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During the last decade, the fuel oxygenate methyl tertiary butyl ether (MTBE) has received widespread attention as a potential threat
to water quality, primarily due to leaking underground gasoline storage tanks and watercraft with two-stroke engines. In this article, we
examine the annual detection frequency, number of new source detections, and concentration of MTBE detected in California’s public
drinking water groundwater and surface water sources from 1995 to 2002. This work builds on our previous evaluations of California’s
water quality monitoring database. However, it is unique in that it includes separate evaluations for groundwater and surface water
sources that are of greatest concern to regulators, and which are likely being used for current public consumption. Our evaluations
also include full-year data for 2002 (which have not been published previously) and an analysis of how the sampling and reported
detections of MTBE vary by geographic location. We find that MTBE was generally detected (at any level) in approximately 0.5-0.9%
and 0.2-0.4% of all groundwater sources assuming a one-detection and two-detection criterion, respectively. The overall detection
frequency for MTBE in surface water sources is significantly higher than for groundwater sources, although these surface water
detections appear to have substantially declined since 1996 (e.g., 7-9% for all surface water sources during 1996 to 1999 and 4% for
all surface water sources during 2000 to 2002, assuming a one-detection criterion). The detection frequency of MTBE concentrations
at or above the state drinking water standards in all drinking water sources (both groundwater and surface water sources) and the
subset of drinking water sources that are likely to currently be delivered to consumers is markedly lower (and often zero). Despite
the significant increase in water sampling over time, the number of new drinking water sources found to contain MTBE in California
has not increased at the same rate and appears to have remained relatively stable or to have decreased since 1998. The data also show
that nearly all of the 58 counties in California have routinely sampled at least some of their groundwater and surface water sources
for MTBE over the last 8 years. Geographical evaluations show that MTBE has been detected (at least once) in groundwater sources
in 34 counties and in surface water sources in 18 counties but has only been detected routinely (i.e., for 3 or more years) in 16 and
7 counties, respectively. Detected concentrations of MTBE are also generally below state drinking water standards, particularly for
surface water sources. In short: (1) MTBE is rarely found in California groundwater or surface water sources that are of greatest concern
to regulators or the public, and (2) drinking water detections of MTBE are expected to decline in the future due to the pending phase-out
of MTBE and recent regulatory programs aimed at controlling gasoline releases from underground storage tanks and two-stroke-engine

watercraft.
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Introduction

Over the last decade, the fuel oxygenate methyl tertiary butyl
ether (MTBE) has received widespread attention as a potential
threat to water quality in the United States. The use of MTBE
as a fuel additive was originally intended to improve air qual-
ity under the 1990 Clean Air Act Amendments, but detections
of MTBE in some drinking water sources have raised concerns
about the continued use of this oxygenate in gasoline (NSTC,
1997; UC, 1998; NESCAUM, 1999; U.S. EPA, 1999). On a na-
tional basis, MTBE has been cited as one of the most frequently
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detected volatile organic compounds (VOCs) in untreated am-
bient groundwater or drinking water, and there are claims that
this chemical may pose a significant long-term threat to drink-
ing water supplies (Happel et al., 1998; Squillace et al., 1999;
Johnson et al., 2000; Grady and Casey, 2001). In California,
some drinking water sources have been closed due to the pres-
ence or possible threat of MTBE ( U.S. EPA, 2000; Jones, 2002;
Perkins, 2002), and these findings, in conjunction with recom-
mendations from a University of California report (UC, 1998),
have resulted in the Governor of California issuing a statewide
ban on the use of MTBE in gasoline to be effective by the end
0f2002 (later extended to the end 0f 2003) (CARB, 1999, 2002;
Davis, 1999).

Studies suggest that the primary source of MTBE drink-
ing water contamination in groundwater is leaking underground
gasoline storage tanks (e.g., liquid and possible vapor releases)
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(Happel etal., 1998; Davidson and Creek, 1999; Malcolm Pirnie,
Inc., 1999; White, 1999; Johnson et al., 2000; Stephenson, 2002)
and in surface water is watercraft with two-stroke engines, which
release unburned gasoline directly into the environment (TRPA,
1999; Dale et al., 2000; CARB, 2001; USGS, 2001). Several
reports also suggest that recently instituted regulatory programs
should help to control these sources of gasoline releases, which
will ultimately lead to decreased contamination of groundwater
and surface water by MTBE (Malcolm Pirnie, Inc., 2001; White,
2001; Exponent and AES, 2002). For example, the U.S. Environ-
mental Protection Agency initiated a 10-year program in 1988 to
upgrade, replace, or close selected underground storage tanks,
which is expected to greatly minimize the frequency of gasoline
leaks over time (U.S. EPA, 1988). Indeed, as part of the federal
underground tank program, about 1.5 million unsafe tanks have
been closed and 270,000 leaks have been cleaned up (Horinko,
2002). Approximately 89% of all regulated tanks in the U.S. are
also estimated to have received federally required equipment up-
grades by the end of 2000 (GAO, 2001) and about 8 in 10 tanks
are now believed to be in compliance with federal regulations
(Horinko, 2002). A similar compliance program was initiated in
Californiain 1998, and as of June 2002 over 95% of underground
storage tanks in the state were found to be in compliance with
the 1998 system standards (Exponent and AES, 2002). In regard
to surface waters, the State of California has adopted new ma-
rine engine standards for outboard engines, personal watercrafts,
and jet boats (CARB, 2001), and some regional water quality
boards have initiated resolutions to ban two-stroke engines from
selected water bodies (TRPA, 1999). These initiatives are ex-
pected to result in fewer surface water detections of MTBE.

Despite the anticipated progress of these programs, there re-
mains some concern that MTBE has had or will have a significant
impact on public drinking water sources served by groundwa-
ter or surface water in California and elsewhere. Groundwater
aquifers or wells in particular are often touted as the primary wa-
ter type that will be most affected by MTBE, although approx-
imately 60—70% of California’s drinking water is derived from
surface water sources. To date, however, there has been little
attempt to characterize the overall extent of MTBE drinking wa-
ter contamination (specifically for groundwater versus surface
water sources) or to evaluate how MTBE groundwater and sur-
face water detections have changed over time or by geographic
region. Such analyses would likely be useful for determining the
relative contribution of the primary sources of MTBE drinking
water detections (e.g., underground storage tanks versus water-
craft with two-stroke engines) and for tracking the success of
regulatory programs aimed at reducing MTBE groundwater and
surface water detections.

