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BENEFITS OF GREEN INFRASTRUCTURE
Abstract—In an industrialized world, it can be nearly
impossible to keep water sources clear of pollution. Purifying
water can be expensive, but new methods of water filtration
remove pollutants from water naturally. Bioswales are
shallow ditches filled with vegetation that collect and purify
surface water. Water then reenters rivers, lakes, and oceans
free of pollutants or contaminants. This method of
purification can be very beneficial to urban areas, as
bioswales combat flooding. The plants inside bioswales are
able to purify water as well as capture carbon dioxide from
the air. Our paper will discuss and analyze the process of
water purification through a bioswale, as well as the effects
this has on the surrounding environment.
We will also discuss the benefits of bioswales near
highways in greater detail. It is essential to find a solution to
the growing pollution problem that is caused by todays roads,
and roads that may be built in the future. The Ray, a
sustainable highway project along I-85 in Georgia, is
implementing bioswales as a major component of the system
to create a “net zero” highway—free of fatal accidents,
waste, pollution, or any negative environmental impact. Not
only do the bioswales sit right next to the interstate, a major
source of pollution, but they also help prevent flooding and
standing water, which can cause hydroplaning and car
accidents.
Overall, bioswales are excellent tools to remove water
pollutants in urban areas. Bioswales are very sustainable
implementations, as they are cost effective, environmentally
friendly, and easy to construct. The simple process by which
a bioswale is built will be discussed in this paper. We will
also compare bioswales to other practical ways of managing
highway runoff such as infiltration trenches and vegetated
filter strips. The key focuses of these comparisons will be
cost, implementation, and effectiveness.

Green infrastructure, or the use of the natural
environment to reintegrate runoff into the water cycle, is one
of the most sustainable ways to combat water
pollution. Conversely, gray infrastructure uses man-made
systems like sewers, pipes, and gutters to manage water—
flushing it back into a body of water without treatment, or
artificially filtering it in a water treatment center. Gray
infrastructure has a very large set of problems associated with
it; Margaret Palmer lists some in an article for Science: gray
infrastructure is often expensive to construct and maintain,
can displace people who live near new construction sites,
increases flood risk, and interferes with natural ecosystems
[1].
Because green infrastructure uses natural environmental
processes, the need for artificial structures to purify water is
drastically reduced. Bioswales, or shallow trenches lined
with highly absorbent sands, soils, and plants, are one type of
green infrastructure that can be implemented as a sustainable
substitute for traditional methods of water filtration using
gray infrastructure. As types of green infrastructure such as
bioswales are made entirely of natural materials, they have no
negative impact on the environment. The design and types of
plants and soils used in bioswales can vary greatly depending
on the region and type of environment around the bioswale.
Green infrastructure creates a more sustainable method
of water filtration. It’s very important to consider
sustainability before starting any urban development
projects. In the context of water filtration, sustainability is
measured by a method’s benefit to the community,
environmental impact, cost-effectiveness, and ease of
construction and maintenance. Sustainable practices, by
nature, create longer-lasting infrastructure and amplify the
benefit to surrounding communities.
This paper will focus on bioswales being used to purify
water runoff in areas where pollution caused by transportation
and its carbon emissions is a major concern. Solutions to this
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problem that implement bioswales and other green
infrastructure will be discussed later in the paper, using
examples such as The Ray—a sustainable highway project—
and new water filtration plans in the city of Pittsburgh. By
explaining a variety of applications of green infrastructure,
this paper will demonstrate the importance of green
infrastructure— specifically bioswales—in improving water
quality, decreasing reliance on harmful environmental
practices, and creating a more sustainable and
environmentally-conscious society.

that are already endangered—are threatened by contaminated
water sources.
The United States’ pollution problem has not yet
reached this extreme, but it is a possibility if adequate
measures are not taken to combat the issue. One major source
of pollution is the interstate, where most vehicles are powered
by combustion reactions that release harmful carbon dioxide
into the air. Later in this paper, we will discuss the use of
bioswales near highways to combat this issue.

