.

Occupational Exposure Sampling Strategy Manual, N. Leidel et. al.; NIOSH, 1977
Technical Appendix C, The Inadequacy of General Air (Area) Monitoring for Measuring
Employee Exposures '



Attachment 8

Application of Acute Exposure Guideline Levels

The Acute Exposure Level Guidelines have been developed primarily to provide
guidance in situations were there can be a rare, typically accidental exposure to a
particular chemical that can involve the general public. They, therefore, differ from
PELs, TLV®s, WEEL®s, RELs or MAK values etc. in that they are based primarily on
acute-toxicology data and not subchronic or chronic data. The guidance therefore does
not reflect the effects that could result from frequent exposure. Also, they are designed to
protect the general population including the elderly and children, groups that are generally
not considered in the development of workplace exposure levels. Users of the AEGL
TSDs should first determine if there are legally enforceable standards that apply to the
situation. Other organizations may also have recommended levels of exposure that more
appropriately apply to the scenarios under evaluation.

It is however recognized that there may be an occasion where it may seem desirable to
use these values for other exposure scenarios. In these cases, one should consult the
technical support document. This document contains a comprehensive review of all
identified acute toxicology data on the subject chemical and the basis for the development
of the AEGL values. From this review one will have the information to determine the
applicability of the AEGL to their particular situation.
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Attachment 10

IRON PENTACARBONYL - ALTERNATIVE DERIVATION OF AEGL-3 FROM
BENCHMARK DOSE CALCULATION

1. ORIGINAL CALCULATION OF AEGL-3

The point of departure (POD) used for the derivation of iron pentacarbonyl AEGL-3
levels was based upon a BASF, 1995 study in which rats were exposed for up to 28 days to 0.1,
0.3,1,2.91, and 9.85 ppm. After 1 exposure 10/10 rats died at 10 ppm and 1 of 10 died after a
single exposure to the 2.91 ppm level. Five out of 10 rats died after two exposures within 4 days.
What is noteworthy is that no clinical signs were observed in rats given 28 exposures of 0.1 to 1
ppm, although some rats in the 1.0 ppm group were found (upon necropsy) to have increased
absolute and relative lung weights. This data set alone demonstrates that iron pentacarbonyl has
an extremely steep dose-response curve going from almost no effects to 100% mortality within a
factor of 10.

The text from the original TSD follows in italics:
7.3 Derivation of AEGL-3

Because of the availability of analytically determined exposure concentrations and
overall study quality, data from the BASF (1995) study has been used to derive AEGL-3 values.
In this study, a single 6-hour exposure to 2.91 ppm resulted in the death of one of 10 rats while a
second exposure produced 50% mortality. The remaining five rats survived an additional 26 6-
hour exposures. The 6-hour exposure to 2.91 ppm is used as the determinant for the AEGL-3
values and its use as an estimated lethality threshold is supported by the estimated 4-hour
lethality threshold of 5.2 ppm (Biodynamics, 1988), and the estimated 4-hr LCs, of 10 ppm and
4-hr LC,; of 6.99 ppm provided by the Biodynamics (1988) report. The resulting AEGL-3 values
are supported by the slightly greater values derived using the Gage (1970) data.

The available data in rats and mice suggest that the exposure response curve for iron
pentacarbonyl is steep. Exposure-response data for the same toxicity endpoint over multiple
time periods is limited (30-minute LC, and 4-hr LCj,) for iron pentacarbonyl. Data are
unavailable for a definitive mathematical determination of the time scaling factor, n, for the
equation C" x t = k (Appendix C). However, the available lethality data appear to indicate that a
near-linear relationship exists. For example, the cumulative exposures for the 30-minute LC,,
of 118 ppm (Sunderman et al., 1959) and the 4-hour LCs, of 10 ppm (Biodynamics, 1988) are 59
and 40 ppm hrs, respectively. Furthermore, if one were to scale the 30-minute LC, of 118 ppm
to 4 hours, the use of n = 1 results in a 4-hour predicted value of 14.75 ppm which is consistent
with the reported 4-hour LC, of 10 ppm.

In the absence of human data, and some variability among the laboratory species tested,

uncertainty exists regarding species variability. Therefore, an uncertainty factor of 10 is applied
fo account for interspecies variability in the toxic response to iron pentacarbonyl. The

-1-



uncertainty adjustment for intraspecies variability was limited to a UF of 3 for several reasons.
The available toxicity data indicate that acute inhalation exposure to iron pentacarbonyl results
in port-of entry effects (i.e., airway and lungs) rather than systemic effects and, therefore,
variability in response due to dosimetric factors may be limited. Additionally, lethality in rats
Jollowing acute inhalation exposure to iron pentacarbonyl exhibits a steep exposure-response
relationship with little margin between minimal and lethal effects, and little individual variability
in the response of test animals (Biodynamics, 1998). Adjustment of the AEGL-3 values by
application of greater uncertainty was not considered necessary because the total uncertainty
Jactor of 30 resulted in AEGL-3 values that were reasonable when compared to the acute
exposure data and to the data from multiple-exposure animal studies. The draft AEGL-3 values
Jor iron pentacarbonyl are shown in Table 9 and their derivation is presented in Appendix A.

TABLE 9. AEGL-3 Values for Iron Pentacarbonyl

AEGL Level 10-minute 30-minute I1-hour 4-hour 8-hour
AEGL-3 3.5 ppm 1.2 ppm 0.58 ppm 0.15 ppm 0.073 ppm
(Lethal)

Under ambient atmospheric conditions, iron pentacarbonyl may undergo photochemical decomposition to iron
nonacarbonyl and carbon monoxide, or burn to ferric oxide.

2. COMMENTS RECEIVED AS A RESULT OF THE LOAEL-NOAEL ANALYSIS

Concern was raised in the December 2002 NAC/AEGL meeting that we had used an
effect level for the Point of Departure (1 of 10 animals exposed to 2.91 ppm for 6 hours died).
An attempt was made to revise the justification used. A number of committee members who
commented suggested that a benchmark dose be used to select the point of departure. A
benchmark dose analysis was performed below on the BASF (1995) data.

3. BENCHMARK DOSE ANALYSIS OF THE BASF (1995) DATA AND
- DETERMINATION OF THE AEGL-3 POD

The BASF data is presented in Table 1 below.



TABLE 1. Mortality in rats exposed to iron pentacarbonyl for 6 hrs/day for up to 28
days
Concentration (ppm) : Results
Mortality
Test Group? Analytical (no. dead/mo. Comments
exposed)
0 control - 0/10 no clinical signs
4 0.1 (0.1£0.01) 0/10 no clinical signs
E 0.3 (0.3£0.01) 0/10 no clinical signs
1 1(1.00+0.02) 0/10 no clinical signs
2 3 (2.91£0.01) 5/10 one death after first exposure; 50%
after two exposures; death
occurred within 4 days
3 10 (9.85) 10/10 dead or terminated in extremis
after one exposure; deaths
occurred within 3 days

* Group designators as reported in BASF, 1995

Originally 2.91 ppm exposure for 6 hours was taken as the POD. At this exposure 1 of 10
rats died from a single exposure and 4 more died within 4 days after the second exposure. Since
death can take 3-4 days, it is not possible to determine whether the 4 additional animals dying
would have done so from one exposure or if 2 exposures were necessary.

Given the uncertainty about how many deaths would have occurred from a single
exposure to 2.91 ppm, a log-probit benchmark dose analysis was performed (EPA software V
1.3.1) for two different possibilities and the results are presented below. In one case it was
assumed only 1 of 10 animals would have died from 1 exposure and in-the other case it was
assumed that 5 of 10 animals would have died from a single exposure.

TABLE 2. Log-Probit benchmark dose analysis of BASF (1995) rat data using EPA
software V 1.3.1

Number of animals dying at 2.91 ppm
10of10 50f10

MLE LC,, 2.4 ppm 1.9 ppm
BMDL LC; 1.7 ppm 0.80 ppm

v

Endpoint used




Since the data do not permit a distinction between the hypotheses that one exposure
would have killed 1,2, 3, 4, or 5 animals, the NeSETwRGcenaro that one exposure would have
killed 5 animals is assumed. The benchmark dose analysis of this scenario gives an MLE LC,, of
1.9 ppm and a BMDL LC,, of 0.80 ppm. Since there are insufficient data to differentiate
between the MLE LC,, and the BMDL LC,ys the more conservative BMDL LC,ys value of 0.80
ppm would normally have been selected as the POD for the AEGL-3 estimation. However, since

0 of 10 animals exposed to 1 ppm for 28 days died, 1 ppm is a more reasonable POD than 0.8
ppm. '

4. SELECTION OF UNCERTAINTY FACTORS FOR DETERMINATION OF THE
AEGL-3

Originally an interspecies UF of 10, and an intraspecies UF of 3 was used according to
the rationale presented in Section 1 above. The Sunderman et al. data is the only experiment in
which 2 species were tested in a comparable manner. They recorded lethality in mice and rats

exposed to iron pentacarbonyl at different doses for 30 minutes. These data below are plotted in
Figure 2.

TABLE 3. Lethal toxicity of iron pentacarbonyl in rats exposed for 30 minutes

Exposure concentration Mortality at 3 days Mortality at 5 days
(ppm)
244 11/12 11/12
195 12/18 15/18
160 12/18 13/18
118 3/12 6/12
86 1/12 4/12

Sunderman et al., 1959

TABLE 4. Lethal toxicity of iron pentacarbonyl in mice exposed for 30 minutes

Exposure concentration Mortality at 3 days Mortality at 5 days
(ppm)
470 16/20 20/20
387 15/20 17/20
270 8/20 920
204 5/20 5/20

Sunderman et al., 1959



The rat is about 2-3 times more sensitive than the mouse. Since the most sensitive
species was used, the most sensitive experiment and conservative choice of data for the POD, an
interspecies UF of 3 is reasonable. Using the original intraspecies UF of 3 the combined UF is

10.

S. DERIVATION OF THE AEGL-3 VALUES

Using 1 ppm exposure for 6 hours as the POD for lethality, a total uncertainty factor of
10, a value of n=1 (see original TSD) the AEGL-3 values for iron pentacarbonyl are shown in

Table 5.
TABLE 5. AEGL-3 Values for Iron Pentacarbony!
AEGL Level 10-minute 30-minute 1-hour 4-hour 8-hour
AEGL-3 3.6 ppm 1.2 ppm 0.60 ppm 0.15 ppm 0.075 ppm
(Lethal)

These values are reasonable when viewed against all of the data on iron pentacarbonyl and well below any
lethal concentrations in animals. The use of a larger total uncertainty factor would drive AEGL-3 values far below
any observed levels of concern.

6. DERIVATION OF THE AEGL-2 VALUES

Using the rationale in the original TSD the AEGL-3 values are divided by 3 to obtain the

AEGL-2 values.

TABLE 6. AEGL-2 Values for Iron Pentacarbonyl

AEGL Level 10-minute 30-minute 1-hour 4-hour 8-hour
AEGL-3 1.2 ppm 0.40 ppm 0.20 ppm 0.050 ppm 0.025 ppm
(Lethal)




193y
——

1R - fewiy
-

Jewpa1 Ajiensed - jeunuy
-

Buyqesiq - fewuy

UoJW0dsI( - [ewiuy

123,43 ON - fewituy
Buyqesiq - vewny
-
VOJWoosI(] - uewniy
1343 ON - vewny

]

PaIp s[euriue pasodxa [y = eyl

PSIp sfewtue pasodxs ‘[ j0u Inq ‘Qwog = A)[eyId] SWOS

adeosa 03 A11qe parredwr Ue 10 530959 Sunse| SUO/A[qISIASLI = 3uriqesig

§109139 [°AS] T-TOHV YA JUDISISUOD UOTJE)LLIL/LIOJUIOISID JUSISURI) S[qBION = MOJWOISI(]
MOJUWIOISIP PIW IO 193JJ3 ON = }99JJ9 ON

sejnuy
08t ocy 09¢ 00¢ (0,74 08l 0ct 09 0
_ . . ; ; 100

0L0

oodetogvpasnay 7/ 00’1

aode10av Rusio P @

- 0004

1% 5661 "4SvE - -

- : . .
: 1) '9sN0Wt 6661 ° € 18 UewLapung
1°1 0.6 ‘9beg - i ‘

181 gg6L [ solueuipolg

00004

” wv*

i Maqel 606} Wy “
i

0000

: 00°0001
|Auoqueoejuad uod|

ejeq IV @sl - Aidixoy [esjweayo

[Auoqiesejuad uox 10§ joiq K10301e)) | 2131y

wdd



wdd
08y ozv 09¢ 00€ ove 08l 0zl 09 0
H : f : : ; : o
0z
L J

@0 peap 9% ) ; . B - Qb
= .\ 8
Sjes peap 9% m
.- &

09

/ : 08

'\ 00l

|[Auoqseaejuad uouj
BJep asnow-jel gG6} “'|e }@ uewsapung

BJep A}JI[BYIS] 9snow pue Jel 6561 “[e 19 ueunispung ‘g aInSig



Attachment 11

“ ACUTE EXPOSURE GUIDELINE
LEVELS FOR PIPERIDINE

PRESENTED BY
KOWETHA DAVIDSON, ORNL,
. TOXICOLOGIST

MARK MCCLANAHAN,
CHEMICAL MANAGER

NAC/AEGL MEETING, SALT LAKE CITY, UT
MARCH 7-8, 2003

PIPERIDINE
CAS NO. 110-89-4

PHYSICAL CHARACTERISTICS

« COLORLESS LIQUID

VAPOR PRESSURE: 32.1 mm Hg @ 25°C; 40 mm Hg @ 29.2°C
VAPOR DENSITY: 3 (air=1)

pH=12.6 @ 100 g/L, 20°C

CONVERSION: 1 ppm = 3.48 mg/m’




DESCRIPTION

. FLAMMABLE
. EXPLOSIVE VAPORS AT ROOM TEMPERATURE
« STRONG PEPPER- OR AMINE-LIKE PUNGENT ODOR
. STRONG BASE
« VERY CORROSIVE

HUMAN EXPOSURE

« Daily via a large number of food sources

. beverages, candy, baked goods, vegetables, white and black pepper,
meats, milk, coffee |

HUMAN DATA

o Irritation threshold: 26 ppm
« Odor threshold: <2 ppm




ANIMAL DATA

Concentration  Duration Clinical Signs Deaths
(ppm) (minutes)
20 360 none none
50 360 nasal irrit. (crusts) - none
80 360 nasal irrit., signs of eye 1irrit. none
100 360 nasal irrit (crusts) none
200 360 nasal irrit., signs of eye irrit. none
287 240 nasal irrit, eye irrit (reddish secretion) none
805 240 nasal corrosion, eye irrit., dyspnea 1/20
1178 240 nasal corrosion, cornea damage, 10/20
dyspnea, CNS toxicity

1523 240 nasal corrosion, cornea damage, 7/20

: dyspnea, CNS toxicity, prostration
2167 240 nasal corrosion, cornea damage, 20/20

dyspnea, CNS toxicity, prostration

AEGL -1 VALUES

Reference: BASF. 1990. Range-finding Study on the Inhalation Toxicity of Piperidin as Vapor
in Rats: 5-day Study. Project No. 3010523-89017, BASF Aktiengesellschaft,
Ludwigshafen/Rhein, Germany. Unpublished.

Test Species/Strain/Number: male and female rat/Wistar/5 of each sex

Exposure Route/Concentration/Durations: inhalation/ 0, 50, 100, 200 ppm, 6 hours/day, 5
days

Effects: nasal irritation at all concentrations (severity increased with concentration and time);
“stretched respiration posture”, lid closure, salivation at 200 ppm

Endpoint/Concentration/Rationale: nasal irritation at 50 ppm for 6 hours; lowest concentration
at which nasal irritation occurred and there was no involvement of other regions of the
respiratory tract

Uncertainty Factors/Rationale: Total uncertainty factor:10

Interspecies: 3, the effects are mediated by direct contact with nasal epithelium, which
has similar cellular composition among species although anatomical
morphology differs

Intraspecies: 3, the nasal epithelium does not vary among individuals in the population

| Modifying Factor: none

Animal to Human Dosimetric Adjustment: none

Time Scaling: default: n =3, scaling to shorter durations; n = 1, scaling to longer durations




AEGL-1 Values for Piperidine

10-minute 30-minute 1-hour - 4-hour 8-hour
17 ppm 11 ppm 9.1 ppm 5.7 ppm 3.8 ppm3
(59 mg/m’) (38 mg/m®) | (32 mg/m’) (20 mg/m®) | (13 mg/m’)

AEGL -2 VALUES

Reference: BASF. 1990. Range-finding Study on the Inhalation Tokicity of Piperidin as Vapor
in Rats: 5-day Study. Project No. 3010523-89017, BASF Aktiengesellschaft,
Ludwigshafen/Rhein, Germany. Unpublished .

Test Species/Strain/Number: male and female rat/W istar/5 of each sex

Exposure Route/Concentration/Durations: inhalation/ 0, 50, 100, 200 ppm, 6 hours/day, 5
days

Effects: nasal irritation at all concentrations (severity increased with concentration and time);
“stretched respiration posture”, lid closure, salivation at 200 ppm

Endpoint/Concentration/Rationale: nasal irritation along with salivation and evidence of some
eye irritation at 200 ppm for 6 hours. The severity of nasal irritation in the rat showed a
concentration-related increase, but there was no involvement of other regions of the respiratory
tract. The severity at 200 ppm was slightly less than that observed at 287 ppm.

Uncertainty Factors/Rationale: Total uncertainty factor: 10

Interspecies: 3, the effects are mediated by direct contact with nasal epithelium, which
has similar cellular composition among species although anatomical
_ morphology differs
Intraspecies: 3, the nasal epithelium does not vary among individuals in the population

Modifying Factor: none )
Animal to Human Dosimetric: Adjustment: none
Time Scaling: default: n =3, scaling to shorter durations; n = 1, scaling to longer durations




AEGL-2 Values for Piperidine

10 minutes 30 minutes 1 hour - 4 hour 8 hour
66 ppm 46 ppm 36 ppm 23 ppm 15 ppm
(230 mg/m®) | (160 mg/m®) | (125 mg/m? | (80 mg/m’) | (52 mg/m’)

AEGL -3 VALUES

Reference: BASF. 1980. Determination of the Acute Inhalation Toxicity LCs, of piperidine as
vapor in Sprague-Dawley Rats After a 4-Hour Exposure. BASF Gewerbehygiene und
Toxikologie. Unpublished

Test Species/Strain/Number: rats/Sprague-DawIey/ 10 of each sex

Exposure Route/Concentration/Durations: inhalation/100, 2800, 4100, 5300, and 7540 mg/m’
(287, 805, 1178, 1523, 2167 ppm) for 4 hours (single exposure)

Effects: _

1000 mg/m*: - 0/20 deaths, nasal and eye irritation

2800 mg/m®: - 1/20 deaths, nasal and eye irritation, corrosion around the nose (1 rat), dyspnea

4100 mg/m* - 10/20 deaths, nasal and eye irritation, corneal damage, corrosion around the
nose, dyspnea, CNS toxicity

5300 mg/m’: - 7/20 deaths, prostration plus effects noted at 4100 mg/m’

7540 mg/m’: - 20/20 deaths, effects same at 5300 mg/m’

Endpoint/Concentration/Rationale: lethality threshold (LC,,)at 1560 mg/m® (448 ppm). The
LC,, approximates the lethality threshold; it is lower than the concentration (2800 mg/m®) where
1 of 20 rats died and had signs of dyspnea, and higher than the concentration (1000 mg/m’)
where no deaths occurred and no signs indicate of death were observed.




Uncertainty Factors/Rationale: Total uncertainty factor:10

3, The linear correlation for the concentration vs time for LCs, values for
three species is -0.96 and the concentration X time relationships are similar,
not varying by more than 30%, indicating the response is similar among the

Interspecies:

Intraspecies:

three species.

3, an UF of 10 would produce AEGL values for 1, 4, and 8 hours that are

lower than the irritation threshold

Modifying Factor: 1

Animal to Human Dosimetric Adjustment: none

Time Scaling: default: n =3, scaling to shorter durations; n =1 for scaling to longer durations.

11

AEGL-3 Values for Piperidine
10 minutes 30 minutes 1 hour 4 hour 8 hour
129 ppm 90 ppm 71 ppm 45 ppm 22 ppm3 |
(449 mg/m®) | 313 mg/m’) | 247 mg/m® | (157 mg/m’) | (76 mg/m’)




Proposed AEGL Values for Piperidine [ppm (mg/m®)]

Classification | 10 min. | 30 min. 1 hour | 4hours | 8 hours |Endpoint/ Ref.
AEGL-1 17 11 9.1 5.7 3.8 nasal irritation/
(Nondisabling)| (59) (38) 32) (20) (13) |BASF, 1990
AEGL-2 66 46 36 23 15 severe nasal irritation,
(Disabling) (230) (160) (125) (80) (52) eye irritation,

' salivation /BASF,

1990

AEGL-3 129 90 71 45 22 threshold for lethality/
(Lethal) (449) (313) (247) (157) (76) | BASF, 1980

Option 2: AEGL-2 and -3 values for 4- and 8-hour durations are below the reported
irritation threshold; propose using the same value for 1-, 4-, and 8-hour durations.

13

Proposed AEGL Values for Piperidine [ppm (mg/m?)]

