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Coastal Science in Your Kitchen 

An Estuary Explorers remote resilience education tool kit.  

As students continue to stay at home, Waterfront Alliance is proud to offer ways they can also continue to learn 

about the critical environmental concerns facing our coastal city. Building on the success of our Estuary Explorers 

education program and its school partnerships, we present this remote learning unit entitled Coastal Science in 

Your Kitchen, which builds students’ understandings of our urban estuary, the effects of climate change, and what 

can be done to keep our waterfronts healthy while we prepare for the future. 

With detailed lesson plans, interactive activities, curated links to multimedia resources, and tips for adapting these 

resources across grades 3 through 12, this resilience education tool kit provides teachers with the necessary 

materials for meaningful environmental education through remote leaning. 

 

Overview of Learning Targets and Activities 

Coastal Science in Your Kitchen guides teachers and students through three activities that anchor a progressive 

exploration of our estuary and the means to protect it: 

 The unit begins with The Human Impacts Game, a fun illustration of the interactions of humans with our 

harbor, customized for our urban estuary. By following game cards to remove or add “fish” on an “estuary” 

playing board, students think critically about the role our communities play in a healthy ecosystem. 

 After establishing this ecosystem context, students will explore The Mystery of the Disappearing 

Shells, an activity modeling the effects of ocean acidification, in which greenhouse gases change water 

chemistry and reduce shell formation, increasing the mortality of many marine creatures. This introduces 

the process of climate change and its wider effects on healthy and livable shorelines. 

 The concluding activity, Become an Ecological Engineer, gives students several hands-on examples to 

try for protecting a model shoreline, guiding them to identify the benefits of green infrastructure and draw 

conclusions about coastal preservation and restoration. The extension links provided encourage young 

citizens to engage with their community leaders to share support for resilient and revitalized waterfronts. 

 

Tool Kit Features 

Coastal Science in Your Kitchen supports Next Generation Science Standards and presents essential questions 

for connecting resilience education across the students’ wider curricula. Each activity above anchors a detailed 

lesson plan that includes pre and post activity suggestions along with the primary investigation, and tips for 

flexibility and adaptations by grade level. Teachers may choose to fully explore each lesson plan across several 

class sessions, or to employ our included summaries to condense the activity into one day. Each lesson plan 

includes: 

 Overview, Goals, and Materials where you’ll find helpful planning information and any grade level 

adaptations. Materials have been selected to be easily sourced and have been thoroughly tested. 

 Procedures adaptable to one or more class sessions.   

o Pre-activity experiences include links to readings, media, and discussion questions for 

background. In addition, a background summary is provided in case time doesn’t allow for these 

additional class sessions. Vocabulary is included to supplement preparation, though our hands on 

activities create learning experiences that don’t require a lot of technical language to build 

concepts. 

o Activity procedures are fully detailed as step by step instructions. Real world tips and essential 

explanations are provided within the relevant step of procedures for convenience.  



 
 

o Post-activity experiences are suggested to encourage students to integrate and expand what 

they’ve learned. From research to discussion to civic engagement, they can be expanded to 

additional class sessions, or made optional if time doesn’t allow. 

 Background for educators and extension suggestions includes additional resources for teachers, with 

an extensive selection of curated links that will help those new to the topic become more familiar and 

prepare for any questions.   

 

Support for Teachers 

In addition to providing this remote resilience education tool kit, Waterfront Alliance educators are available to 

support our partner schools in several ways: 

 One on one consultations for teachers can be scheduled for any questions, or for those interested to 

learn more about coastal resilience education and how to use the tool kit. 

 Live stream sessions for students with Waterfront Alliance experts are offered to all classes using 

Coastal Science in Your Kitchen. We can provide online, live demonstrations of the activities, and/or 

support discussion and analysis as a post-activity experience. 

 Materials in Spanish are available upon request, and we’ll be expanding our library of online educational 

materials in Spanish over the coming school year. 

 Additional Materials for estuary based learning will be shared as they become available, including 

Waterfront Alliance’s developing presentation and workbook for youth, Introduction to Climate Change 

and Coastal Resilience. Our extensive network of Alliance Partners also enables us to make valuable 

recommendations to teachers seeking any specific resources for environmental education. 

