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[1] Understanding how changes in land use affect water quality of public supply wells
(PSW) is important because of the strong influence of land use on water quality, the
rapid pace at which changes in land use are occurring in some parts of the world, and the
large contribution of groundwater to the global water supply. In this study, groundwater
flow models incorporating particle tracking and reaction were used to analyze the response
of water quality in PSW to land use change in four communities: Modesto, California
(Central Valley aquifer); York, Nebraska (High Plains aquifer); Woodbury, Connecticut
(Glacial aquifer); and Tampa, Florida (Floridan aquifer). The water quality response to
measured and hypothetical land use change was dependent on age distributions of water
captured by the wells and on the temporal and spatial variability of land use in the area
contributing recharge to the wells. Age distributions of water captured by the PSW
spanned about 20 years at Woodbury and >1,000 years at Modesto and York, and the
amount of water <50 years old captured by the PSW ranged from 30% at York to 100% at
Woodbury. Short-circuit pathways in some PSW contributing areas, such as long irrigation
well screens that crossed multiple geologic layers (York) and karst conduits (Tampa),
affected age distributions by allowing relatively rapid movement of young water to those
well screens. The spatial component of land use change was important because the
complex distribution of particle travel times within the contributing areas strongly
influenced contaminant arrival times and degradation reaction progress. Results from this
study show that timescales for change in the quality of water from PSW could be on the
order of years to centuries for land use changes that occur over days to decades, which
could have implications for source water protection strategies that rely on land use change

to achieve water quality objectives.
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1. Introduction

[2] Agricultural and urban land uses are particularly
important from the standpoint of water quality in public
supply wells (PSW) because they are primary sources for
some of the most commonly detected contaminants in
groundwater. Studies in several countries have linked nitrate
(NO3) contamination in groundwater to agricultural and
urban land use practices [Strebel et al., 1989; Spalding and
Exner, 1993; Appleyard, 1995; Wassenaar, 1995; Rivers et
al., 1996; Zhang et al., 1996; Nolan and Hitt, 2003; Kass et
al., 2005; Zingoni et al., 2005], and have linked volatile
organic compound contamination in groundwater to urban
land use practices [Benker et al., 1996; Grischek et al.,
1996; Howard et al., 1996; Lerner and Barrett, 1996;
Zogorski et al., 2006]. A national assessment of pesticides
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in groundwaters of the United States found that 55 and 61%
of shallow groundwater samples in urban and agricultural
areas contained one or more pesticide compound detections,
respectively, compared with 29 to 33% of the samples from
undeveloped or mixed land use areas [Gilliom et al., 2006].
Other contaminants of concern, such as microbial patho-
gens, pharmaceuticals, and personal care products, also
have been linked to agricultural and urban settings [Holm
et al., 1995; Goss et al., 1998; Macler and Merkle, 2000;
Powell et al., 2003; Focazio et al., 2004].

[3] In some parts of the world, urban lands are rapidly
expanding in response to population growth or redistribu-
tion [Auch et al., 2004; Kaufimann et al., 2007]. Nearly 70%
of the world’s population is projected to live in urban areas
by 2050 (U.N. Economic and Social Development, World
urbanization prospects—The 2007 revision (highlights),
2008, available at http://www.un.org/esa/population/publi-
cations/wup2007/2007WUP_Highlights web.pdf). In other
areas, agricultural lands are expanding because of a need for
additional food production [Bruinsma, 2003; Scanlon et al.,
2007], or they are changing because of new demands such
as biofuel production [U.S. Department of Agriculture,
2007]. The expansion of urban land often occurs at the
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expense of agricultural land. The agriculturally important
San Joaquin Valley experienced the largest farmland to urban
conversion in California between 2002 and 2004 (California
Department of Conservation, California farmland conversion
report 2002—-04, 2007, Farmland Mapping and Monitoring
Program, available at http://redirect.conservation.ca.gov/
DLRP/fmmp/product_page.asp). In addition to population
and economic drivers of land use change, legislation such as
the European Union’s Water Framework Directive and pro-
grams such as the U.S. Environmental Protection Agency’s
Source Water Protection Program could lead to conversion of
land from one type to another in an attempt to improve
groundwater quality [Hiscock et al., 2007]. Regardless of the
reason for land use change, water quality in PSW could be
expected to respond to that change.

[4] About 35% of the public water supply in the United
States, England, and Wales comes from groundwater [ Hutson
et al., 2004; Hiscock, 2005], and as many as 2 billion people
worldwide may rely on groundwater as a source of drinking
water [Alley, 2006]. Thus, understanding how changes in
land use affect the water quality of PSW has practical
implications with respect to human health. Understanding
that response could be complicated by spatial and temporal
variations in land use [Brawley et al., 2000; Hiscock et al.,
2007] and by mixing waters of different age and source in
long well screens such as are typical in PSW [Kauffinan et al.,
2001; Bohlke, 2002; Weissmann et al., 2002; Osenbriick et
al., 2006; Eberts et al., 2006]. Age distributions of water
captured by individual long-screen wells could span years to
millennia or more [Kauffinan et al., 2001; Weissmann et al.,
2002; McMahon et al., 2004; Plummer et al., 2004; Sturchio

Location of the principal aquifers and communities where public supply wells were studied.

et al., 2004; Clark et al., 2007]. These age distributions in
captured water could have positive and negative consequen-
ces for the quality of water from PSW, such as dilution of
contaminant concentrations and long lag times in responding
to land use change or best management practices. An impor-
tant implication of long lag times is that in spite of corrective
management actions, contaminant concentrations in water
from PSW could increase in the future (before eventually
decreasing) as the fraction of already contaminated young
recharge captured by wells increases [Fogg et al., 1999;
Béhlke, 2002; Fogg and LaBolle, 2006].

[5] The purpose of this paper is to examine the potential
response of water quality in PSW to land use change in
selected principal aquifers of the United States, with a focus
on nonpoint sources of contamination. A single PSW in each
of four communities across the United States was selected for
study. The communities and the principal aquifers in which
the wells are screened are Modesto, California (Central
Valley aquifer system); York, Nebraska (High Plains aqui-
fer); Woodbury, Connecticut (Glacial aquifer system); and
Tampa, Florida (Floridan aquifer system) (Figure 1). These
four communities and principal aquifers were selected to
represent a range of land uses, population sizes, and hydro-
geologic conditions. In each area, groundwater was a major
source, if not the sole source, of water supply.

2. Study Area Descriptions
2.1. Modesto, California

[6] Modesto, with a population of 188,856 (U.S. Census
Bureau, Statistical abstract of the United States, 2000,
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