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Contaminations of fuel oxygenates pose a threat to the environment and human
health. Oxygenates are more mobile in groundwater than other fuel components. It has
put an increased emphasis on early detection and response to fuel leaks and spills. An
innovative method using solid phase microextraction and gas chromatography / mass
spectrometry (SPME-GC/MS) was developed to detect ethanol and TBA in low
microgram per liter concentrations and MTBE, ETBE, TAME at nanogram per liter
concentrations in water. SPME is sensitive for oxygenate analysis in water but its usage
for alcohols may be affected in samples containing free product due to fuel matrix
interfering effects on SPME fiber. Samples containing oxygenates should be stored at
4°C and analyzed within 3 mo. HCI or HgCl, properly preserves ethanol, TBA MTBE,
ETBE, and TAME in water samples.

Fuel oxygenate pollution results from point and nonpoint sources. Shallow
groundwater from 10 sites along Instate-80 (I-80) in Nebraska was analyzed using
SPME-GC/MS for oxygenates and young groundwater ages were profiled by the CFC
dating technique. Oxygenate concentrations in groundwater along [-80 were compared to

3 sites in agricultural areas with limited atmospheric deposition of oxygenates and those
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in surface water in urban areas (Lincoln, NE). Nonpoint sources of oxygenates from
vehicle emissions does not appear to affect the quality of shallow groundwater and urban
surface waters even in high traffic areas in Nebraska. In groundwater from leaking
underground storage tank sites in Nebraska, MTBE, ETBE, TAME, and TBA were
detected at various concentrations but ethanol was below 10 mg/L. The decreasing trend
of occurrence frequencies of 4 oxygenates was: MTBE >> TAME > TBA > ETBE.

A pulse of 220 mg L™ ethanol and 15.8 mg L™ bromide was injected into a
shallow aquifer and monitored for 2.5 mo to estimate the persistence and transport of
ethanol. Breakthrough curves were fit to the advection-dispersion model. First-order
degradation constants ranged from 0.23 to 0.57 d”' and its half-life values ranged from
1.29to 3.24 d. Ethanol was not retarded (retardation factor, 0.99 ~ 1.01). How ethanol

impacts behavior of BTEX plumes in groundwater needs further study.
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INTRODUCTION

Methyl tert-butyl ether (MTBE), ethanol, tert-butyl alcohol (TBA), ethyl tert-
butyl ether (ETBE), and tert-amyl ethyl ether (TAME) have been widely used since the
1970s in the US as oxygenates to help fuel burn more efficiently and to reduce vehicle
exhaust pollution (Blue Ribbon Panel, 1999). MTBE and ethanol are the most commonly
used oxygenates (White et al., 2002). More than 40% of the US population lives in areas
where MTBE has been used (Bohm, 1999).

Oxygenate-related releases from point and nonpoint sources contaminate ground
and surface waters. Increased use since 1980 combined with MTBE’s high solubility,
low so1l sorptivity, and persistence have contributed to emerging environmental disaster.
The USGS identified MTBE as the second most common contaminant in urban aquifers
in the United States (Zogorski et al., 1997). In response, USEPA announced actions to
significantly reduce or eliminate MTBE use and promote the use of safe alternatives like
ethanol (Lazaroff, 2000).

Taste and odor concerns were pivotal in the USEPA’s Office of Water (1997)
establishing a drinking water advisory level of 20 to 40 ppb MTBE as a guidance limit
for state and local regulators. Many states have established their own guidelines and
standards for MTBE. Twenty-three states have established regulatory guidelines or
standards for MTBE contamination in soil or groundwater or drinking water; MTBE
levels that trigger cleanup efforts range from 10 ppb in New York to 240 ppb in Michigan
(Blue Ribbon Panel, 1999; Nascarella et al., 2002).

Gasohol, gasoline with 10% ethanol (v/v), is consumed increasingly in the US

and most notably in Minnesota, Nebraska, and Iowa (USEPA Office of Research and
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Development, 1997). Ethanol production is booming in corn growing areas of the
Midwest. Nebraska was the first state to market ethanol-blended gasoline (1930) and in
1978 was the first state to use gasohol in the US (Gomez et al., 1998). Ethanol has been
widely utilized in Nebraska as a fuel oxygenate for about a decade (Blue Ribbon Panel,
1999).

Fuel ethers, mainly MTBE, are well documented in groundwater at LUST sites
(Moran et al., 1999). However, ethanol is typically not analyzed in groundwater because
it is not a regulated pollutant (Rice and Cannon, 1999), and the national surveys of the
occurrence of ethanol in groundwater or surface water have not been completed (Blue
Ribbon Panel, 1999). The lack of interest in ethanol may be partially due to its low
toxicity and low persistence, and also because of the lack of a sensitive and reliable
method to determine aqueous ethanol in parts per billion levels.

This dissertation is composed of five chapters that are published or submitted to
journals for review. Chapters one through three describe laboratory tasks including: the
analytical method development, method limitations, and appropriate sample preservation
procedures. Chapter four documents the environmental occurrence of oxygenates in
Nebraska’s waters and chapter five monitors the fate and transport of ethanol in shallow
groundwater.

