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 This presentation does not:
 Impose any binding requirements.
Determine the obligation of the regulated community.
Change or substitute for any statutory provision or regulatory requirement.
Change or substitute for any Agency policy or guidance.
Control in any case of conflict between this discussion and statute, 

regulation, policy, or guidance.

The views expressed in this presentation are those of the author[s] 
and do not necessarily represent the views or policies of the U.S. 
Environmental Protection Agency.

Disclaimer
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Pollutants: Nitrogen and phosphorus

Effects: Widespread degradation of water quality in the U.S.

Governance: Authorization, regulations, and technical support

Management: Developing numeric nutrient criteria

Making a difference: EPA-State partnerships (N-STEPS Program)

Outline

May 2023 3



Pollutants: Nitrogen and Phosphorus

EUTROPHICATION
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Adapted from M. Paul, U.S. EPA
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Adapted from M. Paul, U.S. EPAMay 2023 6



Suzanne Bricker et al., 2007

Effects: Widespread degradation of water quality in the U.S. (1)
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Effects: Widespread degradation of water quality in the U.S. (2)
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Diagnosis

Impaired waters1 (303(d) list)
Wetlands: 672,924 acres 

Rivers and streams: 588,173 miles
Lakes, reservoirs, ponds: 13,208,917 acres

Bays and estuaries: 44,625 miles2

1U.S. EPA ATTAINS accessed on November 8, 2018

Diagnosis

Nutrient-Impaired waters1

Wetlands: 10%, 67,849 acres (6th)
Rivers and streams: 20%, 118,831miles (3rd)

Lakes, reservoirs, ponds: 30%, 3,943,395 acres (2nd) 
Bays and estuaries: 40%, 18,279 miles2 (2nd)

Effects: Widespread degradation of water quality in the U.S. (3)

Remediation

Total maximum daily loads1 (TMDLs) = 74,001

Nutrient TMDLs1 = 6,685 (4th)
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Federal Water Pollution Control Act              
(Clean Water Act)

33 U.S.C. Section 1251 (CWA Section 101)
 “integrity”, “protection and propagation”, 

“recreation”

33 U.S.C. Section 1313 (CWA Section 303)
 State and tribal authority to adopt water 

quality standards (WQS)Federal authority to 
review, approve/disapprove state and 
tribal WQS

 Federal authority to promulgate WQS for a 
state or tribe

33 U.S.C. Section 1314 (CWA Section 304)
 Federal authority to publish technical 

support

Federal Regulations

Title 40 Code of Federal Regulations, Part 131
 Part 131.4(a) – State authority to develop WQS
 Part 131.5(a) – EPA authority to review WQS
 (2) “protect the designated uses”
 (4) “appropriate technical and scientific data and 

analyses”
 Part 131.6
 (b) “methods and analyses”
 (c) “protect the designated uses”
 (f) “scientific basis”

 Part 131.11(a)(1)
 “criteria must protect designated uses”,
 “based on a sound scientific rationale”, 
 “must contain sufficient parameters and constituents”

 Part 131.10(b) – Downstream protection
 Part 131.20(a) – Triennial review by states

Governance: Authorization, regulations, and technical support (1)
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EPA Strategy and Technical Support

National Strategy for the Development of 
Regional Nutrient Criteria (1998)

Technical support documents (pursuant to 33 
USC 1314, CWA Section 304)
Nutrient criteria = nitrogen, phosphorus, 

chlorophyll-a, and water clarity 
Waterbody-specific technical support 

documents (2000, 2001, 2006)
 Recommended criteria for most 

lakes/reservoirs, rivers/streams (2000-1)
 Stressor-response approaches (2010)
 Revised recommendations for lakes and 

reservoirs (2021)

Governance: Authorization, regulations, and technical support (2)

State Regulations: Narrative Criteria
“Plant nutrients from other than natural 
causes shall not be present in concentrations 
which will produce undesirable aquatic life or 
result in a dominance of nuisance species in 
surface waters of the state.” 
–State of New Mexico Standards for Interstate and 
Intrastate Surface Waters (Subsection E of 20.6.4.13 
NMAC) 
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Management: Developing numeric nutrient criteria (1)

Guidelines for Ecological Risk Assessment (1998)
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Management: Developing numeric nutrient criteria (2)

