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A PLAN FOR ASSESSING THE OCCURRENCE AND
DISTRIBUTION OF METHYL TERT-BUTYL ETHER AND
OTHER VOLATILE ORGANIC COMPOUNDS IN DRINKING
WATER AND AMBIENT GROUND WATER IN THE
NORTHEAST AND MID-ATLANTIC REGIONS OF THE

UNITED STATES

by Stephen J. Grady and George D. Casey

ABSTRACT

A plan to assess the occurrence and distribu-
tion of methyl zerz-butyl ether (MTBE) and other
volatile organic compounds (VOCs) in drinking
water and ambient ground water in the Northeast
and Mid-Atlantic regions of the United States was
designed to meet two primary objectives. This
study will provide the U.S. Environmental Protec-
tion Agency with information on potential human
exposure to MTBE and other VOCs from drinking
water. In addition, the study will further the goals
of the U.S. Geological Survey’s (USGS) National
Water Quality Assessment Program (NAWQA) by
providing additional information on the occur-
rence and distribution of VOCs in ambient ground
water beneath a large, highly urbanized part of the
Nation. The study will proceed in two phases—a
drinking-water assessment (phase 1) and an
ambient ground-water assessment (phase 2). The
drinking-water assessment will involve compila-
tion, review, and analysis of available water-
quality and ancillary data for approximately 20
percent of the community water systems in 12
States in the Northeast and Mid-Atlantic regions.
This effort will summarize the occurrence and
distribution of MTBE and other VOCs in drinking
water supplied by 2,110 community water
systems. The ambient ground-water assessment
will involve compilation, review, and analysis of
data on MTBE and other VOCs from previous
USGS studies in the 12-State area, including
regional water-quality assessments conducted for
the USGS’s NAWQA, plus other available State or

local datasets. These data will be related, to the
extent allowed by the completeness and quality of
the data, to land-use patterns, population density,
and other anthropogenic and natural factors using
statistical tests. The occurrence and distribution of
MTBE and other VOCs in ambient ground water
and, to the extent possible, drinking water in rela-
tion to such factors, will be evaluated.

INTRODUCTION

Methyl zert-butyl ether (MTBE) is a chemical
compound that is added to gasoline principally for the
purpose of controlling air pollution. MTBE also has
been used since 1979 at low concentrations (about 1 to
2 percent by volume) in conventional gasoline to
enhance octane. The Clean Air Act Amendments of
1990, however, mandated that oxygenates (oxygen-
containing compounds) be added to gasoline in areas
where concentrations of ozone in the summer and
carbon monoxide in the winter exceed established air-
quality standards. Although the Clean Air Act does not
stipulate which specific oxygenates among a number of
ether and alcohol compounds must be added to gaso-
line, MTBE is the most widely used oxygenate. When
MTBE is used in oxygenated gasoline (OXY) the
MTBE concentration is approximately 15 percent by
volume. Several of the urban areas currently or
formerly included in the wintertime OXY fuel program
that began in 1992 are located in Northeast or Mid-
Atlantic States. Large-scale use of MTBE in parts of
the Nation, including much of the Northeast and Mid-
Atlantic regions, began in 1995 with the introduction of
reformulated gasoline (RFG). RFG has 11 percent
MTBE by volume and is currently used year-round in
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a large part of the region. Annual domestic production
of MTBE has increased from less than 10 billion liters
in 1980 to about 350 billion liters in 1997 (Chemical
Manufacturers Association, 1997).

MTBE may be released into the environment
from point sources such as leaks or spills that occur
during the refining, distribution, storage, and use of
gasoline, and some of these have resulted in the aban-
donment of domestic and public water-supply sources
(Office of Science and Technology Policy, 1997; Hitzig
and others, 1998). Furthermore, the release of MTBE
to the atmosphere and the hydrosphere from nonpoint
sources such as automobile emissions and evaporative
losses may result in low concentrations of MTBE in
water in urban areas (Pankow and others, 1997).

The presence of MTBE, a possible human
carcinogen, in drinking water is a human health
concern, and at concentrations as low as 15 ug/L,
MTBE may adversely affect the taste and odor of
drinking water, causing it to be nonpotable (Young and
others, 1996; Malcome Pimie, Inc., 1998). However,
the report of the Interagency Assessment of Oxygen-
ated Fuels was unable to adequately describe the occur-
rence of MTBE in the Nations’s drinking water from
the limited data available in 1997 (Zogorski and others,
1997), and consequently has recommended that addi-
tional data on MTBE in drinking water be collected.
Although analysis of drinking-water samples for
MTBE is not currently required under the Safe
Drinking Water Act (SDWA), some States and/or
public drinking-water suppliers have included MTBE
in chemical analyses of drinking-water samples in
recent years.

