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Research Question
How can art, science and algae be combined to raise awareness of human impacts on the
Great Lakes watershed, specifically concerning nutrient pollution, eutrophication, and harmful
algal blooms?
Specific aims:
(1) Produce natural pigment paints from algal biomass.
(2) Create artwork containing algal-based paint that communicates the dangers facing
the Great Lakes region.
Introduction
The North American Great Lakes are a freshwater ecosystem of great importance to
humans, wildlife and environmental health. These freshwater inland seas contain roughly one
fifth of Earth’s available freshwater and provide fertile land for farming (Egan 2017). In the
article “Ecosystem Services in the Great Lakes”, Alan Steinmann and his coauthors identify the
services provided by the Great Lakes. These include the production of food, drinking water,
recreation/entertainment, and inspiration to those who visit (Steinmann et al., 2017). Despite the
seeming abundance of its goods and services, the Lakes ecosystem is quite fragile. In recent
years, the watershed’s health -- and therefore the quality and abundance of the goods and
services -- has declined in response to human actions. Plastic and trash litter the beaches,
invasive species destroy natural fish populations, and elevated nutrient levels and rising water
temperatures provide perfect conditions for harmful algae blooms (HABs; Wurtsbaugh, 2019).
These unnatural influences have effects that extend from the watersheds to the communities
within them. Humans and domesticated animals such as dogs and livestock suffer greatly from
exposure to toxic algae blooms (Weirich and Miller, 2014; Backer et al., 2013). Children are

especially prone to the effects of toxins because they are more likely to go into the water during a
bloom, they swallow more water than adults do while swimming, and their small size means the
toxins have greater effects on development (Weirich and Miller, 2014). In the Lake Erie basin,
both articles cited nutrient loading as the cause for the increase in a cyanobacterial group called
Microcystis that produced cyanotoxins (microcystin) responsible for the injuries and deaths in
the subjects (Weirich, 2014) (Backer, 2013).
Dan Egan explored human impact on North America’s Laurentian Great Lakes and its
watershed in his book The Death and Life of the Great Lakes (2017). One of the most significant
anthropogenic impacts was the overuse of fertilizers that make their way to Lake Erie. While
lakes naturally become more productive as they age -- a process called eutrophication -- nitrogen
and phosphorus from artificial human sources significantly speed up the process and have longlasting impacts. One of the major reasons that limiting nutrient input is so critical is because
legacy nutrients last in a system for decades after they enter and cannot be removed. Phosphorus
in Lake Erie is a perfect example of the effects of legacy nutrients. When phosphorus enters a
water body, it comes out of solution and into the sediment under certain oxidation-reduction
conditions, where it remains until waters warm up and wind-driven resuspension or anoxic
microbial activity increases its mobility. At that point, the release of phosphorus from the
sediment creates the perfect nutrient concoction for Microcystis to bloom (Bullerjahn, 2021).
Unfortunately, with no easy way to remove legacy phosphorus from sediment (besides costly and
environmentally damaging dredging projects, infeasible at the scale of a Great Lake basin), the
only way to deal with the problem is to minimize additional nutrient inputs, while letting legacy
nutrient dynamics run its course until it will be washed downstream to Lake Ontario and

