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Executive Summary

This paper summarizes information about ethanal’ s health and environmentd effects, in the context of
ethanol’ suse as afud oxygenate. The conclusions are:
ethanal is readily degraded in the environment;
anticipated human exposures to ethanol are very low; and
voluminous information on metabolism of ethanal by humans, and on the hedth effects
of ingested ethanol, strongly suggests that environmental exposures to ethanol will have
no adverse health impact.

Also summarized are some findings of a recent, extensive report by the State of Cdiforniaregarding
ethanol’ s potentid impact on air and water quality. Appended to the report is a compilation of
comments by various expert bodies regarding the same issues discussed in this paper.

Health effects of inhaled ethanol

The data strongly suggest that exposure of the genera public to ethanol vapors coming from ethanol-
blended gasoline is very unlikely to have any adverse consequences. The reasons for thisare:
. the tiny doses that might be received, which might not be observablein light of naturaly-
occurring levels of ethanal in blood,
the body's rapid dimination of ethanol; and
the rdlaively large doses of ethanol and high blood levels of ethanol associated with
toxic effectsin people.

No datain the scientific literature support the hypothesis that chronic exposure to non-irritating levels of
ethanol in air could cause sgnificant devation of blood ethanol levels (unless exposed individuds are
exercisng a thetime), or that arisk of cancer or birth defects would be crested.

A review by the Hedlth Effects Indtitute of the potentia hedth effects of ethanol inhaed from ethanol-
blended fuels reached smilar conclusons. HEI dates, 1t is unlikely that these [adverse hedlth] effects
would result from the very low exposure levels (by inhdation) in refuding Situations, because the
preexisting levels of ethanol in the blood from normal metabolic processes would not be sgnificantly
affected.” A recent survey of the literature regarding the inhaation toxicity of ethanol by the Swedish
Ingtitute for Environmental Medicine concluded that “a high blood concentration of ethanol is needed for
the development of adverse effects’ and “ethanal at low air concentrations should not condtitute arisk
for the genera population.”
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Environmental persistence

Ethanol is not persgtent in the environment.  Virtualy any environment supporting bacterid populations
is believed capable of biodegrading ethanol. Ethanol in water is expected to undergo rapid
biodegradation, as long asit is not present in concentrations directly toxic to microorganisms.  The hdf-
life of ethanol in surface water is reported to range from 6.5 to 26 hours. Atmospheric degradation is
also predicted to be rapid.

Air pollution

Detailed modding of atmaspheric pollution in southern California suggests that using ethanol will not

increase the risk of adverse hedlth effects due to emissons or formation of ethanol, acetaldehyde, or
peroxyacetyl nitrate (PAN). In fact, the predicted concentrations of ethanol in air were at least 500-
fold less than the identified health- protective concentration of 53 ppm.

Water pollution

Cdifornia also assessed the potentid for ethanol to increase pollution of water wells by gasoline
components following underground lesks of ethanol-blended fud. Screening modeing suggests that
ethanol might incresse the probability of well pollution during the first five to 10 years after alesk
occurs, but that the probability would decrease beyond that period.
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ETHANOL

I ntroduction

The purpose of this short paper isto summarize information about ethanol’ s hedlth and environmentd
effects, given ethanol’ suse as afud oxygenate. The conclusonsare: (1) ethanol is readily degraded in
the environment; (2) anticipated human exposures to ethanol are very low; and (3) voluminous
information on metabolism of ethanol by humans, and on the hedth effects of ingested ethanol, strongly
suggedts that environmental exposures to ethanol will have no adverse hedth impact. Also summarized
are some findings of a recent, extensve report by the State of California regarding ethanol’ s potential
impact on air and water quality. Appended to this report is a compilation of comments by various
expert bodies regarding the sameissues discussed in this paper. Those comments largely support the
materid given here,

Health effects of inhaled ethanol

Ethanal, the active ingredient of acohalic beverages, has been part of the human diet — and the human
environment — for thousands of years. It is produced by fermentation by fungi and other
microorganisms, and is found a low levelsin the blood and breath of persons who do not drink acohoal.
Biologica exposures and responses to ethanol are typicaly evauated in terms of the blood
concentrations, where the units of concentration are milligrams of ethanol per deciliter of blood, or
mg/dl. Some blood ethanol concentrations (BEC) and associated effects are shown in Table 1.
Endogenous blood levels of ethanol range from non-detectable to 0.02 mg/dl to 0.15 mg/dl (Jones,
1985; Ledter, 1962). A typical acoholic beverage contains 12 g of alcohol, which correspondsto a
dose of about 170 mg/kg for a 70-kg adult, and produces a peak blood ethanol concentration on the
order of 25 mg/dl. Legd limits on blood acohal for drivers of vehicles are typically 80-100 mg/dl.

Ethanol iswiddy ingested in dcoholic beverages, usudly with only mild effects. However, a sufficiently
high doses, ethanol can cause toxic effects in humans, both short-term (such asinebriation) and long-
term (such as cirrhosis of the liver). If ethanol becomes acommon fuel additive, there may be
opportunities for exposure by inhaation: ethanol vapors might be inhded at gasoline sations or in
automohiles, for example. Thus, concern has been raised about the possible health consequences of
using ethanoal for this purpose.

The stientific literature contains virtualy no reports of injury to humans from inhaled ethanol. The
apparent lack of harm may be aitributable to rapid metabolism of ethanol and the difficulty in
sgnificantly raising blood ethanol concentrations by inhalation exposure, which keep interna doses
extremely low except in unusud Stuations, such as heavy exercise in the presence of concentrated
vapors. The occupational standard for ethanol in air is 1000 ppm (1900 mg/nT) on an eight-hour basis.
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The occupationa experience with ethanol in air appears to be favorable: no symptoms at levels below
1000 ppm are reported: at this or higher concentrations, ethanol vapor causes eye and upper
respiratory tract irritation, fatigue, headache, and deepiness (ACGIH, 1991; Clayton and Clayton,
1994). No reports regarding chronic exposure of humans to ethanol vapors have been located.

