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Why estimate nutrient loading?

 Excess nutrients contribute to eutrophication,
low oxygen levels and acidification

nitrogen
loading

| - * Need estimates to establish boundary
il ol " | conditions for the Salish Sea Model

w» bl
algal cells die and

™ decompose « Ability to quantify different sources, magnitude
and timing of delivery to Salish Sea is
informative

decomposition lowers
dissolved oxygen concentraitons

Pl i  Allows us to perturb conditions and change
nutrient loading for model scenarios to
evaluate effect on water quality

low dissolved oxygen
stresses marine organisms




Nutrient Sources & Pathways

PATHWAY FOR NITROGEN DELIVERY |
SOURCE OF NITROGEN

Atmosphere
qir emissions plus natural
sources get deposted
via atmospheric
deposition

Natural Sources

vegetation, wildiife,
salmon carcasses

Pacific Oceanic
oceanic water containing
nifrogen enters {and
leaves) Puget Sound

Rivers

rivers deliver all upstream
watershed point and
nonpoint sources fo

Puget Sound

Wastewater
freated human and
industrial wastewater
{point sources)

Agriculture
livestock manure,
N-fixing crops, fertizers

Urban Sources
vehicle and industrial

lawn fertilizers
Septic Systems
human wastewater not
connected to the ’
municpial sewer system Marine
Sediments
nifrogen fluxes beiween
bottom sediment and the
water column

Stormwater
stormwater runoff fransports
various sources of nitrogen
from the the land during

rain events

Groundwater
groundwater discharge to
rivers or directly info Puget

Sound via submarine
discharge

emmissions, wastewater,

Pacific Ocean contributes the
largest nitrogen load to the
sound - driven by larger
oceanic and global processes




Nutrient Sources & Pathways
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from the the land during

rain events
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Focus of this presentation is
on rivers and wastewater
loads - can influence through
local management actions

Focus on dissolved

inorganic nitrogen (DIN),

but we have estimates of:

« organic and inorganic
nitrogen

« organic and inorganic
carbon

* organic and inorganic
phosphorus



Recent updates

 Original time series from 1999-2008, extended
through mid-2017

 Expansion of model grid - needed freshwater
inflows into the northern boundary (British
Columbia)

 Spatial refinement of freshwater loading estimates in
South & Central Puget Sound

» Updated WWTP data based on discharge monitoring
reports, where available, particularly for facilities that
have been upgraded since 2008
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River and Wastewater inputs
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River and Wastewater inputs
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River & Wastewater DIN concentrations

1999-2017 Dissolved Inorganic Nitrogen (DIN) concentrations

Wastewater 100-

median B wwp
concentrations: i i i
>10 mg/L —- I I i i i i i i i I I ' '

River median
concentrations:

<0.5 MQ/L =ty

(rngfL)

1.0-

tration

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 201 2012 2013 2014 2014 2016
Year



Wastewater flow magnitude from 2006-2016
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Dissolved Inorganic Nitrogen (DIN) concentrations in mg/L: 1999-2017 annual averages
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Dissolved Inorganic Nitrogen (DIN) loads in kg/day: 1999-2017 annual averages
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DIN load (kg/day)
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Seasonal differences

Dissolved Inorganic Nitrogen loads into Puget Sound from 2006-2016

Annual average: m Puget Sound - WWTPs

WWTP: 30,540 kg/day m Puget Sound - Rivers
Rivers: 25,240 kg/day
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Annual DIN load contribution
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2006 vs. 2014 river flows into Puget Sound
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Reference Conditions

Current loading

(——-——'——-—>

point sources
(WWTPs)

non-point
sources
(rivers)



Reference Conditions

Reference condition
(no people)

natural
sources

Published in Mohamedaili et. al. (2011),

updated in Pelletier et. al. (2017, Appendix B),

estimates may be refined further in 2017-2018

Current loading

point sources
(WWTPs)

Reference Condition =
nutrient loading in the absence of
regional anthropogenic nutrient

non-point
sources
(rivers)

sources

no change in ocean inputs
* no change in Canadian inputs
« U.S. WWTP effluent removed (flow on)

* U.S. river nutrient inputs reduced to
estimate reference concentrations (no
change in flow)



DIN load (kg/day)

Human vs. reference DIN loads in Puget Sound
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Future nutrient loading

Drivers:

* Population growth

 Land use change

* Changes in WWTP treatment
 Climate change




Next Steps

Continuous monitoring at select rivers - to improve
temporal resolution of nutrient inputs — our current
statistical method may be underestimating river
loading during rain events

Salish Sea Model runs to evaluate high-level
impacts/influences of management actions e.g. if
the largest WWTPs had Biological Nutrient Removal
technologies

Climate change and population growth scenarios -
refinement of previous estimates

Puget Sound Nutrient Reduction Project — project
that will be guided using the Salish Sea Model

Continuous technical improvement as time and
resources allow

DEPARTMENT OF
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State of Washington

For more information:

Salish Sea Model: https://ecology.wa.gov/Research-Data/Data-
resources/Models-spreadsheets/Modeling-the-

environment/Salish-Sea-modeling (includes links to all model

related publications)

Reducing nutrients in Puget Sound:
https://ecology.wa.gov/Water-Shorelines/Puget-Sound/Helping-
Puget-Sound/Reducing-Puget-Sound-nutrients

Nitrogen in Puget Sound - A Story Map:
https://waecy.maps.arcgis.com/apps/MapSeries/index.html?appid
=907dd54271f44aa0b1f08efd7efc4e30

Contacts:
Teizeen Mohamedali: teizeen.mohamedali@ecy.wa.gov
Cristiana Figueroa-Kaminsky: c.figueroa-kaminsky@ecy.wa.gov
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