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WHAT ARE NUTRIENTS?

 Elements required for growth in plants and
animals

« Macronutrients (6): C, H, O, N, P, S

 Micronutrients (20): B, F, Na, Mg, >I, CI, K, Ca, V,
Cr, Mn, Fe, Co, NI, Cu, Zn, Se, Mo, Sn, |

« Most macro- and micronutrients are generally
readily available and rarely limit growth

—Exceptions: N, P, and to a lesser extent
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NITROGEN AND PHOSPHORUS

Nitrogen: amino acids (all proteins), nucleic
acids (DNA, RNA)

Phosphorus: nucleic acids, organelle walls (P-
lipids), energy molecules (ADP/ATP/NADP)

From Michael Paul, Tetratech

glycoprotein

phospholipid

A. Acid (Tryptophan)

Phospholipid Bilayer
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NUTRIENT SOURCES

Agricultural
e Fertilizers

e Animal feed lots
— Confined
— Unconfined

e Septic systems
Urban _ _ o
« \Waste Water L o
Treatment Plants | '
 Lawn fertilizers
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IMPACTS OF EXCESS NUTRIENTS

Excess Nutrients
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HOW DO NUTRIENTS GET INTO STREAMS?

 Hydrology

Denitrification and plant i
— Fast uptak i iparian oe Serace
drains and ditches
D SIOW < il ,."'ﬂ
: ] ..\."'\ o : . \EJ,J""‘ |
e Chemistry _ S S
: - N 1 High nitrate
— Dissolved o F
* Nitrogen |
_ I Organic Young Groundwater
Partl C U I ate rich soil e gischarge

 Phosphorus

' Slow flow
Low nitrate 0ld Groundwater discharge
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How Do Nutrients Get Into Streams?

NITRATE PLUS NITRITEI: ORTHUPHUSPHWH—\
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Orthophosphate is higher in tiles at School
Branch

I
Overland Flow Stream 750N Stream Maloney

F' USGS Provisional Data Analysis
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TOTAL NITROGEN

WHERE ARE THE
NUTRIENT —_—
“HOTSPOTS"?

Total Nitrogen

e Cornbelt states
dominate

e Indiana has some of
the highest ranked

>
fmu G From: Roberson and others, 2009
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TOTAL PHOSPHORUS

WHERE ARE THE
NUTRIENT
"HOTSPOTS™?

Total Phosphorus

e Cornbelt states
dominate BUT...

 Indiana less than
other states

e WHY?

%!JSGS From: Roberson and others, 2009
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Total Nitrogen: Yields greatest in

agricultural and

primarily Indiana basins

EE e T

TR T
:.}htl.—ﬁlul.l

L Partage

Chicago
Aurora

ILLINOIS

Sary

renport

INOIS
._..“.:}F'ac-ri:n
ILLINOIS Springfield g0 seatur
FLLI NOIS
Stilous &=

mLsville

200 km

I N

Mational
Forast

1
Cape 100 mi
Girardeau

y

\
\

>

a USGS

science for a changing world

Fra]]kfort

KENTUCKY

e Fak —

| Windsc - i | it

gt EUE Available Layers

! N i~ - Nutrient model results
Toledo s by, S @ Total Phosphorus

!
Cleveland

© Total Nitrogen
OHIO

Area of Interest =, X

T ———
B
| Shaawocs T
L

Akron

Youngstown

IMansfield

Fitt=Eburghf]

Columbus
=

OHIO Displayed Metric @

incinnati

Group Results By W <

WEST
. VIRGINLA
% 2002 Total Nitrogen Accumulated Yield

(kg flam* )

Ko nong shela
anal
Forest

Charleston

s Lexington 984 - 1,504

1,504 - 2,142



Total Phosphorus: Yields greatest In

urban and Indiana border watersheds
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Some watersheds are dominated by

urban input
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The sources for P are primarily

agriculture in some watersheds
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For Total Nitrogen agricultural sources
predominate

10

Ranked by HLC

Atmospheric Deposition
Additional Ag Sources
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NUTRIENTS CHANGE SEASONALLY
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Historically high nitrate in some streams

mean nitrate
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Historically high, but 2013 was
higher than normal in the west
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WHAT DOES INDIANA CONTRIBUTE
DOWNSTREAM?