On the pages following, we’re excited to present the lesson plans of Coastal Science in Your Kitchen’s remote 

learning tool kit. We appreciate any feedback and are eager to support environmental education as our 

communities rise to resilience! 

 

For additional information or to schedule a consultation or live stream, please contact: 

                  

Maggie Flanagan   mflanagan@waterfrontalliance.org 

Director of Education and Outreach 212.935.9831 x117 

waterfrontalliance.org 

 



The Human Impacts Game 
 
Activity Overview 

The Human Impacts Game is a curriculum aligned activity that can be done in a classroom, or in the comfort of a 

family’s own home. Through a simple, yet fun and engaging activity, students apply critical thinking to understand 

environmental and coastal systems. While this formal lesson plan provides many details, our activity is completely 

adaptable for multiple ages and circumstances. We welcome you to innovate and come up with your own creative 

takes on the game! 

During this game, students will consider the consequences of actions that can change estuaries in both positive 

and negative ways. These actions are presented on games cards, which instruct players to add or subtract fish 

tokens from the shared estuary playing pot. By following the instructions on the game cards, students experience 

the effects that human actions can have on the environment.   

The Human Impacts Game is suitable for grades 3-12. The following lesson plan is adaptable for various levels 

and styles of learning. 

This activity was adapted from the New Jersey Sea Grant Consortium and the NJDOT Office of Maritime 

Resources activity: Introduction to Estuaries, “A Day in the Life of an Estuary” simulation game. 

Goals 

 Learning Targets 

o Understand what an estuary is and why they are important to us 

o Increase knowledge of the New York-New Jersey Harbor Estuary  

o Connect how human actions affect an estuarine ecosystem in a positive or negative way 

 These learning targets fulfill the following components of the Next Generation Science Standards: 

Science and Engineering Practices  

o Analyzing and Interpreting Data 

o Using Mathematics and Computational Thinking 

Crosscutting Concepts 

o Patterns 

o Cause and Effect: Mechanism and Explanation  

o Stability and Change  

 Key Questions 

o What can I look for in an estuary that shows me how clean or polluted it is? 

o How is the New York-New Jersey Harbor Estuary affected by its surrounding communities? 

o What actions can I take to help keep my local estuary healthy? 

Materials 

Each group playing will require one set of these materials: 

 Goldfish crackers, at least 50 (or other similar game markers such as bingo chips). 

https://www.nextgenscience.org/sites/default/files/Appendix%20F%20%20Science%20and%20Engineering%20Practices%20in%20the%20NGSS%20-%20FINAL%20060513.pdf


 Paper bowl or sheet of blue construction paper (or any placemat that can represent the estuary). You 

may also try to print a map of the NY-NJ Harbor Estuary. 

 Set of game cards, provided at the end of these instructions. 

 Pre-activity readings through these links: NOAA’s introduction to estuaries and What is an Estuary?  

 

Procedures 

1. Pre-activity reading and discussion:  

Reading:  At any point before playing the game, go over the pre-activity readings for background 

information on estuaries and human impacts. If the internet is available, the links can be opened and read 

from the screen by an adult or child. If internet is not available, print the text to read aloud before the 

game. Following the readings, check that students are able to:  

 Describe what an estuary is and some of its values to humans and the environment  

 Identify the harbor of New York and New Jersey as an estuary 

Discussion: Review any ecosystem processes that have been part of the students’ studies so far. This 

activity will provide an introduction to estuaries, but refreshing any background on the water cycle, 

watersheds, or food webs will help students better apply their learning.   

Vocabulary: Estuaries, New York-New Jersey Harbor Estuary, Ecological Resources, Salt Marsh, 

Pollution, Watershed, Ocean, Freshwater, Algal Bloom 

2. Activity: The Human Impacts Game: 

 Prepare the materials required for the game. Each group playing will need a blue bowl or a sheet 

of blue paper (or any placemat representing the estuary), one set of game cards, and 50 goldfish 

crackers (representing marine life in the estuary). Game cards can be printed out and cut apart, 

or be hand made by copying the template that is provided at the end of this lesson plan on to 

blank paper or cards. Feel free to create your own game cards based on your own actions, too.  

