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Lake Erie Total Phosphorus Loading by Major Source
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Long Term Trends in Total Phosphorus Loading to Lak e Erie

11,000 metric tons target load







Lake Erie Total Phosphorus Loading by Major Source
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How has the lake responded to reduced TP loads?

Excellent improvementsthrough the mid-1990s

Deteriorating

conditions since

the mid-1990s



100%9,220Total 

11.7%1,080Upper Lakes

6.8%628Atmospheric Deposition

20.7%1,908Point sources

60.8%5,604Nonpoint sources

Percent of 
total

Average
Phosphorus 

Load       
metric 
tons/yr

External Phosphorus 
Sources, 

1998-2005 Water Years*

*Data from Dave Dolan, U. Wisconsin, Green Bay

What are the geographical sources of these loads?





Drainage to interconnecting 
channel

Drainage to central and 
eastern basins.

Drainage to western basin

Area = 23.5% 

Area = 40.4% 

Area = 36.1% 

point source  P load = 55%

point source P load = 25%

point source load = 20%

nonpoint P  load = 71%

nonpoint P  load = 20%

nonpoint P  load = 9%

P  load, all sources = 48%

P  load, all sources = 29%

P  load, all sources = 23%



Cuyahoga River

Flow WT. P conc., mg/L

TP = 0.293

DRP = 0.043

Maumee River, 

Flow WT. P conc, mg/L

TP = 0.381

DRP = 0.093

Grand River (OH)

Flow WT. P conc., mg/L

TP = 0.129

DRP = 0.015

Sandusky  River

Flow WT. P conc, mg/L

TP = 0. 395

DRP = 0.089

River Raisin (01-07)

Flow WT. P conc., mg/L

TP = 0.198

DRP = 0.043

Detroit River

Flow WT. P conc., mg/L

TP = 0.013

DRP = ?

A comparison of phosphorus concentrations among Lak e Erie tributaries

2001-08

2001-08

2001-07

2001-06

2001-07

2004?





3. The Western Basin in the major source of 
phosphorus entering 
the Central Basin of Lake Erie.



Have agricultural pollution abatement 
programs in Northwestern Ohio really 

worked?





Agricultural pollution control efforts have 
focused on reducing particulate 
phosphorus.

1. no-till and reduced till agriculture

2. Buffer strips

3. Conservation Reserve Program 





Sandusky River, Annual Discharge
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Mean Concentration versus Water Year
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Sandusky River, Annual Suspended Sediment Loads

y = -1023.4x + 242655
R2 = 0.008
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19.1% increase

P-value = 0.396
36.2% decrease

P-value = 0.038

24.7% decrease

P-value = 0.356

BMPS have 
been 

effective in 
reducing 

flow 
weighted 

mean conc. 
of 

suspended 
sediments…

… but these 
same BMPs 

often 
increase 
dissolved 

phosphorus 
runoff …



Next four slides

Trends in dissolved reactive phosphorus loading

1. Maumee River

2. Sandusky River

Trends in bioavailable phosphorus loading

3. Maumee River

4. Sandusky River





Sandusky River, Annual Discharge
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Sandusky River, Fremont, 
Annual Loads of Dissolved Phosphorus

0

50

100

150

200

250

300

1975 1980 1985 1990 1995 2000 2005

Water Year

D
is

so
lv

ed
 p

ho
sp

ho
ru

s,
 m

et
ric

 
to

ns

x

Sandusky River, Flow Weighted Mean 
Concentration, Dissolved Reactive Phosphorus
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P-value = 0.396

Flow weighted 
conc. of 

dissolved 
phosphorus 

have 
increased by 

large amounts 
since the mid-

1990s.

These 
increases in  

dissolved 
phosphorus 
loading have 

increased 
bioavailable 
phosphorus 

loading since 
the mid-1990s.



Maumee River, Bioavailable Phosphorus Loading
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Maumee R., Annual Loading,
Dissolved Reactive Phosphorus
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Maumee River, Annual Loads 
of Particulate Phosphorus
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Sandusky R., Bioavailable Phosphorus Loading
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Sandusky River, Fremont, 
Annual Loads of Dissolved Phosphorus
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Sandusky River Fremont, 
Annual Loads of Particulate Phosphorus
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Why has the dissolved reactive phosphorus export fr om the 
Maumee and Sandusky rivers increased so much?

This was predicted to accompany adoption of conserv ation 
tillage by Terry Logan and others back in the 1970s ?

