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Preface 

 
Extremely hazardous substances (EHSs)1 can be released accidentally as a result of chemical spills, 

industrial explosions, fires, or accidents involving railroad cars or trucks transporting EHSs, or intention-
ally through terrorist activities.  However, it is also feasible that these substances can also be released by 
improper storage and/or handling.  Workers and residents in communities surrounding industrial facilities 
where EHSs are manufactured, used, or stored and in communities along the nation’s railways and high-
ways are potentially at risk of being exposed to airborne EHSs during accidental and intentional releases.  
Pursuant to the Superfund Amendments and Reauthorization Act of 1986, the U.S. Environmental Protec-
tion Agency (EPA) has identified approximately 400 EHSs on the basis of acute lethality data in rodents. 

The National Advisory Committee (NAC) on Acute Exposure Guideline Levels for Hazardous Sub-
stances has developed acute exposure guideline levels (AEGLs) for approximately 120 EHSs to date.  In 
1998, EPA and the U.S. Department of Defense (DOD) requested that the National Research Council 
(NRC) independently review the AEGLs developed by the NAC.  In response to that request, the NRC 
organized within its Committee on Toxicology the Subcommittee on Acute Exposure Guideline Levels.  
The NAC’s Standing Operating Procedures for Developing AEGLs for Airborne Chemicals was reviewed 
by the subcommittee and published in May 2001.  That report provides step-by-step guidance for the 
derivation of AEGLs for hazardous chemicals.  In December 2000, the subcommittee’s first report on 
specific chemicals, Acute Exposure Guideline Levels for Selected Airborne Chemicals, Volume 1, was 
published by the NRC; volumes 2, 3, and 4 in that series were published in 2002, 2003, and 2004 respec-
tively. 

The subcommittee meets two times each calendar year.  At those meetings, the subcommittee hears 
presentations from the NAC staff and its contractor—the Oak Ridge National Laboratory—on draft 
AEGL documents.  At some meetings, the subcommittee also hears presentations from NAC’s collabora-
tors from other countries, such as Germany.  The subcommittee provides comments and recommenda-
tions on those documents to NAC in its interim reports, and the NAC uses those comments to make revi-
sions.  The revised reports are presented by the NAC to the subcommittee at subsequent meetings until 
the subcommittee concurs with the final draft documents.  The revised reports are then published as ap-
pendices in the subcommittee’s reports. 

The present report is the subcommittee’s thirteenth interim report.  It summarizes the subcommit-
tee’s conclusions and recommendations for improving NAC’s AEGL documents for 10 chemicals:   1, 4-
dioxane; chloroform; carbon tetrachloride; sulfur dioxide; 1,-2 dichloroethylene; monochloroacetic acid; 
carbon monoxide; fluorine; methanol; and phenol. 

This report has been reviewed in draft form by individuals chosen for their diverse perspectives and 
technical expertise, in accordance with procedures approved by the NRC’s Report Review Committee.  
The purpose of this independent review is to provide candid and critical comments that will assist the in-
stitution in making its published report as sound as possible and to ensure that the report meets institu-
tional standards for objectivity, evidence, and responsiveness to the study charge.  The review comments 
and draft manuscript remain confidential to protect the integrity of the deliberative process.  We wish to 

                                                 
1As defined pursuant to the Superfund Amendments and Reauthorization Act of 1986. 
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1 

Thirteenth Interim Report of the Subcommittee on  
Acute Exposure Guideline Levels 

 
BACKGROUND 

 
In 1991, the U.S. Environmental Protection Agency (EPA) and the Agency for Toxic Substances 

and Disease Registry (ATSDR) asked the National Research Council (NRC) to provide technical guid-
ance for establishing community emergency exposure levels (CEELs) for extremely hazardous substances 
(EHSs) pursuant to the Superfund Amendments and Reauthorization Act of 1986.  In response to that re-
quest, a subcommittee of the NRC Committee on Toxicology prepared a report titled Guidelines for De-
veloping Community Emergency Exposure Levels for Hazardous Substances (NRC 1993).  That report 
provides step-by-step guidance for the derivation of CEELs for EHSs. 

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

THE CHARGE TO THE SUBCOMMITTEE 
 
The NRC convened the Subcommittee on Acute Exposure Guideline Levels to review the AEGL 

documents approved by the NAC.  The subcommittee members were selected for their expertise in toxi-
cology, pharmacology, medicine, industrial hygiene, biostatistics, risk assessment, and risk communication. 

The charge to the subcommittee is to (1) review AEGLs developed by the NAC for scientific valid-
ity, completeness, and conformance to the NRC (1993) guidelines report, (2) identify priorities for re-
search to fill data gaps, and (3) identify guidance issues that may require modification or further devel-
opment based on the toxicological database for the chemicals reviewed. 

This interim report presents the subcommittee’s comments concerning the NAC’s draft AEGL 
documents for 10 chemicals: 1, 4-dioxane; chloroform; carbon tetrachloride; sulfur dioxide; cis, trans 1,-2 
dichloroethylene; monochloroacetic acid; carbon monoxide; fluorine; methanol; and phenol. 

 
 

COMMENTS ON 1, 4-DIOXANE 
 
At its February 21-23, 2005, meeting, the subcommittee reviewed the AEGL document on 1,4-

dioxane.  The presentation was made by Peter Griem of Clariant, Germany.  The subcommittee recom-
mends a number of revisions.  The subcommittee will review the revised AEGLs draft at its future  
meeting. 
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General Comment 
 
The subcommittee concludes that the document is well written. The major comments include using a 

physiologically based pharmacokinetic (PBPK) model for AEGL-2 and AEGL-3, determining whether 
CNS effects (AEGL 2) and delayed liver toxicity (AEGL-3) are the most relevant end points or whether 
CNS be used for both end points, and being consistent with the use of uncertainty factors (UFs).  

 
 

Major Comments 
 
The subcommittee noted that the ambient air EPA’s proposed value of 0.061 µg/m3 is based on can-

cer.  Therefore, the proposed AEGL values do not protect against excess calculated cancer risks.  Cancer 
risk was not discussed adequately.  Some consideration on how to address this public health concern is 
warranted.  Reword sentences on page 58, lines 1966-1967. 

 
There are inconsistencies regarding the use of UFs: 
 

Page 29, lines 1218-1219.  In the section titled Interspecies Variability, revise to read “Taken together the 
interspecies variability for acute lethal effects is limited and an interspecies uncertainty factor of 3 is 
considered adequate.”   

 
Page 31, line 1236.  In the section titled Intraspecies Variability, revise to read “Due to the lack of data, 

there was no basis for reducing the default intraspecies uncertainty factor.”   
 
Page 32, lines 1287-1288.  “A total uncertainty factor of 3 was used because for local effects, the toxi-

cokinetic differences do not vary considerably within and between species.”  The NAC needs to 
break this down to inter- and intra-, not combine them. 

 
Page 34, lines 1359-1361.  “An interspecies uncertainty factor of 1 was applied because metabolism in 

humans and rats is very similar, involving the same metabolic steps and intermediate metabolites 
(See Section 4.3.2)…”  First, this should probably be Section 4.3.1, Pharmacokinetic Modelling.  
Second, the subcommittee did not see any documentation that the metabolic steps are similar.  It is 
not that the subcommittee doubts it, only that there is no evidence presented in the toxicity summary 
document (TSD).  There is a statement to that fact on page 29, lines 1216-1217, but Section 4.1 does 
not give data to support that statement. 
 
The document needs to be consistent and in agreement with the Standard Operating Procedure 

(SOP) manual on the use of uncertainty factors (UFs). 
 