Classification | 10 min. | 30 min. | 1hour | 4 hours | 8 hours | Endpoint/ Reference
AEGL-1 17 11 9.1 5.7 3.8 nasal irritation/
(Nondisabling)|  (59) (38) (32) (20) (13) |BASF, 1990
AEGL-2 66 46 36 36 36 severe nasal irritation,
(Disabling) (230) (160) (125) (125) (135) |eye irritation,

: salivation /BASF,

1990-

AEGL-3 129 90 71 71 71 threshold for lethality/
(Lethal) (449) (313) (247) (247) (247) |BASF, 1980

14



Option 3: The effects of

piperidine are not dominated by the exposure concentration to
the extent indicated by a n = 3 tine scaling factor. The data indicate that n=2 would be
more appropriate for piperidine.

Proposed AEGL Values for Piperidine [ppm (mg/m>)]
Classification | 10 min. | 30 min. | 1hour | 4 hours 8 hours | Endpoint/ Reference
AEGL-1 67 38 27 14 10 |nasal irritation/
(Nondisabling) |  (233) (132) (94) 49 (35) |BASF, 1990
AEGL-2 | 120 62 49 24 17 severe nasal irritation,
(Disabling) (418) (216) (171) (84) (59) |eye irritation,
salivation /BASF,
1990
AEGL-3 219 127 90 45 32 threshold for lethality/
(Lethal) (762) (442) (313) (157) (111) |BASF, 1980
15
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Developmental/Fetotoxic Effects of CS, in Rats

1000 EF
]
4 WWH—E—JE—H—%—K—&—&—K—K—K—K—%—K~X—E—K—K—X—K—-&
] KX XXX XXX XXX X KXY =X XXX X=X XX KX XX XXX
J o400 000000000
g
=}
B 100 +
e ]
n )
S ]
10 T T T T T T T T i 1 L L L L T T T T T T T T T T T T 1 T T T T T F 1 T T T T T
21 -18 15 -12 -9 -6 -3 0 3 6 9 12 15 18
day of gestation

7NAC/AEGL-ZS; March 2003

~@— LOAEL 400 ppm (Saillenfait et al. 1989)
—O— NOAEL 40 ppm (Litton Bionetics 1980)
—o— NOAEL 40 ppm (Litton Bionetics 1980)
-¥— LOAEL 500 ppm (CMA 1993)

—¥— LOAEL 32 ppm (Tabacova et al. 1978)

—~0— NOAEL 200 ppm (Saillenfait et al. 1989)
—6— NOAEL 40 ppm (Litton Bionetics 1980)
—o— NOAEL 40 ppm (Litton Bionetics 1980)
—X— NOAEL 500 ppm (CMA 1993)

-¥%— NOAELAF ppm (Tabacova et al. 1978)

—8— LOAEL 16 ppm (Yang et al. 1993)

Developmental/Fetotoxic Effects of CS, in Rats

Exposure Effect NOAEL | LOAEL Reference
(gestation days) (ppm) (ppm)
6-20 | fetal weight 200 400 Saillenfait et al. 1989
| matemal weight gain 200 400
1 unossified sternebrae 400 800
1 malformations (incl. clubfoot) 800 (h)
Pre 14-0,0-19 1 pup mortality, dystocia 250 500 CMA 1993
| pup viability, mean litter size 250 500
0-18 40 (h) Litton Bionetics 1980
6-18 All groups: no effect on maternal :g gﬁ;
Pre21-0;0-18 toxicity; no fetotoxicity, no 40 (h)
Pre21-0;6-18 malformations
0-21 1 preimplantation loss 32 64 Tabacova et al. 1978
| fetal weight (and —gain) 16 32
1 malformations (clubfoot, 16 32
hydrocephalus)
7-14 1 teratogenic effects (sternum 16 (1) Yang et al. 1993 (in
deletion, coronale enlargement; Chinese, English
hydrocephalus) abstract only)

8NAC/AEGL-28; March 2003

h: highest; 1: lowest concentration




0t

£00T Yore ‘8Z-TOTV/OVN

wdd ¢g (pessed j0u) £00z 1aqueides ur UOTIOIN
(ew/Bu 019) | (sw/Bux 0zg) | (sw/Buz 0z8) | (ct/Bwt gpO1) | (cuwr/Bwt oyO1)
wdd og1 wdd oz1 wdd g9z wdd oge wdd oge
smoy g smoy moy | seInuTw Og seMnuTw Of

opIInNsSIg woqre)) 103 sen[eA Z-1DIAV

(¥681) uuewrya] WOL poaLIep sonfeA ,p[o,, ‘uosureduiod 104

esuodsal eoueploay — panqryur dnoin o, :

6

£00T YOI ‘3T TDHV/OVN

esuodse1 adeosy — pajqryur dnorn 9 :,

hE 4

(ew/Bw 091) | (sw/Burorg) | (cw/Bwio6p) | (sw/Bur oz9) | (sw/Bux gzg)
wdd og wdd 001 wdd g9t wdd ooz wdd g0z
smoy g smoy moy 1 sanum OF senumu g

SpUINSI(q Toqre]) 10 senfeA Z-1DIAV

sueumy W yonur Area o} pajoedxa J0U ST sj000
DIX010IN8U 8INDE 10 PIOYSOIY] 8sneoad 's :seedseruy

satoads

ussm1a(q $3198]J9 JIX010IN8U 9INoe Ul AJ[IqRIIRA

UOnw 83BOTPUT J0U Op BIEP 8snedaq s semedsiejuy

01  :I030ej Ajurelrsoun [ej0],

‘(3meyop) spotred swn 1806uo] 10] [ = u pue

spouad ew] 19110YS 10] € = U YHNM | = 1X D :Buyeng
Uy ‘widd 0001 ‘THON
(esuocdser adeoss peonper)
U p ‘mdd 000z 1AVOT
(s1e1 ur suonreIsi[E [RIOIABYA]) AHIOTX0I0MBSN ;jurodpuy
(v961) e 10 BraqpioH :serpris Aey

PassnasIp 2q 03 ‘Z-"IDAV

29 001 |G2 88|SZ SL|SZ SL| O oS
0O L |0 S2|0 21/0 z1|O O
0O 2|0 s2/0 21/]0 0[O0 O[O0 O 00§
0O Ssz|0 2|0 0|0 O0j{0 0|0 O 0s2
d V|4 V|d Vv|d V|3 V|3 Vv
o1 g 4
(oadd)
(peuqiquy %) eansodxy jo seq uorBIIueIuo))

SPU0Das 0M] UTYHM YDO0YS dujdele
ue 03 asuodsar ur eare adeoss jo Burquuro
:(esuodsai psuonipuooun) asuodsal sdessy

SPUODos g Uryiim
SNNUIIS }O0YS OULI109[8 PIOAR 0} I18ZZNn(
® 01 esuodsai ut eare adeose jo Burquur
:(esuodsai1 pauonpuod) esuodsal aouepIOAY

1591 Burquuno-ajod e ur s1eI JO I01ARYSg

(voet) e 30 Biaqpion

Apnis Aoy Z-1DAV




mn

€002 YoIBW ‘8T IDFAV/OVN

‘PapIoAE ¢ 1SN J0BIUOD UYS J091Ip pue
JUB3LLI UYS 018A8S € S1 g pmbrT "mooo Lew uondiosqe snosueiny e

(oL¥) (ogs) (o8¥1) (08%1) (Arewyaan)
00€ 009 009 1OV

018 (029 {0zt (Bunaesiq)

(8L) (91) (BurestpuoN)

0e 52 0's 1- 1DV

INOH-8 INOH-¥ INOH-I |©INUIN-OE | OINUIN-0T | TOTJEIFISSBL.)

« [((ma/Bux) mdd] AALATINSIA NOFHVD HOJ
SANTVA TOAV 40 TT9V.IL AUVININNS

/

P




-

Attachment 13

s10afqns syBWIYISE UI UONILISUOD0TIUCI] OU
saSessed [eseu Jo11)ue 2 Ul paqqnios wdd ¢ 03 dn suorenUIIUO)

9]qeUO01193{q0 PaIapISUOd
UONBWILIOR] )M UOIIBILLI 242 ‘Jeoty ‘asou :wdd oz
uorneLLL 243 2y 0) uonejdepe
UOHEBWILIOE] PIIW s uonje)rn 243 ‘[eseu ;wdd g ¢
wdd ¢ 1e uoneILLI 242
wdd g 3e uoneyr 243 apy) swdd 1 ‘€T ‘g
Apnis puosas ul 213A3s ‘Apnis auo Ul uoneILL 243 apif swdd ¢ ‘p

(p.1u0d) v)eq LIPIX0 ], uewny

as1o1ax2 Juimojjo}/Bunmp asuodsal ayewyise ou
as1019x2 Aaeay ul pagegua sjenplaipul Ayjeay
s1arowered uonouy Areuournd ur sagueyds 1ysijs/ou
UOUBILLI 1BOIY) ‘asoU ‘243 ajesapotu o) pjiwt swdd ¢
asuodsar onjeuryise ou
s1arowered uonoury Areuowrnd ur sadueyd ou
as1013x%3 Yim swoldwAs ur d3ueyd ou
UONIBILLIT JEOIY) ‘asou 94a ajerapout o3 priw swdd ¢
s19)weted uonouny Areuownd ut sadueyod ou
(1yS1[s) uoneyrLi aK3 10§ proysaayl :wdd |
asuodsal-asop ou ng
‘pajou UONBILLI JeOIY) ‘asou ‘a4 awios :wdd [>
wdd ¢ 01 dn - uongey yoe1) A1ojeidsar saddn Kjuo :s193159

(p.au0d) v)eq AIIX0 ], UBWINY

uonelLL 943 3 o3 uoneldepe
SINOY §'¢ 01 sanuiw maj woty paguel spouad amsodxyg

sienptatpur Lyyeay ¢ cwdd g

spoalqus Ayieay gz swdd g ¢ ‘€1 ‘8

s10alqns Ayypeay 001~ :wdd ¢-¢

s[o20101d awios ojul pajerodiodul ISI0IIX

spoafqns onewyise i ‘s1afqns Aypjeay Lo wdd ¢

SuIsioIaxa awios ‘s1afqns onewryse pue Ayieay g ;widd g

(aamisuas-apAyspleuioy ‘onewyse ‘Ayjeay) spalgns ¢z swdd |
wdd gz 01 91°0 Wol} paduei SUOIIENUIIUO))

(1081U00 [EULIZP YSNOLY]) S[ENpIAIpUL PIZIISUIS
pue sonewyse - suone[ndod ajqudassns Kjenusiod papnjouf
uoneLur joexn K1ojenidsar roddn pue 945 passaippy
S[enPIAIPUI (S 1340 ‘s1oalqns uewuny yim saIpuis 7g

Ble(q ANOIX0], uswiny

s1a8poy 281090
yosny 281090
ISIIMIAY [BANWIYD)

ueeue[ DO NN
1198euUB]y [BIIUIAY))

afewe] 'S BIAIAS
HSBUAS JJels INHO

€00 ‘8-L Y018\
L7 SunaaA sTOFV 103 92110 AI10SIAPY [BlonEN

HAAHAA'TVINIOL
1o

STAAAT ANITIAIND FANSOdIXd 4LNIV



Apnis aUO WOl PapNIOX3 §103{qns SANISUIS-UOU
AJUSIOLYRS € JO 10)ok) Alurenaoun satoadsenut

LI0JWODSIP 3[qeIOU - [-TDFY Ue Jo uoniugap 10f TVON ‘wdd ¢

ayerdnyarer K1ojenidsar sasearour Yorym SuIs1o1axa axom s1oalqns
pa1sa1 s1oalqns onewnyise pue Ayieay
s1aauttered Areuownd ui sjuaWAIdAP SIS 03 ou
(s10afqns 7¢[) uoneyLut 243 aqerapowt o3 piiw jwdd ¢
(dAHD W3S pates A[{e1auad ‘uonelLil 343 10y pioysaay (wdd |
uonelLL 10y asuodsai-uonenuasuod rea[d ou ‘wdd >

asuodsar ut Aj1jiqeLieA
UOHEILLI JROIY) ‘asou 33 st jutodpud

Salpmus 3 Jo TV 1 HOo|
:S3IPNIS UBIUNY 7 WOIJ dIUIPIAS JO WYBIOAM

[-1DAV jo uofealid(q

SI9IStIRY Ul O1U2ZOUIIRD 10U
201 Ul AN2IUZOUIdIRd MO}
SyuL[-ss010 urajoid-y N pue A1191X010149 - WsIueyoau
wnijayids A1ojendsar [eseu - o110ads-a)is
samsodxa s1uo1yo Fuimo(oy jel ut druadourores :Ayorusgoutore)

SW)SAS JO KISLIBA B UI 91X0)0UIT ANIDIX0J0UID)
s1ua303e19] J0U
£1191%0) jeUIa)EWU
sjyStam £poq [eiay padnpal :gg-9 'p'S ‘wdd o ‘0z ey
(6861 '[& 10 1eJUS[[IES) ANo1X0 [, 2Anonpoiday/euswdolaasq

(P)u0d) sAIPM)S [ewWiUY

syreap ou - widd g6
(6L61 T8 32 AwioBeN) *O7 mnoy-g :wdd 14
13SNON
stpeap ou - wdd gg¢
(6,61 '8 12 AwtodeN) %1 moy-p ‘wdd gy
(0561 Soxs) 07 anutw-g¢ wdd oz
(£961 ‘T8 12 UOLIO]) SsansIp Jo sudis maj ‘sAep p/sinoy g :wdd o[
ey
SUOIIBIIUIUO)) [BYIR]

(0961 npury)
UOIJBJIUAA dInUIW pue djex A1ojendsar up aseasoap twdd 1]

uondLISUodoYdU0Iq oy 1 1oj wdd 1 ¢°0
g1d eoumnn

(LL61 auery pue auey)) *“qy - wdd ¢
ISNON

(pJu0d) saIpm)§ jewiuy

(£861 “[& 12 BueyD 19861 89861 [¢ 12 UL3ION)
INOY [ PIAB[Op SO LIOES JI AIOA0DIL

wnijayds [eseu Jo sagueyd dA1BISUITIP 3I9A3S
sImoy 9 10 sajnui gg 103 wdd ¢
($861 [ 19 2qo 1) sudis ou - smoy g 1oy widd o

(99861 ‘€9861 '[€ 12 UBSIOIN)
SUOISa [eseu - sunoy 9 1oy wdd 9

(€861 'Te12 SueyD)
a1el Alojeaidsal ur asealdap 9,6 [ - sinoy 9 1oj wdd 9
(99861 ‘9861 ‘[t 12 uedioly) suotsa[ jerjdyids ou
uoneiLLL 3sou ‘43 Jo sudis [eunuiw - sinoy g 1oy wdd 7 ey
samsodxg anoy
suot1saj [erjaysida [eseu - TgYON dtuoayo :wdd ¢
Ano1uagourded passalppe
OIUOIYD 219M SUOIIBIIUIIUOD [BUII[QNS B SAIPIS ISON
S109J3 [BWRIqNS
wpyds K1ojendsal [eseu au) st 19818 L

saIpMS [EwIUY



otk

san[ea [euonednodo ‘paqqnios [[dm dpAYIP[ewIO] :SUOSeal
MO[ 00] 2JE JeY) SANJEA INOY-g Ul S}nsat Ajjensn
€ pue | = U JO sanfea j[nejap ‘elep ou :Jul[eds-swi |,
wdd gy = 01 £q D11 moy-y apraiq
wdd zg = 01 £q D7 amnuiw-(¢ IpLal(
(LS61 2INed PUk WIS) suswny ur uoyewuLioe] pjiu Kjuo padnpotd
-wdd p 01 9n[eA 2y} saonpal (€) 10joe) LHuielrdoun sawadsenut
ue Jo uonippe 10 (O] ) J03oe} Ajurenraoun satoadsioput 191213 e
suewny yim pazedwod juapor ayy ut 1ajeaid pider atow dfeydn
§ wdd /4 jo ¢-TDFYV Inoy-¢ = ¢ Jo 1019ej sardadsiaut 3|3uts Aq aprar(q
Anpeya) 10§ JTIVON :Apws 1eadar ut smoy g 10§ wdd gy

wdd gg¢ :syreap ou (gLe1 “[& 10 AutoSeN) )T oyt swdd 73y
« (0561 303S) *O71 amurw-o¢ ‘wdd ozg

(£961 '1& 19 uouIoL]) ssansip jo sudis maj ‘skep p/sinoy g :wdd op [
:sa1pnys 221y} Fuolue sanjeA JUIJSISU0))
105 918[NO[BD 0} BIEP OU ‘SIBI (1M SIIPNIS [BYIJ] pUe [BYId[qNS

€-1DAV Jo uoyeALdQ

<04/ 5%

uolIBILLIT 3Y) 0} S1Ndd0 uoneldepe
asnedaq suonernp ansodxa sS0I0L INjeA es IS :Furjeos-ow ],

sorneuIyIse SUISIOIaXa Ul UOIBIUAIUOD 109)J9-0U & 0} an[EA Y} 200p3i
pno 10108] Ajurenaoun 1age( € 1 Jo 10398y Surenaoun saoadsiou]

adeosa apadwit 01 ySnous 19438 uoneiLLl 243 10§ TIVON ‘wdd g

wdd g wdd ¢¢ wdd ¢ wdd gg | wdd /71 Sieap ot
wddpz | wddgy | wddg, | wddos | WddSET | s by (s190{qns 71) 219A3S P13PISUOD JOU UOLIBILLI 343
wdd ¢ wdd o1 wdd 1 wddzg | wdd g1y 0561 Soxs (LS61 amed pue wis) uoneidepe yim uonewLIoR pliwt qwdd g ¢l
wdd g wdd 7 wdd g6 wdd ¢; | wdd ggy - 1DaV [INOW BIA UOLEISIUIWUPE JNq ,‘90UBIONPUOD,, ABMIIE UL 3SBAIOUL

. : (pL61 se1SnoQ) s1afqns 9 Jo ¢ 10 uone)LLl 343 1wdd ¢
wdd g wdd g wdd g wdd g wdd g 7193V (bL61 Se[Snoq) s103lqns ¢ Jo 10§ uoneILLl 243 ou :wdd g
wdd | wdd | wdd § wdd | wdd | 1193V UONEILLII JEOIY} PUE ‘as0U 3RS 51 Jutodpug
NOH-8 Aoyt AnoH-| AMUN0E | MMUNOL [0 ooser SIIPNIS [BOIUI[D OM ],

uonean( dinsodxy

7193V Jo uopeALqQ



|

Attachment 14

£007 YOI ‘8T-1DAV/OVN
(‘s1oepe ejuswidoeasp a

‘59150] 'IGA][ ‘ASUDI{ U0 5308]J8 =
Do) -
uorssaidap (SND) WeIsAs SNOAISU [BIJUAD =
‘SOURICIUISUI STIODNW PUR §643 JO UOTIRILY =
'@noe —

SI180U0) PUE WISTURYIOUI AJ[IIX0],

‘sau0jey 1830 'y [ousydsiq ‘sejejdioeyiew
JO S68eUIUAS ‘JUBA|OS §8 ;U0 Pasn Alapim jsowr  —

esf)
‘(1e101 JO % ) sesseooid 1930 ‘[ouedordost jo uonepxo  —

‘(re101 Jo % 96) fousyd pue euciade 03 sprxo1edoIpiy
asusumo Jo afears[d pue ausumo jo uonepmored  —

(v661) 1O} oy g'¢ INoqe A3dede) - HorONPOId

‘prezey uoisojdxe pue a1y <
1% 9" ITe ut sy satsopdxe -
10 eBue1 1emor'yutod ysey mof ‘emsseid rodea ybry -

(L661 'Te 12 ToosAM
'000Z ‘eL661 T 1@ uojreq) wdd 98 — 1%

(L661 VHIV) wdd zg uesw "wioeb ‘widd £69 —~ 9'¢
SPIOYSaIY} UoT0a1ep 10po jo ebuer epim
*£ymug pue JusBund Apriur ‘ysrieems 10po. —
pmnby sssn0[00

sorpredoxd

8U03100y

£007 WIEW ‘8- IDAV/OVN
Awayg-pepuny) emsif)

:dnoarn pedxs usTLIoer) 10] I8MOLASY [E8dRueYD

Boef Jlopny
:dnoun predxy weuan ut 1efeuey resrmeq))

UeyeURIDON eI
:ysn 1eBeuvy reormey)

IsUSOY pPIeyIar)/Ssop amf)-susf

:(syueynsuo) [ea1fo[oorxo]) sI1SNUslds

yeiny ‘A&11D e es
£00Z '8-L Y21 ‘82-TDAV/OVN

*HO
o\ﬁ/of
(1-v9-L9 "ON “Bay SVD)
U039y
I0}

(sTOAV) Ss19ae] surapiny ainsodxy anoy




£00T YreW '8T-TOTV/OVN

qs661 e
19 uoIEQ
'e/66T TE
19 uojeq

swoldwAis yiesy

pue uorjejLul ‘AJIsusiut 10p0 paalaoled
JO S[OAS] 1I8MO] Ul PAIMSal Selq aANs0od
:sjusajos 0} amsodxs reuonednoso

30 A103ST{ OU UYHIM 5308[qns 06

sj[nsa1 1opo Hurpuodsaiiod yum
Ppote[e1100 A31Suajul UolelLLI paatsoiad
‘owrr} ym Lysualut ropo Sursesiosp
‘Buons L1ea-03-Buons se pajel 10po
:s108[qns pasodxe Aqsuotjednoso-uou g
‘ajerapoul

