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Overview:
Kelp aquaculture is a new and growing industry in Maine. Because kelp is a macroalgae, it requires different growing
conditions than shellfish or finfish. Many kelp aquaculturists start growing kelp in a laboratory setting and set out the
seeds in the fall. Over the winter, the kelp grows and is ready to harvest in early spring. Kelp is unique in that it absorbs
nitrogen (N), phosphorus (P) and carbon dioxide (CO2), all of which are harmful to the environment in excess amounts.
Once the kelp is harvested, the nitrogen, phosphorus, and carbon dioxide that were absorbed from the plant are
physically removed from the ocean environment. Kelp acts like a bio extractor, which may benefit the surrounding
environment. Currently, research is being done in Casco Bay to see how many nutrients and how much carbon dioxide
kelp farms can actually absorb, and if they can counteract the harmful effects of ocean acidification.
There are three parts to this lesson. The first part focuses on the key terms in the kelp section of the film (minutes 2:37 –
3:40). Students will have a short discussion about what they learned, using the guiding questions the teacher provides
(see below). The second part of the lesson allows students to explore the chemistry and atomic structures of elements
N and P, and the compound, CO2 and the significance of these two elements and compound. The final portion of this
lesson is a hands-on activity in which students examine a piece of sugar kelp (Saccharina latissima). There are two
extensions to this lesson; one on marine toxins and water quality monitoring, and one on ocean acidification in the Gulf
of Maine.

Essential Questions:



Why is it important to understand ocean chemistry?
How does ocean chemistry impact life in the ocean?

Learning Objectives:
Students will
 explain the structure and properties of the elements N, P and CO2 and the process by which kelp absorbs excess
N, P and CO2 in the ocean.
 describe the anatomy and functions of sugar kelp (Saccharina latissima).
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Materials:



Periodic table (handout, or in classroom)
Large, thin piece of sugar kelp (can be found at
low tide or in shallow running water, but may
be hard to find depending on your location and
tide cycle)





Beaker
Hotplate or Bunsen burner to heat water
Paint brushes

Procedure:


Begin the lesson by watching the film, then ask the class what key words they remember hearing from the video
related to chemistry and/or biology and write them on the board. The following are some helpful terms to focus
on:
o kelp farms
o excess nutrients
o CO2
o climate change
o Nitrogen
o bio extractor
o ocean acidification
o Phosphorous



What is unique about kelp aquaculture in Maine and how does it benefit the surrounding environment?
o 29th country in the world to start farming seaweed
o $7.2 billion to the farming industry
o Domestic alternatives to imported Asian seaweed
o 90,000lbs of kelp harvested each year
o Kelp absorbs N, P and CO2 from the surrounding environment; three things that we have a little too
much of in our bays along the coast of Maine.



Have students look up N and P in the Periodic Table of Elements. Where are these elements found? What are
the similarities and differences between these elements?