1. Phosphorus stratification in soil (build up at su rface)

2. More broadcast applications of phosphorus.

3. Increased surface runoff (streams becoming flashi er)

4. Increased soil phosphorus levels in general

5. Hotspots of DRP runoff from manure application 
practices

6. (and the list goes on …… ..)



Some research at the linking cropland issues to tri butary 
loading of dissolved phosphorus.





Sandusky Watershed Phosphorus Stratification, 255 f ields
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There are many research needs at the land-
lake interface –

These are logistically complicated research 
tasks.

We need local help and advice to 
implement these research programs.







Research to start on 
connecting the dots.









In particular, we need help in lining up charter bo ats that 
would be available to help implement this kind of s ampling 
program.

Our grant has funds to support charter boat help.

For more information, contact:

Dave Baker

dbaker@heidelberg.edu

419 448-2941







Maumee R. Dissolved Reactive  Phosphorus, Average 
Monthly Loads, 2003-2008 Water Years
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Sandusky R., Dissolved Reactive Phosphorus, Average  
Monthly Loads, 2003-2008 Water Years
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Maumee River at Waterville,  Dissolved Reactive Pho sphorus    
10/1/2006 - 9/30/2007
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Much  research is currently underwater regarding:

1. Causes of the increases in dissolved phosphorus r unoff.

2. Best means to reduce dissolved phosphorus runoff.

3. Delivery of particulate phosphorus from monitorin g 
stations to the lake.

4. Effectiveness of stream processing in reducing di ssolved 
phosphorus transport through streams.

5. Significance of dissolved phosphorus loading from  rivers 
for blue-green algal problems in the western basin and 
attached algal problems.

Questions during the discussion period.



Typical Water Quality Problems : Northwestern Ohio Examples

Measure as 
the loading 
of pollutants 
in tons

2. Ambient
water quality
in the streams

Measure  as 
biological 
indices  or as 
chemical  
concentrations
(mg/L).

1. Agricultural
pollutant loading

to Lake Erie

Western 
Lake Erie



Ambient water quality in streams

Pollutant export from watersheds

Not tightly 
coupled

Some terminology

Watershed 
Pollutant Export

(tons/year)

Watershed 
Pollutant Loading

(tons/year 
to downstream receiving waters)

=

Ohio EPA

Heidelberg and others





Maumee

Grand
Vermilion

Muskingum

Scioto

Sandusky
Cuyahoga

Great Miami

Raisin

N

EW

S0 40 80 Kilometers120

Lake Erie

IN

MI Sampling Stations

ODNR

Michigan DEQ

Lake Erie CREP

Great Lakes Protection 
Fund

EDF/Joyce Foundation

USDA/NRCS

Station Support 

All stations are 
associated with 

USGS Stream Flow 
Stations

The Heidelberg University Tributary Loading Program







Agricultural nonpoint source phosphorus control 
programs in the Lake Erie Watershed focused on 
erosion control programs to reduce particulate 
phosphorus loading.

no-till crop production
mulch till
reduced till 

buffer strips

conservation reserve program





Tillage Corn
Soybean

s Wheat

moldboard 4.4% 7.0% 4.2%

reduced 63.1% 7.0% 8.3%

mulch 17.2% 7.0% 5.8%

no-till/zone till 15.3% 78.9% 81.7%

number of fields 203 199 120

Sandusky Watershed: 2008 Soil Testing Fields

Tillage Corn
Soybean

s Wheat

moldboard 4.4% 7.0% 4.2%

reduced 63.1% 7.0% 8.3%

mulch 17.2% 7.0% 5.8%

no-till/zone till 15.3% 78.9% 81.7%

number of fields 203 199 120

Sandusky Watershed: 2008 Soil Testing Fields





Have the BMPs worked?



Sandusky River, Annual Discharge
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Sandusky River, Suspended Solids Flow Weighted 

Mean Concentration versus Water Year
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y = -1023.4x + 242655
R2 = 0.008
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19.1% increase

P-value = 0.396
36.2% decrease

P-value = 0.038

24.7% decrease

P-value = 0.356

BMPS have 
been 

effective in 
reducing 

flow 
weighted 

mean conc. 
of 

suspended 
sediments…

… but these 
same BMPs

often 
increase 
dissolved 

phopshorus
runoff …



Mean Annual TP in Runoff as a Function 
of Tillage Management
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Reducing
tillage can 
decrease TP
in runoff …

…but it can
increase DP
in runoff.

(Sims and Kleinman.
2006.  Phosphorus.)