 

AEGL-1   
 
The proposed AEGL-1 value is appropriate for contact irritation.  A short discussion is needed for 

the selection of the lowest exposure to humans that caused eye irritation.  The idea is that the AEGL is a 
discomfort number; thus, the question is how high can the concentration go for irritation before other ef-
fects become important?  Would 200 or 300 ppm work (Silverman et al. 1946), since this is a reported 8 h 
value based on a 15 min exposure?  The subcommittee understands that 5,500 ppm is too high because 
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other effects were observed at 1 min (Yant et al. 1930).  The proposed value (17 ppm) appears to be low 
given that workplace exposures are 50 ppm or less.  Table 2 should help on the selection.  A UF of 3 may 
be appropriate, but not if the NAC uses 50 ppm as the starting place.  Time scaling with no change in 
concentration seems appropriate for eye irritation. 

NOTE:  The Young study is the proper basis.  While the subcommittee agrees with the use of the 
UF of 3, it does not agree with the statement that toxicokinetic differences do not vary considerably 
within or between species.  Also, the subcommittee has stated that when irritation is the effect, the AEGL 
values will not vary across time. 

 
 

AEGL-2 
 
The use of administered dose (and scaling) is far inferior to the use of internal measures of dose (for 

relating internal effects to dose), and where appropriate, internal measures of dose should be used.  To 
that end, the PBPK model of Reitz can be used to obtain internal measures of dose for 1,2-dioxane, which 
are better related to effect.  The PBPK model of Reitz was reviewed by the authors, but no indication of 
its potential use was indicated.  There is now a 20-y history of using PBPK models.  Pharmacokinetics 
(PK) is considered necessary for drug usage and development.  Evaluate CNS versus delayed liver (or 
kidney) toxicity as critical end points more carefully. 

The primary studies cited are those of Drew (1978) and Goldberg (1964).  However, in the discus-
sion of the derivation, Yant (1930) and other older studies are cited.  Focus on Goldberg (1964) study and 
use the others as support, not the other way around.  The liver toxicity is subclinical and transient and is 
not a good end point.  Stick with the CNS depression effect.   

For solvents that cause CNS effects, the AEGL-2 and AEGL-3 values should remain relatively con-
stant over a time exceeding 1 h due to blood equilibrium concentrations.  The time to equilibrium depends 
upon the blood solubility of the compound (the more lippophilic, the quicker the equilibrium).  Haber’s 
rule (Cn × t) does not apply.  At some point, the compound reaches saturation.  This must be determined 
with PK modeling to estimate blood concentration.  What happens if there is no PK model?  Observations 
of the effects at the concentration of concern are needed.  Short-term (less than equilibrium time) duration 
to the longer duration cannot be extrapolated. 

 
 

Solvents 
 
For CNS depression where the compound is direct acting (not a metabolite[s]]) small animals re-

ceive a larger dose than humans because of their more rapid respiration.  Therefore, the interspecies UF 
should be 2 or less.  However, the intraspecies UF should be greater than 3 (others stated these effects do 
not vary more than 2-3?). 

 
 

AEGL-3 
 
In setting AEGLs, risk assessors are more concerned with acute symptoms (CNS) and delayed ef-

fects (liver) of acute exposure than with possible carcinogenicity after long-term high-dose exposure.  It is 
clear that death is not an acute effect of dioxane but rather a delayed effect of acute exposure.  In addition 
to the fading of the odor threshold, this is an extra risk of exposure to dioxane. 
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The key study is appropriate.  The AEGL value of 950 ppm is less than half the immediately dan-
gerous to life and health concentration (IDLH).  The subcommittee expects them to be more similar with 
the AEGL-3. 

The subcommittee does not agree with the explanation for the UF of 10. The NAC has placed a lot 
of credibility on the Yant study (1930), but this study is not described in any detail. In fact, page 4, lines 
394-395, states “The specifications of the chamber, the purity of the dioxane and the methods of generat-
ing and measuring the dioxane atmospheres were not reported.”  The subcommittee recommends referring 
to other studies for comparisons and developing a better argument for a UF of 10. 

 
 

Minor Points 
 

Page vii, lines 165-168, and page vi, lines 162-164.  Insert dioxane concentrations used in various in vitro 
assays. 

 
Page vii, lines 214-215.  List specific liver enzymes. 
 
Page vii, lines 224-241.  Provide the rationale for the intraspecies UF of 10.  Is variability in human me-

tabolism greater than 10?  Discuss the elimination rate to derive an empirical UF.  This can be part 
of the PBPK approach. 

 
Page viii, lines 234-236.  While correct, the NAC should refer to the SOP: 2.2.2.3.2  Highest Exposure 

Level That Does Not Cause Lethality—Estimate Lethality Threshold—One-third of the LC50. 
 
Page 2, line 325.  It seems obvious that dermal exposure does occur.  The subcommittee recommend de-

leting the sentence:  “No fatalities have been reported after oral or dermal contact with 1,4-dioxane.”  
This might be true, but there is little doubt dermal exposure contributes, and this sentence tends to 
discount it. 

 
Page 2, line 334.  “The exposures probably involved inhalation and dermal contact,” in discussing 5 

deaths out of 16 exposed. 
 
Page 2, lines 344-352.  Describes death after exposure to 208-650 ppm and dermal exposure. 
 

The subcommittee found the Johnstone (1959) reported concentrations (for death) to be suspect rela-
tive to other data.  All other data sets seem appropriate and consistent with each other. 
 
Line 125.  The odor does not disappear, but the sensitivity of the olfactory system does.  This implies an 

increase in overall risk as the natural warning system becomes impaired at longer exposure time. 
 
Lines 133-139.  The delayed response of the liver and kidneys apparently forms a greater risk than initial 

CNS depression. 
 
Lines 207 and 241.  What is the reason for the high intraspecies UF of 10? 
 
Line 231.  The AEGL-3 values are based on an article from 1959.  This was published before the general 

use of gas chromatography.  How reliable is the 4-h LC50 of 14,300 ppm in rats? 
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Line 347.  See comment on line 231. 
 
Line 396.  Add comments that this study design (scientist acting as volunteer for own study) is no longer 

acceptable. 
 
Lines 418-428.  There is a 50-100 times difference in odor detection and threshold between the two cited 

studies.  What could the explanation be?  The Wirth and Klimmer (1936) results (lines 429-431) 
agree well with the Hellman and Small (1974) study. 

 
Lines 432-445.  The increased aspartame amino transferase/alanine amino transferase (ALAT/ASAT) 

activity can apparently not be attributed to dioxane exposure but rather to alcohol abuse.  This 
should be stated more clearly because it now seems as if it is the combination of dioxane and etha-
nol (EtOH) that caused liver function impairment. 

 
Line 460.  The fact that 14 of 42 people died from cancer does not mean the dioxane is a human carcino-

gen.  About 15 out of 42 people are likely to die from cancer eventually anyway.  What was the age 
of death of these four patients? 

 
Line 471.  See comment on line 125.  Apparent disappearance (“fading”) of odor increases the risk of di-

oxane exposure. 
 
Lines 496-498.  What were the variation and range of the mentioned odor detection and recognition 

thresholds? 
 
Line 577.  Add a line on the ethical unacceptability of these experiments. 
 
Line 790.  How many is “about 6 out of 8” rats?  Delete “about.” 
 
Line 887.  Typo:  genitoxicity → genotoxicity. 
 
Lines 933-940.  What is the biological plausibility of the appearance of nasal cancer in the high-dose 

group?  From the genotoxicity studies, dioxane does not seem to be a (genotoxic) carcinogen (lines 
482); it might only have some epigenetic effects at very high doses. 

 
Line 992.  Apart from a moderate CNS depression, other CNS effects have not been reported. 
 
Lines 1113-1114 and 1132-1152.  See comments on lines 933-940.  In setting AEGLs, risk assessors are 

more concerned with acute symptoms and delayed effects of acute exposure than with possible car-
cinogenicity after long-term high-dose exposure. 

 
Lines 1147-1152.  A possibility is that one or more dioxane metabolites are more reactive than the parent 

compound. 
 
 
Lines 1187-1194.  The section on areas under the curve is not clear. 
 
Line 1303.  Vertigo impairs the ability to escape.  
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Line 1320.  Again, delete “about.” 
 