To examine these issues further, we evaluated the annual de-
tection frequency, number of new source detections, and de-
tected concentration of MTBE in California’s groundwater and
surface water sources of public drinking water from 1995 to
2002. Although this work builds on some of our previous evalu-
ations of California’s water quality monitoring database in which
we characterized drinking water detections and potential expo-

sures and health risks from MTBE and other VOCs in public
drinking water sources (Williams, 2001; Williams et al., 2000,
2002), it presents new data as well as results from a number of
unique (and not previously published) analyses:

1. This article includes California water sampling data for full-
year 2002.

2. The article’s focus is on MTBE detections specifically in
groundwater versus surface water sources of drinking water
(mostreported MTBE results are based on combined ground-
water and surface water data).

3. Separate evaluations compare MTBE detections at any con-
centration to MTBE detections that are of greatest concern
to regulators and the public (i.e., detections that exceed state
drinking water standards).

4. Separate evaluations compare MTBE detections at all points
of the distribution system (e.g., raw and treated) and in all
drinking water sources (e.g., active and inactive) to MTBE
detections in drinking water that is likely to be used for cur-
rent public consumption.

5. Time-series data on the number of new groundwater or sur-
face water sources found to contain MTBE are presented
(most reported MTBE results do not distinguish between to-
tal versus new source detections).

6. This article characterizes how the sampling and reported de-
tections of MTBE in groundwater and surface water sources
vary geographically in California over time.

All of these analyses provide greater insight into the nature
and extent of MTBE drinking water contamination in California.

Methods

For the current analysis, we obtained the most recent version of
the California Department of Health Services (CDHS) drinking
water monitoring database on MTBE and other contaminants
(CDHS, 2003). The data set for MTBE contains approximately
65,000 groundwater samples and 5,500 surface water samples
collected from April 10, 1995, to December 31, 2002. These
data represent samples collected from approximately 10,400 and
750 distinct groundwater and surface water sources, respectively.
Note that the current analysis focuses on drinking water sources
(each of which can contain multiple samples and can be a part of
a larger drinking water system), because these data are believed
to be the most representative of MTBE drinking water detections
on a statewide or regional basis. Although MTBE sampling data
are not available for all water sources in California, the data
that had been collected as of November 2002 represent drinking
water systems that collectively serve more than 92% of the state’s
population (CDHS, 2002).

Database Management

Although the CDHS (2003) database contains sampling records
for both “detect” and “nondetect” MTBE samples, there are
a number of errors and inconsistencies in the coding of these



samples that requires additional quality control (QC) measures
prior to their use. Consequently, the CDHS (2003) MTBE sam-
pling data were recoded in the same manner as in our previous
evaluations (Williams, 2001; Williams et al., 2002) when con-
fronted with uncertainty about “detect” or “nondetect” MTBE
samples. Specifically, MTBE samples were coded as nonde-
tects if: (1) the XMOD field contained a “<” sign, (2) the
XMOD field was blank or 0 and the FINDING field was blank
or 0, or (3) the XMOD field contained a “—” sign and the
FINDING field contained a value of 0.5 ppb or 5 ppb (which is
assumed to be the analytical limit of detection).! MTBE sam-
ples were coded as detects if the XMOD field was either blank
or 0 and the FINDING field contained a positive value. All of
these methods for coding data were based on prior analyses
and discussions with the CDHS database manager (Williams,
2001).

For the purposes of the current analysis, we relied only on
sampling data for drinking water sources classified as ground-
water (G) or surface water (S) in the WATER_TYPE field. Mixed
(M) drinking water sources, which are composed of both ground-
water and surface water sources, were not included because the
focus of this analysis was specifically on groundwater versus sur-
face water. False positive (FP) samples and groundwater sources
never used for public consumption (i.e., monitoring and agri-
cultural/irrigation wells) were also excluded from the analysis.
Based on these criteria, 72 drinking water sources that were sam-
pled for MTBE from 1995 through 2002 were excluded from
further evaluation (see Table 1).

Of the remaining 10,359 groundwater and 749 surface water
sources, more than half represent “active raw drinking water.”
According to the State of California, “raw drinking water” is
unfinished water that must first be treated before it is deliv-
ered to consumers (this differs from untreated drinking water,
which already meets state drinking water requirements and does
not require any treatment before human consumption). Most
of the other drinking water sources included in the evaluation
are currently classified as “active treated” or “active untreated.”
Drinking water that is rarely or only periodically in use includes
sources currently classified as “inactive” (i.e., not in service for
periods of one year or greater) or “on standby” (i.e., used less
than 15 calendar days per year), while drinking water that has
been classified as “abandoned” or “destroyed” is no longer used
for public consumption. Approximately 10% or less of the drink-
ing water sources included in the current evaluation are classi-
fied according to one of these latter categories. It is important
to recognize that the status of a drinking water source can vary
over time (e.g., an active source becomes inactive or on standby)

'In the CDHS (2003) database, the XMOD field corresponds to a
finding of “detect” or “nondetect,” which is represented graphically by
a““<” symbol (the symbol is supposed to represent a nondetect sample).
The FINDING field depicts the actual concentration of MTBE that is
measured in a detect sample or depicts the analytical limit of detection
(LOD) of the nondetect sample. Of the approximate 70,000 samples,
only 12% have a reported LOD, with the most frequently reported LODs
being 0.5 ng/L, 3 ng/L, and 5 png/L.
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Table 1. Number of drinking water sources sampled for MTBE in
California by water type from 1995 to 2002

Number of sources sampled
Groundwater Surface water  Total

Included in current analysis

Active—treated or untreated 3,663 235 3,898

Active—raw“ 5,327 476 5,803

Inactive’ 696 26 722

Standby” 388 9 397

Abandoned 143 2 145

Destroyed 142 1 143
Total included 10,359 749 11,108
Excluded from current analysis

Mixed water NA NA 22

Monitoring wells 15 NA 15

Agricultural/irrigation wells 30 5 35
Total excluded 45 5 72

“Includes sources classified as active, combined or distribution.
Includes sources classified as raw, treated and untreated.

and the CDHS (2003) database only provides the current status
classification for each drinking water source (Table 1).

Data Evaluation

Several different approaches were used to evaluate the ground-
water and surface water source data based on a set of predeter-
mined criteria. These are described briefly below.

One-Detection versus Two-Detection

All evaluations were conducted using either a “one-detection”
or a “two-detection” criterion. The one-detection criterion as-
sumes that a drinking water source contains MTBE if it is de-
tected only once in given year or time period. The two-detection
criterion assumes that a drinking water source contains MTBE
if it is detected at least twice in the same year or time period.
Our previous estimates of the detection frequency for MTBE
were based only on a one-detection criterion, although the State
of California and some other researchers have historically relied
on a two-detection criterion (Malcolm Pirnie, Inc., 2001; CDHS,
2002). It should be noted that a single detection of MTBE at a
very low concentration may represent a false positive result or
transient impact on a drinking water source, whereas the double
detection of MTBE in a drinking water source would provide
more confirmatory evidence of water contamination.

