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-« Need for River

Minnesota
Pollution

conv Nutrient Standards

AUSEPA States should develop nutrient g
criteria for lakes, streams, wetlandsigst |
developmay be more accurate based ong#
recent Florida case)

AUSEPA& Recommends ecoregidmased
criteria; developed guidance with
potential criteria ranges

AMN promulgated ecoregicbased lake
eutrophication standards in 2008




= Overall Approach

Minnesota

Pollution =
& Outline
Agency

ADocument relationships among nutrients g
algae, BOD, diurnal DO flux, fish, and |
Invertebrates

ACorrelations and regressions
AThresholds

ASummarize and recommend ranges for
nutrient criteria (sestonic algae)

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




& Criteria development:

Minnesota
Pollution

-« multiple lines of evidence

wSpearman correlationnitial examination of
relationships among TP, TN, GhDO flux, and
biological metrics

wLinear regressiordefine relationships among TP, N|, &
sestonic ChI, and DO flux =

w Scatterplotsvisualize relationships among biologicale =
metrics and stressors and begin threshold
identification

wQuantile regression and changepoint analysis:
threshold concentrations determined for wadeabl
vs. nonwadeable and on a regispecific basis j

‘wComprehensive Titerature revieaonducted and
literature-based thresholds provide further
perspectives

wUse above to move from broad ranges to region
specific criteria




River Nutrient Regions (RNR)

Used ecoregion map as
primary basis with
modifications based on:
ARelative ecoregion
composition of rivers
AReview of WQ data

Rg::ﬂemliecion AAnaIyS|S and maps

. created at 8 and 11
sweame>-anoer — (igit HUC level
o8 Note - this map will likely

—e  be used for TSS/turbidity
__ standard application as
~ well




Conceptual model on impact of nutrient enrichment on biological
condition and recreational quality for medium to large rivers
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River Nutrient Study Sites

wSampled 1999, 2000, 2001,
2006, and 2008

wlncluded sites across
ecoregions

wMost sites 4-6™ order

wResults in ~42 sites w/
nutrients and biological data &
~35 with diurnal measurement

wUsed to establish relationships
between water quality
parameters (phosphorus,
chlorophyll, BOD, nitrogen, DC
flux)

wUsed to examine impacts on
biological communities




Phosphorus and Chlorophyll
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A Strong relationship between TP and ChIT in rivers as with lakes.
AResidence time (flow), stream order and inorganic turbidity (e.g.
Red River) contribute to variability in rivers.



Phosphorus and Chlorophyll
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AGood relationship between total phosphorus and total chlorophyl

Alncreased variability at high levels of total phosphorus
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Phosphorus and Chlorophyll

250

| Sample Years (Wet to Dry)
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ARiver flow (wet vs. dry years) plays a role on theCRFT
relationship
AWet years = lower residence time = lower ChIT levels



Nitrogen and Chlorophyll
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ARelationship between total nitrogen and total chlorophyll less cle
A Complicated by covariance with phosphorus and reflects a shift
from TKN to nitrate



BOD (mg L)

Chlorophyll and BOD
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Loess Regression (R2 = 0.93)
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DO Flux (mg L")

Chlorophyll and DO Flux

1 % DO Flux = 0.03 * Chl-T + 2.02

@ Nonwadeable
4 Wadeable
Red River °
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y Sestonic
Algae
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Conceptual approach
& statistical analysis
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Number of Invertebrate Taxa

Phosphorus and Aguatic Life
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Percent Sensitive Invertebrate Taxa

Phosphorus and Aguatic Life
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= Biomonitoring Data

Minnesota
Pollution

Coe and Analyses
ATwo sources of water quality data:

i STORET

i MPCA Biomonitoring
ABiological data (~600 sites)

I Includes fish and invertebrate data

AAdditive Quantile Regression Smoothing us
75922 At S ow GOSN HOPy dn
package)

AChangepoint (Regression Tree Analysis) (R #€E+ %
HOYy ®nT GNLI NI é Ay & NEIEND ¥



Biological Data Response Patterns
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ATraditional statistics not well suited to wedgbaped data
A Quantile regression and changepoint more appropriate to
determine concentration thresholds



—

Minnesota
Pollution

Biological Metrics
Cone! and Goals

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

AMinimum biological goals were developed from
alAyysSazuolQa oAz2f 23A0I

CWA minimum biological goals used to develop nutrient
threshold concentrations

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




Threshold Concentration Determination
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AMinimum goals used with additive quantile regression smoothing
line to interpolate threshold concentrations
A Changepoint used directly to identify threshold concentration



-« Threshold

Minnesota

Concentrations
AThreshold concentrations calculated for the
different datasets: e
i Water quality data source: STORET and biomonitoringa &
I Biological group: Fish and invertebrate
I River size: nonwadeable and wadeable
I Region: north, central, and south
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& Criteria development:

Minnesota
Pollution

-« multiple lines of evidence

wSpearman correlationnitial examination of
relationships among TP, TN, GhDO flux, and
biological metrics

wLinear regressiordefine relationships among TP, N, &
sestonic CRT, and DO flux g

w Scatterplotsvisualize relationships among biologicafe«
metrics and stressors and begin threshold
identification

wQuantile regression and changepoint analysis:
threshold concentrations determined for wadeable
vs. nonwadeable and on a regispecific basis

wComprehensive literature reviesonducted and
literature-based thresholds provide further
perspectives

wUse above to move from broad ranges to region
specific criteria




Draft criteria by River Nutrient Region

North 60 10 O4. 1 O1.
Central 110 25 O4.! 02. !
South 170 40 O5. 1 <30

A Assessment based®measurements collected between June anc
September from two summers (mean based orlB2samples
total)

AMust exceed both TP criterion and a stressor (response) criterio
(ChIT, BOD, or DO flux), elevated pH (>9.0 std.)

AMay copsider biology as well in future assessments o
Ab dzYSNARA O GNIvyaftlazN 42 | RRNBa&:
to exceed 150 mg/AE



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

A Most current scientific literature for the upper Midwest suggests a
biomass concentration of 150 mg &lpler square meter protects
beneficial uses in rivers and higher biomass is considered polluted wit
loss of uses

A This is a numeric translator of the general narrative WQS language th:
R2S&a y20G Iff2¢ ay2EA2dza 3INRSGK
are no nutrient concentrations associated with this biomass WQS
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Control
Agency

ASite specific nutrient criteria for:
i Mississippi River pools& (underway)
i Red River manstem (?)

AFinalize development of RNR maps

ANitrogen criteria based on nitratd toxicity to
aquatic life
I Concerns of toxicity from stakeholders and literature
I Better understanding of nitrogen role as SW nutrient




OW Minimum Dataset Freshwater Acute
Criteria Derivation for ToxiCcSiTiér IiMeéthod” Me t |
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