Laboratory animals, chiefly rats, have been subjected to inhdation exposure in a variety of experiments,
mogt investigating aspects of central nervous system or developmentd toxicity. The mgority of
exposures have been short-term, of less than two weeks, but many of these were continuous. The
study of longest duration, 90 days, also used the lowest concentration of ethanol, 86 mg/n® (45 ppm);
otherwise, experimental designs typically produced atmospheres of thousands of mg/n (or ppm),
frequently in order to develop ethanol dependence. Blood ethanol concentrations were often, but not
aways, determined. The great mgjority of BEC measurements were above 100 mg/dl. The 90-day
sudy, in which male and femae Sprague- Dawley and Long-Evansrats, mde and femae guinea pigs,
male New Zedand rabbits, mae sgquirrd monkeys, and male beagle dogs were exposed, examined only
hematol ogic endpoints and some tissues, but observed no exposure-related changes or clinical sgns of
toxicity (Coon et al., 1970).

Scientigts a the Swedish Inditute for Environmental Medicine published a literature review of the
inhalation toxicology of ethanol, prompted by the use of acohalsin vehicle fuds (Andersson and
Victorin, 1996). They identified three studiesin which rodents were exposed to ethanol concentrations
of 1,800 mg/n® (1,000 ppm) or less (and far more studies with much higher exposures). These lower-
dose studies examined bronchoconstriction, deeping patterns, reinforced behavior, and serum
hormones. A two-hour exposure to 190 mg/n ethanol (100 ppm:; the lowest exposure examined in
any study) caused an increase in the waking stage and a decrease in REM deegp of mae rats, but no
change in EEG power spectra. Exposure to higher concentrations (1,500 mg/n® [790 ppm] or more)
did not cause these changes (Ghosh et al., 1991a). Two- or five-hour exposures to 140 ppm ethanol,
or 80 minutes of exposure to 100 ppm, had no effect on measures of reinforced behavior (Ghosh et al.,
1991b). Cannulated guinea pigs did not devel op bronchoconstriction when exposed to up to 11,520
mg/nT (6,060 ppm) of ethanol. Male rats exposed to 1,880 mg/nt (1,000 ppm) for six hours per day
showed decreased serum testosterone after one day, but not after seven days of exposure.

The paucity of direct evidence regarding the possible effects of inhaed ethanol does not mean that the
possi ble consequences are entirely unpredictable. In fact, the data strongly suggest that exposure of the
generd public to ethanal vapors coming from ethanal- blended gasoline is very unlikely to have any
adverse consequences. While there arelittle, if any, data.on the toxicity of ingested ethanol itsdlf in
humans, it is generaly accepted that the vast literature on the effects of acoholic beveragesis highly
relevant. Alcohol abuseisasgnificant medical and socid problem, and is the impetus for most research
into ethanal toxicology, both in humans and experimental animals. A consequence of thisisthet little
experimenta data address the levels of internal exposure that can be reasonably anticipated to result
from using ethanol as an oxygenate. A second motivation for experimenta work in ethanol isfeta
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acohol syndrome (or fetd acohoal effects) which, in theory at least, could be caused by relatively brief
maternal exposuresto ethanol during pregnancy.

Since ethanol's important toxic effects require that the materid first enter the bloodstream, one can
evauate inhalation exposures in terms of the blood acohol concentrations they would produce.
Prediction of BEC following exposure to ethanol vapors must consider severd factors: (@) the
concentration of ethanal in air, (b) the duration of exposure, (c) breathing rate, (d) absorption of ethanol
across the lungs, and (€) the body's dimination rate of ethanol. Two of these factors are more or less
condant in every Stuaion. Experimentsin humans have shown that from 55% to 60% of inhaled
vapors are absorbed into the bloodstream (Kruhoffer, 1983; Lester and Greenberg, 1951). Therate of
clearance of ethanol from the blood (Vma) 1S @bout 15 mg/di/hr (Pohorecky and Brick, 1987) but may
be as high as 23 mg/dl/hr (Holford, 1987); these rates correspond to dimination of 83 mg/kg/hr to 127
mg/kg/hr, or about 6 to 9 g of ethanol per hour for an adult. For comparison's sake, it should be noted
that a single alcohoalic drink contains about 12 g of ethanol (IARC, 1988).

Aslong as a person's intake of ethanol does not exceed Vmax, blood acohol levelswill say low. In
Table 2 are shown the intake rates for ethanol inhaled under avariety of conditions, assuming
absorption across the lungs of 55% and a standard body weight of 70 kg. In bold type are intakes
above 83 mg/kg/hr, the lower estimate of alcohol clearance: exposure under these conditions could lead
to an accumulation of ethanal in the blood and arising BEC. Under the other conditions given, the
body's ahility to eiminate ethanal is not exceeded, and BEC levels would remain below toxic levels.

The caculations suggest that exposure to ethanol vapors that areirritating to the eyes and mucous
membranes, while uncomfortable, would not cause asignificant risein BEC in persons a rest. As
activity incresses, ethanol intake increases, but vapor concentrations would need to exceed the
occupationd limit by a substantid margin in order to cause arisein BEC. Some experimental work
demondrates that Sgnificant uptake of ethanol through the air isunusud, or difficult, as shownin Table
3. Moderate activity in the presence of irritating vaporsis required.