DESIGN, CONSTRUCTION, AND
IMPLEMENTATION OF BIOSWALES

PROBLEMS AND CONSEQUENCES
ASSOCIATED WITH WATER POLLUTION

Design, Construction, and Costs
Carbon emissions from cars and trucks are very harmful
to the environment, affecting soil and water quality,
surrounding ecosystems, and nearby communities. This can
be detrimental, as clean water is an essential part of every
society and contributes to the growth of a healthy
population. In heavily populated and industrialized areas, it
is necessary to combat water pollution and contamination
actively. The lack of sustainable methods to purify water
causes numerous problems for nearby communities.
One example of this is in China, where overpopulation
and industrialization contribute to contaminated water. The
country’s economic boom of the late twentieth century has led
to rapid industrialization, distracting attention from the
growing need for environmental protection. As many
factories release chemical waste and hydrocarbons—the same
pollution caused by fuel-powered transportation—nearby
water sources and air are becoming heavily polluted. As
water pollution has increased, a study conducted by the
Massachusetts Institute of Technology shows that stomach
cancer among nearby inhabitants has increased as well [2].
Frequent ingestion of these harmful chemicals has already
shown to cause health problems in local population. This is
such a recent problem that the effects have not yet been
studied extensively, leaving the fate of pollutant-exposed
populations uncertain. The health problems caused by
ineffective water purification demonstrates the lack of
sustainable methods to filter water in China and similar areas.
Threat to water security is another problem created by
water pollution. Research conducted in 2016 by Stuart Bunn
suggests that up to eighty percent of the world’s population is
experiencing threats to water security as a result of pollution
[3]. Even in regions where access to safe water is not yet
jeopardized, Bunn’s research shows that water quality is
rapidly declining. Unsustainable methods to purify water and
combat the effects of rapid urbanization have contributed
greatly to this rapid decline in water quality around the
world. This decline, coupled with the recent threat of
overpopulation, puts a large portion of Earth’s population in
peril in the coming decades. Human beings are not the only
victims of this crisis; plants and animals—especially species

Bioswales function by collecting and retaining water,
then purifying it naturally, using plants to metabolize
dissolved substances. A team from the Civil Engineering
Department at Southern Illinois University wrote a report
detailing the designs of bioswales and similar systems of
water purification [4]. Most highway systems are built with a
very basic water drainage system that consists of a short slope
down from the raised highway to level ground, followed by a
slope back up to highway-level, creating a ditch to retain
storm water. The double-sided slope creates a buildup of
water in the ditch during heavy periods of rainfall; however,
this provides no system to release the water or prevent
flooding. This method of water control is a minimal effort to
reduce standing water on roads and does nothing to combat
water pollution.
Bioswales look to improve this system by absorbing
runoff water and cleaning it, reducing pollutants in the water
supply and surrounding ecosystems. Bioswales are structured
much like traditional drainage systems, as both contain
concave surfaces for collecting stormwater. Because of this,
bioswales can be implemented easily along highways.
Bioswales are also more effective than traditional highway
drainage, due to the types of plants and soil used. The top
layer of a typical bioswale system is vegetation grown in rich
soil with a layer of sand underneath. Sand is highly absorbent,
causing colloids in turbid water to gather into larger masses
and ease removal from the water [5]. Plants native to the
region that absorb and cycle water quickly are good
candidates for use in bioswales. Figure 1 presents the design
of a bioswale that would be implemented near a road system.

2
University of Pittsburgh, Swanson School of Engineering
First-year Conference Paper
03.29.2019

Mandala 2:00
Team 27
.

sewer overload by absorbing and purifying any water not
treated by the main system. As part of the 2010 NYC Green
Infrastructure Plan, New York City constructed bioswales to
combat sewer overload and protect rivers. The bioswales sit
slightly lower than the surrounding street and sidewalk to
cause water to flow into them easily. The top layer is
vegetation and soil, but underneath is a “subsurface layer of
engineered soil, gravel, glass or storage chambers” [5]. This
mixture yields high absorption of water that eases the load the
city's sewage system must bear during storms. Hardy plants
that can survive in wildly varying conditions must be chosen
for these bioswales, as the soil will undergo periods of
extreme moisture content and extreme dryness.

