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Overview
The most critical challenge facing this generation is how we reduce our impact on
the environment. Minimizing the environmental impact of urbanization on stream and
river ecosystems is a major part of this challenge. Over the past two decades, myriad
research has shown that streams and rivers in close proximity to urban areas are degraded
chemically and ecologically, often referred to as the Urban Stream Syndrome (USS)1.
Urban-impacted stream ecosystems are degraded due to complex and multiple factors,
and where the mechanisms of cause and affect are not always understood. Research
suggests that the two primary causes of USS are storm water runoff and wastewater
treatment plant effluent1,2,3,4,5. Although urban areas only cover about 3% of the land
surface of the U.S., they are the primary source of ecosystem impairment for 13% of
rivers, 18% of lakes, and 32% of estuaries, which comes only second to agriculture as a
major cause of stream impairment4,5. The impact of urban areas on stream and river
ecosystems is expected to increase in the future due to increasing human population, with
more than 75% already living in urban areas, and the development of new urban areas
estimated to nearly double by 20304. The physical, chemical and biological degradation
caused by urban storm water and treated effluent are not only a call to action for scientists
and water managers, but also a call to increase the dialogue between scientists and landplanners, policy makers, and community members.
The problem
USS is a term used to describe a consistent pattern of hydrological, physical, and
biological conditions seen in aquatic ecosystems downstream of urban inputs. Compared
to streams draining natural watersheds, urban-impacted streams tend to have a higher
frequency of overland and erosive flows, greater magnitude in peak flows, and an
increase in the rate of rising and falling limbs of the storm hydrographs1,2,6. This flashier
hydrograph experienced by urban-impacted streams is a function of how runoff from
impervious surfaces, typical of the urban landscape, is directed to stream ecosystems.
The erosive action of urban storm water runoff results in stream ecosystems tending to be
more incised and channelized with less habitat heterogeneity for biotic communities. The
macro-invertebrate and fish communities in urban streams are prone to major hydraulic
disturbances which affect both community biomass and structure, favoring those
organisms that are more tolerant to disturbance compared to those that are more
sensitive1.
Compared to pristine streams, urban-impacted streams tend to receive larger
loading rates of inorganic N and P nutrients7,8, metals9, and a suite of man-made organic
chemicals such as PCB’s and pharmaceuticals10. Both storm water runoff and treated
wastewater effluent are major sources of these compounds to stream ecosystems. The
increase nutrient loading rates not only tends to favor algal communities better adapted to
eutrophic conditions1,2, but it has been shown to reduce the nutrient retention efficiency
of urban-impacted streams7,8, which is a primary ecosystem function and essential to

maintaining good water quality downstream. Treated effluent is also a source of a suite of
man-made organics such as pharmaceuticals and disinfection byproducts whose
ecological impact on aquatic ecosystems is a major research topic.
The solution
The first step to minimize the urban impact on stream ecosystems is to reduce the
volume of storm water runoff reaching these important ecosystems. This requires
replacing the traditional concept of directing all storm water runoff to pipe and concretelined conduits that directly empty into water bodies, with a more holistic concept of water
retention based on how natural watersheds work11,12,13. For example, we could increase
the infiltration area within the urban landscape by creating more retention ponds, and
construct our drainage paths using more of a swale and buffer strip design which uses
more local earth materials and native vegetation. Street sidewalks and vegetated medians
could be designed to harvest storm water directly from street runoff and allow infiltration
rather than covering the entire street with a complete impervious surface12. These natural
structures (e.g. natural retention ponds) and designs (e.g. street runoff harvesting
medians) are more efficient when used to retain micro-basin storm water rather than from
larger basins (i.e. street runoff from a neighborhood vs. street runoff from the entire city).
Although increasing detention ponds and constructing natural swales with buffer strips
might be costly upfront to development, they serve multiple purposes over the long-term
such as increasing community green spaces and improving local wildlife habitat. Through
tax incentives and educational opportunities, municipalities could encourage residents
and business owners to reduce the storm water runoff moving off their property by
increasing rain water harvesting via rain barrels and/or increasing retention areas that will
allow the rain water runoff to first percolate into the ground before moving to the storm
water system. Reducing storm water flows from urban areas will require a holistic
approach to the planning and design of urban development, and ultimately will be
measured on the level of participation of scientists and ecologists within the land
planning decision-making process4,11.
The second step to minimize urban impacts on stream ecosystems is to reduce the
nutrient loads. Increasing the surface area over which rain water can infiltrate will help
reduce storm water, as previously discussed, but will also improve the water quality by
acting as bio-retention filters using material such as sand, gravel, organic mulch and
native vegetation. Possible approaches to reduce nutrient loading from wastewater
treatment discharges include 1) reduce nutrient concentrations from entering the
wastewater system, 2) decrease water volume from the system, and 3) employ improved
and/or alternative wastewater treatment technologies. Compost or waterless toilets are
some of the most effective ways to reduce both nutrient load and water volume in treated
wastewater. Nevertheless, there are myriad economic and social hurdles in the way of
making this a viable option on a large scale. Water conservation and gray water recycling
are an indirect way to reduce the nutrient loading to stream ecosystems. Wastewater
treatment managers across the U.S. and the world are developing and adopting
ecological-based engineering techniques, such as using constructed wetlands14, living
machines15, and microalgae photobioreactors16 as alternative wastewater treatment
technologies that significantly reduce the deleterious impacts on downstream ecosystems.

By focusing our efforts on reducing the volume and improving the water quality
of urban runoff and wastewater discharges, we can begin to minimize the ecological
degradation of stream ecosystems and allow them to heal. Not only is this an urgent
ecological challenge, it is an excellent opportunity for scientists to engage in
interdisciplinary work that will improve the quality of life for future generation.
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