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1 Assessment of modeling of hypothetical day in the summer of 1990 in &. Louis using UAM-
Tox, a version of UAM that explicitly models toxics. Comment on the validity of
assumptions used in the model, and results for benzene, formaldehyde, 1,3-butadiene,
acetaldehyde, and POM.

This review does not include a comprehensive discussion of the UAM, and would probably be outside the
scope of this document. The overall assumptions of the UAM are contained in Y2 of 85.4.5 and certainly are acce|
as such in terms of grid sizes, mixing heights, etc. The incorporation of benzene and 1,3-butadiene are the most
straightforward species to incorporate as separate species in the UAM (i.e., UAM-Tox). Of the two species, benz
is possibly handled somewhat more easily that 1,3-butadiene, since benzene reacts substantially only with OH (duri
the day), while 1,3-butadiene has substantial removal rates by OH and ozone during the day and ozone and NO, at
night. Accurate predictions of ambient concentrations of these chemicals is undoubtedly more dependent on accui
emission rates rather than loss rates by processes such as chemical reaction. On the other hand, formaldehyde an
acetaldehyde are formed in both primary and secondary processes and predictions of these concentrations are high
dependent on the accuracy of chemical module of the UAM.

In the overall description of the UAM, there should be some discussion as to how the UAM and UAM-To»
handles mixing between cells and the assumptions involved in mathematically performing the mixing function.

(The last sentence in 15 of §85.4.5 is unclear and should be rewritten. The authors appear to be stating tha
Houston is expected to show little benefit with the use of reformulated fuels, since the HC/NO, ratio in that airshec
extremely high (due to refinery contributions) and changing the hydrocarbon composition of an already hydrocarb:
rich areais expected to have negligible effect. On the other hand, Baltimore-Washington, DC having a much lowel
HC/NO, ratio with a much higher hydrocarbon contribution from mobile sources is expected to show a much gres
effect from the use of reformulated fuels.)

The magjor assumptions in selecting the hypothetical day in the summer of 1990 based on a historical episc
of 13 July 1976 is outlined in 16 of 85.4.5 (p. 5-19). Clearly SAl and the authors have considerable experience wil
this episode, especially the meteorological aspects, and its selection iswise. The authors are also correct in noting
pollutant levels in 1976 were no doubt substantialy higher than they would have been in 1990. The major
assumptions that arise which should be addressed are: (1) has increased urban growth or other changes over the 1.
period between 1976 and 1990 influenced meteorological factors substantially since the original study was carried |
(2) are emission sources of hydrocarbons substantially different 14 years later and what validation data is available
emission sources of the toxic compounds? (3) are any experimental data on the concentrations of the compounds
interest from either 1976 or 1990 available for comparison with the model? This last issue is the most important.
What ambient benzene data is available for St. Louis? (Isthe datain Appendix C the extent of the ambient data?)
Were any of the available experimental measurements taken under conditions that could be used to compare the mc
Clearly, some discussion of the uncertainties involved in the results from use of the UAM-Tox are essentia. In
particular, some discussion of the largest sources of uncertainty in predicting the atmospheric concentrations shou
provided. A map of St. Louis with the location and size of grid cells (8,11) and (8,13) and the prevailing winds she
be provided for clarity. Some additional comments are provided on a compound-specific basis.

Benzene. An examination of Appendix B show average benzene levels for St. Louis ranging from 3 - 10
ppb over the period 1987-1989. Based on these data, it is reasonable to assume that average 1990 benzene levels il
Louis would be in the range 2 - 5 ppb based on these data. However, the UAM-Tox modeling in Appendix D shov
benzene values ranging between 0.1 and 0.8 ppb for the hypothetical day in 1990 with an average value of
approximately 0.5 ppb. This large discrepancy suggests a substantial systematic error is present either in the mode
in the measurements. (Let me suggest one possible source of the discrepancy. Some check should be performed
ensure that the units for the ambient concentrations and the modeling results are the same, that is ppbv or ppbC. I
that ambient measurements are generally reported as ppbC, whereas most modeling results are frequently calculate
amolar or volume basis, that is, ppbv. In this case, 1 ppbv of benzene is equivalent to 6 ppbC.) If the units as
presented are, in fact, on the same basis, some explanation as to the difference between the ambient concentration:
modeling results should be discussed, in particular, the motivation for the selection of UAM Cell (8, 11) for
presentation and the degree to which that cell is representative of typical St. Louis concentrations.
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Formaldehyde. It is not clear the basis for the statement in 86.4.4, 15 (p. 6-13), "The comparison of
simulated concentrations with ambient measured concentrations showed good agreement for formaldehyde." Amk
data for St. Louis from Appendix C, smply give averages which appear to be substantially lower than the average
value from the hypothetical data. The statement should be qualified to reflect that the small number of ambient poi
under a variety of conditions can only provide very limited validation of the model. (My guessis that any model th
yielded formaldehyde concentrations between 1 and 10 ppbv would be considered to show good agreement with a
the formaldehyde data in Appendix C.)

As noted 86.4.4, 16 (p. 6-13), the photolysis data from Moortgat et al. is the appropriate data to use in the
model for formaldehyde photolysis. However, it should be recognized that for appropriate actinic wavelengths
approximately one-third of the photolysis reaction goes to form radical products; two-thirds of the reaction goes tc
form non-radical products under most conditions.

As afina note, shouldn't formaldehyde concentrations be compared in grid cells (8,11) and (8,13) as wer
acetaldehyde concentrations later in Section 8?

1,3-Butadiene. It isnot clear how the stationary and mobile inputs to 1,3-butadiene in Figure D-3 can
be decreasing after 10:00 h, and yet the inert portion of 1,3-butadiene can continue to increase. (I had thought tha
inert component was the sum of the two components in the absence of chemical reaction rather than an integrated
value.) Does the inert term contain non-chemical losses? Perhaps the explanation of the inert component could be
somewhat improved.

It looks as though the model was terminated a little early in the smulation for 1,3-butadiene. In §7.4.4; 14
the text states that comparison of the simulated concentrations with ambient concentrations showed good agreeme
What constitutes good agreement and what is the reference (literature or report) for the 1990 ambient data for St. |
Again in the discussion of the Baltimore-Washington and Houston area simulations for 1,3-butadiene, | would ask t
authors to clarify whether concentrations are in ppbC or ppbv.

Acetaldehyde. For the most part, comments for acetaldehyde parallel those for formaldehyde. The third
paragraph in §8.4.4 (i.e., "Secondary ALD2 is produced....") should be eliminated. The fourth paragraph should b
rewritten for clarity. The fifth paragraph contains information on the grid cells that should be introduced in Sectio
particularly the mativation for selecting grid cell (8,11) for examination. The average residence time of an air mass
cell (8,11) would provide useful information in the sixth paragraph of §8.4.4.

What is the origin (or reference) for ambient measurements of acetaldehyde? If formaldehyde and
acetaldehyde data were available, measurements for the higher aldehydes are probably also available since the ambi
measurements were undoubtedly obtained using DNPH cartridges or impingers. This would give some experiment
guidance as to the likelihood that urban concentrations of higher aldehydes were comparable to formaldehyde and
acetaldehyde, as stated in §88.4.4; 18 (p. 8-12).

16 85.4.5.1: It would appear to me that the residence time calculations fall out of the UAM from the
chemistry of asingle cell. Thus, agreement between the two methods does not result from truly independent
determinations.

It would be valuable to have a table which contains the major input and output parameters for the model
employed. This could be done in afashion smilar to the residence time tables and would include most of the value
discussed in §85.4.4.3. If the purpose of the residence time calculation is to provide input for exposure assessment
absolute numbers are indeed important, since people are exposed to absolute concentrations of toxics and not rel ati
concentrations.

POM. Some discussion would be valuable to clarify loss of POM from deposition of particul ate matter
from the atmosphere as opposed to loss of POM itself on the particle through sublimation or reaction while the
particle remains aoft in the troposphere.
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2. Review of the EPA's discussion of atmospheric reactivity and residence time for benzene,
formaldehyde, 1,3-butadiene, acetaldehyde, and POM.

| will give some general commentsinitially. Thiswill cover the aspects of atmospheric reactivity and
residence times for all compounds discussed. Somewhere in the beginning of the discussion of lifetimes, it should
explicitly noted that rate constants and concentrations refer to conditions in the mixing layer of the troposphere anc
would not necessarily hold throughout the troposphere. | find the term lower atmosphere (p. 5-12) to be very
vague and suggest that alternate term be utilized, if feasible. Lower troposphere is much better, but generally
includes an atitude much higher (ca. 4 km) than the mixing layer.

The discussion of the atmospheric transformation of the toxic compounds under consideration appears to
fairly well grounded on atheoretical basis. It isimportant for the authors to note that rate needs to be distinguishe
from rate constant; the term rate includes both the rate constant and concentration. This distinction should be note
the second and third paragraphs of p. 5-12.

The authors appear to have a resistance to including technical data such as rate constants and OH
concentrations choosing instead to give qualitative descriptions of these terms. In some cases, inclusion of the
guantitative data would be valuable, especiadly in evaluating the origin of certain estimates.

Regarding the discussion of ambient concentrations in the second paragraph of p. 5-13, it isimportant to «
that atmospheric lifetime (or residence time) is but one component that must be included to determine the ambient
concentrations. It is aso important to note that at the present time, ambient concentrations of toxic compounds c:
be accurately predicted based solely on emission rates, atmospheric dispersion, chemical removal and formation, €
At the present time, experimental measurements of toxic compounds are the most reliable means of obtaining ambi
concentrations and they certainly must be used to validate air quality models for toxic compounds.

In the last sentence on p. 5-14, the context of the passage suggests that the sentence ought to read, "shoul
considered” rather than "should not be considered.”

The authors should provide a short discussion on how changes in the mixing height affect concentrations
the mixing layer during the course of the day and night. Changes in the mixing height is an important determinant i
dilution during the course of a day especialy where conditions for an inversion are present. Moreover, lower mixi
layers at night can profoundly affect ground level concentrations at night particularly for compounds having high
deposition velocities.

Benzene. Of the processes discussed in 85.4.2.1, only reaction by OH is of significance in terms of

atmospheric loss of benzene and even reaction with OH is relatively ow (Ko + penzene = 1.4 X 1022 cm® molec?* st)
compared to the OH reaction rate with other volatile organic compounds. As noted, reactions with O(P), O,, NO.
and Cl with benzene are of minor consequence in the lower troposphere. Relatively few studies have been conduc
of the reaction products from benzene. Those products which have been detected include those mentioned in Secl
5.4.2.2. It should be noted that most studies have identified approximately 50% of the carbon products from the
reaction of OH with benzene.

The discussion of atmospheric residence times in Section 5.4 lead to what appear to be very low residenc
timesin Los Angeles, St. Louis, and Atlanta under clear-sky day conditions. While it is recognized that the use of
model for calculation of lifetimes can allow inclusion of minor processes such as dry deposition, it must be
acknowledged that loss of benzene occurs almost exclusively by reaction with OH. If one back calculates OH
concentrations required to give 30 h lifetimesin St. Louis or Atlanta one obtains a daytime, clear sky OH concentre
of 7 x 10° molec/cm?, a value that seems unduly high. Justification for these OH concentrations should be given o
least it should be checked to ensure that no systematic errors are present in the determination. It appears that the
model generates these high OH values because the simulations were conducted for severe ozone concentrations.
However under these conditions it would expect the OH concentration to be the most uncertain due to the substant
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loss and regeneration where very high precursor levels are present. How do the OH values produced by the model
compare with those that have been observed in the few experimental studies that have been conducted? In any ca
references justifying these OH levels should be provided, if they exist.

Are dry deposition velocities for benzene available or were they estimated?

With respect to the reaction products, it is important to note that the glyoxa yields are on amolar basis an
thus the 24% molar yield represents an 12% carbon yield for the reaction of OH with benzene. Thus, the known (
measured) yield of reaction products from the reaction of OH with benzene is 39%. Thus, three-fifths of the reac
products are of unknown identity and yield.

Formaldehyde (HCHO). The same considerations for the benzene residence time also hold for the
HCHO residence time. As noted in the text, the daytime residence time is only afew hours. Asin my comments (
benzene, it seems that the OH concentrations from the model is high. It has always been my understanding from
calculations, that during the day under clear sky conditions photolysis could dominate the loss of HCHO by
approximately afactor of 2. Again OH concentrations should be verified. All other aspects of the discussion appe
to be accurate.

If the HO, + HCHO reaction is utilized for the night time residence time, some justification of the HO,
concentrations generated by the model should be made. (At the very least the HO, concentrations generated by the
model should be made available)

1,3-Butadiene. Again, for the data for 1,3-butadiene, it isimportant to distinguish whether the unitsin
plots are ppbv or ppbC. As with benzene, any available ambient measurementsin St. Louis in 1990 should be
compared to the model. Thetext in 87.4.3; 3 discusses the short night time residence time for 1,3-butadiene
presumably due to reaction with NO, radicals, and yet the data in Figure D-3 shows a rapid rise in 1,3-butadiene
concentrations after 20:00 hours LST. Thisis surprising since NO, concentrations would be expected to be at the
greatest relative concentration at sunset, not withstanding evening emissions.

| aso find the statement (§7.4.3; 6) that "although the daytime residence times are accurate to about a f¢
of two, nighttime residence times are certain only to within an order of magnitude" somewhat incredulous. Assum
the accuracy of the rate constant for OH + 1,3-butadiene is accurate to 25% and the NO, + 1,3-butadiene is accur
afactor of two, the major portion of the uncertainty of the respective residence times lies in the estimation of the C
concentration vs. the NO, concentration. | would expect the NO, concentration to be no worse predicted than the
concentrations. NO, concentrations are formed from NO, + O, both relatively stable molecules for which
measurement techniques are available. OH on the other hand is largely dependent on the HO, concentrations whicl
at best difficult to measure in the atmosphere. Both OH and NO, are in dynamic equilibrium between formation an
removal. It isdifficult to understand how OH concentrations could more accurately be predicted by the model tha
NO, concentrations.

Acetaldehyde. The value of the OH rate constant for acetaldehyde is at least 50% higher than that for
formaldehyde. The photolysis of both formal dehyde and acetaldehyde can lead to radical products. The implicatio
88.4.1; 11 that formaldehyde does not form radical productsisincorrect. For formaldehyde, one-third of the
photolysis reaction leads to radical products (ultimately, 2 HO, molecules) and two-thirds leads to non-radical
products. (For acetaldehyde, as noted in the text, the photolysis reaction leads exclusively to radical products at
actinic wavelengths.)

Background material, such as that given in §8.4.1.1, should be handled earlier in the text. (For example, tl
is no need to handle nomenclature issues at this point in the text.) For acetaldehyde to be formed, the precursor
have a methyl group.

In 88.4.1.3, it should be noted that the reaction of peroxyacetyl radicals with NO, is a chain terminating
process while the reaction of peroxyacety! radicals with NO is chain propagating. Also in the paragraph, the
photolysis of acetaldehyde produces CH, radicals which then add O, to form CH,0..
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POM. The discussion of the atmospheric lifetimes and residence times for POM species is accurately
depicted in the discussion. Thisis a very difficult problem to address as noted in the text. Most issues are handle
about as well as they can expect to be.

3. Discussion of approaches the EPA could use to better incorporate information on
atmospheric reactivity and residence times into risk assessment. Comment on the role of
atmospheric transformation in affecting the mutagenicity and carcinogenicity of motor
vehicle emissions, and on the importance of atmospheric transformation products in
assessing risk from motor vehicle emissions (e.g., peroxyacetyl nitrate, acrolein, and
secondary formaldehyde). Discuss the likely effect of such approaches on conclusions and
estimates in the study.

The approach that EPA used to consider atmospheric reactivity and residence time overall was an excellen
approach. However, as noted above | question some of the radical concentrations (particularly OH concentrations
generated by the model used to determine the atmospheric lifetimes. However, as a means of providing a
comprehensive evaluation of the feasible loss mechanisms, the model provides an excellent means of doing this. T
without a detailed examination of the workings of the model, | can present no better method for EPA to incorporat
information of atmospheric reactivity to provide information on residence times.

The rest of the discussion will focus on the role of atmospheric transformation in affecting mutagenicity ¢
carcinogenicity of motor vehicle emissions. Over the last ten years, experiments have been conducted by afair nu
of investigators to examine the extent to which the chemical constituents found in automotive exhaust could lead tc
formation of genotoxic products. For example, Kleindienst, Shepson, and co-workers conducted experiments to
determine the extent to which hydrocarbons emitted into the atmosphere could undergo transformations by normal
oxidative processes to produce species which were significantly more genotoxic than the starting materials. Thes
experiments involved smog chamber irradiations of both simple and complex mixtures. Of the compounds under
consideration for this study, only acetaldehyde' was tested for formation of genotoxic products. Substantial mutac
activity was observed for the products of the oxidation with the bacteria Salmonella typhimurium, strain TA100.
For this photochemical system, most of the products of the oxidation are known and it was found that the majority
the mutagenic activity was due to a single product, peroxyacetyl nitrate.

Measurements of the mutagenic activity of the products from the photooxidation of toluene have been alst
measured. While toluene is not considered to be a motor vehicle-related air toxic, it isfound in substantial
concentration in automotive exhaust. The mutagenic activity of the products from this system have been measure
number of studies using Salmonella?® as well as other assays.* Comparisons of the production of mutagenic prodt
from aromatic precursors with that of other type of hydrocarbons, have suggested that aromatic compounds lead |
majority of the activity found in the irradiated products from automative exhaust.®

The difficulty in these types of studies is determining the specific chemicals which give rise to the observe
mutagenic activity. In recent work of Kleindienst et al.,® it was found that in olefinic and aromatic systems, most
mutagenic products arise from secondary products formed during the irradiation, as opposed to primary products.
This suggests that most mutagenic products are formed from reactions of carbonyl compounds formed in the sysl
However, results from earlier work” suggests that the formation of mutagenic products is highly dependent on the
presence of NO, in the system. That is, NO, limited systems tend to be less mutagenic. That is the formation of
mutagenic products increases more rapidly than the simple increased conversion of reactants to products. These ¢
suggest that limiting the NO, input into urban atmospheres would limit the formation of mutagenic products, athol
additional research would be required to confirm this observation. The observations would further bolster the argu
for NO, controlsin addition to hydrocarbon controls.

M easurements have also been conducted by L 6froth and co-workers to measure the mutagenic activity of
products from the photooxidation of 1,3-butadiene®. A major product from the photooxidation of this compound, i
acrolein which also is considered to be an air toxic. In the study of L&froth, products from 1,3-butadiene were st
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to be approximately 5 times more mutagenic in Salmonella typhimurium, Strain TA100 than similar oxidations
with propylene. However, this study can only be considered a survey study, because no attempt was made to
understand the product distribution from this reaction and to consider the extent of reaction for which the
measurements were made. This is potentially an important consideration, in that Kleindienst and co-workers® have
found substantially higher mutagenic activity for products formed in the toluene/NO, and propylene/NO, systems
greater extents of reaction.

