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Algal blooms are common in Ohio





Algal blooms are common globally and are intensifying



Aerial Associates Photography
Lake Erie, 2019

What are harmful algal blooms? 
*produce a toxin
*often cyanobacteria



Microcystis

Dolichospermum
(was Anabaena)

Planktothrix

AphanizomenonCylindrospermopsis

Toxin-producing cyanobacteria common to Ohio
Green Algae 
(NOT TOXIC)



Cyanobacterial Toxins
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Why do blooms require to form? 

• Light
• Warm temperatures
• Nutrients (nitrogen and phosphorus) 



Muskegon Lake, 2022
Credit: David Ruck

• Phosphorus is a macronutrient needed by all living things 
• The average person contains 1.34 lbs of P

• Bones, phospholipid bilayers, ATP, RNA, DNA, etc. 
• Humans tend to consume far more P than is needed (meaning we excrete a lot) 

• The only primary source of P is from rocks and minerals- P fertilizer 
is mined! 

• The most common form of P, phosphate, like to bind to iron and 
aluminum minerals

• Soil and sediment are great at removing P, but it can also accumulate 
and release for a long period of time 

Phosphorus



Muskegon Lake, 2022
Credit: David Ruck

• Nitrogen is also a macronutrient needed by all living things 
• The average person contains 5.4 lbs of N

• Proteins and amino acids, ATP, RNA, DNA, etc. 
• Humans tend to consume far more N than is needed (meaning we excrete a lot) 

• Nitrogen gas makes up 78% of Earth’s atmosphere
• Microbes can breathe oxidized forms of N (i.e., nitrate) and return it 

to the atmosphere; therefore N rarely accumulates in freshwaters
• Nitrate-N is a drinking water contaminant that can impact the ability 

of hemoglobin to bind oxygen

Nitrogen



NCWQR
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Long-term 
Research

Service
Education 

& 
Outreach

Short-term 
Research

To generate knowledge about the 
dynamics of water and soil 

resources in order to improve 
water quality and availability



Heidelberg Tributary Loading Program

GOAL: quantify the loads (or mass) of 
contaminants from watersheds draining 
different land uses

We currently sample from 23 locations 

The HTLP began in 1974 with the Sandusky 
and Maumee

The newest stations are smaller watersheds to 
help test practice effectiveness 



Sampling 
Station
(23 total)

Refrigerated 
Automatic 

Sampler 1-3 samples daily, year-
round starting in 1975

Samples retrieved weekly



Sample processing

Sample analysis

Data!



Why do we need this approach to accurately 
assess sediments and nutrients in stormwater? 



Storms happen rapidly and can be difficult to predict

Sandusky River



Water pollution from land runoff increases with storms
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The response of water pollution to storms varies by river

Blanchard

Maumee



How do nutrients enter our 
rivers and streams? 



What is a 
watershed? 

Sewage

CityNeighborhood

Farm Forest

Wetland

Well

Groundwater

Septic 
Tank

an area of land that drains 
all the streams and rainfall 

to a common outlet
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Point sources

• Point sources tend to have 
higher concentrations during low 
flow 

• Blooms from point sources tends 
to be localized near the input 
rather than at a distance

Sewage
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• Nonpoint sources tend to have 
higher concentrations during high 
flow 

• Blooms from nonpoint sources 
tends to occur in the downstream 
receiving waterbodies where 
water velocity is slower (lakes, 
estuaries, stormwater ponds, 
reservoirs, etc)

PP
P

P
P

P

P

P
PP
P

P
P

Nonpoint sources

Farm

Farm



TIME TO BE A 
WATER 

DETECTIVE 

Sewage

City
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Wetland

Neighborhood

Well

Groundwater

Septic 
Tank

Location Sediment 
(mg/L)

Phosphorus 
(µg/L)

up 10 10

sewage 15 800

farm/forest 40 50

septic/
neighborhood

40 100

wetland 5 5

all 25 200



WHAT IS THE 
SOURCE OF THE 

HIGHEST 
CONCENTRATION? 
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HOW DOES PHOSPHORUS ENTER SURFACE WATER? 

Maumee River: Nonpoint Sources
• P inputs dominated by 

agricultural runoff
• Concentrations increase 

with flow 

Cuyahoga River: Point Sources
• P inputs dominated by 

sewage effluent
• Concentrations decrease with 

flow 



How do phosphorus loads vary 
by watershed?