Environmental behavior

Recent reviews of the environmenta behavior of gasoline oxygenates generdly note that ethanol is not
likely to accumulate or persst for long in the environment.  For example, the Interagency Assessment of
Oxygenated Fuels (NSTC, 1997) observes that ethanal is expected to be rapidly degraded in
groundwater and is not expected to persst beyond source areas. Virtualy any environment supporting
bacteria populationsis believed capable of biodegrading ethanol (Ulrich, 1999). Ethanol in surface
water is aso expected to undergo rapid biodegradation, aslong asit is not present in concentrations
directly toxic to microorganisms (NSTC, 1997; Macolm Pirnie, Inc., 1998). The half-life of ethanal in
surface water is reported to range from 6.5 to 26 hours (Howard et al., 1991). Atmospheric
degradation is aso predicted to be rapid (Macolm Firnig, Inc., 1998).
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In part, expectations of ethanol’ s degradability rely on experiments that use microcosms of groundwater
and soil mixtures to demonstrate that ethanol is rapidly degraded both aerobicaly (100 mg/l in 7 days,
Corseuil et al., 1998) and anaerobicaly (100 mg/l in 3 to 25 days, depending on conditions Corseuil et
al., 1998; 96 mg/l within 30 days, Suflitaand Mormile, 1993; 100 mg/l within 14 days, Y eh and
Novak, 1994). In these experiments, ethanol generdly delays degradation of benzene, toluene, and
xylenes, but not dways, and some investigators (Corseuil et al., 1998) caution againgt generdizations
about ethanol’ s effect.

Possible inhalation exposuresto ethanol dueto usein gasoline

Opportunities for inhaation exposure of the generd public to ethanol used as a gasoline oxygenate
include vapors inhaled while fuding vehicles and ambient air. Thefirst sort of exposure would be
relatively brief, no more than five minutes, perhaps, while the second could last for many hours. These
scenarios are congdered in more detail below.

Very limited investigations of personal exposures during refuding have so far failed to detect ethanal,
where detection limits were 50 ppm or less (HEI, 1996). If refuding involved five-minute exposures a
the occupationd limit of 1,000 ppm, an adult might receive an ethanol dose of 0.13 g (about 2 mg/kg).
Such an exposure might increase BEC by about 0.3 mg/dl, at most. Exposure to such ahigh leved of
ethanal isunlikely. The Hedlth Effects Inditute evauated hypothetical exposures of 1 ppm for three
minutes and 10 ppm for 15 minutes, and determined that incremental changes in BEC would be
inggnificant (HEI, 1996).

Data on ambient air concentrations of ethanol are few. The average ambient leve in ar in the city of
Porto Alegre, Brazil, where 17% of vehicles run entirely on ethanal, is 12 ppb (0.023 mg/nt) (Grosiean
et al., 1998). Thelowest concentration of ethanol tested for toxicity in animals was dmost 4,000-times
greater than this (86 mg/nT, 45 ppm). A person might receive half amilligram of ethanol per day from
ambient air containing 12 ppb of ethanol, a negligible dose.

Severd agenciesin the State of Cdlifornia recently completed alarge investigation into the possible
impacts of using ethanol more extensively as afud oxygenate (State of California, 1999). To estimate
the effects of oxygenates on air quality, modelers predicted airborne concentrations of various pollutants
in the southern Cdiforniaair shed (a particularly polluted region) resulting from five fud scenarios. Totd
concentrations of airborne pollutants, thet is the contributions from vehicles plus dl other sources, were
edimated, both maximum one- hour-averages and maximum daily averages. Two ethanol scenarios
were assessed, in which the oxygenate is used to give fuel oxygen content of 2 or 3.5%. Predicted
concentrations of ethanol in ar over any averaging period were at least 500-fold less than the identified
hedlth- protective concentration of 53 ppm.
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Atmospheric byproducts of ethanol use

Not only ethanal itself, but byproducts of ethanol’ s use as an oxygenate are of concern, particularly
contributions of acetaldehyde and peroxyacetyl nitrate (PAN) to the atmosphere. The State of
Cdiforniaincluded these chemicalsin its air contaminant modeling and inhaation risk assessment. For
acetaldehyde, no acute or chronic non-cancer impacts were predicted, and while the increased leve of
aceta dehyde poses asmall additiona cancer risk (under standard |ow-dose potency assumptions), the
increase is Small compared to the risks posed by other gasoline components, and is offset by reductions
in formadehyde. PAN was predicted to occur at levels that might present a health risk, but these levels
did not differ by future-use oxygenate scenario (i.e., MTBE, ethanal at 2 or 3.5%, or otherwise
compliant fud), and were in al caseslower than past PAN exposures during MTBE use.

Effect of ethanol on sub-surface benzene plumes

Although ethanol-blended gasoline contains less benzene (or any gasoline component) per galon than
does non-oxygenated gasoline, there is concern that ethanol might affect the sub-surface behavior of
leaked gasoline components, and perhaps worsen sub-surface contamination.  Since ethanol
biodegradation is likely favored over benzene biodegradation, the presence of ethanol may alow larger
amounts of benzene to remain in the ground for dispersal. Asthere are no observationd (i.e., field) data
on this subject, the State of Californiaand others have addressed the potentia effect of ethanol on sub-
surface benzene plume lengths created by leaking underground fuel tanks by conducting mathemetica
modeling of an idedlized physicd Stuation. All three models necessarily make assumptions in order to
amplify the complex physica Stuation and to fill data gaps, but these assumptions, according to
Cdifornia, tend to exaggerate the possible influence of ethanol. Cdifornia s assessment is that the
models are in good agreement, and that ethanol present in ethanol-blended gasoline has a “modest
potentia” for extending benzene (represented by benzene) plumes by less than 100%.