Flow-weighted average Nitrite+ Nitrate-N concentrations, based on mean loads from 1997-2000
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Satellite telemetry

and GPS
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Discrete nitrate data corresponds well
with continuous nitrate data
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HOW DO WE KEEP NUTRIENTS OUT OF
STREAMS?

e Nutrient inputs
 Nutrient management plans

» Transport of nutrients
and sediment

 Conservation tillage
« Cover crops

Length dependent on
Eaiment area

° B uffers _ . & .

Canteei

e Transformation of nutrients

e Wetlands
e Bioreactors
e 2-stage ditches

> A
=USGS BEST MANAGEMENT PRACTICES (BMPS)
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HOW DO WE KEEP NUTRIENTS OUT OF
STREAMS?

e Nutrient inputs
 Nutrient management plans

» Transport of nutrients

and sediment
» Conservation tillage
« Cover crops
o Buffers
e Transformation of nutrients
« Wetlands i
e Bioreactors
» 2-stage ditches

=USGS BEST MANAGEMENT PRACTICES (BMPS)

Healthy Soils System

J
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What are agricultural management
practices?

Buffer Strips
Case Study: Sugar Creek




PHOSPHORUS DECREASES AS CROPLAND
IN THE RIPARIAN BUFFER INCREASES

Moderate

STREAM TOTAL PHOSPHORUS
EXPLANATION

90th percentile

75th percentile

Median

25th percentile

10th percentile

Total phosphorus in milligrams per liter
e
2
(o]

/s Low Moderate High
O to 50 51 to 80 81 to 100

science for a changing world of woody vegetation and wetlands in the 100 meter riparian zone buffer in percent




THE HEALTH OF THE STREAM DECLINES AS
THE AMOUNT OF CROPLAND IN THE
RIPARIAN BUFFER INCREASES

Cottonwood Creek, ldaho » Chetomba Creek, Minnsot

(number of sites)
1M 87

M Algae
[ Macroinvertebrates

<20

;'J USGS Agricultural land in the riparian buffer,
d Agricultural land in the riparian buffer, in percent

science for a changing world in percent

Trend lines are locally weighted
scatterplot smoothing
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MODIFIED STREAMS HAVE DECREASED
NATURAL ABILITY TO REMOVE NITROGEN

A. Natural stream processes B. Modified agricultural streams

Pool and riffle

Denitrification W~ oy -
e Contact time

with bacteria
e Slower velocity T

y

a USGS
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Has Water Quality Improved with the
Implementation of Agricultural
Management Practices?

>
éfuhsq% Case Study: Sugar Creek



Conservation tillage

Which agricultural management practices
work?

Case Study: Sugar Creek

changing world

ZUSGS
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No Till Conservation Tillage Increased

Through the 1990’s

No-till Soybean Trends for Indiana Counties No-till Corn Trends for Indiana Counties
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No Till Conservation Tillage Increased
Through the 1990’s

No-till Soybean Trends for Indiana Counties No-till Corn Trends for Indiana Counties
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Sediment Concentrations over Time
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Sediment Concentrations over Time

Discharge (ft3/sec)
A Suspended Sediment (mg/L)

Case Study: Sugar Creek

science for a changing world



Sediment Concentrations over Time

1992-2006: No significant change

1992-1999: 30.6% decrease
p-value = 0.036

AN
A AA Q&AAA
A

May-92 May-93 May-94  May-95 May-96  May-97 May-98  May-99 May-00 May-01  May-02 May-03 May-04  May-05 May-06