-0}-BOM SE POIel I0PO0 :SISNIoOM LZ

008

BE961 Te 19
BIYSNSIBIN

paounouold
arow swojdwAs pue subis saoqy

wdd o7 1e suou ‘wdd 052

1e AB1aus Jo yoe[ ‘sehe Aaray ‘UOISUS}
jo Bures} :sjurejduros 1ayye Hunour (1)
‘10p0 Jueseardun (1)

‘uonjeL sueiquiaw snoonwt BHg (1)
sjo0algns eyewr g

N—

000T 10 005

0S¢ 10 001

y umw oz
V

(smoy
g 1eye
Yeaiq
“uruI §%)
smoy 9

6661 Te 12
preBisury

ssaurzzIp ‘sseuydls jo Bures] ‘enbuie;
‘ayoepesYy SE ydns SN 93 U0 510958

10 sAemare 10 safe ur surojduids sAljeILLI
10 2’1 *HOFI0DsIp Jo sBurjel paseaiout ON
s309{qns asWI 01

05¢

smoy g

£p61 e
19 UOS[AN

amsodxa

moy-g 10} a[qeuortoaiqo pabpnl syoalqns
1SOWI UT 101y} PUE asou ‘sake 0} Burreiu
‘(peyeds 1eyuny jou) uonelnt WyLys
amsodxe moy-g 10 A10108)s1ies pabpnp
s1apusb yioq Jo s3oslqns Qf

00S
00t
002

sejnunI
S-¢

Jou

syIewIal pue $3109JJ9 ‘syelqns jo "ON

(wmadd) -ouo)

uoyeInp

amsodxy

v £007 WoTEN ‘ST IDAV/OVN
.aareu,, Areuoryednoosouou Of UT UBIPSUL uwidd g809'9¢
. @ATeU,, ATTeuoriednooouou Zg Ul uetpsw widd gg.'qt
0002 poasodxa Aqreuortednodo £z Ut uempewr wdd 699°'9¢
‘®/B61 TE «SHIuS,,
18 uoireq ploysaIy3l uorezelaje| o13eyisswayd Hoys
UOIJe]LLIT 1B0IY] ©10A8S
01 enp -uru g uey; 1eHuol s[(re1s[o} 30U 00e6 | senurux g
ve6l uonelIl jeo1y} 03 8nNp "unu
uebey g1 uey} 1eHuo] s[qeIso) J0U ‘3o3lqns | 009% uruI G
(esI19X%0
61 Te ,uorjeosrxolu], Jo uoyespul | 8leIspout 10
10 pieBfel ou 'payeds as1mIay3o J0U s10afqng | 1881 3e) 0112 smoy g
SuoISsas [01u0d 01 pareduiod se
SSaupPel) pue UONEILLI Je0IY] pUe 848 Jo
squrerdwoo sxow Ap3ybys ;wdd 052Z1 ‘0001 (feom
/skep )
G.61 Te | ‘(smoy g',) mdd pgz1 38 ssuodsai peyoas 0821 sImoy
19 {remalg Tensta uy asesout ‘sjoelqns sfew § | ‘0001 ‘002 ‘0 §'LI0¢
1661 s1ajswrered [elomeyeq
19119M | uo s308)10 JuedyTubls ou {(smsodxs smoy
-ssory | 8 Ylim Burseaoep A[snNonupuod) uonelrLn smoy g
pue 1eqeas | Tesoonwt aanoalgns !sjoslqns ofeur 91 X 7 0001 ‘sioy
s19jaurered ferolaeyaq
uo s308p38 Jueoyubis ou ‘soureiouue
pue sjureidwoo jo swoiduids aanos{qns
qzeel ‘Te 1201} PUE YInouw! ‘sake uo uoljeiy
19 194998 resoonuw aanoslqns !syoslqns erewr 91 0001 smoy §
uopeMp
‘Jod sirewal pue sye3je ‘spelqns jo -oN | (mdd) 'ouo) | emsodxy

suaeuInyy

1- DAV 01 Juead[al B3R




£00Z YOIl ‘87 1DIV/OVN

‘proysaxy} uonruboosl 10po aaoqe st 1-TOHAV reway
(sw/Bus oLp) | (ewy/Bux oLp) | (ewy/Bux oLp) | (sw/Bux oLp) | (cw/Bur 0Ly)
wdd 00z wdd 002 wdd 0oz wdd g0z wdd 00z

smoy 8 smoy moy senurul OF | semuTl Qf
seneA 1-1DAV
suorjeIjusUod 1I9YyBIY Je
yeam Ss1098JJ ‘s109]J0 Te00] 10 THON S®e wdd 00Z
1 :sepedseriu]

1 10308} Ajurelredun [e10L

amsodxe

10 smoy [eraaas Burmp asearour 03 pauodar jou
HOJUIOOSIP INode sjurejduwon ‘uoljepouuionse
‘10830 TeOO] Souls sjutod swirl [[e 10j Snfea suo

(6961 ‘TB 10 UOS[eN) S199junjoa
jo Ajuoleur ur uonrejun 1yBys wadd 00E

(6661 'Te 10 prebisuig) Ieyjoue ut J0u ing (eg961
‘Te 1@ 'IysnsIe) Apnis euo u HOJOISIP
noqe sjureidwod may ‘uoneun 1ydys wadd oGz

(L1 Te 18 Memalg ‘€F61 "8
10 UOS[aN) S[OIIUOD Ul Uey} usjyjo arow papodal
1ou (uoneyu) swoldwAs aanosiqns wmdd 00z

GL61TE 18 Hemals £P61 Te 18 UOSISN
‘egoBT ‘Te 10 BeIYSNSIBIN ‘6661 Te 10 prefisurg

1-1DIAV

syuodpuy

:serpnjs Aa)]

£00Z YOIE ‘8T IDAV/OVN

$E6T UMIM sInoy §'1 101e (srewrmue
pue Am(g erxele 'uonBiLUT 04" smoyy | 0P8'9l £-2)1d
uorjeAIeS Zvie
vzel uebey | pue uonewuoe( WOIS smoyg | I0GS01 (1) 7D
6E6L T8
10 Jyoeds uonewoel WYoBuS smoupo| 00812 (1)0idesumnp
(p ‘19359
0861 uoljejLLIL -SSIMSG)
‘Te 18 suey] K1osues 103 ®Qyu sanuIu Q1 a1G'LL osnNoON
1861 Te 12 UOIBILLIY (9 '1-d0
ziumea)) 8p fiosuss 10] 2oy sanum § 08v'cz ssImg) asno
uoneinq (wdd) (-ou *urens)
Jou 100yl emsodxy ouo) soweds
sTeuwrruay

1-IDAV 03 JueAS[al BIe(




£00Z YOTBN ‘8Z-1DTV/OVN

£007 YT ‘8T IDAV/OVN

(6661 soderey 19e) suojaoe Jo WIST[OqRISU a3 10] sAemiied

91940 proE O as00n9
d s1sausBosuocon)
elenD /
/ /
O h
0,
JLﬁno OH IO J80E0EXO
HO , H
|
(o]
vo0-Alsoy Lﬁ (o]
-—
vo0s” oy 2g- O, ol pioe ainukg
‘\« " //
HO H
OJ\’/ €, OJ\’/ O
pioe et oH W poe ooeT-g
H O—MV
HO HO

HO H
ephyepeeTl o 4 R rexoAiBiiyien
J\ A~ -
07 o

|

lowpuedoid-2* |- IH HO’HD jo1e0y
HO®HO“H™0™H M/ ¢
o} A O'H
*HO
(ajejeorojaoe snousBopue wos} 10 snoueboxa)
o M/oax [N ELV

Z-1DIAV 03 Jueas[al ejed




-

6 £00Z YOI ‘ST IDAV/OVN
sseursmorp Arerodwas 1ybys
pue amssaid poorq ut dorp WyBys
{(enumu/Bur £g8) smoy
Z 1940 Je auffes W ppz/ouocisse B o
el e | JO UOISTYUL “A’1 183 SOT8qeIp Z1 10} 0€Z 82
18 1e[yec} Ayiresy g1 pue / 10j senfea Uesiy S61/0%1 smoy g
. AB1aua Jo o[ ‘sake 09 0001
6961 .
‘eieE Aaeey ‘uotsuay jo Burnes; LS g 'eo 00S
smsnsgepy | Purwow jxeu swojdwés eanoslqns 0Z 'ed osz| smoyg
66 055| smoyg
1861 12 %@ £y 045 | sImoy 50
sneebBim sjoafgns Burisel 10} senfep feX> 00€ | smoy g'Q
6661 ‘T8 3@ pajou swojduids aanoafqns
preBisurg ou (M 09) esto1exa DT je enfep 8'91 0S5z| smoyg
€461
‘T8 1@ 02 01 'ed 00S
~usouIA 1d pejou saworduids sanosiqns oN 7 eo 001 smoy Z
- wwﬂ s1s9) reotbojomau ur s1ejeurered
4861 @ M8] U0 S108JJ8 e[qeuoHsanD €61 0S5z | smoyyp
18 umolg 0’6 05Z| smoyg
10 901 sefewy/soleN| ¢l '®/p0l| GZl| smouy
4861 T® ‘s1s91 Teo1Bojomsu uy 108)Je ON 29 G21 smoy g
30 umolg 1oas] emsodxe-aid 0’z ‘®0 --| smoyQ
P 12 Burisej 1e3e susumy 8seqo g (86 - 09) 08
‘p g Bunsej 19y sueUMY 8580 9 (Lz-1D LT
6.61 T 18 ‘sseqo-uou 9 (¥8 - L2) ¥P
preyoey ur (sPuer) enfea Ues|y
sonaqerp onopioeoley ul abuel 00L - 001
0002 !strewny
owol| Awresy Bunsej-uoy/ut aruy seddn o1 >
» (1/8w) | (vadd) owm)
pooiq snousaa | Jre uy aIns
Jo SHIRWISY/SII9JH ug "duoy) | "duo) -odx3

o £007 YOTEIN ‘$Z-IDAV/OVN
‘peje)s 981MI8Y30 j0U JI ‘eunry emsodxe jo pue je ‘B
Aranooal1 “juswniear; reolpewl |10 (uzL) oy
-pioe ‘uoissaidep Arojendsar ‘ured (4 8v) 02V
07 TesnNoIB OU ‘S§8USNOIOsUOdUN (g 81) 0592
S — ‘amz1es :5309JJ8 ‘B z4Z PIIYO (swmoiduids
-1essBM ‘(jouedordost ¢, 1 pue auojade jo jesuo
pue smuueh % GQ JO @INIXTUI) UCTBOTXOW] [e10 | Ioye Y 1) 0S¥y
A1aA0Da1 ‘Jusurieal) [eoTpawl (rendsoy
8.6l T ‘aarsuodse: Afewrunu ‘olbreyiay 0] UoISsTUIpe
18 nwey pazifejidsoy ‘uopesxojul [e1g 18) 0052
£1an0001 ‘JusurjesI) (19101
[eorpew ‘Austoynsut A1ojendsal P @uo) Q0
1661 T8 ‘snorosuooun pazieiidsoy uewr (axelut 10y
10 Bruriiez ‘(suojaoe amnd) uorjeorxojul e1Q | Y [eI9A88) 000Z
(&ep 3xeu) 081
Aroaooel ‘Jusuriesiy (4 01) 20¢€
- [eorpaul 'snorosuooun pazirendsoy (yuepiooe
1p61 ¥oeg | UBW ‘YI0M 1€ UoHe[e|Ul [BIUSPIODY [  I8ye | 8) 9tV
Jp6] Tete | DOIOU S108]J0 98I3APE OU ‘1993UNI0A (exelur 19958
prebbey | Aq “m-q By/Bu g "B JO 8¥EIUI [EI0 Y z) oL e
PH61 T8 10 peiou uorjearxojur jo subis ou 0EE 5012
preSfey ‘981019X9 ajeISpoWl 1Y Z29 ozy| smoyug
pejou uoresxolut jo sublis ou Z91 5012
b6l 1830 66 0921
prefSfey 'syoelqns Burisey (013 0zZy| smoyg
« (1/Bm) | (wmdd) ewpy
PoOIq SNOUSA | I8 U} ains
‘Jou SHIewWay /510055 uy "ouo) | -auo) -odxy

SNVINOH NI ANOILIDV JO SIDILIA ANV TIATT JOOTH ‘THNSOJXH

SNYINNH NI ENOLIOV J0 SIOZLIA ANV TIAXT OOTH ‘THNSOdXH

saguIngy

Z-1DAV 0} JueAs[ax eled




Acetons in blood D/\
400 - (mg/1)
300 -
200 -
100 -
X
0 T T T T T T T T T 1
0 250 500 750 1000 1250 1500 1750 2000 2250

Acetone in air (ppm)

2500

-O— Rats, 4 hours
—4— Humans, 4 hours
~@—- Humans, 8 hours (at rest)

—{J- Rats, 8 hours
—X— Humans, 8 hours
—— Humans, 8 hours (exercise)

NAC/AEGL-28; March 2003

11

£00Z YW ‘8Z-TDIV/OVN

41




14

£007 YT ‘8T 1DIV/OVN

£

s

£00T YoreN ‘877 1DAV/OVN

SUOIS[NAUOD DIUOIS YIM SISOIIRU smoy '] 8E6'VL
(vee1 sIsooreu sInoy 8°1 89v'8¥
YU\ | sInoy £°g 19)Je SS8UISMOIP 'SINoYy (g-2 'w+J)
pue Am(g §'] 1997 BIXElR ‘UoNEINUI 84y | SMOY H-GLE o¥8'ol 1D
smoy €1 529'2S
SUOIS[NAUOD e ‘ze68'1e
oruopd yim sisooreu deag g'¢ RAA AN
SUOIS[NAUOD OTUO[D YIIm SISODIBN sImoy §'p 0Z9L
erxele ‘sssuismoiq sInoy ¥605
10dngs pue ssaursmoIp bns simoYy §'p LVLE
$261 | UOmMeANEs pue uolewLos] IYLNS smoy § zvbz | (1 "son)
uebey 10 G501 1.
xaja1 Bunybu 1ood
‘(z) xape1 L1031pnE OU ‘(B) SISOOIBU smoy g
(z) s1sooreu ‘(g)
Xo[ja1 A103IpNE Ou ‘(g) SsauIsmoIp smoy '8 (o1 '3)
6€61 T erxeje smoy p bid
10 1ydadg uopeurtoe| 3ybis smoy ' 008'12 BoUMY
smoy £'0>
18R S[eWIUR 7/ Ul sisooreu deap smoy 4’0 0EL'PS
smoy Z°1-4'0
(ve6t | 19ye srewrue /g Wt sisooreu dasp smoy 9’1 80Z'0Z 47
YHIM SINOY /'/-6'C 193Je S58UISMOIP -z ‘aqym)
pue Lngg 'sINOY £°Z-9°'1 19y eIXely sImoy g°/ ozv8 8snoN
{ou
uopeIng (mdd) | ‘urens)
“Jod 10e35d emsodxs *2uod) seeds

oo e Ut pasesd Burpuodssy | seINUM OF 000'95

somu jsowt ur paseed Butpuodsey | sejnuII OF 000'0€

1s93 TeIotrByeq Jueledo (seLez¥)

1861 ur esuodsa1 paseeIosp :8Dg | seInunU O ¥69'01
smaq 1891 Te101ARYaq jueIado (z1
pue u1 esuodsel pesee1dap 'O H | SSINUTW OF 00Zg | ‘'wr'1-an)
MO suoN | sewnumnu Og 0001> oSNON
(ee
Ayorxoy Jo subis yeaooN | P 21 'P/U9 009'9 3 :1-an)
8861 LN SYjesp OU ‘SISODIBU 819A8S g 000'11 osno

amqrey Arojenidser | Y GZ'g-GL'1 | 00E'9Z1

xapge1 BuryBu pue feswroo Jo sso | Y ZH'0-L1'0| 00E£'9Z1

amiprej A10jeridser qe-g§e 002Z'v8

xope1 BuryBu pue [eswiod Jo S§O[ | Y €8°0-SE'0 00zZ'v8

amyrej A103811d831 YS5-9Y 001'zY

X9[ja1 [8auU10d JO SSO[ ye'1-sL'l 001°CY

xeye1 Bunybu jo ssol yLeZe 050°12

61 uoneurpioodut yzvLl §25'01
19 auou ug (11847 ('s'om)
prebBey SUON usg 5012 ed

JMmoyp resnore Yim sisoudiy smoy g 008£'sZ

elg6] | SINOY @ Iaye A10A0081 ‘UOHIB[NUINS

uosI1ajad JO 8oUSSE U S[IJOUIUI! STeWUe sImoy g 000'61
pue UOROUIoI0] (g 'wx ‘gs)
Iswyorug pairedurt Yilm erxels sjmuyaq smoy ¢ 009'zt 1°d

01 - 1 Aep uo asuodsal soueploae

1 Lep uo panquyur esuodsal 000'91
961 adeoss ‘Aep 1s1y o131 BIXele 10 000'Z1 (o1-8
Te 10 BIXB)B OU skep Q1 0009 ‘7 '"2dD)
Braqpiod suoN | o1dn'p/yp 000 ed

(-ou
uonwIng (audd) ‘uyexs)
‘Jod P91 emsodxy -ouod sepeds
sTewITuy

Z-TDAV 03 JueAd[al BIR(




9l £007 YOIB ‘877 1DAV/OVN d 50d SINOH———bt ;:aonxw\v
¢ qv, ————ainsodx3y jsod s H 0 §5N0 K
0
(cw/Bux 0OLET) N A s v ¢ z L €& & b
~udd 0085 =

:semurw 01 03 Bureos awm) :8AIBUISNY

(% 9'2) ITe Y apuy aatsodxa J8mof JO 01/ Uey3 Jeudy seneA :, wdd 0p9‘gg O--+-0
=~ wdd goe'se v >
(cwu/Bw oope) | (cw/But 00LY) | (ewr/But 0052) | (sw/Buz 0036) | (ew/But 00G6) wdd 000’6} 0=-~~0 s
wdd 00p1 | wddoooz | .wddooze | .,wddooop | .wdd 000v sudd 009'ZL e——¢ =
uo|jRJUBIUOD BUV}8dY _ g
smoy g smoy ¥ moy | soUMU O | seIuIuI Qf 5 \ﬁ \\M‘\ 2
2 — 5]
senreA Z-TDAV Y AT @
SUBWMY UI YonuI A1ea 0} pejoadxe jou sl e M\\\W m
s108179 SN 8Ioe 10§ ploysaIy) esnesed g :serdedsernyay M\y \N
(\
(wdd 0og ‘2-TOHIV U-8 'widd 009 :Z-TDAV U-p \.v/,/.
aa1b pmom Q1 = J( 1e103) mr....
elRp UBRUMY YUM s[qredurodul ¢ Jo 1030e]
o
‘seroads usamiaq §109§Je OTX010MaU (1861) T® 10 Jeuxyonug

8IN0E Ul PUe SOTI8U{ONTXO] Ul AIqelIea
onuwr 81esIput J0U Op BIEP asnedaq || :semwadsiajul
amsodxs auo 19]Je STeWTUE [EI9ASS Ul BTXRIY #

€  u03dej Ajurelrsdun [ejo],
asuodsai edeosq :, 'asuodsal 9oueploAy pauquul dnoIn % ,

‘(3amejep) spousd suiry 186u0[ 10] | = U pue
spoued aui} 1910YS I0] € = U YIM '{ = 1X D :Burmess 0 O 0 S]] 0 S| 0 L| 0O LE
up ‘widd 0009 *TAON 0 0 o 0olo o]0 szlo e}
(esuodsai edeoss pasnpal ‘eIxele) 0 0 0 o|0O O}|0 O)O0 Ss2¢
-4 ¢ 'mudd 00921 .
. 0 0 0O 0j0 0]/]0 O[O O0Oj0 O 000'€
Yy ‘'wdd 00021 TIVO'T
S181 UT SN UO S1005 :smodpug 9 V|3 V|d V|3 V[d V| |d 4V
B1g61 UOSI8I9J pue Isuyonug ot E v € ¢ ! (aadd)
%961) Te 1@ Breqpion :serpnis dey (penqryur %) exnsodxy Jo sheq uonBIIUaIUO)

Z-1DAV (v961) Tu 38 Bregpiodn




81 £007 YT ‘8T IDAV/OVN

(sw/Bux
0001'92)
»udd 000’11

:senuru O 03 Burress auIm) :SAITRIIONY

"(% 9°2) Ire ur yrun sa1so[dxe Jomol Jo 01/1 UBYl Ssoaﬂmuy

Ll

€007 WIW ‘8T IDAV/OVN

=

(sw/Bur 0ozg) | (cw/Bux 00GL) | (sw/Bur 0oop1) | (sw/Bux 00081) | (eur/Bur 00081)
wdd 0091 L~udd 00ze ~wudd 0019 «~wudd 009Z ~audd 0092
smoy 8 smoy ¥ moy | soMUIUI OF sanumI 01
au03edy sen[eA £-TOAV

sueumy uf

yonur Atea o} pajoadxae jou s1 SND a3 U0 s109p39
OIX030IN8U 9INoE 10] P[OYSaIY) 8} asnedaqg