N and P are in Group 15 or (5A), which is generally known as the nitrogen family. All elements in this group have five
electrons in their outermost energy shell. However, these elements are not in the same period, meaning they have a
different number of energy shells. Each new period row represents a new energy shell. N has 2 energy shells and P has 3
energy shells.
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Have students determine the atomic structure and electron configuration of N and P.
o Nitrogen electron configuration 1s2 2s2 2p3
o Phosphorus 1s2 2s2 2p6 3s2 3p3
Have students draw or build a CO2 molecule.
o O=C=O
Once students understand the basic framework of the two elements and the compound, they are ready to make
the connection back to the film. Ask students how N and P end up in the ocean? Provide students with the
following article if they need help: EPA Nutrient Pollution (https://www.epa.gov/nutrientpollution) .
Now bring out a piece of sugar kelp for students to examine. Ask students how kelp absorb nutrients. Unlike
land- based plants, kelp species do not absorb nutrients from their holdfasts (they do not have roots); they
absorb nutrients through all parts of their tissue, which is why they are so efficient at absorbing N, P and CO2.
The teacher will do the following demonstration:
o Heat up a beaker of water, until it is steaming hot (not boiling)
o Dip a piece of sugar kelp into the water and remove quickly
o What has changed? If done correctly, the piece of sugar kelp should turn bright green (see photo below)
o Now, dip the paint brush into the hot water and write your name on a new piece of sugar kelp. Have
students take turns to write their names on pieces of sugar kelp
o Ask students why they think the kelp is turning bright green. Is it a chemical reaction?
Scientists are not completely sure why kelp turns green when dipped in hot water. We do know that there are
two photosynthetic pigments that color kelp: cholorophyll-a and fucoxanthin, which is a carotenoid (the same
class of pigments that make carrots orange). Chlorophyll-a is the pigment that is primarily responsible for
photosynthesis, while fucoxanthin plays a supporting role in photosynthesis and is therefore called an
“accessory” pigment. Chlorophyll-a is a green pigment and fucoxanthin is a brown pigment. It is not clear why
fucoxanthin’s olive brown color is dominant before heating and chlorophyll-a’s bright green color is dominant
after heating. Both pigments are present in kelp before it is heated and the hot water somehow “unmasks” the
green chlorophyll-a.
o For more information on pigments, visit http://www.ucmp.berkeley.edu/glossary/gloss3/pigments.html
As a closing exercise, ask students why it is important to study and understand the chemistry of seawater.

28 State House Station, Augusta, ME 04333
maitc@maine.gov
207.287.5522

Extension 1: Animal-environmental connections
Essential Questions:
 What are marine toxins and how are they harmful to humans?
 What are some different marine toxins common in Maine?
Marine toxins are naturally occurring chemicals that can contaminate certain seafood products. The seafood
contaminated with these chemicals frequently looks, smells and tastes normal. When humans consume contaminated
seafood, sickness or even death can result.
Water quality is a key component to successful aquaculture. Without taking the proper action to monitor and track
water quality, farmers have the risk of losing most or all of their crop. They also have the risk of making people sick if
they consume contaminated aquaculture products.
Students will choose a marine toxin from the list below to research. The final product is either a written essay or oral
report. Good research skills and written communication are key to successful reports. Students may choose from the
following:
 Common marine toxins in Maine:
o Paralytic shellfish poisoning
o Amnesic shellfish poisoning
 Marine toxins in the U.S.
o Scombrotoxic fish poisoning (fin fish)
o Ciguatera poisoning (reef fish)
o Neurotoxic shellfish poisoning
A useful place to start research is the Web MD Overview of Marine Toxins at:
http://www.webmd.com/a-to-z-guides/tc/marine-toxins-topic-overview#2

Essential Questions:




What is ocean acidification (OA)?
Why should fishermen be aware of OA?
How may it affect fisheries/businesses?

What is ocean acidification? According to NOAA’s National Ocean Service, ocean acidification refers to a reduction in the
pH of the ocean over an extended period of time, caused primarily by uptake of CO2 from the atmosphere.




To begin this lesson, have students watch “A Climate Calamity in the Gulf of Maine Part 2: Acid in the Gulf ” by
O’Chang Studios (https://www.youtube.com/watch?v=ZimEBFw1Q7c) .
After viewing the film, hand out the “Ocean Acidification in the Gulf of Maine” diagram and review the cycle of
ocean acidification.
Have students then focus on the chemistry of OA and answer the following questions:
o How much CO2 is absorbed in the ocean? (answer: 25%)
o What happens to the CO2 that is absorbed in the ocean? What is the chemical reaction (write the
formula)? (answer: CO2 binds with seawater and forms carbonic acid CO2 + H2O → H2CO3-)Lesson Plan Climate of Change Part IV 18
o What happens when this acid breaks down? (answer: carbonic acid can breakdown (dissociate) into
bicarbonate, which can then dissociate into carbonate ions (H2CO3- → H+ + HCO3-). In other words,
carbonic acid releases H+ that combine with carbonate that is naturally occurring in the water, inhibiting
the vital molecule calcium carbonate.)
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o
o