A

Case Study: Sugar Creek
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Nitrate Concentrations over Time

——Discharge /A Nitrate

%
a2 USGS Case Study: Sugar Creek
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Nitrate Concentrations over Time

1992-2006: No significant change

1992-1999: 14.3% decrease
p-value = 0.363

-
a2 USGS Case Study: Sugar Creek
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Population in Hancock County Has Rapidly
Increased

Population in Hancock County

%
&!JSGS Case Study: Sugar Creek



Population in Hancock County Has
Rapidly Increased

Hancock County, Indiana
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Good news story:
Wt Gy o Tonish Gl Nitrate Is significantly
decreasing.

http://pubs.usgs.gov/sir/2014/5205
/

Scientific Investigations Report 2014-5205

U.S. Department of the Interior
U.S. Geological Survey

By Martin Risch, Aubrey Bunch,
Aldo Vecchia, Jeffrey Martin, and

2~ USGS Nancy Baker
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lowa has seen similar downward trends
INn Nitrate between 2000-10

Water Resources Research 'Ct-ﬂt .
| Ealik

RESEARCH ARTICLE Decadal surface water quality trends under variable climate,
: . land use, and hydrogeochemical setting in lowa, USA

Green, T T, B. A.Bekins, 5. ). Kalkhoff,
R M. Hirsch, L. Liao, and K. K. Bames
(201 4}, Decadal surface water quality

Koy Painte hristopher T. Green', Barbara A. Bekins', Stephen ). Kalkhoff?, Robert M. Hirsch?, Lixia Liso', and
- Wiighted regr i nre sk Kimberlee K. Barmnes?
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National Water-Quality Assessment Program

Nitrate in the Mississippi River and Its Tributaries, 1980-2010:

An Update http://pubs.usgs.gov/
sir/2013/5169/

Scientific Investigations Report 2013-5169

U.S. Department of the Interior
U.S. Geological Survey

By Jennifer C. Murphy, Lori A. Sprague, and
a2 USGS Robert M. Hirsch

science for a changing world



BIOLOGICAL COMMUNITIES CAN
HELP SHOW LOW NUTRIENT SITES

science for a changing world



WHY RELATIONS BETWEEN NUTRIENTS
AND ALGAL BIOMASS ARE RARELY FOUND?

From Munn and
others, 2010

Algal biomass limited / "“Hl 'I'IlltI’IEI'ItS b Iggvhlumass Ilmlted

3 S sy
by low nutrients h‘#Ph?SlCmcog_ﬂlt_!gl'g? 3

. S
pet b .

0ligotrophiclsue N~

Increasing nutrient concentration

dfuhSGw% Nutrient Criteria Approaches: Stressor-Response




THE LACK OF RELATIONS SUGGESTS
BIOLOGICAL RESPONSES ARE NEEDED

e Invertebrate
e Fish
e Algae
e States with Diatom IBI's: KY, MIl, MT

‘USGS Nutrient Criteria Approaches: Stressor-Response



Daily DO Fluctuations
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A Conceptual Model:
Positive Biological Response to Nutrients

Thresholds ‘
Eutrophic
2 u AN
O 2 High nutrient breakpoint
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e Nutrient Criteria Approaches: Stressor-Response



Example of Negative Response to Nutrients

80

Algal response in the
Glacial North Diatom Ecoregion

Breakpoint
0.643 mg/L

0.05 Confidence Intervals
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No Biological Gradient Based on
Nutrient Concentrations

-’. o f

Creek Chub 7

Cheumatopsyche Physella

Low Medium High

<€ > <€ > <€ >

Increasing nutrient concentrations

a USGS
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NUTRIENTS CAN BE REWARDING

Jeff Frey
Indiana Water Science Center

317-290-3333 x151

‘

a USGS
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mailto:jwfrey@usgs.gov

INDIANA WATER
MONITORING COUNCIL

Indiana
Water
Monitoring

http://www.inwmc.org/
a USGS
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PRIORITY PROJECTS

