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Introduction 

With the increase in the volume of MTBE added to gasoline over the past decade, environmental 
scientists and engineers have become compelled to re-evaluate the use of conventional 
remediation and treatment technologies for the removal of MTBE, its byproducts and other 
hydrocarbons from soil and groundwater at gasoline-impacted sites. This short memorandum is 
intended to provide an overview of the current state of knowledge regarding MTBE treatment 
and remediation technologies. 

 

Environmental Fate and Transport of MTBE 

The starting point for evaluating an MTBE remediation strategy is to develop an understanding 
of the fate and transport of MTBE relative to other petroleum hydrocarbons following accidental 
gasoline releases. The fate and transport of MTBE in subsurface environments relative to BTEX 
compounds can be reasonably estimated by comparing MTBE’s chemical, physical and biological 
properties to those of BTEX compounds. Based on a review of MTBE’s properties relative to 
BTEX compounds, the following inferences can be made regarding the relative ease of MTBE 
remediation: 
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MTBE has a much higher vapor pressure than BTEX compounds suggesting that vapor 
extraction technologies will be effective for removing MTBE from dry soils relative to BTEX 
compounds. 

� 

� 

� 

� 

MTBE’s low sorption potential suggests that ex situ adsorption technologies (granular activated 
carbon, resins) are likely less efficient for removing MTBE from water relative to BTEX 
compounds. 

MTBE has a lower Henry’s Constant than BTEX compounds suggesting that air stripping is 
likely to require a greater air to water ratio to achieve MTBE removal efficiencies similar to 
those for BTEX.   

MTBE is more difficult to biodegrade than BTEX compounds due to the high energy required 
by microorganisms to cleave the ether bond (White et al., 1996), and the resistance of the 
branched carbon structure to microbial attack. 

 

MTBE Treatment and Remediation Technologies 

A review of the literature revealed that a number of in situ and ex situ technologies can be used 
to effectively remediate MTBE-impacted sites including “pump-and-treat” or groundwater 
extraction with above ground treatment, soil vapor extraction, multi-phase extraction, in situ air 
sparging, in situ bioremediation, in situ chemical oxidation and natural attenuation. Most of these 
technologies have been shown to be successful in partially or fully remediating MTBE-impacted 
sites. In addition, several non-conventional technologies have shown promise of success for 
MTBE removal from contaminated environments. A very brief overview of conventional and 
emerging technologies is presented below. 

Pump-and-Treat 

Based on the information evaluated, pump-and-treat is successful in removing MTBE from 
groundwater. The enhanced solubility of MTBE relative to BTEX indicates that MTBE 
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pumping activity. However, due to the physiochemical properties of MTBE, MTBE plumes 
could extend greater distances than BTEX plumes. As a result, the extent and capacity of 
groundwater pumping systems may need to be expanded for MTBE remediation relative to 
BTEX-only systems. Once contaminated groundwater has been pumped to the surface, 
established water treatment technologies, including air stripping and granular activated carbon, 
are capable of removing MTBE from groundwater to acceptable levels for discharge of the 
treated water (California MTBE Research Partnership, 2000; Creek and Davidson, 1998). 
Several processes including pulsed and adaptive pumping can be used to optimize pump-and-
treat performance (USEPA, 1998). Studies have demonstrated that these pumping techniques 
significantly reduce the time required for site remediation. 

Soil Vapor Extraction (SVE) 

The success of SVE at removing MTBE from gasoline-contaminated soils has been documented 
by a number of studies (California MTBE Research Partnership, 2000). When site 
characteristics are favorable, high vacuum vapor extraction can be effective in removing MTBE 
relative to BTEX compounds in the vadose zone even if contaminants are present as residual or 
free-phase products. The combination of SVE and pump-and-treat, designated as multi-phase 
extraction (MPE), allows for the remediation of both soil and groundwater with higher 
efficiencies than the separate application of each of these technologies. Recent field studies have 
demonstrated the effectiveness of MPE at MTBE-impacted sites (Johnson and Ettinger, 1997). 
As a result, the use of MPE for the removal of MTBE and BTEX from subsurface environments 
has increased in the last several years. 