€ :saedsenyuy

(wdd oLy *Zz-TDIAV Y-8 ‘widd 056 :€-TOIV UV

aa1b pmom Q1 = AN [e101)

elep veumy yim siqueduiodur g Jo 1030e]
Yz-THHV @9s) 1 :serdadsieju]

€ :7030e} LJUTEI8OUN [EI0L
awr} Jo spousd 196u0[ 10} [ =U pue

auuy) Jo spouad 190Ys I0f E=UIM Y = 1 X ;D :Buarmeng

smoy ¢ ‘wudd 0pQ'Z] e sie1 ut Ayeyia] oN ;urodpuaqg

smoy ¢ 10§ wdd 009'Z1
07 emsodxe Burmoroy s1el ur AJeyis] oN
‘1861 UO0SIS8J pue Isuyonig

smoy  wdd 000'91
01 amsodxe Buimor[o] sfewtue 9/1 ui yiead

((z961) 'Te 10 YIAwWS  serpms Aoy
£-1DAV

PEGT UMM
pue Amiy syyespoON | smoy 'l | 8E6'PL D
sTeuwIfue /1 ul yeaq smoyy | v¥6'9C
¥ze1 webey sfeunue /1 ut yyesq smoyg | 09Z'12 Ei:7e)
uolsue)sIp repruswoib
6E61 ‘ewieps ‘uonsabuoo Areuournd
‘e 1@ yoedg ‘sfewrrue g/g wi yiesq | smoy p-g | 000'0S | Bid esumy
2861
Te 18 AoI8WZ] (pairodai s[relap ou) %o yzl| ost'so 8sNoN
syjesp ou 'sisooreu desp Lo 0E£L'¥S
bE6T YHIM saInunu (-9 I18Yye s[eurnre
pue Amig £/ ul y3eep !sisooreu deaq yi!l oie'ov 8sSNoW
e1861
uo0s1919d
pue suyonIg ¥ v yg| 00L'SS 18y
e1861 (peurodal
uosisled 10U sYESP Jo'ou ‘pasodxa
pue 1suyonug sje1 G) smoy g 1e3Je [ey3a] yz| 00905 3. |
6561
Te 1@ [uezzoq %01 yy| 966'1E ey
6561
Te 18 Tuezzod %01 yg| z60'12 1ed
2961
Te 1 PAwg (sTewrre 9/g wi yieep) ¥ D1 up| 0002E ed
2961
Te 18 yhwg sTewrue g/1 ut yieeq up| 00091 red
uwopemq | (wmdd)
soueiejoy ey | eansodxy uo) sepeodsg
ey

£-TDAV 01 JuBAd[aI BIe(




0T

£00Z YO 82 IDAV/OVN

61

£00Z Y218 ‘8T 1DTV/OVN

(cu/Bux
0001'92) {(Avreyio
»wdd 00011 £- 1D AV
(wr/Bux
00LE1) (Bunqesia)
,wdd 0085 Z-" 1OV
(cur/Bu oLp)|(BUNqeSIPUON
wdd 00z - 1DV

:senurut O 01 Buyeos surl :8ANRWIANY

‘Junoooe ojuT ueye] oq 1snuw uorsoidxa jo prezey jsurebe
suoneIapIsUoD Ajeyes ‘arojeray], ‘(wdd 000'9Z = % g'z) Ire ut auolsde
Jo qruI 8aisojdxa 1Mol ay3 Jo 01/1 ey 1eyBSIy are suoneHRUSdUo) I,

‘pOPIOAR 8( IS 10BIU0D 946 'JUBILLL 846 Ue ST duojade
pmbr eourg “INoo00 Aewr suojeoe pby jo uondiosqe snosuen) B

(gw/Bur (stu/Bux (ew/Bux {(cu/Bux (cuu/Bur
00L'€) 00S'L) 000'#1) 000'81) 000'81) (Anreusa

wdd gogo'1 | »wdd poz'e| »ndd 001'9} »wdd 009L | »wdd 0094 €-THAV

(sw/Buwa (gu1/Bux (gu/Bux (cut/Pur (cw/Bux
00%2) 00LP) 009%) 0056) 005'6) (Bunqesiq)
wdd gpo't | wdd 000'z | »wdd 0oz'c | »urdd 000'% | »wdd 000'F Z-"TH AV
(cwr/Bur oLp)|(sw/Bru oLp)|(cw/Bux 0Lp)|(sw/Bux oLp)|(cw/Bur oLp)|(BUTAESIPUON)
wdd goz | wdd ooz | wddpoz | wddgoz | wdd ooz 1- 1AV
INOH-g INOH-¥ INOY-1 |eINumN-0f | ©INUTN-0T | TONEBIYISSEL)

« [((uz/Bm) wdd] INOLIDV HOJ
SANTVA TOIAV 40 TTAV.L AUVININNS




£00T YoreW

‘87 IDAV/OVN

{st/Bur 0000°'0F)
~udd 000°'LT

:seqnumt O 03 Butfeos sum :eAnjeRWIBNY

-

14 £00Z YT ‘87-1DAV/OVN

-BunyBu Jo sso parmooo Apyusnbay Sunuoa
pue (Bumyole:) Bunjoyd ‘xepe1 Bunybur jo ssoy Y "€d wdd 08%'91

K1eao0s1 'sisooreu doeap ‘xega1 Bunybur jo ssof UMNU 08 wdd §Z9'25
Buruzour 1x8uU yieap ‘enoqe se swoidwhs yy wdd pH6'9Z

(enoqe ses — wdd QLpET 01 pesodxe useq

peY [eulrue ST} ‘810J9q SI0W IO SYOIM Z) amsodxe
Jo pus 1s1ye Humuow & uo yiesp ‘aaoqe se ye wddpoz'iz

jeep Ou 'SUOIS[MAU0D OTUO[D ‘SAO(E SB yg wddggg'1z
yiesp ou ‘(xopel 1idnd pue Bsul1od
‘BuryPBir) sexspjal Jo SSO] YIm SISODIBU 819485 ye wdd oLy’

“(% 9°z) 2re ur | aatsojdxe 1omof Jo O1/1 Ueys 1eybry senfe :,

s180 pE6T ULIM pue Amiq ‘pz61 uebey

smoy z 1e3e yiesp ‘| asoqe isn{ a100s moy 1 18ye wdd 009'0S

(ee/Bw 00LS) | (sw/Bw 000'11) | (sw/Bw 000'22) | (cw/Bw 000'L2) | (swr/Bux 000°LZ)
wdd 00p2 ~udd 08P ~uxdd 0016 ~udd 00511 ~udd 005'TY
smoy g smoy ¥ moy 1 somnuIuI Og sanuuI 01
sanfeA £-1DAV
sueuwmy ut
yonuw Area 0} pajoadxas jou ST SND 83 U0 s3o9j38
OIX03j0INSU anoe I10] poysaIyl 8yl asneosdyqg
e :soedsenu]

(snoqe oas) 1 :serdadsieiu]
€ :1030€] AjUTElIedUn B30,

surmy Jo spouad 186u0] 10§ [ =U pue

aurr Jo spotrad 19U0Ys 10] E=U YIM { = 31X ;D Buarreag
y ¢ 'widd 000'61 *"THON

wdd gp0‘e1 Burpasoxe
SUOIIBITUSOUOD e S108]J8 Burtuaiesn|l-afi] 919495 syaodpuy

A1ea0031 \pa1modo
SSOUSNOIDSUOIUN Jet]] 91edIpuUl pajussald S10118 prepuels

o1 (Y 1 ‘widd 009'0G Ie 8100s se) | aaoqe isn e100s :smoy £ wdd Q0g'ST
K1enooel 'g — g o100s :smoy £ wdd 000'61
t — £ e100s :smoy ¢ wdd 009'Z1

§SOUSNOIOSUCOUN (| MO[a] IO 1B
JMoyJTp [esnore yum sisoudAy :g-1
UOTIR[NUIT}S JO 80Uasqe 83 Ul S[IOUIUI] S[eWIe (g-Z
UoNowWoo0] Ul AMOYJIP YIM BIXEIE 81[Ugep 'H-g 81008
siel 'e[g6] UOSIaled pue 1euyorug
:sarpnis Aoy

€-1DIAV dAnEBWIdY




14

s

£00T Y218 ‘8T TOIV/OVN

wdd gg9g = (3mejep) 91 x wdd 1p
:§S8USIEMY 10PO 10UNSIQ JO [9A9T =

widd 1§ :e[((e] WOI] onfeAa 1SOMO] dYe], =

{(mdd 0°0 oq pMmom ploysaIy} 1I0po sousIsjel [ouenq)
Pioysany} 10po pajoelIod JO UOeMOEBD ON =

sployse1y} A1010eJ[0
[ouBINg pUE SUO}8dE USOMIS( UOIR[SII00 ON

(,,'-omseaw pioysemn|} ajqerner1 e seplaoid

11 aours suonjeondde *** 1s0W 10J 8210YD JO POYISW,,
¢ ,OSEDITRIS POYIpOW ‘80101 D-PadIo] ‘aATjeuIale
-0M3,,) poyieul a1ep-01-dn YIIM PoUTIIISISP Sanfep

(L66T) T8 12 PIOOSAM. =

jueoygruBis A[[eosnisie;s jou sesualeip !, dnoib seiq eantsod,, (# L, dnoib
seBIq eanebau, :, !qL661 T8 19 uoie ut dnoif seiq erneu,, se senfea swes :,

, AL661 ‘Te 10 uoled| (8'vL) 0992 PI0J-22 6'GEL
» dL661 Te @ uoed| (611) L'90E PIOJ-LE ¥'€S
. BL66T 'Te 10 uoleq | (2°'1€1) £'G6€ PIOJ-S¥ 6'€8
L661 'Te 10 DoosAm LvT PI0J-92 ¥ aU0190Y
, 4.661 TR0 uoNeq| (£L'2) 02'S PI0J-€8 920
. 4661 ‘TR 18 uoea| (OL%) £2'S PIOJ-1€ 520
. BL66T TR0 UONERd | (V0'1) 2LC PIOJ-0% 0Z°0
L661 T 10 MOosAM L6'C PIOJ-6E1 91°0 foueng-u
(ES) weey | oner ,,GZ/,,G/ | URTPSIN
‘Jou (mdd) progsarq) uonelsp 10pQ | esueIsqNs

s1sajunioa (pesodxa Areuoniednooo jou) ,8AreU,, I0] SONEA

ssauaIeMmy JI0PQ 1PUNISI JO [9A97]




Attachment 15

Discussion Topics

| & Odor ... LOAD Some inherent waming?
o Hori (vs. Gemert)

P . AEGL Committee request at Sent. 2002
; Meeting:

« AEGL-1: Headaches vs.Slight Diziness
« AEGL-2: Prenarcesis . Disabling—. ‘Abilityte Escane’

o Carcinogenicity
- Impact of Q,* on loxleologv—llasoll AEGL values

Odor Detection - Hori

non-protduction workers in PYC plants
« 510 individuals frem 15 plants studied for ‘Stench Perception’

_ 58%st the nen-reduction werkers = ~200 ppm D}
Gomert

— 58% of the preduction werkers =~350 ppm

- ‘Minimum perceptive concentration’ (aka. Oder Detsction)

— 10 ppm{sr nea-preduction workers
- 20 ppm{oer production werkers

Neto: Oder Dotectien is geod waming fer AEGL-1values ostablished

o Studied “stench perception” of production




Lester et al, 1963

o Study Design

« Expesed 6 subjocts (3 men & 3 wemen) te 0, 4000, 8000,
12,000, 16,000 and 20,000 ppm

o Expesures were 5-minute duratien
o Each aduit was subjected te a diffsrent expesurs Sequence

Headache
Lester etal., 1963
A R G SR

» 4000 ppm - No offect
« 8000 ppm - Subject 3 "slightly heady™.. Gthers unafiected
o (samo subject slightly dizy in resm alr)
« 12000 1pm
o Subject 2 unsure, ssmewhat dizzyin middle of expasure
« Subject 6, rectling, swimming head, "Just like geiting yas™
o Others unaffected
+ 16,000 ppm [(Ne effect by subject 5)
« Ailethersrepert various desrees of intexication with dizziness, ligin
headedness, seme nausea, dulling of visual 2 anditery cues
« these symptoms disapnoared rapidly upon termination of the sxpesure
o 20,000 ppm - All subjects repertad intexicating effects. Subjoct 1
reperting a headache that persisted for 38 minntes. These symptoms
apneared earfier In the expesure than at 16,000 ppm and the symptems
were mero severs than at 16,000 npm.




Lester etal, 1963

. o Conclusions
p « NOAELis 8000 ppm
« Sahject 3 nnaffected at 12,000 ppm (Same subject slightly dizzy
upen expesure to reom air)

« LOAELIS 12000 ppm but may be higher

« Effects shserved ars attributed te vinyl chieride becauss:
« agdese-respense is ohserved hotween 12,000 and 20,000 pPM
« Subject 6 apnearedts ho mers sovercly affscted at 12,600 pam
than 16,000 pam which may net be real
« Effects disappeared rapidly feliowing tormination ol axmesure

A headache that only lasts for 30 minutes Is not typical
3 most likely, was due to vinyl chioride exposure.

b Patiyetal,193

o Results
« Bpesed 2individuals te 25,000 pym for 3 minutes
« Dizziness and slight diseriontation
« Slight headache netedl which lasted for enly 30 minutes.




Patty et al., 1930

e o conclusmns

« Results are consistent with Lester
o headache reparted which jasted suly 30 minutes

Ry Baretta al, 1960

B o Sty Design

o Bxpesed individuals te Vinyl Chieride
o 50 pEm (6 Individwals)
o 250 ppm (4 Individuais)
e 300 HDM
o Tindividuals for 3.5 heurs
o Aindividuals fer 7 heurs
 Bxpesures were 3.5 hours duration with 0.5 brferlunch (ne
expesure) fellowed by anether 3.5 heur duration expesure




Baretta etal., 1969

o Results

« No complalnts or changes in nourslegical responss

o 50 ppm - Ne sffsct
« 250 ppm - Slight eder detected forfirst 5 minutes

« 500 ppm - Slight eder detected forfirst 5 minutes
« 2 of Treportod headaches

Barettaetal. 19

o conclusions
« only2 Individuaisropertod headaches

« theymestiikely sccured near the end of the 7-heur Xposurs
and net within the first 3.5 howrs

« AEGLCommittes assumed headaches reperted wers ehssrved
after 3.5 hours

Does the AEGL SOP allow the Committee to re-assign the headaches to
3.5 hours when the authors did NOT specifically state that the headache
reports occurred at the junch break?

Past AEGL practice in handling symptom reports has been:
even if the authors report a time sequence for symptoms during a

specific exposure, the complete exposure time is used to define
whatever AEGL level the data are used for.




Baretla et ﬂl.. 1969

o ennelusmns

o Bedy burden fellewing the 2 expesures in this case wenld saly ke
slightly less than what subjects wenld have experienced in a
T-heur continuous oxposure

o Headaches reperted for this particular expesure can snly bs
b attributed te the tetal expesure & nette a pertien theresf witheut
- specific informatien to the contrary.

Summarv ﬂllallalllﬂ data

AEGL2

25,000 ppm 3 min - diseriented, dizzy
20800 M 5 min - Intexicated, headache
16,000 ppm 5 min - dizzy, intexicated, dullvisual, dull auditery

* LGREL 12,000 ppm 5 min - 1somewhat dizzy, 1-tesling, swimming head
NOAEL 8.000mem 5 min - ‘slightly heady
NGREL 500 mpm 35hrerlhr- 2ei7developed mild hoadache, no nearelegical effects

250 mm 3.5 hr- slight edor detaction (15t 5min) -ne offects
S0pm 3.5hr-slight ador dotection (15t S min) -ne offects




Calculating AEGL-1 (NON-DISABLING]

o 10-amd 30 minute values sheuld use data from Loster using 12000 ppm
{allows for C' rathor than C?)

o One-, feur- and 8-heurvalues sheuld use Baretia value (420 min}

« Nete: One-hour conld be calculated hoth ways and use the average
value

Calculating AEGL-1

10 min 30 min 60 min 4 hr 8 hr
310 310 250 140 70

Current
AEGL

To be 2000 670 333 (Lester) 280 140
considered 500 (Baretta)
415 average




Galculating AEGL-2 (DiSABLING)

o REGL-2 values hased on NOAEL of 12,000 ppm (Baretta)
o Consideratiens:

« Effects reperted by Lester at 16,000 or 20,000 ppm de
not appearte he truly disabling
- Data suggests an oven highor number than 20,000 ppm could
bo used
— Consider study by Patty (25,000 ppm fer 3 minutes)

o Propesed Basis: Using a minimum value of 20,000 ppm
allewed the fellewing AEGL-2 values te be calculated

Calculating AEGL-2 (iSABLING)

Recall: Flat-line

10 min 30 min 60 min 4 hr 8 hr

Current 2800 1600 1200 820 820 /

AEGL
To be 4710 2700 1925 1360 1360

considered




Results

10 min 30 min 60 min 4 hr 8 hr
AEGL-1
Current 310 310 250 140 70
AEGL
To be 2060 670 333 (Lester) 256 140
considered 3500 (Baretta)

413 average

AEGL-2
Current 2800 1600 1200 820 820
AEGL
To be 4710 2700 1925 1360 1366
considered
AEGL-3
Current 12,000 6800 4800 3400 3400

Calculation of AEGL-1

C'xt=kfor 4 and 8 hour

AEGL-1
Current Proposed
C x1=kfor 30 & 60 minutes (10 min C'xt=k for 10 and 30 minutes and 1,
=30 min) 4 and 8 hours

k- (491 ppm)’ x 210 min = 249«x
10E+10 ppm’min

k= (12,000 ppm) x 5 minutes = 60,000

m min for 10, 30 and 60 minutes

AEGL-1

+10 ppm ‘min____
k= (491 ppw)’ x 210 min = 103110
m min

k = (491 ppm)i x 420 min = 497 x
10E+10 ppm min

10-min AEGL-}

= 30 min AEGL-1
=310 ppm

10 min/3 = 60,000 ppm min

C = 2000 ppm

30-min AEGL-1

TC x30min = 2.49 x 10E+10
ppm’min
=939.25

=939 ppm/3 = 310 ppm

30 min/3 = 60,000 ppm min
60,000 ppm min/30 minx 3
€ =677 ppm

Cx
C = 60,000 ppm min/i0 minx 3
Cx
C=

1-hour AEGL-1

= C 260 = 2.49 x I10E+10 ppm” min
=74

= 745 ppm/3 = 250 ppm

C x 60 min/3 = 497 x 10E+10 ppm min

C x 60 min/3 = 60,000 ppm min
C = 60,000 ppm min/60 min x 3
€ =333 ppm

C=4097x 10E+10 ppm min/60x 3
C = 500 ppm
Average = 415 ppm

C x 240 min/3 = 4.97 x 10E+10 ppm

L

4-hr AEGL-1 C x 240 min = 103110 ppm min
C = 430 min
= 430 ppm/3 = 140 ppm C =497 x JOE+10 ppm min/240 x 3
C =280 ppm
8-ht AEGL-1 T s 480 min = 103110 ppm min C x 480 min/3 = 4.97 x 10E+10 ppm

C =214 ppm
214 ppm/3 = 70 ppm

min
C =497 x 10E+10 ppm min/480 x 3
C = 140 ppm




CGalculation of AEGL-2

AEGL-2

Current

Proposed

C?xt=k for 10 and 30 minutes & 1

CPxt=k for 10 and 30 minutes & 1
and 2 hours flatlining from 4 hr to 8 hr

and 2 hours ﬂatlining from 4 hr to 8 hr

k= (12,600 ppm)“ x 5 min = 7.2 x
10E+8 ppm’min

k = (20,000 ppm)” x 5 min = 2.0 x
10E+9 ppm’min

10-min AEGL-2

C7x 10 min = 7.2 x [0E+8 ppm” min

C7x 10 min = 2.0 x 10E+9 ppm’min

C =8485 ppm C=14142 ppm
10 min AEGL-2 = 8485 ppm/3 10 min AEGL-2 = 14142 ppm/3
= 2800 ppm =4710 ppm
30-min AEGL-2 | C”x30 min=7.2 x 10E+8 ppm’ min C¥x30 min = 2.0 x 10E+9 ppm’min
C =4899 ppm C=8165 ppm
30 min AEGL-2 = 4899 ppm/3 30 min AEGL-2 = 8165 ppm/3
= 1600 ppm = 2700 ppm
I-hour AEGL-2 [ C”x 60 min=7.2 x 10E+8 ppm’ min C7x 60 win = 2.0 x 10E+9 ppm’min
C = 3464 ppm C=5773 ppm
1-hour AEGL-2 = 3464 ppm/3 1-hour AEGL-2 = 5773 ppm/3
= 1200 ppm = 1925 ppm
2 hr steady state | C”x 120 min = 7.2 x 10E+8 ppm’ min | C”x 120 min = 2.0 x 10E+9 ppm’min
C = 2450 ppm C =4082 ppm
2-hour steady state = 2450 ppm/3 2-hour steady state = 4082 ppm/3
=820 ppm = 1360 ppm
4-hr AEGL-2 4-hour AEGL-2 = 2-hour steady state/3 | 4-hour AEGL-2 = 2-hour steady state/3
=820 ppm = 1360 ppm
8-hr AEGL-2 8-hour AEGL-2 = 4 hour AEGL-2 8-hour AEGL-2 = 4 hour AEGL-2
=820 ppm = 1360 ppm

criteria

o 12,700 individual subjects in IARC study

Gancer Issue - Ward et al., 2000

o Started monitoring workforce in 1955

o Numbers of individuals are greater than 12,700
since workers hired <<1955 only satisty higher

10



P cancer Issue - Ward etal, 2000

mulative exposure

Liver cancer incidence from all countries by cu
Cumulative exposure Number of Incidence SMR
(ppm.years) individuals (observed/expected)
unknown 2243 2/3.19 63
0-734 9532 11/10.26 107
735-2379 2772 9/3.32 271
2380-5188 1463 10/2.62 382
5189-7531 515 10/1.77 566
7532+ 215 11/0.96 1140
Total 12700 53/22.11 240

e of the follow-up of mortality and

Table 12 of Ward et al., (2000). Updat
ers employed in the vinyl chloride

cancer incidence among European work
industry. IARC Internal report #00/001
Note: Number of individuals cited for vario
to >12,700 since individuals can meet more

us employment intervals add up
than one criteria Table D.7.

cancer Issue - Ward etal, 2000

Liver cancer incidence from all countries

Duration of Number of Incidence SMR
employment (years) individuals (observed/expected)

<3 10.961 1/1.61 62

3-6 8999 3/1.44 208

7-11 6919 7/1.35 517

12-18 4610 5/1.42 352

19+ 2006 13/1.46 893

Total 12,700 29/7.29 398

Table T1.7 of Ward et al., (2000). Update of the follow-up of mortality and
cancer incidence among European workers employed in the vinyl chloride

industry. IARC Internal report #00/001
Note: Note: Number of individuals cited for various employment intervals

add up to >12,700 since individuals can meet more than one criteria Table

D.6.




