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ABSTRACT

A 1997 AWMA paper (97-TA34.02) presented evidence linking explosive increases in asthma and
other conditions to the introduction of gasoline oxygenated with methyl tertiary butyl ether (MTBE) in
Philadel phia and other places. In the winter of 92-93 the Sate of Alaskawithdrew from the MTBE
program because of public hedth problems; their data suggested that MTBE exhaust could be toxic to
some people. Over the last two years the epidemiologic reports are getting stronger. Both New Y ork
City and Philade phia have established an "Asthma Task Force" to study the criss. | presented new
preliminary data to the Trangportation Research Board (TRB) meseting in August 1998; the abgtract is
available a http://Amww.angel fire.com/valpkleeman/peterjoseph.ntml. In this paper | present updated
data from the Philade phia Department of Hedlth that, for the first time, includes neurologica effects.

Many environmental experts dismiss the idea that MTBE exhaust is causing these epidemics because
exigting speciation studies do not show any one toxic component to be so large as to be troublesome. In
this paper | argue that production of methyl nitrite (MeONO) from MTBE combustion could be the
cause of the observed problems. The proposed mechanism is the production of methoxy radicals from
pyrolyss of MTBE at low to moderate temperatures, followed by combination with nitric oxide
produced in the high temperature combustion region. MeONO has been observed in methanol-diesel
combustion. It is shown that MeONO is sufficiently stable at temperatures < 550 °K that it should
survive pyrolysisin the exhaust pipe. An important property isthat MeONO is easily photolyzed by
sunlight. Thislends strong support to anecdotd reports that many people experience symptoms only a
night or on cloudy days (Arch. Env. Health 1995;50:395- 396)

INTRODUCTION

While methy! tertiary butyl ether (M TBE) has been used as an octane enhancer inthe USA since 1979, the
quantities used were later subgtantialy increased in certain areas where it is used as an oxygenate in
concentrations of 11-15% by volume. Ever since the winter oxygenated gasoline (WOG) program was
initiated (1989-90) many citizens have complained of uncomfortable symptoms and illnesses that they
associate with its use. When the reformulated gasoline (RFG) program was introduced even further in
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January 1995, again more citizen complaints arose. 1n some aress, groups of people caling themselves
"Oxybugters' have mounted powerful palitical protest movementsagaing the substance. Thefirgt protests
were encountered during thewinter of 1992-93in Fairbanks, AK, aswell asinMissoula, MT. Subsequent
protest groups have been active in Maine, Connecticut, New Hampshire, New Jersey, Pennsylvania Texas
and especidly Cdifornia. In New Jersey, the Oxybusters group held a public rdly on July 13, 1995 at
which time gpproximately 15,000 protest petition Sgnatures were presented to the governor.(1) InMaine
and Connecticut, citizens protesting dleged health problemstriggered public hearings by the legidature(2).
In Cdlifornia, the Oxybusters collected over 100,000 protest Signatures againgt the substance, which led to
the State requiring aforma study of its potentid hedlth effects.(3)

Despite severd reviews(4), thereisgtill consderable confusion and even skepticism about the problem. By
and large, most reviews have concentrated on the hypothesisthat MTBE itsdlf istherelevant toxin, and have
found it difficult to reconcile the known toxicology of M TBE with thereported symptoms. For example, the
Interagency Assessment of Oxygenated Fuelssaid " The anecdotd reports of acute hedth symptomsamong
some individuas can not yet be explained or dismissed”.(5)

In a previous AWMA paper(6), | argued that a more likely hypothesisis that some of the symptoms are
being caused by an unsuspected combustion byproduct of MTBE, rather than by MTBE itsdf. For
example, sudies by the Alaska State Hedth Department, which led to thet state's withdrawa from the
MTBE-WOG program, found that symptoms were at least as common while driving as while pumping
gasoline(7) However, MTBE concentrationsin the vicinity of gasoline pumps are on the order of severd
parts per million, whereas concentrationsin the ambient air are at least two orders of magnitude lower.(8)
This suggests that the symptoms are due to an exhaust product other than MTBE. Furthermore, there are
published reports of people experiencing unpleasant symptoms while driving in traffic(9).