Figure 1 [4]
Cross section of a bioswale
The cost of constructing a 4.3-meter-wide bioswale like
the one pictured in Figure 1 is about $16,000 per 30 meters of
highway [4]. Bioswales must be maintained to function at
peak efficiency; regular mowing promotes plant growth and
trash removal prevents clogging of the drainage ditch. The
annual cost of maintenance for a 30-meter-long, 4.3-meterwide bioswale used for collecting highway runoff is
approximately $431 according to civil engineers from
Southern Illinois University [4]. The dimensions of a
bioswale such as this one have shown to be impactful in
reducing water contamination. Efficiency and magnitude of
water purification and price per length increase proportionally
with the width of the bioswale. For areas of heavy rainfall, a
more expansive and expensive bioswale will produce better
results, while a highway that experiences less rain may use a
cheaper and smaller system. This is not a significant cost,
creating an economically sustainable solution for water
purification near highways.
Bioswales can be installed in existing highway systems
without making significant changes to the highway because
they can be easily fitted into a highway’s existing right-ofway [6]. The right-of-way is an approximately 33-foot-wide
space on either side of a highway that has been designated for
traffic signs, sidewalks, and drainage systems. There is
enough room in these areas for construction on the highways
to inconvenience the general public and the environment as
little as possible. The bioswales can be implemented without
significantly modifying the surroundings of the highway,
therefore minimizing the ecological effects of construction.
Road blockages would not be a major concern, as
construction can be done in the confines of the right-of-way,
without causing traffic delays. This demonstrates the
economic and social sustainability of bioswales, as the
minimal construction and maintenance would not give rise to
large labor costs or transportation problems.

Water Purification in Bioswales
In addition to relieving drainage systems, bioswales
clean the water that they absorb. A study done by a team at
the Department of Environmental Toxicology at the
University of California examined water purification in
bioswales adjacent to parking lots in urban areas [7]. They
found that bioswales cleaned the water by reducing suspended
solids by 81%, metals by 81%, hydrocarbons by 82%, and
pyrethroid pesticides by 74% through the metabolism
of plants. High levels of suspended solids in bodies of waters
can be harmful to aquatic plants, as they cloud the water,
slowing photosynthesis and therefore lowering the water’s
oxygen content. They also have been found to clog the gills
of fish, suffocating them [8]. Metals in drinking water can be
harmful to a city’s population, exemplified by Pittsburgh’s
current lead issue, which will be explained below.
Hydrocarbons, like those found in all petroleum products, are
harmful to the health of wildlife and humans, especially to
children and pregnant women [9]. Pyrethroid pesticides are a
common pest control that have been found to be highly toxic
to honey bees and aquatic creatures when introduced to a
standing body of water [10]. Removing these toxins from the
environment is very beneficial—not only to the wildlife in our
ecosystems, but to the health of human beings.
Variations of Bioswale Design
Planting trees in a bioswale can improve the efficiency
of the bioswale and have positive effects on the surrounding
environment. Due to their size, trees cycle a much greater
amount of water through transpiration than smaller plants can,
while trees’ long root systems increase infiltration rates. The
tree species, Q. macrocarpa, or Burr Oak, performed the best
as a natural filtration system in the Morton Arboretum’s
bioswales [11].
The Morton Arboretum included trees in their
comprehensive system of bioswales as part of their ecofriendly parking lot. The parking lot works effectively to filter
rainwater before it enters neighboring bodies of water. The
bioswales are 3 meters wide and slope down to a level 30 cm

Bioswales in Urban Areas
Bioswales can also be implemented in cities to assist the
sewage system by retaining drainage from streets and
sidewalks. If a sewer system is overloaded with storm water,
it will flood and dump untreated water into nearby rivers and
other bodies of water. Bioswales can reduce the likelihood of
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below the elevation of the parking lot. Multiple types of trees,
shrubs, and herbaceous plants are planted throughout the
system. The soil used is a mixture of 60% sand, 10% clay, and
5% course organic material to increase absorption. Catch
basins underneath the bioswales allow for more water to be
held and filtered. When water levels are high, these basins can
be opened, rapidly discharging water and preventing flooding
in the parking lot. This system is a great example for future
green parking lots and other urban systems [11].