Cdifornia extended its analysis to address the question, would elongation of sub-surface benzene
plumesin the presence of ethanol cause an increase of contamination of drinking water? The screening
andyss compared the likelihood of drinking water contamination by MTBE (MTBE being the dominant
oxygenate in Cdifornia at the present) and the likelihood of contamination by benzene if ethanol
replaced MTBE as the oxygenate, with contamination by benzene in the absence of ethanol as the base
case. Contamination of drinking water by ethanol itself was not examined because such contamination is
expected to be much less significant than contamination by benzene or MTBE. The andyssthus had to
consder the distribution of leaking underground fud tanks (LUFTS) in the Sate, the distribution of
drinking water wells, and benzene and MTBE contamination data. In Cdifornia, 32% of LUFTs are
within about 2,000 feet of adrinking water well, and about 38% of wells are within about 2,000 feet of
aLUFT.

The analysis derived plume lengths for each lesking fud scenario, and then, given the distances from
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LUFTsto nearby wells, calculated how many wells might become contaminated. Becauise plumes grow
(and shrink) over time, numbers of wells affected were aso estimated over time, up to 100 years.
Because of the many smplifying assumptions used, the andys's could not calculate the true probabilities
that wells would be affected; however, relative probabilities could be calculated by comparing the
probability under one scenario (e.g., contamination by benzene in the presence of ethanal) to the
probability under another (e.g., contamination by benzene in the absence of ethanoal).

The likelihood of well contamination by MTBE increased over the entire 100-year period analyzed, due
to lack of biodegradation of this compound. In the case of benzene, likeihood of well contamination
reaches amaximum five to 10 years after the fuel release, whether or not ethanol is present, but then
declines. This pattern is due to eventud attenuation of the source and biodegradation of benzene. In
comparing the two benzene scenarios, it was found that ethanol increased the chance of benzene
contamination of wells by about 10% overal within the firg five years, dthough for asmall fraction of
Sites, the probability increased by about 20%. However, Sarting about five years after fuel release, the
probability of well contamination by benzene was thereafter decreased for dmogt dl Stes by the
presence of ethanal.

Other health effectsissues

Some of ethanal's known or suspected toxic effects have not been, or can not be, quantified in terms of
BEC. Fetd dcohol syndrome (FAS), for example, is a congelation of physica and mental deficiencies
in children linked to maternd acohol ingestion Risk of FASisafunction of acohol intake during
pregnancy: the frequency of this syndrome istwice as great for children of heavy drinkers asfor
children of moderate or non-drinkers (Schardein, 1993). While it may be prudent to abstain from
acohol during pregnancy, arisk from daily consumption of lessthan 30 g of acohol has not been
proved (Schardein, 1993). Cancer of certain organs has been observed to occur at elevated ratesin
some groups of drinkers — the World Heglth Organization, for example, has linked acohol
consumption to cancers of the ora cavity, pharynx, esophagus, larynx, and liver (IARC, 1988). In
amog dl of the sudies, risks were observed among a coholics or were seen to increase with
consumption.

In addition, if welook to human experience with acohol consumption for information regarding toxic
effects of ethanal, it isfair dso to look at the evidence for possible hedth benefits. Numerous
epidemiologic studies have observed that light-to-moderate drinkers of alcohol have lower mortdity
rates than either adcohol abstainers or heavy drinkers. Reduced mortdity is due to decreased rates of
fatal coronary heart disease and cardiovascular disease. To be sure, the picture is complicated, varying
by sex, age, and disease risk factors, and competing causes of desth. We are not suggesting that low-
level exposuresto ethanol dueto its use as an oxygenate is desirable. At the least, however, the
gpparent beneficia effects of acohal (or ethanol) for some cohorts should be recognized.

N

Cambridge Environmental Inc

58 Charles Street Cambridge, M assachusetts 02141
617-225-0810 FAX: 617-225-0813 E-mail: info@CambridgeEnvironmental.com



Conclusion

It ishighly unlikely that exposure to airborne ethanol associated with gasoline use could produce toxic
effects. The reasons for this are () the tiny doses that might be received, which might not be
observablein light of endogenous leves of ethanol in blood, (b) the body's rapid dimination of ethanal,
and (c) the rdatively large doses of ethanol and high blood levels of ethanol associated with toxic effects
in people. No datain the scientific literature support the hypothesis that chronic exposure to non-
irritating levels of ethanal in air could cause sgnificant devation of BEC (unless exposed individuas are
exercisng a thetime), or that arisk of cancer or birth defects would be created. A recent survey of the
literature regarding the inhaation toxicity of ethanol by the Swedish Inditute for Environmental Medicine
reached smilar conclusions, namely that “a high blood concentration of ethanol is needed for the
development of adverse effects’ and “ethanal at low air concentrations should not congtitute a risk for
the generd population” (Andersson and Victorin, 1996). Detailed modeling of atmospheric pollutionin
southern Cdliforniaindicates that using ethanol will not increase the risk of adverse hedlth effects due to
exposure to ethanol, acetaldehyde, or PAN. Screening modeling of impacts of sub-surface gasoline
contamination on drinking water wells suggests that ethanol might increase the probability of water
pollution during the firgt five to 10 years after aleak occurs, but that the probability would decrease
beyond that period.
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Potential health and environmental impacts of ethanol used as a fuel oxygenate:
Compilation of comments by expert reviewers'

1. Air
a Toxicity of inhded ethanol

The rgpid metabolism is the reason why very high air concentrations of ethanol combined with a
prolonged exposure or avery fast ventilation rate is necessary in order to produce substantia blood
concentrations from inhdation. Inhaation of ethanol vapor at the concentration representing the short
term Occupational Exposure Limit of Sweden and many other countries (1900 mg/n’, the 8 h average
is 1000 mg/n [sic]) seem to result in ablood concentration of only 2 mg/l. [Sweder? pages 14-15]

Inhaation of ethanol vapors a norma concentrations [occupationd, one infers] will thus not result in any
sgnificant blood concentration. The metabalic eimination of ethanol from the blood will in most cases
exceed the uptake. The only exception is when the air concentration iswell above the exposure limit
combined with a high ventilation rate. [ Sweden page 15]

