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Topics
1. Water quality problems in Lake Erie 

associated with excessive nutrient 
loading

2. Sources of phosphorus and phosphorus 
control efforts:  A retrospective look

3. Phosphorus control programs: Phase 3 –
reducing dissolved phosphorus loading 
from cropland



Amber waves of 
grain?

1. Water Quality Problems …

Lake Erie waves 
of green!

(…algae that is) 



Satellite images show the areal extent of the algal blooms.

Sept. 3, 2011

Lake Erie,
Western Basin

Detroit River

Maumee River

Sandusky River

Presenter
Presentation Notes
Use animation to see full slide content.



… attached algae wash 
up on shores.

Public water supplies 
have to remove not only 
the algae, but also the 
toxins that the algae 

release … $$$$



Hypoxia … a less visible, but very damaging problem.

… occurs in the central basin of Lake Erie in the late summer, 
… caused by bacterial decomposition of dead algae
… depletes the oxygen concentration needed by desirable fish and   

their food chains. 



…any progress 
in reducing 

algal 
problems?

From here in 
the 1960s & 
1970s…

… to here
in the 
2000s

Why?

Presenter
Presentation Notes
Use animation to see full slide content.Unfortunately, we are right back where we started from relative to algal blooms.  Hence, we could use the same picture for both time periods.



… but too much phosphorus 
in lakes and streams causes 
excessive growth of algae.

Phosphorus is essential for 
sustaining high crop yields.

Many of Lake Erie’s problems are linked to 
excessive phosphorus loads.

Phosphorus is also essential to 
sustain the productivity of the lake.



Phosphorus and Lake Erie

1. What are the sources of phosphorus 
entering Lake Erie?

2. A review of phosphorus control programs.

3.  Where do we go from here?



1. What are the sources of phosphorus 
entering Lake Erie?

A. External sources
(1) Point sources

(2) Nonpoint sources

(3) Atmospheric Deposition

(4) Upper lakes

B. Internal sources (from bottom sediments)
(1) Wind re-suspension

(2) Anoxic sediments



Point and nonpoint phosphorus sources

Point Sources – associated with 
water use for domestic and 
industrial purposes. 

Examples – municipal sewage 
treatment plants. 

Nonpoint Sources – associated 
with the interaction of land use 
and rainfall or snow melt events.

Examples – cropland runoff, 
parking lot runoff  

The 
Sandusky 
River in Tiffin  
following a 
rainstorm

Detroit sewage treatment plant with 
discharge to the Detroit River



The Lake Erie Watershed

Presenter
Presentation Notes
This slide shows the total land area from which Lake Erie phosphorus loads are calculated, i.e., all  of the land from both the U.S. and Canada that drains into the St. Claire River, Lake St. Claire, the Detroit River and the shores along Lake Erie.  Both the point sources and nonpoint sources from this total area are considered.  In addition, the phosphorus from the inflow to the St. Claire River from Lake Huron and from precipitation are considered.  



Watershed
boundary

Point source input
Tributary loading  program

Measure total 
watershed
export/load

How do you measure nonpoint source pollution?

Total watershed export 
- point source inputs
nonpoint source load 

Data on point source 
inputs from EPA-required 
monitoring by dischargers. 

… the watershed approach.

Presenter
Presentation Notes
 Note: Point sources are measured as inputs into the Lake or into rivers.  Nonpoint sources are measured as outputs from the watersheds and not as inputs into streams from cropland runoff.  Sediment loss from fields may be 5x to 10x higher than sediment export from watersheds due to sediment deposition along the drainage network or onto flood plains.



Beaver Cr.

Tributary loading programs in the Great Lakes
… the Heidelberg tributary loading program

Red dots show the 16 monitoring stations operating in 2013

Chickasaw and 
Coldwater Creeks

Sandusky River

Cuyahoga RiverMaumee River



Presenter
Presentation Notes
These pictures show the automatic samplers and sampling well from the Rock Creek station which is located on the Heidelberg Campus.  Our laboratories are located in Gillmor Hall, the building in the background.