Any Concentration versus Concentration Greater
than State Standards

Some evaluations were based on all drinking water sources
that were found to contain MTBE regardless of the detected con-
centration in water, while other evaluations were based only on
those drinking water sources with detectable levels of MTBE at
or above California’s primary or secondary maximum contam-
inant level (MCL) of 13 ug/L and 5 ug/L, respectively. Prior
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evaluations of the MTBE water quality monitoring database
in California have tended to focus on MTBE drinking wa-
ter detections at any concentration. Evaluations based on the
13 png/L and 5 pg/L cutoff criteria, however, represent drink-
ing water conditions of greatest concern to regulators (and ul-
timately consumers) in California because they are based on
health-risk and aesthetic (i.e., taste and odor) considerations,
respectively.

All Drinking Water versus Drinking Water Likely
to Reach Consumers

Some evaluations were based on all drinking water sources
regardless of their current status, while other evaluations were
based only on those drinking water sources that are likely to
be used for current public consumption. Specifically, the first
data set includes both currently active and inactive drinking wa-
ter sources that are raw, treated, or untreated, as well as those
sources that have been abandoned and destroyed (all possible
drinking water sources). The second data set excludes all drink-
ing water sources for which the water is not actually delivered to
consumers (i.e., raw water) or is no longer or only rarely in use
(i.e., sources that are inactive, on standby, abandoned, and de-
stroyed). None of the prior estimates of the detection frequency
for MTBE appear to have excluded data for drinking water that is
currently unlikely to reach consumers. The primary rationale for
excluding these data is to develop a data set that is more represen-
tative of current exposures to MTBE in contaminated drinking
water.

Results

Detection Frequency in Drinking Water

To calculate the detection frequency of MTBE in any given year,
it was assumed that a drinking water source was found to contain
MTBE if it met one or more of the above-referenced criteria.
For groundwater sources in California, the overall detection
frequency for MTBE is very low and has not changed much over
time (see Table 2). For example, MTBE was detected at least
once and at any level in approximately 0.5-0.9% of all ground-
water sources during 1996 to 2002. Higher detections of MTBE
were observed in 1995 (about 3%), but this is primarily an artifact
of the sampling methodology in which initial sampling efforts
targeted groundwater sources where a known gasoline release
had occurred. The groundwater detection frequency for MTBE
is about 2-3 times lower if a two-detection criterion is used (gen-
erally ranging from about 0.2% to 0.4%) and is markedly lower
if evaluations are based on drinking water detections at or above
5 ng/L (generally ranging from about 0.1% to 0.2%, assuming a
two-detection criterion). Even fewer detections of MTBE were
found in drinking water at concentrations at or above 13 pg/L or
in the subset of groundwater that is likely to be currently deliv-
ered to consumers. For example, MTBE was detected in only five
drinking water sources served by groundwater at concentrations
at or above 13 pg/L during 2000 to 2002 (assuming a two-
detection criterion) and only one of these sources had detectable
levels of MTBE at or above 13 pg/L for all three years. In short,
MTBE is rarely found in groundwater sources of drinking water
that are of greatest concern to regulators or the public.

Table 2. MTBE detection frequency in California drinking water from 1995 to 2002: Groundwater sources

1995 1996 1997 1998 1999 2000 2001 2002

All sources

Number of sources sampled 129 2,229 2,767 3,727 3,928 3,529 6,625 6,441

Percent detects (%): one-detection criterion 3.1 0.5 0.6 0.7 0.6 0.9 0.6 0.6

Percent detects (%): two-detection criterion 2.3 0.4 0.3 0.4 0.3 0.3 0.3 0.2
All sources with concentrations > 5 pg/L

Number of sources sampled 129 2,229 2,767 3,727 3,928 3,529 6,625 6,441

Percent detects (%): one-detection criterion 2.3 0.3 0.2 0.3 0.2 0.3 0.2 0.2

Percent detects (%): two-detection criterion 2.3 0.2 0.1 0.2 0.1 0.1 0.1 0.1
All sources with concentrations > 13 ug/L

Number of sources sampled 129 2,229 2,767 3,727 3,928 3,529 6,625 6,441

Percent detects (%): one-detection criterion 2.3 0.3 0.1 0.1 0.1 0.2 0.1 0.1

Percent detects (%): two-detection criterion 1.6 0.2 0.1 0.1 0.1 0.1 0.1 0.05
Subset of sources likely to reach consumers*

Number of sources sampled 35 448 516 938 1,044 874 2,172 2,386

Percent detects (%): one-detection criterion 2.9 0 0.6 0.4 0.4 0.7 0.5 0.8

Percent detects (%): two-detection criterion 0 0 0.2 0.2 0 0.1 0.1 0.3
Subset of sources likely to reach consumers and concentrations > 5 pg/L?

Number of sources sampled 35 448 516 938 1,044 874 2,172 2,386

Percent detects (%): one-detection criterion 0 0 0 0.2 0 0.3 0.2 0.3

Percent detects (%): two-detection criterion 0 0 0 0.1 0 0.1 0.1 0.2
Subset of sources likely to reach consumers and concentrations > 13 pg/L¢

Number of sources sampled 35 448 516 938 1,044 874 2,172 2,386

Percent detects (%): one-detection criterion 0 0 0 0 0 0.1 0.1 0.1

Percent detects (%): two-detection criterion 0 0 0 0 0 0 0.05 0.04

“Note that historical evaluations of the subset data (i.e., pre-2000) should be interpreted with some caution, given that the status of a drinking water source may

have changed over time.
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Table 3. MTBE detection frequency in California drinking water from 1995 to 2002: Surface water sources
1995 1996 1997 1998 1999 2000 2001 2002
All sources
Number of sources sampled 8 113 210 253 207 312 446 446
Percent detects (%): one-detection criterion 0 8.8 7.1 8.7 8.1 4.5 3.6 4.0
Percent detects (%): two-detection criterion 0 3.5 2.4 4.0 2.9 1.3 1.7 1.8
All sources with concentrations > 5 pg/L
Number of sources sampled 8 113 210 253 207 312 446 446
Percent detects (%): one-detection criterion 0 1.8 2.9 2.0 2.0 1.6 0.9 0.4
Percent detects (%): two-detection criterion 0 0 1.0 0.8 0.3 0.3 0.2 0.2
All sources with concentrations > 13 ug/L
Number of sources sampled 8 113 210 253 207 312 446 446
Percent detects (%): one-detection criterion 0 0 1.0 0.8 0.3 0.3 0 0
Percent detects (%): two-detection criterion 0 0 0 0 0 0 0 0
Subset of sources likely to reach consumers®
Number of sources sampled 4 32 69 80 99 105 130 121
Percent detects (%): one-detection criterion 0 9.4 43 10 9.1 1.9 3.1 33
Percent detects (%): two-detection criterion 0 0 2.9 5.0 5.1 1.0 1.5 0.8
Subset of sources likely to reach consumers and concentrations > 5 pg/L¢
Number of sources sampled 4 32 69 80 99 105 130 121
Percent detects (%): one-detection criterion 0 0 0 1.3 1.0 1.0 0 0
Percent detects (%): two-detection criterion 0 0 0 0 0 0 0 0
Subset of sources likely to reach consumers and concentrations > 13 pug/L¢
Number of sources sampled 4 32 69 80 99 105 130 121
Percent detects (%): one-detection criterion 0 0 0 1.3 1.0 0 0 0
Percent detects (%): two-detection criterion 0 0 0 0 0 0 0 0