In summary, the oxidation of hydrocarbons does lead to products that are substantially more mutagenic th
the precursor. However, the significance of these observations with respect to human health impacts are currently
unknown. Recent measurements of the Heddle et al.® to examine in vivo mutagenesis of PAN were inconclusive.
Clearly additional research needs to be conducted in thisfield. Finaly, Kleindienst et al.,® have provided some
information on the effect of atmospheric transformations on the mutagenic activity of POM on particul ate matter.
general the mutagenicity decreases on a potency basis, but increases somewhat on a volume basis. (An expanded
discussion or additional references for these issues can be provided, if desired.)

4, Discuss how results from the EPA's Integrated Air Cancer Project should be applied to
analyses of health risks from motor vehicle-related air toxics.

The report overall did an excellent job of presenting the results found from EPA's Integrated Air Cancer
Project (IACP). With respect to particulate matter from automotive emissions, it found that in Boise, 1daho
approximately three-quarters of the particulate matter was due to emissions from wood burning with a much small
fraction due to automotive emissions, that is, ug/m®. However, the potency of particulate matter from automotive
emissions was approximately a factor of three higher than particulate matter from wood burning emissions.

Inits origina experimental design, the IACP sought only to comprehensively examine the health risk from
POM. In this case, cancer risk could only be attributed to compounds found on the particulate phase and generally
were considered to result from automotive and wood burning emissions directly. A demonstration of an excellent
approach for applying the experimental data of the Integrated Air Cancer Project to determination of health risks fr
automotive emissions is best demonstrated by Lewtas et al.® This study which has aready been considered in this
report considers composite effects from POM from wood burning and automotive exhaust . In their investigation,
examined health risk by combining source apportionment and exposure assessment with tumorigenicity studies for
extracts from particulate matter. Thus, an examination of the health risk did not include risk associated with the
exposure to benzene, 1,3-butadiene, formaldehyde, or acetaldehyde. Moreover, no consideration was given to pro
formed in the gas phase from precursors which originated from motor vehicle emissions (exhaust and evaporative
emissions). Of course, the mgjor reason for focussing on the POM constituents in the particulate phase is previou
work showing mutagenicity and carcinogenicity of these compounds. However, it is also possible that with expos
logs from the Boise study and indoor and outdoor concentrations available for benzene and the other motor vehicle
related air toxics that some estimate of the risk from these compounds might also be feasible.

Findly it isimportant to recognize that the | ACP scrutinized only one substantive aspect of the health risk
problem, that is, carcinogenesis and other related end points that represent chronic risk. (And for this aspect
compounds in the particulate phase were examined in particular depth.) Thus, while the IACP serves as a starting
point for these types of studies, it by no means represents a comprehensive picture of the health risk from exposut
automotive emissions.

5. Inform the EPA of additional studies, analyses or other information on atmospheric
reactivity and residence times that were not included in the EPA study. Discuss the likely
effect of this information on conclusions and estimates in the study.

The study was extremely comprehensive for the major compounds under consideration. Relatively little
information on these compounds was excluded from this study. However, | have included a few references whic
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provide additional information form some of the topics considered in the report on the final page of the review.
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Review of "EPA Motor Vehicle-Related Air Toxics Study™
EPA 420-R-93-005
Andrew Sivak, May 31, 1994

Specific Comments

5.6 Carcinogenicity Of Benzene and Unit Risk Estimates

Pg. 5-35, Human Data - In 1991, ameeting was held on "Hedlth Effects of Gasoline’ now published in
Volume 101, Supplement 6 of "Environmenta Hedlth Perspectives'. That meeting was attended by a
number of representatives from EPA, including those from the Ann Arbor office that prepared this
document. There are three recent human studies relating benzene exposure and leukemia in worker
populations that should certainly be included in the discussion, and attempts be made to use the datain
the risk caculations rather than rely soldy on the Rinsky study.

Pg. 5-37, 5.6.1.3 Data Sets Used For Unit Risk Estimate

See comments above. The Rushton and Schnatter studies appear to be of vauein the unit risk
cdculation, and the use of three separate sudies done in different populations would give some sense of
the variability in the response and give atruer estimate of the range of uncertainty. Another interesting
exercise would be to take the best sets of animal data and calculate the unit cancer risks from these
studies and compare them to the data derived from human sources. The results of such a comparison
would seem to be important for better understanding the methods by which risk assessments are
caculated, since there are both human and anima data. While the potency factors are described in the
section 5.6.2 Other Views and Risk Estimates, it would be very interesting to draw together al the risk
assessments derived from human and animd sudiesin asingle table.

Pg. 541, |. 23-30 - While EPA did not do the risk assessment ca culation noted in these lines, possibly
some comment isin order relating to the use of the preputia gland as the target organ for the
cdculation. This seems scientifically inappropriate and, to be sure, somewhat bizarre. Indeed, some
comment might be useful to indicate thet the induction of leukemiaand lymphomas in animd sudies,
even avery high doses, is hot afrequent finding, raising serious questions about the applicability of
anima studies to humans specificaly in connection with benzene.

Pg. 5-44 & 5-45 - This gpologia by the Agency is not needed here and detracts from the presentation.
It borders on whining. Indeed, most of the commentary states that Chan does not agree with Clement.
Thisisamatter of opinion, and | found no data introduced that would support the contentions made by
the Agency. Given the fact that the Clement report was authored by Krump, who is the originator of the
risk assessment methodology at the Agency, and who has probably more experience and credibility in
this field than dmost anyone, one would naturdly tend to believe him rather than someone dse. In
particular, paragraph 5) on page 5-45 isstartling. It isnot at al clear how the Agency could ate that
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they support atheoretical linear low dose extrapolation when there are, in fact,
non-linear real datain humans. This sort of response does not do the stature of science at the Agency

any good &t all.

Page 5-47, 6.5.3.2 Pharmacokinetics - Theinitid statement in this section may be true, but it iswishful
thinking in the absence of data. It could be left out without harming the presentation.
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Page 5-33 to 5-36 and page 5-49 to 5-54 - Thereisaduplication of the information in these two
sections rdating to animal and human studies on benzene. It would seem that the earlier part could be
eliminated in favor of the more complete discussion in the later segment.

6.6 Carcinogenicity Of Formaldehyde and Unit Risk Estimates

Page 6-30, 6.6.1.4 1. 3-5 - The section states that the data were inconsistent concerning the linear or
nonlinear relationship between forma dehyde exposure and carcinogenicity. However, in the next
section (6.6.1.5, |. 8-10), the Agency dtates that "' Other uncertainties are the marked nonlinearity of the
response ...". Clearly the Agency recognizes that the anima experiments reported by Kern et d. display
amarked nonlinear response, thus the statement in section 6.6.1.4 isin error and should be made
consstent with the later correct evaluation about the nonlinearity of the response.

Pg. 6-30, 6.6.1.51. 1 - It isnot clear why the Agency selected the 1987 number rather than the 1991
number that was based on the monkey and rat DPX data. This later assessment has been generdly
accepted on scientific grounds and is certainly more defensible than the earlier number. A recent paper
by Conally and Anderson (Envir. Health Persp. 101 (suppl 6):169-176, 1993) isworth areview by
Agency daff. This paper isawdl thought-out and complete presentation of the issues surrounding a
cancer risk assessment for formaldehyde. The authors explore in detail the severa scenarios that have
been advanced, including the Agency position, and compare them based on the anima tumor data and
experimental studies on DNA-protein cross links. They present away to address the risk assessment
process, presenting severa dternatives for understanding the available data. It would make ingtructive
reading for anyone attempting to calculate a risk assessment for cancer from exposure to forma dehyde.
With respect to the 1991 number that you indicate is a draft number not to be used formaly by the
Agency, it would be very useful to indicate to the reader that an aternative method has been proposed
by the Agency for the caculation of the risk assessment for formaldehyde and is now under
congderation, and if this method were used, what the risk number would be.
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Page 6-25 to 6-28 and page 6-42 to 6-48 - As noted above in the comments on the benzene section,
the anima and human cancer data are described twice. Some decision should be made on dl the
sections to reduce the redundancy of presentation of these data.

Page 6-49 - It is noteworthy that the Agency has made use of the auto/oil emissons data, Since, thisis
best contemporary source of emission data, and it is appropriate that these data should be
incorporated. In addition, one assumes that the total number of cancer casesis based on the risk
assessment number given in Section 6.6.1.5. If the better number from 1991 is used, the number of
total cancer cases would fal by an order of magnitude.

7.6 Carcinogenicity of 1,3-Butadiene and Unit Risk Estimates

Page 7-21, 7.6.1.1 and pages 7-37 to 7-41 - Therationae for presenting animal and human
carcinogenicity datain two separate places in each report should be given in an introduction to the
document. It is quite confusing to have these data separated. It would benefit the document significantly
to have dl the data of one type in one place.

Page 7-26, 7.6.1.3 - It is not clear why the newer and more rigorous data from the newer NTP
carcinogenicity are not used to calculae the unit risk estimates. Certainly this study with its lower doses
and longer exposure interva gives a much sounder basis for such caculations. It should also be made
clear that the tumor incidence on which the risk caculations are made are based on total tumor
incidence, since thisissue comes up later in the discussion. It is unfortunate that the Agency is so
congrained in the way that it presents risk assessments and that old data and information can only be
used. If thisisthe case, it seemsto me that the Agency needs to be frank and honest with the readers of
the air toxics study and state clearly that there is a consderable body of new information and that the
Agency isworking on arevised risk assessment based on the new data. One could even go so far asto
propose a provisond risk assessment calculation based on the newest data, both animal experimenta
and exposure, indicating that the assessment is provisiona and that the Agency is forced by statute to
use the older number until anew oneisformaly presented. Thiswould seem to be the most accurate
and congtructive way to present the case on butadiene.

Page 7.6.3.2 - It is surprising that the extensive pharmacokinetic information demonstrating a clear
difference among species in metabolic capability strongly indicating that mice are exceptiondly sengtive
to butadiene as a carcinogen as compared to humansis not incorporated in the risk assessment
cdculations. Given the enormous importance that the comparative pharmacokinetics hasin the risk
assessment process for butadiene, 1 found that the two pages given to the discussion were inadequate.
The authors of the pharmacokinetics section would find it useful to read a very fine review on this
subject by Dr. Birnbaum (Envir. Hedlth Persp. Suppl., 101 (Suppl. 6):161-167, 1993).
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8.6 Carcinogenicity of Acetddehyde and Unit Risk Estimates

Page 8-19, 8.6.1 and page 8-26 8.6.3 - Perhaps it would be best to move the "Recent and Ongoing
Research” sectionsimmediady after the "Most Recent EPA Assessment” section. Thiswould give a
naturd flow of higtorica data and not interrupt the flow of information about the experimenta and
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human results.

Page 8-28, 8.7 - The estimation of human acetaldehyde exposure is a very uncertain process. The
ambient air concentrations will vary widely depending on the industria processesin an areaand the
presence of plant biota which can be a sgnificant source of acetadehyde. In fact, the mgor source of
aceta dehyde exposure relates to the consumption of acohol by humans. With the very few cancer
degths attributable to aceta dehyde, even under the very conservative approach used by the Agency, it
seems of hardly any vaue to even indlude this chemica in arisk assessment. If it isincluded, amuch
better job will need to be done on explaining the uncertainties in the exposure estimates.

Page 8-34, 8.8.3 - The summary that male reproductive toxicity may be a concern for acetadehydeis
Simr?? not supported by the data. According to Agency estimates of air concentrations of about 0.3
:g/n? would yield human doses of about 0.01 : g/kg/day. Compared to the doses used in the
experimenta studies of 50 to 100 mg/kg/day, the human dose is inconsequentia. As noted above, the
greatest risk would amost certainly be among those who consumed a coholic beverages. Any risk from
ar sources would be minuscule.

9.6 Carcinogenicity of Diesdl Particulate Matter and Unit Risk Estimates

Page 9-20, 9.6.1 - See comments above about separation of older and newer data on anima and
humean evadudions

Page 9-24, |. 18-25 - The gaseous phase has been shown to contain polycyclic aromatic hydrocarbons
and nitrated polycyclics by Dennis Scheutzle, among others. It is surprising that the extensive work
done by Scheutzle and his colleaguesis not mentioned at dl in the review, when it is perhaps the best
chemicd data of itskind on diesdl exhaugt. Certainly, it would be ingppropriate to disregard the
gaseous phase, since it does contain materid that are genotoxins and potential carcinogens.

Severd citations on gaseous hydrocarbons from diesd exhaust that have mutagenic activity are
listed below.

Scheutzle, D., Sampling of vehicle emissons for chemica andysis and biologicd testing. Health Persp.
J., 47:65-80 (1983)
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Hampton, C.V., Plerson, W.R., Scheutzle, D. and Harvey, T.M., Hydrocarbon gases emitted from
vehicles on the road. 1. GC/M S quantitation, emission rates from diesel and spark engine vehicles.
Environ. Sci. Technol., 17:699-708 (1983)

If you require additiond information, Dennis Schutzle of the Anaytical Sciences Department of
the Ford Motor Company would be glad to provide you with it.

While| did not review the emission section in any detail, it was clear that nitroarenes have been
completely ignored. Some discussion of them is required with repect to their concentration in the air,
the potentid contribution from diesdl exhaust and the difficulties in their measurement because artifacts
arisng from the formation of nitroarenes in the collection process. Nitroarenes have been reported on
numerous occasions on particles from diesd exhaudt.

Handa, T., Yamanuchi, T., Ohnishi, M., Hisematsy, Y. and Ishii, T., Detection and average content
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levels of carcinogenic and mutagenic compounds from the particulates on diesdl and gasoline engine
mufflers. Envir. Intern., 9:335-341 (1983)

Hartong, A., Kraft, J., Schulze, Kiessand Lies, K,-H, Identification of nitrated polycyclic arométic
hydrocarbonsin diesdl particulate extracts and their potential formation as artifacts during particulate
collection. Chromatographia 19:269-273 (1984)

Pederson, T.J. and Siak, J.S,, Therole of nitroroaromatic compounds in the direct mutagenicity of
diesd particle extracts, J. Appl. Toxicoal., 1:54-60 (1981)

Scheutzle, D. and Perez, JM., Factors influencing the emissions of nitrated-polycyclic aromatic
hydrocarbons from diesd engines. J. Air Pollut. Cont. Assoc., 33:751-755 (1983)

Schuetzle, D., Riley, T.L., Prater, T.J.,, Harvey, T.M. and Hunt, D.F., Anadysis of nitrated polycyclic
aromatic hydrocarbonsin diesd particulate. And. Chem., 54:265-271 (1982)

Mdller, L., Torndd, U.-B. and Eriksson, L.C., Risk assessment of nitrated polycyclic aromatic
hydrocarbons. Risk Analyss 13:291-299 (1993).

Page 9-30, 9.6.1.3 - With new data sets of Heinrich and Mauderly now available, it would be
gppropriate to use thisinformation rather than the earlier sudies, since the exposure and tumor
response data are far more reliable and would yield a more refined risk estimate.

Page 9-30, 9.6.1.4 - The use of alinearized model for the calculation of risk from particle exposureis
samply wrong scientificaly. It sretches credulity to have alinear modd used when the anima
carcinogenicity data relating tumor incidence to particle exposure, whether measured as chamber
concentration or lung burden, are singularly nonlinear. Both the older and newer studies of Heinrich and
Mauderly show this nonlinearity, with tumor incidence risng sharply with an increase in dose. How a
linear modd could be used in the face on
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nonlinear experimenta data in inexplicable. While recognizing thet the default
position of the Agency isto use the linear model, the application of only a modest dement of scientific
common sense would demondtrate that the use of the linear mode iswrong.

The second factor that argues againgt the use of the linear modd is the behavior of the lung
when exposed to particles. Asthe work of Oberdorster has shown, particle responsesin the lung are
markedly nonlinear, and at the concentration usualy experienced in the environment (1-5 : g/n?), there
is no measurable consequence in the lung of such exposure. While the model does attempt to take into
account the information available relaing particle loading in the lung, it does not address the redlity of
the nonlinear pulmonary response to particles, with presence of ared and measurable threshold.

Thus, the application of alinear mode for caculating cancer risk based on particle exposureis
unwarranted and scientificaly incorrect.

Page 9-33, |. 12-13 - Though the concentrations of PAH's on diesd particles may be relaively low,
they are potent carcinogens are there. If the Agency redly bdievesits linear modd for cancel risk
modelling, then the ignoring of the PAH in this risk assessment would seem to be in opposition to that
policy. Indeed, on the last lines of page 9-39, the draft states " Therefore, the organic components on
diesd partidles may be importantly involved in the development of lung tumors'. It is clear that the PAH
from diesd form DNA adducts in the lung that are identifiable with the PAH that are present on diesd
particles. Of course, DNA adducts were aso found with carbon black exposed animas raising serious
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questions about the cause and mechanism of formation of the adducts.

A recent review by the Internationad Programme for Chemica Safety on hedlth effects of diesd
exhaust had an excdlent summary table showing the concentrations of PAH on diesd exhaust particles.
This table has been forwarded to the Agency. The relevant references are :

Scheepers, P.T.J. and Bos, R.P., (1992) Combustion of diesel fuel from atoxicologica perspective. I1.
Toxicity Int. Arch. Occup. Environ. Hedth 64:163-177

Westerholm, R., Alsber, T. and Strandell, M. (1986) Chemica andysis and biologica testing of
emissions from a heavy duty diese truck with and without two different particle traps. Detroit, MI.
Society of Automotive Engineers (Paper No. 860014).

Volkswagen AG (1989) Unregulated motor vehicle exhaust gas components, Wolfsburg, Volkswagen
AG - Research and Development, pp. 1-128. Thislast article could be readily obtained from the local
Volkswagen officeright therein Ann Arbor.

Page 9-43, 9.7 - Since the method of calculation of the carcinogenic risk departs from the usua
methods employed by the Agency and does not consider the chemica congtituents of diesd exhaugt,
which were the mgor concern in earlier Agency evauations, a much more
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detailed and complete explanation of how the carcinogenic risk was calculated is needed. This
explanation should address the reasons for sdlecting the particle basis and ignoring the carcinogenic
chemicas and address the matter of the selection of the linear model in the face of anonlinear
physiologica process and nonlinear anima carcinogenicity data.

Page 9-46, PM,, - While the matter of particle sandardsis an important one, its discussion needs to be
clearly related to the contribution of diesd exhaugt to the totd particle load. In generd, the fraction of
the total particle attributable to diesdl exhaust is 10 to 15 percent.

If one examines the values of diesd particlesin most environments of 1 or afew :g.n?, thisisonly a
very smal fraction of the present NAAQS of 150 : g/n. Some statements need to be included to
define the fraction of diesd particlesin the totd particle load.