Sample preparation for total phosphorus analysis

Sample login Sample transfer to 
digestion flasks

Acid addition

Oxidant additionSample digestion in 
autoclave

Automated sample 
analysis



River Suspended 
Sediment, 
lbs/acre

Total 
Phosphorus, 

lbs/acre

Dissolved 
Phosphorus, 

lbs/acre

Nitrate-N,     
lbs/acre

Maumee 506 1.22 0.27 16.77
Sandusky 561 1.36 0.31 17.27
Cuyahoga 1352 1.37 0.21 7.60
Grand 564 0.56 0.06 2.38
Great Miami 617 1.61 0.59 15.35
Scioto 416 1.23 0.49 12.91
Muskingum 277 0.65 0.16 5.74

Annual Export rates for major Ohio rivers, 2000 ‐ 2009

Watershed Percent 
Nonpoint TP

Percent Point 
Source TP

Maumee 95% 5%
Sandusky 97% 3%

Presenter
Presentation Notes
The percent nonpoint is calculated with the assumption that all of the point source inputs upstream from the sampling station are exported from the watershed.  It is known that much of the point source phosphorus input is taken up by algae on the stream bottom or adsorbed onto stream sediments.  It is very likely that some of the point source derived phosphorus moves into permanent storage in the watershed and is not exported from the watershed.  Therefore, the procedure used to estimate nonpoint source export will underestimate nonpoint export and overestimate point source export from the watershed.  But, research on the fate of point source phosphorus in large river systems has not been been sufficient to incorporate findings into Great Lakes phosphorus source assessments.



Lake Impacts

Watershed Outputs

Quantitative 
tributary 
loading 
studies

Western Basin 
Storm Runoff 

Studies

Sandusky 
Watershed 

Stratified Soil 
Testing Studies

(1)

(3)

(2)

Heidelberg Programs – Connecting the dots



Total Phosphorus Tributary Loads to Lake Erie, 
2005

Maumee
Sandusky
Cuyahoga
Thames
Cattaraugus Creek
Grand (Ont)
Chagrin
Huron (OH)
Vermilion
Grand (OH)
Black
Detroit R Canada

Maumee and Sandusky

• 26% of land area

• 51% of total phos. load

• Export rate 3x higher than   
average for rest of drainage 
area

How does nutrient export from the Northwestern Ohio 
rivers compare with the export from other areas?

Presenter
Presentation Notes
Most of the rivers shown in the above pie chart have monitoring programs designed to characterize ambient water quality in rivers rather than the measure tributary loading.  Often as few as 6 samples per year will be used for load estimation.  Such sampling programs typically underestimate loads.  Our tributary loading programs generally have 450 to 550 samples per year and produce a much better estimate of loads.It is probable that loading for the lake as a whole is being underestimated because of the lack of appropriate tributary loading programs for most rivers.



What does the tributary loading data show?

Phosphorus 
target load

Presenter
Presentation Notes
These graphs show estimates of annual loads of TP to Lake Erie from 1967 to 2011.  The 2008 to 2011 data are not yet complete, so there will be slight upward revisions as a few more sources are included.  Howerver, the major sources have been included through 2011 so that the added sources will be relatively small.



Point source control programs 
and phosphorus bans in laundry 
detergents

Phosphorus control programs: Phase 1 – point sources

Presenter
Presentation Notes
Direct point sources (darker red portion of bars) are those that discharge directly to the Lake or to the lower parts of rivers below the stream gaging stations where nonpoint sources are measured.Indirect point sources (lighter red portion of stacked bars) are point sources located upstream in watersheds above the location of the tributary loading stations.For 1979-1972, distinctions between direct and indirect point sources were not made.Most of the point source phosphorus comes from municipal sewage treatment plants (rather than from industrial effluents).  Municipal sewage treatment plants discharge relatively equal daily loads of phosphorus throughout the year.Point sources have little annual variability, but decline as control programs are implemented.



Phosphorus control programs: Phase 2 – nonpoint sources

Presenter
Presentation Notes
Based on loads to the lake of the late 1970s  it was concluded that reductions in nonpoint loads would be necessary to meet the target loads.  In the Clean Water Act, the Army Corps of Engineers was assigned the task of developing a plan for the restoration of Lake Erie.  The next slides show their assessment of sources  that were the basis of their recommendations for erosion control of cropland to meet target loads.



