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Agency Questions

Connecting source and impacts

 What are the drivers of nutrient-related water quality concerns?

* What is the largest source of nitrogen (N) or phosphorus (P) for
water bodies with nutrient-related concerns?

* How can we use nutrient source information to prioritize and
manage areas to improve water quality?



Outline

1. EPA’s national nutrient input inventory (NNI)

* Predicting TN in stream water
* Connecting source and TN condition

2. Applying N budgets in Region 10

* Southern Willamette Groundwater Management Area
* Nooksack



SEPA EPA’s National Nutrient Inventory

« N and P for 2002, 2007 and 2012 * Fertilizer is dominant in farmland
« Largest Anthropogenic Source varies * Deposition is largest source in the NE and west

e Human waste near cities
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inventory to water quality data

Connecting the
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EPA’s National Rivers and Streams Assessment (NRSA)
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(Jiajia Lin et al. 2021, ES&T)
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Y 4 EPA \\ All NRSA sites categorized by largest N source

N

Proportion of stream length

I Crop fertilizer + fixation
B Manure applied

M Deposition

M Human waste + urban fertilizer
I Missing




wEPA \ Total Nitrogen condition class

Appendix B

Ecoregion-Specific Benchmarks Used in NRSA 2013-14

Benthic Total Total
Ecoregion Macroinvertebrate Fish MMI Nitrogen Phosphorus
MMmI (ng/L) (ng/L)
Good (=) Poor (<) Good (=) Poor (<) Good (<) Poor (=) Good (=) Poor (=)
CPL 54.9 40.7 57.3 46.8 624 1081 559 103.0
NAP 55.0 40.9 57.6 47.1 345 482 174 326
SAP 45.0 30.8 60.3 49.8 240 14.8 244
uUumMmw 36.9 22.7 39.8 29.3 583 36.3 49.9
TPL 40.3 26.2 58.0 47.5 700 88.6 143.0
NPL 56.8 42.6 46.3 35.8 575 64.0 107.0
SPL 355 213 50.2 397 581 55.8 127.0
wWMT 50.1 359 75.9 65.4 139 17.7 41.0
XER 57.0 42.8 76.8 63.7 285 52.0 959

Bl Poor
I Fair
@ Good



N Sources
linked to
Poor
Condition in
River and
Stream
Length by
Ecoregion

[ Crop fertilizer + fixation
Il Manure applied

[ Deposition

I Human waste + urban fertilizer
[ Missing

NRSA Ecological Regions*

[ Coastal Plains [ | Temperate Plains
[ Northern Appalachians | | Upper Midwest

| | Northern Plains I Western Mountain
| | Southern Appalachians | | Xeric

| | Southern Plains

* Based on Omernik Level Il Ecoregions
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TN input rate (kg N/ha)

1000

N inputs alone explain
51% of variation in
stream TN

Land cover type is also
important, along with
climate, agricultural
tile drainage and
baseflow ratio

Predicted 70% of TN
variation with this
random forest model

Lin et al. ES&T 2021

N inputs drive NRSA stream concentrations

a All watersheds, log(TN)
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https://pubs.acs.org/doi/10.1021/acs.est.0c07102

wEPA NRSA-Inventory Takeaways

Largest N source for NRSA sites with Poor nutrient condition

e Agricultural non-point source
inputs are the major driver for
rivers and streams in Poor

nutrient condition across the
US.

e The largest N source linked to
poor condition does differs by
region.

e Policies and management to
improve condition will differ by
region and source.

I Crop fertilizer + fixation

Il Manure applied

I Deposition

B Human waste + urban fertilizer
Missing



Outline

2. System N budgets in Region 10

* Willamette
 Groundwater Management Areas
* Nooksack



wEPA Application of N budgets

Puget Sound

Chesapeake Bay Model

Gulf Hypoxia Task Force efforts
Groundwater Management Area

l

Percentage Nitrogen Contribution by Source

0 Crops

B Septic Systems

O CAFOs

O Large Wastewater

Systems LCOG 2008

Takes time, effort
and trust to create
and accept

Southern Willamette

Groundwater Management Area
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SEPA \ Model-predicted risk of nitrate violations: Oregon

Model-Predicted Probability of

Nitrate > 10 mg/L

B 0to 0.1 0.5 to 0.6

Y 0.1t00.2 0.6 to 0.7
0.2 to 0.3 D7t 08
03tw04 [0 08to09
o4twos M >o09

From Pennino et al.
2020 STOTEN



https://www.sciencedirect.com/science/article/pii/S0048969720311724

Nitrate in Oregon’s Groundwater Management Areas (GWMASs)

Lower Umatilla
Basin GWMA

Data from the Real Estate
Transaction database for
domestic wells
(1987-2020, n=30K)

Color Scale

® >10 mg/I Nitrate-N
7-10 mg/I Nitrate-N
® <7 mg/I Nitrate-N

Northern Malheur
County GWMA

Wenzlick, Compton, Kile
etal. In prep.



wEPA Management — Local drinking water nitrate

* Challenge: High and variable nitrate levels ¢ Working with local farmers to identify
in drinking water wells within the best management practices for
southern Willamette Groundwater nitrogen.