In my previous paper(6), | showed datistical data from the Philade phia area that supports the claim that
therehave beenlargeincreasesin certain disease conditions, especidly asthma, following theintroduction of
MTBE-oxygenated gasoline in November 1992. | coined the phrase MTBE Derived Toxin (MDT) to
represent the unknown toxin, and suggested that tertiary butyl formate (TBF) might be an exhaust

byproduct. Thiswas motivated by the fact that TBF has been shown to be the primary product of photo
oxidation of MTBE. However, subsequent studies have shown no detectable concentrationsof TBFinthe
exhaust from MTBE(10). In retrospect, thisis not surprising since TBF is known to rapidly pyrolyze into
isobutene and formic acid.(11) Recent studies do identify formic acid as a component of MTBE

exhaust(12,13) but the concentrations are o low (lessthan 10% of the formaldehydelevels) that it appears
unlikely that formic acid isplaying amgor rolein the problem. What are needed are new measurements of
formic acid in the ambient ar in cities where MTBE-RFG is used.

Inthefollowing sections| present new dataon increasesin purely neurologica conditionsin Philade phia, as



well asargue that the unknown MDT may be the indirect result of the production of methoxy radicalsfrom
MTBE pyrolyss. | especidly emphasi ze the possible importance of methyl nitrite (CH;ONO) and hydro-
peroxy radicas (HO,).

DATA

The Philadelphia Department of Hedth operates eight public hedth clinics. These dlinics have a
computerized data base, including diagnoses, for each patient vist snce March 1993. While there were
some changesin the diagnosisreporting forms used for children, there have been no changesin thereporting
forms for adults from 1993 to 1996. For this reason, only results for adults are presented. During this
period of time the tota number of viditsincreased by 19%.

The data base begins March 1993. For thisreason, a"year" was defined as sarting in March of agiven
cdendar year and terminating at the end of February of the following yeer.

Figure 1lisaplot of the number of vistsin which thediagnosis codefor "insomnid’ was given; theresultisa
progressive increase of 150 percent, far in excess of the 19% increasein totd vidtsand of high datistica
sgnificance (P<0.001).

Figure 2 isa plot of the number of vists for Cardiac Dysthythmia. The 53 percent increase has a high
degree of gtatistica sgnificance. (P<0.001)

Figure 3 is aplot of the number of vists for Maaise and Fatigue. Again the increase of 57% is highly
ggnificant.(P<0.001) Unlikethe previoustwo caseswhicharecertainly neurologicd in nature, thisdiagnoss
is medicdly very vague. It basicaly means that the person feds very unwell and that no firm medica
diagnosiscan befound. Thiscorrespondsexactly to the anecdotal complaintsof peoplewhosay "l just fed
abolutely terrible!™.

Inthe 1997 paper(6), smilar datawere presented for symptoms more characteristic of respiratory irritants,
including asthma, chronic bronchitis, otitis, conjunctivitis, chronic snustis, and winter dlergic rhinitis. These
data covered the period 1993-95. Subsequent data on those conditions show that al have continued to
increase with the single exception of chronic bronchitis. (These data will not be reproduced here) It is
argued that some people with previoudy diagnosed chronic bronchitis may have been rediagnosed with
aghma. Conventionad medica opinion holds that adults do not normally develop asthmade novo unless
there is some sgnificant irritant or toxic exposure.



THE UTAH EFFECT

A group under thedirection of Delbert Eatough(14) has reported measurements of theratio of SO, (ulfate
particles) to SO, (gas phase) in Utah County, Utah, during two winters when oxygenated fuel was used.
During the winter of 95-96, they found that the sulfate/SO, ratio roughly doubled during the period of
WOG. At that time, 28% of the oxygenate used was MTBE(15). The increase was unusud in that it
occurred only during nighttime hours, in contradistinction to the better understood photo- oxidation process
that occursduring daylight. The obviousimplicationisthat some oxidizing agent isbeing directly or indirectly
produced by MTBE combustion. Du et d(14) hypothesized that the result was due to a dehyde production
from the oxygenates, but provided no concurrent measurements of adehyde concentrations a the time.