MTBE is an example of the class of volatile
organic compounds (VOCs), natural and manmade
chemicals that are typically characterized by high
vapor pressures, high solubilities in water, and low
octanol-water partition coefficients. They include
hydrocarbons, halocarbons, aldehydes, ketones, alco-
hols, ethers, acids, and methyl-sulfur compounds.
VOC:s are used and produced in the manufacture of
paints, adhesives, petroleum products, pharmaceuti-
cals, and refrigerants. They are components of a
number of products such as fuels, solvents, hydraulic
fluids, paint, and dry-cleaning agents commonly used
in urban settings as well as active and inert components
of some pesticides (particularly fumigants) used in
agricultural settings. Contamination of drinking-water
supplies by VOC:s is also a human health concern,
because many are toxic and are known or suspected

human carcinogens (U.S. Environmental Protection
Agency, 1996). Twenty-one VOCs (plus EDB and
DBCP: see appendix 1) are currently regulated in
drinking water under the SDWA and the U.S. Environ-
mental Protection Agency (USEPA) has established
maximum contaminant levels (MCLs) for these
compounds. Additionally, monitoring for 21 unregu-
lated VOC:s is required under the SDWA and moni-
toring for 14 other VOCs can be required at the
discretion of the individual States.

Specific questions and concerns that have been
raised about MTBE and VOCs in drinking water and
ambient ground water include:

* Has the widespread use of the gasoline additive
MTBE resulted in contamination of drinking water and
ambient ground water? If so, are point or nonpoint
sources (land and air) primarily associated with most
detections of MTBE? Does the occurrence of MTBE in
drinking water or ambient ground water reflect
different use patterns?

» What other VOCs have been detected in
drinking water and ambient ground water? How
frequently have regulated VOCs been detected at
concentrations below MCLs? How frequently have
unregulated VOCs been detected in drinking water at
any concentration? How often does MTBE co-occur
with other VOCs? Also, if MTBE and other VOCs
occur widely in drinking water, can estimates be made
of how many people have been exposed to VOCs
through consumption of affected drinking water?

* Does the frequency of VOC detections differ
among States? If so, do differences in VOC detections
in drinking water or ambient ground water relate to
land use, population density, areas of required MTBE
use, proximity to known point sources or releases of
contaminants, or other human factors? Also, if VOCs
occur frequently in ambient ground water beneath
urban or other areas, are they found in aquifers being
developed for public or private drinking-water
supplies?

* Does the type, concentration, and frequency of
VOC detections differ among major aquifer systems?
If so, does it relate to well depth, water-table
conditions, ground-water withdrawals, or regional flow
patterns?
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* Are VOCs detected more frequently in
drinking water obtained from ground-water sources
than from surface-water sources? Does the type and
frequency of VOCs detected differ substantially
between source waters and finished (treated) waters? If
so, can the occurrence of VOCs in drinking water be
related to the size of public water systems and level of
water treatment they provide?

To answer these questions, the U.S. Geological
Survey (USGS), in cooperation with the USEPA, will
conduct a multi-year assessment of the occurrence and
distribution of MTBE and other VOCs in drinking
water and ambient ground water in the Northeast and
Mid-Atlantic regions of the United States. This study
will compile, evaluate, and analyze existing informa-
tion on drinking-water quality and public water-supply
systems, ambient ground-water quality, and other
ancillary data collected by or for various State and local
health or environmental agencies, the USEPA, and the
USGS.

Purpose and Scope

This report presents a plan for the assessment of
the occurrence and distribution of MTBE and other
VOC:s in drinking water and ambient ground water in
12 States in the Northeast and Mid-Atlantic regions of
the United States (fig. 1). The assessment can be
divided into two phases. The first phase will provide
information on the frequency of detection, concentra-
tion, and distribution of MTBE and other VOCs in
drinking water; this information will be used by the
USEPA to evaluate the extent of human exposure to
these compounds from drinking-water sources and to
implement monitoring requirements of the SDWA
Amendments of 1996. The second phase will provide
information on the occurrence and distribution of
MTBE and other VOCs in ambient ground water and
relate their areal and temporal distribution to human or
natural factors. Ambient ground water refers to ground
water where there are no known point sources of
contamination. This information will help accomplish
goals of USGS’s NAWQA Program.

The drinking-water assessment will focus on
obtaining water-quality and ancillary data for public
water systems (PWSs) and, when possible, on private
drinking-water supplies. The ambient ground-water
assessment will focus on water quality and ancillary
data for domestic or other supply and monitoring wells

in aquifers used for water supplies collected for
NAWQA studies, other USGS studies, and State,
county, or local sampling programs. Both assessments
will complement other planned or ongoing studies,
including a national assessment of the occurrence and
distribution of VOCs in ground water (Lapham and
Tadayon, 1996) and studies focused on the effects of
urban land use on shallow ground water (Squillace and
Price, 1996) and streams (Lopes and Price, 1997).

Need for This Assessment

Why Target VOCs in Drinking Water and Ambient
Ground Water?