Inhdation of ethanol vapor does not seem to cause any severe acute effects [in humang a ethanol
concentrations below 10,000 mg/nt. However, headache and cough have been reported after about
30 minutes of inhaling ethanol vapor at concentrations of 2600 and 3400 mg/n respectively. [Sweden

page 19]

[effects on respiratory system:] Ethanol vapor does not seem to induce oxidetive stress in the lungs of
rats and no bronchocongtriction was seen in guinea pigs studied, but acetaldehyde vapor did induce
bronchocongtriction. However, human asthmatic subjects did show decreased airway calibre after
inhalation of ethanol at concentrations from 3400 to 3800 mg/nT. [ Sweden page 22]

[effects on CNS:] Animd inhdation studies have reveded an effect on CNS at relatively low ethanol
concentrations. Disturbances in the REM - phase of deeping rats and a decrease in sdlf-adjusted
reinforcement rate were seen at concentrations between 190 and 746 mg/n (REM-deep) and between
302 and 748 mg/nT (reinforcement). Ethanol also inhibits or potentiates the neurotranamitter-gated ion

! Except for outline headings and bracketed text, information is directly quoted from the cited
sources. In-text references are omitted.

2 Andersson, P. and Victorin, K. (1996). Inhalation of Ethanol: Literature Survey and
Risk Assessment. Karolinska Ingtitute for Environmental Medicine Stockholm, Swveden.
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channelsin the CNS. Alterations of receptors and their affinities, as well as dtered gene expression has
a0 been seen in animd s after inhalation of ethanol vapors. However, these animals were exposed to
very high concentrations (25,000 mg/nT). [ Sweden page 24]

[effects on liver:] Chronic inhalation of high concentrations of ethanol may lead to the elevation of liver
triglycerides, fatty infiltration and eventudly liver cirrhosis. Rats exposed to high concentrations (22,000
mg/nT) showed increased lipid peroxidation and rats exposed to 20,000 mg/n showed elevated levels
of liver triglycerides. [ Sweden page 26]

Some of the most serious effects of acohol abuse is damage to the fetus and reduced fertility.
However, inhalation does not seem to produce such effects. [ Sweden page 31]

Experiments where both male and fema e rats were exposed to ethanol vapor of rdatively high and high
concentrations (19,000 and 30,240 mg/nT’) before mating and during getation, did not result in any
effects on fertility nor behavioral changesin the pups. [Sweden page 31]

The reported effects on humans after inhaing ethanol vapors have been reversble and mostly of an
irritating nature. The decreased airway calibre seen at 3400-3800 mg/nT was not of grest magnitude
and has not been supported by anima experiments. There seemsto be an effect on the CNS at low
concentrations, but it is difficult to evauate the biologica importance of these sudies. The effects seen
in anima experiments have mostly been seen at high blood concentrations, obtained only at high air
concentrations.. . . [Sweden page 36]

b. Incrementd exposure to and hedth risk of inhaed ethanol
. U.S. EPA®
The hedlth effects of ingested ethanol have been extensively investigated. Given that ethanol is formed

naturdly in the body at low levels, inhdation exposure to ethanol &t the low levels that humans are likely
to be exposed are generally not expected to result in adverse hedth effects. [EPA page 16105]

3 U.S EPA. (2000). “Methy! tertiary butyl ether (MTBE); Advance notice of intent to initiate
rulemaking under the Toxic Substances Control Act to diminate or limit the use of MTBE asafud
additive in gasoline” Federal Register 65(58):16093-16109.
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i Nationa Science and Technology Council*

It isnot likely that the hedlth effects associated with ingestion of moderate to large quantities of ethanol
would occur from inhdation of ethanol a ambient levels to which most people may be exposed from
use of ethanol asafue oxygenate. [NSTC page vii]

ii. University of Cdifornia®
Ethanol’ s detection threshold in air is 49 ppm. . . its recognition threshold in air is gpproximately 100
ppm. [95 and 190 mg/n, respectively; UC page 25]

iv. State of Cdifornia®

The amaospheric lifetime for ethanol is sSmilar to MTBE- about two to three days under polluted
conditions and longer during periods of good ar quaity. [Cdifornia, page 1-5]

. .. the maximum, estimated outdoor air-quality levels of ethanol and alkylates are a least afactor of 10
below any level of concern identified by OEHHA . . . [Cdlifornia, page 1-5]

Hedth effects due to ethanol exposure under any of the five fuel scenarios are not expected to occur at
modeled ambient levels. Thereis no evidence that ethanal is carcinogenic via the inhaation route.
Exposure to high concentrations of ethanol vapor may result in trangent irritation to eyes and the
respiratory system under either acute or chronic conditions. However, the acute and chronic noncancer
HQs[hazard quotients] generated for ethanol by each of the five fud scenarios are 0.002 or less,

* Nationa Science and Technology Counil. (1997). Interagency Assessment of Oxygenated
Fuels.

> University of Cdlifornia(1998). Health and Environmental Assessment of MTBE: Report
to the Governor and Legidlature of the Sate of California as Sponsored by SB 521.