“Note that historical evaluations of the subset data (i.e., pre-2000) should be interpreted with some caution, given that the status of a drinking water source may

have changed over time.

For surface water sources in California, the overall detection
frequency for MTBE is significantly greater than for ground-
water sources, although surface water source detections appear
to have declined substantially since 1998 (see Table 3). For ex-
ample, MTBE was detected at least once and at any level in
approximately 7-9% of all surface water sources during 1996
to 1999 and in approximately 4% to 5% of all surface water
sources during 2000 to 2002. No detections of MTBE were ob-
served in 1995 but only eight surface water sources were sam-
pled during that year. The surface water detection frequency
for MTBE is about 2—4 times lower if a two-detection crite-
rion is used (generally ranging from about 2% to 4% for 1996—
1999 and 1% to 2% for 2000-2002). Similar to the ground-
water sources data, markedly lower detection frequencies of
MTBE are observed if evaluations are based on surface wa-
ter drinking water detections at or above 5 ug/L (assuming a
two-detection criterion) which generally range from about 0.8%
to 1.0% (1997-1998) and 0.2% to 0.3% (1999-2002). In ad-
dition, MTBE was never detected in drinking water served by
surface water at concentrations at or above 13 ug/L (assuming
a two-detection criterion) for the entire data set or the subset
of data for water that is currently likely to reach consumers.
Therefore, MTBE is also found only rarely in surface sources of
drinking water that are of greatest concern to regulators or the
public.

Geographical analyses reveal that at least one groundwater
source in all 58 counties in California and at least one surface
water source in 54 counties has been sampled for MTBE during

1995 to 2002 (see Tables 4 and 5). Drinking water served by
groundwater was the most frequently sampled for MTBE in the
following 12 counties (where at least 100 groundwater sources
were sampled for MTBE in three or more years): Fresno, Kern,
Los Angeles, Orange, Riverside, Sacramento, San Bernardino,
San Joaquin, Santa Clara, Sonoma, Stanislaus, and Tulare.
MTBE was detected in one or more groundwater sources in
34 counties, but was only detected routinely (for three or more
years) in 16 counties. These latter counties (8 of which were
also the most frequently sampled) are Butte, El Dorado, Kern,
Los Angeles, Mendocino, Orange, Riverside, Sacramento, San
Bernardino, San Diego, San Luis Obispo, San Mateo, Santa
Clara, Shasta, Tulare, and Yuba. Ten or fewer groundwater
sources were found to contain MTBE in any given year or county,
and with the exception of a few counties (e.g., El Dorado) the an-
nual detection frequency for MTBE was typically less than 5%.
Similarly, for drinking water served by surface water, 12 counties
were the most frequently sampled for MTBE (where at least 10
surface water sources were sampled for MTBE in three or more
years): Alameda, Calaveras, El Dorado, Los Angeles, Marin,
Placer, Bernardino, San Diego, San Francisco, Santa Clara,
Santa Cruz, and Solano. MTBE was detected in one or more sur-
face water sources in 18 counties, but was only detected routinely
(for three or more years) in 7 counties. These latter counties (4
of which were also the most frequently sampled) are Alameda,
Lake, Los Angeles, Riverside, San Diego, San Francisco, and
Ventura. It should be noted that although the annual surface
water detection frequency for MTBE appears to be relatively



00 ¥S ¢e 19 00 9 00 LT 00 4! 00 ¥ 000°TC sewn|q [43
00 LE 00 144 00 4! (474 14 00 4! 00 L 00 ¥ 005°19¢ 1908[d I¢
00 9¢T 00 8¢€C 00 1474 00 91¢ €1 €€T ¥'0 0€T 00 Y44 €1 9L 000°016°C a3ue1Q 0¢
00 1C 00 8¢ 00 Sl 00 €1 00 A 00 € 00Tv6 BpeAIN 6¢
00 [43 00 € 00 4! 00 9 00 S 00 (4 001°8C1 edeN 8¢
9T 911 91 9zl 00 ss 00 1L 00 69 00 S8 00 19 000°80% KozopuoN LT
00 ST 00 I1 00 6 00 4 0ST €T OUON 9¢
00 01 00 ST 00 S 00 I 00 I 0S¥°6 J0pON Y4
9% ¥6 ¥'C 4 00 ST 00 9¢ 00 St 00 (44 00 ¥ 00%°91C PIdIIN 144
0t Y4 9T 8¢ L'L 6¢ 00 81 00 9 00 01 00S°L8 OUIOPUIA €T
00 L1 00 [43 00 8 00 L1 I'L 4! 00 6 000°L1 esodLepy [44
00 € 00 4! 00 (4 00 C 00 S 006°8+C ULIeN 1C
ST 6L L0 143! 00 44 00 LOT 00 LS 00 91 00 €€ 000°0€1 BIOPEIN 0¢
S0 0001 ¥'0 66 'l (44 0 LES S0 19L L0 789 9'1 0¥9 881 91 00S°8¥L6 sa[aguy so] 61
¥'C 474 00 8¢ 00 9 00 [4 00 S 00 I 0SEYE uasse] 81
00 61 00 91 (4 €T 00 91 00 € 00 4! 00209 o] Ll
00 ¥S 00 9¢ 00 9 00 8 00 €T 00 8 00 (4 00LTET ssury] 91
€1 ILy ¥l LIS L0 ¥LT I'1 9LT ¥'T L91 €1 IS4 00 801 006°189 WIa3] ST
00 144 00 1T 00 0r 00 €1 00 S 00Z°81 oAuj 4!
00 4 00 C 00 I 00 € 006°6¥1 Terraduug €l
00 L1 00 1€ 00 L 00 S 00 4 00 8 008°LT1 proquiny 4!
00 8¢ 00 31 00 € 00 81 00 4! 00 S 00 8 058°9C uud[H 11
90 1349 00 Sov 00 €6 00 LOT 00 99T 00 68 00 (14| 00 I 000°CC8 ousary 01
6'C1 I¢ |4l €€ €el 0¢ I'LT 33 I'LY 33 sor 8¢ LT LE 006°€91 opeloQ 14 60
00 6 00 8 I'11 6 00 6 00 € 0S9°LT 9JION [°d 80
00 31 00 Ll 00 S 00 0t 00 €l 00 8 000°LL6 €)S0D eNU0) L0
00 144 00 91 00 ¥ 00 01 00 € 00 I 00 I 00€°61 BSN[0D 90
00 91 00 L 00 € 00 S 00 € 00 9 00 € 00S°‘I¥ se1aAe[e) S0
60 148! L0 €Sl 00 8¢ LT LE 00 €S 00 4% 00 (94 008902 anng Y0
00 S1 00 4! 00 S 00 C 00 L 00 € 00 I 058°¢ Jopewry €0
00 S 00 € 00 8 00 C 061°T ourdry 20
00 8¢ 00 LE 00 14 00 8T 00 9t 00 14 00 ST 00 €1 008°SLY'T epoey 10
109)9(]  S90INOS  J09J9(  SAVINOS  10JJ9(]  SAOINOS 10919 SIVINOS  J0JJ9(]  SA0INOS 09  SIVINOS  10919(]  SAOINOS 10919 SA0In0S  uonendog Kuno) apo)
% # % # % # % # % # % # % # % #
2002 100T 000T 6661 8661 L661 9661 S661