Gancer Issue - Mundt et al., 199

Liver cancer incidence

Length of Number of Incidence SMR
exposure (years) individuals (observed/. expected)
1-4 4774 7/8.43 83
5-9 2383 10/4.65 215
10-19 1992 39/5.74 679
20+ 960 24/3.49 688

Table 21 of Mundt et al., (1999). Epidemiological study of men
employed in the vinyl chloride industry between 1942 and 1972:
I) Reanalysis of mortality through December 31, 1982; and IT)
Update of mortality through December 31, 1995

SR

o Kielhorn et al, (2000) concluded:

"Fortunately, it seems that ASL is correlated
with only high exposures over long
periods.”




-

o Neincrease in cancer risk hased on:
« years worked [1-3 years [Ward) or -1 years (Mundtl
« ppm-years (<134 ppmysars Wardl)

Thus, it is highly uniikely that there would he
27 an increased liver cancer incidence following

" a single exposure tovinyl chioride.

13
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Calculation B:.
unit risk for childhood (possibly first 10 years of age) EPA
(2002), Transformation by default procedure to single exposure
(SOP: i.¢. linear transformation, correction by a factor of 6)

unit risk childhood exp.: 4.4 x 10 per ug/m’ (first 10

years)
1:10,000: 22.73 pg/m’
22.73 pg/m’ x 3657 = $3.1 mg/m’
83.1l mg/m’ x 1/6 = 13.85 mg/m’
24-hour exposure = 13.85 mg/m* (5.35 ppm)
8-hour exposure = 41.6 mg/m?® (16.1 ppm)

" 4-bour exposure = 83.1 mg/m® (32.1 ppm)
1-hour exposure = 332 mg/m® (128 ppm)
30-minute exposure = 665 mg/m?’.(257 ppm)
10-minute exposure > 1995 mg/m? (770 ppm)'

" Because the metabolic pathway generating the intermediate believed
to be responsible for the carcinogenic response becomes non-linear at
an exposure >800 mg/m’, an external exposure in excess of that
calculated is necessary to give 10~ risk.

,g./_»

TABLE C3: CONVERSION OF ADMINISTERED VC DOSE TO A
HUMAN EQUIVALENT CONCENTRATION (data from EPA, 20002, b)
Admin. conc. (ppm)* Metabolite (mg/L liver)® HEC (ppm)*
0 -0 0
1 0.59 02
5 2.96 1
10 59" 2
25 A 14.61 4.6
50 327 10.1
100 55.95 19
150 76.67 ‘ 26
200 90 3
250 1 103.45 35
500 116.94 40
2,500 13437 43
6,000 143,72 51

2 Animals exposed 4 hours/day, 5 days/week for 52 weeks.

b Dose metric (lifetime average delivered dose in female rats) calculated from
-PBPK modeling of the admini: d animal i

¢ Conti human exp ion over 2 lifetime required to produce
an equivalent mg metabolite/L of liver. :

>

Calculation A .
unit risk for continuous fifetime exposure from EPA (2002),
- Transformation by default procedure to single exposure (SOP: i.c.
linear transformation, correction by a factor of 6)

unit risk: , 8:8 x 10 per pg/m’
dose at risk 1 : 10,000: 11.36 pg/m’

11.36 ug/m’® x 25600 d = - 291 mg/m’

291 mg/m’ x 1/6 = © 48.5 mg/m’

24-hour exposure = 49 mg/‘mJ (19 ppm)

- 8-hour exposure = 146 mg/m3'(56 ppm)

4-hour exposure = 291 mg/m? (112 ppm)

1-hour exposure >1,164 mg/m* (449 ppm)’

* 30-minute exposure 2,328 mg/m® (899 ppm)’

10-minute exposure >7,056 mg/m?* (2736 ppm)'

' Because the metabolic pathway generating the intermediate believed
to be responsibie for the carcinogenic response becomes non-linear at
an exposure >800 mg/m’, an external exposure in excess of that
calculated is necessary to give 10™ risk.

_7—

Calculation C:
five-weeks animal study from Maltoni et al. (1981), 5 weeks
" (animals) = 150 weeks (humans), linear transformation to a single

exposure
Exposure concentration: 6,000 ppm
liver angiosarcoma 40.5%
6,000 ppm  (4hy/d, 5d/w) rat 51 ppm (132 mg/m’),
Clewetl et al. (1995)
132 mg/m’ = 40.5%;
=>33 mg/m’= 1%;
=>133 pg/m’ =0,01% = . 1:10,000
dose at risk (1:10,000): 33,0 pg/m’
75 years (human): 2.5 years (rat) = 30 (5 weeks x 7 days x
30 relative time) = 1050
- 33,0 pg/m’® x 1050 days = 34.7 mg/m’ (14 ppm)
24-hour exposure = 35 mg/m’ (14 ppm)
8-hour exposure = 108 mg/m? (42 ppm)
4-hour exposure = 217 mg/m* (84 ppm)
1-hour exposure > 866 mg/m’ (334 ppm)
30-minute exposure > 1733 mg/m’ (669 ppm)
10-minute exposure > 5199 mg/m’ (2007 ppm)

! Because the metabolic pathway generating the intermediate believed
to be responsible for the carcinogenic response becomes non-linear at
an exposure >800 mg/m’, an external exposure in excess of that
calculated is necessary to give 10~ risk.
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DNA-ADDUCTS AFTER SHORT TERM EXPOSURE TO VC

liver wet weight, 0.35 pmol d-guanosine alkylation product
(Bolt et al., 1980)

Adult rats, 45 ppm, singie exposure, 6 hours (Watson et al..
1991):

!
Adult rats, 250 ppm, single exposure, 5 hours: 23 pmol/ 100 .mg

VC-inhalation (ppm) |0 1 10 45 100 600

7-(2'-oxoethyl)guanine 0.026/10° |0.28/10* |1.28/10%
(OEG) {adducts/

Inucleotides}

1 N*-cthenoadenine

<i/10*
(eA)

3 N*-ethenocytosine

<1/10° =
(eC)

N? 3-cthenoguanine

=110t
(sG)*

r i (Swenberg et al.,1999):

€G- Background (rat) - {0.9/107

G, 5 days 210 6.8/10

€G, 20 days 53n0" 2.3/10*

£G, 4/d, 3d, immed.

3.8/10°
after exposure

€G, aivd, 5d, 14 days

4.7110
after exposure

€G- Background |68
(human) . mo’

* estimated (¢G) from ratio = 17100 OEG/£G in other VC experiments

AR

NS

low risk guidance level (LRGL)

Key study: Watson et al.,1991; Swenberg et al., 1999;
. Barbin, 2000 '
Toxicity endpoint:  DNA-adducts; background adduct levels at
single 45 ppm exposure of rats is taken as
LRGL-NOAEL (6 bours)
Uncerainty/ Combined uncertainty factor of 10
modifying factors: 1 for interspecies variabiliry

10 for intraspecies variability

Time Scaling: C? x t =k for extrapolation to 4-hour, 1-hour, and
30-minute;
k = (45 ppm)’x 360 min = 3,2 x 10E+7 ppm’ min
C' x t=k for exmrapolation to $-hours;
k =45 ppmx 360 min = 16,200 ppm' min
10-minute LRGL = 30-minute LRGL
10-minute LRGL" = 30-min LRGL = 10 ppm (= 26 mg/m’)
30-minme LRGL  C'x30min =3,2 x 10E+7 ppm’ min
C =103 ppm
30-min LRGL = 103 ppm/10 = 10 ppm (= 26 mg/m")

1-hour IRGL C’x 60 min =3,2 x 10E+7 ppm’ min
C=81.8 ppm
1-b LRGL = 81.8 ppn/10 = 8.2 ppm (—71 ngm")

4hour LRGL  C'x 240 min =3,2 x 10E+7 ppm® min
C=51.5 ppm
4-h LRGL=51.5 ppm/10 = 5.1 ppm (= 13 mg,/m’)
8:-hour LRGL  C x 480 min = 16200 ppm min
. C=33.75 ppm
8-h LRGL= 34 ppm/10 = 3.4 ppm (= 8.8 mg/m’)

20 760 200.

)

Days Posl MKU Exposure

mammary cancer appearance following a 8
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BA (A) or MNU (B).

Co—«cr_n (2691‘ ﬂ-“gl U‘7e""3—/

.40

[os}

/

{ L ) L !
<] =] [=] o =]
@ n < " o

o|- - ~ ¥

+ OfF

T
]

g()wce,% 7Saacsl —] e

1oy 3¢ -
$429U0) AJDWWOW O JFQWAN, VDI

20mg
0Omq
-02.5mq

~79mq

s
200

160

"
Days Pos) DMBA Exposura.

o
E
2

B‘O 120

40

<L

1 . L 1 1
=] © <1 0 =]
L] ~ ~ it -

2
)
-]
oy Ad :
$ueY Asowwop j0 BQUWNN UCINW

— AL—

Table C7: Comparison of AEGL values (VC) based on
nonmalignant effects and different estimations of carcinogenic risk
after single exposure

(ppm] 10- 30- 1- 4- 8-
minute |minute | hour | hour | hour
AEGL-1(Barena et al., UF:3;| 450 310 | 250 | 140 { 70
n=3,1)
AEGL-2 (Lester et al.,UF:3; | 2,800 | 1,600 | 1,200 820 | 820
n=2 to 2h; 2h=4h=8h)
AEGL-3 (Clark & Tinston; | 12,000 | 6,300 |4,300 {3,4003,300
UF:3: n=2 to 2h: 2b=4h=8h) | -

concentrations assumned to correspond to carcinogenic risk 1:10.000
or threshold (calculation D):

CALCULATION A (unit >2700 | >900 {>450 | 110 | 56
risk) defanit SOP;

CALCULATION B (unit >770 260 130 | 32 16
risk children)

CALCULATION C (Maltoni | >2000 | >670 {>330 | 84 | 42
etal., 1981)

CALCULATION D (Watson 10 10 8.2 | 5.1 |34

et al.. (DNA))

ingle ( v

.

Chart 1. Temporal pattérn of
exposure to vartous doses of DM
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TITANIUM TETRACHLORIDE (TiCl)

¢ Colorless liquid that fumes when in contact moist
air ’

¢ TiCl, has high affinity for water and is readily
hydrolyzed by water, producing titanium
oxychlorides, hydrochloric acid, and heat

4 Used to manufacture Ti0O, pigments, titanium
metal, artificial pearls, iridescent glass, and military
smoke screen '

¢ Produced from chlorination of titanium dioxide at
high temperatures in presence of reducing agent;
main producers of TiCl, are producers of Ti0,

¢ Estimated world-wide production of 6 million tons
in 1996

¢ Penetrating, acrid, and irritating odor; no reported
odor threshold

Kelly, 1980
*  Groups of 6 male rats exposed to various conc. for

2,5, 15, 30, 60, 120, or 240 min. by head-only
inhalation exposures to determine LC,, values

> Results: duration (min)  LCy,value (ppm)
2

13,940
5 4600
15 713
30 390
60 171
120 143
240 59

> Clinical signs: eye closing and gasping during
exposure; corneal opacity, weight loss and lung
congestion after exposure

> Histopathology revealed inflamed airways,
hypermucous secretion, epithelial denudation,
severe necrotic laryngitis, pulmonary congestion,
and hemorrhage. Subsequent study demonstrated
lesions are reversible.

Attachment 18

¢ Effects of exposure

» Contact with liquid causes deep, severe bumns;
exposure to fumes may result in burns

* Acute exposure:
Humans: cough, chest tightness, eye
irritation/corneal damage, acute respiratory
distress from pneumonitis/ pulmonary findings
similar to thermal respiratory injury

Animals: death from pulmonary edema; signs
of eye closing and gasping, corneal opacity,
lung congestion/respiratory distress

> Studies have reported that TiCl, is much more
toxic than what would be predicted from the
molar equivalents of HCI (16-times more toxic
than what is predicted)

Kelly, 1979

Groups of 25 male rats exposed to 0.7, 1.3, or 6.5
ppm for 6 h/d, 5 d/wk for 4 wk

0.7ppm  No clinical signs or clinical chemistry
changes; 1 lung:bw ratio (126% of
controls); pulmonary histopathology:
" mild dust-cell reaction
1.3ppm  No clinical signs; reversible urinalysis
changes (1 urine pH; | urine
osmolality); T lung:bw ratio terminal
kill and 2 wks post exposure (136 and
114% of controls); histopathology
changes of acute inflamation of
" respiratory tract
6.5ppm  Clinicel signs of labored breathing and
| bw gain (93% of controls); 2 rats died
* (test day 15; 23) from pulmonary
damage; reversible urinalysis changes
(1 urine pH; | urine osmolality); 1
‘lung:bw ratio terminal kill and 2 wks
post exposure (178 and 128% of
controls); histopathology changes of
acute inflamation of respiratory tract

4



Time scaling:

¢ Empirical derivation of n based on data from Kelly, 1980

* rat2- 5-, 15-, 30-, 60-. 120-, and 240-minute 1LC,,
values of 13940, 4600, 713, 390, 171, 143, and 59
ppm, respectively .

* n=088

AEGL-1 Derivation
Key study:  Kelly, 1979

Effects: :
0.7 ppm for 6 hr - no acute effects, but provides
general baseline of exposure conc. at which no one
should experience notable discomfort, irmitation, or
certain asymptomatic, non-sensory effects.

Uncertainty factors: 10

» Interspecies UF: 3

» Intraspecies UF: 3
Total UF of 100 normally applied; endpoint below
that defined for AEGL-1 and multiple exp. study

Time scaling: Derived value of n=0.88. The 10-min
value set equal to 30-min value (6 h to 10 min). Could
also set 6-hour value equal across time.

AEGL-1 Values for TiCl, (ppm)
10-min 30-min 1-br “4-hr 8hr
12 12 . 0.54 0.11 0.050
0.07 0.07 . 0.07 0.07 0.07

7

AEGL-2 Derivation
Key study:  Kelly, 1979

Effects:
1.3 ppm for 6 hr - no clinical signs, but next exposure
level approaches lethality threshold

Uncertainty factors: 10

> Interspecies UF: 3

* Intraspecies UF: 3
Total UF of 100 normally applied; endpoint below
that defined for AEGL-1 and multiple exp. study

Time scaling: Derived value of n=0.88. The 10-min
value set equal to 30-min value (6 h to 10 min). Could
also set 6-hour value equal across time.

AEGL-2 Values for TiCl, (ppm)
10-min 30-min I-hr 4-hr 8-hr
22 2.2 1.0 0.21 0.094
0.13 0.13 0.13 0.13 0.13




AEGL-3 Derivation

Key study:

Kelly,

1980

Effects: One-third calculated LCy values:

Time scaling:
The adjusted, empirical values for the 30-, 60-, and’
240-min exposure durations used for the respective
AEGL timepoints. Using an n=0.88, the adjusted,
15-minute LC,, value was used to extrapolate to 10
min, while the adjusted 240-minute LC,, value was

15 240 used to extrapolate to 480 min

30 130

60 57 . AEGL-3 Values for TiCl, (ppm)

120 48 10-min 30-min 1-hr 4-hr 8-hr
240 20 38 13 5.7 2.0 0.91

Uncertainty factors: 10
" » Interspecies UF: 3:

> Intraspecies UF: 3
Total UF of 100 normally applied. If one applies
total UF of 100 or 30, 4-h AEGL-3 values are 0.20
or 0.67 ppm, respectively. A study reported rats
exposed to 1.3 ppm TiCl, for 6 h/d, 5 d/wk for 24
months exhibited no clinical signs or differences in
morbidity or mortality compared to controls (Lee et
al., 1986). The 4-h AEGL-3 values using total UF
of 100 or 30 are not consistent with available data.

Summary of AEGL Values for TiCl, (ppm)

Level 10-min 30-min 1-hr 4-br 8-hr
AEGL-1 12 1.2 0.54 o1t 0.050
if Natline 0.07 0.07 0.07 0.07 0.07
AEGL-2 22 22 1.0 0.21 0.094
if flatline 0.13 0.13 0.13 0.13 0.13
AEGL-3 gy [ 5.7 2.0 6.91

AEGL Values for Hydrogen Chloride (ppm){value divided by 161
Level 10-min ~30-min 1-br 4-hr 8-hr

AEGL-1* | 1.8 {0.11] | L.8[0.11] 1.8 {0.11] 1.8 [0.11] 1.8
{0.11)
AEGL-2* | 100 [63] | 43 [27] 22 [1.4] 11 [0.69] 11 [0.69]
AEGL-3 * 620 [39] | 210 [13] 100 [6.3] 26 [1.6] 26 [1.6]

a No-adverse-effect-level in exercising human asthmatics

b Mouse RD,,; Histopathology in rats

¢ Estimatcd NOEL for death: 1-hr rat LC,,

n




Appendix A

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

December 9-11, 2002

Final Meeting-27 Highlights

Bureau of Labor Statistics, U.S. Department of Labor
Postal Square Building, G-440, Rm. 7-8
2 Massachusetts Avenue, N.E., Washington D.C. 20212

INTRODUCTION

George Rusch, NAC/AEGL Chair, opened the meeting with brief remarks including appreciation
to Surender Ahir, OSHA representative, for his excellent efforts in making arrangements for the
NAC/AEGL-27 meeting. He also briefly noted the absence of Roger Garrett, AEGL Program
Director, due to illness.

George Rusch made remarks on the productive working history with John Henshaw, Assistant
Secretary, OSHA/DOL, who is involved in the Emergency Response Planning Committee.
Today, John was regrettably not able to be here and Davis Layne, Deputy Assistant Secretary,
OSHA/DOL, welcomed the NAC/AEGL Committee. Davis Layne stated that OSHA mostly
utilizes data from chronic studies; there are a few OSHA regulations that utilize acute toxicity
data as well. For example, OSHA uses IDLH values under its confined space regulation and
acute toxicity data to classify various hazardous substances under the Hazard Communication
Standard. OSHA appreciates any guidance given to the workers based on scientifically sound
principles.

The draft NAC/AEGL-26 meeting highlights were reviewed with one minor change to update the
current affiliation of Pam Dalton. A motion was made by Mark McClanahan and seconded by
George Rodgers to accept the meeting highlights as presented with the aforementioned revision.
The motion passed unanimously by a voice vote. The final version of the NAC/AEGL-26
meeting highlights are attached (Appendix A) and was distributed to the NAC/AEGL by e-mail
on December 26, 2002.

The highlights of the NAC/AEGL-27 meeting are summarized below along with the Meeting

Agenda (Attachment 1) and the Attendee List (Attachment 2). The subject categories of the
highlights do not necessarily follow the order listed in the NAC/AEGL-27 Agenda.
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STATUS REPORTS

NRC/COT Publication

Ernie Falke reported that AEGL Volume 2 was published in October 2002; complementary
copies were mailed to all NAC/AEGL members. Volume 3 which includes Nerve agents

(GA, GB, GD, GF, and VX)), Sulfur mustard, Diborane, and Methyl isocyanate is at the stage of
COT external review. It is expected to be published by early spring of 2003. Upon complete
analyses of the COT 8™ Interim Report, we may have another publication.

Critical Health Effects Starting Points for AEGL Determination: LOAEL vs NOAEL

George Rusch solicited comments from the Committee with respect to the Summary of Category
V Chemicals distributed by Po-Yung Lu prior to the meeting (Attachment 3). The NAC/AEGL
accepted the Summary except George Alexeeff who had a concern on the justification of Iron
pentacarbonyl. It was decided that George Rusch will look into the issue further and resolve the
concern. If necessary, this chemical will be revisited at a future NAC/AEGL meeting.