The Executive Summary should contain information about the use and quantity of 1,4 dioxane  
produced. 

 
The proper abbreviation for milliliters is mL, not ml. 
 
 

COMMENTS ON CHLOROFORM 
 
At its February 21-23, 2005, meeting, the subcommittee reviewed the AEGL document on chloro-

form.  The document was presented by Robert Young of Oak Ridge National Laboratory.  The subcom-
mittee recommends a number of revisions.  The subcommittee will review the revised AEGLs draft at its 
next meeting. 

 
 

General Comments 
 
The subcommittee concurs with AEGL-1 and AEGL-2 values; AEGL-3 values were judged to be 

somewhat overly conservative by some subcommittee members.  One subcommittee member suggested 
using a PBPK model for AEGL-3. 

 
 

Specific Comments 
 

AEGL-1 
 
The statement “Not recommended due to properties of the chemical; AEGL-1 effects unlikely to oc-

cur in the absence of notable toxicity,”  needs additional explanation to prevent users from assuming ef-
fects go from none to AEGL-2 rapidly and with no warning.  This is not the case for chloroform as it has 
been for previous chemicals with steep dose-response curves.  Explain that there are no appropriate 
AEGL-1 effects (the first effects noted are AEGL-2 effects) or supply some context for the lack of 
AEGL-1 values. 

It is not possible to determine AEGL-1, because of the lack of data needed to set AEGL values 
based on irritation. 

 
 

AEGL-2 
 
AEGL-2 is conservative, but the subcommittee agrees with the use of fetotoxicity data.  It would be 

better to select a nonrecurring dose—that is, a single dose.  
 
 

AEGL-3 
 
The AEGL-3 values appear to be somewhat conservative in light of the anesthesia data collected by 

Whitaker and Jones.  The derivation using the animal data would normally be appropriate.  However, this 
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is a rare case where there is controlled human data at a concentration around the AEGL-3.  A heterogene-
ous group of 1,500 human subjects was subjected to concentrations up to 22,500 ppm for up to 2 h with-
out death (with the exception of one questionable case).  Since this group of patients was already some-
what compromised (needing surgery), the subcommittee believes that this data should be used with an 
appropriate modifying factor but no intraspecies UF.  The subcommittee believes that a 1-h value of about 
7,000 ppm might be more appropriate given this unique human data base. 

The AEGL-1 and AEGL-2 values are appropriate based on the data. 
A chloroform PBPK model developed by R.A. Corley (2000) should be used for the AEGL-3 de-

termination per the guidance document that is under development.   
 
 

Additional References 
 

Corley, R.A., S.M. Gordon, and L.A. Wallace.  2000.  Physiologically based pharmacokinetic modeling 
of the temperature-dependent dermal absorption of chloroform by humans following bath water ex-
posures.  Toxicol. Sci. 53:13-23. 

Delic, J.I., P.D. Lilly, A.J. MacDonald, and G.D. Loizou.  2000.  The utility of PBPK in the safety as-
sessment of chloroform and carbon tetrachloride.  Regul. Toxicol. Pharmacol. 32(2):144-155. 

Tan, Y.M., B.E. Butterworth, M.L. Gargas, and R.B. Conolly.  2003.  Biologically motivated 
computational modeling of chloroform cytolethality and regenerative cellular proliferation.  
Toxicol. Sci. 75:192-200. 

 
 

Other Comments 
 

Page 8, lines 1, 12.  Odor information repeats. 
 
Page 9.  Human anesthesia data:  There is another clinical anesthesia paper that may have higher concen-

trations (even higher than the 22,500 ppm noted above).  The NAC should review the following: 
Waters, R.M.  1951.   Chloroform:  A Study After 100 Years.  Madison, Wisconsin: University of 
Wisconsin Press. 

 
Page 13, Table 2.  Add:  389 ppm, 30 min, no complaints (according to Lehman and assistants).  Lehman, 

K.B. and F. Flury, eds.  1943.  Pp. 138-145 in Toxicology and Hygiene of Industrial Solvents (Eng-
lish Translation).  Baltimore, Maryland: The Williams and Watkins Co.   

 
Page 14, line 18.  Add:  Nominal chloroform exposure concentrations were reported, and chamber con-

centrations were not analytically measured. 
Page 18, lines 4-6.  Haskell Laboratories should be Haskell Laboratory. 
 
Page 30, lines 12-13.  Were the kidney lesions only in male rats? 
 
Page 35, line 20.  Provide some explanation for this conclusion. 
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Section 6 and 7.  The explanations accompanying the derivations of AEGL-2 and AEGL-3 are confusing, 
and it was unclear what values were chosen as the basis for these.  The NAC should provide a 
clearer discussion. 

 
Table 14.  The ERPG-3 is higher than the AEGL-3.  Does this appear consistent given the dose-response 

information available for chloroform? 
 

 
COMMENTS ON CARBON TETRACHLORIDE 

 
At its February 21-23, 2005, meeting, the subcommittee reviewed the AEGL document on carbon 

tetrachloride (CCl4).  The document was presented by Robert Young of Oak Ridge National Laboratory.  
The subcommittee recommends a number of revisions.  The revised document will be reviewed by the 
subcommittee at its next meeting.   

 
 

General Comment 
 
The NAC should check to see whether there are any reports that CCl4-protein adducts serve as 

neoantigens, since halothane adducts can in the halothane-induced hepatotoxicity.  
 
 

Specific Comments 
 

Page 2, line 6, and page 7, line 5.   Few non-health professionals will know what “anthelmintic” means.  
Perhaps “kills worms” could be included in parentheses. 

 
Page 3, lines 12-15.   Why would the AEGL values not be appropriate if the potential for dermal absorp-

tion exists?  CCl4 is absorbed through the skin, although the extent of its uptake is minor when com-
pared to inhalation (Stewart and Dodd 1964).  These investigators assessed percutaneous absorption 
of CCl4 and other halocarbons in human subjects under extreme conditions (immersion of a thumb 
in undiluted CCl4 for 30 min).  Systemic uptake of CCl4 vapor through the intact skin would be 
much lower. 
 
It is also stated here that “the possibility exists for long-term hepatotoxic effects possibly requiring 

the need for antioxidant therapy.”  What is the source of concern about long-term/ongoing hepatotoxicity 
from an acute exposure?  CCl4 that is absorbed from the lungs reaches the liver, undergoes metabolic ac-
tivation, and damages the liver within a matter of a few minutes.  This is adequate time for ingested CCl4 
to do the same (Rao and Reckangel 1968, 1969; Sanzgiri et al. 1997).  Thus, antioxidant therapy is not 
beneficial in acute poisonings unless it is instituted very quickly. 

 
Page 7, lines 5-6.  Should “chloroform” be “carbon tetrachloride”? 
 
Page 8, line 4.   Umiker and Pearce (1955) are not included in the References. 
 
Page 8, lines 10-26.   The case described here is a classic example of potentiation of CC14 acute toxicity 

by an alcohol.  The heavy drinker died of nephrotoxicity, while the two other individuals who were 
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subjected to the same exposure conditions experienced only mild CNS effects.  The phenomenon of 
alcohol potentiation should be pointed out. 

 
Page 8, lines 31-34.   It should also be stated that hepatotoxicity is commonly manifest in humans.  The 

severity of liver injury, however, is frequently less than kidney injury. 
 

Guild et al. (1959) in the text is cited as Guild et al. (1958) in the References. 
 
Page 9, lines 26-35:   Point out that the workers studied by Smyth et al. (1936) and Elkins (1942) were 

exposed subchronically, not acutely, to CC14.   Peak vapor concentrations were likely much higher 
than the range of 20-85 ppm proposed by Elkins.  These exposure concentrations are unreliable, and 
the daily exposure durations are unknown. 

