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Nitrogen in Puget Sound
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This story map was created by scientists at the Washington State Department of Ecology to allow you to
explore what we know about nitrogen in Puget Sound.

Puget Sound is the second largest estuary in the United States and is part of the Salish Sea. It is a dynamic
system influenced by a variety of local and global processes. The system is sensitive to changes in the Pacific
Ocean, but excess local human nitrogen inputs also have an impact on its water quality.

We are involved in various efforts to understand how, and to what extent, excess nitrogen and other nutrients
are a problem. This involves identifying nitrogen sources, monitoring nitrogen levels, analyzing how things are
changing, and determining what we need to do to improve water quality as part of the Puget Sound Nutrient
Reduction Strategy.

What we know about nitrogen in Puget Sound:

« The Pacific Ocean is the largest source of nitrogen to Puget Sound. These oceanic nitrogen
contributions can be considered part of the ‘baseline' nitrogen load, and our local human sources
add to this amount.

« Wastewater effluent is the largest local source of nitrogen to the Sound.

« Upstream watershed activities that generate nitrogen are the second largest local source of nitrogen
and get delivered to the Sound via rivers and streams.

« Nitrogen (and other nutrient) levels in marine waters are changing.

« We are observing more frequent algae blooms.

« Levels of oxygen are low in many places, and human nitrogen inputs further deplete oxygen levels in
bottom waters and contribute to acidification.

« Population growth and climate change will further stress the ecosystem.

Questions we are asking:

What are the specific mechanisms responsible for changes in nutrient levels and nutrient cycling in

marine waters?

« What are the relative contributions of upstream nitrogen sources in watersheds to freshwater
nitrogen loading?

« What improvements can we make to dissolved oxygen levels with different management actions?

This story map synthesizes information from a number of sources and its contents may be periodically updated with new information,
data, and analysis as it becomes available. The map was created by Sheelagh McCarthy and Teizeen Mohamedali at the Washington State
Department of Ecology, with initial framework development by Paula Cracknell. Feedback is welcome and can be sent

to: teizeen.mohamedali@ecy.wa.go
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Nitrogen in Puget Sound

Nitrogen Sources & Pathways

Excess nitrogen

Nitrogen is a nutrient that is present in the natural environment and is needed by
marine plants and animals to grow. Nitrogen from various sources (both human
and natural) enters Puget Sound via different pathways. People increase the
amount of nitrogen entering the Sound above natural levels. For example,

nitrogen is present in human wastewater and in plant fertilizers.

Excess nitrogen can fuel algae blooms that eventually decompose and sink
through the water column. This organic matter decomposition process decreases

dissolved oxygen levels, typically near the bottom of Puget Sound waters.
Fish and other marine organisms depend on oxygen to survive and thrive. Oxygen
levels in many parts of Puget Sound are below levels that are needed for these

organisms to thrive successfully.

PHOTO: red-brown algal bloom in Ostrich Bay, Dyes Inlet (taken August 28, 2017).

Monitoring Nitrogen River Trends

tate Department of Ec

Marine Trends Acknowledgements & References
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Excess nitrogen

Algal Blooms

Algal blooms are a common feature in marine waters, but we are observing a nirrog en
higher frequency of blooms in Puget Sound. This graphic illustrates how excess

.
nitrogen loading contributes to low dissolved oxygen when algal cells decompose |Oddlng

after a bloom occurs.

Other factors also enhance or inhibit algal growth and decompaosition, including:

nitrogen-rich surface water
» circulation, temperature, and other weather conditions Iayers fuel algal blooms
« different species of algae respond differently nitrogen inputs

» levels of other nutrients e.g. total organic carbon

« changes in the food web and at other trophic levels e.g. presence/absence

and type of zooplankton, which feed on algae
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Excess nitrogen

Dissolved oxygen levels are low

Beltn gh arr
.

