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The U.S. Geological Survey (USGS), in cooperation with several other agencies and organizations, has determined a number of findings concerning methyl tert-butyl ether (MTBE) in ambient ground water, drinking-water sources (ground water, reservoirs, rivers, etc.), and drinking water. These findings concern the frequency of detection and concentrations of MTBE in water, and the correlation of MTBE detection in water to its content in gasoline.  The findings are either well established or presently being confirmed at the national level.

Large water-quality data sets for MTBE and other volatile organic compounds (VOCs) for three studies (figure 1) are the basis for the key findings. All three of these studies are currently in progress; therefore, some of the findings noted herein may be updated as more information becomes available. The three studies are listed and described below.

1. The USGS National Water-Quality Assessment (NAWQA) Program is designed as a resource assessment.  Most of NAWQA’s VOC sampling, including analyses for MTBE, other ether oxygenates, and other VOCs, is focused on ambient ground  water. This monitoring uses a number of well types and does not include known contaminated ground water. For example, ground water at leaking underground storage tank (LUST) sites is not sampled. Between 1993 and 1998, NAWQA staff sampled about 3,500 wells for VOCs throughout the United States. Urban streams also are being sampled for VOCs as a pilot effort.

2. 
The National MTBE Survey is being conducted for the American Water Works Association Research Foundation by a team consisting of staff from the Metropolitan Water District of Southern California, the Oregon Graduate Institute, and the USGS. The study, in part, involves sampling 1,000 randomly selected source waters (ground water at the well head, reservoirs at the withdrawal point, and rivers at the withdrawal point) used as the supply for Community Water Systems (CWSs) in the United States and its territories. Preliminary results from the National MTBE Survey currently are available for 400 sources. Final results for all 1,000 systems will be available in December 2000, at which time preparation of a report on the findings of the study will be initiated. 

3. 
The 12-State Retrospective is a compilation of MTBE and other VOC data for drinking water from a random sample of 20 percent of the CWSs in Northeast and Mid-Atlantic States. This compilation is being performed by the USGS for USEPA’s Office of Ground Water and Drinking Water. The compiled data are from compliance monitoring programs conducted within each State.  Most of the samples were collected between 1994 and 1998. Results of analyses for MTBE are available for 10 of the 12 States. An occurrence report resulting from this compilation should be available in December 2000. 

There are seven key findings resulting from these three studies. These are listed and described below.

Finding #1: MTBE is one of the most frequently detected VOCs in ambient ground water and urban streams. 

Findings from the NAWQA Program for about 3,500 wells sampled between 1993 and 1998 indicate that MTBE is the second most frequently detected (7.8 percent) VOC at a reporting level of 0.2 micrograms per liter ((g/L) (figure 2). Chloroform had the highest frequency of detection (11 percent). The detection frequency of 7.8 percent for MTBE represents a mixture of well types, well depths, land use, and MTBE-use areas. A 1996 USGS study showed that MTBE is detected most frequently in shallow urban ground water. MTBE was found to be the most frequently detected VOC (23 percent) in urban streams at a reporting level of 0.2 (g/L, on the basis of about 780 samples collected in 14 urban areas. 

Finding #2: The concentrations of MTBE detected in ambient ground water, source water, and drinking water typically have been below USEPA’s consumer advisory (20-40 (g/L). 

Preliminary data from the National MTBE Survey of source water for CWSs indicate a frequency of detection of 11 percent at a reporting level of 0.2 (g/L; however, less than 1 percent of these sources (2 of 398) had MTBE detections greater than 5 (g/L (California’s taste and odor secondary standard), and none exceeded 20 (g/L (the lower limit of USEPA’s consumer advisory) (figure 3). The sources in this survey are all active sources sampled prior to any treatment. The survey does not include sources that have been removed from service because of excessive MTBE levels. Most of the water sources sampled in this survey have not been tested previously for MTBE.  

Finding #3: Some CWSs have had excessive MTBE concentrations in drinking water.