 
Page 9, lines 36-42.   The reconstruction of the exposure scenario by Norwood et al. (1950) is very doubt-

ful.  CCl4 has a saturated vapor pressure of 15.2 kPa (114 mm Hg).  This corresponds to a concentra-
tion of 150,000 ppm.  A dilution factor of 600 would be required to attain 250 ppm.  Assuming the 
distance from the floor to the breathing zone is 6 feet, hygienists commonly use a dilution factor of 
10.  Thus, it is likely that the victim inhaled much more than 250 ppm. 

 
Page 10, lines 1-4.   Information is needed on the route, duration, and intensity of CC14 exposure(s) re-

quired to produce neurological damage. 
 
Page 14, line 21.   Should Stewart et al. be Adams et al.? 
 
Page 16, line 31.   Gehring (1987) is not included in the References. 
 
Page 18, lines 3-5.   This sentence is incomplete. 
 
Page 18, lines 19-22.   It is important to state that the experiment of Adams et al. (1952) that is described 

here involves acute inhalation exposure. 
 
Page 20, Table 8.   Cornish and Block monitored serum glutamic oxalo acetic transaminase (SGOT), 

whereas David et al. (1981) monitored serum glutamic pyruvic transaminase (SGPT).  Include both 
in the heading on line 4.   What does “U/L” stand for? 

 
Page 20, lines 19-35.  It is not necessary to include this account of the investigation of Van Stee et al. 

(1982).  Assessment of their more sensitive measure of liver injury failed, and excessive variability 
of histopathological changes precluded the authors’ ability to distinguish the effects of one exposure 
regimen from another. 

 
Page 20, line 27.  This sentence is incomplete. 
 
Page 21, lines 23-31.  The account of the study of Sakata et al. (1987) should also be deleted.   Their 

methodology as described and their reported findings are not credible.  Inhalation of 180 ppm for 15 
min will not cause liver damage in rats unless they are pretreated with a cytochrome P450 inducer. 
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Page 21, lines 32 and 43.   The introductory sentences state that an objective of each study was to exam-
ine the effect of the route of exposure on CC14 acute toxicity.  No information is provided in the 
paragraph on this topic.  Other study objectives were the delineation of effects of route and pattern 
of exposure of CC14 on its pharmacokinetics and metabolism.  It would be best to merely state than 
Sanzgiri et al. (1995) and Wang et al. (1995) assessed the influence of inhaled CC14 on acute hepa-
totoxicity in rats. 

 
Page 21, line 42.   All abbreviations (for example, G6Pase) should be spelled out the initial time they ap-

pear in the text. 
 

Wang et al. (1995) is not included in the References. 
 
The NAC should be consistent with the nomenclature of the serum enzymes. Alanine-

aminotransferase and glutamic-pyruvic transaminase are synonymous, as are aspartate-aminotransferase 
and glutamic-oxaloacetic transaminase. 

 
Page 22, line 9.  Should Section 3.2.4 be 3.1.4? 
 
Page 22, line 11.  Define ECt50. 
 
Page 23, lines 1-5 and Table 9.  This is a summary table of nonlethal effects of CCl4 in animals.  It sum-

marizes many studies, but it is not clear which studies are most relevant for deriving AEGLs.  The 
accompanying text states “although data pertaining to acute exposures [are] the primary focus, 
longer-term exposures with observations at 24 hours or less are included as well as longer-term ex-
posures that may provide useful perspective in assessing the effects of inhalation exposure to carbon 
tetrachloride.”  The table should be reorganized so that the acute studies that are germane to the 
derivation of AEGL values are identified separately from the (1) longer-term studies with observa-
tions at 24 h or less that may be relevant to the derivation of AEGLs and (2) from other longer-term 
studies that may provide support or other perspectives on the results from acute studies. 

 
Page 23, lines 8-9.  Do the available data allow any judgement(s) about relative susceptibilities of differ-

ent species to lethality or to hepatic or renal toxicity? 
 
Page 26, line 21.  McGregor and Lang (1996) is not included in the References. 
 
Page 26, lines 23-24.  Loveday et al. (1990) in the text is listed as Loveday et al. (1991) in the References. 

 
There is a more recent study by Nagano et al. (1998) that specifies everything that the authors of the 

current document rightfully criticize as missing in the Costa (1963) study.  The Nagano study specifies 
the age, sex, and strain of the animals used as well as the concentrations and exposures.  Moreover, the 
groups of animals were sufficiently large (n = 50), and both sexes of two species (mice and rats) were 
used.  Besides liver tumors in both sexes of both species, adrenal pheochromocytomas were observed in 
the mice. 

 
Page 27, lines 3-5.  It is also important to point out here that it is inappropriate to rely on the aforemen-

tioned investigations because they involved chronic exposures. 
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Page 27, lines 15-17.  It should be recognized that CC14-induced nephrotoxicity is much more frequent 
and pronounced in humans than in rodents. 

 
Page 27, line 43.  Lehmann and Schmidt-Kehl (1936) is not included in the References. 
 
Page 28, lines 12-18.  The NAC has cited a general conclusion of Paustenbach et al. (1988) that their 

PBPK model predicted that rats, monkeys, and humans metabolize and eliminate CCl4 in a similar 
manner at inhaled concentrations up to 100 ppm.  Careful examination of Paustenbach et al.’s blood 
and fat CCl4 time-course simulations (Figures 10 and 11) reveal that this is not the case.  Their 
model predicts that fat and venous blood CCl4 concentrations are substantially higher in rats than in 
humans inhaling 5 ppm.  PBPK modeling by Delic et al. (2000) revealed much greater metabolism 
of CCl4 by rats and mice than by humans. 

 
El-Masri et al. (1996), Smith et al. (1998), Thrall et al. (2000), and Fisher et al. (2003) have also 

published PBPK models for CCl4 in animals.  Utilization of one of these models for time scaling in deri-
vation of AEGL-1, -2, and -3 values could be considered.  It would be preferable, of course, to have a 
human PBPK model.  Paustenbach et al.’s rat model did accurately predict postexposure exhaled breath 
concentrations of CCl4 by human subjects, when the model parameters were scaled up to humans. 

 
Page 29, line 25.  Cohen 1957 is not included in the References. 
 
Page 29, line 33.  The title of the subheading should be “Species and Strain Variability.” 
 
Page 29, line 38.  Andersen 1981 and Reitz et al. 1982 are not included in the References. 
 
Page 29, lines 38-40.  It should also be pointed out here that rats will receive a greater internal dose than 

humans upon equivalent inhalation exposures because of rats’ higher respiratory rate, cardiac out-
put, and blood:air partition coefficient.  More importantly, rats metabolize substantially more CC14 
than do humans because of rats’ higher hepatic blood flow and higher cytochrome P4502E1 
(CYP2E1) activity.  Therefore, rats absorb more CC14, metabolically activate more, and typically 
experience more-pronounced liver injury than do humans.   

 
A patient described by Folland et al. (1976) exhibited only a modest, transient increase in serum 

transaminase activity but experienced renal failure.  This individual was thought to have inhaled CC14 on 
only 1 d, but had been preexposed to isopropanol, which induces CYP2E1 and thereby markedly potenti-
ates acute CC14 cytotoxicity. 

 
Page 29, lines 43-47.  It should be understood that Stewart et al. (1961) only saw slight changes in serum 

iron and urinary urobilinogen in one or two of six subjects.  These changes are not indicative of 
acute hepatocellular injury.  Serum transaminase activities were unaffected.  In contrast, Cornish 
and Block (1960) and David et al. (1981) observed modest increases in SGOT and SGPT activities 
in rats inhaling 250 ppm for 250 and 70 min, respectively.  These were LOAELs, whereas the 70-
min, 49-ppm, and the 180-min, 11-ppm human exposure regimens of Stewart et al. (1961) were 
NOAELs for elevation of serum transminases.  For rats, 50 and 100 ppm (4 h) were NOAELs (Cor-
nish and Block 1960).  In summary, it is very difficult to draw conclusions about the relative suscep-
tibility of rats and humans to CC14-induced acute hepatotoxicity from the aforementioned studies 
because of differences in the durations of the exposure regimens. 
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Page 30, lines 6-13.  In light of the foregoing, Table 11 should be deleted. 
 