Management Area

Project Team Members

LCOG
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Increase in GWMA well nitrate Significant Trends
(Piscitelli OSU MS thesis, 2019) 2006 through 2018
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https://ir.library.oregonstate.edu/concern/graduate_thesis_or_dissertations/cr56n703s
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* Lots of variability between crops and fields
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<EPA Messages for community

Nitrate leaching losses during fall and winter
* Challenge for nutrient management

Many crops have some N leaching
 Variation between crops and years
* Poorly performing crops & bare ground -> high leaching

Increase use of cover crops, avoid fall fertilizer, include *%;fiéi 'Ql{u
[ L[] . ° h ’* %
irrigation water N in balances N g’(
Thank you to farmers and community A W s

\ X



Nutrient inventories track nutrient inputs and outputs
across urban, natural, and agricultural sectors

PATHWAY FOR NITROGEN DELIVERY
SOURCE OF NITROGEN

air

Puget Sound Nitrogen sources

Atmosphere

emissions pius natural

sources get deposted

Natural Sources

vegetation, widlife,
salmon carcasses

Rivers A

rivers deliver all upstream
watershed point and
nonpoint sources to

Puget Sound

Agriculture
livestock manure,
N-fixing crops, fertizers

Septic Systems
human wastewater not
connected fo the
municpial sewer system Morlne

Sediments
nifrogen fluxes between
bottom sediment and the

water column

via atmospheric
deposition
Pacific Oceanic

oceanic water confaining
nifrogen enfers {(and
leaves) Puget Sound Wastewater

freated human and
industrial wastewater
{point sources)

Urban Sources
vehicle and industrial

lawn fertilizers

Stormwater
stormwater runoff transports
various sources of nitrogen
Groundwater from the fhe land during
rain events
groundwater discharge to
rivers or drectly into Puget
Sound via submarine
discharge

emmissions, wastewater,

DIN Load (kg/d)
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20%
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Rivers WWTPs Rivers

Link to WA Ecology’s Storymap of N in Puget Sound



https://waecy.maps.arcgis.com/apps/MapSeries/index.html

wEPA Take homes and Next steps

1. EPA’s national nutrient input inventory (NNI)
* Available for HUC8 across the conterminous US
* Increasing temporal and spatial resolution (HUC12 and raster, 1990s-2019)
* Apply to water quality questions

2. System N budgets in Region 10

Now that we’ve identified the scope and drivers of problems ->

Prioritize opportunities for on-field, edge-of-field and wetland restoration to reduce
nutrient loading and improve condition

3. Post-fire water quality work in Region 10

Conducted 1.5 years of stream sampling after Labor Day 2020 fires
Monitoring nutrients, carbon, metals



wEPA \\ Extra slides




a) 2012 N inventory

EPA's National Nutrient
n\’\léeago ry (N N I) | Livestock feed: 6.86

Ag fertilizer: 11.91
Crop harvest: 13.96

e What is in the NNI? SR OCEos
* Alot! Lawn fertilizer, crop removal, US export: 5.22
point source loads, farm fertilizer, Crop BNF: 5.77

human waste, feedlots,

. .. Air Ag NH3: 3.07 |
atmospheric deposition,

o tanc:.35.70 Air Ag N2: 0.85
emissions.... Total Dep: 5.47 PREN2O70160m
* What can | use the inventory for? Air Forast Firo: 049 =

: : : Air other: 1.95
* Standardize way to track point and Livestock waste: 5.23

non-point source pollution through

time, communicate management
Natural BNF: 4.74

relevant metrics to stakeholders, Surplus: 14.94
and explain observed patterns in e asted 11 i
water quahty Rock weathering: 0.96

- Urban Fertilizer: 0.26




Next Steps - Better quantification
of on-the-ground practices

What is causing the recent
increases and decreases in GWMA  csenatonpyramie

Conceptual basis for this effort emphasizes

managing to improve soil health,

We” nitrate Ievels (Since 2012)? and effective use of multiple practices

to meet water quality goals.

Control Water
Below Fields:

Impoundments (e.g., wetlands),
Manage “variable source” areas

Control Water
Within Fields:
Controlled Drainage, grassed waterways, filter strips
Build Soil Health:
Zero or restricted tillage, nutrient/manure management,
diversified/intensified crop rotations

Tomer et al. 2013 JSWCS
https://acpf4watersheds.org/about-acpf/

How can we better document
landowner nutrient management
and conservation practices and
connect to water quality?



https://acpf4watersheds.org/about-acpf/

Nooksack-Fraser Transboundary
Nitrogen study (NFT-N)

Project Goals
* Develop a nitrogen inventory using local data
* Share and vet data among stakeholders

* |dentify and evaluate solutions that can be
used by local stakeholders to meet
community goals

o Improve air quality and drinking water quality

o Balance agriculture, aquaculture and other
community interests

o Economic goals

Agriculture and
Agri-Food Canada

CONSERVATION DISTRICT

WASHINGTON STATE
UNIVERSITY
A 4

LUMMI_NATION

TREATY OF 1855

24




Nooksack-Fraser Transboundary Watershed

* Lynden, Washington, and
Abbotsford, British
Columbia

 Cities, farms, dairies,
shellfish operations in BC
and WA watershed

e Surface water, groundwater,
and air quality issues
related to nutrients and
fecal coliforms

Legend

A Sampling sites

|::3 US-Canada border

g Aquifer (ASA)

Major Tributaries

e |
_ECY: site 01A020
] M USGS: sit 12210700
(T ¥ A o
'ECY/Lummi: site SW118; Gedarville g2

LS

- Other land

|:’ Grass hay/pasture
- Herbaceuous
- Forest

Developed
- Cropland

- Barren land

L L L L L
0 5 10 20 Kilometers

§ Washington, US
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Nooksack Transboundary Watershed N budget

NH3 emission

Dairy

Feed import

Animal product export
Agricultural land

B Crop export

. Denitrification loss

Synthetic fertilizer import

.Human food ‘,—

== Pet food -
2 = Retention
Atmospheric deposition

———— Smolt export .

River export

- Natural land
Eill\rr?"mnremm A

Jiajia Lin, Compton et al. 2020 JGR Biogeosciences



https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/2019JG005577

