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            MTBE (methyl tertiary butyl ether) is a flammable and colorless liquid, with a characteristic odor, that dissolves easily in water and gasoline.  MTBE is a volatile organic compound (VOC) and a synthetic solvent, manufactured by the chemical reaction of methanol and isobutene.  

MTBE is used primarily as a fuel additive.  It acts as an oxygenate in gasoline to boost octane and improve combustion efficiency.  In the U.S., MTBE has been used since 1979 to replace lead as a gasoline additive to help prevent engines from “knocking.”  Primarily since the early 1990s, MTBE has been used at higher concentrations to promote more complete burning of gasoline, thereby reducing carbon monoxide and ozone levels caused by auto emissions, and to meet the oxygen requirements mandated in the 1990 Clean Air Act Amendments.  (USEPA 2002)  Studies have identified significant air quality and public health benefits that directly result from the use of oxygenated fuels.  (USEPA 1997)

 
The amount of MTBE used in the U.S. has increased from about 0.5 million gallons/day in 1980 to over 10 million gallons/day in early 1997.  In 1997, MTBE was the second most–produced chemical in the U.S.  (California EPA 1999)   MTBE has been the most commonly used fuel oxygenate, because of its low cost, ease of production, and blending characteristics.  (Squillace et al. 1998)

Human Health Effects and Exposure

The U.S. Environmental Protection Agency (USEPA) has concluded that the available data are not adequate to estimate the potential health risks of MTBE at low exposure levels in drinking water, but the data do support the conclusion that MTBE is a potential human carcinogen and may cause other health effects at high doses.  (USEPA 1997)   Most of the MTBE health-effects research has focused on animals inhaling the chemical, or on animals that were given MTBE in oil directly to the stomach.   As of 1997, there was very limited data on the effects of MTBE on humans by any route of exposure, and no data were available for oral exposure.  (USEPA 1997)

USEPA recommends keeping MTBE concentrations at or below 20 to 40 micrograms per liter ((g/L) to avoid consumer detection of MTBE’s odor or taste, and to provide a large margin of safety from toxic effects.  USEPA believes there is little likelihood that MTBE concentrations at this level would cause adverse health effects in humans.   (USEPA 1997)

MTBE at 20 to 40 (g/L may be detected by its turpentine-like taste and odor, although individual sensitivity varies.  In addition, the presence or absence of other natural or water-treatment chemicals can mask or reveal MTBE’s taste or odor.   (USEPA 1997)  

Because MTBE is a volatile chemical, human exposure to the compound in most areas is probably primarily through air. (California EPA 1999) (USEPA 1997)   As of 1997, there were no reliable data on MTBE levels in food, but food should not be a significant source of exposure to the chemical.  Limited data suggest that MTBE will not bioaccumulate in fish or food chains. (USEPA 1997)

Since the early 1990s, MTBE has been used in reformulated fuel in 18 states.  (California EPA 1999)   The chemical is released into groundwater primarily through leaking underground storage tanks, and also by leaking product pipelines, accidental gasoline spills, exhaust, and recharge from storm water runoff.   MTBE may primarily enter surface water through recreational boating activities.   MTBE in the air may dissolve in water, such as rain, and thereby release small quantities of the chemical into source waters. (California EPA 1999)

Because MTBE dissolves easily in water and binds poorly to soil, the chemical readily enters surface and groundwater.  MTBE may not degrade easily and may persist in groundwater.  Gasoline with MTBE has the ability to contaminate large amounts of water; for example, 4 million gallons of water uniformly mixed with 1 gallon of reformulated gasoline results in 20 (g/L levels of MTBE in the water.  (Squillace et al. 1998)

Due to its widespread use, reports of MTBE detections in the nation’s ground and surface water supplies are increasing.  While most MTBE detections typically occur at levels below 20 to 40 (g/L, there have been instances of contamination at much higher levels of potential health concern.  (USEPA 2002)  Based on monitoring data collected by the U.S. Geological Survey (USGS), it appears that wells most susceptible to contamination are shallow groundwater wells in urban areas. (USEPA 1997)  The USGS National Water Quality Assessment Program (NAWQA) detected MTBE in about 5 percent of groundwater samples collected by NAWQA from across the nation.  The detected concentrations were typically below 20 (g/L; less than 1 percent of samples exceeded 20 (g/L.  (Zogorski et al. 2001)

The California Department of Health Services (DHS) reported results of MTBE sampling in 3,139 public water systems (with 10,420 total water sources).  As of August 22, 2002, 0.6 percent of groundwater sources reported detections of 3 (g/L or more.  For surface water sources, 4.4 percent reported detections of 3 (g/L or higher. (California DHS 2002)