Page 30, lines 15-21.  Might children be at greater risk of acute hepatorenal toxicity?  Neonates and 

young infants (up to 90-d-old) generally have relatively low hepatic microsomal CYP2E1 levels 
(Johnsrud et al. 2003) and should be less susceptible than adults.  Young children, on the other hand, 
have a higher capacity than older children, adolescents and adults to metabolize a number of drugs 
(Ginsberg et al. 2002).  Young children might therefore be more susceptible than adults to CCl4 but 
should be adequately protected by the intraspecies UF of 10. 

 
Page 30, line 25.  Folland et al. (1976) described potentiation of CC14 hepatorenal toxicity in humans not 

laboratory animals. 
 
Page 31, line 5.  It should be pointed out here that Cornish et al. (1967) pretreated their rats with alcohols.  

A period of 12-24 h is usually required for alcohols to induce P450s.  In contrast, concurrent expo-
sure to alcohols and CC14 may reduce CC14 metabolic activation and toxicity via competitive meta-
bolic inhibition. 

 
Page 31, lines 16-17, and page 32, line 6.  The exposure concentrations at which Tomenson et al. (1995)  

observed were ≥4 ppm not ≤4 ppm.  Their report of serum enzyme alterations at ≥4 ppm is not con-
sistent with the findings of other investigators. 

 
Page 31, lines 20-23.  As previously mentioned, Stewart et al. (1961) did not see changes in SGOT. 
 
Page 31, line 30.  The introductory sentence indicates that studies that show “no effects” are consistent 

with the definition of AEGL-1 effects.  This is not correct.  Adverse health effects that are consistent 
with AEGL-1 effects are defined on page 1 as those that exposed individuals might “experience no-
table discomfort, irritation, or certain asymptomatic, non-sensory effects.” 

 
Page 32, lines 12-22.  Some more details about the AEGL-1 derivation should be provided here in the text 

(e.g., UF and its basis, toxicity end point).  The 4- and 8-h AEGL-1 values should be rounded off. 
 

An interspecies UF of 10 is not warranted for calculation of AEGL-1 values.  There are numerous 
reports in the anesthesiology literature that demonstrate that variability in the response of the CNS to 
volatile organic anesthetics in humans (including infants and the elderly) is quite modest (Gregory et al. 
1969; de Jong et al. 1975; Stevens et al. 1975).  An intraspecies UF of 3 is thus appropriate for CNS de-
pression.  Hepatorenal  toxicity is very unlikely at CC14 exposure concentrations in the range proposed 
for the AEGL-1 values, even in an individual with induced/heightened CYP2E1 activity.  A heavy drinker 
who developed hepatorenal toxicity was exposed to CCl4 at an estimated 250 ppm (Norwood et al. 1950).   
As related previously, the actual inhaled concentration was probably much higher.  Cornish et al. (1967) 
had to expose rats to 1,000 ppm for 2-2.5 h in order to demonstrate potentiation of hepatotoxicity by al-
cohols.  A total UF of 3 would be appropriate for deriving AEGL-1 values. 

 
Alternatively, Davis’s (1934) NOAEL for CNS effects and renal injury of 76 ppm for 4 h could be 

utilized as a departure point for derivation of AEGL-1 values.   Extrapolation from an intermediate dura-
tion exposure (4 h) to longer and shorter times would be preferable to extrapolation from 30 min to the 
longer exposure times.  The scientific validity of using Cn × t = K under such circumstances for volatile 
organic chemicals (VOCs), particularly when data are not available to derive n for the appropriate end 
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point, is highly questionably.  Concern is allayed to some extent by the time course of CC14 in the blood 
of rats during inhalation of the chemical (Sanzgiri et al. 1995).   Blood concentrations gradually increase 
rather than attain near steady-state, because of CC14’s slow metabolism and suicide enzyme inhibition 
(Manno et al. 1992; Fisher et al. 2004).   Nevertheless, the 5-fold decrease from the 10-min to the 8-h 
AEGL-1 is excessive. 

 
Page 32, lines 23-24.  It is stated here that the AEGL-1 values from alternate data sets are provided in 

Appendix B.  Appendix B presents other data. 
 
Page 33, lines 5-21.  It should be related here that the applicability of rodent data to humans is limited by 

the difference in their major target organs.  In rodents, the liver is primarily affected by CC14.  In 
CC14-poisoned humans, liver injury is often relatively minor, whereas kidney damage predominates. 

 
Page 33, lines 9-11 and 21.  The effects described in lines 9-11 are said to be consistent with AEGL-2 

effects, yet it is concluded in line 21 that “available animal data do not suggest a severity that is con-
sistent with AEGL-2 effects.” 

 
Page 33, lines 23-37.  CNS effects also serve as the toxic end point for the AEGL-2 values, but potentia-

tion of hepatotoxicity is again used as the rationale for the intraspecies UF of 10.   As previously de-
scribed in comments on the AEGL-1 derivation, an intraspecies UF of 3 should be utilized rather 
than 10.  The lowest reliable LOAEL (317 ppm for 30 min) should be used as the basis for AEGL-2.  
All three subjects who inhaled 317 ppm for 30 min apparently experienced headache, nausea, and 
vomiting, whereas only one individual found 1,191 ppm to be intolerable after 9 min.  Elkins (1942) 
reported nausea and vomiting in workers inhaling undocumented vapor concentrations of  20-85 
ppm, but these cases involved repeated exposures.  The reasoning for the rejection and selection of 
particular studies and exposures should be clearly stated in the text. 

 
Findings in human studies should serve as a reality check for the proposed AEGL-1 and AEGL-2 

values.   Stewart et al. (1961) found, for example, that inhalation of 49 ppm for 70 minutes was without ill 
effect in human subjects and inhalation of 11 ppm for 3 h produced no adverse effects.  Davis (1934) re-
ported no CNS depression nor kidney injury in humans inhaling 76 ppm for 4 h, but one worker exposed 
to 200 ppm for 8 h exhibited compromised kidney function. 

 
Time scaling using Cn × t = k produces overly conservative AEGL-2 values for the longer exposure 

periods.  As related on page 19, David et al. (1981) found that short exposures to high vapor concentra-
tions produced larger rises in SGPT in rats than did longer exposures to lower concentrations despite 
equivalent ppm-h.   Kim et al. (1990) found the highest correlation to be between liver damage and peak 
blood concentration (10-20 min postingestion), rather than area under the blood concentration versus time 
curve (AUC∞

o) in CC14-dosed rats. 
 
 
 

Page 34, lines 10-13.  It should be noted here that the fatality involved a heavy drinker. 
 
Page 34, line 29.  There is inconsistency in discussions of which studies were used to derive the AEGL-3 

values.  The text here, in the Summary (page 2, lines 41-42) and in the Summary Table in Appendix 
D all identify two studies, Adams (1952) and Dow Chemical (1986), as the basis for deriving the 

Copyright © National Academy of Sciences. All rights reserved.

Thirteenth Interim Report of the Subcommittee on Acute Exposure Guideline Levels 
http://www.nap.edu/catalog/11396.html

http://www.nap.edu/catalog/11396.html


__________Thirteenth Interim Report of the Subcommittee on Acute Exposure Guideline Levels________ 
 

 
14 

AEGL-3 values.  Appendix A, however, lists three studies, the two studies mentioned above and a 
1946 Union Carbide study.  This third study is also included in Appendix B, which provides the de-
tails of the time scaling calculations used to derive the AEGL-3 values.  Which are the key studies?  
Please clarify. 

 
Page 34, lines 33 and 35.  Appendix C should be B. 
 