® State of California. (1999). Health and Environmental Assessment of the Use of Ethanol
as a Fuel Oxygenate Cdifornia State Water Resources Control Board, Cdifornia Air Resources
Control Board, and California EPA Office of Environmental Hedth Hazard A ssessment.
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indicating that modeled concentrations are at least 500-fold below the HPCs. [hedlth- protective
concentrations; Cdifornia, page 5-16]

... even if ethanol were regarded as a human carcinogen by the inhaation route, with linear low-dose
response, the cancer risks predicted on this basis from ethanol are negligible. [Cdifornia, page 5-16]

Under these exposure scenarios, the concentrations of irritants (including both air toxics and criteria
pollutants) may achieve levels a which the margins of safety for short-term and long-term exposures are
reduced. Adverse hedlth effects are not necessarily expected a these levels, but more sensitive
individuals may be affected. There were no subgtantid differences between the different fud types with
regard to the resulting levels of irritant air pollutants. [Cdifornia, page 1-21]

There were no substantial differences between the different fuel types with regard to the cumulative
cancer risks from air pollutants. Principa contributorsto this risk are the fuel-related pollutants,
benzene and 1,3-butadiene. Other pollutants (including forma dehyde and acetaldehyde, which may be
partly related to oxygenate use in fuds, and MTBE) make a smaller contribution. [Cdifornia, page 1-
21]

V. NESCAUM’

Anticipated health effects of potential exposures from inhaation of low levels of ethanol and ethanol by
products should not be inferred from the high dose studiesin humans or animals. [NESCAUM Att. 1

page 25]

Generdly reviews of the literature have concluded that ethanol inhaation from RFG hasllittle public
hedth sgnificance. The highest inhaation exposure occurs during refuding, levels of 1 to 49 ppm have
been determined. . . 50 ppm appears to be the most severe exposure anticipated with the use of RFG
containing ethanol. The corresponding blood ethanol level increase under this exposure scenario would
be 1.1 mg/l, given the endogenous levels of 1.5 mg/l reported in unexposed individuals, thiswould result
inatota blood ethanol content of 2.6 mg/l. [NESCAUM Att. 1 page 25]

The lowest demonstrated blood level peak associated with a concurrent adverse hedlth effect isthe
demongtrated threshold for reproductive injury in a human fetus at a materna blood ethanol level of 350
mg/l . . . These datawould suggest a greater than two orders of magnitude safety factor between the
worst case exposure in humans from inhalation of ambient ethanol with RFG use and the lowest
threshold for atoxic effect in humans. [NESCAUM Att. 1 page 25]

” Northeast States for Coordinated Air Use Management (NESCAUM) (1999).
RFG/MTBE: Findings & Recommendations. Boston, MA.
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Vi HEI®

The blood leve that would be expected from a possible exposure scenario can be estimated from the
ethanol concentration, the duration of exposure, and the ventilation rate. For atypical refuding
exposure scenario of 1 ppm (1.9 mg/n) for 3 minutes, and assuming that 60% of inhaled ethanol is
taken up by the body, the resulting doseisequal to . .. 0.05 mg.

Assuming an average body weight of 70 kg, the dose per kilogramiis. .. 0.7 ug/kg . . . the
corresponding incremental blood level would be. . . 1 pg/l. . . For an extreme exposure scenario of 10
ppm for 15 minutes, the estimated incrementa blood level is40 pg/l. The resulting incremental blood
levels are below the range of endogenous blood levels (0.3 to 27 mg/l), so ethanol would not
ggnificantly increase in blood under ether of these exposure scenarios. [HEI page 40]

Because exposure to ethanol from its use in gasolineis not expected to cause an increase in materna
blood ethanaol levels above the endogenous level, no increase in exposure to the fetus is expected. [HEI

page 42]

[with regard to acute effects]] there is alarge difference between the lowest blood levels of ethanol at
which neurotoxic effects have been reported in humans (10 mg%o) and the predicted blood levels arising
from inhdation of gasoline containing ethanol. 1n exposure scenarios encountered by the genera public,
it isunlikely that an increase in ethanol blood levelswill be measurable. On the basis of one community
survey of symptoms conducted in Alaska, it does not appear that ethanol-containing fudl causesan
increase in prevaence of symptoms.  [HEI page 61]

Exigting evidence demondrates unequivocaly that ingestion of ethanol can increase the risks of certain
forms of human cancer, depending on the conditions of exposure. Ethanol itself has not proved to be
carcinogenic to laboratory animals, but it has been found to enhance the carcinogenicity of other agents
under appropriate experimenta conditions. The carcinogenic effects of ethanol remain to be ducidated
infull . . . the carcinogenic effects of ethanol have been observed only after ingestion of the subgtance in
relatively large quantities. It is doubtful that comparable effects could result from inhaing ethanol at the
low concentrations found when using ethanal in fuds. [HEI page 97]

8 Hedlth Effects Indtitute (HEI). (1996). The Potential Health Effects of Oxygenates Added
to Gasoline: A Review of the Current Literature. Cambridge, MA.
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Ethanol has been shown to be neurotoxic a high levelsin both anima and human sudies. The most
sengtive functional outcome of acute exposureisimpaired performance. [HEI, page 105]

It iswell documented that embryonic exposure to ethanol by maternd drinking can result in serious
developmentd effects. The Fetd Alcohol Syndrome, which includes characteristic maformations and
functiond deficits, results from acohol abuse during pregnancy, particularly binge drinking. Lower
levels of maternd ethanol consumption result in Fetal Alcohol Effects, characterized by functiona
deficits that result from brain damage. Although adtatigticaly definable threshold is dusive, some
investigators have proposed an gpparent threshold of about one drink (one-half ounce acohal) per day,
corresponding to a peak blood level of about 350 mg/l. Periodic exposures to ethanol in refueling
gtations or other exposuresto fuel containing ethanol are predicted to produce ethanol levels at least 4
orders of magnitude lower than this proposed threshold and thus should not contribute to developmenta
effects. [HEI page 105]

Vil. Sweden

Severa experimenta data support that [a high] blood concentration of ethanol is needed for the
development of adverse effects. The metabolism of ethanol follows zero-order kinetics, which means
that the rate of dimination is independent of the ethanol concentration. The eimination will occur a the
same rate aslong as the enzyme systems are not saturated. Ethanol will probably only accumulate and
give asignificant blood concentration when the metabolic systems are saturated, which happens only a
high concentrations. Therefore, ethanol at low air concentrations should not congtitute arisk for the
generd population. [ Sweden page 36]