TECHNICAL ISSUE DISCUSSIONS

LOA Subcommittee Report
Mark McClanahan and Marc Ruijten

The AEGL Odor Subcommittee held two conference calls prior to the December NAC/AEGL-27
meeting. The first conference call (November 7, 2002) discussed the use of the Level of Distinct
Odor Awareness (LOA). The following summarizes the recommendations (Attachment 4) from
the subcommittee:

All AEGLs should be health-based. Odor, even as defined by the LOA, will not
serve as a surrogate for health-based values without health-based data. The level
of distinct odor awareness will not substitute for health-based values. Include the
LOA in the TSD as information supplementary to health-based AEGL values. A
single value of the LOA should be presented in both the executive summary and
the TSD. The authors should write the LOA as, “Level of Distinct Odor
Awareness,” and not as “Level of Significant Odor Awareness.” The “Level of
Distinct Odor Awareness” reported in the TSD will be based on the odor threshold
(TDs,), where 50% of the odor panel detects the odor and 50% does not and has
the odor intensity of 3 (Distinct Odor). The inclusion of the LOA within the TSD
does not preclude the use of odor descriptors such as fruity, fishy, nutty, pungent,
etc., where appropriate within the TSD. A population-based array of the LOA will
be presented in the Appendix. When a useful relationship to Hedonic Tone
becomes available this characteristic should also be incorporated in the definition
of the LOA reported in the TSD. A chemical-specific development of the LOA
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should be placed in a TSD Appendix. A version of “Guidance for the Application
of Odor in Chemical Emergencies,” should be incorporated into the SOP. At the
December NAC/AEGL-27 meeting, the consensus of the members was to stop
reporting odor data in Table 1. “Chemical and Physical Data” of the TSD.

The second conference call (December 4, 2002) discussed the use of LOAEL and NOAEL for
definition of AEGL levels (Attachment 4).

The TSD documents should be as consistent as possible in selection of the sign or
symptom chosen to define a specific AEGL level. The TSD should present a
thorough justification of the sign/symptom chosen for a specific AEGL level. For
AEGL-1, how do we resolve the discrepancy between the dictionary definition of
the words notable and mild ? George Alexeef’s recent publication reported (36
chemicals) the LOAEL-to-NOAEL ratio to be: 2 at the 50, 5 at the 90™, and 6.3
at the 95" percentile, respectively. George Alexeef has a database listing the signs
and symptoms used to define AEGL levels obtained from completed NAS/AEGL
documents. George will present this listing with some analysis at a future AEGL
meeting. In some places, AEGL-1 concentrations have been proposed and used as
re-entry levels for releases for which evacuations or traffic stoppages have
occurred. When he is able to obtain the documentation, Tom Hornshaw will report
on some estimated costs incurred when expressway traffic was halted because of a
chemical release.

Application of Ratios for Determination of AEGLs
Tom Hornshaw

Tom Hornshaw presented a further analysis of the ratios between the AEGL-3 to AEGL-2 and
AEGL-2 to AEGL-1 values for all five time periods (originally presented in September 2002, and
summarized in the Meeting 26 highlights) (Attachment 5). As a result of actions taken at the
September meeting, he updated his database to add values for two new chemicals, carbon
disulfide and vinyl chloride, and changed values for two original chemicals, hydrogen sulfide and
perchloromethyl mercaptan. These updates resulted in minor changes in the statistics for the
AEGL-3-to-AEGL-2 ratios, with the mean, median, and 95" percentiles being all marginally
smaller. In contrast, the updates to the data sets for AEGL-2-to-AEGL-1 ratios resulted in major
changes, since the new AEGL-1 values for hydrogen sulfide changed these ratios from being
extreme to “normal” outliers and the new AEGLs for carbon disulfide introduced an additional
set of outliers. The changes include: the ratio means now have a range of 8.97-10.92 instead of
12.3-25.5; the medians have a range of 3.32—4.63 instead of 3.19-4.13; and the 95™ percentiles
have a range of 38.6-56.2 instead of 27.1-113.6.

Tom’s review of the toxicological data for the four outliers in the original analysis revealed that
in all cases the higher-level AEGL was derived from animal data and the lower-level AEGL from
human data, and the human endpoints were all neuropsychological and/or subjective in nature
(headache, nausea, irritation, odor, etc.). He suggested that this implied that for certain chemicals
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there will be effects in humans that will not be predictable from the animal toxicity database. The
new AEGLs for carbon disulfide shed some additional light on this suggestion. This chemical
differs from the other four outliers in that both the AEGL-2 and AEGL-1 values are derived from
human data, with the AEGL-2 values protecting against acute neurotoxic effects and severe
irritation and the AEGL-1 values protecting against the “antabuse syndrome” caused by
genetically low activity of aldehyde dehydrogenase. In this case, the Committee has specifically
accommodated an endpoint in humans that is not able to be addressed by animal studies in
developing the AEGL-1 values. This adds another cautionary note regarding extrapolating from a
higher-level AEGL to derive a lower. Tom continues to suggest that if the Committee wishes to
be protective of these types of human endpoints, a default extrapolation divisor greater than the
value of 3 used in the past is indicated in most cases.

In an effort to further shed light on this issue, Tom reviewed the data for those chemicals for
which the NAC/AEGL has already derived AEGL-2 values from AEGL-3 values, methyl
hydrazine, methacrylonitrile, iron pentacarbonyl, dimethylformamide, and epichlorohydrin. He
also reviewed three additional chemicals that provided helpful information, phosphine (which has
a steep dose/response curve for lethality), and nickel carbonyl and propionitrile (which are closely
related to iron pentacarbonyl and methacrylonitrile, respectively). This resulted in some further
insights into the issue of when to extrapolate and how large the divisor should be. From this
review, Tom found that the steepness of the dose/response curve for lethality, toxicity data for a
closely related chemical (if available), and the presence or absence of irritation and/or
neuropsychological effects in the human record for a chemical, are key factors to help decide
whether to extrapolate from a higher-level AEGL, and what should be the appropriate divisor.

He concluded his presentation with a few suggestions:

e A default divisor of 3 to derive AEGL-2 values from AEGL-3 values is only appropriate
when there is a very steep dose/response curve for lethality; i.e., one in which the
difference between nonlethal and 100% lethal doses is in the range of a doubling of the
dose.

»  Where toxicity data consistent with AEGL-2 type effects are available for a chemical
closely related to a chemical for which AEGL-2 type data are poor or lacking, the data for
the closely related chemical should be considered in determining the divisor for
extrapolating to AEGL-2 values.

e For chemicals for which data consistent with AEGL-2 type effects are poor or lacking,
that do not have very steep dose/response curves, and that do not have closely related
chemicals to help in determining an appropriate divisor for extrapolating from AEGL-3
values, the choice of such a divisor should be made carefully, if at all. Factors that should
be reviewed in making this choice include: the steepness of the lethality dose/response
curve, with steeper curves favoring extrapolation and shallower curves suggesting
extrapolation may not adequately protect against all AEGL-2 type effects; the presence,
with relevant exposure information, or absence of AEGL-1 type effects in the toxicity
data base, which can help guide the selection of an appropriate divisor if present and
cautions against extrapolation if absent; and the presence, with or without relevant
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exposure information, of effects in humans such as neuropsychological effects that are
not readily predictable from animal studies, which strongly suggest that if extrapolation is
desired that the divisor be relatively large and in keeping with the severity of the effects
reported. If the database for a chemical lacks these factors or the factors argue caution in
the choice of whether to extrapolate, then a default divisor should be at least 19.

» Since relatively large changes in the statistics for the AEGL-2-to-AEGL-1 ratios occurred
when new data for hydrogen sulfide and carbon disulfide were added, it appears that the
overall predictive power of this data set is not yet acceptable to determine an appropriate
default divisor for extrapolating from AEGL-2 values to AEGL-1 values. There is also
no basis for extrapolation from AEGL-3 values to AEGL-1 values.

» Based on reviews of the databases for iron pentacarbonyl, methacrylonitrile, and
dimethylformamide, these chemicals should be reviewed by the Committee to determine
if the values derived for these chemicals are still thought to be protective for all AEGL-2
type effects.

Application of AEGL Values in Emergency Responses
Bob Snyder and Brian Buckly

Bob Snyder and associates from the Environmental and Occupational Health Science Institute,
Rutgers University, summarized some of the work they are doing in establishing a procedure for
emergency response to the release of chemicals or biologicals in a community. The key to the
project is the measurement of air levels of chemicals in various areas of the community evaluated
with respect to the AEGL values for the chemical at any time. Using the ten Berge modification
of Haber’s rule they have plotted AEGL values as continuous lines over time and demonstrated
that although the committee decides on AEGL values at 5 specific time points, an equation can be
written starting with those points which defines a line made up of many points each of which
defines an AEGL at that time. It can be shown that during a release concentrations of the
chemical may approach and exceed the AEGL levels for that chemical suggesting a toxic
response to the chemical at the location studied. Equations were derived to predict when specific
AEGL values will be achieved at any location. In these studies the value of K, as in CxT=K, can
be calculated and can be interpreted as a numerical expression of a response under the conditions
of the experiment. These studies are still at an early stage and more detail will be presented as the
data develop.

Acute Toxicity Threshold for Land Use Planning
Annick Pichard

Annick Pichard presented the overview of ACUTEX (Attachment 6). ACUTEX is a research
project approved by the European Commission, started in December for a duration of three years.
The objective of ACUTEX is to develop a methodology, a soft ware tool, and a Technical
Guidance Document for establishing European Acute Exposure Threshold Levels (EU AETLs)
for acute exposure scenarios. ACUTEX’s aims toward:
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1. Establishing a methodology, a software tool, and a Technical Guidance Document (TGD)
2. Developing EU AETLs for several chemicals as case studies according to the above TGD
3. Validating and improving the methodology by relevant case studies with end users and
stakeholders.

EU AETLs have a great influence on the determination of the zone for land use and emergency
planning. Threshold levels for acute exposures have been defined as concentrations in the air
after accidental release which will cause different degrees of health impairment to human subjects
exposed to the air. Air concentrations may reach to levels defined as levels, above which it is
expected that the general population could experience notable discomforts which are not
disabling and remain transient, to levels above which it is predicted that the general population
could experience life-threatening health effects or death. The appropriate use of susceptible
subpopulations such as children, elderly, and patients with defined diseases when deriving
chemical-specific acute exposure levels is still a matter of controversy.

EU AETLs will speed up the harmonized implementation of the Seveso II directive on the
control of major accident hazards involving dangerous substances. Nine partners belonging to
research organizations and six European countries will participate in the work. Several innovative
ideas, such as dose response modelling or toxicokinetics and toxicodynamics data will be used.
A panel of experts from government and industry will be assembled and review the progress of
the project.

REVIEW AND RESOLUTION OF COT/AEGL COMMENTS

Chloroform
CAS Reg. No. 67-66-3

Chemical Manager: Steve Barbee, Arch Chem. Inc.
Staff Scientist: Robert Young, ORNL

Prior to Federal Register submission, the proposed chloroform AEGLs were revisited. Robert
Young reviewed the previously proposed values and their rationale, and identified several items
in need of discussion: (1) development of 10-minute values, (2) adjustment of existing values by
use of time scaling default » values of 1 or 3 rather than 2, and (3) justification of developmental
toxicity as the critical effect for developing AEGL-2 values (Attachment 7). The chloroform
AEGLs were briefly reviewed by the NRC/COT Subcommittee on AEGLSs several years ago at
which time concern was informally expressed regarding the use of a developmental toxicity
endpoint as the critical effect for AEGL-2 development. This concern had been expressed by
several NAC/AEGL members as well. Embryotoxicity as a possible critical effect resulting from
acute exposure to chloroform was discussed at some length. The animal data from the key study
(Schwetz et al., 1974) were discussed in detail. The endpoint was considered to be justified for
AEGL-2 development due to acknowledgment of this effect in previous toxicity assessments and
reviews. The recommendation that no AEGL-1 values be developed was reaffirmed. Ten-minute
AEGL-2 and AEGL-3 values were derived and AEGLs for all time points were recalculated using
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an n of 1 or 3 for time scaling to longer or shorter time periods, respectively. Additionally, the
interspecies uncertainty factor of 10 previously used to develop the AEGL-3 was reduced to 3 and
justified by pharmacokinetic and pharmacodynamic data indicating that rodents are more
susceptible to chloroform-induced toxicity than are humans (this was the same justification for its
application to AEGL-2 values as originally and currently proposed). AEGL-2 values of 120 ppm,
80 ppm, 64 ppm, 40 ppm, and 29 ppm for 10 minutes, 30 minutes, 1 hour, 4 hours, and 8 hours,
respectively were accepted. Toxic effects more commonly associated with chloroform (e.g.,
hepatic and renal toxicity) were also taken into account in development of the AEGL-2 values.
The AEGL-3 values (based on a 3-fold reduction of a 4-hr LC; in rats) of 3100 ppm, 2200 ppm,
1700 ppm, 1100 ppm, and 540 ppm were also accepted. The extrapolation to 10-minutes was
also justified by the fact that human experience data indicate that exposures as high as 22,500
ppm for approximately 30-120 minutes may be tolerated without fatal effects. A motion was
made by Ernie Falke and seconded by Richard Niemeier to adopt the above AEGLs. The motion
passed (YES:13 ; NO: 4; ABSTAIN: 1) (Appendix B). Revised TSD be circulated to
NAC/AEGL.

Boron Trifluoride
CAS Reg. No. 353-42-4

Chemical Manager: George Rusch, Honeywell
Staff Scientist: Claudia Troxel, ORNL

The discussion was tabled to a later meeting because Honeywell may consider conducting a no-
effect level irritation study in responding to COT/AEGL review comments.

Chlorine Trifluoride
CAS Reg. No. 7790-91-2

Chemical Manager: Bob Benson, US EPA
Staff Scientist: Sylvia Talmage, ORNL

The TSD for chlorine trifluoride, a severe respiratory irritant, was written in 1997. At that time the
NAC/AEGL Committee considered time scaling the AEGL-1 values for respiratory irritants.
Based on the fact that adaptation occurs to the slight irritation on which the AEGL-1 is usually
based, the NAC/AEGL now uses the same value across all exposure durations. Therefore, the
AEGL-1 values for chlorine trifluoride were revisited to update them before sending the TSD to
the NRC/COT. The original AEGL-1 values was were based on mild sensory irritation in the dog
during an exposure to 1.17 ppm for 3 hours. Mild sensory irritation was considered a NOAEL for
notable discomfort which defines the AEGL-1. This value was divided by interspecies and
intraspecies uncertainty factors of 3 each for a total of 10. The resulting value is 0.12 ppm
(Attachment 8). Rather than time scaling this value as was done in the original TSD, it was
proposed to use 0.12 ppm across all exposure durations. It was moved by George Rodgers and
seconded by Richard Thomas to accept 0.12 ppm across all AEGL-1 exposure durations. The
motion passed (YES: 14; NO: 0; Abstain: 0) (Appendix C ).
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Toluene
CAS Reg. No. 108-88-3

Chemical Manager: Larry Gephart, Exxonmobil
Staff Scientist: Sylvia Talmage, ORNL

Sylvia Talmage discussed the review comments of the NRC/COT on toluene (Attachment 9). The
NRC/COT basically felt that the derived interim values were inconsistent with the human data,
especially those values derived for the longer-term exposures via time-scaling. They also
suggested adding data that shows that many solvents, including toluene, rapidly reach equilibrium
in the blood and brain, therefore, negating the need for time scaling. Furthermore, they rejected
using the symptom of irritation as the basis for the AEGL-1 because many studies indicate that
toluene is a pleasant-smelling, non-irritating chemical. The revised AEGL-1 was based on the
preponderance of data from clinical and occupational exposures that indicate a concentration of
200 ppm would be without an effect that exceeds the definition of an AEGL-1. This value was
proposed for all time periods as clinical studies indicate that this concentration of toluene rapidly
reaches equilibrium in the blood and does not increase with increased exposure duration. No
intraspecies uncertainty factor was applied as the value was based on several hundred individuals
in clinical studies and several thousand individuals in occupational exposure studies. The motion
was made by Bob Snyder and seconded by Ernie Falke to accept 200 ppm across all exposure
durations. The motion passed (YES:13; NO: 2; Abstain:0 ) (Appendix D).

The revised interim AEGL-2 values were based on multiple studies that showed that exposure to
700 ppm for 20 minutes was a NOAEL for obvious central nervous system depression. Because
equilibrium in the blood and brain may not be reached during the short exposure to this
concentration, the value was time-scaled to the 10- and 30-minute exposure durations using the
concentration:exposure duration relationship of C* x t = k. The n value of 2 was based on multiple
lethality studies with mice, the most sensitive species to the central nervous system effects of
toluene ( TSD dated NAC/Draft 5: 11/2002, Section 6.3. Derivation of AEGL-2). Based on
similarity in structure and metabolism with the xylenes, the 1-hour AEGL-2 value was time scaled
from the 30-minute value using a human pharmacokinetic model for xylene. Because steady state
would be reached in the blood and brain within an hour, the 4- and 8-hour values were set equal to
the 1-hour value (see table on page 9). It was moved by Bob Snyder and seconded by Ernie Falke
to accept the proposed AEGL-2 values. The motion passed (YES: 14 ; NO: 1; Abstain: 0)
(Appendix D).

The revised interim AEGL-3 values were based on the highest NOAEL in several rat and mouse
studies. The NOAEL for lethality of 6250 ppm for 2 hours is supported by several other studies.
Interspecies and intraspecies uncertainty factors of 1 and 3, respectively, were considered adequate
as, in the first case, uptake is greater in small rodent species than in humans; and, in the second
case, the minimum alveolar concentration differs by no more than 3 among the human population.
Time scaling utilized » = 2 as above for the AEGL-2. Because the time-scaled 8-hour value of
1000 ppm was inconsistent with the human data, the 8-hour value was set equal to the 4-hour
value. The motion to accept the proposed values was made by Bob Snyder and seconded by Ernie
Falke. The motion passed (YES: 11; NO: 1; Abstain: 3) (Appendix D).
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Summary of Interim AEGL Values for Toluene [ ppm]
Classification | 10-minute | 30-minute 1-hour 4-hour 8-hour Endpoint

AEGL-1 200 200 200 200 200 NOAEL for definition of
AEGL-1, multiple clinical
studies

AEGL-2 990 570 510 510 510 NOAEL for obvious central|
nervous system depression
in humans

AEGL-3 7200 4200 2900 1500 1500 Highest NOAEL for
lethality in studies with rats
and mice

REVIEW OF PRIORITY CHEMICALS FOR AEGL VALUES

1,4-Dioxane
CAS Reg. No. 123-91-1

Chemical Manager: Jim Holler, ATSDR
Staff Scientist: Peter Griem, FoBiG

The chemical review was presented by Peter Griem (Attachment 10). Dioxane is produced at
about 10,000 tons per year and is mainly used as a processing solvent. The majority of the
available human and animal studies have been carried out more than 60 years ago. The
pharmacokinetic study of Young et al. (1977) was discussed as the key study for AEGL-1. Four
healthy young men were exposed to 50 ppm for 6 hours. Eye irritation was a frequent complaint
throughout exposure. Since the authors considered 50 ppm an adequate workplace standard, the
irritant effect was estimated to have been weak. This conclusion is supported by older volunteer
studies (Silverman et al., 1946; Wirth and Klimmer, 1936) in which exposure levels of about 300
ppm only induced slight to moderate irritation. Since for local effects to the eyes, no toxicokinetic
differences exist between individuals, a reduced intraspecies uncertainty factor

of 3 was applied. Because the eye irritation was not reported to have increased with time in the
key study, which is also supported by a guinea pig study (Yant et al., 1930), the 17 ppm
concentration was used across all AEGL-1 exposure durations. A motion was made by Bob
Benson and seconded by Jim Holler to adopt the 17 ppm concentration for all AEGL-1 time
points. The motion passed (YES:17; NO: 0; Abstain:1) (Appendix E).

As additional information for emergency responders, a level of distinct odor awareness was
derived. On a standardized 5-step scale of odor intensity, the level of distinct odor is between the
level of faint odor and the level of strong odor. Based on a reported odor detection threshold of
0.8 ppm (Hellman and Small, 1974) and the threshold of 0.3 ppm for the reference chemical
n-butanol measured in the same study, a corrected odor threshold of 0.11 ppm (using the reference
odor threshold of 0.04 ppm for n-butanol) was derived. By application of a default factor of 16, a
level of distinct odor awareness of 1.7 ppm was calculated. At this level about 50 percent of the
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population are expected to experience a distinct odor. Assuming log-normal distribution, the 10-
and 90-percentile concentrations for distinct odor awareness are 0.34 ppm and 8.8 ppm,
respectively. A motion was made by Nancy Kim and seconded by Dave Belluck to adopt a level
of distinct odor awareness of 1.7 ppm. The motion passed (YES:18; NO: 0; Abstain:1) (Appendix
E).