Presenter
Presentation Notes
This slide is taken from a summary report of the Army Corps of Engineers’ Lake Erie Wastewater Management Study.



Nonpoint phosphorus control programs were 
planned in the 1980s and initiated in the 1990s.

Particulate
Phosphorus

82%

Dissolved 
Phosphorus 

18%
Forms of 

phosphorus 
transported in 
northwestern 
Ohio rivers, 
1975‐1987.

Control programs focused on reducing erosion and particulate 
phosphorus loading through fostering adoption of no‐till and 

reduced till crop protection methods.

Particulate 
phosphorus 
during storm 
runoff is 

attached to soil 
particles.



Average Gross Erosion Rate 1982 = 3.1 T/Ac/Yr

Average Gross Erosion Rate 1997 = 1.9 T/Ac/Yr

Presenter
Presentation Notes
The erosion rates are calculations by the NRCS for the Sandusky Watershed.  The calculations apply to cropland which occupies about 75% of the land area.



Results of Phase 2 nonpoint control programs…

• Some reductions in nonpoint loads, but not as 
much as the point source reductions.

• Note the large annual variability in nonpoint loads 
associated with weather conditions and variations 
in volume of annual runoff from rivers.

3 lbs NPS TP : 1 lb PS TP



So, where do we stand relative to phosphorus controls?

• Phase 1 & 2 controls have met the 
target load.

• Total  phosphorus loads continue to 
slowly decline. 

• If the lake is getting worse, what makes 
us think that phosphorus is the 
problem?



The issue:  Total Phosphorus ≠ Bioavailable Phosphorus

Bioavailability 27% 96%

Dissolved 
Phosphorus

Total 
Phosphorus

Particulate 
Phosphorus= +

Location Sinks to 
bottom

Water 
column



Bottom
Sediments

Water
Column

Algal
Growth

Internal phosphorus loading

Presenter
Presentation Notes
Internal loading is thought to be much less than external loading.  



Assumptions

Direct point sources  are 90% bioavailable

Nonpoint sources are 26% bioavailable
Bioavailable P loading
1.2 lbs NPS : 1 lb PS

What might a graph of bioavailable phosphorus 
loading to Lake Erie look like?

But … most of the point sources enter the lake in equal daily loads.
… and about 55% of the point sources enter the Detroit River   

where they are greatly diluted.
Nonpoint sources enter Lake Erie in large pulses associated with 
storm events.



Lake Erie,
Western Basin

Detroit River

Maumee River

Sandusky River

Connections between Maumee storms and algal blooms

From 7/01/2003 – 8/22/2003 
the Maumee River:
• Discharged 1.4 cubic kilometers (1.2 million acre feet) of water
• 187 tons (170 metric tons) of dissolved phosphorus.
• 386 tons of particulate phosphorus.
• 6,025 tons of nitrate-nitrogen; 231,000 tons of suspended solids.
• This volume of water would fill 83 square miles of the Western 

Basin at 22 feet average depth. 
• The average dissolved phosphorus concentration was 0.118 mg/L.
• 0.030 -0.040 mg/L is sufficient to trigger blue green algal blooms.

08/19/
2003



Trends in total, 
particulate and 

dissolved 
phosphorus 

export from the 
Maumee River

The primary driver of 
algal growth.



Why have 
dissolved 

phosphorus 
loads 

dropped and 
then 

increased?

Annual 
volume of 
runoff has 

increased …

Presenter
Presentation Notes
The top graph shows the same DRP loads as on the previous slide.  However in this slide the annual discharge for each year is shown beside the annual DRP load.  Note that years with high discharge generally have high DRP loads and years with low discharge have lower DRP loads.  The bottom slide shown the trends in discharge of the Maumee River, as measured at the Waterville USGS stream gaging station.  Note that discharges have increased during the period of these studies.  These increases would increase the DRP loads. 