However, when the experiment was repeated during February 1997, no increase in sulfate was
observed.(16) During thistime, only ethanol was used as the oxygenate.(15)

EXHAUST HY POTHESES

Current exhaust speciation data indicate that formadehyde, methanol, isobutylene, and formic acid are
ggnificantly increased when MTBE is added to thefudl.(17,10,13,12) However, to explain the observed
increases in disease, as well as anecdota reports of symptoms, requires a substance whose percentage
increase in the ambient air is very large, say, at least 100%. None of the identified products of MTBE
exhaust, except for MTBE itsdlf, have been shown to do that. For example, formadehyde emissons
increases are typically(18,17,19) found to be about 30-50%, wheress winter time increases in ambient
formaldehyde are much less, on the order of 10%(20). It isquite likely that methanol will show alarge
ambient increase, but to date such data are not available.

Methoxy radicas, CH;O (abbreviated MeO), are known to be an important intermediate state in
combustion of many fuelsat very high temperature.(21). However, a thetemperatures characteristic of the
main combustion chamber of the interna combustion engine (> 2000 degrees K), the MeO are quickly
pyrolyzed(22):

(1) CH;O->CH,O+H

The lifetime of such pyrolysisis about 10™* seconds at 2000 K, while the combustion processitself takes
about 5-10 milliseconds (ms) before the exhaust cycle begins. Thus one would not expect a significant
contribution to MeO in the exhaugt stream.

However, it is generaly recognized that many toxic exhaust products of carsare dueto asmal fraction of
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fud that escapes the high temperature region, due to close contact with the walls of the engine. Such fuel
molecules could undergo chemistry more characterigtic of a lower temperature range, from 300-600
degreesK. They would then escape into the exhaust pipe and rapidly cool due to expansion.

Ethers are virtudly unique in the current fud mix in the posshility of pyrolyss into organic radica
components at modest temperatures. For example, one might predict that MTBE would pyrolyze as.

(2) CH3-O-C4Hg -> CH30 + C4Hg

that is, into methoxy and t-butyl freeradicas. However, acareful sudy of the pyrolysisof MTBE by Choo
et d(23) failed to detect any such radicasat al. Working at very low pressuresto diminate multimolecular
callisons, they found that only methanol and isobutylene were produced:

(3)  CHsO-CsHy -> CH;OH + CyHs.

This requires the bresking of the C-O-C bond, as well as the Smultaneous extraction of ahydrogen atom
from the tert-butyl moiety, a process called a"four center” reaction.

However, recent datafrom Koshland et d(12) suggest that when MTBE ismixed with gasoline, processes
other than reaction (3) takeplace. Workinginalaboratory test reactor at afixed temperature, they found a
maor difference between the pure M TBE and the M TBE-RFG Stuations. From pure M TBE combustion,
they identified methanol asin reaction (3). However, when MTBE was mixed with RFG, they found no
methanol but ingtead a roughly equimolar production of formadehyde. This could beinterpreted to mean
that the presence of the other components in gasoline atered the chemigtry of the pyrolyss process. If
methoxy radicaswere produced from MTBE, they would probably not have survived under the conditions
of that experiment. That is because the temperature was held a a high vaue for amuch longer time than
would normally occur in the combustion chamber of an engine, and aso that there was no analogous low
temperature region corresponding to the exhaust pipe. Obvioudy, under the conditions of the experiment
little nitric oxide would have been produced to react with the MeO radicas. This would explain the
increase in formadehyde by pyrolysis of the MeO as per reaction (1).

If one acceptsthe hypothesisthat MeO radicals are produced in the exhaust stream, one must consider the
likely consequences. Thethreemgor effects| would consider are pyrolysis, survivd to theambient air, and
combination with other free radicas in the exhaust stream.



The pyrolysislifetime of MeO, defined asreaction (1), increasesrapidly asthe temperature decreases.(22)
The lifetime is equa to 1 second a a temperature of 418 degrees K, which suggests that at low
temperatures some MeO might survive passage through the exhaust pipe.