A joint survey of national MTBE occurrence in drinking water sources was sponsored by the USGS, Metropolitan Water District of Southern California, Oregon Health and Science University, and American Water Works Association Research Foundation (AWWARF).  In a random, representative sampling from 1999 to 2000 of almost 1,000 public water systems across the nation, MTBE was detected in low concentrations in 24 states in about 9 percent of source water sites sampled.   (Rowe et al. 2001)  MTBE was detected more frequently in surface water (14 percent) versus groundwater (5 percent).   Small systems (serving less than 10,000) had fewer MTBE detections than larger systems (serving more than 50,000), probably because larger systems are in more urban settings where more MTBE is used.  (Zogorski et al. 2001)   In samples targeting 134 surface and groundwater sources suspected or known to contain MTBE, half of the sources had detectable levels of the chemical.  (Koch et al. in press)  AWWARF plans to publish their final report in early 2003. 

A joint USGS/ USEPA study examined data from 1993 to 1998 on finished drinking water from randomly selected communities in 12 northeastern and mid-Atlantic states.  MTBE was detected in about 8 to 9 percent of the community water systems in low concentrations; less than 1 percent exceeded 20 to 40 (g/L. (Zogorski et al. 2001) MTBE detections were five times more frequent in areas of high MTBE use.  (Grady and Casey 2001)


Treatment

MTBE is difficult to remove from water, and effective treatment is currently being studied.  The following techniques are among those known to be the most effective at this time (Stocking et al. 2000):

 Air stripping is a proven technology that can transfer MTBE from liquid to gas form.  However, MTBE is more difficult and costly to remove by air stripping than many other compounds because of MTBE’s particular physio-chemical properties.

 Granular activated carbon (GAC) is a proven technology that is relatively simple and stable to implement and operate.  GAC may be most effective at removing lower MTBE concentrations in water with low amounts of organic material.
 Synthetic resin sorbents are similar to GAC, however, they can be regenerated on site and are less affected by other organic material in the water.  
 Advanced oxidation processes (ozone, UV, and hydrogen peroxide addition) are generally considered as emerging technologies that are more difficult to implement and operate.  (Fiorenza et al. 2002)

Regulation

USEPA has not set a national primary drinking water regulation for MTBE.  In 1997, USEPA issued a Drinking Water Advisory (a non-enforceable standard) that recommends MTBE levels of 20 to 40 (g/L or below to avoid taste and odor problems, and to protect against potential adverse health effects with a large margin of safety.  (USEPA 1997)  USEPA believes that more health-effects research and occurrence data are needed before a regulatory determination can be made.  

Some states, such as California have set enforceable limits.  California’s Public Health Goal (PHG) is 13 (g/L, which is based on carcinogenic effects observed in experimental animals. (California EPA 1999)

In 1999, a USEPA “Blue Ribbon Panel” of experts made recommendations on MTBE, including removing the Congressional requirement for 2 percent oxygen in reformulated gasoline.  (USEPA 1999)  In recent years, Congress has debated bills to eliminate MTBE use in gasoline.
MTBE is included on the USEPA Drinking Water Contaminant Candidate List (DWCCL) for possible regulation in drinking water.  If and when it is selected for regulation, a maximum contaminant level (MCL) would be set following SDWA-mandated deadlines.  USEPA would issue a proposed MCL, 24 months after the decision is made to regulate MTBE.  A final MCL would be expected 18 months after proposal.  Compliance would be required three years after the final MCL is set, or five years if capital improvements are required.  Alternatively, USEPA could decide to regulate MTBE separately from the DWCCL process.  If new data indicate that MTBE poses an urgent threat to public health, USEPA could regulate MTBE at any time by setting an interim MCL.

MTBE is included on List 1 of the Unregulated Contaminants Monitoring Rule (UCMR) to gather needed occurrence data.  Approximately 2,800 large water systems and a representative sample of 800 small systems (selected at random from each state) must monitor for MTBE and report the results to USEPA.  From 2001 to 2003, large surface-water systems will monitor quarterly during a one-year period, and large groundwater systems will monitor twice  (5 to 7 months apart) in a one-year period.  USEPA is paying for the testing costs for the 800 small systems.  (USEPA 2001)  In August 2002, USEPA began releasing UCMR results in the form of MS Excel PivotTables, and very few detections of MTBE have been reported.   However, until all of the UCMR data are collected and analyzed, which probably will not be completed until mid-2004, data interpretations could be misleading.

In order to detect MTBE in water, samples should be taken and analyzed using gas chromatography following USEPA method 524.2.  This test can cost approximately $185 per sample at a certified laboratory. (Evergreen 2002)
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