… but, more importantly,
the concentrations of 
dissolved phosphorus in 
agricultural runoff have 
changed.

… so what has caused these changes in concentration?

Presenter
Presentation Notes
At this time, it is not clear why the DRP concentrations decreased from the mid-1970s through the mid-1990s.  These decreases were not part of any planned phosphorus reduction programs.  Reduction programs from point sources in the watersheds would not have been large enough to the account for the observed decreases.  They had to be associated with changing agricultural practices.  They may have been very important as a cause of the improvements in Lake Erie water quality that occurred in the 1980s and early 1990s.During this time, phosphorus fertilizer sales were decreasing as farmers transitioned from build-up to maintenance application rates.  During the build-up applications there would likely have been a lot of late fall and winter broadcast applications.  Our monitoring programs did show very high DRP concentrations during winter runoff periods in the 1970s and early 1980s.Spring applications likely were banded at that time.  The planters were smaller and had bins for fertilizer.  Today’s planters have more rows and seldom have bins for fertilizers.Possible causes of subsequent increases  in DRP loads are shown on the next slide.



Why did the concentrations of dissolved phosphorus 
in storm water from agricultural watersheds increase?

• Increased broadcasting of fertilizers

• Phosphorus stratification in cropland soils

• Increased tile drainage

• Increasing phosphorus soil test levels

A quick look at stratification and direct 
runoff of broadcast fertilizers….



How does phosphorus  move from cropland to 
streams, rivers and lakes?

A diagram from the 1970s …

Presenter
Presentation Notes
Tile flow was known to be a primary pathway for nitrate to move from cropland to soil. Tile drainage was not thought to be an important pathway for DRP movement from cropland to streams.Soil test levels in the “zone of interaction” are thought to be critical for determining the DRP concentration in runoff water.



Dissolving and runoff of 
broadcast fertilizer granules 
before incorporation.

Tile drainage – an important pathway

M
a
c
r
o
p
o
r
e
s

Revised diagram for pathways of dissolved phosphorus loss

Presenter
Presentation Notes
This revised diagram adds the direct runoff of broadcast fertilizer and macropore flow that can carry surface water, with its high DRP concentrations, directly to tile lines.Studies now show that tile lines can be an important pathway for DRP movement from fields to streams.



Soil 
Profile

Sandusky Watershed Stratified Soil Testing Program, 
supported by GLPF 

Presenter
Presentation Notes
CCAs did the sample collections alongside their normal soil testing procedures for a given field. They also completed a questionnaire about each field and received payment for each field collected.



Presenter
Presentation Notes
See the Heidelberg NCWQR web site for more data on the soil stratification study, which was supported by the Great Lakes Protection Fund.http://www.heidelberg.edu/academiclife/distinctive/ncwqr



4-part stratification studies, 232 fields



Causes of phosphorus stratification ‐‐

• Broadcasting of P fertilizer (or manure) without 
incorporation (as opposed to banding or 
injection).

• Breakdown of crop residue on the soil surface.
• Transition from moldboard plowing that 

inverted the soil to vertical tillage and no‐till.

Consequences of phosphorus stratification ‐‐

• Increased concentration of dissolved phosphorus in 
surface runoff water (significance is uncertain).

• Overestimation of agronomic soil test levels during 
dry soil conditions. 
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.

Dates custom applicators were in fields

Some Fall Runoff Events from Honey Creek



Can we “fine tune” our nutrient management programs to  
more efficiently address problems in the Western Basin?

For example…
If we have to broadcast phosphorus fertilizers, what is 

the best time to do it?



Average monthly values, NW OH  and Maumee River, 1999-2012

Precipitation
River discharge

DRP concentration
Nitrate concentration

DRP load
Nitrate load

Presenter
Presentation Notes
In July through October, there is quite a bit of precipitation although there is very little runoff.  Precipitation during these months would be more likely to carry broadcast phosphorus into the soil than into the rivers.  In November through March, broadcast P (or any broadcast P on top of corn residue) is more likely to be carried off the soil and into rivers than broadcast P applied in July through August.Also farmer surveys suggest that broadcast P after wheat or soybean harvest is more likely to be incorporated than broadcast P after corn harvest. Broadcasting after wheat or soybean harvest would likely occur in late summer/early fall.  Although average flow weighted mean concentrations of DRP concentrations are beginning to rise in October and November, generally the river flows are still rather low so DRP loads are also rather low.