$224N0S A2IDMPUNOLL) :(UNnod Aq 7007 01 S66] WOAf 42)pM Suryurip viuLofiip) ur Aouanbaif uoysap FEIN f 2190

180



“(31un) yoreasay oryderSowa( ‘ooueur, jo juounteda) 100¢ ‘1 A woiy sonsnels uonendod,
"UOLIOILIO UOT}O0JOP-UO B UO PISEq UOTJEIIUOU0D AUE Je SUOT}0)P JELIA PUE (Snyels Juo1Imd Jo sso[pIeSar) saoInos I10jempunois [[e opnjour eje(] 20N

8L
[4%
€01

9¢C

8
[43
LTC
48!
14
Cl

9¢
[4]
181
86
oy
91
1ce

LS
61L

1343
ILE

8y
C
601

8¢C
I
06
9¢
eCl
68
99
4%

9¢
99
61¢C
96
LE
Iel
9¢¢

9¢
LSL

143
00

vl
o
94
194
$9

8y
9Ly

051
10T

14
Sl
08
8¢
0Ll
[4

8

9
C

(41!
¥8¢

€C
01
0L
1€
01

€l
S
LIT
S8
Sl

[4

L
9¢
€61
94
91
08
9¢l
I
143
0s¢
8
60¢
00T

€l
I
0oy
€
88

4
I
09
8¢
Ll
€

oy
€L1
0¢
€l
Sl
YL
I
6¢
16¢
€l
$9
061

00

00
00
00

00
L91
00

6C

001

Sel
6¢

6¢
0%

15T
I
Ly
(U141

00

00

00

00

00

00

00

—

00€°19
00S‘PLT
006°€LL
008°SS
008°SLE
0S0°€T
0059
000°18
009°59%
001891
001°€0¥
059
0SS°€
009891
005°8S¢
00¥°90L‘1
00L°S0¥
00Sv1L
000°TST
006°06S
009°68L
009°068°C
001°99L°1
00T'sS
008°L9T°1
0008191

BqNA

O[0A

BINJUOA
suwnjonp
are[ny,

Ayuuy,
BUIRYQ],
1onng
sne[siuelg
BUIOUOS
oue[oS
noADysIg
BIIDIS

BSeys

Zn1) ejues
BIR[) BIUBS
eIeqleq BIUBS
09JBJA UEBS
odsiqQ sm ueg
umbeo[ ueg
0Js1ouBI] UBS
03o1( ues
ourpreulog ues
ojuag ues
[GLENIA RN
OPISIOATY

181



00 8 00 01 00 ! 00 ¥ 000°1C sewn|d [43
00 Il 00 €C 00 cl 00 € 00 S 00 I 00S°19¢ 1998]d [§3
00 ¥ 0°¢c 4 00 € 00 ! 000°016°C a3ueiQ 0¢
00 ¥ 00 01 I'T1 6 L'L €l 00 I 00 € 00 9 00Z°v6 BPBASN 6C
00 Sl 00 L 00 4 00 L 00 8 00 [4 001°8ZI edeN 8¢
00 [4 00 I 00 I 000°80% Karapuo LT
00 [4 00 4 0001 [ 0°S¢ 14 0S1°€1 OUoN 9¢
00 S 00 € 00 ! 00 [4 00 [4 00 [4 00v91¢ PadIaN €4
00 I 00 8 00 8 00 6 00 [4 00 [ 00S°L8 OUIdOPUSA €C
00 ! 00 [4 00 I 00 I 000°LT esodLiejy C
00 Sl 00 [44 00 Ll 00 I 00 €l 00 0¢C 00 8 006°81C ULIej\ 1c
00 [ 00 ! 00 [ 0°0¢ [4 00 [ 000°0€1 BISPEN 0¢C
0ce Iy |14 6¢ 001 oy 8¢ 9C S'6 1 €S 61 6'S L1 00S°8¥7L‘6 sojeduy so| 61
6Ty 4! 98¢ L 0°6¢ 8 |4 €l e 6 L99 € 00209 ae] Ll
00 € 00 [4 00 4 00 4 00 I 00 [ 00LTET sgury 91
00 I 'L 4! 00 L 00 % 00 9 00 [4 00 [ 006189 weyy Sl
00 8 00 Il 00 € 00 [4 008°LT1 ploquny Cl
00 ! 00 ! 0589C Uua[ 8!