> Optimization of:
»Water-quality networks
» Streamgages

‘”“-USGS Indiana Water Monitoring Council



REMAINING ISSUES

* Is there a sufficient nutrient gradient to identify
breakpoints?

e Can regional breakpoints be used across multiple
states?

e Local vs Downstream Impacts: Account for
downstream impacts

* There can be nutrient impairment even if there is
a “good” IBl score

éUSGS Nutrient Criteria Approaches



APPROACHES FOR DEVELOPING

NUTRIENT CRITERIA
Multiple approaches:

e Classification

 Reference condition

e Stressor —response

e Mechanistic models

e Literature and Best Professional
Judgment

 Multiple lines of evidence



USEPA REQUIREMENTS FOR STATES

Numerical criteria
e Causal variables
—TP
—TN
 Response variables
—Chl a (periphyton and seston)
—Transparency/turbidity

science for a changing world



MULTIPLE LINES OF EVIDENCE

TN (mg/L) TP (mg/L)
Study Location High Low High
Smith Nutrient IBI (2007) New York
NEET O/E Midwest
Crain and Caskey (2010) Kentucky wadable
Miltner (2010) Ohio
Heiskary et al (2010) Minnesota (North and Northwest)
Robertson et al (2008) Wisconsin (large rivers — inverts)

Robertson et al (2006) Wisconsin (wadable streams — fish)
Frey et al (2011) wadable Glacial North (MN, WI, M)

NEET EPT richness Midwest, West

Wang et al (2007) Wisconsin

Miltner and Rankin (1998) Ohio

Robertson et al (2006) Wisconsin (wadable streams - inverts
Robertson et al (2008) Wisconsin (large rivers) fish

Caskey et al (2010) Indiana wadable

Heiskary et al (2010) Minnesota (south)

Frey et al (2011) Central and Western Plains (IL, IN, OH)

Dodds et al (1998) National, 33rd and 66th percentiles
Robertson et al (2006) Wisconsin (median reference) wadable
Robertson et al (2008) Wisconsin (median reference) large rivers



FREQUENCY DISTRIBUTION APPROACH

Reference
sites

0 : : : 50
Possible criterion value

‘USGS Nutrient Criteria Approaches: Reference Condition



Effects Threshold Approach

Ecological attribute

Nutrient concentration —y
dUSGﬁ Nutrient Criteria Approaches: Stressor-Response



BIOLOGICAL CONDITION IMPROVES AS
AGRICULTURAL INTENSITY INCREASES

Eastern Region

8 28

m Algae

1 Macroinvertebrates
90 percent
confidence intervals

Central Region
7 50

EPT richness
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Western Region

22 27
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science for a changing world

Agricultural intensity category



SIMILAR BREAKPOINTS ACROSS COMMUNITIES

@ Glacial North diatom ecoregion

A Central and Western Plains diatom ecoregion

Low nutrient breakpoint
0.60 mg/L

High nutrient breakpoint
1.2 mg/L
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"fUnnggw% Nutrient Criteria Approaches: Multiple lines of Evidence



Super Gages
Eagle Creek at Zionsville, IN (03353200)

USG5 833532688 EAGLE CREEK AT ZIONSYILLE, INM

Discharge

Discharge, cubic feet per second
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22 23 24 25 26 27
2912 2012 2012 2012 2912 2012

———- Provisional Data Subject to Revision ———-—

& Hedian daily statistic {53 years) —— Discharge
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http://waterdata.usgs.gov/in/nwis/uv/?site_no=03353200&PARAmeter_cd=00400,00095,00010

Surrogates

Suspended Sediment vs. Turbidity

Other uses:
 Phosphorus
e Algal biomass
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Turbidity, Formazin nephelometric units