Watershed Land Use

Western LE
Central

LE Ohio
Grand 
Lake



Comparing watersheds: Unit Area Loads
Nitrate-Nitrogen

Western LE Central
LE

Ohio

Grand 
Lake



Comparing watersheds: Unit Area Loads
Dissolved Reactive Phosphorus

Western LE Central
LE

Ohio

Grand 
Lake



Why are there differences across the watersheds?



Why are there differences across the watersheds?

SEPTIC POINT NONPOINT



What is causing algal blooms in 
Grand Lake St Marys?



Photo from the NRCS

Chickasaw started in 2008
Coldwater started in 2012
Beaver (outflow) started in 2013



Grand Lake St Marys
• 2007 National Lakes Assessment

• Of 1252 lakes sampled, GLSM was in 97th percentile for 
chlorophyll a, and 3rd highest microcystin levels 

• Why all the problems? 
• Lots of livestock in the basin

• Classified as a distressed 
watershed in 2011

• 99% of livestock producers 
and 90% of the cropland has 
a nutrient management plan

• ~20% of the watershed has 
received EQIP funding for 
cover crops

• No manure application after 
Dec 15th (in effect 2013) 
without approval to Mar 1st

From Filbrun et al. 2013



Grand Lake St Marys inflow tributaries have very high 
average annual concentrations



Change in phosphorus concentrations in Chickasaw Creek 
due to distressed GLSM watershed designation in 2011

dissolved

particulate

Dec 15 – Mar 1 Mar 1 – Dec 15

Pre = 2008 – 2011
Post = 2012 – 2016

Jacquemin et al. 2018



Nitrate-N Average Annual 
Concentration (mg/L)

Percent decrease 
from 2008-2011

2008-2011 
(pre-manure ban) 15.4

2012-2016 10.8 30 %
2017-2023 12.3 20 %

Dissolved P Average Annual 
Concentration (mg/L)

Percent decrease 
from 2008-2011

2008-2011 
(pre-manure ban) 0.265

2012-2016 0.253 4 %
2017-2023 0.196 26 %



What is causing algal blooms in 
Lake Erie?



Aerial Associates Photography
2019

What are harmful algal blooms? 
*produce a toxin

• Light
• Warm temperatures
• Nutrients (nitrogen and phosphorus) 

*Microcystis, spp.



Aerial Associates Photography

2019

1971

2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022

Bl
oo

m
 S

ev
er

ity
 In

de
x

0

2

4

6

8

10



Maccoux et al. 2016, JGLRMean total phosphorus loadings (MTA) to Lake Erie (2003–2013)



Long-term trends in annual nutrient concentrations from the Maumee River



Similar increases in dissolved phosphorus are found in other WLEB tributaries
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March to July P loads are linked to bloom severity
Maumee River
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March to July P loads are linked to bloom severity
Maumee River

Each summer we use this relationship to forecast bloom severity for Lake Erie
https://coastalscience.noaa.gov/science-areas/habs/hab-forecasts/lake-erie/

https://coastalscience.noaa.gov/science-areas/habs/hab-forecasts/lake-erie/
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The 2023 bloom is expected to be mild (3; 2-4.5)
Maumee River

Each summer we use this relationship to forecast bloom severity for Lake Erie
https://coastalscience.noaa.gov/science-areas/habs/hab-forecasts/lake-erie/

https://coastalscience.noaa.gov/science-areas/habs/hab-forecasts/lake-erie/


The Western Lake Erie bloom in 2023 (so far) 
June 20 July 4 July 14 July 24 August 13August 4 August 20



Why did dissolved 
phosphorus increase?



What are some 
solutions? 



• Reduce nutrients in effluent 
through technological advances

• Apply less fertilizer and place it below 
the surface of the soil 

• Reduce water movement off fields

Point sources Nonpoint sources



Reduce nutrient loss





Paired approach
• Shallow Run (5,500 acres) is the treatment
• Potato Run (11,000 acres) is the control
• Monitoring began in 2018
• Practices will focus on reducing dissolved 

phosphorus
• Implementation will begin this fall



Reduce erosion and 
slow down water





Redhorse 
Bend

Fruth 
Wetland

Sandusky 
Headwaters 

Preserve

Buehler 
Farms









Take Home
• To best understand the threats and solutions to water 

quality issues, a rigorous water quality monitoring 
program is necessary

• Threats to water quality come from many different 
sources and vary by watershed 

• Improving water quality associated with nonpoint 
sources can be challenging

ljohnson@heidelberg.edu
419.448.2056

http://www.ncwqr.org
https://ncwqr-data.org/
https://seagull.glos.org/

http://www.ncwqr.org/
https://ncwqr-data.org/
https://seagull.glos.org/
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