With regard to the AEGL-2, both effects on the central nervous system and effects on the liver
were discussed. In a study by Goldberg et al. (1964), exposure of rats to 6000 ppm for 4 hours
resulted in a significant decrease of a conditioned response (pole climbing in response to buzzer to
avoid electrical shock), but did not affect the escape behavior (pole climbing in response to
electrical shock without buzzer). This level was considered an adequate starting point because at
8300 ppm for 3.5 hours, narcosis was observed in mice (Wirth and Klimmer, 1936). A total
uncertainty factor of 30 was applied. The intraspecies factor was reduced to 3 because application
of the default factor would lower the AEGL-2 values to a level that was used in the
pharmacokinetic study by Young et al. (1977); i.e., a level that humans are known to tolerate
without adverse effect. An interspecies factor of 10 was applied. Due to the lack of chemical-
specific data, time extrapolation was done using the default values for the exponent » (1 for longer
and 3 for shorter time periods). Time extrapolation was continued to the 10-minute period because
even at the considerably higher concentrations of 1600 ppm for 10 minutes (Yant et al., 1930) or
1400 ppm for 5 minutes (Wirth and Klimmer, 1936) exposed human subjects did not experience
more severe effects than irritation. In the study by Drew et al. (1978) slight liver damage in rats
was indicated by a two- to threefold increase in the serum levels of three liver enzyme activities
following an exposure to 2000 ppm for 4 hours. The endpoint of hepatotoxicity was also
considered relevant because liver necrosis occurred in cases of fatal dioxane exposure at the
workplace and repeated liver cytotoxicity is the mechanism suggested as the mechanism of the
carcinogenic effect of dioxane. Application of a total uncertainty factor of 10 (3 for interspecies
and 3 for intraspecies uncertainty factors) based an the same reasoning as above and, additionally,
on the fact that the observed effect was considered below the level that could be tolerated
according to the AEGL-2 definition and application of time extrapolation as above results in
exactly the same AEGL-2 values. A motion was made by Loren Koller and seconded by Mark
McClanahan to adopt AEGL-2 values for 1,4-dioxane for 10 minutes to 8 hours of 580 ppm, 400
ppm, 320 ppm, 200 ppm and 100 ppm. The motion passed (YES: 18; NO: 0; Abstain: 0)
(Appendix E).

The AEGL-3 values were based on a 4-hour LCs, of 14300 ppm in rats (Pozzani et al., 1959).
Although this study did not use the most sensitive species (cats), it was used as key study because
it was the only study that was adequately described in the publication. A factor of 3 was used for
extrapolation to a LC,. A total uncertainty factor of 10 (3 for interspecies and 3 for intraspecies
uncertainty factors) was applied because a higher uncertainty factor would have resulted in AEGL-
3 values of 480 ppm for 10 and 30 minutes, which contrasts with the observation that exposure of
human subjects to 1600 ppm for 10 minutes (Yant et al., 1930) resulted in moderate irritation, but
not in more severe effects. Due to the lack of chemical-specific data, time extrapolation was done
using the default values for the exponent n (1 for longer and 3 for shorter time periods). It was
moved by Steve Barbee and seconded by Mark McClanahan to adopt AEGL-3 values for 1,4-
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dioxane for 10 minutes to 8 hours of 950 ppm, 950 ppm, 760 ppm, 480 ppm, and 240 ppm. The
motion passed (YES:17; NO: 1; Abstain:0) (Appendix E).

SUMMARY OF AEGL VALUES FOR 1,4-DIOXANE
Classification | 10-minute | 30-minute 1-hour 4-hour 8-hour Endpoint
AEGL-1 17 ppm 17 ppm 17 ppm 17 ppm 17 ppm  [Slight eye irritation in
(60 mg/m?®) | (60 mg/m*) | (60 mg/m?®) | (60 mg/m*) | (60 mg/m®) |humans (Young et al.,
1977)
AEGL-2 580 ppm 400 ppm 320 ppm 200 ppm 100 ppm |Slight behavioral effects
(2100 (1400 (1100 (720 mg/m?®) | (360 mg/m?) |(Goldberg et al., 1964),
mg/m?) mg/m?) mg/m?) slight liver cytotoxicity
(Drew et al., 1978) in rats
AEGL-3 950 ppm 950 ppm 760 ppm 480 ppm 240 ppm |No deaths in rats (4 hours)
(3400 (3400 (2700 (1700 (860 mg/m?) |(Pozzani et al., 1959)
mg/m?) mg/m’) mg/m?) mg/m®)
Level of distinct odor awareness 1.7 ppm  |Odor detection threshold
(6.1 mg/m?) |in humans (Hellman and
Small, 1977)
Sulfur Dioxide

CAS Reg. No. 7446-09-5

Chemical Manager: Loren Koller, OSU
Staff Scientist: Cheryl Bast, ORNL

The discussion on sulfur dioxide was led by Cheryl Bast (Attachment 11). An AEGL-1 of

0.25 ppm was proposed based on the weight-of-evidence from several studies with exercising
asthmatics. This value was a NOAEL for bronchoconstriction in exercising asthmatics. A motion
to accept the AEGL-1 was made by Loren Koller and seconded by Mark McClanahan. The
motion passed (YES:16; NO: 0; Abstain:1) (Appendix F). It was noted that the Shepard et al.
(1981) and Linn et al. (1987) studies should be added to the weight-of-evidence argument. It was
further noted that 0.25 ppm is a NOAEL for clinical symptoms, that this lack of response occurs in
cool, dry air, and that the data do not include studies out to 8 hours.

An AEGL-2 of 1.0 ppm across time was proposed based on a weight-of-evidence approach. The
endpoint was an increase in airway resistance of 102%-580% in exercising asthmatics exposed to
1.0 ppm. It was moved by Ernest Falke and seconded by Loren Koller to accept this value. The
motion did not pass (YES: 8; NO: 8 ; Abstain: 0) (Appendix F). Following further discussion on
the short time periods of the studies and lack of exercise in one of the studies, values of 1.0, 1.0,
1.0, 0.75, and 0.75 ppm were proposed by Richard Thomas. The 0.75 ppm value was considered a
NOAEL for the longer time periods. The motion was seconded by Robert Snyder. The motion
passed (YES: 12; NO: 3; Abstain: 2) (Appendix F). It was suggested that data on atopic
individuals be added to the justification.
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The data leading to derivation of AEGL-3 values was discussed by Cheryl Bast. The discussion
included the reason for time scaling, the mechanism of action of sulfur dioxide, and the » value
of 4 derived from mouse lethality data. Jonathan Borak pointed out that the response for the
AEGL-3 burns and constriction of the bronchi - would be the same for asthmatics and non-
asthmatics. The benchmark dose approach was utilized (using the 5% response of the lower 95%
confidence interval). The lethality data from a 4-hour study with rats was used. The total
uncertainty factor was 30. It was moved by Ernest Falke and seconded by Bob Benson to accept
the values. The motion passed (YES: 13; NO: 3; Abstain: 1) (Appendix F).

Summary of Proposed AEGL Values for Sulfur Dioxide [ ppm]

Classification | 10-minute | 30-minute 1-hour 4-hour 8-hour Endpoint
AEGL-1 0.25 0.25 0.25 0.25 0.25 NOAEL for clinical
symptoms in exercising
asthmatics
AEGL-2 1.0 1.0 0.75 0.75 0.75 NOAEL for severe

respiratory response in
exercising asthmatics

AEGL-3 42 32 27 19 16 Benchmark dose approach;
4-hour study with the rat

Dimethyldichlorosilane: CAS Reg. No. 75-78-5
Methyltrichlorosilane: CAS Reg. No. 75-79-6
Trimethylchlorosilane: CAS Reg. No. 75-77-4

Chemical Manager: Ernie Falke, EPA
Staff Scientist: Cheryl Bast, ORNL

Cheryl Bast reminded the NAC/AEGL Committee that acute toxicity from dimethyldichlorosilane
and methyltrichlorosilane is due to the hydrolysis product, HCl.(Attachment 12) Because the 4-
and 8-hour AEGL-2 values as well as the 8-hour AEGL-3 value for HCI were modified in
response to NRC/COT comments, the respective values for the two silanes needed modification.
Therefore, it was proposed that for dimethyldichlorosilane the 4-hour AEGL-2 value be raised
from 3.3 to 6.5 ppm, that the 8-hour AEGL-2 value be set equal to the 4-hour value, and that the 8-
hour AEGL-3 value be set equal to the 4-hour AEGL-3 value of 13 ppm. It was moved by John
Hinz and seconded by Nancy Kim to accept the proposed changes. The motion passed (YES:17;
NO: 0; Abstain: 0 ) (Appendix G).

A similar change was proposed for methyltrichlorosilane. The 4- and 8-hour AEGL-2 values were
raised to 3.1 and 3.1 ppm and the 8-hour AEGL-3 value was set equal to the 4-hour value of 7.0
ppm. The motion to accept these changes was made by John Hinz and seconded by George
Rodgers. The motion passed (YES:16; NO: 0; Abstain:0) (Appendix H). The statement that the
values are conservative will be changed to say that the previous values were inconsistent with the
human data.

NAC/AEGL-27 F 12 3/2003



For trimethylchlorosilane, the proposed AEGL-1 value of 1.8 ppm was based on its breakdown to
1 mole of hydrogen chloride (Attachment 13). This 1.8 ppm concentration of hydrogen chloride
was a NOAEL for pulmonary function changes in exercising asthmatics. The motion to accept 1.8
ppm across all AEGL-1 exposure durations as well as the proposed values for the AEGL-2 and
AEGL-3 was made by John Hinz and seconded by Mark McClanahan. The motion passed
(YES:18; NO:1; Abstain:0 )(Appendix I). The proposed AEGL-2 values were based on severe eye
and respiratory tract irritation in rats exposed to 3171 ppm for 1 hour. Intraspecies and
intraspecies uncertainty factors of 10 and 3 were applied, and a modifying factor of 3 was applied,
the latter to account for data in a single species and use of a LOAEL. The total adjustment was
100. Time scaling utilized the same value as calculated for hydrogen chloride (»=1). Based on
the extensive scrubbing of hydrogen halides by the respiratory tract, the 4- and 8-hour values were
set equal as was done for hydrogen chloride. Values are listed in the table below. The motion for
AEGL-2 passed (YES:19; NO:0; Abstain:l) (Appendix I). The AEGL-3 was based on a calculated
LC,, of 3970 ppm in rats exposed to trimethylchlorosilane for 1 hour. Interspecies and
intraspecies uncertainty factors of 10 and 3 were applied, and time scaling was based on n = 1. The
4- and 8-hour values were set equal as was done for hydrogen chloride. The motion for AEGL-3
was also passed (YES:19; NO: 0; Abstain: 1 )(Appendix I'). It should be noted that the values may
be conservative as the hydrolysis of trimethylchlorosilane may not be complete.

Summary of Proposed AEGL Values for Trimethylchlorosilane [ ppm]

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

AEGL-1 1.8 1.8 1.8 1.8 1.8 NOAEL for clinical
symptoms in exercising
asthmatics (based on
hydrolysis to hydrogen
chloride

AEGL-2 192 64 32 16 16 Severe respiratory response
in rats adjusted by
modifying factor

AEGL-3 790 270 130 33 33 Calculated 1-hour LC,,; in
rats

Nitrogen Dioxide
CAS Reg. No. 10102-44-0

Chemical Manager: Loren Koller, OSU
Staff Scientist: Carol Forsyth, ORNL

Ed Faeder, SRF Environmental, Inc., made a presentation entitled Surface Coal Mining in
Wyoming — an NO, Exposure Issue” (Attachment 14) along with representatives Terri Lorenzon,
State of Wyoming, Wendy Hutchinson, Thunder Basin Coal Wyoming Environmental Quality
Council, and Blair Gardener, Jackson Kelly, PLLC.
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More than one-third of all the coal mined in the United States during fiscal year 2002 was
produced from surface mines in the state of Wyoming. It is mined by removing rock and other
material overlying the coal seam(s), fracturing, extracting, and crushing the coal, and loading it
into railcars for shipment. Much of the mining process involves the use of explosive charges to
fracture the coal and overburden to facilitate coal extraction. For a variety of reasons, the
explosive of choice is a mixture of ammonium nitrate and fuel oil (“ANFO”). Hundreds of
millions of pounds of ANFO are used annually in the production processes. The blasting
operation ideally converts ANFO into nitrogen, carbon dioxide, and water. However, under real-
world conditions, combustion of ANFO is incomplete and a variety of by-products are formed
including oxides of nitrogen. Nitrogen dioxide (“NO,") can form in sufficient quantities and
concentrations to be seen as a red or orangish-brown cloud, under certain conditions. By
regulating the blasting processes, as mines currently do, the likelihood of high levels of NO,
impacting a single receptor more than once in a long time is low. This translates to the likelihood
that a given human is exposed to a high level of NO, for more than a short time is very infrequent.

The purpose for this talk was to present their opinions on the development of AEGLs to the
National Advisory Committee (“Committee”) , and solicit input through the development of
realistic AEGL-1 and AEGL-2 10-minute values. From a public safety standpoint, the distinction
between noticeable detectability and notable discomfort is quite important. If the AEGL-1 level is
set at this notable discomfort threshold, it could assist Wyoming officials charged with
responsibility of promoting the safety of individuals who might be exposed. It could also help the
Committee understand the application of AEGL values to actual settings. To the extent that the
10-minute AEGL-1 value reflects notable physiologic changes in people or organoleptic
detectability, rather than modest discomfort, that value becomes more significant for the
establishment of an exposure criterion “not to be exceeded more than once in a long time” than the
10-minute AEGL-2 value.

Nitrogen Dioxide TSD Discussion:

Previous NAC/AEGL action on nitrogen dioxide was reviewed and current concerns were
addressed in a presentation by Carol Forsyth (Attachment 15). On September 15, 1998, the
NAC/AEGL had adopted by unanimous vote the 30-minute, 1-, 4-, and 8-hour values for all three
AEGL levels. At a subsequent meeting, a concern was expressed by the committee that the basis
for AEGL-2, Henschler et al., 1960, was a secondary citation. It was explained that the study was
translated, details were added to the TSD, and that the development team believed this to be a
well-conducted study. Another concern was for the quality of the study used as the basis for
AEGL-3, Henry et al., 1969. The development team considers this to be a well-conducted study
and the lead author is respected in the field of inhalation toxicology; some details have been added
to the TSD. No additional concerns were raised by the NAC/AEGL following this discussion.
Derivation of the 10-minute values followed the SOP, used previously accepted key studies and
endpoints, are supported by human and animal data, and time-scaled for AEGL-2 and -3 because
the key studies had exposure durations <2 hours. The 10-minute values for all three AEGL levels
were then proposed by Bob Benson and seconded by Tom Hornshaw as 0.50, 20, 34 ppm for
AEGL-1, 2, and 3, respectively. The motion was voted separately and passed with majority votes
(AEGL-1: YES: 14; NO:4; Abstain:0, AEGL-2: YES: 14; NO:3; Abstain: I, and AEGL-3:
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YES:17; NO: 0; Abstain: 1) (Appendix J). The NAC/AEGL requested the following of the
development team: (1) add back-up/supporting information for AEGL-2 and -3 as suggested by
Steve Barbee; (2) include the magnitude of the decrease in arterial pO, measured in COPD

individuals; (3) evaluate information presented at the meeting by George Alexeef; and, (4) resend

the TSD to the committee after these revisions are completed.

Summary of AEGL Values (ppm [mg/m?])
AEGL Level 10-minute 30-minute 1-hour 4-hour 8-hour
AEGL-1 0.50[0.94] 0.50[0.94] 0.50[0.94] 0.50[0.94] 0.50[0.94]
AEGL-2 20 [38] 15 [28] 12 [23] 8.2 [15] 6.7 [13]
AEGL-3 34 [64] 25 [47] 20 [38] 14 [26] 11[21]

Nitric Oxide
CAS Reg. No. 10102-43-9

Chemical Manager: Loren Koller, OSU
Staff Scientist: Carol Forsyth, ORNL

Carol Forsyth briefly pointed out (Attachement 15) that on September 15, 1998, the NAC/AEGL
voted to adopt the nitrogen dioxide values for nitric oxide because the major effects are from
nitrogen dioxide. A note will be included in the nitric oxide (NO) TSD that short-term exposures
below 80 ppm NO should not constitute a health hazard. No additional discussions or comments
were made by the NAC/AEGL Committee.

Carol expressed concern on the AEGLs development of Nitric acid (Attachment 15) and proposed
the AEGLs as stated in the current TSD or to develop alternatives. A report summarized the study
of Gray et al. (1954) by W. F. ten Berge was suggested for incorporation if it is appropriate. A
revised TSD will be presented at the next meeting.

Benzene
CAS Reg. No. 71-43-2

Chemical Manager: Bob Snyder, Rutgers University
Staff Scientist: Marcel van Raaij, RIVJM, The Netherlands

Benzene was discussed for the third time (Attachment 16). The TSD of benzene was only
modified at some specific points. First, this includes the addition of studies described by Von
Oettingen in 1940 with various C x T combinations resulting in narcosis. These studies provide
evidence for N==1.
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It is proposed not to use these data directly but to use these data to support the concept that n=3 for
extrapolating to shorter duration is too conservative and that »=2 is a good alternative. Secondly, a
general paragraph on occupational exposure was prepared to be added to the TSD.

In the NAC/AEGL-26 (June 2002), John Morawetz made comments on the human studies in the
TSD and urged for a rewrite. In addition, Exxon and API offered to provide additional data on
human / occupational exposure (and health effects). No additional data on acute exposure data
were received by the December 2002 meeting.

Because no decisions were made on the selection of endpoints that should be used for AEGL
development at the June 2002 meeting, the current TSD did not reflect a total rewrite. The
NAC/AEGL considered irritation and mild CNS effects endpoints for developing possible AEGL-
1 values. First, a study by Sbrova 1950 (110 ppm, 2 h, no subjective symptoms) was considered as
a NOAEL for irritation. That would have resulted in 37 ppm as AEGL-1 for all exposure time
periods. A motion was made by Ernie Falke and seconded by George Rodgers to adapt the
proposed 37 ppm for AEGL-1. The motion failed (YES:5; NO; 7; Abstain: 1) (Appendix H).
Alternatively, the NAC/AEGL considered mild CNS effects for AEGL-1. The interspecies factor
was 1, the intraspecies factor was 3 since CNS effects do not vary more than a factor 2-3 within
the population. N-values were 2 (to shorter duration) and 1 (to longer durations). The resulting
AEGL-values were:127, 73, 52, 18, and 9 for 10-min., 30-min, 1, 4, and 8 h, respectively. A
motion was made by John Hinz and seconded by Mark McClanahan to accepted the proposed
AEGL values. The motion for AEGL-1 passed (YES: 11; NO: 0; ABSTAIN: 1) (Appendix H)”.

Toward the end of the meeting, there was not a quorum to vote for the AEGL-2 and AEGL-3
values. However, NAC/AEGL continued to discuss the choices and the approach to be taken for
the AEGL-2 and AEGL-3 levels. It was concluded that for acute exposure, CNS effects are the
endpoint to be used and that no values should be developed based on hematotoxicity or
developmental toxicity. Similar to toluene (which has been reviewed already by the COT), the
developmental effects of benzene appear to be similar to an “alcohol-like” pattern of effects on the
fetus which is most likely the consequence of repeated exposure.

The committee members were supportive of the approach presented in the TSD for AEGL-2 and 3
values including the use of »=2 and n=1 (see above). (Because the default values for n are 3 and 1,
the only significant change for benzene is the use of n = 2 rather than the default value of 3 when
time scaling to shorter time periods. ) In addition, the NAC/AEGL present had a rather uniform
opinion and supported the historic value of all occupational exposure data providing a picture on
benzene exposure and health effects were provided and distributed to NAC/AEGL prior to the
meeting. It was acknowledged that many of the “old” studies do not fulfill current SOP criteria
but that the concentrations reported in different factories and workplaces, and the number of
people involved, provides insight on the order of magnitude of the exposure. Such conditions were
not associated with an inability to escape. The TSD of benzene will be reviewed at a future
meeting.

John Morawetz was unable to attend the NAC/AEGL-27 meeting; however, he sent his comments
regarding his pre-meeting review of benzene TSD and submitted his comment (Attachment 17)
and requested to be noted in the meeting highlights as the following:
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“Mr. Morawetz sent comments describing a number of serious problems with the characterizations
of many of the human studies described in the Benzene TSD and summarized in the Derivation
Sections for AEGL-1, 2 and 3. Mr. Morawetz requested that the committee decide if any changes
in the descriptions of the human studies need to be made and communicate to him that decision.”

Administrative Matters

Dr. Oscar Herandez provided an update on the human subject study clearance status and
distributed two handouts: Environmental News- Agency requests National Academy of Sciences
(NAS) input on consideration of certain human toxicity studies (Attachment 18) And the scope of
NAS project “Use of Third Party Toxicity Research with Human Research Participant.”
(Attachment 19). In addition, George Rusch asked NAC/AEGL members to comment on the
Draft write up “Application of Acute Exposure Guideline Levels” (Attachment 20) and send
comments to him since this is the first time the Committee got a chance to read it and the
discussion was deferred to a later meeting.

The site and time of the next meeting, NAC/AEGL-28 was discussed. Pending the availability of
the meeting facility at Salt Lake City, Utah and EPA off-site travel approval, the meeting will be
held in conjunction with the SOT Annual Meeting. The date is set for March 7-9, 2003, at Salt
Lake City, Utah. The alternate proposal was on March 25-27, 2003, in Washington, DC. The
dates for NAC/AEGL-29 and 30 have been set tentatively on June 17-19, and September16-18,
2003, respectively. More information regarding the NAC/AEGL-28 will be coming from Po-
Yung Lu as soon as the determination and decision is made.

All items in the agenda were discussed as thoroughly as the time permitted. The meeting

highlights were prepared by Po-Yung Lu and Sylvia Talmage, Oak Ridge National Laboratory,
with input from the respective Chemical Managers, authors, and other contributors.
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LIST OF ATTACHMENTS

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

Attachment 1.
Attachment 2.
Attachment 3.