eventually the Atlantic Ocean. The more phosphorus we add to systems now, the more future
generations will have to deal with harmful algal blooms.
Nitrogen input is influenced by other factors. Nitrogen does not settle out of the water
column like phosphorus does, which means it is biologically available when it enters a water
system. Heavy rain and poor soil health lead to greater nutrient loading. According to the EPA’s
2020 Nutrient Mass Balance Study, “water year 2019 was an extremely wet year which resulted
in maximum total P and total N loads for most watersheds in this study” (2020). Rain washes
fertilizer off of crops and into watersheds. This has adverse impacts for ecological habitats as
well as farmers because their crop yields are decreased and their cost of fertilization increases
when they have to apply more (Egan, 2017).
The excess nutrients enable phytoplankton, particularly cyanobacteria, to grow rapidly
and achieve high densities in the water column. Certain cyanobacteria produce harmful toxins
that can inhibit liver (hepatotoxins such as microcystin), or brain and nervous system
(neurotoxins such as saxitoxin and anatoxin) function. When ingested, exposed to skin or
breathed, toxins can harm humans, domestic animals and wildlife (Backer, 2013; Weirich, 2014).
The effects of nontoxic decaying blooms can be detrimental to wildlife as well. When blooms
senesce and die off, microbes driving their decay use up oxygen, creating hypoxic/anoxic zones.
This effectively suffocates other organisms, such as fish, and leads to smelly, unsightly die-offs
that in turn decreases economic income from tourism (Egan, 2017). To prevent the problems that
are associated with HABs, the excessive levels of nutrients -- specifically nitrogen and
phosphorus -- in freshwater bodies must be addressed.
In an effort to reduce phosphorus and nitrogen overloading, scientists such as Wayne
Wurtsbaugh and his team have identified the main source of the problem: fertilizer and nutrient-

rich manure from agriculture fields. In “Nutrients, Eutrophication and Harmful Algal Blooms
Along the Freshwater to Marine Continuum” (2019), Wurtsbaugh and his co-researchers
calculated “approximately 53 and 48%, respectively, of the N and P pollution in the U.S. ... will
often come from hundreds or thousands of farms and ranches along a waterway”. If farms, or the
agriculture industry more broadly, are the culprits, then they can play a part in implementing the
solutions, too. Brittany Hanrahan and her team, authors of “Nutrient Balances Influence
Hydrologic Losses of Nitrogen and Phosphorus Across Agriculture Fields in Northwestern Ohio''
(2019), studied fertilizer application and retention rates to maximize crop yield, minimize
nutrient runoff, and minimize cost to farmers. She found that “precision application, cover crops,
and drainage water control structures” were best management practices (BMPs) that decreased
nutrient runoff and maximized agriculture field productivity (Hanrahan, 2019). As effective as
these practices are, many farmers are not applying them because they believe they are already
using effective practices or they believe that BMPs are impractical for financial reasons (Egan,
2017). At the same time, others seek to restore natural ecosystems such as wetlands that filter
nutrients from water bodies, and still others search for innovative new approaches in sustainable
architecture to minimize negative environmental impacts. Nevertheless, most inhabitants of the
Great Lakes watershed, including the farmers, value the sustained health of its terrestrial and
aquatic ecosystems. Therefore, something needs to be done to encourage them to work together
to apply solutions and quickly move towards environmental and economic practices that
encourage healthier soil, fairer and more sustainable food systems, and less nutrient runoff.
Science is a great tool to unearth the problems and solutions that exist in the Great Lakes
watershed, but journal articles and conference presentations alone do not reach enough people in
digestible forms to effectively influence change. Furthermore, other ways -- namely art -- may be

more influential because they reach broad audiences and tap into potent emotions that inspire
action.
Art movements often arise as reactions to societal change, and the Impressionist
movement is a great illustration of this pattern. One major cultural change that led to its
development was the movement of European society to the River Seine and coastal getaways. As
Albert Skira noted in his book Impressionism, growing popularity in beach getaways was
strongly associated with the growth of Impressionism. Because outdoor environmental
conditions and opinions changed so quickly, time-intensive studio techniques of the Renaissance
were replaced by looser brushstrokes, more vibrant hues, and quicker paint times (Skira, 1959).
These new techniques resulted in paintings that were impressions of a scene instead of exact
representations that were produced in the traditional style. Skira’s definition of an impression as
a painting that “changed according to “the season, the time of day, and the wind” (1959). Pieces
inspired by Impressionism are often made in the same location, but they look very different. One
famous example is Monet’s 1899 series “Bridge Over a Pond of Water Lillies” (Figure 1)
(“Bridge Over a Pond of Water Lilies”).