10.0 GASOL INE PARTICULATE MATTER

Since the data base to caculate a cancer risk assessment for gasoline particulate matter does
not exig, it is scientificaly ingppropriate to advance such caculations. They are nothing more than
guesses, and comparing them to the values calculated for diesd particles, they are clearly much too
high. There is nothing wrong with saying that there are no data on which to make arisk caculaion and,
therefore none will be attempted. The penchant for the Agency to come up with risk number whether
supportable or not only adds to the lack of credibility about the way the Agency does itsrisk
assessments. Indeed, honesty in saying that no risk assessment will be caculated in this case because of
the complete lack of any datawould be arefreshing change.

11.3 Carcinogenicity of Gasoline Vapors and Unit Risk Assessments

Page 11-7, 11.3.1.2 - This section suggests that gasoline vapors might be less carcinogenic than the
whole vaporized gasoline used in the animd bioassays. It isimperative in doing the evduation to
determine the exact relationship between human exposures and those used in the animd studies. The
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redity istha humans are exposed to only avery smdl fraction of the tota gasoline and this must be
reflected in the andlysis. To blindly gpply the anima studies to the human Stuation without this
adjustment is smply incorrect scientifically.

Page 11-7, 11.3.1.5 - The calculation of a unit risk for gasoline based on the kidney tumorsin therats
is contrary to the EPA policy cited and referenced in 11.3.3.1. Moreover, the use of the mouse liver
tumor information must be evauated in terms of the significant tumor yield in the controls and the near
absence of tumorsin mae mice. It ssems that the calculation of a unit risk is inappropriate given the
available information and should not have been done,

Page 11-12, 11.3.3.1 - Thereisa subgtantia body of very sound experimenta information relating to
the production of aphay,-globulin in rats and their essentid absence in humans. The section mugt have
those key references (the work of Swenberg and Lehman-McKeeman) included Page8  Review of
"EPA Motor Vehicle-Rdated Air Toxics Study”

adong with adiscusson of the issues, snce thisinformation is key to understanding the production of
tumors in the rats by the whole aerosolized gasoline. The very short paragraph in the draft as it now
exigs is not gppropriate given the centra scientific importance of thisissue in understanding the kidney
tumors produced in rats by exposure to whole gasoline vapor.

The studies of Swenberg, Lehman-M ckeeman and others clearly show that the
"*,.-globulin formed in rat kidney after exposure to whole gasoline vapor is species specific for the rat,
and that humans make little if any smilar proteins. Thus, the use of the rat carcinogenicity datafor a
cancer risk assessment is not gppropriate, and it is my understanding that the Office of Environmenta
and Hedlth Assessment of the Agency has aso made that conclusion and has indicated thet the rat
kidney tumor data will not be used for human cancer risk assessments. Some key references by
Lehman-McKeeman are:

Toxicol. Appl. Pharmacol. 99:250-259 (1989)

Toxicol. Appl. Pharmacol. 103:539-548 (1990)
Toxicol. Appl. Pharmacol. 112:214-221 (1992)
Toxicol. Appl. Pharmacol. 116:170-176 (1992).

The reviews by Swenberg (Envir. Health Persp. Suppl. 101 (Suppl. 6):39-44, 1993), Rodgers and
Baetke (Envir. Hedth Persp. Suppl. 101 (Suppl. 6):45-52, 1993) and Flamm, W.G. and Lehman-
McKeeman, L.D., Reg. Toxicol. Pharmacol., 13:70-86 (1991) are especidly indtructive.

Page 11-16, 11.3.3.5 - There are several more recent studies on cancer in refinery workers that should
be referenced and discussed, with one by Poole et d. that should be included.

Wong, O., Harris, F. and Thomas J. Smith, Hedlth effects of gasoline exposure. 1. Mortaity patterns
of digtribution workers in the United States. Envir. Hedlth Persp. Suppl. 101 (Suppl. 6):63-76 (1993)

Rushton, L., A 39-year follow up of the U.K. il refinery and distribution center studies: Results for
kidney cancer and leukemia. Envir. Health Persp. Suppl. 101 (Suppl. 6):77-84 (1993)

Schnatter, A.R., Katz, A.M., Nicolich, M.J. and Thériault, G., A retrogpective mortality study among

Canadian petroleum marketing and digtribution workers. Envir. Health Persp. Suppl. 101 (Suppl.
6):85-99 (1993)

Responsesto issuesraised by EPA in thework order.
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Task 3 -- Cancer Hedth Effects

1. The comments on the unit risk estimates for each of the air toxics considered are presented in the
gpecific comments section.

Page 9 Review of "EPA Motor Vehicle-Related Air Toxics Study”

2. The recent review by the Hedlth Effects Ingtitute of mohbile source ar toxicsin which the EPA played
aggnificant role has not identified any additiona chemicas emanating from motor vehicle exhaudts that
were of concern. One area that has not received much atention is the mutagenic volatile polycyclic
hydrocarbons. The previous consderations by the Agency have assumed that exposure to potentialy
harmful polycyclic aromatic hydrocarbon comes exclusively from particle exposure. With the recent
information developed by Schutzle and others, thisis clearly an over smplification and some assessment
should be made of the volatiles. Unfortunately, only mutagenic data are available, and no chronic anima
studies have been done.

The second substance of potentia concern is methanol, which is being used to a smdl degree
aong with gasoline as amotor fuel, and which may consderably increased use. At the present time, the
expaosure information on which to make a hedlth risk assessment based on exposure due to motor
vehidesis poor. Therisk, if thereis one, will be very likely neurologica from methanol. A related issue
isthe sgnificant increase in formadehyde, if large amounts of methanol are used as motor vehicle fuds.
It would be appropriate to begin to modd the levels of formadehyde that could be obtained with a
number of scenarios of methanol use so that some assessment could be made of the possible toxicity of
formal dehyde under these conditions. Under these scenarios, the likely effects will be noncancer ones
on the nasal and pulmonary systems. Methanol causes blindnessin humans a very high doses with the
target being the optic nerve. Similar disruptions of ocular function have been observed & lower dosesin
rats. For a complete review of the issues surrounding the matter of methanol toxicity, the report by the
Hedth Effects Inditute " Automotive Methanol Vapors and Human Hedth" is ill an excellent resource
even though it is now somewhat dated. There is some evidence in humans (cited in the Hedlth Effects
Indtitute report) from Russian studies that are less than adequately described. Nonetheless, they do
indicate that some neurological/behaviord problems are seen after methanol exposure at about 1
mg/n?, a concentration that could be reached in garages and other locaes should methanol be widely
incorporated into motor vehicle fuds.

Another review that summarizes the issues relaing to methanol exposuresis.
Kavet, R. and Nauss, K.M., The toxicity of inhaled methanol vapors. Crit. Rev. Toxical., 21:21-50
(1990.

3. The questions and reservations about severd of therisk estimates, particularly for formaldehyde,
butadiene, diesdl particles and gasoline vapor have been discussed above under the specific comments.
Inagenerd sense, if onetotals dl the cancer risks for the 1995 reformulated fuel scenario, the number
iS469 new cancers. One musgt serioudy ask whether this minuscule number is worth dl the many
thousands of dallars that are going into these andyses. Certainly, this number of new cancers could
never be detected and are hardly a public health concern. Moreover, if one removes the gasoline
particle number, which is nothing more than a crude, uneducated guess and gasoline vapor number,
which under the Agency's policy should not have been cadculated as it was, the number is reduced to
353 new cancers. Further, it isamogt certain that the butadiene exposure numbers are high, possibly by
an order of magnitude. Since butadiene contributes inordinately to the total cancer risk sinceit issuch a
potent animal carcinogen in mice (but not rats), the number of new cancers due to butadiene exposure
could
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be adow as 20 rather than 207. In summary, there appears to be absolutely no cause for apublic
hedlth concern for cancer from exposure to motor vehicle exhaust, and it would seem that the Agency
could use its resources more productively on matters on higher concern.

4. The mgor concern is methodology used in the unit risk for diesdl particle exposure. The Agency
should give serious thought to a number of scenarios and not omit one that includes a congderation of
exposure to the potentia chemica carcinogens on the particles which are known to elute and giverise
to DNA adducts.

5. Mgor populations of concern for exposure to motor vehicle exhaust have been identified in other
studies. They include public service workers who spend large segments of time at or near roadways.
The risks to the mgority of the population would be small to nonexistent, Snce exposure to exhaust

emissonsisminima, even when riding in dlosed motor vehicleswith ar conditioning systems.

6. The additiona studies that were recommended to the Agency for review were noted in
the specific comments section.

Task 4 -- Noncancer Hedlth Effects

1. The method of obtaining RfFC and RfD have been under discussion and development by the Agency
for anumber of years. This methodology seemsto be the best available, and with further refinement
should applicable to motor vehicle exhaust components. The mgor drawback at the present time is the
lack of data for some components and the lack of away to use pharmacokinetic datain this areato
dlow ardiable caculation of RfC or RfD.

In the cancer risk assessment area, there has been consderable thought given to the importance of
pharmacokinetics and tissue digtribution of carcinogenic materias in the assessment of risk.
Unfortunately, there are no comparable mode s for non-cancer toxicity end points. It is an areathat
requires some intensive research to develop some theoretical models for biological responses related to
animd responses and to exposures in humans. Theissues will be especidly difficult because non-cancer
endpoints are most often

physiologically based, thus having a threshold and often not alinear dose response. It isaresearch
chdlenge that seems uniquely relevant for the Agency. An interesting dternative to RfC for
developmentd toxicity has been proposed by Ryan. (Ryan, L., The use of generaized estimating
equations for risk assessment in developmentd toxicity. Risk Anayss 12: 439-447, 1992).

2. Some concern has arisen about the use methy-t-butylether, which is now used in many areas of the
country to improve the oxygenate level. Mogt of the reports seem to be case studies related to odor
discomfort, heedache and other smilar, but subjective, measures of well being. The toxicology data that
has been devel oped indicates no problem with respect to reproductive toxicity, mutagenicity or cancer.
The most recent review | know is by Congtantini, Envir. Health Persp. Suppl. 101 (Suppl. 6):151-160
(1993). For the latest information on the status of the
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various testing programs, you should contact the Oxygenated Fuels Association in Washington, D.C.
They can provide you with the latest results of the studies and plans for future work. The main additives
besides methyl-t-butyl ether (MTBE) are ethyl-t-butyl ether (ETBE) and t-amylmethyl ether (TAME).
It is my understanding that there may dready be some work underway with TAME.

Theissue rdating to the potentid increase in formadehyde levels with a significant increase in
methanol as a motor fue will need to be followed.

3. No additiona comments.
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4. How isthis different from item 2?

5. Thereisasgnificant research program underway by the Oxygenated Fuels Association on MTBE
and other potential additives.

6. No additiona comments.

Task 6 -- Risk Assessment

1. Review presented under specific commentsin each section.
2. See #3.

3. Theissue of communicating uncertainty in risk assessment cdculationsis a critica issue, which the
Agency unfortunately has been woefully behind. Adam Finkel of Resources for the Future has written
extengvey on this subject, and the Agency could well take his views and procedures and consider
implementing them to give those who need to use the risk assessments to make public heglth decisons
some high level of understanding of just how uncertain the vauesredly are. Dr. Adam Finke of
Resources for the Future has written quite egantly on the subject of uncertainty in hedlth risk
assessment. His writings include methodologies to put in forma and mathematica terms some analyses
about the magnitude of uncertainties in risk assessment. Some publications you may want to review are;

Finkd, A., Computing Uncertainty in Carcinogenic Potency: A Bootstrap Approach Incorporating
Baysian Prior Information. Report to the Office of Policy Planningand ~ Evauation, U.S.,
Environmenta Protection Agency, Washington, D.C. 1988

Finkd, A.M., Confronting Uncertainty in Risk Management: A Guide for Decison-Makers, Center for
Risk Management, Resources for the Future, Washington, D.C., 1990.

Finke, A.M. and Evans, J.S., Evauating the benefit of uncertainty reduction in environmenta hedth risk
management, J. Air. Pollut. Cont. Assoc., 38:1380-1385 (1987).

Page12 Review of "EPA Motor Vehicle-Reated Air Toxics Study”
A few other interesting references on uncertainty are:

Bogen, K.T. and Spear, R.C., Integrating uncertainty and interindividua variability in environmental risk
assesament. Risk Analysis 7:427-436 (1987)

Morgan, M.G. and Henrion, M., Uncertainty: A Guide to Dedling with Uncertainty in Quantitative Risk
and Policy Andlyss. New Y ork. Cambridge University Press, 1990.

Gaylor, D.W., Chen, J.J. and Sheehan, D.M., Uncertainty in cancer risk etimates. Risk Analyss
13:149-154 (1993).

4. Noted above in generd comments and in specific comments for each chemicd entitity.

5. As noted above, the Agency must decide from a policy point of view whether afew hundred
additiond cancer deeths, which could, in fact be none, is worth the enormous effort. Since al areas of
the country are within the standards for nitrogen oxides, and the Stuation for carbon monoxideis
improving congderably with the introduction of oxygenatesin the motor fuds, it ssems asif the only
remaining uncertainty relates to ozone exposure. With the recently completed cancer bioassay showing



no increase in tumors even a levels higher than those ever likely to be experienced in the environment,
the remaining mgor uncertainty about components of motor vehicle exhaust is the pulmonary toxicity of
ozone. The other air toxics reviewed in the EPA study are not of a public health concern.
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Final Review of " Motor Vehicle-Related Air Toxics Study”

Thomas H. Stock

Associate Professor

University of Texas School of Public Hedlth
Houston, Texas

August 24, 1994

Thisreview is limited to the exposure assessment aspects of thisstudy, i.e., Task 2. Thereview comments
will follow the order of Task Itemsindicated in the " Services to be Performed.”

1. Adequacy and Appropriateness of HAPEM-M S M odédl

While the use of a model such as HAPEM-MS, which attempts to move beyond the use of fixed Ste
concentrations as estimates of exposure, isalaudable first effort in assessng the healthimpact of exposure
to ar toxics from motor vehicles, this model clearly has many severe limitations which may render it
inadequatefor itsintended use. Severd of these shortcomings have been identified inthe Motor Vehicle-
Related Air Toxics Study (MVRATS) report and/or in the public review comments. The fallowing is a
summary of some of the most important problems, from my perspective.

On the bottom of p. 4-1 and top of 4-2 it is stated that the EPA Denver/Washington, DC personal
exposure study for CO "showed very good correaion between (fixed) monitor values and ambient
exposurefor al groups except the top 10% of the exposed individuals." This appears to be at oddswith
the condusions drawn by Akland et d., 1985, which is the major peer-reviewed paper from this study.
The authors stated that "the ambient levels (i.e., fixed Site concentrations) are explaining lessthan 10% of
the variance of the persona exposures’ and "overdl, these analyses suggest that 1-h values reported by
the nearest fixed-site monitor or group of fixed-site monitors do not provide a good means of predicting
smultaneous PEM vaues." Furthermore, the most recent EPA Air Quality Criteria Document for CO
(U.S. EPA, 1991) presents a number of regression andyses for the Denver/Washington data, mostly
showing low vaues of R?, and concludes that "the anal yses discussed above suggest that individua PEM
reedings are not highly correlated with smultaneous fixed-gite readings.” The source of the discrepancy
in conclusons may be due in part to the qudificationsincluded in the MVRATS statement, i.e., the use of
"ambient exposure’ and the exclusion of individuals above the 90th percentile of the exposure distribution.
The meaning of "ambient exposure” is undefined and unclear, but if it refers to exposures only in outdoor
microenvironments, then at least 90% of al persond exposuretimeis being ignored. Likewise, deleting
the top 10th percentile of the digtribution ignores the very people who we ought to be most concerned
about, and whaose protectionfromadverse heath effects should be the driving force of any new regulations.

The microenvironmenta exposure factors given on p. 4-6 of the MVRATS report, used to convert fixed-
Site concentrations to microenvironmenta concentrations, were apparently derived from the Denver data
only. For amode purporting to be applicable to nationa exposure estimates, why wasn't a least the
reedily-available Washingtondataa so included? A comparison or averaging with the Denver datawould
beginto address the question of generdizability. The use of such congtant factorswithinand among widdy
varying urban and rura aress in diverse regions of the country needs to be justified. For instance,
summetime residentia cooling may employ recirculated refrigerated air in hot humid climates and
evgporative cooling with high outdoor ar infiltration ratesin hot arid climates. The rlationship of indoor
levds of outdoor generated pollutants to fixed-site concentrations may be considerably different for these
two stuations. Likewise, factors such as proximity of indoor environments to roads, and dengity of traffic
and datus of windows (open or closed) while commuting insde a vehicle, would be expected to
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ggnificantly affect exposures in these microenvironments, however, these factors are totally unaccounted
for in the modd.

The assumption that CO is a reasonable surrogate for various air toxics emitted from motor vehicles is
highly suspect. The authors of the report admit that this assumption is not vaid for "more resctive
pollutants” Presumably thiswould include such target compounds as 1,3-butadiene, formadehyde and
acetaldehyde, aswdl as many others. Given thisrather obvious problem, there is a need to demondtrate
the reasonableness of usng CO as a surrogate for some rdaively stable toxic. Of the toxic pollutants
specificaly addressed inthe MVRATS report, only benzene appearsto fufill this requirement. The report
indicates that benzene is considered quite stable in the atmosphere, with relaively long residence times.
Empiricd datafromtwo studies can be used to examine the relationship between in-vehicle concentrations
of benzene and CO, and the rdaionship of each to fixed-ste concentrations. The study performed in
SouthernCdifornia (Shikiya et a., 1989) showed that the meanin-vehicle concentrations of both CO and
benzene were more than twicethe corresponding fixed-ste levels. Although simultaneous measurements
of both paollutants were made in the vehicles, no correlaions were reported. The study performed in
Raeigh, NC (Chan et d., 1991) showed that median in-vehicle concentrations of CO and benzene were
four and seven times greater, respectively, than the corresponding fixed site concentrations. Moreover,
the correlation coefficient for the CO and benzene in-vehicle concentrations was less than 0.5, smilar to
that found for severd other VOCs. The investigators concluded that "the extrapolationof CO commuter
exposure modds to the study of commuters VOC exposures would beill-advised.” Theseresultsclearly
do not support the assumptions of the HAPEM-M S modd, nor do they agree withthe microenvironmentd
factor of 1.554 for ingde motor vehicles. Additiona questions can be raised about the use of a gaseous
compound, CO, as a surrogate for diesdl and gasoline particulate matter. Clearly, the vdidity of these
assumptions must be demonstrated.

The derivation of the integrated exposure adjustment factor for the motor vehicle-related ambient leves
(presented in Chapter 5, instead of Chapter 4 where it belongs) is based on a Cdifornia activity study.
Why were the Cincinnati data not used here? Do the modelers consider Cdifornia activity data to be
representative of the nation as awhole? Why not attempt to integrate the resultsfromanumber of sudies
that have reported activity datainorder to obtain the best nationd estimate? 1t should also be pointed out
that the derivation of this factor equates time "a work" with the microenvironment "indoors-other.” Of
course there are many instances where these are not equivaent, resulting in serious misclassification, eg.,
working outdoors or shopping inamall.