White River at Hazleton, IN

ZUSGS

science for a changing world



BIOLOGICAL COMMUNITIES CAN
HELP SHOW LOW NUTRIENT SITES

w }r'ﬂ.'ﬁ |||||| .Hiljh algal hiomass nl\d llulrn.-uls mot limiting -
o

 Low nutrients, high algal
biomass (uptake sites)
— Stonerollers
— Creek chubs

 Low nutrients, low algal
biomass (oligotrophic)
— Longear sunfish
— Spotfin shiners

a USGS
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QA/QC leads to accurate data

White River at Hazleton, IN

Peak Turbidity
Raw 161
Corrected 140

Final Turbidity
Raw 106
Corrected 76
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« Turbidity, raw data + Turbidity, corrected —+—Gage height

a USGS Monitoring Primer
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Super Gages

White River at Hazleton, IN (03374100)

Discharge

Suspended
sediment

a USGS

science for a changing world

Discharge, cubic feet per second

Sugpended sediment concentration,

water, unfiltered, estimated by
regression equation, nilligrans per

USG5 83374188 HHITE RIVER AT HAZLETON, IN
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http://waterdata.usgs.gov/in/nwis/uv/?site_no=03374100&PARAmeter_cd=00400,00095,00010

NATURAL STREAMS

Reference or unimpacted streams
e Diverse instream habitat and
extensive riparian buffers

— Riffle-run-pool

« Low concentrations of:
— Nutrients
— Pesticides

 High dissolved oxygen
e Cooler temperatures

%USGS Water Chemistry and Habitat
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UNIMPACTED STREAMS

Reference or unimpacted streams

e Diverse biological communities
— Sensitive species
— More taxa

— Stronger and more complex
food web

« Few unimpacted sites in the region
of the Cornbelt we call Indiana

éUSGS Biological Response

achanging world



HOW ARE INDIANA STREAMS?

Impaired Streams
e Clean Water Act
— 303d and 305b list

e 206 parameters
— Acute
— Chronic

 About 3,000
Impaired reaches

a USGS
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IMPAIRMENT

Rank AGRICULTURAL AND URBAN IMPAIRMENTS

E. COLI

OIL AND GREASE

PESTICIDES

NUTRIENTS AND NUTRIENT RELATED IMPAIRMENTS
DISSOLVED OXYGEN

NUTRIENTS

PHOSPHORUS

ALGAE

TASTE AND ODOR

AMMONIA

METALS AND MAJOR IONS

PCBs (FISH TISSUE)

MERCURY (FISH TISSUE)

PCBs (WATER)

DIOXIN (WATER)

MERCURY (WATER)

FREE CYANIDE

PH

CHLORIDE

SULFATE

TOTAL CYANIDE

LEAD

NICKEL

COPPER

BIOLOGICAL COMMUNITIES AND RELATED IMPAIRMENTS
IMPAIRED BIOTIC COMMUNITIES 421
TEMPERATURE 0
SILTATION 3
TOTAL DISSOLVED SOLIDS 42




HOW DOES INDIANA COMPARE?

CWA section 303(d) Listed Nutrient-related Impairments

" - Greater than 800 listings for nutrients (5)
Emmﬂ >200 and <800 listings due to nutrients (16)
= = = I:l =100 and <200 listings due to nuirients (6)
GU C> AS |:| Less than 100 listings due to nutrients (29)

i PR 7~

Baszed on information in Expert Query (ATTAINS) as of 10,23/ 2009, Of 75,675 impairments nationwide, 15,101 (20%) are due to
nutrient-related defined as "nutrients, organic endchment/oxygen depletion, noxious plants, algal growth, and ammonia’. This data
iz based on the most recent 303(d) list data available in ATTAINS.

% USGS From Dana Thomas, USEPA
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IMPAIRED
STREAMS:
NUTRIENTS

EPA 303d listed waters,
impaired due to nutrients

* |DEM sites co-located with
USGS active stream gages|

%USGS 303d Ilstl ngS ' ks X e USGS active stream gages
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