Figure 1: Monet, Claude. Bridge Over a Pond of Water Lilies. 1899, The Metropolitan Museum
of Art, Fifth Avenue, New York.

It is obvious that Monet’s paintings were made in the same location, yet their colors and
overall atmospheres provoke different feelings in the viewers. Like other Impressionists, he used
different colors and techniques to capture atmospheric conditions of a single moment in time.
Single moments can be crucial turning points and changing conditions can influence the
outcome. While humans have the tendency to think that things can be put off until tomorrow, if
we do not act soon in changing how we pollute or protect the Great Lakes, there may be no
turning back. In order to understand the danger we face in our own communities, data and
science about nutrient runoff, ecosystem destruction, and climate change need to be brought to
the public’s attention in a hyper-local context. Scientific articles warning about the dire
consequences of human actions are abundant, but many people need that information in a form
that is more accessible, such as when it is communicated through art. Art conveys complex
messages across age groups and reading levels because of its ability to emotionally connect to
viewers. This property allows diverse groups of people to look at a single piece and connect with
it even though they have different backgrounds and life experiences. If art is used to make
scientific research on the Great Lakes more accessible to a larger audience, we might achieve a
stronger push for policy and societal change concerning these freshwater resources.
By creating and displaying impressions of the causes and effects of our rapidly changing
Great Lakes landscape, I believe more people will understand that nutrient pollution and harmful
algal blooms are problems in our own backyard that need to be addressed with complex but
actionable solutions. Art can be an effective medium to convey this urgent message because it
does not need words to communicate. Instead, it creates individualized emotional connections
between viewers and the subjects or messages within the works, which often leads to action.

When science and art are combined, the data uncovered by scientists can be shared to more
people through the deep connections formed by viewing art.
Methodology
One novel part of this project is the creation and use of algae as watercolor paint pigment.
It creates direct connections between the visual aesthetics and the scientific content at the center
of the conversation. Because the use of algae biomass was so vital to the honors project, several
months were spent experimenting with different ways to collect and convert it into pigment.
Testing of some pigments began as early as February 2021.
One of the first steps to making pigment out of biomass was to obtain enough biomass for
tests. We started with commercially available algal biomass since bloom material was not
available at that time of the year and laboratory algae cultures were still in the process of scalingup to a larger system. A nontoxic cyanobacterium commonly called spirulina (Arthrospira
platensis) is readily available to buy in bulk from online health food vendors because it has many
health benefits (Karkos, 2011). We purchased a large bag of spirulina powder for use in media
tests. In these tests, I experimented with how spirulina would work as pigments in white acrylic,
GAC 100 clear acrylic primer and extender, bright white acrylic primer, and watercolor medium
(Figure 2). Out of those tests, the vibrancy of the algae cells in the watercolor medium was the
most intense, so I decided to continue testing specific watercolor recipes.

Figure 2: Test sheet of various mediums and pigments
Around the same time as when the spirulina pre-trials were wrapping up, there was an
algal bloom in Grand Lakes St. Marys near Celina OH and I was able to obtain a concentrated
water sample full of cyanobacterial cells (primarily Planktothrix). Even though the sample was
concentrated, there was too much water remaining for use with the watercolor medium, so I used
fine-mesh nets to separate the algal cells from the rest of the water. The slurry of algae that was
left behind was still too wet, so I separated it in two portions: one went into the drying oven (80
degrees Celsius for 10 hours) and the other went into a Pyrex glass container to air-dry. After
both portions were completely dry, I scraped the dry biomass from the surface with a single edge
razor blade, then crushed it into powder and mixed them into the watercolor medium. I found
that the air-dried sample was able to be crushed into a much finer powder with better consistency
than that of the sample from the drying oven. Where the air-dry sample was soft and fine, the
oven-dried sample was jagged and plastic-like. These observations led me to use air-drying for
the remainder of the project.

