R I V E R R E S T O R AT I O N A N D
NUTRIENT REDUCTION
Nutrients are essential to plant and animal survival, and they play an important role in river ecosystems. However,
when out of balance, nutrients can be extremely detrimental to water quality, posing risks to human health and
diminishing aquatic life. River restoration can dramatically reduce the amount of nutrients in rivers and streams.
Where are nutrients found? All nutrients appear in nature, but
humans have greatly increased concentrations of nitrogen and
phosphorus on landscapes. They are applied on crops as fertilizer
and are present in sewer and septic systems. Nitrogen dissolves in
water and moves through runoff or leaching. Phosphorus primarily
attaches to soil and moves with eroded sediment, but also can move
in dissolved form.
Why are nutrients a problem? Excess nutrients that enter rivers
and streams through erosion and runoff disrupt the balance of
river ecosystems. Nitrogen and phosphorus stimulate the growth
of algae, which eventually causes areas of low oxygen, or hypoxia,
where aquatic life cannot survive. This problem is most well-known in
coastal areas, such as the Gulf of Mexico’s “Dead Zone,” but hypoxia
can occur anywhere. Nitrogen also causes Blue Baby Syndrome and
other health concerns, and wastewater treatment facilities struggle to
supply safe drinking water due to the large quantities of nutrients in
rivers and streams. Iowa is the second highest contributor of nitrogen
and third highest contributor of phosphorus to the Gulf of Mexico.
How can river restoration help? Rivers and streams naturally filter
nutrients. However, due to human modifications like channelization
and damming, many have lost this ability (Fig. 1). Research shows
that river restoration can dramatically reduce the amount of nutrients
in rivers and streams, thereby improving water quality.
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Figure 1. Connectivity between groundwater, streamwater, soil, and organic matter (i.e. leaf and wood debris) is
needed for river ecosystems to process and remove nutrients. However, degraded streams have lost this connection
as a result of hydrologic modifications—such as channelization, steep banks, and dams—and therefore have limited
capacity to filter nutrients. Natural river restoration repairs these interactions, while also preventing the release of
nutrients into rivers and streams. Modified from Federal Interagency Stream Restoration Working Group (FISRWG).

KEY TERMS
Channelization — The process
of straightening a stream or river
from its naturally meandering
course. This results in higher water
velocities, incised stream beds,
and greater erosion.
Denitrification — The microbial
conversion of nitrogen compounds
into gas, thereby removing
nitrogen from land and water.
Erosion — The transportation of
sediment from one location to
another through forces such as
wind and water.
Eutrophication — The oversupply
of nutrients to water bodies as a
result of human activity, causing
algae blooms and hypoxia.
Floodplains — Flat areas of
land bordering rivers that store
floodwater and sediment.
Hypoxia — Low levels of oxygen in
water bodies that cannot support
aquatic life. Hypoxia occurs as a
result of eutrophication: bacteria
consume oxygen in the process of
decomposing dead algae, leading
to decreased oxygen levels.
Leaching — The loss of dissolved
nitrogen transported by water
underground.
River restoration — The process
of restoring rivers and streams to
healthier, naturally-functioning
ecosystems.
Runoff — The flow of excess water
over earth’s surface to bodies of
water, often transporting pollutants
such as nutrients and sediment in
the process.
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River restoration is the process of returning rivers and streams to a more naturally stable and
functional condition, improving water quality and enhancing aquatic life. It is not “one size
fits all.” River restoration begins with analyzing the root causes of river disturbances.
Case study: Minebank Run, Towson, Maryland

Restoration technique: Bank stabilization; remeandered
stream; vegetated buffers

Background: Minebank Run is an urban stream that runs

through a Baltimore suburb. Roughly 80% of its watershed
is comprised of urban and suburban land, which was

developed prior to stormwater management regulations. As

a result, the streambed became deeply incised with severely
eroding banks due to excessive stormwater runoff coming
from impermeable surfaces like parking lots, rooftops,

and roads. This put stress on infrastructure like sewer lines
and bridges, and strong water velocities flushed large

nutrient loads downstream, contributing to hypoxia in the

Severe erosion along Minebank Run posed risks to infrastructure and
diminished water quality. Photo courtesy of Paul Mayer.

Chesapeake Bay.

Project summary: With the primary goal of improving

stormwater management and protecting infrastructure,

Baltimore County implemented a combination of restoration
techniques to stabilize Minebank Run. This included

remeandering the channel, resloping the banks, lowering the
stream’s gradient, widening the channel, replacing concrete
with stream cobble, and planting vegetation. Researchers
used this as an opportunity to quantify nitrogen removal

rates and determine which restoration approaches optimized
denitrification.

They found that restoring hydrologic connectivity had a
substantial impact on nitrogen removal: denitrification

Reconnecting the stream to low banks doubled the rate of denitrification,
compared to unrestored sites. Photo courtesy of Paul Mayer.

rates doubled at sites where the stream was connected to

low banks, compared to unrestored sites. This interface is a

“hot spot” where bacteria convert nitrogen compounds into
gas. Adding vegetation and slowing down streamflow to

increase water residence time further boosts these bacterial
processes.