Results from the 12-State Retrospective indicate that about 2 percent of CWSs had samples of water with MTBE concentrations equal to or greater than 5 (g/L. This detection frequency, for drinking water, is slightly higher than the frequency of detection for source water from the National MTBE Survey. Although frequencies of detection indicated in both studies are small, the number of systems potentially affected is significant. On the basis of data from the randomly selected CWSs in 10 Northeast and Mid-Atlantic States, it is projected that 180 CWSs within those states potentially could have a source water with an MTBE concentration at or above 5 (g/L, and that 80 CWSs could have a source water with an MTBE concentration at or above 20 (g/L (figure 4). These results and projections illustrate the need for routine monitoring of CWSs to ensure that public exposure does not occur at excessive levels.

Finding #4: The frequency of detecting MTBE is dependent on the content (percent by volume, v/v) of MTBE in gasoline.

In testimony to USEPA’s Blue Ribbon Panel (1999), USGS scientists noted that MTBE is more frequently detected in ambient ground water (NAWQA Program) and drinking water (12-State Retrospective) in areas of the United States where MTBE is present in reformulated (RFG) (10-11 percent v/v) and oxygenated (OXY) (15 percent v/v) gasoline.  For example, MTBE was found in drinking water from 15 percent of CWSs in RFG-use areas using MTBE and 3 percent elsewhere in the 10 Northeast and Mid-Atlantic States that have MTBE analyses. Results from the NAWQA Program show that the 
detection frequency of MTBE in water correlates with the amount of MTBE in gasoline. An analysis of MTBE data in ground water for 21 metropolitan areas across the United States (each with 25-30 wells sampled) indicates an increasing frequency of detection of MTBE with increasing MTBE content in gasoline (figure 5). A similar analysis of surface-water samples for 9 metropolitan areas also shows an increasing trend.

Finding #5: In drinking water, MTBE co-occurrence is with other VOCs and not typically with gasoline compounds such as benzene, toluene, ethylbenzene, and xylenes (BTEX).

Analysis of drinking-water data from the 12-State Retrospective indicates that most of the co-occurring compounds are chlorinated solvents, such as perchloroethene (PCE) and trichloroethene (TCE), and trihalomethanes (particularly chloroform) (figure 6). Less than 1 percent of the CWSs that had MTBE levels in drinking water at or above 1 (g/L also had BTEX present in the samples. 
These data indicate that the extent of gasoline contamination of drinking water may have increased with the addition of MTBE to gasoline.

Finding #6: MTBE has been used in large amounts in gasoline in some areas of the United States that currently are not high MTBE-use areas.

USEPA has noted that 85 percent of MTBE use during 1999 was in RFG-use areas. This suggests that gasoline used outside of RFG-use areas would have little or no MTBE. Data from a recent survey of MTBE (percent volume) in gasoline by the National Institute for Petroleum and Energy Research (NIPER) support this conclusion. Data compiled for metropolitan areas for the Winter of 1997-98 show that a few cities use gasoline with MTBE content at or above 10 percent (RFG-use areas), but the majority of the other cities use gasoline with MTBE content at or below 1 percent (figure 7). A different perspective is evident from a review of gasoline composition data for the 1990s. Analysis of NIPER data for the period 1990-98 shows that a number of cities outside of RFG-use areas historically have used MTBE in gasoline at substantially higher levels than they currently do. Therefore, the detection of MTBE in ground water in these areas should not be surprising, considering MTBE’s persistence in ground water and the large number of LUST releases across the United States.
Finding #7: MTBE is detected in ambient ground water and in source waters in non-RFG/OXY-use areas.

MTBE is being detected in ambient ground water (NAWQA Program) and in source waters (National MTBE Survey) outside of former or current RFG- and OXY-use areas, where most use of MTBE is assumed to have occurred (figure 8). MTBE is (was) presumably being used for octane enhancement in these areas. Results of the NAWQA Program indicate that 73 percent of MTBE detections (140 wells) were located in former or current RFG- and OXY-use areas; however, the other 27 percent of MTBE detections (53 wells) were located in non-RFG/OXY-use areas.
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Figure 1.  Basis of key findings.
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Figure 2.  VOC detection frequency in ambient ground water from the NAWQA program, 1993-98.
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Figure 3.  Frequency of MTBE concentrations in National MTBE Survey.
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Figure 4.  Frequency of MTBE concentrations in 1,190 community water systems in 10 states.
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Figure 5.  MTBE in urban ground water from the NAWQA Program, 1993-98.
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Figure 6.  VOCs co-occurring with MTBE from the 12-State Retrospective.
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Figure 7.  Content of MTBE in gasoline, Winter 1997-98.
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Figure 8.  MTBE detections in ambient ground water (NAWQA Program) and in source waters (National MTBE Survey).
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VOC Detection in Ambient Ground Water 
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Key Point #1: MTBE is one of the most frequently detected VOCs in ambient groundwater and urban streams.