Once I decided on procedures for the paint medium and pigment isolation, all I had to do
was wait for a bloom to collect biomass! But the typical blooms in the area did not appear as
expected from this summer -- no Planktothrix bloom occurred in Sandusky Bay and the
Microcystis bloom in Lake Erie developed in September, considerably later than normal and past
our estimated collection period. Therefore, I had to find a creative solution for overcoming this
in my Honors Project. My research lab already had large volumes of cultured algae for
mesocosm experiments, so when the outdoor trials were finished, I was able to harvest them for
pigment (Figure 3). The only problem was that there was so much algae that I could not move
the samples without stirring up the cells. After talking to Dr. Ward and other researchers at
Bowling Green State University, I decided to use sodium hydroxide, a flocculating agent, to
cause the cells to clump together then settle to the bottom of the container. Once all of the cells
settled out, I used a pipette to transfer them to my evaporating dishes. There was so much algae
from this that I had to use three glass pyrex dishes per bucket to contain it (Figure 4).

Figure 4: One of nine mesocosm buckets I used in place of environmental samples

Figure 5: Pyrex dishes with flocculated algae from one mesocosm bucket
I repeated the scraping and crushing of the algae cells once the mesocosm samples
completely evaporated. Then I mixed the powder with watercolor medium until it had the
consistency of yogurt. The paint produced a vibrant green color and enough pigment powder for
the remainder of the Honors Project. I tested it in practice pieces and was happy with the results
in a sketchbook (Figure 6) as well as on a large 18”x24” watercolor painting (Figure 7). These
tests showed me how much paint I would need for the Honors Project. They also demonstrated
that the paint worked in large and small-scale art pieces.

Figure 6: A picture of the first sketch I made with the algae paint plus premade blue paint

Figure 7: A picture of a large-scale watercolor painting utilizing the algae paint
After seeing how the paintings above turned out, I was ready to move on to the next steps
in the final project.
Final Product
The compositions, colors, and information in each painting were thoughtfully selected for
several reasons, which will be explained below for each painting. The first three paintings belong
to a module called “Causes”. The second three belong to “Effects”. The final three belong to a
module called “Solutions and Hope”. Color palette was an especially important visual
identification of modules because it influenced the aesthetic quality of the pieces. I wanted an
unappealing color scheme- namely the green algae paint and red pre-made paint- to be used for
the causes so viewers could associate the ugly nature of nutrient inputs with otherwise idyllic
landscapes. The paintings in the “effects” module were made with a wider range of colors than
those in the “causes” module, but they were still dull. Lastly, the hope and solution paintings
were made with vibrant blues, yellows, and oranges. This last color scheme was selected because
when most people think of pristine water, they associate it with the color blue. Yellow and

orange are located on the opposite side of the color wheel, so they complement the blues, thus
emphasizing the colors and creating idyllic water scenes.
Causes:
Understanding the causes of HABs is crucial to developing solutions to them. In the Lake
Erie basin, nitrogen and phosphorus are nutrients that have the greatest influence on HABs, and
their release into the environment is multifaceted (Egan, 2017). Nutrient loading can come from
synthetic fertilizers, organic manure, and even human waste. Some of the pollution is
biologically available, but some settles out into the sediment where it remains until the waters
warm up again. These are called legacy nutrients, and they can last for decades in the soil before
re-emerging (Bullerjahn, 2021). Therefore, when nutrients are added to aquatic ecosystems now,
it enables HAB growth that could affect children and grandchildren into the far future.