The restoration of Minebank Run prevents the erosion of an

estimated 50,000 pounds of sediment and reduces nitrogen
concentrations by 25 to 50 percent, researchers say.

Slowing down streamflow to increase water residence time and planting
vegetated buffers helps boost bacterial activities that remove nitrogen.
Photo courtesy of Paul Mayer.
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Research from across the United States demonstrates that natural river restoration is an
effective water quality improvement tool because it repairs the natural nutrient cycling
processes that occur in healthy rivers and streams.
Case study: White River, Fayetteville, Arkansas

Restoration technique: Bank stabilization; toe wood and
bankfull bench construction

Background: The White River flows into Beaver Lake, which
provides drinking water to 400,000 Arkansas residents.

However, the Arkansas Department of Environmental Quality
found that the river was failing to meet federal water quality
standards: the streambanks were eroding severely, at a rate

of 14 feet per year, and high concentrations of phosphorus,
which attaches to sediment, entered the stream as a result.

This created poor habitat conditions and diminished

aquatic life. In addition, excessive erosion caused the loss

of cropland, pasture, and wildlife habitat, and it exposed

Streambanks along the White River were eroding at a rate of 14 feet
per year, contributing to high levels of sediment and nutrients in the
channel. Photo courtesy of the Watershed Conservation Resource

infrastructure.

Project summary: The Watershed Conservation Resource
Center and local partners used natural river restoration

techniques to stop accelerated erosion along 1,000 feet

of the White River. The main component was constructing

benches out of natural materials to restore a stable channel
width and depth and protect the eroding streambanks

(Fig. 2). These structures were designed to accomodate

floodwater and slow streamflow. They also provide better

aquatic habitat.

Native vegetation played a key role in further stabilizing the
streambank. Layers of soil were placed over the benches,
and native trees, shrubs, grasses, and wildflowers were

White River six months after restoration. Photo courtesy of the
Watershed Conservation Resource Center.

then planted on top. The leaves, stems, and branches serve
to slow floodwater, while the roots bind and secure the
benches.

Before

Following restoration, sediment and nutrient loads

After

decreased by 95 to 100%. This comes out to 3,600 tons of

sediment, 3,500 pounds of phosphorus, and 6,500 pounds of
nitrogen for an average flow year. Improvements to aquatic
life have been observed, and, with the addition of native
vegetation, terrestrial habitat has been enhanced.

Cross Section
Figure 2. A bench is formed at the bottom of the streambank with materials
such as logs, branches, roots, and soil. These materials are topped with
native vegetation at the bankfull elevation.
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When natural river restoration is unavailable, one promising alternative for Iowa’s many
channelized agricultural streams is the two-stage ditch. This method is effective at
draining agricultural fields while simultaneously reducing nutrient pollution.
Case study: Shatto Ditch, Kosciusko County, Indiana
Restoration technique: Two-stage ditch

Background: Shatto Ditch is a tributary of the Tippecanoe
River. It is primarily surrounded by corn and soybean row
crops, where nitrogen and phosphorus fertilizers are applied.
Historically, the stream was straightened in order to speed
water velocity and quickly remove excess moisture from
fields. Also, like much of the Midwest, subsurface tile drains
transport water away from crops and into Shatto Ditch. This
results in higher rates of nitrogen fertilizer entering the
channel and flowing downstream.
Project summary: Researchers at the University of Notre
Dame constructed a two-stage ditch along 600 meters of
Shatto Ditch by adding a three-meter wide floodplain to
each side of the channel and planting native vegetation for
greater stability (Fig. 3). This design allows water from tile
drains to flow onto the floodplain, rather than directly into
the channel. There are several major benefits to this method:
first, when the floodplain is inundated, water spreads out
over a larger area and slows down, which decreases erosion;
second, sediment and phosphorus settle onto the floodplain,
rather than flow downstream; and third, water has more time
to reside in the floodplain, which increases interactions with
denitrifying bacteria that convert nitrogen compounds into
gas, thereby permanently removing them from the landscape.
Furthermore, the two-stage ditch requires less maintenance
because the stable channel cleans and filters itself.
After monitoring the effects of the two-stage ditch for two
years, researchers found that nitrogen removal at the restored
floodplain was, on average, three times greater than at the
unrestored channelized sites.

Channelization and agricultural runoff contributed to high levels of
nutrients entering Shatto Ditch. After constructing a two-stage ditch,
nitrogen removal at restored stream sections was, on average, three times
greater than at unrestored stream sections. Photo courtesy of Sarah Roley.
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Figure 3. The two-stage ditch reduces nutrient pollution by giving water and
nutrients more time to reside in the floodplain.

About Iowa Rivers Revival
Iowa Rivers Revival (IRR) is a non-profit leader in river education and advocacy and is committed to protecting some of our
most precious natural resources — our rivers and streams. IRR is working to engage individuals, organizations, communities
and government leaders in river awareness, responsibility, and enjoyment in an effort to improve and enhance the condition of
Iowa waterways — ensuring a quality, safe, and lasting resource for future generations.
Funding from the McKnight Foundation has provided substantial support for Iowa Rivers Revival to raise
awareness and provide training opportunities about natural river restoration and its many benefits.
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