		The detection frequency was calculated from the total number of wells including agr, urban, sub-unit surveys (deeper GW/mixed land use).  We usually have 1 sample per well.





Compound             Number of wells

Chloroform                        3135

MTBE                               3499              Note:  We have sampled ~3,500 wells

Tetrachloroethene              3252                          to date and we will have data for

Trichloroethene                  3582                          1,000 – 1,200 more wells in 

cis-1,2-Dichloroethene       3633                          1-2 years.

Toluene                               3324

Benzene                               3529

1,1,1-Trichloroethane          3497

Dichlorodifluoromethane    3536

Methylene chloride              3212



2. The 7.8% detection frequency is for all of NAWQA’s wells and represents a mix of well types, land use (urban, agr, etc.), and MTBE use.  USGS has reported previously (in 1996) that MTBE is found most frequently in shallow-urban ground water:



	urban = 27%

	deeper GW from major aquifers = 1.3%



In recent testimony to USEPA’s MTBE Blue Ribbon Panel (BRP)  in 1999, USGS noted that the detection frequency in MTBE-RfG areas was about 20%.



Note:  RfG, reformulated gasoline.  RfG areas almost exclusively use MTBE at 10-11% by volume (v/v) year round to abate ozone non-attainment.
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Key Point #3:  Some Community Water Systems have had excessive MTBE levels.



		This figure was developed from a 20% random sample of CWSs in New England and Mid-Atlantic States as part of the 12 State Retrospective.  The data set was developed by the USGS for the USEPA.  The data are for drinking-water samples that were reported by CWSs to their state drinking-water agency.  Most of the samples were collected in 1994 – 98.



		As shown in the figure about 7% of the CWSs show MTBE at or above 1 ug/L.  At higher assessment levels the frequency of detection drops.  About 1% of the 1,190 random CWSs had MTBE above the lower limit (20 ug/L) of USEPA’s consumer advisory (T&O etc.).  The number above each bar are the total number of projected CWSs that have MTBE (for ~8,000 CWS in 10 states).  For example, it is estimated that 80 CWSs in the 10 States have had MTBE levels above USEPA’s advisory.  Again, these are drinking-water analyses!



		The main point of Key Point #3 is that some CWSs have had > 20 ug/L in their drinking water.  This points out the need for mandatory monitoring of CWSs to assure that public exposure does not occur at excessive levels.  (Apparently the chemistry of some waters is such that people can’t detect MTBE and did not complain or maybe the CWSs decided to pass on to its customers water with high MTBE levels since USEPA’s advisory is not mandatory.  They could only do the latter if people did not complain about the T&O).
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Key point #5:  MTBE co-occurrence in drinking water is with other VOCs and not typically with BTEX.



		A key point from NAWQA monitoring and the 12 State Retrospective (drinking water) is that MTBE does not occur often with BTEX.  This figure illustrates this point for drinking water and is from the 12 State Retrospective.  Most of the co-occurring compounds are chlorinated solvents (PCE, TCE, etc.) and trihalomethanes (chloroform especially).  Only 0.3% of the CWSs that had MTBE levels > 1 ug/L had BTEX.



		These data suggest that gasoline contamination of drinking water has gotten worse with MTBE gasoline. We now have MTBE-only contaminated GW and BTEX-only contaminated GW.  The sum of the two is larger than BTEX-contaminated drinking water only!
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Content of MTBE in Gasoline Winter 97-98

(Source:  NIPER Survey, % by volume) 
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Key Point #6:  Today there is little use of MTBE outside RfG/OXY gasoline areas BUT MTBE has been used elsewhere in the past in large amounts (% by volume) in gasoline.