Paired treatment begins



Sandusky River, Annual Discharge
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Sandusky River, Fremont, 
Annual Loads of Dissolved Phosphorus
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Sandusky River, Flow Weighted Mean 
Concentration, Dissolved Reactive Phosphorus
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Flow weighted 
conc. of 

dissolved 
phosphorus 

have 
increased by 

large amounts 
since the mid-

1990s.

These 
increases in  

dissolved 
phosphorus 
loading have 

increased 
bioavailable 
phosphorus 

loading since 
the mid-1990s.



Sandusky R., Bioavailable Phosphorus Loading
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Sandusky River Fremont, 
Annual Loads of Particulate Phosphorus
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Maumee River, Bioavailable Phosphorus Loading
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Maumee River, Annual Loads 
of Particulate Phosphorus
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August 29, 2007

LANDSAT 7 Image
Maumee River     8/1/2007 - 9/16/2007
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pulsed loads with high 
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Detroit River

steady loads with
low concentrations
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August 18, 
2003

Maumee River     7/1/2003 - 8/22/2003
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In July and August 
2003, three major 
runoff events 
occurred in the 
Maumee River (left).  
That summer had 
the most severe 
blue-green algal 
blooms that have 
been observed in 
recent years. 
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Why has the dissolved reactive phosphorus export fr om the 
Maumee and Sandusky rivers increased so much?

This was predicted to accompany adoption of conserv ation 
tillage by Terry Logan and others back in the 1970s ?

1. Phosphorus stratification in soil (build up at su rface)

2. More broadcast applications of phosphorus

3. Increased surface runoff (streams becoming flashi er)

4. Increased soil phosphorus levels in general

5. Hotspots of DRP runoff from manure application 
practices

6. (and the list goes on …… ..)





Sandusky Watershed Phosphorus Stratification, 255 f ields
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Distribution of Bray P1, 0-8 inch soil test vales, 255 fields
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Sandusky Watershed, Stratified Soil Testing Results
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0-2 inch samples illustrate 
the distribution of soil test 
values influencing runoff 

dissolved P concentrations 

What is the environmental impact of phosphorus stra tification?



Sandusky Watershed Stratified Soil Testing Program
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2-8 in values represent the 
distribution of phosphorus 

available to plant roots during 
drought conditions.

What is the agronomic impact of phosphorus stratifi cation?



Sandusky Watershed, Stratified Soil Testing Results

0

5

10

15

20

25

0-5 10-15 20-25 30-35 40-45 50-55 60-65 >100

Bray 1 P, soil test value, ppm

P
er

ce
nt

 o
f 2

55
 fi

el
ds

0-2 inch 0-8 in 2-8 in



Critical Soil Test Values  (standard 0-8 inch soil test)
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Critical Soil Test Values  (standard 0-8 inch soil test)
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Average Mehlic 3 P, ppm

Manure Application

Percent 
of 200 
fields 0-2 in 2-8 in 0-8 in

1. No known manure 
applications 78.5% 52 31 37

2. Manure historical not 
recent 14.0% 67 44 50

3.Recent but infrequent 4.0% 53 25 32

4. Recent and frequent 3.5% 133 55 75

Soil Test Phosphorus in Relation to Manure Applicat ion
Data from GLPF Stratified Soil Testing Program



Numerous research studies are currently underway 
to address the problems of increased dissolved 

phosphorus runoff:

1. Great Lakes Protection Fund Sandusky Stratified S oil 
Testing Program (Heidelberg)

2. EPA Honey Creek Targeted Watershed Project (Heide lberg) 

3. NRCS special projects in Lost Creek and Grand Lak e

4. Environmental Defense Fund/Joyce Foundation proje cts

5. Western Lake Erie Basin multi-agency projects

6. Recent round of RFPs from EPA’s Great Lakes Nation al 
Program Office.

7. Recent special RFP from the Ohio Lake Erie Protec tion 
Fund.

8. Etc.



Adaptive Management for 
Lake Erie

Monitoring

BMP 
Implementation

Planning



There is lots of action on the phosphorus scene!!!

Questions?
The tributary loading data sets are available at

http://wql.data.heidelberg.edu

This site includes tutorials and an excel plotting program.
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2006

LANDSAT 7 ImageMaumee River     2/1/2006 - 3/10/2006
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We have file of 25 scenes 
with linked satellite 
images and storm events 
in the Maumee and 
Sandusky watersheds.



Extra slides





Sandusky River, Nitrate Storm Event Mean Concentrat ions in 
Relation to Storm Volume, 1975-1995
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Relationship between nitrate SEMC and storm size 

No two storms
are alike!