Place your estuary paper, bowl, or mat onto a flat surface. 

 We recommend no more than five people in a playing group.   

 Getting started: Designate one student to be the environmental conservation officer in charge of 

the fish hatchery. The fish hatchery is where the extra goldfish game tokens and cards will be. 

The student designated as the environmental conservation officer is responsible for making sure 

all the other students have the game materials they need and monitoring that no one takes more 

or less than they’re supposed to each round.  The conservation officer should distribute 5 starter 

fish to each player, and place 10 starter fish in the estuary place mat bowl or paper. Place the 

additional crackers and the deck of game cards to the side.  

 Once all participants are set up, the following introductory passage should be read aloud by the 

teacher, a parent, or a student volunteer:  

 

“An estuary is a place where freshwater and saltwater meet. Freshwater can come from rivers, 

lakes, creeks, or streams, while saltwater comes from the oceans. Estuaries offer many different 

services to humans, from filtering water to providing habitat to the fish we love eating. Did you 

know that almost all types of fish that are consumed by people have passed through an estuary 

at least once? However, estuaries can become polluted like any other ecosystem. When an 

estuary becomes too polluted, tiny plants called algae can appear, which can cause what is 

known as an algal bloom. These algal blooms can eat up all the oxygen in the estuary, which can 

kill many of the fish in the water. People, however, can clean up estuaries when they become too 

polluted. More importantly, people can also prevent pollution from happening in the first place. By 

placing environmental protections around estuaries, algal blooms can be stopped before they 

even happen!” 

 

https://commons.wikimedia.org/wiki/File:Hudson-Raritan_Estuary_USACEregionsmap.tif#/media/File:Hudson-Raritan_Estuary_USACEregionsmap.tif
https://oceanservice.noaa.gov/education/tutorial_estuaries/welcome.html
https://oceanservice.noaa.gov/facts/estuary.html


 The player to the right of the conservation officer goes first, and play continues clockwise (The 

conservation officer may take turns and play the game, or sit aside and act as a moderator, 

depending on the group’s size, age, and needs). Each student will draw a card from the pile, read 

it aloud, and add or subtract fish as directed. Fish that are removed go back to the hatchery (or 

can be snacked on). If a student runs out of fish, they can request 5 more from the conservation 

officer.  The game continues until all the cards have been drawn, or until the estuary is depleted 

of fish.  

 

3. Post-activity discussion questions 

 

A. What actions affect estuaries in positive ways? In negative ways? 

 

For answers: Learn more about the good being done to help estuaries and what threatens them at 

these websites brought to you by NOAA: 

 

Managing, Protecting, and Restoring Estuaries 

Human Disturbances to Estuaries 

  

B. What can we do to make sure estuaries are healthy and protected? 

 

For answers: Learn about what you can do as an individual to help preserve and protect estuaries at 

the EPA’s and NOAA’s websites:  

 

What You Can Do to Help Protect our Coastal Watersheds and Estuaries 

Do Your Part: Help Protect our Estuaries 

Ten Ways to Protect Estuaries 

 

C. Did your fish population die off completely? If so, why do you think this happened? Do you think this 

would happen in the real world? Why?  

 

For answers: Refer to your own results and to the links provided in previous questions. 

 

Background for Educators 

Additional Resources 

NOAA’s Estuary Education Page 

EPA’s Exploring Estuaries 

Estuary Facts for Kids 

NYSDEC Teaching About the Hudson River Estuary 

New York-New Jersey Harbor & Estuary Program 

 

 Questions?     mflanagan@waterfrontalliance.org 

Maggie Flanagan   212.935.9831 x117 

Director of Education and Outreach 

waterfrontalliance.org 

 

https://oceanservice.noaa.gov/education/kits/estuaries/estuaries11_future.html
https://oceanservice.noaa.gov/education/kits/estuaries/estuaries09_humandisturb.html
https://www.epa.gov/nep/what-you-can-do-help-protect-our-coastal-watersheds-and-estuaries
https://oceanservice.noaa.gov/news/june14/protect-estuaries.html
https://www.epa.gov/sites/production/files/2015-08/documents/2008_10_09_estuaries_10waysflier2002.pdf
https://coast.noaa.gov/estuaries/
https://archive.epa.gov/water/test/web/html/index-4.html
https://kids.kiddle.co/Estuary
https://www.dec.ny.gov/lands/5102.html
https://www.dec.ny.gov/lands/31849.html


