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Need for River 
Nutrient Standards

ÅUSEPA ςStates should develop nutrient 
criteria for lakes, streams, wetlands (must 
developmay be more accurate based on 
recent Florida case)

ÅUSEPA ςRecommends ecoregion-based 
criteria; developed guidance with 
potential criteria ranges

ÅMN promulgated ecoregion-based lake 
eutrophication standards in 2008



Overall Approach 
& Outline

ÅDocument relationships among nutrients, 
algae, BOD, diurnal DO flux, fish, and 
invertebrates

ÁCorrelations and regressions

ÁThresholds

ÁConcentrations to protect of aquatic life goals 

ÅSummarize and recommend ranges for 
nutrient criteria (sestonic algae)

ÅPropose a numeric translator to address 
excess periphyton in streams (benthic 
algae)



ωSpearman correlation:initial examination of 
relationships among TP, TN, Chl-T, DO flux, and 
biological metrics
ωLinear regression:define relationships among TP, N, 

sestonic Chl-T, and DO flux
ωScatterplots:visualize relationships among biological 

metrics and stressors and begin threshold 
identification
ωQuantile regression and changepoint analysis:

threshold concentrations determined for wadeable 
vs. nonwadeable and on a region-specific basis
ωComprehensive literature review conducted and 

literature-based thresholds provide further 
perspectives 
ωUse above to move from broad ranges to region-

specific criteria

Criteria development: 
multiple lines of evidence



Used ecoregion map as a 
primary basis with 
modifications based on:
ÅRelative  ecoregion 

composition of rivers
ÅReview of WQ data
ÅAnalysis and maps 

created at 8 and 11 
digit HUC level

Note - this map will likely 
be used for TSS/turbidity 
standard application as 
well

River Nutrient Regions (RNR)



Conceptual model on impact of nutrient enrichment on biological 
condition  and recreational quality for medium to large rivers
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ωSampled 1999, 2000, 2001, 
2006, and 2008
ωIncluded sites across 

ecoregions
ωMost sites 4th-6th order
ωResults in ~42 sites w/ 

nutrients and biological data & 
~35 with diurnal measurement 
ωUsed to establish relationships 

between water quality 
parameters (phosphorus, 
chlorophyll, BOD, nitrogen, DO 
flux)
ωUsed to examine impacts on 

biological communities

River Nutrient Study Sites



ÅStrong relationship between TP and ChlT in rivers as with lakes. 
ÅResidence time (flow), stream order and inorganic turbidity (e.g. 

Red River) contribute to variability in rivers.

Phosphorus and Chlorophyll



ÅGood relationship between total phosphorus and total chlorophyll
ÅIncreased variability at high levels of total phosphorus
ÅVariability the result of other limiting factors (residence time, 

turbidity, shading)

Phosphorus and Chlorophyll



ÅRiver flow (wet vs. dry years) plays a role on the TP-ChlT 
relationship
ÅWet years = lower residence time = lower ChlT levels

Phosphorus and Chlorophyll



ÅRelationship between total nitrogen and total chlorophyll less clear
ÅComplicated by covariance with phosphorus and reflects a shift 

from TKN to nitrate

Nitrogen and Chlorophyll



Chlorophyll and BOD



Chlorophyll and DO Flux



Conceptual  approach 
& statistical  analysis
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Phosphorus and Aquatic Life

Statewide 
75th %ile

Statewide 
25th %ile



Phosphorus and Aquatic Life

Statewide 
75th %ile

Statewide 
25th %ile



Biomonitoring Data 
and Analyses

ÅTwo sources of water quality data:

ïSTORET

ïMPCA Biomonitoring

ÅBiological data (~600 sites)

ïIncludes fish and invertebrate data

ïDivided regionally (North, Central, South)

ÅAdditive Quantile Regression Smoothing using 
75th҈ƛƭŜ όw ǾŜǊΦ нΦуΦлΤ άǊǉǎǎέ ƛƴ άǉǳŀƴǘǊŜƎέ 
package)

ÅChangepoint (Regression Tree Analysis) (R ver. 
нΦуΦлΤ άǊǇŀǊǘέ ƛƴ άǊǇŀǊǘέ ǇŀŎƪŀƎŜύ



ÅTraditional statistics not well suited to wedge-shaped data
ÅQuantile regression and changepoint more appropriate to 

determine concentration thresholds

Meet CWA goals

Limited by P

 

Limited by 

phosphorus 

Sites with biological 
communities that meet Clean 

Water Act Interim Goal  

Limited by 
phosphorus and/or 
other factors (e.g., 

habitat, sediment) 

Biological Data Response Patterns



Biological Metrics 
and Goals

Å% sensitive species and taxa richness had the 
most consistent response to nutrients

ÅMinimum biological goals were developed from 
aƛƴƴŜǎƻǘŀΩǎ ōƛƻƭƻƎƛŎŀƭ ŎƻƴŘƛǘƛƻƴ ƎǊŀŘƛŜƴǘ ό./Dύ