using gray infrastructure and the other using green
infrastructure. The green plan, which used green roofs and
bioswales, had a projected savings of one and a half billion
dollars.
Sustainable urban planning is very important to the
development of green infrastructure; rehabilitating upstream
wetlands rather than implementing green infrastructure in a
city could end up being more cost effective and beneficial to
surrounding environments in the long run [14]. Green
infrastructure’s sustainability is demonstrated by its many
benefits to the environment: it improves stormwater quality,
increases urban biodiversity, cools the urban landscape,
provides passive irrigation, and improves air quality [15]. The
advantages of green infrastructure over gray infrastructure are
clear and demonstrate that when used correctly and
efficiently, green infrastructure can be used to develop more
sustainable practices in urban planning and building.

COMPARISON TO OTHER METHODS OF
WATER FILTRATION
Biomimicry is a science that uses the design of
biological systems as inspiration for technology and
engineering. Many artificial water filtration systems are based
heavily on natural ones, using similar materials or designs to
optimize water purification. Some natural water filters are
largely made from soil and sand, such as wetlands.
Wetlands are areas that hold water, whether
permanently or temporarily. While providing the base for a
valuable ecosystem and habitats for many animals, wetlands
serve primarily to regulate water flow in an area. In flood
seasons, a wetland absorbs excess water; in times of drought,
they slowly release held water into the ecosystem to mitigate
the effects of desiccation on plants and dehydration on
animals. It is estimated that wetlands account for
approximately 6% of the world’s land, though this figure has
decreased between 64-71% since the beginning of the
twentieth century according to the American Association for
the Advancement of Science in their published “Atlas of
Population and Environment” [12,13]. The loss of such a
crucial habitat drives the humanity not only to help save
wetlands, but also to use them as inspiration for our own
innovation.

Vegetated Filter Strips
Artificial water filtration systems, such as vegetated
filter strips and infiltration trenches, function similarly to
bioswales to filter waste water. A vegetated filter strip is an
area of either planted or indigenous vegetation put in between
a potential source of pollution and a surface body of water. A
guide published by the USDA in New Jersey breaks down the
purpose and the materials used in effective vegetative filter
strips. They serve two primary purposes: to remove dissolved
and suspended sediment or pollution from waste water and to
protect against land erosion [16]. Vegetated filter strips are
often used near farms to protect bodies of water from
dissolved pesticides but can also be used alongside
roadways—particularly in urban areas with bodies of water
close to the roads. They can be constructed using a variety of
vegetation, such as grass or trees [16]. Figure 2 demonstrates
the use of a vegetative filter strip in an agricultural context.

A Comparison of Green and Gray Infrastructure
Green infrastructure is much more sustainable than gray
infrastructure. This is made obvious by comparing the
longevity, monetary cost, and ability to benefit both the manmade and natural environments. Gray infrastructure, while
typically made with materials meant to last such as concrete
or metal, doesn’t tend to last under severe and changing
conditions. For example, the sewer systems in many major
cities were constructed when the cities were home to a smaller
population. As cities and populations grow, the systems are
unable to cope with the extreme influx of water.
Green infrastructure uses the natural environment and
naturally occurring materials as they are meant to be used,
resulting in a greater ability to grow and adapt with changing
conditions. Due to the inflexibility of gray infrastructure and
materials, there is a greater financial strain. To control waste
water in New York City, the city analyzed two plans: one

Figure 2 [16]
Vegetative filter strips prevent pesticides from leaking
into water sources.
The design and construction of a vegetated filter strip
is fairly simple; it consists of laying vegetation on a small
slope near a source of pollution. However, cost was found to
be an issue be an issue in the “Pennsylvania Stormwater
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Management Manual” where they analyzed cost breakdown
of different green infrastructure, due to the significant portion
of land needed, as the vegetated filter strip must run along the
length of the pollutant source and be wide enough to be able
to absorb all the pollutants [17]. In places where land is
readily available, vegetated filter strips are a good approach
to stormwater management; otherwise, it can be hard to find
cost-effective land.
One significant advantage to a vegetated filter strip is
the ability to remove dissolved substances from water by
using plants, which pick up particles and process them,
eliminating need for further treatment. When implemented
near agriculture, vegetated filter strips are able to remove
excess phosphorous and nitrogen caused by fertilizers and
pesticides from the water, eliminating the need for further
water treatment. According to an analysis done by the
University of California Davis when implemented near
agriculture, vegetated filter strips can remove great amounts
of excess phosphorous and nitrogen caused by fertilizers and
pesticides from the water, eliminating the need for further
water treatment [18]. This protects surface bodies of water in
a big way, reducing the potential for algal blooms and the
number of dead zones in the water caused by increased
oxygen consumption of algae.