Can we “fine” tune management practices to take 
advantage of seasonal lake responses?

Runoff during March through June is thought to 
be critical for bluegreen algal blooms.  

2012 Water Yr.

2011 Water Yr.

Presenter
Presentation Notes
The 2012 Water Year (Oct. 1, 2011 through Sept. 30, 2012) had higher exports of DRP than the 2011 Water Year (Oct. 1, 2010 through Sept. 30, 2011).  The above graph shows the cumulative sum of DRP loads for successive samples collected during each year.  For 2012 most of the DRP loading occurred from November through February while for 2011 most of the DRP loading occurred from March through June.  The 2011 DRP loading triggered the most extensive algal blooms ever observed in Lake Erie.  The algal blooms in 2012 were very small relative to 2011.  Thus the seasonal distributions of loads can have a large effect on Western Basin algal blue-green algal blooms.  Seasonal loading impacts on central basin hypoxia have not been assessed.



March‐June Maumee DRP

238

2011 

2012 

Presenter
Presentation Notes
The March through June DRP loads of 2011 were the largest of observed during the long-term monitoring programs in the Maumee which started in 1975.  The 2012 March through June loads were the smallest for these months.



2013 Forecast: Significant bloom, 
similar to 2003, much milder than 2011

2013

B
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Presenter
Presentation Notes
2011 had the most extensive blue-green algal blooms ever observed in the Lake.2012 had relatively small blooms.Based on 2013 DRP loads during March through June, the National Oceanic and Atmospheric Administration (NOAA) predicted moderate blooms for 2013.  Some evidence suggests the 2013 blooms were larger than predicted.
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150
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# years not specified

New target loads for the Maumee River recommended 
by the Ohio Lake Erie Phosphorus Task Force 2

Presenter
Presentation Notes
Because of the large weather-induced variability in loading, the Ohio P Task Force 2 recommended setting targets as multi-year averages rather than as a maximum for a single year.  The number of years for calculating the average was not specified.



Phosphorus control programs: Phase 3 –
… reducing the concentrations of dissolved 
phosphorus in agricultural runoff.

Where are we in the Phase 3 process?
• Planning phase
• Early implementation

Likely components of Phase 3
• Nutrient management – the 4-Rs
• Water management
• No-till/reduced till management
• Cover crops
• Conservation cropping systems
• Comprehensive soil health
• Targeting
• Off-field treatment (wetlands, etc.)

Shifts in 
multiple 

components 
of crop 

production 
systems … 

no silver 
bullet.



Questions?

For more information about the Heidelberg National Center for 
Water Quality Research  and its programs visit our website.

http://www.heidelberg.edu/academiclife/distinctive/ncwqr







y = -0.0015x + 58.122

R2 = 0.0798
p=0.0003

y = 0.0009x - 17.622
R2 = 0.0745
p<0.0001

0

5

10

15

20

25

30

35

40

1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009

T
o

ta
l 

P
h

o
sp

h
o

ru
s 

C
o

n
ce

n
tr

a
ti

o
n

µ
g

/
L

In-lake TP



Figure 18.  Analysis of Ohio commercial phosphorus fertilizer sales from 1955‐2006. Source: Commercial Fertilizer Report,
published by the Association of American Plant Control Officials
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Does it correlate with soil test levels?

Why did dissolved phosphorus decrease so much and then increase?







River
Total 
load,

metric 
tons

Point 
source, 
metric 
tons

Nonpoint 
source, 
metric 
tons

% 
Point 

source

% 
Nonpoint 
source

Maumee 2,238 147 2,091 6.6% 93.4%

Sandusky 510 3 495 2.9% 97.1% 

Cuyahoga 277 81 196 29.2% 70.8%

Average Annual Total Phosphorus Loads at 
Gaging Stations, 2001-2010



The extent of P stratification
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