Information on the occurrence and distribution
of at least 60 VOCs (appendix 1) was collected during
1993-97 as part of the National Water-Quality Assess-
ment (NAWQA) Program during 1993-97. VOCs were
widely detected in shallow ground water across the
Nation but were most closely associated with urban
land use. Nearly one-fifth of 1,650 wells sampled
through 1997 contained one or more VOCs; more than
half of 304 wells sampled in urban areas contained
VOCs (M.J. Moran, U.S. Geological Survey, 1999,
oral commun.). At least 36 different VOCs were
detected in shallow, ambient ground water; most detec-
tions were at concentrations below current or proposed
MCLs or health advisories (HAs) issued by the
USEPA. Chloroform, the most frequently detected
VOC (in approximately 9 percent of all wells), may be
present in ground water partly as a by-product of the
disinfection of drinking-water supplies with chlorine.
The gasoline additive MTBE was the second most
frequently detected VOC (in approximately 6 percent
of all wells), but it was present in nearly one-quarter
(67) of 304 wells sampled in urban areas. If chloro-
form, MTBE, and other VOCs are present in public and
private ground-water supplies at similar concentrations
and frequencies, millions of people may potentially be
exposed to VOCs in drinking water.

Westrick and others (1984) reported that 23
VOCs were detected in finished drinking water
supplied by nearly one-fourth (230 of 945) of water
systems sampled during 1981 and 1982. The “ground-
water supply survey” included 34 VOC analytes.
Overall, detection frequencies varied from about
17 percent of samples from small, randomly selected
public water systems, to a high of 37 percent of
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Figure 1. Twelve Northeast and Mid-Atlantic States in the study area.
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Table 3. Percentages of land use in the 12-State study area, 1992

[Data from U.S. Department of Agriculture, Economic Research Service web page http://usds.mannlib.cornell.edu/data-sets/land/89003]

Land use’, percent of area

State Area, square miles Urban Agricultural  Undeveloped
Connecticut 5,018 29.8 74 62.8
Delaware 2,044 13.9 40.4 45.7
Maine 33,265 3.4 33 93.4
Maryland 10,460 20.6 31.7 47.6
Massachusetts 8,284 31.1 55 63.4
New Hampshire 9,279 7.4 34 89.2
New Jersey 7,787 372 13.8 49.0
New York 49,108 9.6 19.7 70.7
Pennsylvania 45,308 9.3 22.1 68.6
Rhode Island 1,212 32.6 43 63.1
Vermont 9,614 31 133 83.6
Virginia® 40,767 8.2 24.7 67.1
Total 222,146 10.9 174 66.9

!Urban land use includes incorporated and unincorporated places of 2,500 population or more, defense and indus-
trial areas, and highway, road, and railroad rights-of-way plus airport facilities; agricultural land use includes cultivated,
harvested, idle, or fallow cropland and pasture, and farmsteads; and, undeveloped land use includes forest, rural parks
and wildlife areas, and wetlands and bare rock.

ZIncludes the District of Columbia.

Table 4. Number of active underground storage tanks in the 12-State study area, June 1998
[Data from U.S. Environmental Protection Agency web page http://www.epa.gov/swerustl/cat/cam0698.htm] and R. Hitzig,

U.S. Environmental Protection Agency, written commun., 1998]

State Number of Number of Percent of sites
active tanks confirmed releases reporting MTBE

Connecticut 16,777 1,712 80- 100
Delaware 2,117 2,379 60 - 80
Maine 11,957 1,711 60 - 80
Maryland 19,261 13,522 60 - 80
Massachusetts 19,290 5,088 not reported
New Hampshire 3,777 1,795 80- 100
New Jersey 28,646 6,768 80-100
New York 39,110 14,531 80-100
Pennsylvania 37,250 9,251 not reported
Rhode Island 2,422 1,079 80-100
Vermont 3,089 1,536 80- 100
Virginia! 37,794 8,396 80 - 100
Total 221,490 67,768

Uncludes the District of Columbia.
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APPROACH

Because this assessment will be conducted in
two phases, two different but complementary study
designs will be used. In general, both designs will
involve a combination of two tasks—(1) inventorying
and reviewing existing data on MTBE and other VOCs
in public and private drinking-water supplies collected
by water systems, State and local agencies, as well as
data collected as part of previous or ongoing USGS,
other Federal, or State water-quality sampling
programs conducted in the 12-State area, and (2)
analyzing and interpreting the water-quality data with
available ancillary data.

A principal difference between the two efforts is
the extent to which accurate locational data are needed
to accomplish the objectives. The drinking-water
assessment (phase 1) will assemble and statistically
summarize data on the occurrence and distribution of
MTBE and other VOC:s in drinking water by source of
water, size of system, and by State, and does not require
accurate locational information on each water source to
provide this information. In phase 1, available informa-
tion will be used to the extent possible to characterize
the occurrence and distribution of MTBE and other
VOCs with respect to type of aquifer, use of RFG/OXY
gasoline, or other factors as feasible. However, in phase
2, explanatory data analysis will be more closely tied to
available GIS data for land use, population density,
proximity to point sources, or other ancillary factors
and will require accurate locational information on the
source of water sampled. Consequently, the available
data will been screened to include only data with suffi-
cient locational and ancillary documentation.