In Situ Air Sparging (IAS) 

The effectiveness of IAS for the remediation of gasoline-contaminated sites is well established 
(Hinchee, 1994; Johnson, 1998). IAS is promising for MTBE remediation despite the apparent 
slow rate of MTBE biodegradation and its low Henry’s constant. This is because MTBE is 
primarily present in the dissolved-phase at gasoline-contaminated aquifers. Therefore, if the 
hydrogeology of the site is amenable to air sparging, it is likely to be effective for MTBE 
removal. Recent field studies have shown that IAS effectively reduced MTBE concentrations 
over a period of two years at seven sites. 
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In Situ Bioremediation 

Bioremediation involves the use of microorganisms to either destroy or immobilize 
contaminants. In situ bioremediation of soil and groundwater contaminants has achieved a 
measure of success in both field tests and commercial-scale cleanups for gasoline contamination 
(Deeb et al., 2001; Stocking et al., 2001). Laboratory studies indicate that a number of cultures 
from diverse environments can either partially degrade or completely mineralize MTBE. 
Preliminary results from field studies using in situ bioaugmentation and/or oxygen injection at 
Port Hueneme (Salanitro et al., 2000) and at Vandenberg Air Force Base (Mackay et al., 1999) 
suggest that bioremediation has a strong potential for success at MTBE-impacted sites. In situ 
bioremediation strategies could involve direct metabolism, cometabolism, bioaugmentation or 
some combination thereof. 

In Situ Chemical Oxidation 

Chemical oxidation relies on the use of ozone, hydrogen peroxide or other chemical agents to 
either directly react with MTBE, or to form hydroxyl radicals which can then attack MTBE. For 
organic compounds, the effectiveness of in situ oxidation is limited by oxidant delivery in 
complex hydrogeologic conditions, competition from hydroxyl radical scavengers and safety 
issues associated with the transport and application of oxidants. In situ chemical oxidation has 
been used in some cases at MTBE-impacted sites with modest success (USEPA, 1998). More 
studies are needed to identify variables that impact the effectiveness of in situ chemical oxidation 
for MTBE removal.  

Monitored Natural Attenuation 

Natural attenuation encompasses a number of physical, chemical and biological processes that 
reduce, restrict and/or eliminate contaminant migration in subsurface environments (American 
Petroleum Institute, 1992). Natural attenuation as a remediation strategy is likely less effective 
for MTBE removal relative to BTEX compounds due to MTBE’s low retardation factor and slow 
rate of biodegradation, especially under anaerobic conditions. MTBE attenuation rates have been 
shown to be site dependent and can be expected to vary with time and position across a single 
plume. In addition, MTBE bioattenuation rates are in most cases greatly influenced by the 
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gasoline release history at the site. In certain hydrogeologic settings (flat gradients, groundwater 
flow rates less than 0.1 foot per day), natural attenuation may be a feasible alternative for MTBE 
remediation. 

Emerging Technologies 

In addition to the MTBE-demonstrated technologies discussed above, several emerging 
technologies have shown promise for the remediation of sites and treatment of water 
contaminated with MTBE. Furthermore, emerging techniques and process enhancements can be 
implemented together with a demonstrated technology for improved efficiency and/or reduction 
in remediation timeline and costs. Emerging technologies for MTBE removal include ex situ 
technologies such as advanced oxidation processes (AOPs) and synthetic resin sorbents as well 
as in situ technologies such as thermal processes. 