00 ¥ 00 L 00 I 00 ¥ 00 [4 00 I 00 4 000°C8 OusaLy 01
00 81 00 €4 00 4! 00 0l 00 14 00 € 006°€91 opelod 19 60
00 ! 00 I 00 [4 00 ! 0S9°LT 9}MON [°d 80
00 6 00 8 00 [4 00 ¥ 0°0¢ [4 0°0¢ [4 000°LL6 €}JS0) eNUODH L0
00 I 00 ! 00€°61 BSnop 90
00 4! 00 Il 00 9 L91 9 I'6 I 00 01 00S‘1¥ SeloAB[ED) S0
00 9 00 L 00 € 00 L 00 € 00 I 00 4 008902 apng ¥0
00 6 00 8 00 9 00 L 00 € 00 [4 00 € 058°s¢€ lopewry €0
00 ! 00 [4 00 ! 00 I 061°1 ourdry 0
00 L1 00 Sl 00 14! 00 01 8'0¢ €l €LT 11 06T 8 00 14 008°SLY'1 Epaurely 10
100J9 S90INOS 10219  SAIINOS 10919  SOOINOS  199)9(  SAIINOS 1023 SIOINOS  199)9  SINOS 10219 SAIINOS 10919 seomo§ L uonemndod Auno)H opo)

% # % # % # % # % # % # % # % #
00t 100T 000T 6661 8661 L661 9661 S661

§20410S 42]DM 200fung Ljunod 4q 700z 01 661 Wo4f 121pm Suryulip viuiofiip)y ui Houanbaif uonsa1ap FIIW 'S 2198L

182



*(3tun) yoreesay oryderSows(q ‘eoueury jo jusunredoq) 100g 1 Anr woiy sonsneys uonendod,,
"UOLID)LIO UOTIOR)IP-AUO B UO PIskq UOTEIIUSIU0D AUB Je SU0T)0230p JELIN PUB (SNJeIs JUSIIND JO SSO[pIeSaT) S90IN0S Iojem 0JBJINS [[& 9pN[OUl BIe(] -2JON

—

—

tTOoO- AN —— 3N — <
—

— AT NN ANNOAAAN — N

I 00 I 00 I 00 1 00€°19 Bqny 8
I 00 I 00 I 00 1 00S‘PLI O[Ok LS
S L91 9 €91 L 00 € 00 I 006°€LL BIMUSA  OG
4 00 z 00 L1 00 I 00 4 008°SS suwmpon], ¢S
00 € 00 S 00 4 008°SLE oremy g

4 0001 I 00 I 0S0°€1 K,
005°9S eweysl, S

00 I 00 I 000°T8 1onng
I 00 € 00 14 00 4 00 4 009°S9¥ sne[siels (S
L 00 v 00 € 00t°891 BULIOUOS  6F
SI €8 4 00 6 00 6 00 v 001°€0Y oue[og 8t
I 00 I 0S9'vt noADSIS P
I 0SS°‘€ eIRIS  9f
S 00 L 00 9 0°0¥ S L99 € 009891 vIseyS Sy
11 00 9 00 € 9 005°85T )y ejues by

L1 00 L1 00 9 €ee 4! 00 4 00¥°90LT RIR[D) BIUBS
L 00 L 00 9 00 S 00 € 00L°S0% eleqieq ejueS  ¢f

¥ 00 11 00 e 00 4 00 4 00SvIL I ARUEN
9 00 z 00 9 00 S 00 S 000°TST  odsigqQ smyues  Op
v 00 € 00 S 00 S 00 € 006°06S umbeof ueg ¢
vl €8 4! €8 4 €8 4! I'6 I 009°68L 00SIOUBL] UES 8¢
(44 $'96 €T 8vE €T 00 €1 0°0¢ 01 00 12 009°068°C odarques  Lg
4! 00 ST 00 0T 00 L1 00 9 001°99.‘]  oulpreuiag ues  9¢
00 I 00 I 00 I 00T°SS ojuog uesg ¢
v 00 4 00 S 00 v 00 € 008°L9T°1 ojuoweIdRS  pE

4 €1 L 0'Sc v 0T v 0°0S 4 000819 SPISIOATY

183



184 P.R.D. Williams et al.

high for most counties, this is largely a function of the limited
number of sources sampled. For both groundwater and surface
water sources, the detection frequency for MTBE appears to
fluctuate over time for individual counties, and there is no clear
increasing or decreasing trend in MTBE detections by county.

New Drinking Water Detections

The overall detection frequency for MTBE in any given year
includes both drinking water sources that never had a prior de-
tection of MTBE (i.e., new sources) and drinking water sources
that previously had a detection of MTBE (i.e., existing sources).
Therefore, separate analyses were performed to evaluate the
number of new groundwater and surface water sources found
to contain MTBE each year (see Tables 6 and 7). These analy-
ses show that despite the significant increase in water sampling
over time, the number of new drinking water sources found to
contain MTBE each year has not increased at the same rate as
the number of sources sampled. In addition, although the ab-
solute number of new drinking water sources found to contain
MTBE has generally fluctuated or increased over time (mostly
due to increased sampling efforts), it appears to have remained
relatively stable and even decreased for some evaluations since
1998 despite the increased sampling.

For example, assuming a two-detection criterion, 10 new
groundwater sources were found to contain MTBE at any level in
1998 out of 3,727 sources sampled (see Table 6). However, only
7 new groundwater sources (out of 3,928) were found to contain

MTBE in 1999, 7 new groundwater sources (out of 3,529) were
found to contain MTBE in 2000, 9 new groundwater sources
(out of 6,625) were found to contain MTBE in 2001, and 8
new groundwater sources (out of 6,441) were found to contain
MTBE in 2002. The rate of new groundwater source detections
per 1,000 sampled is therefore 2.7, 1.8,2.0, 1.4, and 1.2 for 1998,
1999, 2000, 2001, and 2002, respectively. The rate of new source
detections in groundwater is even lower if evaluations are based
on drinking water detections at or above 5 ug/L or 13 ug/L or
the subset of data for water that is likely to currently be delivered
to consumers. Similar findings are observed for surface water
sources (see Table 7).

Although some of these evaluations suggest that the number
of new groundwater and surface water sources with detected con-
centrations of MTBE has declined in recent years, these obser-
vations are for a relatively short time horizon (about 7-8 years)
and additional monitoring may be required to fully document
the success of policies enacted to reduce MTBE drinking water
contamination. This is particularly important for groundwater
sources because the amount of time for MTBE in released gaso-
line from leaking underground tanks to reach groundwater used
for drinking water depends on soil and release conditions and
cannot be predicted easily. Therefore, new detections of MTBE
in groundwater sources may continue to be found in future years
despite recent and ongoing programs aimed at managing leaking
underground gasoline storage tanks. The issue of time is not as
relevant when evaluating the surface water data because recent
policies aimed at reducing surface water contamination (e.g.,

Table 6. New detections of MTBE in California drinking water from 1995 to 2002: Groundwater sources

19954 1996 1997 1998 1999 2000 2001 2002

All sources

Number of sources sampled 129 2,229 27767 3,727 3,928 3,529 6,625 6,441

Number of new sources: one-detection criterion 4 9 14 20 15 24 27 26

Number of new sources: two-detection criterion 3 5 5 10 7 7 9 8
All sources with concentrations > 5 ug/L

Number of sources sampled 129 2,229 27767 3,727 3,928 3,529 6,625 6,441

Number of new sources: one-detection criterion 3 4 5 10 5 10 11 11

Number of new sources: two-detection criterion 3 2 2 6 2 4 3 6
All sources with concentrations > 13 ug/L

Number of sources sampled 129 2,229 2,767 3,727 3,928 3,529 6,625 6,441

Number of new sources: one-detection criterion 3 4 4 2 1 5 4 4

Number of new sources: two-detection criterion 2 3 2 4 1 1 3 1
Subset of sources likely to reach consumers®

Number of sources sampled 35 448 516 938 1,044 874 2,172 2,386

Number of new sources: one-detection criterion 1 0 3 3 3 6 7 15

Number of new sources: two-detection criterion 0 0 1 1 0 1 2 5
Subset of sources likely to reach consumers and concentrations > 5 j1g/L?