Phase 1—Drinking-Water Assessment

Determining the frequency of detection and the
range in concentrations of MTBE and other VOCs in
drinking water requires an extensive and representative
inventory of available water-quality data. The number,
size, source, and location (by State) of PWSs selected
for this assessment need to reflect the actual distribu-
tion of PWSs in the study area. However, there are
more than 43,000 PWSs in the 12-State area, and a
comprehensive review of drinking-water quality for all
PWSs is not feasible. About one-quarter of the active
PWSs are community water systems (CWSs) that
provide water year round to the same consumer base of
25 people or more or have a minimum of 15 residential
service connections. The remainder of the PWSs
provide non-residential water supplies to schools,

factories, and hospitals; these are referred to as
nontransient noncommunity water systems
(NTNCWS), or to campgrounds, motels, and restau-
rants, which are identified as transient noncommunity
water systems (TNCWS). Consequently, a smaller,
more manageable subset of CWSs will be targeted. A
stratified, random design for the selection of partici-
pating CWSs will allow information developed on the
occurrence and distribution of VOCs in drinking water,
as well as statistical comparisons by State, source of
water, and size of utility, to be extrapolated to the
overall population of CWSs. Information on the loca-
tion, filtration and treatment, water-distribution area,
actual population served, and quantity of water deliv-
ered by suppliers also will be obtained where possible
and will be used to further explain and compare the
frequency of detection and concentration of VOCs in
drinking water.

To extend the value of the information on
drinking-water quality beyond occurrence and distri-
bution of VOCs, additional ancillary data are needed.
For surface-water sources, this includes accurate loca-
tions of intakes, the number, type, and location of any
discharges to receiving surface-water bodies that are
source waters for CWSs; land-use patterns in source
surface-water basins; and locations of upwind releases
of VOC:s to the atmosphere. For ground-water sources,
information is needed on the location of the supply
well, the producing aquifer, depth to the open interval,
and other construction characteristics of the well, well
yield and contributing area to the well, land use, popu-
lation density, locations of known or potential VOC
sources (gasoline stations, dry cleaners, other commer-
cial and industrial users), and other cultural and demo-
graphic information. It is anticipated that some of these
data will be obtained during this assessment as part of
an inventory of CWSs or as part of regional GIS cover-
ages. However, it may be difficult to obtain or confirm
some critical data elements, particularly the location of
wells and surface-water intakes. Data for CWSs
without this supporting information may be useful only
for inclusion in the aggregate detection frequencies and
concentrations observed.

Work Elements

Phase 1, the drinking-water assessment, will be
accomplished with the following four work elements:
(1) select representative CWSs, (2) inventory water-
quality data from selected community water systems,
(3) analyze water-quality data, and (4) summarize find-

ings.
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(1) Select Representative Community Water Systems

CWSs obtain water from surface-water
sources—streams, rivers, lakes, and reservoirs—and
(or) ground-water sources, treat it (where required) to
meet drinking-water standards, and deliver the finished
water to households and other customers for consump-
tion. The USEPA (1995a) classifies CWSs by the
number of people served:

Very large systems Serve more than 100,000 people
Serve 10,001 to 100,000 people
Serve 3,301 to 10,000 people
Serve 501 to 3,300 people

Serve 500 or fewer people

Large systems
Medium systems
Small systems
Very small systems

Nationally, large and very large CWSs make up only
about 6 percent of all systems, but collectively serve 79
percent of all CWS customers (U.S. Environmental
Protection Agency, 1995a). Surface-water sources are
used by 56 percent of the large and very large systems.
Information on the number of CWSs in the 12
States in the Northeast and Mid-Atlantic regions was
retrieved from the USEPA’s Safe Drinking Water Infor-
mation System (SDWIS) data base (U.S. Environ-
mental Protection Agency, 1995b) on December 1,
1997. This information was compiled by State, prin-

cipal source of water, and four size categories of popu-
lation served (table 5). A total of 10,470 CWSs
provided drinking water in the 12 Northeast and Mid-
Atlantic States on December 1, 1997. Their geographic
distribution reflects to some extent the size and popula-
tion of each State; New York and Pennsylvania have
nearly 50 percent of the CWSs, whereas Delaware and
Rhode Island have just 3 percent of the total.

In table 5, CWSs were reclassified into four cate-
gories by size:

Serve more than 50,000 people
Serve 3,301 to 50,000 people
Serve 501 to 3,300 people
Serve 500 or fewer people

Very large systems
Large systems
Medium systems
Very small systems

This change was intended to allow at least 30 CWSs
within each category for statistical purposes. Only
about 1 percent of the water systems fall into the very
large (more than 50,000 people served) category,
whereas nearly two-thirds (66 percent) serve 500 or
fewer people. About 80 percent of all CWSs in the
study area use ground water as the principal source of
water but because most of these are small systems,
collectively ground water provides only about 25
percent of public water supplies. ‘

Table 5. Distribution of community water systems by State, principal source of water, and population served

in the 12-State study area, 1997

[Community water supplies are public and private water systems that furnish water year round to at least 25 people, or that have a minimum of 15 ser-
vice connections. Data from U.S. Environmental Protection Agency’s SDWIS data base (M.A. Hom, U.S. Geological Survey, written commun., 1997)]