An dternative possihility isthat methyl nitrite could be formed by reacting in the exhaust pipe with the NO,
which is produced in the main combustion chamber, according to

(4)  CHyO+ NO -> CHy-O-N-O

In fact, Batt(24) has specifically suggested that NO could be used asa"radical trap” for MeO. Reaction
(4) would obvioudy need to compete with pyrolyss (reaction 1). According to Batt(25), reaction (4)
"take(s) place at dmost every collison™ of MeO and NO; that suggeststhat production of MeONO will be
quantitatively important. An important question is whether the MeONO produced is sufficiently stable to
survive thetemperaturesfound in the exhaust pipe. The mean lifetimefor pyrolysg(26), shownin Figure4,
indicates that MeONO has more than enough stability to survive at temperatures up to about 550°K. The
pyrolytic processis mosily theinverse of reaction (4), so the MeO and NO radicaswould be regenerated

by pyrolyss.

If some MeO radicas do survive into the ambient air, they will immediatdy (lifetime < 1 ms) react with
atmogpheric oxygen to give(27):

(5)  CHyO + O, -> CH,O + HO,.

The hydroperoxy radicas thus formed could perhaps explain the mysterious oxidation effect seen in
Utah(14).

The survivd of free MeO radicasinto the air could actudly be aided by the formation of MeONO. The
reason is that some MeONO will pyrolyze into CH;O and NO (i.e., theinverse of reaction (4)). That is,
the MeONO could serve as a source of transport of MeO from the high temperature region down to the
cooler parts of the exhaust stream. Perhaps some radicals would be regenerated by the action of the
catalytic converter.

DISCUSSION

There are severd reasons why methyl nitrite is an attractive hypothess to explain the perastent citizen
complaints of symptomsfrom MTBE. It isknown to be an extremdy toxic compound. The LC50 for an



acute exposure of four hoursto ratsisonly 170 ppm(28); thisis gpproximately 100 times smdler than the
corresponding LC50 for benzene, for example.(29)

Ancther important property is that, as an organic nitrite, MeONO is rapidly photolyzed by sunlight. In
much conventiona thinking about urban air pollution, it istacitly assumed that the toxic compounds, such as
ozone, are produced by photo oxidation. Little attention has been given to possible nighttime toxins, and
public hedth authorities often recommend that people with asthma and other respiratory problems stay
indoorsin the daytime during ozone dert days, and venture out only a night. Thisiscuriousadvice, Snceit
isknown that asthmaattacks occur far more often at night that during daylight.(30) Inthepresent case, itis
important to note thet many citizens complaining of hedlth effects from MTBE find that they get worse at
night, or on cloudy days when the sun is not shining(31). Thus the existence of a highly toxic compound
whichisproduced by MTBE combustion and photolyzed by sunlight perfectly fitsthe reported complaints.

One should ask if there is any evidence for the production of MeONO from combustion of other fudls.
There is consderable literature that suggests that MeONO is produced as a combustion product of
methanol. However, there are convincing data that such measurements are artifactua, due to methanadl in
the exhaust sample reacting with NO, to form the MeONO.(32) Thisis especidly likely if the exhaust
products are stored in abag for aperiod of severa hours. However, one experiment which did not usea
storage technique, and which did not see any MeONO in methanol mixed with gasoline, did see MeONO
from methanol mixed with diesd fue.(33) Thisisagain evidencethat the chemistry of combustion has many
subtle mysteries and surprises, and that the total chemica environment in the combustion process can have
profound effects. For thisreason | suggest that the Choo results(23) should not be interpreted asruling out
the proposed hypotheses.

Thelack of MeONO from methanol in gasoline actually supportsthe observed factsrather well. It suggests
that dkoxy radicas are not formed from the pyrolysis of dcohols asthey can be from ethers. Thiswould
explain the lack of effect seen in Utah during 1997. Thereis also consderable anecdota evidence that
people who suffer badly from the MDT in theambient air wherethey live experience dramatic relief when
they travel to areas where only ethanol is used as the oxygenate. In a few cases, people have literdly
moved from an MTBE region to an ethanol region solely to escape the MDT from MTBE!(34)

There are dill some curious contradictions in existing speciation studies of MTBE combustion.  For
example, whereas Koshland et a(12) found no methanol in the exhaust from MTBE-RFG, Stump et d(17)
found that methanol was a consstently observed combustion product of MTBE gasoline in actud car
engines. Thisagain points to the importance of the complex, multi chamber, aspect of red car engines.