C. Incrementa exposure to and health risk of inhaled acetaldehyde
I. State of Cdifornia

The mgjor products of concern for ethanol are acetadehyde (atoxic-ar contaminant) and peroxyacetyl
nitrate (PAN, an eyeirritant and cause of plant damage). These compounds are offset by reductionsin
formadehyde (atoxic-ar contaminant) due to the dimination of MTBE. [Cdifornia, page 1-5]

There are increased ambient concentrations of acetaldehyde from the ethanol-based fud containing
3.5% oxygen, compared to the other formulations evaluated for the year 2003. Thisresultsin an
increase of up to two in amillion excess lifetime cancer cases in the upper bound estimate. However, in
view of the uncertainties both in the emisson and exposure predictions, and in the acetd dehyde lifetime
cancer risk estimate, this predicted increase in risk may be regarded as of margina significance when
comparing the other consequences of the different fud formulations. [Cdifornia, page 5-14]

In the case of acetadldehyde, the extensive metabolism of the compound in vivo (and its occurrence as a
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normal intermediary metabaolite) is an additiona source of uncertainty with respect to the standard
assumption in risk assessment that the dose-response curve is linear down to the low ambient levels of
this compound. [Cdifornia, page 5-14]

The acute (one-hour maximal average) and chronic (maximum annua exposure) noncancer Hazard
Quoatients (HQs) for acetd dehyde generated by each of the fuel scenarios are will below one. . .
Toxicological endpoints consdered include eye, skin, and respiratory tract irritation with acute
exposure, and inflammation of the respiratory tract and degeneration of the olfactory epithelium with
chronic exposure. [California, page 5-14]

. NESCAUM

Use of ethanol, as a gasoline supplement will increase the combustion by-product emission rate of
aceta dehyde, a probable human carcinogen, in the Northeast by between 50-70%. Ambient levels
currently exceed hedlth-protective thresholds [10° risk levelsin air] a amajority of monitoring locations
in the northeast. [NESCAUM Att. 1 page 6]

d. Incrementa exposure to and hedlth risk of inhaled PAN

The acute noncancer HQs for PAN based on the results of air modeling are above the threshold at
which toxic effects may occur . . . The mogt sengitive acute toxic endpoint is eyeirritetion. The one-
hour maximum predicted average HQ is 5.5 or less under dl fuel scenarios. It appears than none of the
scenarios for the year 2003 involves an exacerbation of the adverse hedlth impact of PAN compared to
the 1997 data. [Cdlifornia, page 5-18]

e Incrementd exposure to and hedlth risk of formaldehyde

There is no gpparent difference between year 2003 fud formulations regarding cancer risk from
formadehyde. [Cdlifornia, page 5-17]

The 2003 fuel scenarios have lower [chronic] HQs [for formaldehyde, compared to 1997], but indicate
that the concentrations of formadehyde are dmost two-fold above the REL. There is no apparent
difference between fuel formulations for year 2003 of possible chronic hedlth effects of formaldehyde.
Toxicologica endpointsinclude eye and respiratory system irritation. . . The acute hedth effectsfrom
formaldehyde, primarily due to eye irritation, are not anticipated to occur at the predicted maximal
ambient levels. The upper bound maximum one-hour average concentrations for al five fuel scenarios
were two-fold below the acute REL. [Cdliforniag, page 5-17]

2. Surface water and groundwater

a Persistence
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By comparison [to MTBE], in a December 1999 report to the Cdifornia Environmenta Policy Council
the authors report that under aerobic conditions, the reported half-lives of ethenol in surface waters are
short. Haf-lives span 6.5 to 26 hours for ethanol. Anaerobic biodegradation in oxygen-limited
environments is also expected to proceed at rapid rates. Reported half-lives for ethanol biodegradation
under anaerobic conditions range from 1 to 4.3 days. [EPA, page 16096]

Ethanal is not expected to persist in groundwater . . . because it biodegrades easily. Thus, ethanol itsalf
does not appear to pose as great a danger to groundwater suppliesas MTBE. [EPA, page 16105]

Ethanal is a naturaly-occurring intermediate produced during the fermentation of organic matter in
anoxic environments and is expected to rapidly biodegrade in essentidly al environments with
conditions. . . that support microbia activity. Microorganisms cgpable of metabolizing ethanol are
ubiquitoudy digtributed in the environment and relatively rapid rats of ethanol biodegradation have been
messured under aerobic and anaerobic conditions. Thus, ethanol is a short-lived compound in surface
waters and subsurface aguifers. [Ulrich, page 1]

b. Incrementa exposure to and hedlth risk of ingested ethanol

Though pure ethanal is poisonous, it is less toxic than the benzene, toluene, ethyl benzene, and xylenes
(BTEX) that are components of gasoline. Ethanal is present in pharmaceutica's, mouthwash products,
acohalic beverages, cleaning products, solvents, dyes, and explosives. Humans frequently ingest
fermented beverages that contain about 12% ethanol by volume. [Cdifornia, page 1-3]

Due to the ubiquitous occurrence of microorganisms cgpable of ethanolic fermentation, virtudly all
sugar-containing foodgtuffs are liable to contain alow leve of ethanol. Thisis generdly a the ppm levd,
or lessthan 1% by weight . . . Ethanol isaso aminor product of generd metabolism in plants and
animas, so acertain amount of endogenous exposure occurs even in the absence of externa exposure.
[Cdifornia, page 5-A-13]

Tagte thresholds [for ethanol] range from approximately 6 ppm to 42 ppm. [UC page 25]

The draft health- protective concentration for oral exposures to drinking water for ethanal is 1,100,000
ug/l ... [Cdifornia, page 1-16]

Ingestion of ethanal in rdatively large quantities, increases the risks for severa forms of human cancer.
However, it is highly unlikely that the public will be exposed to large quantities of ethanol from drinking
water contamination. [EPA, page 16105]