Number of community water systems

Principal source

Population served

of water
State Total Percent
i R
50,000 50,000 3,300 500

Connecticut 59 541 10 44 55 491 600 5.7
Delaware 3 226 3 9 44 173 229 2.2
Maine 81 319 1 31 93 275 400 3.8
Maryland 57 450 7 48 109 343 507 4.8
Massachusetts 168 357 24 218 80 203 525 5.0
New Hampshire 52 618 2 31 84 553 670 6.4
New Jersey 94 517 22 207 132 250 611 5.8
New York 749 1,940 29 294 602 1,764 2,689 25.7
Pennsylvania 436 1,777 32 278 508 1,395 2,213 21.1
Rhode Island 22 59 5 21 8 47 81 0.8
Vermont 73 361 1 28 84 321 434 4.1
Vlrginial 265 1,255 18 109 261 1,132 1,520 14.5
Total 2,059 8,420 154 1,318 2,060 6,947 10,470 100
(percent) (19.6) (80.4) (1.5) (12.6) (19.6) (66.3) (100)

ncludes District of Columbia
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A relatively large and representative sample of
CWSs will be included in the inventory to accomplish
the drinking-water assessment and provide USEPA
with information on the frequency of detection and
concentration of VOCs in drinking water that will help
quantify the extent of human exposure. The assessment
will attempt to inventory data on VOCs in drinking
water for 2,110 CWSs or about 20 percent of all CWSs
in the study area. A stratified random approach was
used to define the number of systems to be inventoried
based on geographic distribution of systems by State,
source of water, and population served. The stratified
random design (table 6) distributes the 2,110 CWSs
among the 12 States by source and size in direct
proportion to their actual distribution (see table 5). The
number of CWSs to be included in Rhode Island (16),
however, was augmented by 14 to obtain a total of 30
systems from that State; the extra 14 CWSs are allo-
cated in the same proportion as the original 16 systems
and were needed to have sufficient numbers for valid
statistical analysis of the data.

Because there are relatively few (154) very large
CWSs and they serve a large percentage of the popula-
tion in the study area, some additional effort might be
well spent to inventory data from a disproportionately

large number of these. It is likely that these systems
will have more water-quality data than smaller systems
because their monitoring requirements are generally
more extensive, they have the resources to collect extra
samples and analyze for additional contaminants, and
they may have more electronic data storage. However,
data on VOCs in water from the largest suppliers may
be less likely to represent water-quality conditions of
all CWSs because the largest suppliers often obtain
water from surface-water or mixed surface-
water/ground-water sources. Consequently, if over-
sampling were targeted at the largest CWSs, the results
would need to be presented separately to the overall
frequency of VOC:s in drinking water. In addition, the
largest systems often have the capacity to shift sources
if contaminant problems are related to one well or
intake, and they likely have more advanced or exten-
sive filtration and treatment facilities and more
complex distribution systems. Detailed information on
these factors would be needed for each large utility
inventoried. If additional large CWSs were included, a
corresponding reduction in the number of smaller
systems would be needed to balance the additional
work within the available time and fiscal resources.

Table 6. Target number of community water systems to be inventoried by State, source of water, and population served

[Community water systems are public and private water systems that furnish water year round for domestic use to at least 25 people, or that have a minimum
of 15 service connections. Target number of community water systems is proportional to actual distribution except for Rhode Island, where the number of
systems is increased from 14 to 30 to obtain minimum number valid for statistical analysis]

Number of community water systems

Source of water Population served
State Surface Ground More 3,301 501 25 Total Percent
water water than to to to
50,000 50,000 3,300 500

Connecticut 12 108 2 9 11 98 120 57
Delaware 1 45 1 2 9 34 46 22
Maine 16 64 0 6 19 55 80 38
Maryland 11 90 | 10 22 68 101 438
Massachusetts 34 71 5 44 16 40 105 5.0
New Hampshire 10 124 0 6 17 111 134 6.4
New Jersey 19 103 4 41 27 50 122 5.8
New York 150 388 6 59 120 353 538 25.5
Pennsylvania 87 356 6 56 102 279 443 21.0
Rhode Island 8 22 2 8 3 17 30 14
Vermont 15 72 0 6 17 64 87 4.1
Virginia 53 251 4 22 52 226 304 14.4
Total 416 1,694 31 269 415 1,395 2,110 100
(percent of) 19.7) (80.3) (1.5) (12.7) 19.7 (66.1) (100)
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Other stratification factors that could also be
considered in the design of the CWS inventory include
population density, land use, the areal extent of
oxygenated and reformulated gasoline use, and the
type of aquifer developed for drinking-water supplies.
However, accurate locational information would be
needed to stratify on these factors. By obtaining a
random 20 percent sample (2,110) of all CWSs the
sample population may be sufficiently large to allow
valid statistical inference among some of these “envi-
ronmental” categories. Additional data on the extent of
distribution area, number of different source(s) of
water and volumes mixed, type of treatment, sampling
protocols, analytical methods, and quality assur-
ance/quality control procedure also will be collected
when possible to allow a more complete analysis and to
extend the findings of this assessment.

(2) Inventory water-quality data from selected CWSs

The availability of water-quality data on VOCs
for PWSs in each of the 12 States in the study area is
summarized in appendix 2. The information in
appendix 2 is largely based on telephone surveys of
State health and water-supply agencies and has not
been confirmed by any review of actual data. In addi-
tion, information previously compiled by the USEPA
(Gould, 1996) and for the USGS’s NAWQA Program
(M.J. Moran, U.S. Geological Survey, 1997, written
commun.; Robinson and Horn, 1998) on the avail-
ability of water-quality data from PWSs and other
sources is included in appendix 2.

Chemical analyses for 21 regulated VOCs (plus
EDB and DBCP) and 21 unregulated VOCs (appendix
1) are determined routinely for most PWSs. Additional
analyses for 14 other unregulated VOCs (appendix 1)
may be required at the discretion of individual States.
However, MTBE is not presently regulated under the
SDWA, and routine monitoring for MTBE is not
required. Some State or local agencies and individual
water systems have collected MTBE data as part of
their PWS monitoring or a specific sampling effort that
targets PWSs in areas where MTBE might be expected
to occur (near gasoline stations). Ten States are known
to have MTBE data for at least some CWSs, while two
States (Delaware and Pennsylvania) reportedly do not
have any data on MTBE in drinking water.

During a preliminary inventory for this study, 7
States (Connecticut, Maine, Maryland, Massachusetts,
Rhode Island, Vermont, and Virginia) reported that
MTBE was detected in drinking water from at least 200

PWSs through 1997 (see appendix 2). Because a strat-
ified random selection of CWS may exclude some
available data sets on MTBE, efforts will be made to
obtain data for any sites or systems with MTBE anal-
yses that would help to define the occurrence and distri-
bution of this compound in drinking water. These
additional MTBE data, however, would not be used for
statistical analyses.

(3) Analyze water-quality data

Statistical summaries of the data will be prepared
that will report the frequency of detection, concentra-
tion range, and median and other quantile concentra-
tions for all VOCs included in the water-quality data.
This information will be summarized and presented
relative to the total number of CWSs and the total
number of drinking-water samples for the 12-State
region collectively and for each individual State. The
data will also be summarized to present the occurrence
and distribution of MTBE and other VOC:s in relation
to the source of drinking water and to each population-
served category. Estimates of the total number of
people exposed to individual and co-occurring VOCs
will be made based on data on the actual population
served by those CWSs reporting VOC detections.
Maps will be prepared showing the locations of
drinking-water sources (wells and surface-water
intakes) where MTBE and selected other VOCs have
been sampled and locations of sources where these
compounds have been detected.

(4) Summarize findings

The product of the drinking-water assessment
(Phase 1) will be a report that will describe the location,
frequency, and extent of human exposure to MTBE and
other VOCs in public drinking-water supplies. The
report will summarize the number, frequency, and
concentration of VOCs detected in drinking water in
the Northeast and Mid-Atlantic regions and will
include statistical summaries (tables and graphs) and
maps showing the areal distribution of sites, sources,
and systems with VOC detections.
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Phase 2—Ambient Ground-Water
Assessment

Data on VOC:s in ground water have been
collected by the USGS as part of past and ongoing
NAWQA study-unit investigations. Frequently, these
data were purposely collected or screened to identify
sites which have the necessary ancillary data to support
a more complete analysis of cause and effect factors
associated with water-quality conditions. Data
collected by the pilot, 1991, and 1994 study units will
be assembled with data previously identified for inclu-
sion in the NAWQA National VOC ground-water
retrospective data base (Lapham and Tadayon, 1996).
Additional data will be sought from USGS District
offices and State monitoring agencies to provide more
complete areal and temporal coverage in the study area.

'Work Elements

The ambient ground-water assessment will be
accomplished with the following four work elements:
(1) inventory data on ambient ground-water quality, (2)
compile ancillary data, (3) analyze water-quality and
ancillary data, and (4) summarize findings.

(1) Inventory Data on Ambient Ground-Water Quality

The inventory of data on VOCs in ambient
ground water will be limited by the availability of suit-
able data. The well-network design criteria outlined by
Lapham and Tadayon (1996) will be used to screen
available data sets. Data that conform best to network
criteria have been collected mostly by the USGS for
NAWOQA study-unit survey ground-water networks
and for other USGS sampling efforts. The NAWQA
and other USGS data have field-verified site locations
and generally complete well construction and hydro-
geologic information. Samples from these wells were
analyzed for a broad suite of VOCs (60 to about 90
analytes) including MTBE and, in some analyses, other
fuel oxygenates or their degradation products. Data
collected by State and local agencies for SDWA
requirements and other monitoring programs also may
be used to evaluate ambient ground-water quality if
ancillary data are sufficiently complete, and site selec-
tion was not biased to known or suspected water-
quality problem areas. For example, data for
NTNCWSs) and domestic wells, where unfiltered or
untreated water may be sampled, may provide informa-
tion that would allow this assessment to extend beyond

the relatively limited data available from USGS
studies.

Private domestic-water supplies are required to
obtain a “potability” test prior to local issue of a certif-
icate of occupancy. Generally, most State or local
health agencies require only bacteria, nitrate, or a few
additional general characteristics of the water to be
determined, but VOCs were measured for some wells
where evidence (odor, taste) or the risk of contamina-
tion (proximity to underground storage tanks or other
known point sources) was judged to be significant.
Several counties in New Jersey require homeowners to
test well water for VOCs as a condition of the sale of
the property.