Best for Grades 3-6, print two times if more cards are desired 

A heron (a shorebird) eats a fish for lunch 

Take out 1 fish 

A dark oily liquid is found pouring into the water 

Take out 8 fish 

You and your family  go on a fishing boat trip 

Choose how many fish to take out 

A shark swims into the estuary and has a snack 

Take out 3 fish 

A seal comes back to our busy harbor, and 

needs  dinner 

Take out 2 fish 

A wetland area is restored 

Add 5 fish 

Lawmakers have been convinced to stop the 

building of a shopping center on a waterfront 

with wetlands 

Add 4 fish 

The state fish hatchery  releases fish into the 

estuary 

Add 5 fish 

A school of fish are caught in a power plant pipe 

Take out 3 fish 

People biking along the shoreline throw their 

trash in the water 

Take out 2 fish 

Somebody decides to throw their candy bar 

wrapper into the water and a fish chokes on it 

Take out 1 fish 

A motorboat leaks gasoline into a fish nesting 

site 

Take out 5 fish 

  



Best for Grades 3-6, print two times if more cards are desired 

An egret (a shorebird) eats a fish for lunch 

Take out 1 fish 

A sewage pipe is found pouring into the water 

Take out 5 fish 

A fisherman handles his catch carelessly; the 

fish do not survive even though they’re released 

back to the water 

Choose how many fish to take out 

A shark swims into the estuary and has a snack 

Take out 3 fish 

A boat head (toilet) is not connected to a tank 

and releases sewage overboard 

Take out 3 fish 

A living dock is constructed, where the dock 

provides food and shelter for fish 

Add 5 fish 

A new waterfront development is building a 

wetland for fish in addition to the building for 

people 

Add 5 fish 

The state fish hatchery  releases fish into the 

estuary 

Add 5 fish 

A construction site dumps debris into the water 

 

Take out 3 fish 

People on the corner throw their trash in the 

gutter, and rain washes it into the estuary 

Take out 2 fish 

You and your family catch and release fish with 

the help of a park ranger, so the fish stay healthy 

No fish removed 

In winter, road salt  runs off into the estuary 

along with the snow melt 

Take out 5 fish 

  



Best for Grades 7-12, print two times if more cards are desired 

Invasive plants in the water make it more difficult 

for fish to feed 

Take out 3 fish 

A restoration project to add oyster reefs to the 

harbor begins 

Add 4 fish 

A farmer fertilizes her crops just before it rains 

and an algal bloom forms and pollutes the river 

Take out 2 fish 

Stronger environmental protections are put in 

place by the government 

Add 3 fish 

A local golf course fertilizes their field and 

causes an algal bloom in the bay 

Take out 8 fish 

A garbage clean-up effort takes place along the 

shoreline of the estuary 

No fish lost 

A farmer decides to plant native trees along the 

shoreline, protecting the estuary 

Add 4 fish 

The state fish hatchery has lost 3 fry (baby fish) 

Take out 3 fish 

A highway is placed along the shoreline and 

causes road salt and gas to go into the water 

Take out 3 fish 

A new boat dock is constructed without a 

permit, covering a salt marsh 

Take out 2 fish 

A new ferry dock brings frequent  boat traffic 

disturbance to a formerly quiet bay 

Take out 2 fish 

Kids hanging out along the shoreline throw their 

trash in the water 

Take out 3 fish 

  