Note:  Colored areas are metropolitan statistical areas (MSAs) or consolidated metropolitan statistical areas (CMSAs).

		USEPA recently noted that 85% of MTBE use in 1999 was in RfG-gasoline areas of the Nation.  This suggests that gasoline outside of MTBE-RfG areas would have little or no MTBE.  And this is in general reflected in the most recent NIPER gasoline surveys, that are done in select cities.

		This figure is from the winter 97-98 NIPER Survey of gasoline composition for 67 select cities.  This survey shows a dichotomous distribution, with many low values and many high values. The zero or low values include the formally high use cities of Albuquerque, Denver, and Phoenix. The high values  (>9%) are the RFG areas. Only one city (Charleston, WV) has a median in the range 1-9%.





        MAX 90-98  AVE 90-98  W90-91  W97-98



0               8                 8             7           32

0 - 1        24                53           19           20

1 - 5        28                14           18            1

5 - 10       9                 14            1             4

> 10        26                2              4            10

Total:      95                91           49            67
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Key point #4:  The frequency of detecting MTBE is dependent on the content (percent by volume v/v) of MTBE in gasoline.

		In testimony to USEPA’s BRP (1999) USGS noted that MTBE is more frequently detected in ambient ground water (NAWQA) and drinking water (12 State Retrospective) in areas of the US where MTBE is used in RfG (10-11% v/v) and OXY gasoline (15% v/v).  For example, MTBE was found in 15% of drinking-water samples in MTBE-RfG areas and 3% elsewhere in 10 New England and Mid-Atlantic States that have MTBE analyses.





		Not only is there a significant difference in the detection frequencies where MTBE is used at higher levels in gasoline but we are also finding in NAWQA studies  that the detection frequency is directly related to the amount of MTBE in gasoline.  The LOWESS line indicates that increasing frequency of detection of MTBE in ground water in 21 metropolitan areas is related to increasing MTBE content in gasoline.  In each MSA, 25-30 wells were sampled.  Although the variability in MTBE frequency of detection seems to increase as MTBE content in gasoline increases, the general trend is clear.





Several outliers are present at the right side of the graph:



Denver, CO – shallow, vulnerable aquifer, high MTBE use, used MTBE for 3-4 seasons prior to USGS study, median well depth = 26.5 ft



Reno, NV & Las Vegas, NV –hydrology not well understood, probably low recharge, median well depth = 28 ft
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Key Point #2:  Except for some CWS wells and domestic wells near point-source gasoline release sites, the concentrations of MTBE detected in ambient ground water, source water, and drinking water have typically been below USEPA’s consumer advisory (20-40 ug/L).



		These data (about 400 samples) are from the National MTBE Survey of MTBE in source waters (prior to treatment, if any).  These are all active sources of drinking water for CWSs.

		To date MTBE has been detected in 45 CWS source waters or in about 11% of the CWSs sampled.  Most importantly the concentrations have mostly been below 5 ug/L (California’s taste and odor secondary standard).

		Most of the CWSs sampled in this study have not tested for MTBE before.  





The survey does not know how many source(s) have been taken off line due to excessive MTBE levels.  Cases like Santa Monica, etc. are not included in the survey since highly contaminated wells are typically  removed from service.

The data are preliminary but it would appear that the detection frequency of MTBE in source waters (~11%) will be a little higher than NAWQA’s ambient GW monitoring (7.8%).
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Basis of Key Findings

Study/Program	Study Focus	Sampling Focus

NAWQA	Water Resource	Monitoring wells

(USGS)	(GW+SW)	Domestic wells

		CWS wells
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National MTBE	CWS Source Water	Wells

Survey		Reservoirs

(MWDSC-USGS-OGI)	River intakes



12 State	CWS Drinking Water	Finished water

Retrospective		Distribution water

(USGS - USEPA)



		There are 3 large water-quality data sets for MTBE that are regional or national in scope.  These data sets are the basis for the key findings of this presentation.  All three of these studies/programs are still in progress, so the findings noted herein will be updated as more information becomes available.



		The USGS’s NAWQA Program is designed as a resource assessment and as such a number of well types are used.  Most of NAWQA’s VOC sampling, including MTBE, other ether oxygenates, and other VOCs is focused on ambient ground water (GW). This monitoring does not include contaminated GW at LUST sites.  Between 1993-98 NAWQA staff sampled 3,500 wells for VOCs.  We are also collecting VOC data at several urban streams as a pilot effort.