Attachment 4.
Attachment 5.
Attachment 6.
Attachment 7.
Attachment 8.
Attachment 9.

NAC/AEGL-27 Meeting Agenda

NAC/AEGL-27 Attendee List

Summary Category V chemicals: Crtical Health Effect Starting Points for
AEGL Determination: LOAEL vs. NOAEL

Summary Report of LOA Subcommittee

Summary Report of Application of Ratios for Determination of AEGLs

Acute Toxicity Threshold for Land Use Planning

Data Analysis and Response to COT/AEGL Comments of Chloroform

Data Analysis and Response to COT/AEGL Comments of Chlorine Trifluoride
Data Analysis and Response to COT/AEGL Comments of Toluene

Attachment 10. Data Analysis of 1,4-Dioxane

Attachment 11. Data Analysis of Sulfur Dioxide

Attachment 12. Data Analysis of Dimethyldichlorosilane and Methyltrichlorosilane
Attachment 13. Data Analysis of Trimethylchlorosilane

Attachment 14. Surface Coal Mining in Wyoming - an NO, Exposure Issue

Attachment 15. Data Analysis of Nitrogen dioxide and Nitric acid

Attachment 16. Note on Benzene from John Morawetz

Attachment 17. Data Analysis of Benzene

Attachment 18. EPA Environmental News

Attachment 19. Scope of NAS Project Study: Use of Third Party Toxicity Research with

Human Research Participant

Attachment 20. Application of Acute Exposure Guideline Levels - Draft

Appendix A.

Appendix B.
Appendix C.
Appendix D.
Appendix E.

LIST OF APPENDICES

Revised meeting highlights of NAC/AEGL-26 (sent to NAC/AEGL on 12/26/2002
by E-mail).

Ballot for Chloroform
Ballot for Chlorine Trifluoride

Ballot for Toluene

Ballot for 1,4-Dioxane

Appendix F. Ballot for Sulfur Dioxide
Appendix G. Ballot for Diemthyldichlorodilsne
Appendix H. Ballot for Methyltrichlorosilane
Appendix I. Ballot for Trimethylchlorosilane
Appendix J. Ballot for Nitrogen Dioxide
Appendix K. Ballot for Benzene
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Appendix B

Chemical: CAS Reg. No.:
NAC Member AEGL | AEGL | AEGL [ NAC Member AEGL | AEGL | AEGL
1 2 3 1 2 3
George Alexeeff -7/ Nancy Kim N
Steven Barbee ;Y Loren Koller Y
Lynn Beasley A A A Glenn Leach A A A
David Belluck 4 Mark McClanahan Y
Robert Benson Y John Morawetz \
Jonathan Borak A A A Richard Niemeier /,A
William Bress \/ Marinelle Payton \/
George Cushmac ]AT Zarena Post A A A
Al Dietz A A A George Rodgers \/'/
Ernest Falke N George Rusch, Chair y
Larry Gephart A Robert Snyder N
John Hinz \/ Thomas Sobotka
Jim Holler Y Kenneth Still A
Thomas Hornshaw N Richard Thomas \/
TaLLy | 17/
PPM, (mg/m°) 10 Min 30 Min 1Hr 4 Hr 8 Hr
AEGL 1 5 ( ) 5 ( ) s ( ) 5 ( ) 5 ( )
AEGL 2 s ( ) 5 ( ) s ( ) s ( ) s ( )
AEGL 3 5 ( ) 5 ( ) s ( ) 5 ( ) s ( )
p . A
AEGL 1 Motion: A/ Cz L,?/;// Second: i
AEGL 2 Motion: Second:
AEGL 3 Motion: Second:

Approved by Chair:

DFO: %0/5'%’\‘ Date: _9 1[‘03
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Chemical: ]/, ééAN/;Z;d Vi CAS Reg. No.:
NAC Member AEGL | AEGL | AEGL [ NAC Member AEGL | AEGL | AEGL
1 2 3 1 2 3
George Alexeeff Y Nancy Kim Y
Steven Barbee Y Loren Koller Y
Lynn Beasley A A A Glenn Leach A A A
David Belluck A Mark McClanahan Y
Robert Benson Y John Morawetz Y
Jonathan Borak A A A Richard Niemeier A
William Bress | N Marinelle Payton Y
George Cushmac Y Zarena Post A A A
Al Dietz A A A George Rodgers Y
Emest Falke \ George Rusch, Chair Y
Larry Gephart A Robert Snyder 7.
John Hinz N Thomas Sobotka
Jim Holler Y Kenneth Still
Thomas Homshaw Y Richard Thomas Y
TALLY 1Y)
PPM, (mg/m?) 10 Min 30 Min 1 Hr 4 Hr 8 Hr
AEGL 1 5 ( ) 5 ( ) 5 ( ) 5 ( ) » ( )
AEGL 2 5 ( ) 5 ( ) ) ( ) s ( ) s ( )
AEGL 3 3.¢ ¢ ) [ L2 ¢ ) 1060 ,( ) 10,18 5 ( ) [0.075 ¢ )
N T e S B I
AEGL 1 Motlande/ posen Ty oL - Secon(i: é
AEGL 2 Motion: Second:
AEGL3 Motion: _ )t~ Second: M ¢ (Vg abins

P
Approved by Chair://‘ >

i
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Chemical: | 2o~ [zn74AC 2208 ~% CAS Reg. No.:
NAC Member AEGL | AEGL | AEGL [ NAC Member AEGL | AEGL | AEGL
1 3 1 2 3
George Alexeeff g\\ Nancy Kim /
Steven Barbee \!l' Loren Koller "\,’f
Lynn Beasley A A A Glenn Leach A A A
David Belluck s Mark McClanahan Y
Robert Benson \/ John Morawetz }p
Jonathan Borak A A A Richard Niemeier ﬁ
William Bress \_]1 Marinelie Payton \/
George Cushmac '\/ Zarena Post A A A
Al Dietz A A George Rodgers \/
Ernest Falke \// George Rusch, Chair \//
Larry Gephart ,r’:’ Robert Snyder \/
John Hinz \/ Thomas Sobotka A
Jim Holler \/I Kenneth Still A
Thomas Hornshaw 6) Richard Thomas 7/ _
TALLY 7“{/ Z
PPM, (mg/m?) 10 Min 30 Min 1 Hr 4 Hr 8 Hr
AEGL 1 5 ( ) 5 ( ) s ( ) 5 ( ) 5 (
AEGL?2 [0 ( ) 7 80 . ( ) 17,26 5 ( ) |0, 6595 ( ) 10,028 (¢
AEGL3 ) ( ) s ( ) 5 ( ) s ( ) 5 (
AEGL 1 Motion: Second:
AEGL 2 Motion: /<”"d ‘r Second: / 71’&/“"1,
AEGL 3 Motion: Second:
Approved by Chalr / [ / // DFO: __/ ¥ &5(/{7/\7/ Date: 4/”'5//% /57\3
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Chemical: E74Yyieqyiming CAS Reg. No.:
NAC Member AEGL | AEGL | AEGL (| NAC Member AEGL | AEGL | AEGL
1 2 3 1 2 3
George Alexeeff Y Nancy Kim y
Steven Barbee v Loren Koller Y
Lynn Beasley A A A Glenn Leach A A A
David Belluck )51 Mark McClanahan 7
Robert Benson ~ John Morawetz Y
Jonathan Borak A A A Richard Niemeier ﬂ
William Bress Y Marinelle Payton Y
George Cushmac Y Zarena Post A A A
Al Dietz A A A George Rodgers A
Emest Falke 'Y George Rusch, Chair Y
Larry Gephart ﬁ Robert Snyder Y
John Hinz |0 Thomas Sobotka A
Jim Holler Y Kenneth Still A A
Thomas Hornshaw Y Richard Thomas \/
TALLY | 1€/
PPM, (mg/m*) 10 Min 30 Min 1Hr 4 Hr 8 Hr
AEGL 1 » ( ) s ( ) s ( ) s ( ) s (
AEGL2 » ( ) 5 ( ) s ( ) s ( ) 5 (
AEGL 3 » ( ) 5 ( ) ) ) 5 ( ) s (
Wittm = LoA  (lael £ Ot Auzrenees)
AEGL1 Motion: _Fa ke Second: :
AEGL 2 Motion: Second:
Motion: Second:

AEGL 3

Approved by Chair: 4?7 /Z // DFO: ‘@W\_ Date: QM
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Appendix G
NAC/AEGL Meeting 28: March 7-8,2003
N "y
Chemical: ﬁ’; (€ 01y e +22 7 CAS Reg. No.: 1o -9
NAC Member AEGL | AEGL | AEGL || NAC Member AEGL | AEGL | AEGL
1 2 3 1 2 3
\ . f
George Alexeeff \/ Ny N Nancy Kim N W/ Y 5/
]
Steven Barbee }' N N Loren Koller A ﬂ £ A
Lyna Beasley A A Ala Glenn Leach A A Pia
David Belluck 3 ’:} A f-} Mark McClanzban A A {—5 A
Rober: Beason Y g’ Nl Y John Morawetz N oY [
Jonathan Borak A A PIA | Richard Niemeier IS R -
Wiliiam Bress y N “j \,y‘ Marinel'e Payton \’/’ N \/ ivf)
George Cushmac ‘}f ™Y \, Zarena Post A A u} A
Al Dietz A A Pila George Rodgers i £ J/\ / %
o ! . 4 A
Zmest Falke Y N N George Rusch, Chair Y N Fy Y
Larry Gephart ﬁ A A /‘.') Robert Snyder V' N y \7
John Hinz N NN v Thomas Sobotka A A ﬂ
Jim Holler Y N Y1 Y | Kennetsunn A f
S ) ; i P
Thomas Kermshaw ! N K N Rickard Thomas Y N \/ N
£ vr - 7 1 .
PPM, (mg/m?) 10 Min 30 Min 1Hr 4 Hr 8 Hr
AEGL 1 K2 V117 o ) 1€,6,( ) 12,6 ¢ RN )
, + L7 . el L FT o x - ¥
AEGL2 o8 T e ST e T e 7T 17 Y
£, |AEGL3 3% ¢ ) L¥ ¢ ) )10 51 ) &5, ( ) | 2Y )
WHNT7 <o
ovujla CUEGm L VAWES [ iz rf:““?\-; VAR LS y
AEGL 1 Motion: 2y A Second: [ s
, . gL D - 2y Rl g '//‘x-:
AEGL 2 Motion: 5"%%@\(' A !'}/jr’fl/{u Second: frtioy el 1 B
AEGL 3 Motion: radw ,r/ Second: e o
N 9 jl,’ g /"“ ,}lr‘//—"//;" l( 2
Approved by Chair: DFO: _ /=l ylin, Date: /%72
- "I* Y sA '-"’;/:'Z/. ; [V
B Seccnl Ty il .
’ A — - O REEE . / , )
LeAp = 5.¥ [P a9 40np /3 Lt [



Appendix H

NAC/AEGL Meeting 28: March 7-8,2003

Chemical: ~araon -;s’bf;\, ve CAS Reg. No.: 75-15 -0
NAC Member ';lij'rAEGL 'AEGL | AEGL NAC Member AEGL | AEGL | AEGL
: O 3 1 2 3
George Alexeeff h \)/ D Nancy Kim \y/ \,v
Steven Barbee N \/[ Loren Koller ;’aj \/
Lynn Beasley A A A Glenn Leach A A A
David Belluck ,/3/ P Mark McClanahan \/ f\‘
Robert Benson \,’ \;/; John Morawetz \/ \7’
Jonathan Borak A A A Richard Niemeier )A 3/”\
William Bress Y \7/ Marinelle Payton \4 .‘\7/
George Cushmac \/, \ Zarena Post A A A
Al Dietz A A A George Rodgers f \fl
Emest Falke 7/ \,l George Rusch, Chair y 7
Larry Gephart £ }/;‘ Robert Snyder 7’ \/
John Hinz \/// I Thomas Sobotka A
Jim Holler Y Y Kenneth Still A A
Thomas Hornshaw )/ \, Richard Thomas >/ \!ii
7 : TALLY 17 // 5 i "’/::' <

PPM, (mg/m*) 10 Min 30 Min 1Hr 4 Hr 8 Hr
AEGL 1 s ( ) s ( ) s ( ) s ( ) 5 ( )
BEYTE i o " s -
AEGL2 g L ( ) |26 ( ) L IES 5 ( )| JET - ( ) AG )
AEGL 3 5 ( ) s ( ) s ( ) s ( ) o ( )
AEGL 1 Motion: Second:
AEGL 2 Motion: l’% A7 "“-, Second: //7// ;/,/:,fm
AEGL 3 Motion: Second:
& 7\#?7" 2 z’u r7 /C/“”"

4
Approved by Chaxr K,f—, /// k// /g DFO: Taud S. Wf(/b/b Date: 3/’7 |3
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Appendix [

NAC/AEGL Meeting 28: March 7-8,2003

Chemical: ForMAL Vg y pe CAS Reg. No.: S0-00-0
NAC Member AEGL4 AEGL AEGL\ NAC Member AEGL AEGL | AEGL .
I ) 30 2y 1 12 3 e
George Alexeeff J,N{ Y « Y \;/ Nancy Kim ™ \',' \/ Y >/
Steven Barbee \j N \K A )f" ‘7/ Loren Koller v o \)-/ \?/ \/
Lynn Beasley A KA A ﬁ Glenn Leach A P lA A ,;C"
David Belluck Eoalp P A || Mark McClanahan ¥oN Y Y N
Robert Benson <\ Y / N N || John Morawetz N N Y y
Jonathan Borak A f-] A A !g‘ Richard Niemeier {> }3\‘ )3 /‘°5 r’l
William Bress g\\ '7/ \>/ 7 \,’I Marinelle Payton T \‘i \g ;\,’l >’;. '\/ |
George Cushmac N N Y 71 \/ Zarena Post A KA A f;’
Al Dietz A p A A ;0 George Rodgers \“% \/ \/ v >/
Ernest Falke 3\\\ \4 \;," Y Y || George Rusch, Chair b (; / v y
Larry Gephart % AR A ff Robert Snyder \} \l \7/ \/ ,\!{
John Hinz VN Y Y\ || Thomas Sobotka A fla A A
Jim Holler \}‘ YUa Y |V Y | Kenneth sin A £ A £
Thomas Hornshaw NN ‘\\\ \I Y Richard Thomas ﬁ } \}’( \/ ' Y ‘
TaLLy | $/7 e A 1%y 7#)7//@
- !
(\}7 > X (iug e =) L by & &4 ’(/m{zuzg
PPM, (mg/m°) 10 Min 30 Min 1 Hr 4 Hr 8 Hr
AEGL 1 [ )|« )| 7 )| o« )| )
@ﬁ AEGL 2 A O TR O O I E
26 |aE6L3 BA.C_ D18 % . H[3s ., H[ 8 .
T e
AEGL 1 Motion: fﬂt/"zﬂffy‘}iﬂ Second: Feie
i 7
f\i AEGL 2 Motion: 177‘/ 22N Second: g g g
AEGL 3 Motion: A{Z W Second: _J, Qm

¥ /2

T}bﬁ”n/@& /

//

Approved by Chair:
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Appendix J

NAC/AEGL Meeting 28: March 7-8,2003

)

MNev
Sscunl 3 WiNS

Chemical: [AC=7,~z CAS Reg. No.: ET7-CY -
Lo
NAC Member AE%‘ AEGL | AEGL [ NAC Member AEGL | AEGL | AEGL
1 L2 3 1 2 3
N n N - . . s
George Alexeeff 7/ V \14 )’ Nancy Kim 7 ~ >/ N
J \ v
Steven Barbee 7 \,[ ™N ‘”\/ Loren Koller N N Y N
Lynn Beasley A AlA A Glenn Leach A r/ﬁl A A
. NV ) . / .
David Belluck j—/l\ A P, i Mark McClanahan Yoy i N
Robert Benson >/ YOIy A John Morawetz v i g) VY
Jonathan Borak A ﬁ A A Richard Niemeier L\; F -,Q /-A
/ ' N / ; |
William Bress Y Y| Y Y | Marinelle Payton N N V
George Cushmac \/ \,/ \( Y Zarena Post A fl A A
Al Dietz A ﬁ A A George Rodgers >/ N > }/’I
Ernest Falke ¥ / \[ Y George Rusch, Chair X N Y
Larry Gephart ﬁ ‘& {Xy A Robert Snyder /\/ Y 4 y
John Hinz YoNT Y \J | Thomas Sobotka A pla
. Vi \/ N N, . N
Jim Holler / , P Kenneth Still A YA
BN 7 /
Thomas Hornshaw Vv o Y Y Richard Thomas Y \,'{ \/ > ,
J 7
raLLy | Y& 090 | 16/
PPM, (mg/m?) 10 Min 30 Min 1 Hr 4 Hr 8 Hr
AEGL1 e ) | ¢ ) 122 ( ) | 220, ) Qoo .( )
Ciomanl | . o " N )
AEGL 2 130¢,( ) |4voc( ) [paes, ( ) | /492, ) |95« )
3 - . ; (? - i,/ —— : -
AEGL3 ) [Gsca ) [57aa,( ) 2560, ( ) [1709 ( )
FIEo0 (rm g iz e Y Vo s LEL | D¢ et [ £
. \:/‘ L .—// -
AEGL 1 Motion: A K ] Second: _ (. / 71@'/) S‘Lw.f A vE 3 Lorrgs
AEGL 2 Motion: Q N 4/’*’7’%4&7’/ Second: T H e
-, — ) -
AEGL 3 Motion: T” g W”) Second: da R etiryy,

Approved by Chair: //}y /// é DFO: ,';;/5%&{4 Date: 5{/’%’763
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Appendix K

NAC/AEGL Meeting 28: March 7-8,2003

Chemical: HY/no6en Alor 15 CAS Reg. No.:
NAC Member AEGL | AEGL | AEGL | NAC Member AEGL | AEGL | AEGL
1 2 3 1 2 3
George Alexeeff Y { Y lNancy kim Y Y Y
Steven Barbee Y Y Y || Loren Koller Y Y v/
Lynn Beasley A A A Glenn Leach A A A
David Belluck A A A Mark McClanahan Y N Y
Robert Benson P Yy Y | 7ohn Morawetz Y P {
Jonathan Borak A A A Richard Niemeier A A A
William Bress Y N Y Marinelle Payton Y N Y
George Cushmac Y N Y Zarena Post A A A
Al Dietz A A A George Rodgers A A A
Ernest Falke Y Y Y | George Rusch, Chair Y v 04
Larry Gephart i A A || Robert Snyder Y Y Y.
John Hinz Y Y Y | Thomas Sobotka A
Jim Holler Y N Y | Kenneth still A A A
Thomas Hornshaw N N Y || Richard Thomas Y Y
TALLY ’C/& [ 5/, § M’/M;

PPM, (mg/m®) 10 Min 30 Min 1Hr 4 Hr 8 Hr
AEGL 1 [ ( )| )| V[ 1« )|
AEGL 2 [06 ( YIH3 S ( ) [ 225 ( Y|t ( ) e (
AEGL 3 140 »( ) [AF06 s ( ) |20 ( ) 1B ¢ )] 31 s«

AEGL 1 Motion: H'A/be} Second: K/V;H

AEGL2 Motion: _Mc (lprntion- Second: WK

AEGL3 Motion: __ WAbe Fattie Second: et

Approved by Chair: (/;iy /,7//’ ///Z /é DFO: /gfz/cim Date: __ 3 23
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Chemical: /7.4y, 7

Appendix [,

NAC/AEGL Meeting 28: March 7-8,2003

TETRACHLsN e

CASReg. No.: 7880 - ¢4 57 ¢»

NAC Member AEGL | AEGL | AEGL || NAC Member AEGL | AEGL | AEGL
1 2 3 1 2 3
George Alexeeff Y N/ Y | Nancy Kim Y M Y
Steven Barbee N Y Y Loren Koller Y Y Y
Lynn Beasley A A A Glenn Leach A A A
David Belluck A A A Mark McClanahan A Y M
Robert Benson Y Y Y John Morawetz Y Y Y
Jonathan Borak A A A Richard Niemeier A A A
William Bress Y Y Y Marinelle Payton Y Y Y
George Cushmac Y Y M Zarena Post A A A
Al Dietz A A A George Rodgers A 7 A
Emest Falke M Y Y George Rusch, Chair Y Y \/
Larry Gephart A A A Robert Snyder N4 Y N
John Hinz N Y Y Thomas Sobotka A A
Jim Holler Y N N Kenneth Still A
Thomas Hornshaw N N Y Richard Thomas N Y Y
TALLY ,é//‘ 17//7 17 /19

PPM, (mg/m?) 10 Min 30 Min 1 Hr 4Hr 8 Hr
AEGL 1 0,070 > ( ) 16,090 - ( ) 10,6720 ( ) {0,670, ( ) 1,00 o« )
AEGL 2 2 )2, 2& . ( ) |10, ( ) 0.4l ( ) [2.99¢,( )
AEGL 3 3% .« ) |13 .« ) 159 .« ) R.oo . ( ) 0.1 ¢ )

AEGL 1 Motion: K’%f Second: ﬂWWbW

AEGL 2 Motion: UAr Second: W\JVW

AEGL3 Motion: __ Hrtlyr Second: ___Vhprmns

Date: _3/% /o 3

//

A / / |
/ A
Approved by Chair:/ / }///6 / _ DFO: K ’V"V/ 5V/ /:



