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Foreword

The U.S. Geological Survey (USGS) is committed to providing the Nation with accurate and
timely scientific information that helps enhance and protect the overall quality of life and that
facilitates effective management of water, biological, energy, and mineral resources (http://
www.usgs.gov/). Information on the quality of the Nation’s water resources is critical to
assuring the long-term availability of water that is safe for drinking and recreation and suitable
for industry, irrigation, and habitat for fish and wildlife. Population growth and increasing
demands for multiple water uses make water availability, now measured in terms of quantity
and quality, even more essential to the long-term sustainability of our communities and
ecosystems.

The USGS implemented the National Water-Quality Assessment (NAWQA) Program in 1991 to
support national, regional, and local information needs and decisions related to water-quality
management and policy (hztp.//water.usgs.gov/nawqa). Shaped by and coordinated with
ongoing efforts of other Federal, State, and local agencies, the NAWQA Program is designed

to answer: What is the condition of our Nation’s streams and ground water? How are the
conditions changing over time? How do natural features and human activities affect the quality
of streams and ground water, and where are those effects most pronounced? By combining
information on water chemistry, physical characteristics, stream habitat, and aquatic life, the
NAWOQA Program aims to provide science-based insights for current and emerging water issues
and priorities.

From 1991-2001, the NAWQA Program completed interdisciplinary assessments in 51 of the
Nation’s major river basins and aquifer systems, referred to as Study Units (http://water.usgs.
gov/nawqa/studyu.html). Baseline conditions were established for comparison to future
assessments, and long-term monitoring was initiated in many of the basins. During the next
decade, 42 of the 51 Study Units will be reassessed so that 10 years of comparable monitoring
data will be available to determine trends at many of the Nation's streams and aquifers. The
next 10 years of study also will fill in critical gaps in characterizing water-quality conditions,
enhance understanding of factors that affect water quality, and establish links between sources
of contaminants, the transport of those contaminants through the hydrologic system, and the
potential effects of contaminants on humans and aquatic ecosystems.

The USGS aims to disseminate credible, timely, and relevant science information to inform
practical and effective water-resource management and strategies that protect and restore
water quality. We hope this NAWQA publication will provide you with insights and information
to meet your needs, and will foster increased citizen awareness and involvement in the
protection and restoration of our Nation's waters.



The USGS recognizes that a national assessment by a single program cannot address all
water-resource issues of interest. External coordination at all levels is critical for a fully
integrated understanding of watersheds and for cost-effective management, regulation, and
conservation of our Nation’s water resources. The NAWQA Program, therefore, depends on
advice and information from other agencies—Federal, State, interstate, Tribal, and local—as
well as nongovernmental organizations, industry, academia, and other stakeholder groups. Your
assistance and suggestions are greatly appreciated.

Robert M. Hirsch
Associate Director for Water
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Conversion Factors, Acronyms, and Definitions

Multiply By To obtain
Length
kilometer (km) 0.6214 mile (mi)

Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD 83).

Concentrations of chemical constituents in water are given either in milligrams per liter (mg/L)
or micrograms per liter (ug/L).

Acronyms

< less than

AOC anthropogenic organic compound

BTEX benzene, toluene, ethylbenzene, and xylenes
CWS community water system

DEET N,N-diethyl-meta-toluamide

E estimated

GC/MS gas chromatography-mass spectrometry
HPLC/MS high performance liquid chromatography-mass spectrometry
LRL laboratory reporting level

LT-MDL long-term method detection level

NAWQA National Water-Quality Assessment

NwaQL National Water Quality Laboratory

ac quality control

R removed

SPE solid phase extraction

SWQA Source Water-Quality Assessment

USGS U.S. Geological Survey

VOoC volatile organic compound



Definitions

Terms for which definitions are provided below are presented in boldface type when first used

in the text

Community water system
(CWS)

Finished water

Principal aquifer

Source water

Source Water-Quality
Assessment (SWQA)

A public water system with 15 or more connections and

serving 25 or more year-round residents and thus is subject to
U.S. Environmental Protection Agency regulations enforcing the
Safe Drinking Water Act. A community water system serves a
residential population, such as a municipality, mobile home park,
or nursing home.

Water is “finished” when it has passed through all the processes
in a water treatment plant and is ready to be delivered to
consumers.

A regionally extensive aquifer or aquifer system that has the
potential to be used as a source of potable water.

Source water is the raw (ambient) water collected at the supply
well or surface-water intake prior to water treatment used to
produce finished water.

An assessment activity of the U.S. Geological Survey's

National Water-Quality Assessment Program that focuses on
characterizing the quality of source water and finished water of
aquifers and major rivers used by some of the larger community
water systems in the United States.

vii
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Concentration Data for Anthropogenic Organic
Compounds in Ground Water, Surface Water, and
Finished Water of Selected Community Water Systems

in the United States, 2002—-05

By Janet M. Carter, Gregory C. Delzer, James A. Kingsbury, and Jessica A. Hopple

Abstract

The National Water-Quality Assessment Program of
the U.S. Geological Survey began implementing Source
Water-Quality Assessments (SWQAs) in 2001 that focus
on characterizing the quality of source water and finished
water of aquifers and major rivers used by some of the larger
community water systems (CWSs) in the United States. As
used for SWQA studies, source water is the raw (ambient)
water collected at the supply well prior to water treatment
(for ground water) or the raw (ambient) water collected from
the river near the intake (for surface water), and finished
water is the water that is treated and ready to be delivered to
consumers. Finished water is collected before entering the
distribution system.

SWQA studies are conducted in two phases, and the
objectives of SWQA studies are twofold: (1) to determine the
occurrence and, for rivers, seasonal changes in concentrations
of a broad list of anthropogenic organic compounds
(AOCs) in aquifers and rivers that have some of the largest
withdrawals for drinking-water supply (phase 1), and (2) for
those AOCs found to occur most frequently in source water,
characterize the extent to which these compounds are present
in finished water (phase 2). These objectives were met for
SWQA studies by collecting ground-water and surface-
water (source) samples and analyzing these samples for
258 AOCs during phase 1. Samples from a subset of wells
and surface-water sites located in areas with substantial
agricultural production in the watershed were analyzed for
19 additional AOCs, for a total of 277 compounds analyzed
for SWQA studies. The 277 compounds were classified
according to the following 13 primary use or source groups:
(1) disinfection by-products; (2) fumigant-related compounds;
(3) fungicides; (4) gasoline hydrocarbons, oxygenates, and
oxygenate degradates; (5) herbicides and herbicide degradates;
(6) insecticides and insecticide degradates; (7) manufacturing
additives; (8) organic synthesis compounds; (9) pavement-
and combustion-derived compounds; (10) personal care

and domestic use products; (11) plant- or animal-derived
biochemicals; (12) refrigerants and propellants; and

(13) solvents. Source and finished water samples were
collected during phase 2 and analyzed for constituents that
were detected frequently during phase 1.

This report presents concentration data for AOCs in
ground water, surface water, and finished water of CWSs
sampled for SWQA studies during 2002-05. Specifically,
this report presents the analytical results of samples collected
during phase 1 including (1) samples from 221 wells that were
analyzed for 258 AOCs; (2) monthly samples from 9 surface-
water sites that were analyzed for 258 AOCs during phase 1;
and (3) samples from a subset of the wells and surface-water
sites located in areas with substantial agricultural production
that were analyzed for 3 additional pesticides and 16 pesticide
degradates. Samples collected during phase 2 were analyzed
for selected AOCs that were detected most frequently in
source water during phase 1 sampling; analytical results for
phase 2 are presented for (1) samples of source water and
finished water from 94 wells; and (2) samples of source
water and finished water samples that were collected monthly
and during selected flow conditions at 8 surface-water sites.
Results of quality-assurance/quality-control samples collected
for SWQA studies during 2002-05 also are presented.

Introduction

In 1991, the U.S. Geological Survey (USGS) began the
National Water-Quality Assessment (NAWQA) Program
to (1) provide a nationally consistent description of current
water-quality conditions for the 51 largest and most important
aquifers and river basins across the Nation; (2) define long-
term trends in water quality; and (3) identify, describe, and
explain, as possible, the major factors that affect observed
water-quality conditions and trends (Gilliom and others,
1995). This information, which is obtained on a continuing
basis, is being made available to water managers, policy
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makers, and the general public to provide an improved
scientific basis for evaluating the effectiveness of water-quality
management programs and for predicting the likely effects

of contemplated changes in land and water-management
practices. The first decade of the Program focused on
describing current water-quality conditions.

Beginning in 2001, the Program began its second decade
of intensive assessment activities, returning to 42 (14 in 2001,
2004, and 2007, respectively) of the 51 original aquifers
and river basins studied, termed Study Units. In addition to
providing a description of current water-quality conditions,
these studies place increased emphasis on the latter two goals
of the Program—trends and understanding. In addition, a new
assessment activity during the second decade of NAWQA is
Source Water-Quality Assessments (SWQAs) that focus
on characterizing the quality of source water and finished
water of aquifers and major rivers used by some of the larger
community water systems (CWSs) in the United States.

As used in this study, source water is the raw (ambient)
water collected at the supply well prior to water treatment
(for ground water) or the raw (ambient) water collected from
the river near the intake (for surface water), and finished
water is the water that is treated and ready to be delivered

to consumers. Finished water is collected before entering

the distribution system. Finished water from ground-water
supplies may have been blended with water from several
ground-water sources, but was not blended with water from
any surface-water sources. Finished water from surface-water
supplies typically was not blended with any additional surface-
water or ground-water sources.

SWQA studies are intended to complement drinking-
water monitoring required by Federal, State, and local
programs, which focus primarily on post-treatment
compliance monitoring. Through SWQA studies, NAWQA is
increasing its emphasis on characterizing the water quality of
rivers and aquifers that are major sources of drinking water
and will allow results from other NAWQA sites to be put
into context with the source of water used for water supply.
Additionally, the quality of source water for a large number
of compounds not regulated in drinking water also will be
determined. SWQA studies will continue to collaborate with
other agencies and organizations involved with supplying and
managing drinking water. To help accomplish this, USGS staff
maintain a close working relationship with CWS personnel
that are utilizing the source waters investigated.

SWQA studies are conducted in two phases, and the
objectives of SWQA studies are twofold: (1) to determine the
occurrence and, for rivers, seasonal changes in concentrations
of a broad list of anthropogenic organic compounds (AOCs) in
aquifers and rivers that have some of the largest withdrawals
for drinking-water supply (phase 1), and (2) for those AOCs
found to occur most frequently in source water, characterize
the extent to which these compounds are present in finished

water (phase 2). These objectives were met for SWQA studies
by collecting ground-water and surface-water (source) samples
and analyzing these samples for anthropogenic organic
compounds during phase 1. Source and finished water samples
were collected during phase 2 and analyzed for constituents
that were detected frequently during phase 1.

During 2002-05, water-quality was monitored for
15 ground-water SWQAs and 9 surface-water SWQAs. The
ground-water and surface-water samples collected during
phase 1 were analyzed for 258 AOCs. Samples from a
subset of wells and surface-water sites located in areas with
substantial agricultural production in the watershed also
were analyzed for 3 additional pesticides and 16 pesticide
degradates for a total of 277 compounds analyzed for SWQA
studies. During phase 2, samples of source water and finished
water were collected from a subset of the ground-water and
surface-water sites. These samples were analyzed for selected
AOCs that were detected most frequently or occurred at
relatively higher concentrations during phase 1 sampling.

Purpose and Scope

The purpose of this report is to present concentration
data for AOCs in ground water, surface water, and finished
water of CWSs sampled for SWQA studies during 2002-05.
No interpretations of the concentration data are included in
this report. Specifically, this report presents the analytical
results of samples collected during phase 1 including
(1) samples from 221 wells that were analyzed for 258 AOCs;
(2) monthly samples from 9 surface-water sites that were
analyzed for 258 AOCs; and (3) samples from a subset
of the wells and surface-water sites located in areas with
substantial agricultural production that were analyzed for
3 additional pesticides and 16 pesticide degradates. Samples
collected during phase 2 were analyzed for selected AOCs
that were detected most frequently in source water during
phase 1 sampling; analytical results for phase 2 are presented
for (1) samples of source water and finished water from
94 wells; and (2) samples of source water and finished water
samples that were collected monthly and during selected
flow conditions at 8 surface-water sites. Results of quality-
assurance/quality-control samples collected for SWQA studies
during 2002-05 also are presented.

Acknowledgments

The authors thank the many CWS personnel who helped
coordinate sample collection and provided permission to
sample. Study Unit personnel are thanked for collecting the
samples. Jack Barbash, David Bender, and Dana Kolpin
are thanked for their help in compiling information for the
primary use or source groups for the AOCs.



Study Design

This section of the report describes the criteria used
for selection of sampling sites during phases 1 and 2 of the
SWOQA studies. In addition, sample collection, analytical
methods, and quality-assurance activities used to characterize
the quality of compounds monitored are described.

Selection of Ground-Water Sites

During 2002-05, water quality from ground-water
SWQAs was monitored in 13 NAWQA Study Units with two
of these Study Units having two SWQA studies—Georgia-
Florida Coastal Plain (GAFL) and Upper Mississippi River

Base modified from U.S. Geological Survey digital data,
1:2,000,000, 1990

Albers Equal-Area Projection

North American Datum of 1983
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Basin (UMIS)—for a total of 15 ground-water SWQAs (fig. 1;
table 1). For each ground-water SWQA, about 15 CWS wells
were selected for a total of 221 wells sampled during phase 1.
The selection process for CWS wells considered several
criteria. The wells selected withdraw water from a principal
aquifer (table 1), or an area representative of an important
regional water-supply aquifer (other aquifer), and ground
water represents a substantial portion of drinking water in the
area. Additionally, ground water used by the selected CWSs
was potentially vulnerable to anthropogenic contamination
because of large ground-water withdrawal rates from the
aquifer and the proximity of wells to urban areas. Finally,
the wells sampled fit into a national network of wells that
collectively cover a variety of environmental settings such as
agriculture, urban, and mixed.

EXPLANATION
. Ground water—Number is map number in table 1

A Surface water—Number is map number in table 2

Figure 1.

Location of Source Water-Quality Assessment studies for which samples were collected during 2002—05.
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Table 1. Principal aquifers sampled for ground-water Source Water-Quality Assessment studies during 2002—-05.
Map number .
Source Water-Quality Assessment study _ i
(shown on . g Principal aquifer
. (Study Unit abbreviation)
figure 1)
1 Central Columbia Plateau/Yakima River Basin Columbia Plateau basin-fill and basaltic-rock aquifers .
(CCYK)
2 Connecticut, Housatonic, and Thames River Basins ~ Glacial deposits aquifer system.
(CONN)
3 Georgia-Florida Coast Plain (GAFL) Floridan aquifer system (unconfined unit).
4 Georgia-Florida Coast Plain (GAFL) Floridan aquifer system (semiconfined unit).
5 High Plains Regional Ground Water Study (HPGW)  High Plains aquifer.
6 Nevada Basin and Range (NVBR) Basin and Range basin-fill aquifers.
7 Potomac River Basin and Delmarva Peninsula Piedmont and Blue Ridge crystalline-rock aquifers.
(PODL)
8 Rio Grande Valley (RIOG) Rio Grande aquifer system.
9 San Joaquin-Tulare Basins (SANJ) Central Valley aquifer system.
10 South-Central Texas (SCTX) Edwards-Trinity aquifer system.
11 South Platte River Basin (SPLT) Denver Basin aquifer system.
12 Trinity River Basin (TRIN) Coastal Lowlands aquifer system.
13 Upper Mississippi River Basin (UMIS) Glacial deposits aquifer system.
14 Upper Mississippi River Basin (UMIS) Cambrian-Ordovician aquifer system (Prairie du Chien-Jordan
aquifer).
15 White and Great and Little Miami River Basins Glacial deposits aquifer system.
(WHMI)

'U.S. Geological Survey, 2003.

“Principal aquifer consists of a combination of aquifers.

Within an SWQA study area, the highest producing
wells typically were selected for sampling because these wells
have the largest contributing areas, which may increase the
potential for contamination. Annual production data were used
to characterize withdrawals for the CWS wells. In some cases,
annual production data for individual wells were not available,
so production volume for a well field or pumping center was
used. The top quartile of individual CWS wells or pumping
centers in a study area was characterized, and 15 CWS wells
were randomly selected from those in the top quartile. For
areas where the top quartile did not contain enough wells or
pumping centers for random selection of 15 to occur, a larger
group of wells (for example the upper one-half) was used.
Wells sampled were at least 1 kilometer apart to ensure that
the contributing areas for wells did not overlap.

In certain aquifer systems, some of the highest-producing
CWS wells were located near surface-water bodies, which
could result in induced infiltration of surface water to the
wells. Efforts were made to avoid selection of CWS wells
under the influence of surface water. Similarly, CWS wells in

coastal or bay areas with induced infiltration from seawater,
and wells used for injection and subsequent withdrawal of
artificial recharge also were avoided because water from
these types of wells does not represent recharge from the land
surface.

Phase 1 sampling activities monitored AOC
concentrations in the source water of about 15 CWS wells
per SWQA study for a total of 221 CWS wells. Phase 2
sampling was a focused activity that monitored concentrations
in samples from a subset of the phase 1 wells for those
AOQOCs found to occur most frequently or at relatively higher
concentrations during phase 1. During phase 2, source water
and finished water were monitored for 94 of the 221 CWS
wells sampled during phase 1. Finished water from 57 of the
94 sites sampled during phase 2 were blended with water from
other ground-water wells prior to distribution and sampling,
and water from 37 were not blended. Only one set of source-
water samples was collected from the Rio Grande Valley
(RIOG) SWQA study; thus, phase 1 and phase 2 samples for
this study are the same.



Selection of Surface-Water Sites

During 2002-05, water quality from surface-water
SWQAs was monitored in nine NAWQA Study Units (fig. 1;
table 2). During phase 1, one site was selected for each SWQA
and sampled monthly for about 1 year. During phase 2,
source water and finished water were sampled for eight of the
surface-water SWQASs.

Several criteria were used in selecting a surface-water
CWS site for SWQA monitoring. Source-water sites were
selected on free-flowing stream reaches rather than on
reservoirs to remain consistent with and to be able to compare
results with other surface-water sites sampled by the NAWQA
Program. In some cases, reservoirs were upstream from the

Study Design 5

surface-water CWS sites, but the closest reservoir is about

12 river miles upstream from the CWS intake. Additionally,
CWSs selected for this study were single-source systems, with
little or no blending of other source waters. Land use in the
watershed and the type of water treatment used by the CWSs
were not considerations in site selection.

The SWQA surface-water sites represent a range in size
(table 2) and are fairly well distributed across the United
States (fig. 1). Eight of the nine CWSs are categorized as
large or very large water systems, meaning that they provide
water to more than 10,001 and 100,001 people, respectively
(U.S. Environmental Protection Agency, 2006a). One site,
Running Gutter Creek, Massachusetts, is a small CWS that
serves fewer than 3,300 people.

Table 2. Rivers sampled for surface-water Source Water-Quality Assessment studies during 2002—05.

Map number Source Water-Quality Assessment study . System
(shown on . . River s
. (Study Unit abbreviation) size
figure 1)
16 Apalachicola-Chattahoochee-Flint River Basins (ACFB) Chattahoochee River, Georgia Very large.
17 Albemarle-Pamlico Drainage Basin (ALBE) Neuse River, North Carolina Large.
18 Connecticut, Housatonic, and Thames River Basins (CONN) Running Gutter Creek, Small.
Massachusetts
19 Nevada Basin and Range (NVBR) Truckee River, Nevada Very large.
20 Potomac River Basin and Delmarva Peninsula (PODL) Potomac River, Maryland Very large.
21 South Platte River Basin (SPLT)? Cache la Poudre River, Colorado Very large.
22 Trinity River Basin (TRIN) Elm Fork Trinity River, Texas Very large.
23 White and Great and Little Miami River Basins (WHMI) White River, Indiana Very large.
24 Willamette Basin (WILL) Clackamas River, Oregon Large.

ISystem size is defined by U.S. Environmental Protection Agency (2006a) as follows: small, serving fewer than 3,300 people; large, serving between 10,001

and 100,001 people; and very large, serving more than 100,001 people.

*No source-water or finished-water samples from this site were collected during phase 2.

Compounds Monitored

The 277 AOCs analyzed for SWQA studies were
categorized into the following 13 compound groups on the
basis of their primary use or source (table 3): (1) disinfection
by-products; (2) fumigant-related compounds; (3) fungicides;
(4) gasoline hydrocarbons, oxygenates, and oxygenate
degradates, (5) herbicides and herbicide degradates;

(6) insecticides and insecticide degradates; (7) manufacturing
additives; (8) organic synthesis compounds; (9) pavement-
and combustion-derived compounds; (10) personal care

and domestic use products; (11) plant- or animal-derived
biochemicals; (12) refrigerants and propellants; and

(13) solvents. Selected information for the compounds
analyzed for SWQA studies is presented in Appendix 1.
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Table 3. Primary use or source groups for compounds analyzed for ground-water and surface-water Source Water-Quality

Assessment studies.

[BTEX: benzene, toluene, ethylbenzene, and xylenes]

Number of
Primary use or source group Description compounds in
group
Disinfection by-products Trihalomethanes, (poly) haloacetic acids and other compounds that are produced from the 4
transformation of organic compounds during the disinfection of water and wastewater
through chlorination, ozonation, or other chemical methods.
Fumigant-related compounds Chemicals that may be present in commercial fumigant products, which produce a gas, 9
vapor, fumes, or smoke intended to destroy, repel, or control unwanted organisms such
as insects, bacteria, or rodents. These include fumigant active ingredients, as well as
their degradates and their manufacturing by-products.
Fungicides Pesticides that are used to kill unwanted fungi. 7
Gasoline hydrocarbons, Gasoline hydrocarbons are straight, branched, and (or) cyclic organic compounds that are 27
oxygenates, and oxygenate highly volatile, contain only carbon and hydrogen atoms, and are common ingredients
degradates in gasoline and other petroleum products. Among these compounds, BTEX compounds
are among those present in the highest proportions in gasoline. Oxygenates, such as
methyl zert-butyl ether (MTBE), are compounds that contain only carbon, hydrogen,
and oxygen atoms and are commonly added to gasoline to improve the efficiency of
combustion. Oxygenate degradates are formed during the production, storage, release,
and (or) use of gasoline oxygenates or following their release into the environment.
Herbicides and herbicide Pesticides designed to kill unwanted plants (herbicides) and compounds produced from 82
degradates the transformation of the parent herbicide following application (degradates).
Insecticides and insecticide Pesticides designed to kill unwanted insects (insecticides) and compounds produced from 51
degradates the transformation of the parent insecticide following application (degradates).
Manufacturing additives Compounds used in commercial formulations of chemical products in order to improve 7
the effectiveness of the product, including plasticizers (to increase the flexibility of
plastics), fire retardants, corrosion inhibitors, and pesticide adjuvants.
Organic synthesis compounds Chemicals that are used as precursors in the manufacture of other organic compounds. 18
Chloroethylene (vinyl chloride), for example, is an organic synthesis compound used to
produce polyvinyl chloride (PVC) plastics.
Pavement- and combustion-  Organic substances, such as polynuclear aromatic hydrocarbons (PAHs), that are derived 5
derived compounds from either (1) the materials used to construct and seal parking lots and other paved
surfaces, or (2) the combustion of other non-halogenated organic compounds, most
commonly gasoline, oil, coal, and other fossil fuels.
Personal care and domestic Compounds that are present in commercial products sold for personal or residential use, 26
use products such as fragrances, pharmaceuticals, insect repellents, dyes, detergents, disinfectants,
shampoos, and chemicals used in fire extinguishers.
Plant- or animal-derived Naturally occurring compounds that are produced by plants or animals, either through 5
biochemicals direct biosynthesis or through the metabolic alteration of compounds ingested or taken
up from other sources. These compounds are predominantly unsaturated solid alcohols
of the steroid group naturally occurring in fatty tissues of plants and animals and present
in animal fecal material.
Refrigerants and propellants ~ Volatile compounds that are used for commercial or domestic refrigeration, as blowing 3
agents in the manufacture of packaging and other highly porous materials, or for
dispensing other substances from spray cans and other aerosol delivery devices.
Solvents Compounds that are used to dissolve other substances. Two of the more common solvents 33
are trichloroethene (TCE) and tetrachloroethene (perchloroethene, PCE).
Total number of compounds 277




Sample Collection and Analytical Methods

Ground-water, surface-water, and quality-control samples
were collected using established USGS protocols (Koterba and
others, 1995; U.S. Geological Survey, 1997-2006). Ground-
water samples were collected at the wellhead before any
treatment such as chlorination. Surface-water samples were
collected monthly with additional samples collected during
selected flow conditions when water quality may change
quickly or when large concentrations were likely to occur.
These samples were collected at a single depth integrated point
as close as practical to the drinking-water intake and processed
following standard USGS sampling protocols (U.S. Geological
Survey, 1997-20006).

During phase 2, a finished-water sample that
corresponded to each ground-water and surface-water source-
water sample was collected following all of the treatment
steps prior to the water entering the water treatment plants’
distribution systems. These samples typically were collected
where samples are collected for compliance monitoring.

The finished-water samples were collected several hours

or as much as 2 days after the source-water samples to try

to account for the residence time in the treatment plants.
Finished-water samples typically contain free chlorine, which
has been documented to degrade certain organic compounds
that may be present in the water samples (Munch, 1995).
Therefore, a dechlorination reagent (ascorbic acid) and, for
certain samples, pH buffers (Trizma) were added to finished-
water samples during sample collection to stabilize them prior
to analyses. The effect of these dechlorination reagents on
the laboratory analysis was evaluated, and results indicated
that analytical methodologies were not affected by the
addition of these reagents (Mark Sandstrom, U.S. Geological
Survey National Water Quality Laboratory, written commun.,
2007). Finished-water sample results are not necessarily
representative of drinking-water quality at the tap because
samples were collected prior to distribution and thus do

not account for the additional contact time water has with
disinfectants in the distribution system.

Samples were analyzed using five USGS approved
analytical methods at the USGS National Water Quality
Laboratory (NWQL) in Denver, Colorado, and described
by Zaugg and others (1995), Lindley and others (1996),
Connor and others (1998), Furlong and others (2001),
Sandstrom and others (2001), Zaugg and others (2002), and
Madsen and others (2003). These methods include both
gas chromatography-mass spectrometry (GC/MS) and high
performance liquid chromatography-mass spectrometry
(HPLC/MS) analytical techniques. Samples collected for
volatile organic compound (VOC) analyses using schedules
2020 and 4024 (Appendix 1) were chilled upon collection.
Samples collected for analyses using schedule 2020 also
were preserved using 1:1 hydrochloric acid. VOC sample sets
were analyzed by purge and trap GC/MS (Connor and others,
1998; Rose and Sandstrom, 2003). Samples for analyses of
pesticides and other semi-volatile compounds were filtered

Study Design 7

in the field through a 0.7-micron baked glass fiber filter and
chilled. These samples were extracted at the NWQL on solid
phase extraction (SPE) cartridges to concentrate the analytes
from the filtered samples. SPE cartridges were then eluted
with a solvent and the extracts were analyzed by either GC/MS
or HPLC/MS methods (Zaugg and others, 1995; Lindley

and others, 1996; Furlong and others, 2001; Sandstrom and
others, 2001; Zaugg and others, 2002; Madsen and others,
2003). At a subset of sites, an additional sample was collected
for the analysis of 3 herbicides and 16 herbicide degradates.
These additional samples were analyzed using HPLC/MS by
the Organic Geochemistry Research Group Laboratory, in
Lawrence, Kansas (Lee and Strahan, 2003).

AOC concentrations detected below the lowest daily
standard, and/or for information-rich methods, concentrations
detected below the long-term method detection level
(LT-MDL), are reported as estimated concentrations
(Childress and others, 1999). The laboratory report level
(LRL) generally is equal to twice the yearly determined
LT-MDL (Childress and others, 1999). The LT-MDL is a
detection level derived by determining the standard deviation
or a minimum of 24 MDL spike-sample measurements over
an extended time. LT-MDL data are collected on a continuous
basis to assess year-to-year variations in the LT-MDL. The
chance of falsely reporting a concentration at or greater than
the LT-MDL for a sample that did not contain the analyte
is predicted to be less than or equal to 1 percent (Childress
and others, 1999). Also, at low concentrations, especially
concentrations less than the LRL, the variability of detection
is high, false negatives are more likely, and greater variability
in reported concentrations is expected (Martin, 2002).
Concentrations greater than the LRL sometimes are reported
as estimated concentrations for some AOCs because of the
variability in the analytical method, poor recovery, or by loss
processes such as water-matrix interferences that result in
false-negative errors. Concentrations are censored and reported
as less than (<) the LRL when the compound was not detected.

Quality Assurance

Quality-assurance/quality-control samples collected
for SWQA studies include equipment blanks, field blanks,
source solution blanks, and replicate samples. Equipment
blanks evaluate the cleanliness of sampling equipment and
typically are collected before the environmental sample is
collected. Field blanks are collected near sampling sites
and evaluate potential sample contamination from sampling
equipment, cleaning procedures, and the atmosphere. Source
solution blanks are used to determine the presence or absence
of compounds in the water used to clean equipment and
process field blanks. The various blank samples also provide
information on contamination and (or) concentration loss
during shipment. Replicate samples measure the combined
precision of sampling and laboratory analyses.
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Data from all source-water, finished-water, and quality-
control (QC) samples collected by each SWQA study area
were reviewed to evaluate potential bias (primarily systematic
contamination) and variability associated with sample
collection, processing, transportation, and analysis. A review
of the QC data along with the associated environmental
data is important because the relatively small number of
samples collected in each study area generally is not adequate
to characterize the full magnitude of potential bias on an
individual SWQA basis. A larger data set that covers the
entire period of sample collection for SWQA studies provides
greater insight to possible systematic errors that bias sample

results. These QC reviews were completed on an annual basis.

If QC data indicated that results for environmental data were
biased as a result of systematic contamination, environmental
data were removed from the data set.

Phenol was detected frequently in both field and
laboratory blanks and at concentrations comparable to
concentrations measured in environmental samples. Phenol
was removed from the data set, and no phenol concentrations
are included in this report. Studies conducted by the
NWQL (Mark Sandstrom, USGS National Water Quality
Laboratory, oral commun., 2005) indicated that samples can
be contaminated if N,N-diethyl-meta-toluamide (DEET)
is used by sampling personnel. The frequent detection of
DEET in field blanks caused uncertainty in the quality
of DEET concentrations in environmental samples; thus,
concentrations for DEET were removed for this report by
coding concentrations with an “R.” Three compounds—
benzophenone, isophorone, and para-nonylphenol—were
detected frequently in field blanks due to the presence of
these compounds in the pH buffer (Trizma) obtained from
the vendor. Because the quality of data for benzophenone,
isophorone, and para-nonylphenol is not fully understood,
concentrations for these three compounds also were removed
for this report by coding concentrations with an “R.”

For compounds detected in 50 percent or more of an
individual Study Unit’s field blank samples, all environmental
and quality-control data for that Study Unit were removed
for this report by coding concentrations with an “R.” After
these concentrations were removed, compounds detected in
5 percent or more of all field blank samples were evaluated,
and all detections of those compounds in environmental
samples that were less than or equal to the highest blank
concentration were censored by coding environmental
concentrations with a “C<” in the remark columns and by

changing the concentration to the highest blank concentration.

Concentration Data

Concentration data for the AOCs are presented in
Appendix 2 for the ground-water SWQAs and in Appendix 3
for the surface-water SWQAs. The quality-assurance/
quality-control data associated with the ground-water and
surface-water SWQAs also are presented in Appendixes 2
and 3, respectively. The concentration data are presented in
two formats: (1) Microsoft Excel spreadsheets, and (2) tab-
delimited text files. The concentration data are presented
by the primary use or source groups as defined in table 3.
Concentrations for each of the 13 groups are presented either
as a separate worksheet within the Excel spreadsheets, or as
individual files for the tab-delimited text files.

Data are presented within each worksheet or text file in a
similar order. First, the source-water (ground-water or surface-
water) and finished-water samples are presented (sample
type: regular), followed by quality-assurance/quality-control
samples (sample types: equipment blanks, field blanks, source
solution blanks, replicates, and spikes). The sample medium
indicates whether the regular sample was of ground water
(source water), surface water (source water), or finished water
and whether the quality-assurance/quality-control samples
were associated with ground water (source water), surface
water (source water), or finished water.

The concentrations presented in Appendixes 2 and 3 are
not rounded; concentrations are presented as received from the
laboratories, with the following exceptions: (1) concentrations
for benzophenone, isophorone, DEET, and para-nonylphenol
(total) were removed by coding concentrations with an “R”
in the remark columns; (2) concentrations for phenol are
not included; (3) for compounds detected in 50 percent or
more of an individual Study Unit’s field blank samples, all
environmental and quality-control data for that Study Unit
were removed for this report by coding concentrations with an
“R;” and after removal of those data, (4) compounds detected
in 5 percent or more of all field blank samples were evaluated,
and all detections of those compounds in environmental
samples that were less than or equal to the highest blank
concentration were censored by coding environmental
concentrations with a “C<” in the remark columns and by
changing the concentration to the highest blank concentration.
The remark columns indicate whether a concentration was
too low to be quantified (reported as a less than (<) value),
censored (C), estimated (E), or removed (R).


http://pubs.usgs.gov/ds/2007/268/downloads/Appendix2.pdf
http://pubs.usgs.gov/ds/2007/268/downloads/Appendix3.pdf
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Appendix1. Compounds analyzed in Source Water-Quality Assessment studies
by primary use or source groups.
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