Write the formula for calcium carbonate (answer: CaCO3)
Why is calcium carbonate an essential molecule in the marine environment? (answer: this molecule is
the foundation for all shell-producing organisms; with fewer calcium carbonate molecules, shellproducing organisms have to spend more energy for shell production, which slows down growth)

This link has good information and lesson plan ideas for teaching the chemistry behind ocean acidification.
http://www.cisanctuary.org/ocean-acidification/hands_on_activities.php



Once students have an understanding of the basic chemistry behind OA, have students explore the Northeast
Coastal Acidification Network (www.necan.org/ ) to see what research is occurring in the Gulf of Maine.
Writing exercise:
o What can we do to slow the process of OA?
o Why should fishermen be aware of OA?
o Is kelp aquaculture harmful or beneficial to the marine environment? (Provide students with the
kelp/OA diagram on the following page.)
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The Problem
Nutrient pollution explained

Too much nitrogen and phosphorus in the water
can have diverse and far-reaching impacts on public health,
the environment and the economy..

Photo credit: Bill Yates
Excess nitrogen in the air can impair our ability to
breathe, limit visibility and alter plant growth

Nutrient pollution is one of America's most widespread, costly and challenging environmental
problems, and is caused by excess nitrogen and phosphorus in the air and water.
Nitrogen and phosphorus are nutrients that are natural parts of aquatic ecosystems. Nitrogen
is also the most abundant element in the air we breathe. Nitrogen and phosphorus support
the growth of algae and aquatic plants, which provide food and habitat for fish, shellfish and
smaller organisms that live in water.
But when too much nitrogen and phosphorus enter the environment - usually from a wide
range of human activities - the air and water can become polluted. Nutrient pollution has
impacted many streams, rivers, lakes, bays and coastal waters for the past several decades,
resulting in serious environmental and human health issues, and impacting the economy.
Too much nitrogen and phosphorus in the water causes algae to grow faster than ecosystems
can handle. Significant increases in algae harm water quality, food resources and habitats,
and decrease the oxygen that fish and other aquatic life need to survive. Large growths of
algae are called algal blooms and they can severely reduce or eliminate oxygen in the water,
leading to illnesses in fish and the death of large numbers of fish. Some algal blooms are
harmful to humans because they produce elevated toxins and bacterial growth that can make
people sick if they come into contact with polluted water, consume tainted fish or shellfish, or
drink contaminated water.
Nutrient pollution in ground water - which millions of people in the United States use as their
drinking water source - can be harmful, even at low levels. Infants are vulnerable to a
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nitrogen-based compound called nitrates in drinking water. Excess nitrogen in the
atmosphere can produce pollutants such as ammonia and ozone, which can impair our ability
to breathe, limit visibility and alter plant growth. When excess nitrogen comes back to earth
from the atmosphere, it can harm the health of forests, soils and waterways.

Sources and Solutions

https://www.epa.gov/nutrientpollution

Animal waste contributes excess nutrients to our
waterways when manure is improperly managed.

Our homes, yards and streets contribute to nitrogen
pollution in a variety of ways, but solutions exist to
address this pollution at its source.

https://www1.maine.gov/dacf/php/nutrient_management/documents/BMP-Manual-Final-January-2007.pdf

Excessive nitrogen and phosphorus that washes into water bodies and is released into the air are
often the direct result of human activities. The primary sources of nutrient pollution are:
Agriculture: Animal manure, excess fertilizer applied to crops and fields, and soil erosion make
agriculture one of the largest sources of nitrogen and phosphorus pollution in the country.
Storm-water: When precipitation falls on our cities and towns, it runs across hard surfaces - like
rooftops, sidewalks and roads - and carries pollutants, including nitrogen and phosphorus, into local
waterways.
Wastewater: Our sewer and septic systems are responsible for treating large quantities of waste, and
these systems do not always operate properly or remove enough nitrogen and phosphorus before
discharging into waterways.
Fossil Fuels: Electric power generation, industry, transportation and agriculture have increased the
amount of nitrogen in the air through use of fossil fuels.
In and Around the Home: Fertilizers, yard and pet waste, and certain soaps and detergents contain
nitrogen and phosphorus, and can contribute to nutrient pollution if not properly used or disposed of.
The amount of hard surfaces and type of landscaping can also increase the runoff of nitrogen and
phosphorus during wet weather.
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Photosynthetic Pigments
Pigments are colorful compounds.