		The National MTBE Survey is being conducted for the American Water Works Association Research Foundation (AWWARF) by a team consisting of staff from the Metropolitan Water District of Southern California (MWDSC), the Oregon Graduate Institute (OGI), and the USGS.  The project will sample 1,000 randomly selected source waters (ground water at well head, reservoirs at withdrawal point, and rivers at the withdrawal point) used as the supply for Community Water Systems (CWS).  CWSs serve > 25 people year round, etc. and is one of USEPA’s categories of “public-drinking water”.  Results are available for 400 sources today and the rest will be available in fall 2000, at which time a report on the studies findings will be started.



		The 12 State Retrospective is a compilation of MTBE and other VOC data for drinking water of CWSs in New England and Mid-Atlantic States.  These data are from compliance monitoring reported in each state.  10 States also have MTBE analyses.  USGS has compiled these data for USEPA’s Office of Ground Water and Drinking Water and an occurrence report should be available in Fall 2000.











(NAWQA Program, 1993-98, 0.2 g/L)

VOC Detection in Ambient Ground Water 

PROVISIONAL--Information included is preliminary and subject to revision



Compound

Percent Detection

Chloroform
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3.9
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Key Point #1: MTBE is one of the most frequently detected VOCs in ambient groundwater and urban streams.

		The detection frequency was calculated from the total number of wells including agr, urban, sub-unit surveys (deeper GW/mixed land use).  We usually have 1 sample per well.





Compound             Number of wells

Chloroform                        3135

MTBE                               3499              Note:  We have sampled ~3,500 wells

Tetrachloroethene              3252                          to date and we will have data for

Trichloroethene                  3582                          1,000 – 1,200 more wells in 

cis-1,2-Dichloroethene       3633                          1-2 years.

Toluene                               3324

Benzene                               3529

1,1,1-Trichloroethane          3497

Dichlorodifluoromethane    3536

Methylene chloride              3212



2. The 7.8% detection frequency is for all of NAWQA’s wells and represents a mix of well types, land use (urban, agr, etc.), and MTBE use.  USGS has reported previously (in 1996) that MTBE is found most frequently in shallow-urban ground water:



	urban = 27%

	deeper GW from major aquifers = 1.3%



In recent testimony to USEPA’s MTBE Blue Ribbon Panel (BRP)  in 1999, USGS noted that the detection frequency in MTBE-RfG areas was about 20%.



Note:  RfG, reformulated gasoline.  RfG areas almost exclusively use MTBE at 10-11% by volume (v/v) year round to abate ozone non-attainment.









VOC Detection in Urban Streams

(NAWQA Program, 1996-98, 0.2 mg/L)







Compound

Percent Detection

MTBE

23.2

Toluene

10.1

Chloroform

8.6

Xylenes (total)

5.8

Tetrachloroethene (PCE)

4.3

Trichloromethane (TCE)

3.5

Bromodichloromethane

4.2

cis-1,2-Dichloroethene

3.0

Chlorodibromomethane

2.9



PROVISIONAL--Information included is preliminary and subject to revision

Methylene chloride

2.9





		Frequently detected VOCs in urban streams include MTBE (23.2% of samples), toluene (10.1%), chloroform (8.6%), xylenes, total (5.8%), tetrachloroethene (4.3%), bromodichloromethane (4.2%), trichloroethene (3.5%), cis-1,2-dichloroethane (3.0%), chlorodibromomethane (2.9%), and methylene chloride (2.9%). 



		These results are based on about 780 samples collected in 14 urban areas.  Only 3 of the urban areas use MTBE in RfG or oxy gasoline.  The detection frequency of MTBE in these high use areas is near 100%.



		The source of these VOCs is uncertain.  We know that the sites are carefully selected (1) to avoid major point-source discharges and (2) to have continual natural streamflow.  Possible sources include: (1) contaminated GW inflow; (2) partitioning from the atmosphere; (3) other non-point sources; and (4) small effluent discharges.



		Censored to a common assessment level of 0.2 ug/L