.

Figure 3 [21]
Design of an infiltration trench
The narrow water passage puts the system at risk for
clogging by large amounts of organic debris and sediment.
Usually, gravel is used in the trench itself, allowing clean
water to flow through. An infiltration trench is lined with
permeable filter fabric, which acts as a final barrier between
the stone in the trench and the ground soil. Infiltration
trenches are unable to remove a large percentage of
pollutants, meaning water must be pre-treated before it arrives
at the trench to be percolated back into ground soil [20]. Their
inability to remove dissolved pollutants limits applications.
The Spokane Conservation District states that in locations
close to drinking wells or with sensitive bedrock, infiltration
trenches are hazardous, potentially contaminating
groundwater [21].
Infiltration trenches are also susceptible to clogging
from sediment and are incompatible with terrain featuring
steep slopes, which would cause water and debris to flow in
too quickly [19]. The EPA, in a report on developing cost
estimates analyzed cost breakdown for green infrastructure
projects including infiltration trenches. Since infiltration
trenches require grey infrastructure below ground, they can be
costly to construct and maintain, averaging around $12.50 per
cubic foot [22]. This cost does not include the necessary
systems needed to treat water before arriving at the trench to
prevent groundwater contamination.

Infiltration Trenches
While vegetated filter strips and bioswales use primarily
naturally existing materials, infiltration trenches tend to be
laid down in concrete or pipes under a vegetated or gravel
surface. The Minnesota Pollution Control Agency says they
are most effectively constructed using a perforated pipe at a
slope through a stone filled trench and are usually a
component of a larger system to manage high water flow
during large storm events [19]. Infiltration trenches are
usually part of the end of pipe facilities, which are the last
barrier before the stormwater is released into the ground or
water source according to the Ryerson University Department
of Civil Engineering [20]. This means that infiltration can’t
purify wastewater enough on their own to be useful in urban
areas. Infiltration trenches are a type of gray infrastructure,
constructed from processed materials, as shown by Figure 3.

Analysis of Comparable Methods
Both infiltration trenches and vegetated filter strips are
good systems to use alongside roadways but are more
effective in small areas due to the inability to handle uptake
of large quantities of water. This makes them largely
ineffective in areas with high amounts of pollution or runoff
water. Slope limitations on both infiltration trenches and
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vegetated filter strips limit application in mountainous
terrain.

creates a more pleasant drive for travelers. In a press release,
Harriet Langford, president of The Ray, said that “creating the
highway of the future is going to require going back to nature”
[25]. The planet functioned healthily without human
intervention for millions of years. Essentially, the cheapest,
most effective way to combat pollution is to do so with the
resources our planet already provides. Man-made water
collection and filtration systems can be very costly, difficult
to maintain, and harmful to the surrounding
environment. Conversely, bioswales are cheaply and easily
constructed and require very little maintenance, all while
enhancing the environment and reintroducing native plant
species. This is a very sustainable way to both purify water
and strengthen the presence of vital plant species in their
native environments.
Bioswales were one of the first steps taken to create a
sustainable highway for The Ray in 2016. They have been
installed through collaboration with the University of Georgia
and the Georgia Department of Transportation. The Ray’s
press release regarding bioswales reports that installation is
being monitored and analyzed by both entities, and as data is
collected, it will be used in further improvement of The Ray’s
bioswales [25]. According to this press release, the Georgia
Department of Transportation is planning on implementing
bioswales in various locations across the state and will use
this data to design and install the best bioswale possible for
the needs of the area [25]. This project is a leader in bioswale
development and has the potential to educate and inspire
bioswale installation around the world.
In the same press release, Water Resource Management
and Policy Specialist at the University of Georgia, Dr. Gary
Hawkins discusses trends seen since bioswales have been
installed. Riparian buffer grasses that are native to Georgia
are being planted inside the bioswales because their deep
roots aid in the infiltration of water into the soil. This reduces
flooding by allowing more water to be collected by the
bioswale, while trapping more pollutants and purifying the
water before it returns to the water cycle. A study
by Chengfu Zhang et al. describes riparian buffers and
analyzes their benefits [26]. According to Zhang, riparian
buffers have been accepted as a “best management practice”
[26]. While the vegetated strip design of a riparian buffer has
not been used in The Ray, the concept is the same. Plants that
are widely used in riparian buffers are planted in bioswales
and function similarly to reduce pollution. Water samples
taken by Zhang’s research team after they flowed through the
riparian buffer region consistently demonstrate a reduction in
sediment, nitrogen, and phosphorous contamination.
Bioswales in The Ray are usually placed in the median
of the highway or on the outer sides of the road. The gradual
slope uses basic principles of gravity to prevent flooding and
standing water on the roadway. Figure 5 shows the placement
and grade of a model bioswale along The Ray.