Pigments are chemical compounds which reflect only certain wavelengths of visible light. This
makes them appear "colorful". Flowers, corals, and even animal skin contain pigments which give
them their colors. More important than their reflection of light is the ability of pigments
to absorb certain wavelengths.
Because they interact with light to absorb only certain wavelengths, pigments are useful to plants
and other autotrophs --organisms which make their own food using photosynthesis. In plants,
algae, and cyanobacteria, pigments are the means by which the energy of sunlight is captured for
photosynthesis. However, since each pigment reacts with only a narrow range of the spectrum,
there is usually a need to produce several kinds of pigments, each of a different color, to capture
more of the sun's energy.

There are three basic classes of pigments.
 Chlorophylls are greenish pigments which contain a porphyrin ring. This is a stable ring-shaped molecule around
which electrons are free to migrate. Because the electrons move freely, the ring has the potential to gain or lose
electrons easily, and thus the potential to provide energized electrons to other molecules. This is the fundamental
process by which chlorophyll "captures" the energy of sunlight.

There are several kinds of chlorophyll, the most important being chlorophyll "a". This is the molecule which
makes photosynthesis possible, by passing its energized electrons on to molecules which will manufacture
sugars. All plants, algae, and cyanobacteria which photosynthesize contain chlorophyll "a". A second kind of
chlorophyll is chlorophyll "b", which occurs only in "green algae" and in the plants. A third form of chlorophyll
which is common is (not surprisingly) called chlorophyll "c", and is found only in the photosynthetic members
of the Chromista as well as the dinoflagellates. The differences between the chlorophylls of these major groups
was one of the first clues that they were not as closely related as previously thought.
 Carotenoids are usually red, orange, or yellow pigments, and include the familiar compound carotene, which gives
carrots their color. These compounds are composed of two small six-carbon rings connected by a "chain" of carbon
atoms. As a result, they do not dissolve in water, and must be attached to membranes within the cell. Carotenoids
cannot transfer sunlight energy directly to the photosynthetic pathway, but must pass their absorbed energy to
chlorophyll. For this reason, they are called accessory pigments. One very visible accessory pigment is fucoxanthin the
brown pigment which colors kelps and other brown algae as well as the diatoms.
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 Phycobilins are water-soluble pigments, and are therefore
found in the cytoplasm, or in the stroma of the chloroplast. They
occur only in Cyanobacteria and Rhodophyta.

The picture at the right shows the two classes of phycobilins
which may be extracted from these "algae". The vial on the
left contains the bluish pigment phycocyanin, which gives
the Cyanobacteria their name. The vial on the right contains
the reddish pigment phycoerythrin, which gives the red
algae their common name.
Phycobilins are not only useful to the organisms which use
them for soaking up light energy; they have also found use as
research tools. Both pycocyanin and
phycoerythrin fluoresce at a particular wavelength. That is,
when they are exposed to strong light, they absorb the light
energy, and release it by emitting light of a very narrow range of wavelengths. The light produced by this
fluorescence is so distinctive and reliable, that phycobilins may be used as chemical "tags". The pigments are
chemically bonded to antibodies, which are then put into a solution of cells. When the solution is sprayed as a
stream of fine droplets past a laser and computer sensor, a machine can identify whether the cells in the droplets
have been "tagged" by the antibodies. This has found extensive use in cancer research, for "tagging" tumor
cells.

Source: http://www.ucmp.berkeley.edu/glossary/gloss3/pigments.html
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