The first painting in the “causes” module depicts a concentrated animal feeding
operation, or CAFO. These operations produce large amounts of manure that contain great
amounts of phosphorus and nitrogen. According to Hanrahan et al., watersheds that have more
manure applied to their respective lands have greater concentrations of nitrogen and phosphorus
that leach into the watershed (2019). Using manure to fertilize fields is especially problematic
when it is concentrated in one area instead of spread out across fields or sent to nutrient-starved
portions of fields (Alvera et al., 2017). Over-application of manure leads to excess nitrogen and
phosphorus leaking into the groundwater, which then flows to the rest of the watershed where
HABs occur. According to a study conducted by the Environmental Working Group, about sixtynine percent of phosphorus added to the watershed comes from factory farms in Ohio
(Environmental Working Group, 2021). Much of this problem arises from the Ohio Department
of Agriculture unofficially taking over the authority to enforce nutrient management practices
from the EPA. This is problematic because the ODA is in charge of promoting livestock and
agriculture, so their best interest is maximizing profit instead of following regulations set in
place by the Clean Water Act (McLaughlin, 2019).

The second painting in the “Causes'' module references the impact of synthetic fertilizers
on nutrient loading in the Lake Erie watershed. About 80% of land in the Maumee River
watershed is used for agriculture, which means a lot of fertilizer is used to support that land use
(Nutrient Mass Balance Study, 2020). Just like plants, algae can use the nutrients in fertilizer.
Therefore, the more nutrients that enter a watershed, the more that is available to HAB-forming
algae.
Several factors impact how much of the fertilizer leaches into the soil. The first is
weather, climate and hydrology. When growing seasons are wetter and heavy rains fall closer to
the time of fertilization, more nutrients are swept into the watershed (Nutrient Mass Balance
Study, 2020). Another factor is soil health. When fields are overworked too often or too much, it
becomes unhealthy and porous. Porous soil means more water (and therefore dissolved fertilizer)

can drain through it and reach Lake Erie (Alvarez et al, 2017). Therefore, in addition to dealing
with HABs, farmers have to spend more money and apply more fertilizer to compensate for that
which they lose.

The third painting that I created for the “Causes” section of this project contained
imagery from a sewage treatment plant. While most treatment centers do phenomenal work
removing nutrients before releasing treated water, there are cases in which some cheat the system
in order to save time and money. This happened not too far from Bowling Green State University
in the city of Maumee, where sewage treatment plants were dumping waste into the river at
levels exceeding (nearly twice as much) those established by the EPA. Sadly, this has been an
ongoing problem since about 1985 (Steinmetz, 2021). The excess nutrients from the untreated

human waste compounded upon the effects of nutrients from agriculture and livestock, which
provide more ideal conditions for bloom-forming cyanobacteria to grow.
Effects:
The effects of harmful algal blooms are more prominent than the causes of HABs
because they are the tangible events with which people are confronted. In conjunction with green
sludgy water, fish die-offs, and unsafe drinking water, HABs wreak havoc on economies. In
2014, the same year as the Toledo Water Crisis, Toledo lost over $10 million in shoreline
property value services such as drinking water loss, recreation, and habitat loss (NOAA
Fisheries, 2021). The effects of HABs are widespread and impactful, so putting them in paintings
reinforces why people should fight to address them.

The first painting in the “Effects” module was a depiction of the most prominent visual
indicator of HABs in Western Lake Erie: green, clumpy water. This is due to the properties of
the HAB-causing cyanobacterium Microcystis. Cells of this cyanobacterial group clump together
and produce liver toxins called microcystin. When microcystin is produced in high volumes,
water is unsafe to drink, swim in, or cook with. The decaying biomass also smells. When people
come into contact with it, microcystin can cause skin irritation, or when ingested, lead to liver
damage (Backer, 2013).

Fish die-offs are another prominent effect of HABs. They occur when algae from a
bloom senesce and begin decomposing. The decomposition process requires oxygen, and
because blooms are so large, they require most of the oxygen in the water, which leaves almost
nothing for wildlife such as fish. The poor fish suffocate and die due to the lack of oxygen. Their
carcasses then wash up on the shore, creating a smelly, visually unappealing scene on the banks
of waterscapes.