THE IMPLEMENTATION OF BIOSWALES
NEAR HIGHWAYS
Most roadways are paved with impermeable hot mix
asphalt (HMA) and topped with a thin layer of permeable
asphalt [23]. Permeable asphalt can prevent standing water
but has a very low capacity. Flooding can cause the
permeable asphalt to reach this water-absorption capacity,
causing excess water to stand on roadways. This method of
pavement does nothing to combat water pollution and instead
leaves the water to sit under the asphalt as cars drive over and
emit pollutants, leaving highway runoff extremely susceptible
to high levels of contamination. Paving with permeable
asphalt is a very unsustainable and harmful practice to prevent
standing water on highways and must be replaced with more
environmentally-friendly methods, as the water sources of
nearby ecosystems are threatened by the high levels of
pollution.
The Ray, a sustainable highway project created along
eighteen miles of I-85 in Georgia, is implementing
bioswales as a method to minimize the environmental impact
of roadways on the natural habitats.

Figure 4 [24]
A map of The Ray, an eighteen-mile section of Georgia’s
I-85
These bioswales serve a multitude of purposes and work in
harmony with other fixtures along the highway. Their main
purpose is to collect runoff water and filter particulate
pollution. This has many benefits for The Ray, as draining
water from the roadway reduces hydroplaning and
accidents. Main contributors to the project also cite aesthetic
as a major benefit of bioswales, saying the introduction of
native plants beautifies the highway and surrounding areas
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other manners of using bioswales to fight urban water
contamination.

THE APPLICATION OF BIOSWALES AND
SIMILAR GREEN INFRASTRUCTURE IN
THE CITY OF PITTSBURGH
Water quality is a crucial issue in Pittsburgh. The
Allegheny River, which supplies drinking water to the city, is
full of untreated water due to poor terrain and stormwater
management, according to the Pittsburgh Water and Sewer
Authority (PWSA) [29]. Current waste water systems rely
primarily on storm drains, but Pittsburgh’s rainy climate often
overloads the water system, causing overflow, backwash of
water, and flooding. This further contaminates already
polluted water. An analysis of Pittsburgh's current
stormwater management plan, pictured in Figure 6, shows
that all the stormwater flows through storm drains and into the
river, where it is then chemically treated. The outdated sewer
system allows sewage to flow backwards, overwhelming the
system and releasing harmful waste into rivers or buildings.
Not only could this potentially cause flooding in people’s
homes, but it also returns contaminated water to the river.