Page 34, lines 40-42.  It is true that rats eliminate CC14 more rapidly than humans because of more rapid 

exhalation and metabolism.  It is important to recognize, however, that with equivalent inhalation 
exposures, rats achieve much higher target organ doses because of their relatively rapid respiration, 
cardiac output, and tissue (for example, liver) blood flow rates, as well as higher blood:air partition 
coefficients (Gargas et al. 1989).    Rats’ more rapid CC14 metabolism is a two-edged sword in that 
CCl4 is more rapidly eliminated by rats than by humans, but greater metabolism equates to increased 
metabolic activation and susceptibility to hepatotoxicity in rats.  Delic et al. (2000) concluded from 
their work with a PBPK CC14 model for rats and humans that rats metabolize much more CC14 than 
humans and accordingly are more susceptible to CC14 (metabolite)-induced cytotoxicity.  It is gen-
erally accepted that CCl4 and other lipophilic volatile organics partition into neuronal membranes 
and cause CNS depression by the disruption of nerve impulses.  Data from studies of aquatic organ-
isms indicate that the critical brain concentration of a halocarbon required to produce a given level 
of narcosis is relatively constant across species (McCarty et al. 1991).  The possibility remains, nev-
ertheless, that molecular mechanisms of narcosis could vary among different species resulting in 
heretofore unrecognized interspecies pharmacodynamic differences in sensitivity to halocarbon-
induced CNS depression.  A detailed discussion of the foregoing is recommended in the text. 

 
Page 35, lines 38-40.  The discussion of potential cancer risks of an acute inhalation exposure to CCl4 is 

incomplete and inaccurate.  As previously pointed out, Nagano et al. (1998) have published the re-
sults of an inhalation carcinogenicity study with clear-cut findings from which cancer risks can be 
calculated.  The SOP manual (page 111) calls for the use of a three-risk range, from 10−4 to 10−6.   
Estimation of just one risk value is included in Appendix C. 

 
The NAC should give a more complete explanation of why the AEGL values for CCl4 are not based 

upon cancer risk estimates.  Make it clear that AEGL values based on unit cancer-risk values were higher 
than when they were based upon noncancer end points.  This explanation and reasoning should be in-
cluded here in the text, in the Summary, and in Appendix C. 

 
The International Agency for Research on Cancer (IARC) and the National Toxicology Program 

(NTP) carcinogenicity classifications should be included in lines 11 and 12 of page 27.  It should also be 
noted here or elsewhere that ATSDR (2004) has published an updated Toxicological Profile for CCl4. 

 
Page 36, lines 23-25.  Shouldn’t the Amercian Conference of Governmental Industrial Hygienists thresh-

old limit value-time weighted average (ACGIH  TLV-TWA) and short-term exposure limit (STEL) 
be included in the 8-h column? 

Page 52, Appendix C, line 3.  Is the risk level associated with a CCl4 vapor concentration of  7E-2 µg/m3 
1 in 100,000 or 1 in 1,000,000?  As noted above, three risk values should be calculated. 
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COMMENTS ON SULFUR DIOXIDE 
 
At its Feburary 21-23, 2005, meeting, the subcommittee reviewed the revised AEGL document on 

sulfur dioxide (SO2).  The document was presented by Peter Griem of Clariant, Germany.  The subcom-
mittee recommends a number of revisions.   

 
 

General Comments 
 
The NRC subcommittee recommends only relatively minor suggestions for improvement. 
SO2 is a substance that shares its delayed fatal response with e.g. paraquat and dioxane—that is, an 

initial virtual recovery followed by recurrence of serious life-threatening effects. There are many human 
data available; the subcommittee recommends that these be described more concisely. 

 
 

Specific Comments 
  
Page ii, line 34.  Have any casualties or anaphylactic reactions been reported in asthmatics at low expo-

sure? 
 
Page 1, line 24.  Add “co-exposure” before respirable particles at beginning of sentence. 
 
Page 3, line 32.  Because bronchiolar obstruction was still present 4 y after the accident, the airway ob-

struction is irreversible. 
 
Page 4, line 1.  What is “destructing bronchitis”? 
 
Page 4, line 5.  What happened to the follow-up after 4 y?  Did patients escape medical supervision? 
 
Page 5, line 6.  In the London case, 1.3 ppm was the peak SO2 concentration at which people died.  This 

could lead to the conclusion that 1.3 ppm is an AEGL-3, whereas this document proposes 16-42 
ppm for AEGL-3 and 0.75 ppm for AEGL-2 values. This discrepancy should be explained. 

 
Page 5, lines 7-8.  Change sentence to “The excess deaths were attributed to bronchitis or to other im-

pairments of the respiratory tract.” 
 
Section 2.2.2.  The database described here is fairly dated.  The NAC should find more recent studies that 

have evaluated effects of SO2.  It is a given that epidemiological studies almost always have some 
confounders, but some of the studies have shown a stronger association to SO2 exposure than other 
chemicals. 
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Page 7, line 5.  The increase in sensitivity to SO2 odor at the end of exposure is remarkable and the oppo-
site for e.g. dioxane and hydrogen sulfide (H2S) where the sensitivity of the olfactory system de-
creases after a certain time.  Is this logical? 

 
Page 7, line 12.  Change “bronchiolar lavage” to “bronchoalveolar lavage” here and anywhere else it 

shows up. 
 
Page 14, lines 40-41.  If changes were shown to be statistically significant, how can it be difficult to as-

certain the exact magnitude of the effect? 
 
Page 19, line 6.  Insert “ambient” before “air pollution.” 
 
Section 3.1.  Are all these animal data really needed when there are so many human data available? 
 
Section 4.4.  This section does not seem to have a place in the document because the data described is not 

used for derivation of the AEGL values. 
 
Section 4.5.  Delete from text as explained below. 
 
 
AEGL-1 

 
The comment on page 27, line 32, that 0.25 ppm may be a threshold contradicts the comment on 

page 28, line 3, that effects were found at 0.25 ppm.  In any case, it must be realized that effective con-
centrations in asthmatics are highly dependent upon the severity of the disease in the subjects being 
tested, the extent of medication use, etc.  Thus, one study may show an effect at a certain concentration, 
and another study might show no effect merely because of differences in the subjects.  Asthmatics are a 
highly variable group in terms of response to exposure to irritants, much more so than normal individuals 
exposed to the same atmospheres.  Furthermore, most controlled clinical studies generally use subjects 
who are not the most severe.  Based upon all this, the subcommittee concludes that the value for AEGL-1 
of 0.25 ppm is too high and should be reduced to account for susceptibility differences in the most sus-
ceptible population, namely asthmatics.  The subcommittee recommends a value of 0.2 ppm at the high-
est.  The subcommittee recommends that the AEGL values should be held constant for various exposure 
durations. 

Furthermore, the subcommittee recommends that the Comparative Indices table (Table 6) should be 
deleted from the document.  This table could be misleading.  For example, while an increase in SRaw of 
200% may not be of concern in normals, it would surely be of concern in someone with preexisting respi-
ratory disease.  Thus, the comment on page 28, line 2, that a change of 134-139% is mild to moderate 
should be deleted from the text. 

 
 

AEGL-2 
 
The argument above for AEGL-1 applies here also.  Changes in airway resistance of almost 600% is 

not necessarily of little consequence to an asthmatic. 
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Table II.  The AEGL-3 is almost twice that of the Emergency Response Planning Guideline (ERPG-3).  
Thus, the latter seems to be more conservative.  Some comment on this should be made.  Similarly, 
the IDLH is more than twice the ERPG-3 value.  In this case, the latter seems to be much more con-
servative. 

 
Page 30.  The AEGL-3 is extremely high in comparison to AEGL-2.  Are there any examples of other 

substances that the subcommittee reviewed where such a high AEGL-3-to-AEGL-2 ratio exists?  At 
first sight, the ERPG-3 seems to be more reasonable. 
 
 

Conclusions of the Subcommittee  
 
The AEGL-1 should be set at 0.2 ppm across the time scale. 
The AEGL-2 should be 0.75 ppm throughout. 
The AEGL-3 should remains as proposed provided a good justification for these values can be 

given. 
 