CWA minimum biological goals used to develop nutrient 
threshold concentrations

Dataset Metric Fish Invertebrates

North Wadeable % Sensitive Species 20% 10%

North Nonwadeable % Sensitive Species 25% 10%

North All % Sensitive Species 25% 10%

Central Wadeable % Sensitive Species 15% 10%

Central Nonwadeable % Sensitive Species 20% 10%

Central All % Sensitive Species 20% 10%

South Wadeable % Sensitive Species 10% 10%

South Nonwadeable % Sensitive Species 15% 10%

South All % Sensitive Species 15% 10%

Statewide Wadeable % Sensitive Species 15% 10%

Statewide Nonwadeable % Sensitive Species 20% 10%

Statewide % Sensitive Species 17.5% 10%

Statewide Taxa Richness 24 36



ÅMinimum goals used with additive quantile regression smoothing 
line to interpolate threshold concentrations
ÅChangepoint used directly to identify threshold concentration 

Threshold Concentration Determination



Threshold
Concentrations

ÅThreshold concentrations calculated for the 
different datasets:
ïWater quality data source: STORET and biomonitoring

ïBiological group: Fish and invertebrate

ïRiver size: nonwadeable and wadeable

ïRegion: north, central, and south

Threshold concentrations developed from quantile 
regression and changepoint analyses

Region Range Median 25th %ile 75th %ile #

Total Chlorophyll (µg L-1)

Statewide 27-51 46 37 47 6

Total Phosphorus (µg L-1)

North 41-124 74 71 78 19

Central 68-170 110 101 122 18

South 103-206 130 125 165 11

Statewide 68-199 108 83 156 15



ωSpearman correlation:initial examination of 
relationships among TP, TN, Chl-T, DO flux, and 
biological metrics
ωLinear regression:define relationships among TP, N, 

sestonic Chl-T, and DO flux
ωScatterplots:visualize relationships among biological 

metrics and stressors and begin threshold 
identification
ωQuantile regression and changepoint analysis:

threshold concentrations determined for wadeable 
vs. nonwadeable and on a region-specific basis
ωComprehensive literature review conducted and 

literature-based thresholds provide further 
perspectives 
ωUse above to move from broad ranges to region-

specific criteria

Criteria development: 
multiple lines of evidence



Draft criteria by River Nutrient Region

Region 
TP

(µg L
-1

) 

Chl-T

(µg L
-1

) 

DO flux 

(mg L
-1

) 

BOD 

(mg L
-1

) 

North 60 10 Ò4.0 Ò1.5 

Central 110 25 Ò4.5 Ò2.5 

South 170 40 Ò5.0 <3.0 

ÅAssessment based 6-8 measurements collected between June and 
September from two summers (mean based on 12-16 samples 
total)
ÅMust exceed both TP criterion and a stressor (response) criterion 

(ChlT, BOD, or DO flux), elevated pH (>9.0 std.)
ÅMay consider biology as well in future assessments
ÅbǳƳŜǊƛŎ ǘǊŀƴǎƭŀǘƻǊ ǘƻ ŀŘŘǊŜǎǎ ƴǳƛǎŀƴŎŜ ǇŜǊƛǇƘȅǘƻƴ ƎǊƻǿǘƘΥ άƴƻǘ 

to exceed 150 mg/m2έ



Conceptual model for the impact of nutrient enrichment on 
biological condition and recreational quality for small rivers

 

ŷ Phosphorus 
& Nitrogen 

ŷ Light 

ŷ Microbes 

ŷ DO 
Flux 

 

ȹ Food 
Resources 

 

ȹ Habitat 
Structure 

 

Ź Biological 
Condition 

ȹ Organic 
Matter 

ŷ Algal 
Toxins 

ŷ pH 
(Flux) 

ŷ Benthic 
Algae 

ŷ  
BOD 

Substrate 

Ź Scouring 

Ź Sensitive Species 
Ź Taxa Richness 
ŷ Tolerant Species 

ŷ Omnivores 

Ź Recreation 
Quality 

Ź Shading 

Ź Turbidity 
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Periphyton WQS Recommendations
ÅMost current scientific literature for the upper Midwest suggests a 

biomass concentration of 150 mg Chla per square meter protects 
beneficial uses in rivers and higher biomass is considered polluted with 
loss of uses

ÅThis is a numeric translator of the general narrative WQS language that 
ŘƻŜǎ ƴƻǘ ŀƭƭƻǿ άƴƻȄƛƻǳǎ ƎǊƻǿǘƘ ƻŦ ŀƭƎŀŜΦέ .ŜŎŀǳǎŜ ƛǘ ƛǎ ŀ ǘǊŀƴǎƭŀǘƻǊΣ ǘƘŜǊŜ 
are no nutrient concentrations associated with this biomass WQS 

Low ~150 mg/m 2 >150 mg/m 2



²ƘŀǘΩǎ !ƘŜŀŘ

ÅSite specific nutrient criteria for:

ïMississippi River pools 1-8 (underway)

ïRed River main-stem (?)

ÅFinalize development of RNR maps

ÅNitrogen criteria based on nitrate-N toxicity to 
aquatic life
ïConcerns of toxicity from stakeholders and literature

ïBetter understanding of nitrogen role as SW nutrient 



OW Minimum Dataset ςFreshwater Acute 
Criteria Derivation for Toxics: òTier I Methodó

SALMONID SECOND
FISH
FAMILY

CHORDATA

PLANKTONIC
CRUSTACEAN

BENTHIC 
CRUSTACEAN

INSECT ROTIFERA, 
ANNELIDA, 
MOLLUSCA

OTHER
INSECT OR
MOLLUSCA

8 Animal Taxa