2. Adeguacy of Source Apportionment

Verificationof the specific percentages of ambient levels of individua toxic pollutants attributable to motor
vehide sources is somewhat beyond my expertise.  The general procedures used to derive these
gpportionments seem reasonabl e, based onthe data utilized. However, onceagain, the utility of employing
asngle estimatefor the entire country is questionable. For example, the relative gpportionment of mobile
and mgjor point sources of benzene should be quite different for Houston and Washington, DC.

3. Atmospheric Transformation

| cannot adequately address thisissue; it is outsde my area of expertise.

4. Comparison of HAPEM-M S Exposuresto Ambient Monitoring Data
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The comparison of annua average exposures predicted by the HAPEM-MS model with mean ambient
levels adjusted for motor vehide contributionand integrated exposureisagrosstest of model performance.
Even thisrather insengtive evaduation indicates Sgnificant differences between modd output and adjusted
ambient data for dl pollutants except for benzene. This is consistent with the known and suspected
limitations of the modd. Given these limitations, and until a more redistic mode is developed, the
"correction” of the modelled exposures to agree with the adjusted ambient data seems judtified. It isnot
known how "reasonabl e’ these find exposureestimatesare, especidly if the entire distribution of exposures
iscongdered. Proper vaidation of the modd would be required before this could be ascertained.

5. Uncertainties of Exposure Estimates

The uncertainties associated with the fina exposures estimates are unknown, and probably enormous for
the highest percentiles of the exposure didribution, given the limitations outlined here and in the study
report. One way to evauate the current model would be to perform a sengtivity andyss, whereby
reasonable ranges of mode parameters are subgtituted in the model in order to ascertain the relative
influence on model output. This would provide some feding for how stable the model estimates are.
However, the best way to address uncertainty isto performafull-scae vaidationof the modd, or essential
partsof it, by comparing model output with accurate empirica data. A number of well-designed persona
monitoring sudies in different areas of the country would be necessary to adequately evauate the
assumptions and parameters employed inthe modd. This would undoubtedly result in arevised and more
reglistic exposure modd.

6. Short-Term Microenvironment Exposures

Thevarious pollutant-specific sections on short-termmicroenvironment exposuresarenot very enlightening,
due to the absence of sufficient data toinvestigatealink withshort-termhedtheffects. However, thedata
presented can be used to test and improve the HAPEM-MS modd. For instance, in-vehicle exposures
are usudly repetitive exposures in an important microenvironment that may contribute substantially to
integrated personal exposures.

7. Alternate Approachesto Estimating Exposure

An aternate approach could begin by vaidaing and improving the current mode, as discussed earlier.
Elements of other existing relevant model's (Rosenbaum and Anderson, 1993; Behar et d., 1993) can be
used to incorporate known important determinants of exposureto toxic pollutants. Additiond field studies
of persond exposure to toxics will be needed to provide data for modd improvement.

8. Exposure Data for Noncancer Health Risks

The quantification of noncancer hedlth risks from exposure to air toxics will undoubtedly be a major
challenge for future risk assessments. The kinds of exposure data required, short-term or long-term,
depends on whether we are trying to assess acute effects, such as exacerbation of asthma and sensory
irritation, or more chronic effects, such as respiratory disease and immunological, reproductive and
developmenta disorders. Inether case, much more monitoring datais required exploring therel ationships
among ambient, microenvironmenta and personal exposure to ar toxics. At thispoint in time there are
certainly insufficient data for any toxic compound.
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9. Additional References

Literature references cited in the previous Task Items that are not aready cited in the MVRATS report,
or are not self-explanatory (1991 CO Criteria Document) are given below:

Avallable at the time of the study

C.C. Chanetal.,"Driver Exposureto Valdile Organic Compounds, CO, Ozone, and NO, under Different
Driving Conditions" Environ. Sci. Technol. 25: 964-972 (1991).
(Note: an earlier, nonpeer-reviewed conference paper was cited for this study in Chapt. 5)

Available subsequent to the report

A.S. Rosenbaum and G.E. Anderson, "Modeing of Indoor and Outdoor Exposures and Risk from
Outdoor Benzene Emissonsin Los Angdes,” In: Modeling of Indoor Air Quality and Exposure, N.L.
Nagda, Ed., STP 1205, ASTM, Philadelphia, PA, 1993, pp. 257-270.

JV. Behar et d., "Modeling of Human Exposure/Dose to Benzene," ibid., pp. 280-290.

Ongoing work

Sincemetals and VOCs are target pollutant categoriesfor the nationa exposure surveys being planned for
the NHEXAS program, data from these efforts may be useful in the future,
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U.S. EPA Motor Vehicle-Related Air Toxics Study
Task 3: Cancer Health Effects - Diesal Particulate M atter

Comments on Chapter 9
U.S. EPA Motor Vehicle-Related Air Toxics Study
U.S. EPA Office of Mobile Sources
Ann Arbor, Michigan, April 1993

prepared by
J.J. Vostal, M.D./Ph.D.
Environmental Health Assessment Consultants Int.
Bloomfield Hills, Ml

for the
Technical Support Branch
Emission Planning and Strategies Division
Office of Mobile Sources
Office of Air and Radiation
U.S. Environmental Protection Agency
July 1994



SUMVARY

The study prepared an extensi ve revi ewof D esel exhaust risk- related
activities and substantially inproved the esti mates of nati onal
em ssi ons and publ i c exposures for assessi ng D esel engi ne em ssi ons.
The anal ysis concluded with a prelimnary estimate that the U. S
nat i onwi de annual aver age exposures were at the |l evel of 1.8 ug D esel
particles/nB8in 1990 and wi | | decline by 78%i n t he next two decades.
When conti nuous 70 yr. -1 ong exposures to these | evel s were assuned and
their effects projected for the U.S. popul ati on (using t he EPA 1991
unit risk determ ned fromani mal data), the study estimated t hat the
annual | ung cancer excess due to Di esel em ssions was in 1990 at t he
| evel of approxi mtely one hundred deaths for 190 mllion U S. urban
residents (i.e. approximately 0.1 %of all U S. | ung cancer deat hs and
oneintwomllionlung cancer death risk for U S. urban popul ati on).
The study al so predicted that withintwenty years, the excess deat hs
wi || decline dueto existing and al ready nandat ed em ssion restrictions
by 75% in spite of significantly increased vehicle mles travel ed.

The esti mat ed exposure | evel s are | ower than those reported i n previous
assessnments and their reality and qual ity supersedes simlar attenpts
by Federal and State authorities. The expected health effects of D esel

exposures may be further reduced when recent di scoveries clarifying
Di esel particle effects are considered. New experinmental data
pr of oundl y nodi fy mechani sns of D esel particle actions, establish a
di stinct no-effect | evel (threshold), exclude an automatic application
of I'inear nultistage nodel s and may result in nmuch | ower esti mat es of

Di esel -induced health effects after theinformationis incorporated
into EPA' s ri sk assessnent gui deli nes and Di esel heal t h assessnent

docunment. These facts suggest that the |l ung cancer ri sk of Diesel

em ssions for U.S. residentsisandwill remainat alevel that is|ow
and indistinguishable fromthe background cancer ri sk.

| NTRODUCTI ON

The st udy was conduct ed pursuant to Section 202(1)(1) of the ean Air
Act (as amended in 1990) to answer the questi on whet her or not "the
need exists for, and what isthefeasibility of, controlling em ssions
of so far unregul ated toxic air pollutants that are associatedw th
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not or vehi cl es and notor vehicle fuels". Wiilethe study is in general
focused on t hose cat egori es of em ssions that pose the greatest riskto
human heal t h, or about which significant uncertainties remain, it
eval uates em ssions fromall types of autonobil e exhaust i ncl udi ng
Di esel engines.

I n eval uati ng t he cancer health effects of D esel em ssions, the study
uses two wor ki ng hypot heses assum ng that:

(a) a cumul ati ve exposure (such as occurringin controlled ani nmal
experinments) provides an adequate basis for concluding that the
resul ting accunul ati on of the chem cal in the body is the primary
factor for the resulting tunor-producing effects;

(b) that the animal -derived unit risk canbe linearly scal edto human
popul ati ons using a sinplified approxi mation that this unit risk
mul ti plied by an estinat ed annual exposure realistically approxi mates
t he excess i nci dence of D esel -induced | ung cancer deaths in the United
St at es.

The esti mat ed carci nogeni c ri sks fromDi esel particles are based on the
"now under revi sion and subj ect to change" EPA 1991-derived unit risk.
The st udy concl udes wi th a predi cted annual excess of 109 cancer deat hs
in 1990 and a projected decline by approximately 75% in 2010.

Limtations of the used approaches are | i sted on page ES43- ES46 and
i ndi cate that the cancer ri sks are not neant to be representative of
"actual risk" but should beusedinarelative sense "to conpare risks
anong pol lutants and scenarios and to assess trends".

REVI EW COMMVENTS

This review provides coments on:

(1) exposure estimation and Di esel exposure nodel (Sec. 9.3 & 9.5);
(2) feasibility of the use of polycyclic organic matter (POVM as

t he mechani sns of Diesel particle-induced effects (Sec. 9.4);

(3) chem cal carcinogenicity of Diesel Particles andthereality

of the risk estimtes (Sec 9.6).

Concer ns about non-carci nogenic effects of Diesel particul ate matter
(Sec. 9.8) are based on ani nal - est abl i shed no- obser vabl e- adver se- ef f ect
| evel (NQAEL). These concentrations exceed anbi ent | evel s by two orders
of magnitude, and are - inthe viewof thereviewer - inportant for
occupati onal hazards but irrel evant to anbi ent exposures. The all eged
daily nortality effects of fine particles (page 9.46-48) require
further analyses before they are applied in the regul atory process.
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1. Em ssions (Sec. 9.3) and Exposure Estimation (Sec. 9.5)
The EPA' s t eamof aut hors shoul d be congratul ated for an excel | ent
engi neeri ng anal ysi s of the probl emand for the included correction
factors that significantly inprovethe credibility of the proposed
estimates. Inthis respect, the EPA s anal ysi s provi des substantially
i nproved em ssi on esti mates t hat supersedes ot her anal yses by Feder al
(EPA, 1987) or other governnmental agencies (CARB, 1994).

The question, however, remai ns whether or not even this inproved
anal ysi s represents the actual D esel contributiontothetotal nmass of
fine particles inthe anmbient air and whet her or not the cal cul at ed
anbi ent | evel s accurately reflect the probability of experiencing an
i nhal ati on contact with these levels for U S residents.

The i nprovenent in em ssion estimtes is mainly achi eved by usi ng an
appr oach proposed by Sienicki et al. (1991). The EPA aut hors accept ed
Sienicki's 1995 |l ower em ssion factors (EF) caused by stricter
standards, | ower |ight duty market shares and | owsul fur fuel but did
not i nclude freeway road adj ustnents. The aut hors do not expl ai n why
the freeway road correction was not used. The text should I|ist
techni cal reasons for this decisionrather thantorefer to "past EPA
practice" (page 9-9). As aresult, the EPA s 1995 em ssion rates of
0.0356 g/m arelarger than Sienicki's estimtes of 0.0305g/m. This
may | ead t o a potential overestinate by approxi mately 17%i n t he ur ban
fl eet averages.

| nst ead, the authors use a Mobil e 4. 1-derived vehicle-mles- travel ed
split to correct for the use of heavy duty subclasses in rural
envi ronnent and arrive at alevel of 0.0523 g/m for the 1995 year.
This overestimates the Sienicki's value by approximately 71%
The text shoul dindicate that no specific method exi sts today t hat
woul d determ ne t he actual Diesel particle contributiontothetotal
mass of TSP or PMLO and validate the applicability of these
adj ustnents. In Section (9.5.2), the HAPEMexposures are conpared with
the contribution of D esel particles estinmated fromnonitoring data on
total suspended particulates (TSP). The results need to be corrected
because the estimate used for Di esel em ssions of 384,000 netric
tons/year sharply contrasts with a nore appropriate estimate of 163, 118
metrictons listedinprecedingtext (Section 9.3.3 and Tabl e 9-3, page
9-10). When the lower estimate is used in calculating Diesel
contributionto TSP, the correct contributionw Il not be 5.12 %but
2.17%and t he resul tant anbi ent concentration 1.04 ug/nBinstead of
2.46 ug/nm3. If adjusted for the "integrated exposure" (using an
enpirical correctionfactor of 0.62 |isted on page 5-29 that adj usts
24-hr. anbient | evel s to account for generalized activity patterns and
m croenvi ronnental factors), theresulting"integrated" exposure
estimate is 0.64 ug/nmBinstead of 1.52 ug/nB. Againthis represents
a 236% overesti mate. \When the 1990 HAPEM MS ur ban estimates are
conpared with this val ue, the proposed | evel of 2.03 ug/ n8 equals to
316 %of this value, andtherural estimate of 1.1 ug/ nB represents a
171% overesti mate).



Tabl e 1. Differences in the Projected Ambient Contribution and
Levels of Diesel Particulate Matter

1990 1990 1990
Di esel HAPEM TSP-Deri ved PMLO- deri ved
Contri bution: Estinmate ori gi nal adj ust ed
Di esel
Fraction of -- 5.12% 2.17% 2.9%
Armbi ent Particles
Proj ected Levels:
ur ban -- 2.46 ug/ nB8 1.04 ug/n8 0.93 ug/n8
i ntegrated 2.03 1.52 ug/n8 0. 64 ug/ n8 0.57 ug/n8
% HAPEM over esti nat e 134% 236% 356%
rural 1.1 ug/n8 1.52 ug/n8 0. 64 ug/ n8 0.57 ug/n8
% HAPEM over esti mat e 73% 175% 193%
nati onw de 1.8 ug/n8 1.52 ug/n8 0. 64 ug/ nB 0.57 ug/n8
% HAPEM over esti mat e 118% 281% 316%

Because of the subm cron size of D esel particle, it woul d be even nore
appropriate to use fine particles (PM10) rather than the total
suspended particul ates. If PM 10 data are applied, the differences
woul d be al so | arge. The 1990 nean annual PM 10 concentrati on was
approxi mately 32 ug/ n83 and t he contri buti on of hi ghway vehi cl es was
estimated at the l evel of 1.48 mlion short tons (1.34 mllionnetric
tons) out of 50.85 mllion short tons (46.12 mllionnetric tons) per
year (2.99 in 1990 (U. S. EPA, 1992). The contri bution of all hi ghway
vehi cl es (when used as t he worst case surrogate for Diesel fleet) to
anmbi ent | evel s woul d t hen be a nati onal average of 0.93 ug/ nB. Wen
adj usted for the "integrated exposure" (0.57 ug/nB), these esti mates
represent approxi mately one quarter of levels reportedinthetext.
Thi s i ndi cates a consi derabl e | evel of variability (73to 356% inthe
proposed anbi ent | evel s. |f the freeway road adj ust ment were used, the
uncertainties woul d be even greater. Mreover, the apparent consi stency
anong t he TSP- and PM 10-deri ved esti mates further supports the notion
t hat the HAPEMI evel s may be substantially overestimated (Table 1).

Inthelight of the unusually large uncertainty in predicting anbi ent
| evel s, the accuracy of the proposed val ues characteri zed by t hree
validdigitsis exaggerated. The uncertainty may be further augnent ed
by the fact that the used HAPEM net hod is

based on human activity patterns fromonly one city and nmay not
represent intercity differences. The use of rounded val ues woul d be
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nore appropri ate.

Mor eover, the actual Diesel -i nduced effects are governed nore by t he
experi enced peak concentrations in individual mcroenvironnents than by
an integrated exposure. Considering that people spent nost tine
i ndoors, i.e. an environment with different conposition of fine
particles than outdoors, the HAPEMnet hod nay need t o be repl aced by
recent stochastic estimates that woul d wei ght peak concentrations in
specific mcroenvironnments nore than the integrated exposure.
Probabi |l i stic approaches have been successful |y applied to ot her
pol lutants, e.g. ozone and dramatically i nproved the accuracy of
popul ati on exposure esti mates (Johnson et al., 1992, 1994, McCQurdy et
al ., 1994a, b, Vostal et al., 1993). Sim |l ar net hodol ogy can be easily
appliedtofine particles and substantially enhance the credibility of
theri sk assessnment process. Limtations of the HAPEMnet hodol ogy
i sted on page 4-7 to 4. 8 suggest that further i nprovenents of act ual
exposure estimates woul d renove a si gni fi cant anount of the exi sting
uncertainties.

2. Atnospheric Reactivity and Resi dence Ti nes of Parti cul ate Phase

Pol ycyclic Organic Matter (Sec. 9.4)

The text presents this issue as an i nportant public health risk.

However, it shoul d be enphasi zed t hat thi s di scussi on does not bel ong

inachapter anal yzing potential effect of D esel particl es because the

pol ycyclic organic matter (POM category:

(1) consists of undefined and hi ghly variabl e m xtures of unknown
component s;

(2) has a hypot hetical character andits actual rol e has never
been val i dat ed;

(3) represents no health-specific index of air pollution; and

(4) i1ts biological potency when expressed by specul ative
surrogates (such as benzo(a)pyrene) is arbitrary and

unj ustified.

Its inclusionraises substantial doubts about thereality of the risk

esti mates (Leonard, 1992).

Hi storically, several industry, governnment and academ c | aboratories
t ested anbi ent and Di esel engi ne-derived particles for potenti al
effects onpublic healthinthelate 1970's. The studi es reveal ed t hat
Di esel particles consist of a carbonaceous core with variabl e anounts
of adsorbed chem cal ontheir surface. This materi al can be separ at ed
(extracted) fromthe core by el aborate chem cal procedures at
t enper at ures i nconpati bl e with t he human body envi ronnment and by usi ng
i ndustrial sol vents that do not exist inliving organi sns. Because sone
of these extracts contai nedtraces of chem cals with nutagenic effects
inmcrobial assays, the U S. EPAOTfice of Research and Devel opnent
i ssued a precautionary notice on | aboratory handling of exhaust
products fromDi esel engi nes. The warni ng recommended t hat standard

6
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| abor at ory procedures for handling "potentially hazardous material" be
used until additional data are devel oped.