The availability of water-quality data on VOCs
in ambient ground water in each of the 12 States in the
study area is summarized in appendix 3. Study staff
have contacted USGS District offices and NAWQA
study-unit staff, State and local health and water supply
agencies, and have reviewed information previously
compiled by the USEPA (Gould, 1996) and for the
USGS’s NAWQA Program (M.J. Moran, U.S. Geolog-
ical Survey, 1997, written commun.) for data that might
be useful to describe water quality from ambient
ground-water sources.

(2) Compite Ancillary Information

Regionally consistent data layers for physio-
graphic, geologic, hydrologic, and cultural information
will be needed for this assessment to conduct analysis
of water-quality data in relation to ancillary data, and to
facilitate presentation of the retrospective data and
assessment findings. A brief discussion of the type and
status of each needed data layer is included below.

Hydrography. It is necessary to illustrate the
distribution of surface-water sources inventoried for
this assessment with respect to the major drainage
features of the study area. The location of reservoirs
and other surface-water-sources will be shown in rela-
tion to streams and other water bodies on 1:100,000-
scale digital line graph hydrography compiled for the
USGS’s and the USEPA’s 1:100,000-scale National
Hydrography Data Set. This GIS coverage (formerly
the USEPA’s Reach File Version 3) contains unique
stream reach identification codes for each stream
segment that can be used to determine upstream/down-
stream relations and other stream-reach attributes that
support geospatial analysis.
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Hydrogeology. Regional delineation of five
major aquifers or aquifer systems in the study area have
been compiled using nationally consistent definitions
of the hydrogeologic environment from the ‘“National
Ground-Water Atlas” series of reports (Olcott, 1995;
Trapp and Horn, 1997). These include the surficial
aquifer system, the Northern Atlantic coastal plain
aquifer system, the carbonate-rock aquifers, sandstone
aquifers, and crystalline-rock aquifers. The coverage
also includes areas of New York and northern Pennsyl-
vania underlain largely by shale and areas of the Pied-
mont and Blue Ridge physiographic provinces in
Virginia, Maryland, and Pennsylvania underlain by
crystalline bedrock, generally not considered to be
major aquifers because well yields seldom exceed
15 gal/min. Water-quality data for public-supply wells
and other wells included in the retrospective data base
will be compared by aquifer, depth of well, depth to
water, depth of the screened or open interval, yield, and
other hydrogeologic variables to the extent that the
ancillary data will allow.

Land Use. The occurrence and distribution of
MTBE and other VOCs in ground water and storm-
water runoff are reported to be strongly associated with
urban land use (Delzer and others, 1996; Squillace and
others, 1996; Grady, 1997). General information on the
characteristics and distribution of the principal land
uses in the study area, and on urban land use in partic-
ular, is a critical coverage for this assessment. Pres-
ently, the only nationally consistent geographic data
base for land use is the GIRAS digital data from
1:100,000- and 1:250,000-scale maps that were devel-
oped during the 1970’s to mid 1980’s (U.S. Geological
Survey, 1990). However, the GIRAS data have been
updated to include new areas of urban growth esti-
mated from 1990 census block-group data (Hitt, 1994)
for large parts of the study area included in NAWQA
study-unit investigations. Similar updates are needed
for those parts of the 12-State area (a total of
50,300 mi2) that are outside NAWQA study units to
obtain a consistent and detailed land-use coverage for
the study area.

Alternatively, digital land-cover information
were compiled and interpreted for some NAWQA
study units from Landsat thematic mapper (TM) satel-
lite data. Although the TM data depict conditions in
1992 plus or minus 1 year, interpretations among
different study units have not always been consistent.
The USGS Land Cover Characterization Program
(U.S. Geological Survey, 1997) is scheduled to

complete a national TM coverage (National Land
Cover Dataset) in 1999; this coverage includes two
urban categories—high-intensity urban (a mixture of
industrial, commercial, and high-density residential)
and low-intensity urban (medium-density residential).
However, completion of the National Land Cover
Dataset is not scheduled until October 1999, and
coverage of the study area may not be available for use
until late in the assessment.

Population Density. The occurrence of VOCs in
ground water is related to population density as well as
land use (Eckhardt and others, 1989; Eckhardt and
Stackelberg, 1995; Grady, 1997). A 1990 population
density equal to or greater than 1,000 people per square
mile (see fig. 7) was used as an “urban” indicator for
updating 1970’s land use coverage (Hitt, 1994).
Detailed population density data are available for the
entire study area from intersecting 1990 census block-
group polygons with a 1-square kilometer base grid.
Information on the population density of areas
surrounding PWS sources and ambient ground-water-
quality sites will be obtained, compared for areas with
and without VOC detections, and possibly used to
derive quantifiable relations between VOC concentra-
tions or detection frequencies and population density.