Number of sources sampled 35 448 516 938 1,044 874 2,172 2,386

Number of new sources: one-detection criterion 0 0 0 2 0 3 4 6

Number of new sources: two-detection criterion 0 0 0 1 0 1 1 3
Subset of sources likely to reach consumers and concentrations > 13 ug/L?

Number of sources sampled 35 448 516 938 1,044 874 2,172 2,386

Number of new sources: one-detection criterion 0 0 0 0 0 1 1 2

Number of new sources: two-detection criterion 0 0 0 0 0 0 1 0

“For 1995, the number of new sources represents the total number of sources with detectable levels of MTBE for that year.
bNote that historical evaluations of the subset data (i.e., pre-2000) should be interpreted with some caution, given that the status of a drinking water source may

have changed over time.



MTBE in California’s Drinking Water: A Comparison 185
Table 7. New detections of MTBE in California drinking water from 1995 to 2002: Surface water sources
1995¢ 1996 1997 1998 1999 2000 2001 2002
All sources
Number of sources sampled 8 113 210 253 307 312 466 446
Number of new sources: one-detection criterion 0 10 8 15 10 7 9 5
Number of new sources: two-detection criterion 0 4 2 8 5 3 5 0
All sources with concentrations > 5 pg/L
Number of sources sampled 8 113 210 253 307 312 466 446
Number of new sources: one-detection criterion 0 2 4 3 4 1 2 0
Number of new sources: two-detection criterion 0 0 2 1 0 1 0 0
All sources with concentrations > 13 ug/L
Number of sources sampled 8 113 210 253 307 312 466 446
Number of new sources: one-detection criterion 0 0 2 1 1 0 0 0
Number of new sources: two-detection criterion 0 0 0 0 0 0 0 0
Subset of sources likely to reach consumers?
Number of sources sampled 4 32 69 80 99 105 130 121
Number of new sources: one-detection criterion 0 3 3 5 4 2 3 1
Number of new sources: two-detection criterion 0 0 2 4 3 1 1 0
Subset of sources likely to reach consumers and concentrations > 5 j1g/L?
Number of sources sampled 4 32 69 80 99 105 130 121
Number of new sources: one-detection criterion 0 0 0 1 1 1 0 0
Number of new sources: two-detection criterion 0 0 0 0 0 0 0 0
Subset of sources likely to reach consumers and concentrations > 13 pg/L?
Number of sources sampled 4 32 69 80 99 105 130 121
Number of new sources: one-detection criterion 0 0 0 1 1 0 0 0
Number of new sources: two-detection criterion 0 0 0 0 0 0 0 0

“For 1995, the number of new sources represents the total number of sources with detectable levels of MTBE for that year.
bNote that historical evaluations of the subset data (i.e., pre-2000) should be interpreted with some caution, given that the status of a drinking water source may

have changed over time.

restrictions on watercraft with two-stroke engines or the phase-
out of MTBE) are likely to have a more immediate impact on
the possibility of MTBE-contaminated fuel releases.

Detected Concentrations in Drinking Water

Drinking water detections of MTBE, when found, are generally
at levels below California’s primary and secondary MCLs. For

example, of those groundwater sources found to contain MTBE
(at least once) from 1995 to 2002, over 80% had average de-
tectable MTBE concentrations less than 13 pg/L and about 65%
had average detectable MTBE concentrations less than 5 pug/L
(see Figure 1). Interestingly, detected concentrations of MTBE
are much lower for surface water sources than for groundwater
sources. For example, of those surface water sources found to

100 ? ®
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-.E Sources: 2-Detection
8 50
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Figure 1. Distribution of average detected MTBE concentrations in California drinking water from 1995 to 2002: Groundwater sources.
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Figure 2. Distribution of average detected MTBE concentrations in California drinking water from 1995 to 2002: Surface water sources.

contain MTBE (at least once) from 1995 to 2002, over 95%
had average detectable MTBE concentrations less than 13 ug/L
and over 80% had average detectable MTBE concentrations less
than 5 ug/L (see Figure 2). The concentration percentiles of
MTBE were calculated by averaging the MTBE concentration
of all detect samples per source over the 8-year time period and
then calculating the cumulative distribution based on all drink-
ing water sources.

It is noteworthy that the observed higher average concen-
trations of MTBE in groundwater sources are driven almost
entirely by the results of sampling from a few drinking water
wells in 1995 and 1996 that were known to have been affected
by a nearby leaking gasoline tank release (e.g., Charnock and
Arcadia wells in Santa Monica). It is also worth noting that
evaluations based on the two-detection criterion tend to yield
higher detected concentrations of MTBE than evaluations based
on the one-detection criterion. This is primarily due to the fact
that many single detections of MTBE are at very low concentra-
tions (which may be due to false positive readings or transient
effects).

Discussion

In this article we characterize the annual detection frequency,
number of new source detections, and detected concentration of
MTBE in California’s groundwater and surface water sources
of public drinking water from 1995 to 2002. Distinguishing be-
tween MTBE detections in groundwater versus surface water
sources is important for several often overlooked reasons. First,
reported MTBE sampling results typically represent combined
groundwater and surface water data, making it impossible to
identify the likely source of contamination (e.g., underground

storage tanks or watercraft with two-stroke engines). Second, it
appears to be a common perception (based on media and other
reports) that groundwater sources are more vulnerable and likely
to be affected by MTBE than surface water sources despite a lack
of supporting data for this assumption. Third, the intense focus
of the media and public on groundwater sources ignores the fact
that public drinking water for some states or regions, such as
California, is derived primarily from surface water sources.
Fourth, MTBE risk management options, such as the implemen-
tation of underground storage tank system upgrades or limiting
the use of inefficient two-stroke watercraft engines, and their
time frame for success may differ substantially for groundwater
and surface water sources. Finally, tracking the detection fre-
quency of MTBE over time and by geographic location is likely
to vary for drinking water served by groundwater versus surface
water because of the differences in risk management approaches
and fate-and-transport mechanisms.