Unfortunately, the warni ng was based on an i ncorrect assunpti on t hat
t he "mut ageni city assay has been shown t o be 85%t o 90%accurate in
detecti ng substances that are carci nogeni c i n whol e ani mal studi es”
(U.S. EPA/ORD, 1977) believed at that tinme. The 1970's concepts
originated fromexperinental observations that a | arge nunber of
carci nogens are nmutageni c i n bacteria, thus | eading to a concl usi on
t hat "nut agens ar e carci nogens" (Ares, 1979). However, recent data show
t hat a hi gh percentage of the natural or synthetic ani mal carci nogens
identifiedby chronical testing at the maxi numtol erat ed dose "are non
mut agens” (Ames and Gold, 1990a,b, Anes et al., 1990). These
observations seriously questionthe rol e of genotoxicity as the sole
mechani smof carci nogenesi s (Ares and Gol d, 1990a), but specul ati ve
deducti ons on t he carcinogeni c acti on of the solvent extracts ledto an
extensive testing of anbient particles (Lewtas, 1983) and premature
concl usions on the rol e of "products of i nconpl ete conbustion (PIQ" in
human and ani mal carci nogenesis (Lewas et al., 1987). Mboreover, the
concept was i ntroduced i nto an anal ysi s of the air toxics problemin
the United States (U. S. EPA/ OPPE, 1985). The authors first concl uded
t hat not or vehi cl es were responsi bl e f or about 20%of the air toxics
ri sk. When the category of "products of i nconpl ete conbustion (PIC)"
was i ntroduced i nto t he assessnent process, the sanme report rai sedthe
risk attributable to motor vehicles to nearly 60%

Cont i nui ng pronoti on of the PIC and POV i nduced | ung cancer concept
further confused the question of air pollution-associated urban
i ncidence of lung cancer (Lewtas et al., 1990, Lewtas, 1991),
particul arly after negati ve data on bioavailability of particle-
associ at ed pol ycyclic organi c matter and speci fi ¢ DNA adduct formation
have underm ned the credibility of these predictions for Diesel
exposures. The use of PIC- or POMrel ated cat egori es as an i ndex of
adversity of air pollution was repeatedly criticized and their
inclusionintorisk assessnent nmet hodol ogy was seri ously questi oned
(Leonard, 1992). Because of these uncertainties, theinclusion of
Section 9.4 di scussing the "polycyclicorganic matter"” unnecessarily
clouds the issue and is irrelevant to Diesel action.

3. Carcinogenicity of Diesel Particles and Unit Ri sk Estinmates

(a) Animl Data

The text starts with a caveat that theinformationcontainedinthis
section on chem cal carcinogenicity of D esel particles has been taken
froma prelimnary draft of the Di esel health assessnment docunent
prepared by EPAin 1990 (U. S. EPA, 1990). However, the text failsto
informthe reader that the draft was criticized and is nowin the
process of being revisedtotake into account public comments and new
scientific informtion.

Most criticismof the draft cane fromthe fact that the traditi onal
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concepts of EPA's risk assessnent process failed to consider
experinmental data that opposed genotoxic nmechani snms of Diesel
particles. Mainly, the assessnents i gnored early pharnacoki netic data
t hat showed t he i nappropri ateness of an automati c application of
findings obtainedby artificial extracts or by procedures that are
i nconpatible with the biological environnent.

First, these studi es denonstrated that the nutageni c activity of D esel
particles was: (1) mniml or negative when tested in extracts
obt ai ned wi th bi ol ogical fluids; (2) substantially dependent onthe
presence of highlevels of nitroreductase enzynes t hat are not present
inmamalian cells; and (3) di sappeared conpl etely 48 hours after
Di esel particles had been phagocyti zed by al veol ar macr ophages. In
addition, | ong-termani mal exposures to D esel particles did not i nduce
the activity of hydrocarbon-netabolizing enzynmes or specific adverse
i mmune responses - as it woul d be expectedif the particle-adsorbed
chem cal s were i nvol ved i n Di esel action - unless sol vent extracts of
di esel particles were directly adm nistered to aninmals in doses that
hi ghly exceed the |l evel s of public exposures. (Vostal, 1980, 1983,
Chen, 1981, Chan, 1984, etc.)

| nstead, nore realistic explanation of D esel carcinogenicity has been
repl aced by specul ati ve predictions based on short-termnutagenicity
tests which included projections on D esel -i nduced annual | ung cancer
i ncidence (Al bert et al., 1983). Infact, continuing enphasis onthe
genot oxi ¢ concepts m sdirected the general attentioninto an erroneous
identificationof nitroaromatic hydrocarbons as t he maj or conponent
responsible for the tunor-producing effects of high Diesel
concentrations. The m staken concepts on the role of nitroarene-
contai ning extracts influenced



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

ot her advi sory agenci es and t heir assessnent of carcinogenic risks
(I ARC, 1989).

More i nmportantly, the al |l eged effects of the extractabl e nutagenic
fraction of D esel particles were seriously chall enged when fornmati on
of animal ung tunors after highloads of D esel particles was reported
in 1983 (Ishinishi, 1986). Alternative nechani sns conpatible w th
epi geneti c (non-genot oxi c) character of the produced ani mal tunors were
proposed (Vostal, 1986). This criticismwas further endorsed by new
ani mal studies (Heinrichet al., 1992, Mauderly et al ., 1991, N kul a et
al ., 1991 and 1992). Finally, the U S. EPArecognized in 1991 t hat
"nei ther the vapor phase of Di esel exhaust or the particl e-adsor bed
organi c fraction are responsi bl e but that the "tunor response not ed
i nanimals couldbe accounted for by a particle effect al one” (Pepel ko
et al., 1991).

These newdi scoveries considerably nodify theinterpretation of the
carci nogenic effects of Diesel particles andw || probably becone the
scientific basis for the newdraft of the EPA's health assessnent
docunent. The ani mal studi es reaffirmnon-genot oxi c mechani smof
Di esel action by show ng that no differences can be found in the
charact er and nunber of | ung tunors between D esel - , carbon bl ack- and
titani umdi oxi de- exposed ani mals. The first study reports that the
ani mal experinents provide "no evidence for a D esel -particle-specific
carcinogeni c action but denonstrate a general particle-produced
carcinogenic effect” (Heinrichet al., 1992). The results of the second
study reassure that the "high | ung burden of carbonaceous particlesis
t he princi pal cause for the increased preval ence of |ung neoplasns in
rats exposed to high concentrations of Di esel exhaust". The soot -
associ at ed or gani ¢ conpounds do not appear to contribute significantly
to t he preval ence of neopl asns i n the ani mal assay and "do not support
t he estimati on of human | ung cancer ri sk fromrat data on t he basi s of
t he particl e-associ at ed organi c conpounds” (Mauderly et al., 1991,
Ni kul a et al ., 1991 and 1992). Any new assessnent of the potenti al
public healthrisk of Diesel particles - includingthe present study -
shoul d, therefore, includethesedatainthefinal interpretation of
Di esel exhaust action (Vostal, 1994a). References to these findi ngs
shoul d not only appear inthe text of this chapter but newi nformation
shoul d be al soreflected in adiscussionof howt hese newdata nodify
the entire risk assessnent process.

Second, non-genotoxi c mechani sns - when accepted as a pl ausible
expl anation of the D esel particle action - introduce an unquesti onabl e
exi stence of no-effect | evels for the "carcinogenicity" of Diesel
exhaust observed in animals (Vostal, 1994b).
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It has been repeatedly argued that the mat hemati cal dose-response
function for chem cal (genotoxic) carcinogenicityislinear or is
"unlikely toexceedlinearity” inthe |l owdose region because of the
probability that even one single chem cal nolecule caninitiate a
nmut ageni ¢ event that | eads to uncontrol |l ed cell divisionandcancer. In
contrast, the epigenetic actioninplies that adistinct anount of the
agent or effects accunul at es before the tunor-produci ng effect starts.
Thi s shows a non-linear functioninthe dose response curve with an
est abl i shed t hreshol d. Wi | e no dependabl e mat henat i cal nodel exists at
thistime for thisfunctioninthelowdoseregion, thenon-linearity
appl i es even when Di esel particles are considered as a potenti al
pronmotor in an already initiated genotoxic process (Pepel ko et al .,
1994). Al maj or conponents of the possible pronpoting actioni.e.
physical irritation, inflammtion or fibrotic action are typical
t hreshol d-di spl ayi ng processes and their acti on cannot belinearly
extrapol ated to | ow doses.

Fig. 1 The Relationship between the Predicted Soot Deposits
in the Lung and the Frequency of Tunors in Inhalation Studies
(from Vostal, J.J., 1986)

Theoretically, a linear function of an epi genetic process can be
assuned for the dose response curve after the no-effect i ntercept has
been exceeded. Whil e experimental data suggest linearity of tunor
responses after excessive anounts of Diesel particles accunulatedin
the lung (Vostal, 1986 - Fig. 1), the approachis not suitablefor
predi cting effects at | owanbi ent | evel s. The epi geneti c nechani sm
restricts, therefore, the applicability of thelinear dose response
nodel for anbi ent concentrations and attenpts to do so have been

10
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appropriately criticized.

(b) Human Dat a

I n discussing human epi dem ol ogy data, the docunment correctly
identifies thelack of data on the actual di esel exhaust exposure as
t he maj or deficiency of all studies. Inaddition, the undocunented
snmoki ng habits, other present or previ ous occupati onal exposures and
potential job m sclassificationas well as inadequate characterization
of the popul ation, etc. arecritical confounding factors that are not

al ways renmoved by statistical adjustnments and

do not permt nore definitive |linking of the Di esel exhaust tothe
specific effect inquestion (i.e. lung cancer). These characteristics
of epi dem ol ogi c approaches limt auniqueidentificationof D esel

exposures as a causal factor inpractically all published studies. In
addi tion, seven |isted bl adder cancer studi es shoul d be elimnated from
t he evi dence sincethey refer toadifferent health endpoint and are
irrelevant for the purpose of this analysis.

Consi dering the "nmost convi nci ng" study by Garshick et al. (1989)

study, it should be recogni zed that this study al sofails to provide a

docunent ed exposur e because t he anal ysis i s based on "reconstructed”

exposure |l evels. It is even nore surprisingthat the U. S. EPA study
does not include referencestoacritical reanal ysis conducted by G unp
and Chen (U.S. EPA contract 68-02-4601, Assignnent # 182) that

identifiednunmerous limtationsinthe Garshick study, detected a
signi ficant nunber of unrecorded deat hs t hat nust have occurred in the
cohort after 1977 and conducted nmore than 50 anal yses of the
rel ati onshi p between the al | eged exposure to D esel exhaust and | ung
cancer nortality. None of these anal yses showed a pattern t hat was
"consi stent wi th an adverse ef fect of D esel upon | ung cancer; infact,

many of themshowed a statistically significant negative associ ati on”

(Crunmp et al, 1991). Cobviously, the Garschick et al. study suffers from
t he same confoundi ng factors that have been criticized in other

anal yses.

Because docunent ed exposure i s an absol utely required factor for the
dose-response curve, the text shoul d concl ude that until additi onal
(prospective) studies provide nore adequat e docunent ati on of exposure,
t he use of epidem ol ogy datainthe risk assessnent process remai ns
questionable. At this time, the conclusionthat the data are i nadequat e
for quantitative risk assessnment is fully justified.

11
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CONCLUSI ONS

I n general, the study presents an excell ent summary of what i s known
and what has been published on di fferent approaches inthe assessnent
of potential carcinogenicity of Diesel particulate matter.

First, the docunent introduced into exposure estimtes a substanti al
i mprovenent over previous reports. The engi neeri ng anal ysi s prepared by
t he prof essional staff of the Ofice of Mbile Sources has nuch hi gher
validity thansimlar attenpts by other State or Federal agencies. The
pr of essi onal staff of the Office of Mbile Sources shoul d be conmended
for a job well done.

On t he ot her hand, in spite of theseinprovenents the study should
explicitly recogni ze that significant | evel of uncertainty existsin
t he nmet hodol ogy estimating actual exposure levels in the U S.

residents. The text should, therefore, particul arly enphasi ze t he hi gh
| evel of uncertainty existinginthe exposure as well as the bi ol ogi cal

action estimates. |In addition, cal cul ated val ues are often present ed
by three validdigits and | eave a fal seinpression of accuracy. Mre
rounded val ues woul d be appropriate. Simlarly, the final estinates
shoul d not be presented by a si ngl e nunber, but - wherever possible -

al so by statistical variances. If a statistical variance is not

appl i cabl e, the approaches can be organi zed i n the f ormof one or nore
probability distributions and by summary stati stics conputed t hrough
Monte Carl o anal ysi s or ot her probabilistic anal ysis techni ques. These
iterative approaches will not only inprove the scientific accuracy of
the esti mates but will al soindicatethelevel of uncertainty by nore
descri ptive zero-to-upper-bound ranges- evenif they start at or bel ow
zero. Only after the probability distributions and the |evel of

uncertainty are incorporated into all reported values, will the
Congress, the deci sion naker or the public have an adequat e i nfornmati on
onthereality of projectedeffects. Infact, thelimtations and
characteristics of the assessnent |isted on page ES-43 shoul d be
repeated with all Tables and concl usi ons.

Second, the study would al so benefit fromprovidi ng nore updat ed
informati on and alternative interpretati ons of the carci nogeni c action
of Di esel exhaust. The text should particularly recognizethat - in
contrast with the prevailing concepts - newfindings unequivocally
reject the theory of chem cal carcinogenicity assuned for Diesel

particles onthe basis of mcrobial testingof particle extracts. Wile
we do not under st and exact nechani sns responsi bl e for the formati on of

tunors in |l aboratory ani nal s, newdata characterize the tunor-produci ng
action of high D esel exposures as a non-specific, epigenetic nechani sm
produced by t he presence of accunul ated foreign material (particle
depots) on a terrain nodified by inflanmatory and degenerative
processes (U.S. EPA, 1993).

These fi ndi ngs have al ready been accepted by U. S. EPA assessors who

12
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acknowl edged t hat "t he wei ght of evi dence favors basi ng ri sk assessnent
on t he | ung burden of particul ate matter rather than particl e-adsor bed
organi cs or vapor phase conponents” (Pepelko et al., 1992). The
docunent woul d significantly benefit if the newinformationis not only
reflected in the text but is actively used in the assessnent process.

| f sone of theselimtations were caused by the fact that a newdraft
of the EPA s heal t h assessnent docunent has not yet been rel eased, the
aut hors shoul d keep i n m nd t hat the Congress- nmandat ed anal ysis "..
shall accurately reflect the |atest (enphasis added) scientific
know edge useful inindicatingthe kind and extent of all identifiable
effects on public health or welfare .. " (CAA 1977, Sec. 108(a)(2)).

I n concl usi on, the chapter is an excellent progress report on the
continuing effortstocorrectly assess the potential public health
i mpact of Di esel em ssions. It al so provides significant i nprovenents
inthe eval uati on of the D esel -i nduced exposures and ri sks. Hopeful |y,

a further i nproved version of the assessnment can be expectedinthe
near future. Until that tine, the study suggests that the | ung cancer
ri sk of Diesel em ssions for U S. residentsis at alevel that is|ow
and i ndi stingui shabl e fromt he background cancer risk - if existing et

all - even if the estimated cancer risks "are not neant to be
representative of actual risks" (page ES-43).
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SUMVARY

The Mot or Vehi cl e-Rel ated Air Toxi cs Study assesses car ci nogeni city of
benzene, formal dehyde, 1, 3-butadi ene, acetal dehyde and Di esel
particul ate matter rel eased t hrough em ssi ons fromnobi | e sources by
usi ng pot ency esti mates t hat were devel oped by the EPA's Offi ce of
Heal t h Assessnment under the "defaul t" ri sk assessnent process inthe
1980' s. Although the EPAreport didnot estimate total cancer risk due
to uncertainties associated with additivity of cancer risk, the
anal ysi s projects an excess of 580 cancer cases per 250 mIl. U S.
residents (2.3 cases per mllion) i n 1990 due t o benzene, fornal dehyde,
1, 3- but adi ene, Di esel and acet al dehyde al one. This excess will be
reduced by 50%wi t hi n t he next two decades because of the existing or
on record regulations and in spite of the increased nunmber of
regi stered vehicles and vehicle mles travel ed.

The review points out that the results of the study are based on
pot ency esti mates and ri sk assessnent net hodol ogy t hat wer e devel oped
oninformation availableinthe 1970' s and enphasi zes advances t hat
occurred in the understandi ng of the carcinogeni c process since t hat
tinme.

If - contrary tothe current EPA" s ri sk assessnment approach - cancer
mechani sms ot her than direct chem cal danage to DNAprevail andif a
no-effect threshol d exi sts for these epi geneti c mechani ns, the use of
a"default” risk assessnent process that assunes alinear | ow dose
extrapol ation for all chem cal carci nogens regardl ess of the real
mechani smof their actionisunjustifiedand may result in a serious
overstatenent of risks that do not exist. Introducing iterative
approaches proposed by the recent NAS report into the assessnment
met hodol ogy woul d significantly inprove the quantification of
uncertaintiesinherent tothe assessnent process. Mre inportantly,
usi ng pot ency esti mat es devel oped under EPA s newgui del i nes (nowin
reviewprocess) will further reduce the estimated public health risks
of air toxics fromnobil e sources and may denonstrate that the effects
cannot be differentiated from other everyday life risks.

The Mot or Vehi cl e- Rel at ed Ai r Toxi cs Study has been conpl et ed but the
necessity of upgrading the assessnent process on the basis of nore
current sci ence and EPA' s new car ci nogeni ci ty gui deli nes shoul d be
seriously considered beforetheresults are used in risk managenent
deci si ons and t he final rul emaki ng process. O herw se, unnecessary
regul ations will inpose cost on society that would not convey
correspondi ng benefits in terns of health protection.

| NTRODUCTI ON
The st udy was conduct ed pursuant to Section 202(1)(1) of the dean Air
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Act (as amended in 1990) to answer the questi on whet her or not "the
need exi sts for, and what is thefeasibility of, controlling em ssions
of so far unregul ated toxic air pollutants that are associatedwth
not or vehi cl es and notor vehicle fuels". Wiilethe study is focused on
t hose categori es of em ssions that pose the greatest risk to human
heal t h, or about whi ch significant uncertainties renmain, it eval uates
em ssions fromal | types of autonobil e exhaust. The study sunmari zes
what i s known about notor vehicle-related air toxics with theintention
"to present all significant scientific opinion on each issue".

The report quantitatively assesses carcinogenicity of benzene,
f or mal dehyde, 1, 3-but adi ene, acet al dehyde and D esel particul ate matter
by usi ng potency estinmates t hat were devel oped by the EPA's O fi ce of
Heal t h Assessnent in the 1980's. When consideringthe remainingair
t oxi cs, such as the gasoline particul ate matter, gasoline vapor et al.
t he aut hors decl are that these esti mates are overly "conservative and
nore highly uncertainthanthe risk estimates for the ot her pollutants
exam nedinthis study.” The estimates are call ed "pro forma val ues”
and are not i ncludedinthe summary of cancer/death inci dence dueto
not or vehi cl es. Wil e t he Agency avoi ded devel opi ng an esti mat e of
total cancer cases due to uncertaintiesinthe additivity of cancer
ri sks, the anal ysis projects an excess of 580 cancer cases per 250
mll. US. residents (2.3 cases per mllion) in 1990 due t o benzene,
f or mal dehyde, 1, 3-but adi ene, D esel and acet al dehyde al one. Thi s excess
wi Il be reduced by 50%w thin the next two decades because of the
exi sting or onrecordregulations andin spite of theincreased nunber
of registered vehicles and vehicle mles travel ed.

