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ABSTRACT: The associations between storm events, urban runoff,
and coastal water quality have not been well investigated. A temporal
and spatial analysis of 2 years of data was conducted to determine
associations between urban river discharge and indicator bacteria levels
for Southern California beaches and evaluate the contribution of
anomalous precipitation to the association. Data show beaches next to
rivers had the highest bacterial levels in both wet and dry seasons.
Bacterial levels rose substantially across all sites during wet months, and
river discharge and bacterial levels were all highest during the winter
with the most rainfall. Precipitation was significantly associated
(Spearman rank bivariate correlation, P < 0.01) with water discharged
from the rivers. River discharge was significantly associated with
bacterial levels at 20 out of 22 beaches, with the strongest associations
al sites next to rivers. The results indicate that urban river discharge is a
primary source of Southern California’s coastal water pollution and, as a
result, swimming at beaches near rivers may pose a significant public
health risk. The strong association found between precipitation and
water pollution may be relevant to studies of potential health effects
associated with climate change. Water Environ. Res., 74, 82 (2002).
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Introduction

Polluted runoff from urban landscapes is an issue of increasing
national concern for a range of interests including public health
officials, policymakers, economists, engineers, urban planners,
environmental scientists, and the general public. Polluted runoff is
of particular concern when it is discharged into public recreational
waters, such as coastal beaches, resulting in beach closures and
public health risks. Because rainfall can affect the amount of
runoff water in a region, it is relevant to determine whether there
is an association between precipitation events and water quality
over time in urban areas.

Coastal areas in the United States have been rapidly developed
over the past century and coastal growth continues at a tremendous
pace. A consequence of increasing development and population
will be greater amounts of both point and nonpoint source pollu-
tion being released into local waterways. River and creeck water
quality is greatly influenced by land use in the surrounding water-
shed, and waterways can transport a wide range of pollutants for
hundreds of kilometers. Watersheds covered by native vegetation
can filter and degrade pollutants, while highly urbanized areas can
contribute infectious and toxic chemical pollutants to the aquatic
environment through nonpoint source urban runoff (Bay and
Greenstein, 1996, and Gold et al., 1991).

Watershed-level research shows a direct association between
increasing urban land use and increasing bacterial loading of
runoff waters (Young and Thackston, 1999). For example, a study
of five coastal estuarine watersheds found enteric bacteria levels
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decreased away from upstream areas, and bacterial levels in the
water were strongly correlated with both population and the per-
cent of land developed in the watershed (Mallin et al., 2000).
However, the most important factor associated with levels of fecal
coliforms was the amount of impervious surface area. Other re-
scarchers also support the use of impervious surface coverage as
an important environmental indicator (Arnold and Gibbons, 1996,
and Schueler, 1994).

The complex issues surrounding polluted urban runoff are being
addressed at several levels in both the government and public
sector. The U.S. Environmental Protection Agency (U.S. EPA) has
established the Beaches Environmental Assessment, Closure and
Health (BEACH) Program to facilitate consistency in beach health
protection programs by providing public access to current reports,
studies, and testing methods (U.S. EPA, 1997). In addition, the
Natural Resources Defense Council (New York), an environmental
organization, generates an annual report for the public that com-
piles national beach water quality data and provides the number
and cause of beach closures that occurred in each state for that year
(NRDC, 2001). California’s state government has taken a leading
role in dealing with the problems of urban runoff and coastal water
quality by enacting legislation that standardizes not only testing
methods and limits applied to measure coastal water quality, but
also legislation for a uniform method of public notification of
potential health risks. The U.S. Congress unanimously passed the
Beaches Environmental Assessment and Coastal Health Act of
2000; however, necessary federal funding has not been appropri-
ated to initiate the program. These activities have heightened
questions regarding urban runoff and its potential health effects for
humans using impacted recreational beaches.

California’s greatest urban runoff problems are in the southern
part of the state, where urban sprawl, ongoing development, and
millions of residents generate pollution that is discharged to world
renowned beaches, thereby exposing millions of people to the
pollution. The northern beaches of Orange County, in particular,
receive an enormous amount of urban runoff. Indeed, in a rela-
tively small, 24-km (15-mile) area, Southern California’s three
largest rivers, the Los Angeles, San Gabriel, and Santa Ana Rivers,
discharge to recreational waters (Figure 1). The combined water-
shed for these three rivers drains the majority of the Los Angeles
basin, one of the world’s most densely populated areas with more
than 12 million residents (U.S. DOC, 1999) that encompasses a
wide variety of land uses. Many of the watersheds within the basin
feeding into North Orange County’s coastal waters are covered by
impervious surfaces, including storm drains and river beds, allow-
ing for almost no remediation of pollutants. The result is a con-
centration of large quantities of untreated urban runoff that is
directly discharged to coastal waters (Arnold and Gibbons,
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