 

COMMENTS ON CIS, TRANS 1,2-DICHLOROETHYLENE 
 
At its February 21-23, 2005, meeting, the subcommittee reviewed the AEGL document on cis, trans 

1,2-dichloroethylene.  The document was presented by Cheryl Bast of Oak Ridge National Laboratory.  
The subcommittee recommends minor revisions to the document.  A revised draft can be finalized if the 
recommended revisions are made appropriately. 

 
 

Specific Comments 
 
Page 24, lines 5-12.  It should also be pointed out in this section that PBPK modeling can be very useful 

for time scaling in the derivation of AEGLs.  Barton et al. (1995) published a model that was used to 
predict interactions between trans-1,2-dichloroethylene and other halocarbons, but it has not been 
validated for humans.  Cn × t = k does a reasonable job for time scaling, from 4-8 h for AEGL-2 val-
ues but not for AEGL-3 values, as described below. 

 
Page 25, lines 4-8.  Derivation of AEGL-1: Data on narcosis and lethality were used for introducing a 

modifying factor for the derivation of the AEGL-1.  Narcosis is clearly more severe than an AEGL-
1 effect.  It may therefore be recommended to justify this (for example, by the argument that the ob-
servation of a slight dizziness was taken as a possible mild narcotic effect at the 1,2-
dichloroethylene concentration used as the starting point for the derivation of the AEGL-1). 

 
Page 26, lines 10-37.  It is not clear from the text in this section how the 10- and 60-min AEGL-2 values 

were derived.  A short paragraph should be added that includes the experimental basis, departure 
point, and rationale for maintaining the AEGL at 1,000 ppm across these exposure periods. 

 
As stated in the subcommittee’s previous review of this chemical, Filser and Bolt (1979) predicted 

that cis- and trans-DCE would attain near-steady-state within 2 h in the blood of rats inhaling 100 ppm.  
This is characteristic of many VOCs.  DCE is somewhat unique, however, in that it inhibits its own me-
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tabolism.  This should result in some reduction in its systemic uptake.  More importantly, the suicide in-
hibition could result in a continuing increase in blood concentrations (and CNS effects) at exposure peri-
ods longer than 6 h (that is, the basis for calculations).  This logic supports the retention (as in the current 
draft of the document) of the 8-h AEGL-2 values of 450 and 230 ppm for trans- and cis-DCE, respec-
tively, that were derived using Cn × t = k. 
 
Page 26, lines 19-21; page 28, lines 6-11 and 16-17; the Summary on page 5, lines 28-31; page 6, lines 8-

11; the Appendix B tables page B-3, line 31ff; page B-5, line 32ff; page B-8, line 31ff; and page B-
10, line 33ff.  Derivation of AEGL-2 and AEGL-3: The argument given for the choice of the magni-
tude of the interspecies UF considers only pharmacodynamics:  “because data suggest that the criti-
cal brain concentration of a halocarbon required to produce a given level of narcosis is relatively 
constant across species.”  Upon equivalent inhalation exposures, rats receive a substantially larger 
internal dose of VOCs than do humans.  This is attributable to rats’ higher respiratory rate and car-
diac output.  The influence of these is offset to a presumably quantifiable extent by the rats’ more 
rapid metabolism of DCE.  A comparative (approximate) quantification of these influences would 
be desirable.  If the result would show that humans are at less risk than the rat (as this reviewer 
guesses), a further reduction of the interspecies UF would be warranted (e.g., from 3 to 1).  If it 
should turn out impossible to estimate quantitatively the relative contributions of the essentially op-
posing control factors mentioned above, the pharmacokinetic contribution to the UF should remain 
at its full extent of 3 (or 4 to account for the generally greater impact of pharmacokinetic compared 
with pharmacodynamic differences; compare SOP manual).  The intraspecies UF of 3 proposed by 
NAC appears justified.  The subcommittee recommends using a well-justified modifying factor 
rather than trying to squeeze UFs if the final outcome does not stand the reasonability test. 

 
Page 28, lines 17-22.  Use of Cn × t = k does not do so well in scaling from 4 to 8 h for AEGL-3 values.  

The proposed 8-h AEGL-3 is half that of the 4-h value.  The DCE blood and brain concentrations, as 
described above, will continue to increase with increasing duration of exposure.  Exhalation of this 
very volatile chemical, however, will partially offset its systemic accumulation.  Thus, it is very 
doubtful that DCE’s blood concentration and CNS depressant effects will be twice as great at 8 as at 
4 h (as indicated by the recommended 4- and 8-h AEGL-3 values). 

 
 

Minor Points 
 

Page 8, line 21.  Perhaps change Budvari et al. (1989) to O’Neil et al. (2001).  If Budvari should be re-
tained, add to the References. 

 
Page 10, line 22.  The vapor concentrations should be expressed in ppm rather than ppm/m3. 
 
Page 10, line 32.  Data in Table 7 are from a cat study by Lehmann and Schmidt-Kehl (1936) not the 

mouse study by Gradiski et al. (1978). 
 
Page 12, lines 17-18.  What is meant by “various researchers”?  Did researchers other than Lehmann and 

Schmidt-Kehl conduct experiments that are described in this paragraph? 
 
Page 17, line 4, and page 19, line 8.  It’s dichlorethene, not dichlorethane. 
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Page 21, line 28.  Barton et al. 1995 not 1985. 
 
Page 21, lines 38-42.  Cite the appropriate reference in this paragraph. 
 
Page 22, line 13.  “other cytochrome P-450 substrates [not substances]” 
 
Page 22, lines 27-28.  Unit? 
 
Page 23, lines 15-16.  The ratios of AD95: AD50 defines steepness of the dose response curve, not intrain-

dividual variability.  The latter may be estimated from the ratio of the highest to lowest maximal al-
lowable concentration (MAC) to induce a given anaesthetic dose (AD). 

 
 

COMMENTS ON MONOCHLOROACETIC ACID 
 
At its February 21-23, 2005, meeting, the subcommittee reviewed the AEGL document on 

monochloroacetic acid. The document was presented by Peter Griem of Clariant, Germany. The subcom-
mittee recommends minor revisions to the document.  A revised draft can be finalized if the recom-
mended revisions are made appropriately. 

 
 

Overall Comment 
 
The monochloroacetic acid document is greatly improved.  With minor revisions, this AEGL TSD 

can be finalized. 
 
 

Specific Comment 
 

Line 1084.  “Aanvaaarde” should read “Aanvaarde” (it’s Dutch for accepted).  
 
 

COMMENTS ON CARBON MONOXIDE 
 
At its February 21-23, 2005, meeting, the subcommittee reviewed the AEGL document on carbon 

monoxide (CO).  The document was presented by Peter Griem of Clariant, Germany.  The subcommittee 
recommends minor revisions to the document.  A revised draft can be finalized if the recommended revi-
sions are made appropriately. 

 
General Comments 

 
The AEGL values and TSD for CO were approved by the subcommittee at its February 21-23, 2005, 

meeting.  Only one minor change to the document was suggested.  This involved expanding the support 
for why a carboxyhemoglobin (COHb) value of 40% was selected as the basis for the derivation of 
AEGL-3.  Given that the range of anywhere from 34-56% COHb does not cause lethal effects (page 49, 
line 1822), why pick 40%?  The discussion in the text supporting this decision (page 49, lines 1825-1927) 
is weak and could be strengthened by providing additional reasons for why 40% (as opposed to 45% or 
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50%, for example) was selected.  Perhaps there are human data that support this decision in addition to 
the animal data cited in the text.   

 
 

COMMENTS ON FLUORINE 
 
At its February 21-23, 2005, meeting, the subcommittee reviewed the AEGL document on fluorine.  

The document was presented by Cheryl Bast of Oak Ridge National Laboratory. The document can be 
finalized. 

 
 

COMMENTS ON METHANOL 
 
At its February 21-23, 2005, meeting, the subcommittee reviewed the AEGL document on metha-

nol.  The document was presented by Peter Griem of Clariant, Germany.  The subcommittee recommends 
the following revisions.  The revised document will be reviewed at the subcommittee’s future meeting. 