Contaminant Source Data. Information on the
location of PWS wells, surface-water intakes, and
ambient ground-water sample sites (with respect to
facilities of known or potential use and release of VOC
contaminants) may provide insight as to the actual
source and transport processes that affect the occur-
rence of VOCs in water samples from these sites. Infor-
mation on the location, type, history, and volume of
contaminants leaked, spilled, or released from point
sources is available from a variety of local, State,
USEPA, and other databases and GIS coverages. The
STARVIEW Real Estate 2.5 environmental risk site
data system (Vista Information Solutions, 1999) was
obtained by the VOC National Synthesis Project. The
STARVIEW data include location and attributes of
permitted waste treatment, storage, and disposal facili-
ties on (or under review for) the USEPA’s National
Priorities List, Comprehensive Environmental
Response, Compensation, and Liability Act
(CERCLA) lists, and Resource Conservation and
Recovery Act (RCRA) lists or equivalent sites identi-
fied on State lists; solid waste landfills, incinerators,
and transfer stations; leaking underground storage
tanks and registered above-ground and underground
storage tanks; RCRA-registered large and small
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hazardous waste generators; Toxic Release Inventory
sites and quantities released (U.S. Environmental
Protection Agency, 1995¢); and sites where spills have
been identified by the Emergency Response Notifica-
tion System. Locations of potential contaminant
sources that are within 1/8-, 1/4-, 1/2- and 1-mi of any
latitude and longitude coordinates can be retrieved and
plotted. Information on potential VOC sources near
inventoried PWSs and ambient ground-water-quality
sites will be evaluated to identify factors that could
explain the occurrence of contaminants.

(3) Analyze water-quality and ancillary data

The ambient ground-water-quality data will be
assembled into an electronic data base with cross refer-
ence to location (latitude and longitude, if available),
State, source of water, and size of utility (population
served). Statistical and graphical techniques will be
used to analyze and present the data. Statistical summa-
ries, histograms, and (or) boxplots of the frequency of
detection, range of concentrations, and median concen-
trations of VOCs will be prepared. Contingency-table
tests will be used to compare the frequency of VOC
detections among various stratification categories or

other categorical explanatory variables (for example,
MTBE used or not, aquifer type, land use) where the
ancillary and analytical data allow. For data that can be
evaluated with respect to a continuous explanatory
variable (population density, depth of well, proximity
to potential source), principal-component analysis, and
logistic-regression models will be applied.

(4) Summarize findings

The product of the ambient ground-water assess-
ment (Phase 2) will be an interpretive report that will
identify human and natural factors associated with
occurrence and distribution of MTBE and other VOCs
in ambient ground water and, to the extent possible,
drinking water. The report will compare the frequency
and concentration of VOCs in ambient ground water
and drinking water by factors such as land use, MTBE
use, population density, or other anthropogenic vari-
ables, and by aquifer system, well type, well depth,
water-table conditions, water use, or other hydrogeo-
logic variables. This report will identify and quantify,
to the extent possible, relations between VOC occur-
rence and distribution and human and natural factors in
the Northeast and Mid-Atlantic regions.
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SUMMARY

A plan was designed to assess the occurrence
and distribution of MTBE and other VOC:s in drinking
water and ambient ground water in the Northeast and
Mid-Atlantic regions of the United States. This area
was selected because it has a large population, exten-
sive urban and industrial development, and widespread
use and release of many VOCs. This region comprises
the largest contiguous area outside of California where
use of the gasoline additive MTBE is used to meet
requirements of the Clean Air Act Amendments of
1990.

MTBE and other VOCs were targeted because
they were widely detected in samples of shallow
ground water collected by the USGS’s NAWQA
Program. Nearly one-fifth of 1,650 wells sampled
through 1996 contained one or more VOCs; chloro-
form and MTBE were the most frequently detected
VOC:s in the NAWQA samples. Detections of MTBE
were reported in ambient ground water in at least 8 of
the 12 States included in this study (Connecticut,
Massachusetts, New Jersey, New York, Pennsylvania,
Rhode Island, Vermont, and Virginia). MTBE also was
reported in public drinking-water supplies in at least 7
of these States (Connecticut, Maine, Maryland, Massa-
chusetts, Rhode Island, Vermont, and Virginia).

However, a regional or national drinking-water data-
base of MTBE or other VOC occurrence does not yet
exist. Consequently, information about the areal and
temporal distribution of MTBE and other VOCs in
drinking water and ambient ground water or their rela-
tion to natural and human factors presently cannot be
determined.

The study will proceed in two phases—a
drinking-water assessment (phase 1) and an ambient
ground-water assessment (phase 2). The drinking-
water assessment will compile, review, and analyze
available water-quality data for approximately 20
percent of the community water systems in 12 States in
the Northeast and Mid-Atlantic regions. The occur-
rence and distribution of MTBE and other VOCs in
drinking water supplied by 2,110 community water
systems will be evaluated. The ambient ground-water
assessment will compile water-quality and ancillary
data from previous USGS NAWQA studies and other
available State or local datasets. These data will be
related to land-use patterns, population density, and
other anthropogenic and natural factors using statistical
hypothesis tests. The occurrence and distribution of
MTBE and other VOCs in ambient ground water and,
to the extent possible, drinking water in relation to such
factors, will be evaluated.
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