Predictions of ethanol dispersion and degradation in the environment indicate that ethanal is unlikely to
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occur in drinking weter & levels having any toxicologicd sgnificance. [Cdifornia, page 5-A-16]

Ethanol and its oxidation products such as acetaldehyde are toxic only at very high levelsand are dso
very rapidly biodegraded, so in genera these are not expected to present mgjor long-term [drinking
water] contamination problems. [California, page 5-28]

Ovedl, these findings indicate that ethanol contamination of the water due to use of ethanol in gasoline
should present very minima toxic and carcinogenic risk and no objectionable taste or smell problems for
public drinking water. [Cdlifornia, page 5-29]

Screening-leved caculations for a scenario that Smulates a discrete, seven-day period of watercraft
discharges of fud-borne ethanol to Donner Lake in northern Cdifornia showed that the peak
concentration of ethanol wasonly 2 ug/l . . . For accidenta tank-car releases of ethanol to ariver or
stream, toxic levels of ethanol could occur in the immediate downstream area of a spill. [California, page
1-16]

C. Incrementa exposure to and health risk of ingested acetd dehyde and/or acetic acid

Acetic acid isthe intermediate [of ethanol biodegradation] thet is most likely to accumulateto a
sgnificant extent, but it is commonly used as afood supplement. [Ulrich, page 2]

3. Effect of subsurface ethanol on BTEX plumes

Ethanol’ s ability to biodegrade does present another potentia issue of concern. Laboratory data and
hypotheticd modeling indicate that based on physica, chemica, and biologica properties, ethanol will
likely preferentially biodegrade in groundwater compared with other gasoline components. As aresullt,
the levels of BTEX inwater may decline more dowly, and BTEX plumes may extend further than they
would without ethanol present. However, BTEX does not migrate as quickly asMTBE. Thus, even
with the presence of ethanol, BTEX plumes would not be expected to travel asfar as MTBE plumes.
[page EPA, 16105]

Because ethanol is ametabolic byproduct, many organisms tolerate concentrations that may be
encountered during accidenta releases into the environment. A variety of indigenous microorganisms
within the environment are cgpable of using ethanal as an energy source and will preferentidly utilize
ethanol over gasoline hydrocarbons, such as benzene. [Cdifornia, page 1-3]

Although the dissolved equilibrium concentrations of gasoline components- benzene, toluene,
ethylbenzene, and xylenes- increase in the presence of high concentrations of ethanol, the 10% ethanol

16
N—-"---._

Cambridge Environmental Inc

58 Charles Street Cambridge, M assachusetts 02141
617-225-0810 FAX: 617-225-0813 E-mail: info@CambridgeEnvironmental.com



expected to be added to gasoline in Cdifornia should have only aminor effect on the dissolution of
these gasoline components. [California, page 1-22]

.. . EtOH would be expected to degrade much more rapidly than BTEX hydrocarbons, therefore,
EtOH is not expected to persst much beyond the source area and the immediate contaminant plume at
agasoline pill ste. [NSTC page 2-9]

In genera the invedtigations have demondtrated that the alkyl ether oxygenates (MTBE, TAME, ETBE,
DIPE) are difficult to biodegrade. In contrast, BTEX, EtOH and MeOH are readily biodegraded.
[NSTC page 2-60]

4, Aquatic toxicity

For accidental tank-car releases of ethanol to ariver or stream, toxic levels of ethanol could occur in the
immediate downstream area of a qoill. [Cdifornia, page 1-16]

Asdde from the acute toxicity for aguatic species that might be affected by a spill and their associated
recovery, it is unlikely that there would be any long-term toxic effects, because the ethanol will not
persst in weter dueto itsrapid degradation. [California, page 1-6]
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Table 1. Ethanol Dose- Response Data

BEC (mg/dl) Observation Reference
0.02-0.15 Endogenous (i.e. naturd) levd | Jones, 1985; Lester, 1962
50 centrd nervous system Pohorecky and Brick, 1987
gimulant; talkativeness;
relaxation
100 legd limit for automobile
driversin many dates
>100 central nervous system Pohorecky and Brick, 1987
depressant; decreased sensory
and motor function; decreased
mental and cognitive ability
110 no effect on heart function Pohorecky and Brick, 1987
140 no effect on cerebra blood Pohorecky and Brick, 1987
flow; effects occur above this
level
300 stupefaction Pohorecky and Brick, 1987
400 possble lethd leve Pohorecky and Brick, 1987
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Table 2: Intake Rate of Ethanol Under Various Exposure Conditions

Intake rate of ethanol
Ventilation (mg/kg/hr)
rate (I/min) when the concentration in air is
(mg)
1.9 5 10 20 30
(occupationa (causes (causes
standard) coughing and continuous
eyeirritation; lacrimetion)
adaptation
occurs)
6 (rest) 5 14 28 57 85°
25 (moderate 22 59 118 236 354
activity)
40 (heavy activity) 36 94 189 377 566
50 (very heavy 45 118 236 471 707
activity)

° Bold type indicates intake rates that might be larger than the dlearance rate for ethanol.
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Table 3. Experimenta studies of vapor uptake by humans

Ventilation rate Concentration Durétion of BEC Symptoms Reference
(I/min) of ethanal in ar exposure (mg/d)
(mg/)) (hr)
rest (approx. 6) 19 3 <0.2 none Campbdl
reported and Wilson
(1986)
15 15 Steady vapors Lester and
a 7-8 irritating but | Greenberg
adaptation | (1951)
occurred; no
intoxication
22 16 6 47 and vapors Lester and
risng irritating but | Greenberg
adaptation | (1951)
occurred; no
intoxication
rest (approx. 6) maximum of 17 2.5 <5 vapors Mason and
average approx. irriteting but | Blackmore
9 adaptation | (1972)
occurred; no
intoxication
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