Limtations |isted on page ES-43 poi nt out uncertaintiesinthe used
potency, em ssion and exposure estimates. Thus, the cancer risk
estimates "are not neant to be representative of actual risk. |nstead,
they are neant to beusedinarelative senseto conpare risks anong
pol |l ut ants and scenari os and to assess trends." Because cancer ri sks
esti mates are based on upper bound estimates of unit risk (except
benzene) usi ng ani mal data, "point estinmates were reported rather than
a range t hat woul d accurately bound the estimates. The true ri sk coul d
be, therefore, as |lowas zero or fall above the point estimates” (U S
EPA, 1993a).

The aut hors recogni ze t he need t 0 address t hese uncertai nti es but do
not explicitly account for weaknesses i ntroduced by the unit risks that
have been changi ng wi th t he advanced research. For fornal reasons, the
study used only EPA-rel eased unit risksinspite of the fact that many
of themwere based on i nformati on obtainedin 1970's. The Agency i s
conducting its peer review subsequent to conpletion of the final
docunment. Comment s made by peer reviewers wll not be usedto revise
the study but will be considered during the rul emaki ng process.

REVI EW COMMENTS:

The review focuses on the EPA's overall approach to assessing
carcinogenic risks fromnotor-vehicle-related air toxics, alternative
approaches t hat may be consi dered, the i nherent uncertaintiesinthe
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assessnment process, what is the likely inpact of alternative
met hodol ogi es on the concl usions of the study and the way these
uncertainties are conmuni cated to the readership.

A. EPA's Overall Approach
Arealistic assessnent of cancer risks fromexposures to anbient air
t oxi cs depends on best available information on:
(a) the inhal ed anbient concentrations;
(b) the nunber of people that are exposed to these
concentrations and
(c) the carcinogenic potency of the chem cal conpound in
guesti on.

The Mot or Vehi cl e-Rel ated Air Toxics study effectively resol ved the
first two tasks by devel oping innovative approaches and using
previ ously unavai |l abl e data. The authors deserve afull credit for
substantially inproving the exposure part of the equation.

The out cone of the assessnment i s, however, limted by the fact that

pot ency esti mat es devel oped by t he Agency on t he basi s of i nformation
existing in the 1970's were used. In the 1970's, the practice of

eval uating risk of cancer was dom nat ed by concer ns about chem cal

conpounds directly altering DNA and genone. 1In the light of new
di scoveries, this practiceis nolonger adequate in the 1990's. New
scientific data challenge previ ous concepts that all cancer-causi ng
chem cal s act sol el y t hrough nechani sns recogni zed for radi ati on. New
evi dence has accunul ated during the past ten years show ng that

chem cal s produce cancer al so by other nmechani snms, e.g. through
hor nonal pat hways, by mitogenic stinuli or by causing cellul ar death
wi th conpensatory cell proliferation. These advances in scientific
know edge have a maj or i npact on the esti mati on of carcinogenic ri sk of

chem cal s (NAS/ NRC, 1994).

H storically, the Agency forned its eval uati on of carci nogeni c hazards
on princi pl es recommended by U. S. HEWand U. S. FDA gui delines (U. S.
HEW 1969, U.S. FDA, 1971). These protocol s det er mi ned what net hods
shoul d be used for estimates of the carcinogenic risk and incl uded a
questi onabl e recommendati on t hat "testi ng shoul d be done at doses and
under experinmental conditions likely toyield maxi numtunor incidence".
Al og-probit one-hit nodel of carcinogenicity was used for mat henati cal
extrapol ati on of evi dence obt ai ned i n hi gh-dose ani mal experinentsto
| ow doses effects (Mantel and Bryan, 1961, 1975).

When it was di scovered that the | ow dose regi on extrapol ations by this
procedure tended to zero nuch nore rapi dly t han extrapol ati ons assuned
by somati c nutati on nodel s, the gui delines decl ared that the Mantel -
Bryan procedure "l acks bi ol ogi cal rel evance" and is i nappropriate for
chem cal s acting directly on DNA. Short-terml aboratory procedures
testing genetic alterati ons and neopl astic cell transfornmationincells
and ti ssue cul tures were devel oped and t he Mant el - Bryan appr oach was

4



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

replaced by a mul ti stage nodel where no a priori assunpti on was nade
about the formof mat hemati cal extrapol ations. Inorder to assure that
t he procedures do not underestimate risk in sonme situations, the
gui delines insisted that "linear extrapol ati on shoul d al ways be
i ncluded anmong any net hods used” (U.S.IRLG 1979).

Vari abl e sensitivity to carcinogens due to genetic, racial and ethnic
factors and ot her suspected nodi fiers was used to oppose t he noti on
that "an observed no-effect | evel of exposure on animals or evenin a
speci fic human popul ation will be applicable to the total human
popul ation at risk™ (U S.IRLG 1979) andthat "noreliable nethodis
known for establishing thresholdthat could apply tothe total human
popul ati on" (I ARC, 1977). These over protecti ve reconmendati ons i gnored
t he real mechani sns of action of chem cals and Il eft a long-1asting
imprint on many regul ative deci sions.

In 1984, the O fice of Sci ence and Technol ogy Pol i cy of the Wite House
assenbl ed a group of senior scientists to devel op general principles
for i nproving gui del i nes and assessi ng carci nogeni c ri sks. The group
enphasi zed gaps in understandi ng of the carcinogenesis process,
characterized previ ous reconmendat i ons as "j udgnental (science policy)
deci si ons" and proposed t hat t he gui del i nes be an "ongoi ng process t hat
strives to periodically update current understandi ng of carci nogenesi s
and the scientific process of howthis understandingis utilized" (U S.
OSTP, 1985).

First, new consensus reassured that "cancer can be induced by
radi ati on, biol ogical, physical and/or chem cal agents"” i.e. by a
mul tifactorial pathogenesis thanincluded nmechani sns ot her than sol ely
a chem cal alteration of DNA. The experts accepted that cancer
devel opnent is anmultistage process that "may i nvol ve t he genone, both
indirectly (frequently terned epi genetic events) and directly, which
may i nclude the participation of chem cals or viruses".

Second, concerning animal testing for carcinogenesis the group
careful |y wei ght ed exi sting presunptions (IARC, 1977) that "inthe
absence of adequate datain humans, it is reasonabl e for practical
pur poses, to regard chemcals for which thereis sufficient evidence of
carcinogenicityinaninmals asif they presented a carcinogenicriskin
humans." The experts enphasi zed that this concl usi on shoul d not
"foreclose further inquiry into the human rel evance of ani nal
carcinogens (U.S. OSTP, 1985).

The accept ance of an established "carcinogenicity inanimls" has
becone a pi votal problemin further discussions of therisk assessnent
of human cancers. D fferent groups devel oped "deci si on rul es" by whi ch
a chem cal was declared a carcinogen (Weisburger, 1983). These
attenpts ranged fromsi npl e nuneri cal approaches (two studiesin two
ani ml species - IARC, 1977) +to a set of conplex criteria that
continuedto developwithtim (U S. IRLG 1979, Giesener et al .,
1980, 1 ARC, 1980). MNunerical differences inaninmal tunors at nmultiple
sites and of unspecific origins were consi dered as evi dence of chem cal
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carci nogenicity w thout questioni ng whether or not: (1) any observed
tunors are nore |l i kely to have occurred by chance or as aresult of
treatment; (2) the observed |l esions were directly relatedtothe
exposure; or (3) the use of the exposure route or maxi nrumt ol erat ed
dose has been justified. The conservative approaches were accepted in
spite of existing cautions agai nst the use of doses so high that they
produce "unwanted toxic side effects" (U S.IRLG 1979) or
"unphysi ol ogi c conditions which may in thensel ves enhance tunor
formation” (U.S. NCAB, 1977).

Modi fi cati ons of these procedures have been used by t he Envi r onnent al
Protection Agency until the 1990's when the scientific community
poi nt ed out that chem cal s t hat i nduce cancer at hi gh doses i n ani nal
bi oassay often | ack traditi onal characterizati on of genotoxi ns. Non-
genot oxi ¢ conmpounds have al so a common property of i ncreasing cell
proliferationinthe target organthat can account for the reported
carci nogenicity (Cohen and B | wein, 1990, Butterworth and Sl aga, 1991).
Mor eover, Anmes and Gol d denonstrated that in chronic testing of
chem cal s at t he maxi numt ol er at ed dose nore than hal f of all tested
conpounds wer e car ci nogens i n ani nal s al t hough a hi gh percent age of
t hese chem cal s showed no nut ageni c ef f ects. Because chroni ¢ dosi ng can
be conpared to a "chroni c woundi ng", whichis known to be a pronoter of
carcinogenesis in animals, it can be expected that npst tested
chem cal s "are ani mal car ci nogens when adm ni stered at chroni c, near
toxi ¢ doses" (Anmes and Gold, 1990).

Mor e t han an adequate | evel of experinmental evidence supports the
proposal that the testing of chem cal carci nogens shoul d be changed.
Thyroid follicular cell tunmors produced by chem cal substances were
interpreted as products of | ong-termhornonal di sturbances caused by
chronic toxicity and not by chemcal s interacting with genone (U. S. EPA
1988). Ml e rat kidney tunors after exposures to high concentrations
of gasol i ne vapor were expl ai ned by the toxic acti on on renal tubul ar
cellswithresultingcell proliferationand tunors due to accumnul ation
of a protein that is specificto malerats but not found in humans
(U.S. EPA, 1991). Many ot her substances i ncl udi ng natural products
such as d-linonene cause kidney tunors in male rats but do not
simlarly affect other rodents or humans.

Long-termexposures to D esel exhaust have shown t hat hi gh particle
| oads bl ock Iung cl earance, | ead to an excessive accunul ati on of
particul ate matter inthe lung andresult information of |ung tunors
(Mauderly et al., 1986, Stoeber, 1986, Brightwell et al., 1986).
However, the tunor actionis independent of the presence of chem cal
car ci nogens and occurs whenever inert materi al s accunul ate inthe | ung.
The tunors appear due to physical rather than chem cal properties of
the tested material and are i ndependent of the presence of carci nogenic
chem cal s inthe extractabl e soot (Vostal, 1986, 1994, N kul a et al .,
1991, Mauderly et al., 1991, Heinrich and Fuhst, 1992).

Ot her studi es denonstrated that carcinogenicity of formal dehyde
di spl ays a nonl i near dose response curve where t he tunor i nci dence
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decreases nore rapidly than dose and i ndi cates a no-effect |evel
(Casanova et al., 1992, Cotruvo et al., 1992). New "bi ol ogi cal | y based"
appr oaches concl uded t hat bef ore di oxi n can cause any of its harnful
effects, including cancer, the chem cal nust bindto and activate an
aryl hydrocarbon receptor. Only after a certain nunber of cell
receptors has been occupi ed, the bi ol ogi cal response and cancer can
occur (Roberts, 1990). Again, this shows that a "threshol d" or no-
effect | evel exists for receptor-binding substances bel owwhi ch no
toxic effects occur.

Non- genot oxi ¢ mechani sns may be al so responsi bl e for formati on of

tunors i n chem cal s wher e exact nechani sns have not yet been eval uat ed.

For exanpl e, new evidence on benzene suggests that simlarly as
| eukem a i s produced by bone- marrowdepl eti ng drugs, benzene-i nduced
occupati onal cancer (|l eukem a) may be a secondary effect of bone marrow
toxicity with reactive cell proliferation. Reassessnment of data
i ndi cat es t hat occupati onal exposures to benzene were underesti mat ed
(Paust enbach et al ., 1992) and t hus, did not excl ude the possibility of

hemat opoetic toxicity prior to the secondary carcinogenesis.

These di scoveries indicate that the EPA' s default nodel of |inear
nmul ti st age extrapol ati on has no uni versal validity and needs to be
replaced with nore realistic approaches once mechani sns are better
under st ood.

(B) Alternative Approaches

The evi dence chal |l enging traditional interpretation of aninal data
seriously questions continui ng use of carci nogeni ¢ pot enci es devel oped
under "default principles"” inlate 1980's. In fact, their use can
prevent a nore ef fecti ve managenent of environnental risks or i nportant
regul atory deci si ons.

The nonlinearity of the dose response curve and potenti al exi stence of
a no-effect level is at i ssue because genotoxic chem cals are not
expected to exhibit athreshold at | owconcentrati ons. However at
hi gh doses, the toxicity of genotoxic conpounds nmay cause cell death
andresult intissue proliferationinadditiontothe genotoxic action.
The final result is, therefore, either a genotoxic effect, a
proliferative effect or both, i ndependent of whet her or not the process
affects normal or initiated cells.

I n contrast, non-genotoxic chem cals can be categorized by their
mechani smof action. Sonme interact with cellular receptors, other act
t hr ough non-recept or nechani sns such as cytotoxicity, mtogenic stinuli
or by causi ng a hornonal inbal ance. Mbst if not all cytotoxi c conpounds
are expected to have a no-effect threshol d above which cytotoxicity
becones apparent. Belowthis threshold, cytotoxicity is not manifested
and i ncreased cell proliferation w th cancer-produci ng ef fects woul d
not occur. Any interpretation of | ong-termbi oassays as well as the
ri sk assessment process "nust take i nto account these aspects of non-
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genot oxi ¢ nmechani sns before | i near mul ti stage nodel s are autonatically
used in risk calculations" (Cohen and Ellwein, 1990).

Based on t hese di scoveries, scientific community insisted"that the
exi stence of an observabl e threshol din carcinogenicity be recogni zed
and that envi ronnent al policies and regul at ory gui del i nes shoul d fol | ow
t hese newdi scoveries" (Ares and Gol d, 1990). I nportant precedents for
t he pol i cy change have al ready exi st ed and t hreshol d- assum ng nodel s
have been proposed in cases of docunented evidence of hornonal

i mhal ance or cytotoxicity (U S. EPA, 1988, 1991).

The U. S. EPA becane concerned about "the institualization of the
defaul t cancer ri sk assessment net hodol ogy" i ssue and i n 1989 assenbl ed
experts to exam ne scientific foundati ons of the 1986 Carci nogen Ri sk
Assessnent guidelines asthefirst stepinthe Agency's reviewof the
ri sk assessnment net hodol ogy (U. S. EPA, 1989). AR sk Assessnent Forum
was est abl i shed to pronote scientific consensus onrisk assessnent

issues and to ensure that this consensus is incorporated into
appropriate risk assessnment gui dance. I n addition, a Wrking G oup on
Ri sk Assessnent Practices in the federal government was fornmed to
exam ne opportunities for col |l aborati on on net hods and research anong
agenci es engaged in risk assessnent. An intergovernnmental public
nmeeting on ri sk assessnent net hodol ogy was convened i n Washi ngt on, DC.

to focus oninprovenent of specific risk assessnent i ssues (U. S. DHHS,

1991). Asurvey indicatedthat sone principlesidentifiedinthe 1985
OSTP docunent need t o be changed. Princi pl es di scussi ng t he nechani sm
of cancer induction, the role of cell proliferation and receptor-

medi at ed car ci nogenesi s, as wel |l as principl es di scussi ng t he exi stence
of a threshold, use of maxinmum tol erated doses and |ow dose
extrapol ati on nodel s were the prinmary candi dates to be reviewed (Hart,

1991).

The nost recent effort to address public skepticism about the
reliability of scientific predictions concerning possiblethreatsto
human heal th comes fromt he Nati onal Acadeny of Sci ences/ Nati onal
Research Council Comm ttee on Risk Assessnment of Hazardous Air
Pol | ut ants that concl uded that "as scientific know edge i ncreases, the
j udgnment al (science policy) choi ces nade by t he Agency and Congr ess
shoul d have | ess i npact on regul at ory deci si on- maki ng. Better data and
i ncreased understandi ng of biol ogical nechani snms shoul d enabl e
applicationof risk assessnents that are | ess dependent on conservative
default assunpti ons and nore accurate as predi ctions of hunman ri sk"
(NAS/ NRC, 1994).

To reduce the uncertainty and increasethe scientificvalidity of the
deci si on- maki ng process, the NASreport recommended that iterati ve,
estimate-inproving assessnents be rigorously "conducted until:

(1) the risk is bel ow the applicabl e decision-mking |evel;

(2) further i nprovenents in the scientific know edge woul d not

significantly change the risk estimte, or
(3) the Environnental Protection Agency, the em ssion source
or the public determ nes that the stakes are not high

8



enough to warrant further analysis" (NAS/ NRC, 1994).

| nst ead of a singl e estinmte produced by the default output, the risk
assessnment shoul d becone "a process for summari zi ng t he avail abl e
scientificinformationinboth qualitative and quantitative form'. The
application of generic guidelines wth the intention to avoid
underestimati ng heal th risk ("pl ausi bl e default conservatisni) i s not
objected toingeneral but the scientific community believes that "its
use shoul d not be all owed as a criterionin deciding when sci ence can
be used to repl ace a default option. As newscientificinformationis
devel oped and used to replace default options, the result wll
typically be areductionbothinthe estimtes of risk and t he extent
of uncertainty in the risk assessnment” (MClellan and North, 1994).

|terative approaches advocated by the NASreport of fer a pl ausi bl e
sol ution howri sk estimates can be i nproved so t hat the deci si on- maki ng
process can be based on a sound scientific know edge. The approaches
can be organi zed in the formof one or nore probability distributions
and by summary statistics conputed through Monte Carl o anal ysi s or
ot her probabilistic analysis techniques. By knowi ng the central
t endency estimates and statistical confidencelimts, the decision
makers and the public will better understand the inplications of
probability distributions (NAS/NRC, 1994). The Mot or Vehi cl e- Rel at ed
Air Toxics analysis would benefit fromaccepting this iterative
approach becauseit will not only i nprove the scientific accuracy of
its estimates but will alsoindicate thelevel of uncertainty by nore
descriptive zero-to-upper-bound ranges.

On t he ot her hand, approaches recommended by t he NAS report do not
of fer an automatic solution for the non-linearity of the dose response
curve and t he no-effect | evel (threshol d) applications. However, the
Ri sk Assessnent Forumhas al ready on record a significant, threshol d-
assum ng precedent inthe formof its 1991 docunent concerni ng nal e rat
ki dney tunors. The docunent decl ared t hat secondary toxicity-induced
and threshol d-di spl ayi ng neopl asnms are not relevant to the risk
assessnent process and that "such tunors are not includedin dose-
response extrapol ati ons for the esti mati on of human car ci nogeni c ri sks"
(U.S. EPA, 1991). Evenif this conclusionfailsto provide aspecific
directive howthe non-linearity of the dose response curve shoul d be
treated or howthe no-effect |evel for carcinogenicity should be
establ i shed for ot her chem cals, returningto the threshol d-assum ng
extrapol ati on procedures m ght be one of nmany sol uti ons proposed by t he
NAS report.

The NASreviewinsists that "scientificinformation, tothe extent it
i s avai | abl e, shoul d be used as nmuch as feasibleinthe risk assessnent
process” but that "guidelines are necessary to structure the
interpretation and use of scientific information andto guide actions
when informationis inconpl ete or absent in particul ar assessnent”
(McCl el l an and North, 1994). It is encouragingthat the newdraft of
U.S. Environmental Protection Agency gui delines (nowin the final
revi ewprocess) has al ready recogni zed the rol e of cell proliferation,
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the non-linearity of the dose response and the existence of a
popul ati on response threshold (U. S. EPA 1994). The docunent i ntroduces
bot h | i near and nonl i near extrapol ati on procedures for use in specific
cases and prom ses that the newri sk assessnent procedures will be
based on a nore solid science than ever before. The new gui del i nes
shoul d be avail ablein the near future and it woul d be advi sabl e t hat
the promul gation of air toxics regul ations be delayed until the
assessnent can be upgraded under the new directives.