Figure 5 [27]
A bioswale collects water next to The Ray
The figure demonstrates the water entering the bioswale,
where riparian plants can filter it and ease infiltration. After
the bioswale soaks up the water, it can purify the water and
return it to the water cycle as it flows down into the
ground. Dr. Hawkins explains in The Ray’s press release that
water absorption and decontamination by bioswales along
The Ray will increase water quality in nearby water sources,
such as Lone Cane Creek and the Chattahoochee River. For
the citizens of Georgia, this is a major step toward safer
drinking water. The Chattahoochee River is the source of
drinking water and wastewater dilution for several cities,
including Atlanta. This region, and therefore much of
Georgia’s population, has battled water contamination for
some time. As of 2005, long before The Ray was working
toward water filtration, a report by the US Geological Survey
showed that multiple water samples taken from the
Chattahoochee River were tested and thirty-three common
organic compounds were detected in the water. Of these
compounds, a majority were harmful pesticides,
hydrocarbons produced by fuel combustion (emissions from
vehicles), and manufacturing byproducts [28].
Now that The Ray is combatting these water
contaminants,
especially
hydrocarbons, through
the
implementation of bioswales, residents of Atlanta and the rest
of Georgia can be hopeful for improvements in their water
quality. The load placed on the city’s system of gray
infrastructure will be reduced, lowering costs and easing
maintenance. This is a much more sustainable and simpler
way to purify water. Water pollution is a major problem for
many other urban areas. This paper will continue to discuss

Figure 6 [29]
Current water treatment in the city of Pittsburgh
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In August 2017, The Pittsburgh Post-Gazette published
an article titled “Tortured Water: PWSA is the city’s biggest
problem to fix.” The article criticizes the Pittsburgh Water
and Sewer Authority’s protection of drinking water in the
city, stating that PWSA had to release a boiled water advisory
to residents of “North Side, Millvale and Reserve…after bird
and animal droppings were feared to have penetrated torn
reservoir covers and contaminated the water” [30]. The city
of Pittsburgh does need to examine current practices of storm
water management. A possible solution is for the city to
integrate green infrastructure into the current system, which
could reduce overflow by slowing down water flow and pretreating water naturally before it reaches treatment plants.
One project, called “The Four Mile Run,” is working to
“mitigate chronic flooding in the Run, a low-lying part of
Greenfield” [31]. This project plans to install green
infrastructure that will drive water to the Monongahela River
by planting trees for erosion control and constructing rain
gardens. This project also plans to install infiltration trenches
next to the running path and expand the capacity of
the Panther Hollow Lake in Schenley Park to prevent
flooding during heavy rains [32]. There are also plans to
disconnect Panther Hollow Watershed from the sewer system
and connect it into a new stream valley to redirect water and
allow for rehabilitation of the lake and surrounding green
space [33]. This does not solve water contamination
problems for the rest of the city, but PWSA and other
independent groups are drafting plans for installing green
infrastructure throughout the city. In some locations, empty
lots will be turned into biofiltration rain gardens [34]. Due to
the diversity in the design of the city, multiple forms of green
infrastructure must be installed to have an overall positive
effect on water quality.
A shift toward green infrastructure in the city of
Pittsburgh requires a careful examination of available green
space and population density to determine areas at greatest
risk of high water flow. Figure 7 shows a breakdown of the
green space in the city of Pittsburgh, and Figure 8 shows the
population density by census block.

