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Why Develop Nutrient Criteria?

• Statutory requirements

• USEPA committed to developing nutrient criteria in 
the Clean Water Action Plan (1998)the Clean Water Action Plan (1998)

• Protect waters from harmful nutrient impacts

• Nutrient criteria are necessary to support 303(d) 
listing decisions and Total Maximum Daily Loads 
(TMDLs)



Adverse Impacts of Nutrient Pollution
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• Waste water treatment plants

• Agricultural run-off

• Animal feed lots

Sources Contributing to 

Nutrient Pollution

• Animal feed lots

• Lawn fertilizers

• Erosion

• Industry

• Background / natural occurrences



Nutrient Pollution in Indiana’s Lakes

• Nutrients fourth cause of impairments in lakes

• Nutrient impairments assessed based on total • Nutrient impairments assessed based on total 

phosphorous (TP) and chlorophyll a (chl a) 

benchmarks

• Currently, 50 lakes on 303(d) list of impaired 

waters for nutrients



Approaches for Developing Nutrient Criteria

• Distributional/Reference Approach

• Stressor-Response (Effects Based)• Stressor-Response (Effects Based)

• Scientific Literature

• Models

• Experiments



Distribution Based Approach

(USEPA Approach)
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Scientific Literature

• Established thresholds

• Known effects levels



Models

• Mechanistic

• Empirical



Multiple Lines of Evidence

• Generate candidate endpoints

• Weight qualitatively using best professional judgment

• Final is a result of multiple lines• Final is a result of multiple lines
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USEPA’s National Nutrient Strategy

• Should reflect ecoregional differences

• Should be specific for waterbody type:

Rivers & Streams Lakes & ReservoirsRivers & Streams Lakes & Reservoirs

Estuaries & Coastal Wetlands

• Should include:

Total Nitrogen Chlorophyll a

Total Phosphorus Turbidity

(causal variables)            (early response variables)





Indiana is Composed of Aggregate

Nutrient Ecoregions VI, VII, IX
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US EPA’s Recommended Values Compared 

to Values Generated Using Indiana Ecoregional Data

Ecoregion TP

(µµµµg/L)

Chl a

(µµµµg/L)

SD

(m)

VI – IN 33 2 2VI – IN 33 2 2

VI – EPA 38 9 1.3

VII – IN 23 2 2.7

VII – EPA 15 3 3.3

IX - IN 18 1 3.9

IX - EPA 20 5 1.5



Indiana Data

� 1989 -2005 data

� Huge effort involved –
� Compilation, QA/QC, and reduction

� Spatial Data - 3,629 different lentic waterbodies� Spatial Data - 3,629 different lentic waterbodies
� Delineations, land cover (buffer) and watershed area

� Geology

� Geomorphology: max and mean depth, area

� Water Quality Data
� TP, Chl a, SD, cyanobacteria cell counts, surface and bottom temp, % 

oxic

� Summer medians calculated and medians across years then used

� “Complete” data for ~520 lentic waters



Reservoirs (110)

Natural Lakes (320)

Indiana Lakes 

Selected for Analysis

Limno-Tech 2007

Reservoirs (110)

Mine Pits (70)

Others (15)



Data Analysis

• Classification 

– Lake classes: natural, reservoirs, mine pits– Lake classes: natural, reservoirs, mine pits

• Distribution Based

• Examination of Stressor-Response relationship



Stressor-Response Analysis

• Change-point 

analysis of raw 

data
a

Summer Median Chl a vs. TP in 

Natural Lakes 

58 µg/L

data

– Used to ID 
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TP (µµµµg/L) Chl a (µµµµg/L) SD (m)

Distribution Based

Natural 23 2.4 2.7

Summary of Analyses

Natural 23 2.4 2.7

Reservoir 28 1.7 2.5

Mine Pit 12 0.6 4.5

Other 31 4.2 2.0

Stressor-Response

Natural 47

Reservoir 56

Mine Pit 35



Next Steps

(1) Development of final criteria 

- Recently completed regression analysis

(2) Consultation with EPA(2) Consultation with EPA

(3) Stakeholder workgroup meetings 

- Implementation issues
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