Sandusky River, Suspended Sediment Storm Event Mean  
Concentrations vs Storm Volume, 1975-1995
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Sandusky River, DRP SEMC vs TP SEMC,
1975-1995
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Sandusky River, Comparison of Storm Event Mean 
Concentrations for Total Phoshorus and Suspended So lids
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There is a close relationship between SEMC for susp ended 
sediments and total phosphorus.



Percentile distibution of 0-8 Brey 1 P, 255 fields relative to 
corn and soybean fertilizer recommendations
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What’s more important – concentrations or loads?

Detroit River TP loads, mtons
TP 

concentration

Upper Lakes 1,080

Point source MI 953

Point Source Ontario 100

Estimated NPS Delivered 1,477

Load at mouth of Detroit R 3,610 0.02-0.05 mg/L

Maumee at Watersville 2,223 0.372 mg/L



What’s more important – concentrations or loads?

Detroit River TP loads, mtons
TP 

concentration

Upper Lakes 1,080

Point source MI 953

Point Source Ontario 100

Estimated NPS Delivered 1,477

Load at mouth of Detroit R 3,610 0.02-0.05 mg/L

Maumee at Watersville 2,223 0.372 mg/L1.35 kg/ha

0.46 kg/ha





1. Suspended solids
2. Total phosphorus
3. Dissolved reactive phosphorus
4. Nitrate
5. Nitrite
6. Ammonia
7. Total Kjeldahl Nitrogen
8. Chloride
9. Sulfate
10. Silica
11. Fluoride
12. Conductivity

Seasonally pesticides
Selected metals

Analytical Program at the NCWQR

Example of data…

Sandusky River
Total phosphorus
2006 water year



581 samples

TP concentrations are highly variable, but there ar e patterns!



Sandusky River, Discharge, 2006 Water Year
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Do peak concentrations of TP correlate with peak di scharge?

A closer look



Sandusky River     1/11/2006 - 3/3/2006
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1. Total phosphorus increases as flows increase.

2. Peak TP concentrations are not proportional to pe ak flow.



Sandusky River, Total Phosphorus Loading Rate, 
(kg/day)
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The majority of the TP transport occurs during the small proportion 
of time with high flows and high TP concentrations.



Sandusky River, Total Phosphorus Loads, 2006 
WY
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Nonpoint source loads are “pulsed” during storm even ts



Sandusky River, Annual Loads of Total Phosphorus
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Annual Loading of total phosphorus is highly variab le…
relative standard deviation =  44.3%



Sandusky River, Annual Discharge
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Annual discharges are highly variable…
relative standard deviation = 34.6%



Sandusky River, relationship between annual total 
phosphorus loads and annual discharge

0

200

400

600

800

1000

1200

0 500 1000 1500 2000 2500

Annual discharge, million cubic meters

T
ot

al
 p

ho
sp

ho
ru

s,
 m

et
ric

 to
ns The load in any 

particular year is 
dominated by 

discharge.

The load in any 
particular year is

less affected by BMP 
adoption that year.    



How have the loading data been used relative to…

environmental planning?

outcome assessment?
nonpoint source load reductions

BMP effectiveness 

tradeoff detection  

other uses  (modeling, education, etc.)

Above example illustrates…

one river… one parameter… one year

The data set contains…

many rivers… many parameters… many years



What are the sources of phosphorus loading 
to Lake Erie? (Army Corps of Engineers, 1975)

Phosphorus sources

1. Point sources

2. Nonpoint Sources

3. Atmospheric Deposition

4. Upper Lake

How are these sources measured?



watershed
boundary

Point source input

Stream gaging/monitoring station

… the watershed approach for quantifying nonpoint po llution.

Total Watershed
Export

Total 
watershed

output
= Point source

inputs
Nonpoint source

loading -

How do you measure nonpoint source pollution?

Assumes 100%
delivery of     
pollutant through 
the streams.



Nonpoint source
loading

Nonpoint source
inputs to streams==

Nonpoint source
loading

Nonpoint source
inputs to streams== Delivery 

factor (<1)x

Total 
watershed

output
= Point source

inputs
Nonpoint source

loading - Delivery 
factor (<1)x= -

Largely unknown

Largely unknown



What are the sources of phosphorus loading to Lake Erie?

Phosphorus sources

1,970

5,278

640

1,080

8,948

Average annual 
metric tons 
1998-2002

22%

59%

7%

12 %

Percent

Point sources

Nonpoint Sources

Atmospheric

Upper Lake

Total



Percentile distibution of 0-8 Brey 1 P, 255 fields relative to 
corn and soybean fertilizer recommendations
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