 
 

Major Comments 
 
An interspecies UF of 1 is used to derive AEGL-2 values even though the key study was a mouse 

study.  The text states that an interspecies UF of 1 was selected because a sensitive species was used and 
because toxicokinetic differences between species were accounted for by using a PK model for calculat-
ing exposure concentrations (page 115, lines 3559-3563). 

With regard to the use of sensitive species, it is not clear that the mouse is more sensitive than a hu-
man when considering developmental effects.  The discussion of the NTP study panel that reviewed the 
data on developmental toxicity of methanol in rodents clearly states that the NTP panel concluded that 
there was “insufficient evidence to determine if the human fetus is more or less sensitive than the most 
sensitive rodent species (the mouse) to methanol teratogenesis” (page 51, lines 2050-2052).  Since a de-
velopmental study was used to derive the AEGL-2 values, it seems inappropriate to use a UF of 1 in this 
case. 

With regard to the use of PK modeling, this method does not completely eliminate all the uncer-
tainty when extrapolating from animals to humans.  PK modeling only takes into consideration a portion 
of the potential toxic impact of a substance.  It does not address the pharmacodynamic component, which 
remains uncertain. 

Unless there are data that clearly shows that animals (in this case mice) respond in the precise way 
that a human does to the same internal dose, then some uncertainty remains, and a UF greater than 1 
needs to be used.  The evidence presented supports moving away from a default of 10, but it is not con-
vincing nor sufficient to use a UF of 1.  An interspecies UF of 3 seems appropriate. 

NOTE:  There is no guidance in the SOP manual on how to incorporate PK modeling into the 
AEGL review process.  This needs to be done as soon as possible because the use of these models is be-
coming more common. 
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Other Comments 
 
AEGL-3 is based on a value set by the American Academy of Clinical Toxicology of the peak blood 

methanol concentration that indicates serious poisoning for which hemodialysis is recommended (page 
78, lines 2228-2232).  There  is a general presumption that it is based on human data and general experi-
ence, but this could be made more explicit. 

 
 

Specific Comments 
 
Page 1, line 422.  “tert.-butyl” is awkward.  The NAC should either take the period out after “tert” or spell 

out tertiary. 
 
Page 2, lines 454 and 470.  WHO (1977) is listed as WHO (1997) in the References.  Which is correct? 
 
Page 2, lines 462-463.  This sentence implies that bilateral blindness results from, or is directly related to, 

systemic metabolic acidosis.  Tephy and his colleagues have clearly shown that optic nerve damage 
results from in situ (retinal) methanol metabolism. 

 
Page 8, line 648.  Typo:  “significantly” should be “significant.” 
 
Page 8, lines 648-650.  This sentence is confusing. 
 
Page 9, line 728.  How would experimental design limit one’s ability to tolerate methanol inhalation? 
 
Page 11, lines 800-805.  As related in the subcommittee’s initial review of this document, “A person who 

inhales ethanol vapor cannot attain blood levels sufficient to impair his/her ability to drive a motor 
vehicle.  Methanol is less lipophilic and is therefore a less potent CNS depressant than ethanol.”  It 
is very unlikely that substantial CNS depression will result from the inhalation of methanol.  Thus, it 
should be pointed out here that manifestations of poisoning would be limited to systemic acidosis 
and visual impairment.  

 
Page 12, lines 812-819.  Dermal exposure was obviously quite important in the methanol poisoning inci-

dent described by Humperdick (1941). 
 
Page 19, line 1045, and page 10, lines 1062 and 1065.   What are “responsive” stellate cells? 
 
Page 26, line 1277.  Should Rogers et al. (1997) be Rogers and Mole (1997)? 
 
Page 28, line 1357.  What is meant by the OECD guideline? 
Page 30, lines 1420-1432.  More information should be provided about the findings of Pollack and Brou-

wer (1996).  For example, was the systemic clearance dose dependent, and how did fetal and mater-
nal methanol concentrations compare? 

 
Page 33, line 1512.  Osterloh et al. (1996) is not included in the References. 
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Page 44, line 1790.  This introductory sentence is incomplete.  Something is missing from the sentence 
that ends with “between.” 

 
Page 46, line 1850.  Clarify length of NIOSH (1980) and Frederick et al. (1984) study; it states only that it 

was conducted “during about 3 years.” 
 
Page 48, lines 1938-1947.  The use of a UF of 3 does not appear to be warranted for the derivation of 

AEGL-1 values.  No mucus membrane irritation or CNS effects were reported by human subjects 
exposed to 800 ppm for 8 h (Batterman et al. 1998).  NIOSH (1980) and Frederick et al. (1984) de-
scribed subjective symptoms reported by teachers and teachers’ aides who were exposed to metha-
nol vapors around duplication machines.  These workers reported eye and throat irritation, headache, 
dizziness, etc.  If the AEGL-1 values are based on mucus membrane irritation, the mean vapor con-
centration (1,060 ppm) should be utilized and the AEGL-1 “flat lined” across all exposure times.  A 
UF is not employed for mild irritant effects.  If the AEGL-1 values are based on CNS effects (that is, 
parent compound), a PBPK model should be used to derive AEGL-1 values for the different expo-
sure times.  Use of Cn × t = k (Haber’s Rule) to extrapolate from longer to shorter exposures typi-
cally results in the underestimation of the risks of CNS depression or the overestimation of AEGL 
values for the shorter periods (Boyes et al. 2000; Bruckner et al. 2004).  An interspecies UF is not 
needed for minimal CNS effects. 

 
Page 48, lines 1946-1947. It is stated that “subpopulations with less than optimal folate status may be 

more susceptible to the health effects of methanol.”  This statement is not supported by several stud-
ies (cited in lines 1828-1831 on page 45) that show little effect of folate deficiency on blood metha-
nol concentrations.  CNS depression, of course, is directly dependent upon blood/brain methanol 
concentration. 

 
Page 56, lines 2226-2228.  It should be noted that exhalation is the second route of elimination of metha-

nol, particularly at high exposure concentrations. 
 
Page 68, line 2544.  Typo:  “live” should be “life.” 
 
Page 68, line 2547.  Typo:  Delete “a” before “two studies.” 
 
Page 68, line 2549.  Typo:  Remove “d” on derived. 
 
References.  Remove “cited in etc.” from references.  The original papers should be obtained, reviewed, 

and listed. 
 
 
 

Additional References 
 
Boyes, W.K., P.J. Bushnell, K.M. Crofton, M. Evans, and J.E. Simmons.  2000.  Neurotoxic and pharma-

cokinetic responses to trichloroethylene as a function of exposure scenario.  Environ. Health Per-
spec. 108(Suppl. 2):317-322. 
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Bruckner, J.V., D.A. Keys, and J.W. Fisher.  2004.  The acute exposure guideline level (AEGL) program:  
Applications of physiologically based pharmacokinetic modeling.  J. Toxicol. Environ. Health 
67(Part A):621-734. 

 
 

COMMENTS ON PHENOL 
 
At its February 21-23, 2005, meeting, the subcommittee reviewed the AEGL document on phenol.  

The document was presented by Peter Griem of Clariant, Germany.  The subcommittee recommends mi-
nor revisions.  A revised draft can be finalized if the recommended revisions are made appropriately. 

 
 

Specific Comments 
 

Page 15-16.  Mention that animals were exposed “whole body” in the following studies:  Flickinger 
(1976) (line 736), Brondeau et al. (1990) (line 754), and Dalin and Kristofferson (1974) (line 795).  
The subcommittee suggests this to be consistent with the other inhalation studies in this section, 
where animals were exposed “nose only” or “whole body.” 

 
Page 15, line 736.  Add in this sentence that rats were exposed to nominal concentrations of phenol aero-

sols.  (It is elaborated on in the paragraph below, but the subcommittee believes that it helps to men-
tion it in the first sentence.)  
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