Task one developed an analytical method for the measurement of ethanol and the
other oxygenates at trace concentrations in aqueous samples. Analytical methods used
for oxygenates include purge and trap with gas chromatograph (GC) or GC / mass
spectrometry (MS), automated heated head space with GC or GC/MS, solid phase micro-

extraction with GC/MS (SPME-GC/MS), and direct injection analysis. The SPME-
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GC/MS method was developed to detect ethanol and TBA in low microgram per liter
concentrations and MTBE, ETBE, TAME in nanogram per liter concentrations in water
(Cassada et al., 2000). It offers advantages such as direct immersion, solventless
extraction, high selectivity, and low MDLs for oxygenate analytes.

Task two mvestigated the applicability of the SPME method in analyzing
oxygenates in aqueous samples containing varying concentrations of fuel components. In
routine monitoring of fuel oxygenates at leaking underground storage tank (LUST) sites,
groundwater may contain free product in addition to fuel oxygenates. SPME is quite
sensitive for trace level oxygenates in aqueous samples; however, criticisms occur about
use of the SPME in fuel contaminated sites due to high residual fuel contents interfering
fiber extraction (White et al., 2002).

Task three established appropriate holding times and preservation techniques for
analysis of oxygenates by the SPME method. Because MTBE hydrolyzes to TBA during
analysis of acidified samples by the heated head space method (White et al., 2002), pH,
preservative, and temperature effects were investigated during sample holding and SPME
analysis.

Task four described the frequency of oxygenate occurrences in groundwater and
surface water in Nebraska. Significant MTBE contamination has been reported from
leaks, spills, and unburned fuel from recreational watercraft and boating (Bohm, 1999).
Fuel oxygenate contamination was investigated in several lakes in Lincoln areas, some of
which are commonly used by jet skiing enthusiasts. Rivers, creeks, and drainage ditches
in urban settings receive fuel oxygenates from nonpoint and point sources scattered over

the interfaces of environmental media. Qualitative and quantitative investigation on
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oxygenates in these surface water bodies was completed to document the contamination
levels of oxygenates from various sources (e.g., leaks, spills, runoff, and atmospheric
precipitation) in surface waters in the Lincoln urban areas. LUSTs containing fuel are a
major source of MTBE pollution in groundwater. In California, MTBE was found in
75% of 9000 LUST sites (Happel et al., 1999). In Kansas, where neither reformulated
gasoline (RFG) nor oxygenated fuel use was required, MTBE has been found at 88% of
818 LUSTSs (Hatten and Blackburn, 1999). Fuel oxygenates were investigated at eight
LUST sites in Nebraska to document oxygenate contamination from the point source
releases in groundwater. Task four also investigated the impact of atmospheric
deposition as a source of fuel oxygenates from traffic emissions to shallow groundwater
and surface water in Nebraska. Sources of oxygenates in groundwater and surface waters
can include nonpoint sources such as vehicle emissions and the MTBE concentration in
shallow groundwater can exceed 20 pg L™ beneath high vehicular traffic areas (Zogorski
et al.,, 1997). The investigation occurred at several rural shallow groundwater sites,
roadside areas along I-80, and at urban surface waters sampling sites. CFCs dates were
determined to assess the relationships between young groundwater ages and contaminant
profiles (Portniaguine and Solomon, 1998).

Task five monitored the fate and transport of ethanol in groundwater. Ethanol is
infinitely soluble in water and does not adsorb on soil particles. Soil microorganisms
preferentially degrade ethanol. In laboratory microcosms using mixtures of groundwater
and soil, ethanol rapidly degrades both acrobically (100 mg L™ in 7 days, Corseuil et al.,
1998) and anaerobically (100 mg L™ in 3-25 days depending on conditions, Corseuil et

al., 1998; 96 mg L within 30 days, Suflita and Mormile, 1993; 100 mg L' within 14 d,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Yeh and Novak, 1994). The behavior of ethanol was monitored in a sand and gravel
aquifer.

This dissertation describes the development of an SPME-GC/MS method to
analyze fuel oxygenates at trace levels in water in Chapter 1. Chapter 2 reports the
effects of fuel components on the analysis by SPME in samples containing various
amounts of fuel. Chapter 3 details the appropriate preservation methods and holding
times for aqueous samples analyzed by the SPME method. Chapter 4 describes the
occurrence of fuel oxygenates to waters potentially impacted by atmospheric deposition
and spills in Nebraska. Chapter 5 relates to the fate and transport of ethanol in shallow

groundwater aquifer.
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Chapter 1

Trace Analysis of Ethanol, MTBE, and Related Oxygenate Compounds in Water

Using Solid Phase Microextraction and Gas Chromatography / Mass Spectrometry

ABSTRACT

Solid-phase microextraction (SPME) and gas chromatography/mass spectrometry
have been combined for trace-level determination of very polar compounds in water,
including the widely used gasoline oxygenates ethanol and methyl zert-butyl ether
(MTBE). A relatively simple extraction method using a divinylbenzene/Carboxen/poly-
(dimethylsiloxane) SPME fiber was optimized for the routine analysis of ethanol and
MTBE in groundwater and reagent water. A sodium chloride concentration of 25% (w/w)
combined with an extraction time of 25 min provided the greatest sensitivity while
maintaining analytical efficiency. Replicate analyses in fortified reagent and groundwater
spiked with microgram per liter concentrations of ethanol and MTBE indicate
quantitative and reproducible recovery of these and related oxygenate compounds.
Method detection limits were 15 ug L™ for ethanol, 1.8 pg L for tert-butyl alcohol,
0.038 ug L™ for tert-amyl methyl ether, 0.025 pg L for ethyl-tert-butyl ether, and 0.008

ng L for MTBE.
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