(C) Uncertainties
Table 1 illustrates changes in the carci nogeni c potency of chem cal s as
new scientific data have been devel oped and used

Tabl e 1. Conparison of the U S. EPA-Published Unit Ri sk Factors
(data from U. S. EPA docunents)

Pol | ut ant May 1985 June 1988 % Change
Benzene 6. 9x10-° 8.3x10-6 - 88
1, 3- But adi ene 4.6x10°7 2.8x10°4 + 60770
For mal dehyde 6.1x10°6 1.3x10°% + 113
Gasol i ne Vapor 7.5x10°7 6. 6x10-7 - 12

bet ween 1985 and 1988. Devel opnments in testing nethods and cancer
understanding resulted in differences between EPA-derived unit
ri sks of 1, 3-but adi ene t hat exceeded t hree orders of magni tude just in
a periodof three years. Simlar dramati c changes for 1, 3-but adi ene or
ot her chem cals can be expected in the future.

If thisinstability of unit risks indicates a highlevel of uncertainty
i n eval uating the carci nogeni c potenci es, any study that uses t hese
esti mates shoul d i ndi cate a correspondi ng potential for error alsoin
its final estimates. The sol e fact that the potency esti mates have been
changi ng with t he progress of sci ence suggests that even t he potency
for 1, 3-but adi ene may be significantly reduced by future di scoveries
and thus influence the study results.

EPA' s new gui del i nes recogni ze t hat "not every EPA assessnent has t he
sane scope or depth" and that the "picture will change as research
reveal s nore about carci nogeni c process". Wen adopt ed by t he Agency,
the "guidelines will apply prospectively to newassessnments andto
revi si ons of previous assessnents pronpted by newdata that nay al ter

10



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

previ ous concl usions” (U.S. EPA, 1994).

This instability of the unit risks on record indicates a strong
possibility that the inherent uncertainties in the carcinogenic
pot enci es m ght have significantly influenced the accuracy of the Air
Toxi cs study predictions.

E. Inpact on the Study

It can be expected that introduci ng newscienceintothe Mdtor Vehicle-
Rel at ed Air Toxi cs study woul d have a strong i npact on t he out cone of
t he assessnment because the application of threshol d-di spl ayi ng nodel s
may reduce ri sk esti mates for Di esel, formal dehyde, acetal dehyde or
gasoline vapors tolevel s not statistically different fromzero. The
same nechani snms may potentially apply al so for benzene. This | eaves 1, 3
but adi ene as the only nmeasurabl e ri sk of the health risks of air toxics
from nobil e sources.

Addi ti onal risk reductions can be introduced by the fact that under the
direction of the Clean Air Act, declines in notor vehicle-rel ated
hydr ocar bon em ssi ons have al ready occurred and will continueinthe
future (U. S. EPA, 1993b). For exanple, the em ssion rates for an
aver age vehicleonthe road w || be about 90%! ower i nthe year 2010
than in 1988. Further em ssion gains will be achieved through
nodi fication of fuels that will occur under the requirenments for
ref ormul at ed gasol i ne, especially for benzene. As t he conbi nati on of
fuel and vehicl e controls reduces vol atil e organi c conpound, the air
toxics em ssions wi |l be equally | owered and proportional reductions
can be expected in public risks (Leonard, 1992).

(D) Communi cati on

The report is well witten and uses under st andabl e | anguage naki ng t he
information easily available for risk managers and for interested
menbers of the public, includinglay community. The report's summary
shoul d, however, enphasi ze the magni tude of uncertainties andthe
numerical results should be presented in the form of frequency
di stributions or iterative conputer runs rather than by the point
val ues. Wherever possible, the sensitivity anal yses should be
conducted onthe variability and di stribution of different anbi ent
concentrations or exposure estinmates and the final results shoul d be
present ed as ranges starting fromzero up tothe upper bounds. Only
then will the reader receive satisfactory information about the

statistical robustness of proposed predictions and potential risks.

CONCLUSI ONS

Aut onpti ve em ssi ons have been t he center of national attention in
improving the air quality for two decades. As a result, concerted
efforts of the regul atory process and i nnovati ve control technol ogies
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substantially inproved the air quality nationwi de (U. S. EPA, 1993b).
The magni t ude of this inprovenent i s unprecedented in conparisonwth
any other pollution prevention process in worldw de history.

Legi sl ati ve mandat es requesti ng eval uati on of the residual risks for
human heal t h fromunregul at ed em ssions in 1990' s represent, therefore,
a frustrating task for detecting effects that should have been
explicitly mani fested | ong before control s of autonoti ve em ssi ons have
been introduced.

Inspiteof thesedifficulties, the Ofice of Mbile Sources prepared
an excellent engineering analysis of the first step in the
identification of risk - an estinmate of the | evel of exposure.
However, this excell ent exposure anal ysis has not been mat ched by
equal Iy i nproved assessnent of the studied bi ol ogi cal endpoi nts. The
efforts of the authors were seriously limted by the uncertainty of
pot ency esti mates t hat wer e based on i nformati on obtai nedin 1970"s.
The validity of these assessnents is questioned in |light of new
di scoveries and scientific advances that occurred in 1990's.

The scientific community agrees that cancer preventionis inportant but
requests that nore information shoul d be obtai ned on carci nogenic
mechani sms of airborne pol |l utants before unjustified approaches are
used i n assessing their risks and premat ure concl usi ons are presented
as a basis for regulatory needs.

It has been repeatedly argued t hat t he | ow human exposure to many air
toxics poses littleor norisk of cancer because hi gh doses used in
rodent bi oassay cause tunors by i nduci ng cytotoxicity with resultant
cell proliferationrather than by directly initiating DNA danage and
nmut ations. |If mtogenetic mechani sns prevail in the carcinogenic
process and a t hreshol d exi sts for these epi genetic actions, the used
"default” ri sk assessnent process withlinear | ow dose extrapol ati on
for all chem cal carcinogens regardl ess of nechani snms of action, is
unjustified and may result in a serious overstatenent of risks that do
not exist.

The provi sions of the Cl ean Air Act nandate that "t he Adm ni strator of
EPA shal | enter into appropriate arrangenents with the Nati onal Acadeny
of Sciences to conduct areviewof .. .. risk assessnent net hodol ogy
used by the Environnental Protection Agency to determ ne the
carci nogeni c ri sk associ ated wi th exposure to hazardous air pollutant”
(CAA, 1990). Simlarly, the scientific comunity calls for
nodi fi cation of the outdated "dependence of EPA's policy on studi es
i nvol vi ng adm ni stration of huge | evel s of chemi cals to rodents and
hi ghl y conservati ve nodes of extrapol ations to | owdoses i n humans
with the further assunptionthat at trivial doses a carci nogenic effect
exi sts" (NAS/ NRC, 1994).

The NAS revi ew has been conpl et ed and t he Agency' s Ri sk Assessnment
Forumis finishingthe |l ong-expected update of the carcinogenesis
gui del i nes (draft inreviewprocess). These gui delines dramatically

12
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change t he exi sting EPA' s vi ews on car ci nogenesi s and net hods howit
shoul d be eval uated. It may be expected t hat esti mates conduct ed under
t he newguidelineswi Il significantly reduce the public healthrisks
fromair toxics fromnobil e sources and may denonstrate that these
ri sks are so small that they cannot be differentiated fromother
everyday | ife risks. The necessity of upgradi ng the assessnent process
on t he basis of nore current sci ence and EPA' s newcarci nogenicity
gui del i nes shoul d be seriously consi dered before the results are used
in risk managenent decisions and the final rul emaki ng process.
Ot herwi se, unnecessary regul ations will i npose cost on soci ety t hat
woul d not convey correspondi ng benefits interns of health protection.
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Task 1) Adeguacy and appropriateness of usng the HAPEM-M S modd to estimate annual average
exposure to motor vehicle-related air toxics.

The HAPEM-M S mode was originaly developed to describe carbon monoxide exposuresfrom
mobile sources. It was based on the ambient air concentration measurements of CO in rura and urban
areas, population activity pattern of resdents in Cincinndti to determine the time spent in different
microenvironments, population census for rural and urban seitings and field studies conducted in Denver
to relate the ambient concentration measurements to predicted concentrations in the microenvironments.
The model usesthe assumptionthat only five microenvironments are necessary to estimate CO exposures
from mohile sources. These include two highly impacted by automobiles: insgde a motor vehicle and
outdoors near roadways. The output from the MOBILE4 or MOBILES is used to provide emisson
factorsfor particular regions and years to the model for different car fleets and new model years, so that
anupdate of the emissondigtributionof CO fromautomobilesaswdl aspredictinghow proposed changes
affect the digribution. Themodel hasbeen atered to alow for the prediction of exposureto other air toxics
frommobile sources by assuming there is a constant retio of CO concentrationto ar toxic concentrations
in the emissons and al microenvironments,

The origind concepts for CO prediction are reasonably well founded, though there are some
limitations because of the limited data bases avallable for use, as was mentioned in the report. The report
adso states that there are uncertainties "regarding the use of CO as a surrogate ... (because) (t)he
microenvironmenta factors may vary by pollutant.” The use of the HAPEM-MS modd for ar toxics is
dependent upon the extrapolation of CO data and microenvironmenta factors to other ar toxics. This
represents a potential basic flawv whichneedsto be vaidated prior to using thismodel to estimate ar toxics
exposures. The vaidation attempted in this report, comparing the HAPEM-M S mode prediction of the
ambient air concentration range with a corrected measured ambient air concentration range attributed to
automobile emisson, does not adequately test the modd's ability to estimatetotal exposure and agreement
between these ranges should not be considered anindicationthat the model is able to predict the exposures
associated with al microenvironments,

The following are some of the limitations of the HAPEM-MS modd as it was used in this report.
Each assumption used (some of which are mentioned in this report) needs verification prior to having
confidence in the results.

One limitation is the extrapolation of ambient CO measurements to microenvironmental CO
measurements nationwide fromasngle study done in Denver during four months of the winter. Denver is
a an devation of 1200 m, which resultsin different emission profiles for automobiles compared to those
at sealevd, wherethe mgority of the U.S. populationlives. These microenvironmental factors need to be
vdidated in other regions of the country and other seasons. Thisis particularly true for rurd areas where
concentrations within anautomobile are highly rel ated to proximity to other automohbiles, which would not
be reflected in the ambient air monitoring station data. The use of extrgpolation from centra Sites can be
expected to better estimate means than the extremes in the digtributions, since relative proximity to a
source, which varies between the microenvironments and the ambient monitoring stations, affects the
extremes of the ditributionmore than the mean. Thus more caution is needed whenattempting to usethe
HAPEM-M Smodé for estimating the 95th percentile exposed population, particularly usngasnglescaing
factor.

A second limitation in the appropriateness of usng the HAPEM-MS modé is extrapolating the
Cincinnati time activity pattern data to the US asawhole, evenafter adjudting for the seasond differences
that exigt indifferent regions of the US, as was donein the modd. Differencesin lifestyles and culturecan
aso reault in different activity patterns, induding how and when automobiles are used. It isimportant to
addressthis whenattempting to utilize the mode on anationd scde. Data currently exigt in Cdiforniafor
comparisonand nationa time activity pattern sudiesare currently underway sponsored by EPA and EPRI
under the direction of John Robinson.

A thirdlimitationto be addressed is the number of microenvironmentsthat should be included. Fve
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were chosen for the modd, but other microenvironments impacted by mobile source emissons, such as
public and private parking garages, may contribute measurably to the exposure eventhough they may only
be occupied for asmdl amount of time.

Thelargest limitation in gpplying the HAPEM-M S modd to ar toxics, as mentioned above and
indicated inthe report, isthe extrapol ation of data collected for CO to ar toxicsby assumingasmpleratio.
Thisis problematic for two reasons. Thefirg is CO is purdy an exhaust emisson, while some of thear
toxics have contributions fromboth exhaust and evaporative emissions. Thusthe HAPEM-M S modd will
underpredict any Situation where evaporative emissions become important. The second is differencesin
the atmospheric reactivity of CO and some air toxics. This will result in dtering the ratio between the
source emissions, various microenvironmentsand ambient monitoring Sites, whichare used to estimate the
microenvironmental exposures.

The raio of the compounds emitted in the exhaust can dso vary with fuel content, automobile
conditions and control devices. Whilethevariancewith fud isaddressed through the use of the MOBILES
model, data are needed to vaidate theseratiosfor different parts of the country using in-fleet vehicles and
dternate fuds.

Contributions by evaporative emissonsingpecific microenvironments, suchas parking garagesand
service stations, can be the dominant sources of ar toxics and can contribute measurably to the daily
exposure of ar toxicsoriginaing frommohile sources. CO does not have an evaporative component, thus
no contribution to its daily exposure via evaporation is observed, or included in the HAPEM-M S modd.
Inaddition, evenin microenvironmentswhere exhaust emissonsare oftenmore important thanevaporative
emissions, under some conditions evaporative emissons can become important, for example inthe interior
of automobiles evaporative emissons fromthe engine of the car being driven canpenetratethe cabinadding
to the exposure of air toxics with no corresponding CO additions. Thesetypesof emissions contributeto
the overdl exposure because of the proximity to the source, and would not be reflected at an ambient
monitoring station.

2) Adequacy of the source apportionment estimates

Anemissons inventory gpportionment was used to derive the portion of the measured ambient ar
concentrationassociated withmobile sources. This approach has afarly large uncertainty snceemisson
inventories are often inaccurate, can represent maximum permitted not actua releases, do not provide
information on tempora changes in the emissions which are important since most ambient data sets used
werefor alimited time period, do not take into account the spacial digtributionof the point source emissons
relative to the monitoring Site (except when specific stes were being diminated because of proximity to
large non-mohbile sources) and variability among cities could exist. However, the gpportionment was only
used as an adjusment of the amaospheric concentration for comparison to the HAPEM-MS model
predictions, whichprobably has a greater uncertainty inherent init. If the gpportionment estimateisto be
used to directly estimate exposure then vdideation of the emission inventories for each ste examined is
required or more sophisticated methods based on the compositionof the air samples should be attempted.

3) Definition of the contribution of atmospheric transformation productsto motor vehide related ar toxics
exposure.

The report indicatesthat atmospheric transformationof formal dehyde, 1,3 butadiene, acetal dehyde
and diesd particulate matter occurs between the source emissions and the ambient air monitoring stations
while it assumes that benzene is stable.  These assumptions appear to be valid, though a complete
knowledge of the transformation chemigtry of diesdl particulate matter is not known. However, the
goplicability of only looking at the transformations as they apply to the ambient Site and attempting to
extrapolate the ambient ar concentrations to microenvironmenta concentrations, is not appropriate for
evauating exposure. The concentration within each of the microenvironments (i.e. indoor, automobile
cabin) need to condder both the appropriate light and dark reactions that occur during transport and in
microenvironmentsand not just inthe ambient air. The concentrations of air toxics and/or their precursors
change from ther point of emissons and these changes mugt be considered where and when the actua
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expasure occurs when attempting an exposure mode!.

4) Evaudtion of the comparison of the HAPEM-MS exposure to ambient monitoring data and the
reasonableness of the fina exposure estimates resulting from the adjustment of HAPEM-M S exposureto
match the upper end of the ambient data.

The gpplicability of each ar toxic will be discussed separately. Overdl there are too many
limitations in gpplying the HAPEM-MS model nationdly to air toxics (other than CO) to have a large
degree of confidenceinthe resulting meanexposure values, and even less confidence inthe 95th percentile
vaue. A mgor fidd study to vaidate the exposure in al microenvironments is needed for each air toxic
to assure the applicability of an HAPEM-M Stype modd. Thereport indicatesfor several compoundsthat
the exposure estimates have uncertainty and that warning should be heeded pending afield evaluation of
the air toxics exposure across al microenvironments.

The adjustments of the HAPEM-M S exposures to match the upper end of the ambient data have
anumber of qudifiers as discussed in #1 and #2 (above). Further, while generd agreement was found
betweenthe HA PEM-M Spredi cted mohile source contributionto the ambient ar and the adjusted ambient
ar data, this comparison is not deemed to be a satisfactory check on the HAPEM-MS modd's ahility to
predict total exposure because much greater differences are expected in the exposures in
microenvironments between CO and the air toxics than are expected in the concentrations at ambient air
monitoring Stes distant fromthe sourceemissons. The two correction factors used, one to adjust ambient
ar concentrations to microenvironmenta/activity patterns and the second to give a mobile source
contribution, al'so may have large uncertainties associated with them and a number of broad assumptions
were made when deriving the vaue, so only limited confidence should be placed in them.

Applicationto benzene: The ambient ar concentration measurementsare considered to be reliable
for benzene and for urban areas an extensve data st is available, but the portion attributable to mobile
sources is lesscertainfor eachste. A potentia problem with the use of the ambient monitoring Sitesisthey
were not sel ected to be used to estimate popul ationbased exposures, asisbeing attempted here, but were
selected to examine locations which were likely to be impacted by VOCs, though not necessarily from
mobile sources. This could result in either an overestimation of the benzene mabile source contribution,
by having larger than usua industrid benzene sources in an area or avoiding areas with traffic within a
region, or an underestimation, by having the sampling site closer to heavily trafficked areasthandesired for
apopulation based study. The sampling locations should be examined to assure their appropriateness.

The estimatefor the 95% hasa higher degree of uncertainty than the mean since exposures to the
ar toxics from mobile emissions would be occurring near the source, such as when driving avehicle, and
this may not be adequately modeled by CO measurements in the microenvironments.  Further the
extrapolation from ambient stes distant from the source tends to underpredict concentrations in the 95th
percentile.

A greater concern, whichwas addressed indetail in#1 above, isthe use of the microenvironmenta
factorsderived for CO for benzene, whichhas evaporative emissons, and will result inan underestimation
of the potential tota exposures to mobile source emissions.

Applications to formadehyde: The ambient data for formaldehyde is extensve, though the same
caveats about usng the data base for population based estimates indicated for benzene apply for
formaldehyde aswell. Asnoted in the report, thereis some question as to whether high ambient ozone
levels may have resulted in the measured formadehyde concentrations being less than the true
concentration. The attempt to gpply the HAPEM-MS modd to estimate formal dehyde exposure based
on the ambient air concentrationisfraught withdifficulty, asis stated in the last paragraph of section 6.5.2
"Any forma dehyde exposures proj ected by HAPEM-M S itsdf should beviewedwithcaution”. Thisarises
fromnot only the reactivity differences between CO and formal dehyde in the atmosphere and the attempt
to partitionthe percent of primary and secondary formaldehyde at the monitoring station, but also because
the percent of primary and secondary formadehyde will vary in the different microenvironments. The
microenvironmenta exposures are further confounded by the distance from the sources (in-vehicle
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exposures may be dominated by primary mobile source emitted formal dehyde while indoor air exposures
may be dominated by secondary sources), and time of day.