Harmful algal blooms were the source of cyanotoxins that led to the Toledo Water Crisis
of 2014. During this event, water was unsafe to drink, cook with, or wash with because water
treatment plants were unable to address the high levels of microcystin that was in the water
(“Five Years Later”, 2021). Over seven years later, many residents still do not trust the safety of
municipal water in Toledo and surrounding towns. Citizens purchase bottled water because they
distrust tap water, but this leads directly to higher usage, disposal and pollution of plastic bottles
into the environment and eventually Lake Erie. If HABs continue to be problematic, then events
of unsafe drinking water will become more common.
Solutions and Hope:
Solutions to water quality issues cannot be solved on an individual basis. Instead, entire
regions need to come together to support and enforce solutions. Luckily, there are numerous

success stories so people working towards a better future do not have to reinvent the wheel.
Instead they can support existing solutions through support of groups promoting conservation of
natural areas and putting pressure on state and federal legislature to protect the environment and
local water bodies.

The first image in the “Solutions and Hope” module is a painting of River Cliff Park in
Fremont, Ohio. This location is significant because it is an example of conservation in action.
Before it was transformed into a restored public park by the Black Swamp Conservancy, it was a
golf course. The land was then donated to the Sandusky County Park District with a conservation
agreement that would ensure continued land protection in perpetuity (Land We Protect).
When projects like this come about, the community can engage with the restoration
efforts and directly benefit from them. Whether people are able to gain access to the outdoors, go

on dates in parks, run on scenic trails, learn about nature, or go fishing for native sport fish,
people of all backgrounds can grow from interacting with conserved environments. Showing
people how much they can gain from supporting restoration efforts is key in encouraging them to
actively support them.

The second “Solutions and Hope” painting is of Carter Historic Farm’s restored wetland
(Land We Protect). This is another Black Swamp Conservancy property, and it utilizes another
form of conservation that helps manage harmful algal blooms.
This solution provides land easements to small farms when they need financial help.
Farmers, environmental enthusiasts, and people impacted by water quality all benefit from these
easements. Farmers benefit because that land will not be available to multinational corporations

like Smithfield that engage in massive farming operations that outcompete the smaller family
farms or real estate developers that wish to carve up these properties into subdivisions. It helps
the environment because many of the land easements are converted to restored wetlands or cover
crops that improve soil health. In fact, it is estimated that if 5-10% of wetlands are restored,
phosphorus input in the Maumee River will decrease by 10-37% (Mitsch, 2017). Lastly, restored
wetlands support native biodiversity, which can be enjoyed by bird watchers and other nature
enthusiasts.

The final painting in “Hope and Solutions” depicts the Audubon Island Nature Preserve,
which is the only riverine island park in the Ohio preserve system. This land was donated to the
parks system to provide sanctuary habitats to birds and other wildlife (Audubon Islands State
Nature Preserve, 2020). There is limited access to the preserve, but viewers can walk around

Perrysburg and see the beauty of the island. The combination of visual and ecological benefits
makes the island preserve an ideal example of what solutions in action could look like.
Conclusion
Conservation and environmental stewardship has been applied for many decades in the
US but not always regarded as relevant in the more developed state of Ohio, which is highly
industrial and agricultural. These efforts have made leaps and bounds of progress in recent years,
but there is still more to be done to resolve ongoing problems. HABs are one of those ongoing
problems, and they are affecting more than just ecosystems. Adults, children, domestic animals,
and economies are declining with watershed health because of human reliance upon water for
tourism, drinking water, recreation, and more.
One way to make changes is by improving communication about what the causes and
effects of HABs are as well as what people can do to address them and give hope for the future.
This project is a stepping stone to that change, but it will only be effective as long as the message
keeps growing and inspiring others to join in the fight. Therefore, there is much more to be done
to tell the story of HABs, and I look forward to rising to the challenge.
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