Low dissolved oxygen levels have been observed in Puget Sound for a number of "
years, but were also present historically. Low dissolved oxygen conditions are s .

sometimes referred to as hypoxia, which means that there may not be enough
oxygen for marine organisms to thrive. Washington State's water quality standards 3
define minimum levels of dissolved oxygen that marine organisms, such as 5 3 ’
salmon, need to thrive. %

Saanct
victona
This map illustrates areas in Puget Sound where measured dissolved oxygen levels
are either below the water quality standard (impaired) or close to being at this
minimum threshold (waters of concern) based on the 2014 Water Quality '
Assessment. The minimum dissolved oxygen water quality standard in most of
Puget Sound is set to 7.0 mg/L. A few smaller inlets and bays of Puget Sound have
a minimum dissolved oxygen standard of 5.0 or 6.0 mg/L. o \

- ; ,,./_.5",, st
In addition to dissolved oxygen depletion due to algal and other organic matter p
decomposition, a number of other factors also affect oxygen levels. These include: |

Ook farbior _®

circulation and stratification patterns Y

bathymetry of Puget Sound 2
» chemistry of incoming Pacific Ocean water
« water temperature, salinity and density e
« timing and magnitude of freshwater flows » '
* biochemical or ecosystem-induced changes in the sediment layer VA )
¢ local weather and regional climate ’ Yy
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Nitrogen in Puget Sound
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River Trends Marine Trends

Nitrogen Sources & Pathways Monitoring Nitrogen

Excess nitrogen

Modeling dissolved oxygen

The Salish Sea Model takes into account the physical, chemical, and biological
processes that affect oxygen levels, to simulate nutrient and oxygen levels in Puget
Sound. This video shows an animation of results from the model, illustrating levels
of dissolved oxygen in the surface (left) and bottom (right) of Puget Sound in 2008.
The model results show that:

Oxygen levels are significantly lower at the bottom than at the surface of the
Sound

Oxygen levels are lowest in the late summer/early fall period (August -
September)

Oxygen levels vary spatially within Puget Sound

One of the questions that we are trying to answer using the Salish Sea Model, is:
How much of the observed dissolved oxygen problems in Puget Sound are a
result of human sources of nitrogen from this region?

The model will be used to guide management actions as part of the Puget Sound
Nutrient Reduction Project.

Acknowledgements & References
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Nitrogen Sources & Pathways

- Ocean Wastewater Rivers Atmosphere Stormwater Urban Agriculture Septic Systems Groundwater Marine Sediments Natural —

Where does nitrogen come from? PATHWAY FOR NITROGEN DELIVERY

SOURCE OF NITROGEN

Nitrogen from many sources and pathways enter Puget Sound, as illustrated in the

Atmosphere
air emissions plus natural
sources get deposted
via atmospheric
Natural Sources i Pacific Oceanic
vegetation, wildiife, oceanic water confaining
samon carcasses nitrogen enters (and

leaves) Puget Sound Wastewater

freated human aond
industrial wastewater
{point sources)

image to the right. Find details about each source and pathway by clicking on

the tabs above.

We are using the Salish Sea Model to evaluate the relative effects of human

(anthropogenic) and natural nutrient sources on dissolved oxygen levels in Puget

Sound. This model is being used to guide the Puget Sound Nutrient Reduction

Rivers
rivers deliver all upsiream
watershed point and

nonpoint sources to
Puget Sound

Project.

A
L
= Agriculture
livestock manure,
v

N-fixing crops, fertizers

Urban Sources
vehicle and industrial
emmissions, wasfewater,
lawn fertilizers

Septic Systems
human wastewater not
connected to the
municpial sewer system Marine

Sediments

Stormwater
nifrogen fluxes beiween stormwater runoff fransports
bottom sediment and the various sources of nitrogen

water column Groundwater from the the land during

5 rain events
groundwater discharge to

rivers or directly into Puget
Sound via submarine
discharge
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Freshwater Monitoring i | : § - ] o e

The freshwater monitoring program has conducted ambient monitoring of rivers | R

and streams in Washington state for a number of other parameters, including ; ey, )
nitrogen, for over 20 years. Most data are collected at monthly intervals. The data SR
are available online and also summarized in annual monitoring reports.

You can click on each station on this map to find out more details about each

monitoring location within Puget Sound watersheds.

Long-Term Freshwater Monitoring
Stations: Skagit R nr Mount Vernon

o
~
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Our scientists are currently exploring options to expand our monitoring efforts to
nclude continuous nitrogen monitoring at some of these freshwater monitoring AN
stations in order to refine our river loading estimates. 4
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Nitrogen Monitoring

Marine Monitoring

The marine monitoring program has monitored physical, chemical and biological | %
water quality variables monthly in Puget Sound since 1973, and has used Qy

consistent monitoring methods since 1999. The program provides information on : [
the variability and status and trends in water quality in the form of the Marine
Water Condition Index and yearly marine waters reports. Long-term data are &
available online. N~y
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Nitrogen Monitoring

Eyes Over Puget Sound

Eyes Over Puget Sound (EOPS) is a monthly report that provides a unique vantage
point on water quality issues and processes in Puget Sound using aerial
photography.