Further evidence for amgor role of MTBE in nitrogen combustion chemistry comes from two speciation



sudies of oxygenated fuesby the EPA. Of interest isthe effect of oxygenate on the production of nitrogen
oxides (NOx) at extremely cold temperatures. Knapp et d(35) found that when ethanol was used for the
oxygenate therewas atendency for an increase in NOx; not an unexpected result. However, when MTBE
was used at the coldest temperatures, the NOx decreased.(36) Since both substancesraisethe octane of
the gasoling, it seems unlikdy that this result could be explained in terms of changes in ignition timing or
flame propagation. In view of the hypothesesin this paper, one can surmise that the use of MTBE caused
methyl nitriteto beformed at the expense of NOx, and that thiswould explain the observed decrease. This
result isaso cons stent with the failure to observe MeONO from methanol-gasolinefuds (i.e., thedcohols
do not serve as asource of akoxy radicals at low temperatures).

Thedinica datapresented here suggest that somekinds of air pollution can have affects quite different from
what iscommonly assumed. Itisof course known that various chemicas (gas phase or particulate) can be
respiratory irritants, and that these can act via direct attack on the respiratory epithelium. However, the
three symptoms documented here do not relateto any reaction with respiratory epithelium, but rather with
the nervous system. Thisis not unexpected for MeONO, since there are anal ogous compounds, namely
isobutyl and amyl nitrite, which are drugs of abuse dueto neurologica effects.(37,38) Thereisconsderable
evidence that the nervous system plays an important role in asthma; indeed, asthma could be defined asa
dysfunction of the autonomic nervous system. Furthermore, thereisan established effect called "neurogenic
inflammetion”, in which certain nerve cdls can incite an inflammatory reaction due to neurologicd
gimulation.(39) This is a very plausble explanation for the well known existence of psychosomatic
disorders. In particular, emotiond stressisknown to play amgjor rolein inducing asthmatic attacks. This
should not beinterpreted as somehow diminishing the significance of such attacks, but rether as supporting
the role of the nervous system in respiratory function.

It isperhapsreevant that the specific nerve cdllsin the respiratory epithelium that respond to airbornetoxins
have receptors that are lipophilic.(40) This again suggests that a non-ionic substance, such as MeONO,
could beresponsblefor initiating the symptoms experienced, rather than highly ionic substancessuch asthe
strong acids.

If theideasin this paper regarding M TBE are correct, then an obvious conclusion would be thet any ether-
based fud would produce smilar organic nitrites. Dimethyl ether (DME), in particular, would produce the
same MeO radicas and MeONO toxic emissions. It is interesting to note that automobile fue in New
Zedland is largely based on dissolved DME, and that might explain the extraordinarily high asthma rates
found now in that country(41).

CONCLUSIONS



Data were presented showing large increases in vidts to Philadephia dlinics for insomnia, cardiac
dysrhythmia, and malaise since March 1993. These increases may be related to previoudy reported
increases in various respiratory and inflammatory symptoms such as asthma, sinusitis, dlergy, ec. It is
argued from the timing, as well as from extensive anecdotd reports, that the problems are caused by an
unrecognized combustion product of MTBE. Further evidencefor thistheory comes from experimentsin
Utah which demongtrated a doubling of SO,/SO, ratio during thewinter oxygenated fuel season of 1995-
96. The hypothesisisproposed that MTBE combustion will produce methoxy radicass, and that these will
combine with NO to produce methyl nitrite.

Methyl nitrite is an dtractive hypothesis because it is very toxic and is known to produce some of the
observed symptoms.  Since analogous organic nitrites are drugs of abuse due to neurologicd effects, it is
plausblethat the nitrites act viathe nervous system rather than asclassical respiratory irritants. Thefact that
methyl nitrite is photolyzed by sunlight perfectly fits the anecdotd reports of people who experience
symptoms only a night or on cloudy days.
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Figure 4
Lifetime of CH30ONO pyrolysis
CH30ONO -> CH30 + NO
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