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9. Statement of critical regional or state water problems:

Alkyl ethers such as methyl-tert-butyl ether (MTBE), ethyl-tert-butyl ether (ETBE), and

tert-amyl methyl ether (TAME) have been used as oxygenate additives in gasoline to
reduce vehicle emissons such as carbon monoxide and other voldtile, toxic organic



compounds. MTBE, the most common oxygenate, is currently added a concentrations up
to 15% (v/v) to more than 30% of al gasoline sold in the United States. In 1992, more
than 1.8 hillion gallons of MTBE were used in gasoline, and its use has increased every
year since. More than 29 companies now produce MTBE, and it is the second largest
organic chemica produced domestically. Due to the widespread use of MTBE in
reformulated gasoline, most of which is stored in underground tanks, documented release
stesare continually being reported. A recent survey conducted by the USGS identified
MTBE as the second most common contaminant of urban aguifersin the nation.
Although human hedth effects are till being evauated (Leclair, 1997), the EPA has
designated MTBE as a probable human carcinogen and issued a draft nonregulatory
hedlth advisory of 70 ug/l for nonprimary water sources (Cooney, 1997). Many dates
have much more stringent maximum contaminant levels for MTBE. The risks to human
health posed by MTBE are exacerbated by its high water solubility and mohility in
groundwater systems. The relative recalcitrance of MTBE, combined with its high water
solubility make it the single largest threat to ground water qudity resulting from gasoline
releases. Given the widespread use of MTBE and its potential hedlth risk, MTBE and
other oxygenate contamination of groundwater is clearly a problem of national scope.

Traditionad methods to remove gasoline congtituents from groundweater do not work well
for MTBE. Air gripping is very difficult because MTBE' s low volatility requireslarge
ar/water retios to make the trestment effective. In addition, MTBE' s low affinity for
organic carbon prevents efficient remova by granular activated carbon. However MTBE
is capable of being biodegraded by native soil bacteria, abeit at dower rates than other
gasoline condtituents. Available research indicates that many naturdly occurring
microbia populations can biodegrade MTBE as well as tert-butyl dcohol (TBA), an
MTBE metabolite of concern, over time. Strategiesfor enhancing in situ biodegradation
(i.e. accelerated natural attenuation) of MTBE are urgently needed.

The proposed research project, which involves a 3-way collaboration between MSU’s
Center for Biofilm Engineering (CBE), the Montana Department of Environmenta
Qudity (MDEQ) and Conoco Inc., will assess the environmentd factors which limit
MTBE and other oxygenate metabolite degradation for the purpose of developing
improved srategies for enhancing MTBE biodegradation in the field. MSU graduate and
undergraduate sudents from multiple disciplines (i.e. engineering, microbiology,

geology, and soil science) will be organized into teams and mentored by state regulatory
and indudtrid officids, together with MSU faculty. The project work plan includes
review of dl pertinent hydrogeological and geochemica dataaswell asafull
characterization of the microbia population present a an existing MTBE release Ste
located in Ronan M T, and will focus on isolation, identification, and enrichment of
bacteria drainsthat can biodegrade MTBE metabolites. Strategies for enhancing MTBE
biodegradation in situ will be identified and piloted at the Ronan MT study Ste.

10. Statement of results or benefits

The proposed study will gresatly increase our knowledge of the fate and transport of
oxygenate gasoline additives in groundwater systems. The project work plan will



determine the physicd, chemica and biologica processes which limit the rate of MTBE
biodegradation. Anticipated results include:

field and laboratory identification of primary mechanisms of MTBE naturd
attenuation

recognition of microbia populations cagpable of oxygenate degradation
identification of degradation pathways and metabolite recalcitrance
optimization of parameters which limit oxygenate biodegradation to maximize
degradation rates

development of biodegradation enhancement Strategies and subsequent pilot
testing a the Ronan MT fidd Ste.

Environmental quality personnd form Montana and many other sates have recently
begun testing for MTBE at petroleum release Sites and are discovering that ground water
contamination is far more widespread than origindly anticipated. MDEQ is very
interested in determining the rate and extent to which MTBE biodegradation can be
documented at exiging field Stes. The results from this sudy will help states and
municipdities decide what level of remediation is necessary to addressMTBE
concentrations in drinking water supplies and whether specific groundwater remediation
efforts can be undertaken to prevent future MTBE impacts (see attached supporting letter
from the MDEQ). Development of improved methods for enhancing MTBE biodegration
will cdearly aso be of useto industrid practitioners responsible for developing
remediation Strategies for subsurface gasoline release Stes (see supporting |etter from
Conoco Inc.).