Our evaluations of the CDHS (2003) groundwater and sur-
face water data for MTBE were based on several approaches that
either used the entire data set or focused on those drinking water
sources of greatest concern to regulators or the public. In the
first type of evaluation, a one-detection or two-detection crite-
rion was used. The one-detection criterion is more conservative
(i.e., yields higher detection frequencies for MTBE) and is more
appropriate for screening-level analyses or if a drinking water
source is only sampled once in a given year or time period. The
two-detection criterion is more appropriate for identifying water
sources that are affected by MTBE over a longer time period or
where confirmation of contamination is required to support man-
agement decisions. Evaluations were also based on comparisons
of MTBE drinking water detections at any concentration level
versus those at or above 5 ug/L or 13 ug/L (state drinking water



standards). Although the appropriateness of these approaches
depends on the specific question of interest, the comparison of
detections at any concentration may be useful for understand-
ing the ultimate fate and transport of MTBE or for identifying
possible gasoline releases (but will include many drinking water
sources with essentially de minimus concentrations of MTBE),
whereas comparison to the state standards will be most useful to
delineate drinking water conditions of greatest concern to reg-
ulators (and ultimately consumers) in California because they
are based on aesthetic and health-risk considerations. Finally,
evaluations were based on all drinking water (regardless of the
source’s current status) versus drinking water that is likely to
be used for current public consumption. Because the status of a
drinking water source may change over time (e.g., an affected
well may change from “active” to “inactive”), the latter com-
parison should be interpreted with some caution. This type of
comparison is still useful, however, because it provides the most
representative data on current MTBE exposure levels that can
be used in health risk evaluations.

Based on these evaluations, we find that the overall detection
frequency for MTBE has historically been greater for surface
water than groundwater sources in California, although surface
water source detections have clearly declined over the last few
years (due in part to regulations banning two-stroke engines).
This finding is of particular interest because, as mentioned,
groundwater sources are commonly perceived as being more
vulnerable and likely to be affected by MTBE. Recent national-
level assessments have also found that the detection frequency
for MTBE is nearly three times greater for surface water than for
groundwater due to the use of two-stroke engines on these wa-
ter bodies (Delzer et al., 2001; USGS, 2001). These findings
suggest that relatively easy risk management solutions (e.g.,
ban on certain watercraft) could potentially have a significant
and immediate impact on reducing the detection frequency and
number of new detects of MTBE in drinking water in California
and elsewhere. Other risk management approaches focused on
groundwater (e.g., upgrading underground storage tanks) will
also undoubtedly result in fewer drinking water detections of
MTBE, but it may take longer to observe the success of these
programs. Interestingly, California officials recently announced
that the strong regulatory oversight of underground storage tanks
by the state regional water quality boards is already having a pos-
itive impact on reducing MTBE groundwater detections (IWP,
2002).

An additional finding of the current analysis is that MTBE
drinking water detections in California do not appear to have
increased substantially over time as was predicted by some re-
searchers a few years ago (UC, 1998; Johnson et al., 2000). On
the contrary, the overall detection frequency for MTBE (as well
as the rate of new source detections) has declined or remained
relatively stable over the last eight years for both groundwater
and surface water sources in California. MTBE has also rarely
been found in public drinking water sources in California at the
levels of greatest regulatory and public concern (i.e., >5 ug/L
or >13 pug/L) or in the subset of data for drinking water that
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is likely to currently reach consumers. Recent statements made
by regulatory officials at the U.S. EPA and USGS confirm that
the number of national community water supplies threatened
by MTBE, such as from leaking underground gasoline storage
tanks, is likely to be far lower than what was predicted previously
(Hirsch, 2001; Grumbles, 2002; Miller, 2002). Within the state
of California, MTBE groundwater and surface water detections
appear to be concentrated in about a dozen counties, although
most of these contain more than 500,000 residents.

Detected concentrations of MTBE, when found, are generally
below levels that would be likely to pose a public health or
aesthetic concern. These latter findings are also consistent with
other regional and national-level assessments in which average
(or in some cases median) detected concentrations of MTBE
in groundwater or surface water (including untreated drinking
water, shallow aquifers, and nondrinking water wells) have been
found to be less than 1 pug/L (Squillace et al., 1996, 1999; Delzer
et al., 2001; Shelton et al., 2001). These findings suggest that
the mere presence of MTBE in a drinking water source does
not necessarily imply a public health hazard or that MTBE will
render drinking water unpotable. In fact, recent studies have
shown that many contaminants are frequently found in drinking
water (Helperin 2001), some of which may pose a much greater
health risk than MTBE (Williams et al., 2002, 2003). USGS
officials have similarly concluded that MTBE levels are almost
always below levels of concern from aesthetic and public health
standpoints and that the health threat to water supplies from
MTBE is small compared to other water-related issues (Hirsch,
2001; Miller, 2002).

Despite our rigorous evaluations of the water quality moni-
toring data in California, there are several important limitations
associated with these data. In particular, the CDHS database
only contains sampling data for public (not private) drinking
water sources. In addition, not all of the public drinking water
sources are routinely sampled over time, and some sources are
sampled more frequently than others. The CDHS database also
does not report the reasons why the status of a drinking water
source has changed over time. Moreover, the state only requires
that sampling data be reported in the database when detected
concentrations of a chemical exceed a specified “detection limit
for reporting” (currently this value is 3 pg/L), although many
detections are voluntarily reported far below this level. Finally,
as indicated above, there are many errors associated with the
coding of detect and nondetect samples in the database, and the
state provides no indication of the method or quality of data
collection.

Nonetheless, a fairly large fraction of the drinking water
sources in California have been sampled for MTBE at least
once over the last 8 years, and these data provide useful in-
formation to regulators and the public regarding the nature and
extent of MTBE contamination. Overall, our evaluations of the
MTBE data suggest that even though a small number of public
drinking water sources in California have certainly been affected
by MTBE (e.g., the Santa Monica wells), such impacts do not
appear to be significant on a statewide basis or when compared
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to other chemicals commonly found in drinking water. Detec-
tions of MTBE in drinking water, particularly for surface water
sources, also appear to be decreasing over time. In addition,
because the threat of MTBE contamination of public drinking
water sources is primarily a function of leaking underground
gasoline storage tanks and the use of watercraft with two-stroke
engines, ongoing efforts to control these sources of gasoline re-
leases should result in even fewer detections of MTBE in the
future. However, additional monitoring data to be acquired over
time will be necessary to fully document the success of federal
and state regulatory programs in managing gasoline releases.
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