Figure 7 [34]
Green space in the city of Pittsburgh

Figure 8 [35]
Population density in Pittsburgh (2010)
Because green infrastructure is less expensive and
requires less construction and maintenance than gray
infrastructure, it is possible for individuals and communities
to contribute to the improvement of water quality. Some
green infrastructure, like rain gardens, rain barrels, green
roofs, community gardens, or trees can be implemented by
individuals and communities. These kinds of green
infrastructure can be very effective in areas that are not
densely-populated. In downtown Pittsburgh, however, water
issues are more severe and require the organized work of
groups like PWSA.
As previously explained, bioswales effectively purify
water and slow its flow by percolating it gradually back into
ground soil. Their small size and ability, as demonstrated in
New York City, make it reasonable to assume that they could
be a solution in Pittsburgh. By installing bioswales near the
sidewalks, streets, and in medians of Downtown and other
urban areas of Pittsburgh, the water flow into the sewers
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would be greatly reduced, decreasing the backflow and
flooding that occurs with significant rainfall.
On the Southside slopes, Mount Washington, and other
elevated areas, landslides are another hazard. The steep slopes
funnel all the rain down and into the rivers, preventing
flooding, but also causing erosion. This can result in
decreased stability of buildings in these areas. Some green
infrastructure, such as vegetated filter strips and bioswales
with trees, can work to combat the erosion, providing support
from roots to strengthen the ground structure and prevent
sliding. Vegetated filter strips and bioswales would slow the
water flow downhill during rainstorms, preventing flooding
and the overflow of Pittsburgh’s water system. An important
aspect of sustainable planning is using the existing
environment. Pittsburgh’s topography makes water flow and
flooding serious issues because of steep slopes down to the
river. When designing green infrastructure for the city, the
steep slopes and heavy water events must be considered to
ensure that whatever is constructed will best fit the city and
its needs. Green infrastructure cannot solve every city’s water
problems in the same way; it needs to be uniquely formed to
sustainably fit the city’s topographical needs, population size,
climate, and existing natural environments.
It is clear that Pittsburgh needs to invest in green
infrastructure to ease the load on the city’s dated and
problematic sewer system. This will aid in water purification
and allow PWSA to practice smarter and safer stormwater
management and treatment. The addition of bioswales and
other types of green infrastructure in the city will reduce the
load on PWSA’s water system and create a better balance
between green and gray infrastructure to best benefit the
residents of Pittsburgh. Bioswales will increase the overall
efficiency and sustainability of the water treatment in the city
by incorporating natural materials and processes to aid the
existing system. A short-term benefit to the use of bioswales
is the increased safety of drinking water to residents of the
city and its surrounding areas by filtering the water and
ensuring that the Allegheny River stays clean and safe.
Implementing green infrastructure in a city requires a lot
of communication and cooperation between residents and
government, fostering a sense of pride in the city and the
community. While green infrastructure is merely one
component of a solution to the serious problems in our
communities, it supplies a good starting point for the city to
work to develop new systems. Green infrastructure also
benefits the planet as a whole, increasing habitats and
biodiversity, decreasing carbon emissions and air pollutants,
slowing climate change, and protecting the fragile ecosystems
of our planet.

with other sustainable methods, bioswales have the potential
to replace and improve upon man-made methods of water
purification. Gray infrastructure cannot sustain the planet’s
rapidly growing population indefinitely. Eventually,
resources will be depleted, costs will be too high, and
construction space will be too scarce for man-made solutions
to water filtration to be effective. Luckily, bioswales and
green infrastructure are low-cost, require a small number of
resources, and can be constructed in nature without disturbing
delicate ecosystems or displacing local population. The only
maintenance required is regular mowing (if grasses are
planted in the bioswale) and litter removal. Animal and plant
life, as well as human society, can benefit from the
implementation of bioswales, as all life needs access to clean
water to survive.
The key to constructing effective and beneficial green
infrastructure is understanding the environment in which it
will be constructed. Types of green infrastructure that use
plants to purify water should only be implemented in areas
where the plants are native to avoid invasive species and
ensure effectiveness. These plants then act as food sources
for the local wildlife, reinforce biodiversity in the ecosystem,
and work efficiently to rid water sources of pollution and
other contamination.
The sustainability of bioswales takes many different
forms. Environmentally, bioswales combat water pollution,
strengthen the presence of plant species in their native
environments, and contribute toward a healthier ecosystem
for all life. Economically, bioswales are inexpensive to
construct and maintain and reduce strain on nearby gray
infrastructure, decreasing costs associated with its
maintenance as well. Socially, bioswales create a more
beautiful and healthier environment for surrounding
communities. Quality of life increases with water quality, and
access to green space improves mood.
At present, bioswales are not completely replacing gray
infrastructure, but can improve systems of water filtration that
are already being used in urban areas. Previous examples of
water contamination in Pittsburgh, Georgia, and China show
that gray infrastructure alone does not function with the
efficiency needed to combat pollution in an industrial society.
Bioswales make gray infrastructure more efficient and work
to mitigate its harmful effect on the environment. When manmade systems flood or reach capacity, bioswales protect our
water sources from unfiltered and hazardous wastewater by
collecting and purifying it. As more bioswales are
implemented, they can ease the load of gray infrastructure. It
is possible that eventually, bioswales and other forms of green
infrastructure can be implemented widely enough that gray
infrastructure is gradually replaced. This is the ultimate goal
to create a more sustainable and secure future for generations
to come.

HOW BIOSWALES CONTRIBUTE TO A
MORE SUSTAINABLE FUTURE
There is no solution that can single-handedly replace
gray infrastructure, but our research shows that when paired
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