 Range of waterbody types

Conceptual models

Data
 Surveys vs. experiments (spatial and temporal scales)
Discrete vs. continuous (data quantity)

Analysis
Classification: Parsimonious techniques to reduce variability
 Stressor-response models (empirical)
 Reference condition models (empirical)
Mechanistic numerical models (deterministic)
Nutrient criteria duration and frequency
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Competition Pathway
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Competition Pathway
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L. Yuan, U.S. EPA
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L. Yuan, U.S. EPA
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L. Yuan, U.S. EPA
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L. Yuan, U.S. EPA
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L. Yuan et al. 2014, Freshwater Biology
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Reference condition model and data quantity
Selection criteria (examples):

Forested land cover
No human hydrologic alterations (e.g., dams, canals)

No NPDES discharges
No documented CWA 303(d) listings

Biological evidence of aquatic life support
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Reference condition model and data quantity
Selection criteria (examples):

Forested land cover
No human hydrologic alterations (e.g., dams, canals)

No NPDES discharges
No documented CWA 303(d) listings

Biological evidence of aquatic life support

U.S. EPA, 2000. 
Rivers and Streams.
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Reference condition model and data quantity
Selection criteria (examples):

Forested land cover
No human hydrologic alterations (e.g., dams, canals)

No NPDES discharges
No documented CWA 303(d) listings

Biological evidence of aquatic life support

L. Yuan, U.S. EPA

U.S. EPA, 2000. 
Rivers and Streams.
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Lake Conceptual Model

L. Yuan, U.S. EPA
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Classification: Geographic (spatially-variable factors)

May 2023 28



Classification: Geographic (spatially-variable factors)
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Classification: 
Functional

L. Yuan, U.S. EPA
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Habitat poor Habitat fair Habitat good

Classification: 
Functional

L. Yuan, U.S. EPA
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Habitat poor Habitat fair Habitat good

CART Regression

Classification: 
Functional

L. Yuan, U.S. EPA
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Habitat poor Habitat fair Habitat good

CART Regression TREED Regression

Classification: 
Functional

L. Yuan, U.S. EPA
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Estimating duration and frequency

Toxic pollutants

Controlled laboratory experiments 
(removes confounding variables)

Dose-response (gradient)

 Lethal effects 

 Length of exposure: hours–days

 Frequency of exposure: weeks–
months (recovery time)
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Estimating duration and frequency

Toxic pollutants

Controlled laboratory experiments 
(removes confounding variables)

Dose-response (gradient)

 Lethal effects 

 Length of exposure: hours–days

 Frequency of exposure: weeks–
months (recovery time)

Nutrient pollution

 Field monitoring of WQ (includes
confounding variables)

Correlations, not dose-response

 Sub-lethal effects 

 Length of exposure: weeks–months+

 Frequency of exposure: months–
years (recovery time)
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Distinguishing criteria duration and frequency

Criteria (defines protection)

Length and frequency of
exposure to a pollutant, or 
pollutant parameter, 
magnitude

WQ Monitoring/Sampling

Length of time and frequency 
of observations needed to 
detect exceedance of the 
criteria

Assessment Period

Length of time and frequency 
over which exceedance of the 
criteria is concluded
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Distinguishing criteria duration and frequency

Criteria (defines protection)

Length and frequency of
exposure to a pollutant, or 
pollutant parameter, 
magnitude

WQ Monitoring/Sampling

Length of time and frequency 
of observations needed to 
detect exceedance of the 
criteria

Assessment Period

Length of time and frequency 
over which exceedance of the 
criteria is concluded

Nutrient Criteria Duration/Frequency Criteria Monitoring Period (Index Period)
Sampling Frequency Criteria Assessment Period

Instantaneous [chl-a] shall not 
exceed 40 µg/L over the year, 
more than 10% of the time

Monitor over growing season (140 
days)

Sample once per week (n=20)

303(d) Assessment: Every two
years

Multiple annual assessment 
periods

Magnitude: 40 µg/L
Duration: Year (365 days)
Frequency: ≤ 10%
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Making a difference: EPA-State partnerships (N-STEPS Program)
State Projects

 Data acquisition and preparation

 Classification analysis

 Modeling
 Conceptual
 Stressor-response
 Reference condition
 Mechanistic 

 Technical reports

 Technical literature reviews

 Peer reviews
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Making a difference: EPA-State partnerships (N-STEPS Program)
State Projects