Laboratory scale demonstrations indicate that both AOPs and synthetic resins show promise for 
successful MTBE removal from water (California MTBE Research Partnership, 2000). AOPs 
include O3/H2O2, O3/UV, H2O2/MP-UV, High Energy Electron Beam Irradiation (E-beam), 
TiO2-catalyzed UV, Sonication/Hydrodynamic Cavitation and Fenton’s Reaction. Several field 
evaluations of O3/H2O2 systems indicate that AOPs can achieve MTBE removal rates exceeding 
99%. Some of the research gaps involving the use of AOPs for the treatment of MTBE-
contaminated water include the formation and fate of oxidation byproducts, non-selective radical 
oxidation, radical scavenging and bromate formation. 

Limited field data are available on the effectiveness of resins for MTBE removal. Laboratory 
studies indicate that two synthetic resins are promising candidates for MTBE removal from 
water (California MTBE Research Partnership, 2000). Studies to evaluate the effect of water 
quality parameters on MTBE removal efficiency by resins are ongoing. 

In situ emerging technologies for MTBE removal from subsurface environments include thermal 
processes such as six-phase heating, radio frequency heating and dynamic underground 
stripping. Thermal processes can be used to enhance SVE, MPE and in situ bioremediation. In 
addition, some thermal processes, mainly dynamic underground stripping which involves steam 
injection and vacuum extraction, have been shown to be very successful in achieving nearly 
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complete removal of residual gasoline in the source area of gasoline-contaminated sites 
(Newmark and Aines, 1995; Udell, 1994). This and other in situ thermal technologies have not 
been used yet to remediate MTBE-contaminated aquifers but are expected to be successful, 
especially in removing LNAPL from subsurface environments. 

 

Treatment Costs 

The costs associated with the different remediation strategies at MTBE-impacted sites appear to 
be highly site-specific making generalizations on unit costs difficult. Several factors greatly 
influence remediation costs including the presence of other contaminants, range of hydrocarbon 
concentrations, location of contaminants of concern, hydrogeological parameters at the site, size 
of the impacted area and target cleanup concentrations. 

 

Conclusions 

Demonstrated remediation and treatment technologies are available that can remove MTBE from 
soil and groundwater to regulatory limits, assuming that these limits are technically practicable in 
the given geological setting. These technologies include air sparging, pump-and-treat, multi-
phase extraction and soil vapor extraction, most of which have been widely applied at gasoline-
contaminated sites prior to the widespread use of MTBE in gasoline. Whether these technologies 
can meet regulatory or risk-based cleanup levels is a highly site-specific issue. Conventional 
technologies appear to be reasonably effective at removing MTBE from soil and groundwater 
relative to BTEX removal from environmental media. The successful removal of NAPL sources 
does not appear to be impacted by the presence of MTBE. In addition to traditionally used 
technologies at gasoline-contaminated sites, emerging technologies or modifications to existing 
technologies can greatly reduce the life cycle remediation costs at MTBE-impacted sites. 

Changes in remediation costs for MTBE/BTEX relative to BTEX-only contaminated sites can be 
estimated by first taking into consideration contaminant plume sizes. The presence of MTBE in 
groundwater could increase site characterization costs should MTBE migrate substantial 
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distances beyond the BTEX constituents in gasoline-contaminated groundwater. MTBE could 
follow preferential pathways and is more likely to migrate vertically than BTEX compounds 
when vertical gradients caused by pumping or recharge exist. 

Costs of MTBE remediation and treatment could potentially increase due to other factors. First, 
MTBE does not appear to undergo rapid natural biodegradation although plume study results and 
some detailed research investigations (Salanitro et al., 2000; Mackay et al., 1999) indicate that 
MTBE, in the absence of BTEX compounds, can be biodegraded by naturally occurring 
microorganisms. Because intrinsic biodegradation rates have been observed to be low, the 
number of sites where monitored natural attenuation can be used as the sole remedial action may 
be limited. 

In summary, where remediation is required to meet risk-based requirements or regulatory 
mandated cleanups, existing technologies are capable of effectively removing MTBE from soil 
and groundwater. Rapid responses to releases of gasoline containing MTBE are essential to 
minimizing site remediation costs. 
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