High-resolution aerial photo observations of Puget Sound are taken from a float-
plane at the same time as we gather water quality data at marine monitoring
stations. These images are combined with monitoring data to provide a more
tangible snapshot of the health and conditions in Puget Sound on a scale that

Eyes Over Puget Sound: An interview with Christopher Krembs 0o »

resonates with people.

<....3>
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Focused Nitrogen Monitoring Studies 75

Bertrand Creek Nitrogen Monitoring

currently do happﬂrf at monthly intervals. In Bertrand <
y monitor nitrate (and other

was initiated to measure the effectiveness of water S

arameters) sta . This proj

quality clean up and management activities in the Bertrand Creek watershed, a sub-w

o o

of the Nooksack River in Whatcom County. The data will be used to determine the m

(flux), continuous annual loading (yield) and behavior (seasonal pat

concentrat e creek. Two of thes

webpage ev hours. That data can be vi

« Bertrand Cr. nr mouth (current) g D
« Bertrand Cr.@ 0 St {ended 10/2016) :

Quartermaster Harbor Nmogen Management Study
ity of Washington-Tacoma,

Quartermaster Harbor. The long-term goals of this project were to improve water quality

management policies in the King County Comprehensive Plan and protect the water quality in

....:;>

Quartermaster Harbor. More information about this study can be found at King County's

Quartermaster Harbor Nitrogen Management Study website and in the final report, along

other related study documents, data, and maps. { Y : ¢ T, \ N\ f\_’\‘v\

Deschutes River Nitrogen Monitoring

Between October 2009 and N a continuous nitrate monitoring device, called a

Submersible Ultraviolet Nitrate Analyze NA), v River (atthe E

s deployed in the Deschut

t Bridge in Tumwater). The high-resolution time-series of nitrate data was used to

stical methods to quantify uncertainties associated with annual nitrate loading

s derived from more coarsely sampled time s

the Deschutes River Continuous Nitrate Monitoring report.

N 2>
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A

ed aquifers in Washington
state, and we have been studying groundwater in the Sumas-Blaine Aquifer for over 25 years

as part of the Sumas-Blaine surficial aquifer long-term ambient groundwater monitoring

program. We sampling wells annually for nitrate (and chloride and bromide), to track broad-

e changes in groundwater nitrate over time. The 2009-2016 report includes the most

recent analysis of trends, finding that nitrate concentrations decreased significantly in 9 out of

ells, and the percent of wells that exceeded 10 mg/l

so decreased. However, the study

some limitations (small sample size relative to the size of the qLﬂ:'-EV unreliable

access to well, and long-term climate influences), and monitoring is ongoing.
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Marine Trends

Concentrations of nitrogen in Puget Sound marine waters are changing, and

influenced by both nitrogen inputs from the ocean and nitrogen loading from local

sources, among other things.

Because of the number of factors that influence these concentrations, our
scientists are currently trying to isolate the influence of local nutrient sources on
nitrogen concentrations in Puget Sound, using statistical analysis to remove the
effect that oceanic nitrogen inputs have on these measurements. This can be
instructive because it allows us to isolate how much of the change (based on
marine monitoring data) is due to local nitrogen sources vs. larger oceanic

processes beyond our influence.

Changes in nitrogen levels and other nutrient cycles can affect the Puget Sound

E. 3 ecosystem and food web e.g. the species composition of algae or the timing and

extent of algae blooms. Our scientists have proposed a hypothesis of how
changing nutrient ratios drive changes in the Puget Sound food web, which you

can read more about in this poster.

Photo: Large Noctiluca bloom in Central Puget Sound near Bainbridge Island (taken June 12,

2012)




Access Ecology’s Nitrogen in Puget Sound Story Map online at:

bit.ly/nitrogenstorymap
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QUESTIONS + DISCUSSION

Sheelagh McCarthy, Washington State Dept. of Ecology

Teizeen Mohamedali, Washington State Dept. of Ecology
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