 Data acquisition and preparation

 Classification analysis

 Modeling
 Conceptual
 Stressor-response
 Reference condition
 Mechanistic 

 Technical reports

 Technical literature reviews

 Peer reviews

National and Regional Projects

 Webinars

 White papers

 Online technical resources

 National meetings

 Regional workshops

 304(a) criteria recommendations

 Consultations with CWA 303(d), 
402 programs
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Arkansas streams, lakes, and reservoirs*

Oklahoma lakes and reservoirs*

New Mexico Pueblos streams

Colorado lakes and reservoirs*

Coeur d’Alene Tribe, Lake Coeur d’Alene

Arizona lakes and reservoirs

Maine, Casco Bay estuary

North Carolina estuaries

FY22-23 State and Tribal Projects - Completed

Wyoming lakes and reservoirs*

North Dakota lakes and reservoirs*
New Hampshire streams 

*Includes application of EPA’s 304(a) national lake models
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R4 states: Stream diatoms

FY22 Region-wide State Projects - Completed

R5 states: Lakes and reservoirs

R3 states: Stream aesthetics
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FY23 State Projects – New Starts

New Jersey lakes and 
Reservoirs*

New Mexico lakes and reservoirs*

Florida estuaries

*Includes application of EPA’s 304(a) national lake models
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Additional technical resources

N-STEPS Online (2021)

Primer on user perception surveys (2021)

Ambient Water Quality Criteria to Address Nutrient 
Pollution in Lakes and Reservoirs (2022)
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https://nsteps.epa.gov/
https://www.epa.gov/nutrient-policy-data/development-user-perception-surveys-protect-water-quality-nutrient-pollution
https://www.epa.gov/nutrient-policy-data/ambient-water-quality-criteria-address-nutrient-pollution-lakes-and-reservoirs
https://www.epa.gov/nutrient-policy-data/ambient-water-quality-criteria-address-nutrient-pollution-lakes-and-reservoirs


Michael Paul, Ph.D., U.S. EPA, Office of Water
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Michael Suplee, Ph.D., Montana Department of Environmental Quality
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Questions and Discussion
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Further Reading (1)

U.S. EPA, 2011, EPA-SAB-11-013

The Nitrogen Bomb, by James Worrell, David E. and Marshall Jon 
Fisher

The Swamp: The Everglades, Florida, and the Politics of Paradise, 
by Michael Grunwald

Cooperative Federalism, Nutrients, and the Clean Water Act: 
Three Cases Revisited, by Oliver Houck
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Nature, 2015 

Further Reading (2)

May 2023 46



Nature, 2012 

Further Reading (3)
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Estimating nutrient criteria magnitude and duration: 
An experimental approach adapted from M. Pace et al., 2017, PNAS

Exposure to a nutrient supply over time

Recovery time after exposure to a nutrient supply

Further Reading (4)
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 Slides 8-12
DNA molecular structure: By Madprime (talk · contribs) - Own workiThe source code of 

this SVG is valid. This vector image was created with Inkscape., CC BY-SA 3.0 
Amino acids: By Dancojocari - Own workPrint It Here. This vector graphics image was 

created with Adobe Illustrator. The source code of this SVG is valid., CC BY-SA 3.0
 Light-dependent reactions: By Somepics - Own work, CC BY-SA 4.0
Calvin-Benson Cycle: By Mike Jones - Own work, CC BY-SA 3.0

Image Credits
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https://commons.wikimedia.org/w/index.php?curid=1848174
https://commons.wikimedia.org/w/index.php?curid=9176441
https://commons.wikimedia.org/w/index.php?curid=38088695
https://commons.wikimedia.org/w/index.php?curid=9504547


 Slides 28/29
 2017 Gulf of Mexico dead zone, NOAA media release

 Slides 30-32
 Lake Erie algal bloom: NASA Earth Observatory, image taken on Sept. 13, 2013 by 

MODIS on NASA’s Aqua satellite
Microcystis cf. aeruginosa: (Kützing) Kützing. Sample from epilimnion of Lake Mahopac, 

NY. Source: John D. Wehr, Professor, Fordham University
Microcystin biosynthesis: Dittmann et al., 2013, FEMS Microbiol. Rev. 37:23-43

Image Credits Continued 
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https://www.noaa.gov/media-release/gulf-of-mexico-dead-zone-is-largest-ever-measured
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