Application to 1,3 butadiene: As was indicated in the report extrapolation of the HAPEM-MS
moded to 1,3 butadiene is problemétic because of greater reactivity than CO, whichfor the summer results
in resdencetimes of <1 hour. Thiswould result in a questionable ability to predict microenvironmenta
concentrations near a source from the ambient monitoring station data. Thus the factors devel oped in the
HAPEM-M S modd to describethe microenvironmenta concentrationsfromthe ambient air concentrations
are not vaid during the summer and the HAPEM-MS modd should not be used to estimate exposure to
1,3 butadiene from mobile sources.

Applicationto acetal dehyde: The cavests provided inthe report and listed above for formadehyde
apply to the use of the HAPEM-M S mode for acetaldehyde.

Application to Diesd Particulate Matter: It is highly questionable asto whether the HAPEM-M S
moded, derived from CO measurements, a gas whose sourceis dominated by gasoline powered vehicles,
can be extrgpolated to diesd particulate matter, even though both are exhaust emissons which are non-
reective in the atmosphere. In addition to different sources (i.e. vehicle type), CO and diesd particulate
meatter have different remova mechanisms. No estimates of exposure for individua compounds are
provided, presumably snceinsufficient data exists for making such an estimate. These estimates could be
important for hedthrisk caculaionsbut will require agreater knowledge of the atmaospheric transformation
rates and microenvironmenta concentrations than we currently have before attempting to caculate
exXposures.

6) Andysis of short-term microenvironmental exposures

The sections on short-term microenvironmenta exposuresindicate a number of microenvironments
in which the daily exposure could be from minutes to a couple of hours. In severa microenvironments
evaporative emissons are important and other microenvironments are enclosed which resultsinabuildup
of the emissions (asindicated in section 6.5.3). Theseissues are not adequately addressed in the current
HAPEM-MS modd, though recognized in the report. One of the microenvironments considered in the
report is the service dation. Data from occupation exposure related to refueling should be examined to
determine their gpplicability to testing the exposure estimates. To better predict the exposures, fidd Sudies
need to gather and mode s need to indude informationsuch as the types of emission controls at the service
daionsinthe region (i.e. presence of Stage Il controls), whether salf-service or attendant assisted fuding
of the automobiles occur and impact of spillage during fuding. Another factor that needs to be considered
isevaporaive emissons vary seasonaly and regiondly due to fluctuations intemperature and adjustments
to the fud compositiondone to decrease fud volatility in the summer thereby minimizing releases of ozone

recursors.

P A gatement ismadein severa sections of the report (for example 5-32, 7-20) that imply that short-
term exposures are of concernonly withnon-cancer effects. While concern for non-cancer effects should
be considered, the exposures within these microenvironments should be considered in calculaing cancer
risks as wdl, since these exposure can contribute a measurable percent of the total daily exposure. For
example, the in-vehide exposures occurs for an average of 1.8 hours per-day and can contribute 20% of
the daily benzene exposure.  An additionad microenvironment mentioned is in an office building which
would have anevengreater durationand also musgt be consideredin cancer risk estimates. These concerns
are aso gpplicable for 1,3 butadiene, since it has a high amospheric reectivity, highest air concentrations
are expected inmicroenvironments near exhaust emissons, whichmaybeonly afew hoursaday. Further,
even short exposures can be important in causing residua doses in the body, since short term exposures
to VOCs can result in increases in body burdens for up to severa hours (Raymer et a. 1991 J. Exposure
And. and Environ. Epidem. 1,439-451; Weisd et d. 1992 J. Exposure And. and Environ. Epidem. 2
suppl. 1 55-69).

Additiond concernsin deding withmicroenvironmenta exposure isthat while the emissioncontrols
may reduce the emissons in newer, wdl mantained cars, the introduction of dternate fuds, particularly
oxygenated fuels, may result in higher emissions of formaldehyde and acetaldehyde from older cars or
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poorly maintained cars and therefore higher exposures in the enclosed microenvironments or close to the
exhaust emissons. Thus exposure cal culations should consider emissions that result from changesin fuels
as they pertain to the current fleet and the "superemittors’ when evauating short term exposures.

7) Alternate approaches to estimating exposures

The most cost effective manner to estimate nationwideexposureto mobile sourcederived ar toxics
isto use avdidated modd that predictsthe exposure. An HAPEM-MS type model is avalid approach,
provided the datainputsare appropriate and vaidated for the intended extrapolations. Thedatainputsand
vaidation need experimentd data from both microenvironmenta fidd studies (indirect exposure
determination) and atotal exposurefidd study (direct exposure determination) that measure the air toxics
rather than uses a surrogatecompound, suchas CO, to estimate mobile source contributions to the ar toxic
concentrations. Theindirect methodswould be used to ascertain the concentrationsin microenvironments
over long time periods and in different sections of the country while the direct method would be a mgor
fied study to examine the totd air toxic exposures, thereby assuring that the sum of the exposures in the
microenvironments examined account for the total exposurethat is received by the population. Evauation
of the highend of the exposure distri butionin microenvironments most impacted by mobile sourceemissons
are needed. These measurements should include automobiles that mafunction in amanner typicd of the
red-world.  The indusion of more accurate estimates of microenvironmenta data are expected to
produce higher exposure estimates than presented here and reduce the uncertainty of the estimate.

8) Exposure data needs for non-cancer healthrisksfrom the toxics emitted by motor vehidesand whether
adequate data exist for each toxic.

If non-cancer hedlth risks occur they will be in microenvironments of the highest exposure, ether
associated with super emitter vehiclessmafunctioning vehicles or affecting sendgtive sub-populaions. An
additional potentia for exposure that could result in non-cancer health risk is the introduction of dternate
fuds that have been designed for use in new, well maintained cars but result in higher than predicted
exposureswhen used in older cars. Since the maximum exposures are usudly of concernfor non-cancer
end points, rather than an integrated average, the indirect exposure approach which measures
microenvironmenta exposure needs to be performed. These experiments should be done using a range
of in-fleet vehicles which would encompass those with the highest potential emissions. The exposures
should be examined under avariety of seasons and locations, snceemissons will change, and it is difficult
to predict what set of conditions resultsin the greastest exposures. For example: to estimate evaporative
emissons the falowing parameters which affect emissors differently need to be considered: higher
temperatures which result in more evaporation, the fuel voldility whichisadjusted seasonally to decrease
evaporation in the summer when higher temperatures occur, the differentia between the fuel temperature
and the gas tank temperature which can affect the vaporization, and coevaporation of the components
which can increase the evaporation of less volaile species. Defining the sengitive population and their
activities is dso important to determine what exposures are of most concern for non-cancer endpoints,
which are driven by acute exposures rather than chronic.  These populaions could include multiple
chemicad sengtive individuas, pregnant women, childrenand individuas withrespiratory allments. Theair
toxics that are problematic for each group can vary and need to be consdered individualy. Chemicdly
sengtiveindividudsand those withrespiratory problems might have greater concernwithlungirritants, such
the aldehydes, while pregnant women would have more concern with dternate fuels that have teratogenic
effects.

The maximum exposure for each of the air toxics listed in highly impacted microenvironments,
which is needed for non-cancer endpoints, is generaly lacking.

9) Other udies, andyses and information on exposure to mobile source emissions. These sudies could
be used to evauae the validity of the assumption that CO can predict air toxic concentrations in
microenvironments impacted by mobile sources. Since some of these microenvironmentsare affected by
evaporative emissons it is suspected that the HAPEM-MS modd would underpredict the exposure
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compare to that being measured.
a) available a the time the study was complete

Bevan, Protor, Baker-Rogers and Warren, "Exposure to CO, respirable suspended particulates,
and volatile organic compounds while commuting by bicycle" Environmenta Science and Technology 25,
, 1991. Provides measurement of exposures near roadways. Data can be used to evaluate that
microenvironment which is part of current modd. Since this microenvironment is dominated by exhaust
emissons modd results should match well for non-chemicaly transformed compounds. Due to the
proximity to the sourceit is suspected that compoundsthat are destroy by aimospheric transformation will
be underpredicted and those that are created overpredicted in this microenvironment.

Bond, Thompson, Ortman, Blanck and Sigsby "Sdlf service station vehicle refueling exposure
sudy" EPA/APCA Symposum on Measurement of Toxic Air Pollutants, 458-466, 1988. Provides
measurement of ar toxicsthat occur during salf-service fuding of vehicles. Showsthe effect of evaporative
emissions on exposure and model is expected to underpredict those with evaporative source.

Braddock, Gamble and Lemmons " Factorsinfluencing the compositionand quantity of passenger
car refudingemissons - Part |." SAE Technica Paper Series 861558. Inter. Fuels and Lubricant Meeting.
PA, Oct, 1986. Provides a controlled study of the concentrations at different distances from the
automobile gas tank during refudling operations. Shows the effect of evaporative emissons on exposure
and modd is expected to underpredict those with evaporative source.

Chan, Ozkaynak, Spengeler and Sheldon "Driver exposure to volaile organic compounds, CO,
Ozone, and NO, under different driving conditions’ Environmental Science & Technology 25, 964-965,
1991. Air toxic concentrations were measured within an automobile cabin in two carsdrivenaong three
routesinNorth Carolina (urban, highway and rurd) during commuting times. Providesdatafor automobile
cabin microenvironment for well maintained cars. Data can be used to evauate that microenvironment
which is part of current modd. Since this microenvironment is dominated by exhaust emissons model
results should match well for non-chemicaly transformed compounds. Dueto the proximity to the source
itis suspected that compounds that are destroy by atimaospheric transformationwill be underpredicted and
those that are created overpredicted in this microenvironment.

Chan, Spengder, Ozkaynak and Lefkopoulou "Commuter exposures to VOCs in Boston
Massachusetts' J. of Air Waste Management Association 41, 1594-1600, 1991. Air toxic exposures
were determinedfor commuters driving, walking and taking public transportationin Boston. Providesdata
for several microenvironments associated with commuting. Data can be used to evaluate those
microenvironments, some of which are part of current model.

Fujita, Croes, Bennett, Lawson, Lurmann and Main "Comparison of emisson inventory and
ambient ar concentrations ratiosof CO, NMOG, and NO, in Cdifornias South Coast Air Baan" J. of Air
Waste Management Association 42, 264-276, 1992. An additiona data base for evauating the ambient
ar concentrations, expect to match moded vaueswell.

Wesd, Lanvryk and Lioy "Exposure to emissons from gasoline within automobile cabins' J. of
Exposure Andyds and Environmenta Epidemiology, 2, 29-96, 1992. In vehicle concentrations were
measured for VOC and CO while commuting in the NY-NJ metropolitan area.  Provides data for
automobile cabin microenvironment. Data can be used to eva uate that microenvironment whichispart of
current modd. Sincethis microenvironment isdominated by exhaust emissons mode results should match
well for non-chemicaly transformed compounds.

b) Lawyrk, N. "Automobile commuter exposures to volatile organic compounds. Emissions,
Mafunctions and Policy” Ph.D. Dissertation, Rutgers, The State University of New Jersey, 1994. A year
long study that measured in-vehicle concentrations while driving during commuting time periodsinthe NY -
NJ metropolitan area. Followed two set routes and used one newer and one older automobile. Provides
seasonal data on exposureswithin the automobile cabin microenvironment. Data can be used to evauate
that microenvironment which is part of current modd. Since this study includes automobiles that had
evaporative emissons that affected the microenvironment during some time periods anunderprediction of
the ar toxic exposure by the modd is expected for non-chemicadly transformed compounds at those times.
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C) U.S. EPA. The BEAM modd, under the direction of J. Behar, EMSL, NV. Thisisamodd to
predict benzene exposures and includes a component related to automobile releases.

Cooperative agreement betweenU.S.EPA (EMSL, NV) and EdwinFurtaw, Universityof Nevada,
microenvironmental exposure to mobile source emissons.  This project measured residential garage
exposure to benzene.

Cooperative agreement between U.S.EPA (AREAL, NC) and UMDNJ (Lioy and Weisd)
microenvironmenta exposure to gasoline and aternatefudls. Thisproject is measuring benzene exposures
insevera microenvironments (res dentia garages, public parking garagesand during refuding) and methanol
exposure in resdentia garages when M85 fud is being used.

Cooperative agreement between U.S.EPA (AREAL, NC) and John Robinson nationwide survey
of humean activity patterns. This project will provide a nationd data base for activity patterns that will
include time spent in microenvironments related to automobile emissons.

Lioy, P.J. Wes, C. P, Jo. W.K., Pdlizzari, E. and Raymer, JH. "Microenvironmental and
persond measurements of methyl-tertiary butyl ether associated withautomobile use activities', Journd of
Exposure Analysis and Environmental Epidemiology, in press 1994. This paper describes exposureto a
winter-time additive to gasoline (MTBE) that has high evaporative emissions.

Summary of Peer Reviews of Mtor Vehicle-Related Air
Toxi cs St udy

1) Tadeusz E. Kliendi enst

a) Recent research indicates that oxidation of hydrocarbons |leads to
formati on of products (e.g., peroxyacetyl nitrate, PAN) that are
substantially nore nutagenic than precursors. Also, NQ limted
systens tend to be |l ess nutagenic. The significance of these
observations with respect to human health inpacts is unknown.

b) I'n EPA" s urban airshed nodeling of benzene in St. Louis, there is
a large discrepancy between nodel ed and neasured val ues of benzene.
Possi bl e expl anations for this discrepancy should be consi dered.

c) In EPA s urban airshed nodeling of 1,3-butadiene in St. Louis,
there is arapid rise in 1, 3-butadiene after 20:00 hours LST when NQ,
| evel s are highest right after sunset, and 1, 3-butadi ene reacts
relatively rapidly with NO,, This apparent inconsistency should be
addr essed.

d It is inportant to note that at the present tinme, anbient
concentrations of toxic conpounds cannot be accurately predicted
based solely on em ssion rates, atnospheric dispersion, chem cal
renmoval and formation, etc. At the present tinme, experinental
measur enents of toxic conpounds are the nost reliable neans of

obt ai ni ng anbi ent concentrations and they nust certainly be used to
validate air quality nodels for toxic conpounds.

2) _Andrew Si vak

a) EPA should include three recent human studies relating benzene
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exposure and |l eukema in its benzene risk assessnent.

b) Since there are non-linear dose-response data for benzene, it is
uncl ear how the Agency can state that they support a theoretica
i near | ow dose extrapol ation.

c) EPA shoul d have used the 1991 draft unit risk for formal dehyde,
based on nonkey and rat DPX data, in its calculations, rather than
the 1987 unit risk.

d) EPA shoul d have used newer and nore rigorous NTP carcinogenicit
data for 1, 3-butadiene to calculate unit risk estimates used in th
st udy.

y
e
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e) EPA shoul d have included nore discussion of the nutagenicity of
pol ycyclic aromati c hydrocarbons and nitrated polycyclics in the
gaseous phase of diesel exhaust.

f) The use of a linearized nodel for the calculation of risk from
particle exposure is sinply wong scientifically.

g) There appears to be no cause for a public health concern for
cancer from exposure to notor vehicle exhaust, and it would seem t hat
the agency could use its resources nore productively on matters of

hi gher concern.

h) The Agency shoul d consider recent publications by Adam Fi nkel and
ot hers on communi cating uncertainties in risk assessnent
cal cul ati ons.

3) Thomas H. Stock

a) Although use of HAPEMMS is a |laudable first effort in assessing
the health inpact of exposure to air toxics fromnotor vehicles, it
has many severe limtations which may render it inadequate for its

i ntended use.

b) Al though HAPEMMS is a national exposure nodel, the

m croenvi ronnent al exposure factors it uses to convert fixed-site
concentrations to m croenvironnental concentrations are based on data
fromonly one city, Denver. Thus, there are many questions on how
much these data can be used to generalize to other cities.

c) EPA devel oped an integrated exposure adjustnent factor based on
activity data froma California study. It is questionable how
representative this is of the nation as a whol e.

d) Gven the |[imtations of the HAPEM MS nodel, it is reasonable to
"correct"” nodell ed exposures to agree with adjusted anbi ent dat a,
until a nmore realistic nodel is devel oped.

e) At this point in time, there are insufficient data on any air
toxic to explore the relationshi ps anong anbi ent, m croenvironnental,
and personal exposure.

4) Jaroslav J. Vostal

a) Any new assessnment of the potential public health risk of diesel
particles should include recent data which indicate carcinogenicity
of diesel exhaust is not associated with particle-bound organics.
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b) Tunor responses to diesel particles are not linear at |ow anbient
| evel s; thus, applicability of the |linear dose-response nodel is
restricted.

c) Since existing epidem ological data for diesel exhaust exposure
does not include docunented exposure, the use of epidem ol ogical data
in the risk assessnent remains questionable.

d) EPA's default nodel of linear nultistage extrapol ation has no
uni versal validity and needs to be replaced with nore realistic
approaches once nechani sns are better understood.

f) Reanalysis of study results should take into account EPA's new
ri sk assessnent gui delines.

g) The application of threshol d-di splaying nodels may reduce ri sk
estimtes for diesel particulate matter, fornmal dehyde, acetal dehyde
or gasoline vapors to levels not statistically different from zero.
The same nmechani sms may potentially apply also for benzene. This

| eaves 1, 3-butadi ene as the only neasurable risk of the health
effects of air toxics from nobile sources.

h) The magni tude of uncertainties and nunerical results should be
presented in the formof frequency distributions or iterative
conputer runs rather than by point values. Also, sensitivity

anal yses shoul d be conducted on the variability and distribution of
di fferent anmbi ent concentrations or exposure estimtes and the final
results should be presented as ranges starting fromzero up to the
upper bounds.

5) Cifford P. Wisel

a) EPA's HAPEM MS nodel is severely limted by extrapol ati ng anbi ent
CO nmeasurenents to m croenvironnmental CO nmeasurenents nationw de from
a single study done in Denver during four nonths of the w nter.

These extrapol ations need to be validated in other regions of the
country in other seasons.

b) Time activity pattern data for areas other than just Cincinnati
need to be included in the HAPEM MS nodel .

c) The HAPEM MS nodel included five m croenvironments, but others,
such as public and private parking garages, need to be included.

d) It is problematic to extrapolate air nonitoring data collected for
COto air toxics because: (1) COis purely an exhaust emnm ssion, while
sonme air toxics such as benzene have contributions from both exhaust
and evaporative em ssions; (2)
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at nospheric reactivity of CO and sone air toxics is very different.

e) Exposures in mcroenvironnments should be considered in calculating
cancer risks, since these exposures can contribute a nmeasurable
percent of the total daily exposure.

f) The inclusion of nore accurate estimtes of m croenvironnent al
exposure data are expected to produce higher exposure estimtes than
presented in the study and to reduce the uncertainty of the
esti mat es.