Best for Grades 7-12, print two times if more cards are desired 

Invasive crabs eat most of the algae, and our 

native crabs are starving 

Take out 3 fish 

A living shoreline and restored wetland are 

constructed to help mitigate urban runoff 

Add 4 fish 

Towns with poor sewage treatment cause 

nutrient pollution and algal blooms in the water 

Take out 8 fish 

Students write letters to the government calling 

for environmental protections 

Add 2 fish 

Past industrial pollutants, such as PCBs, are 

stirred up in our estuary 

Take out 5 fish 

The government budget increases funding for 

estuary education 

Add 2 fish 

A government cleanup project, such as EPA’s 

superfund, is completed 

 

Add 4 fish 

Warmer waters make it harder for marine life to 

reproduce, and harder for fry (baby fish) to 

survive 

Take out 3 fish 

A highway is built along the shoreline and 

causes road salt and gas to go into the water 

Take out 3 fish 

An arts and music festival set up on the 

shoreline dumps paint into the water 

Take out 2 fish 

The harbor has to be dredged (dig the bottom 

deeper) so that big cargo ships can bring us 

imported goods. 

Take out 3 fish 

People at the beach let their trash blow away in 

the wind 

Take out 2 fish 

 



The Mystery of the Disappearing Shells 
 
Activity Overview 

The Mystery of the Disappearing Shells is a flexible lesson that can be done in a classroom, in a science lab, or in 

a kitchen. Through a simple activity that models ocean acidification, students will learn about a chain reaction 

generated by climate change that can severely affect our coastal ecosystem. This formal lesson plan shows that 

the environmental processes behind ocean acidification can be investigated in complex detail, but it also offers 

simplified language and explanations for younger students, so that children of any age can discover more about 

resilient ecosystems together. 

By observing an eggshell placed in vinegar, students will see what effects ocean acidification has on marine life, 

specifically those that have shells. While the details of the particular chemical reactions can be complex, watching 

the eggshell disappear is simple and powerful to observe. With the additional resources provided here, students 

will explore why this happens and what can be done to protect our coastal environment from further damage. 

When combined with our Estuary Explorers waterfront field lab, students can test for acidity on their own 

waterfronts, to expand these studies with their own, local data. 

Coastal Science in Your Kitchen can be adapted for grades 3-12. For students in the elementary grades, The 

Mystery of the Disappearing Shells works best with simplified explanations facilitated by an adult. Middle 

schoolers get introduced to chemical changes in the environment, and are ready for more technical analysis. By 

high school, students are becoming familiar with the specific chemistry behind ocean acidification. Whatever the 

age of the participants, all materials should be handled responsibly. 

Goals 

 Learning Targets 

o Model the ecosystem effects of ocean acidification 

o Draw conclusions about coastal preservation and restoration 

o Explore green and blue infrastructure solutions for restoring our coasts and waters 

 These learning targets fulfill the following components of the Next Generation Science Standards: 

Science and Engineering Practices  

o Analyzing and Interpreting Data 

o Using Mathematics and Computational Thinking 

Crosscutting Concepts 

o Patterns 

o Cause and Effect: Mechanism and Explanation  

o Stability and Change  

 Key Questions 

o How are people affecting the marine ecosystem? 

o Why do things that happen out in the ocean matter? 

o How can new waterfront construction help restore our estuary? 

 

https://www.nextgenscience.org/


Materials 

For each lab group sharing a counter: 

 A clean, dry glass jar with a clean, dry lid.  Remove the label to see better. 

 A rinsed, dry piece of eggshell, about a half of the eggshell. Brown eggs offer more contrast, but white 

eggs will also work. 

 White vinegar, enough to cover the eggshell in the jar. Be careful with the vinegar! 

 A temporary storage spot to leave your jar at least overnight, or up to a few days.  Make sure to keep 

your jar out of direct sunlight and away from sources of heat.  

 If working with multiple variables or groups, a marker or tape to label the jars.  

 A lab notebook, drawing sheet, or camera to record observations of the jar over time. 

 In some school settings, googles and gloves may be considered appropriate when using household 

vinegar in an experiment. Check your school’s instructions. 

 If lighting or visual contrast may be a concern due to the room or the special needs of students, keep a 

white or a black sheet of paper handy to hold up near the jar to enhance observations through contrast. 

 

Pre-activity background reading through these links:  

 An introduction to how seashells are made from The Conversation 

 An introduction to pH for younger students from Ducksters Science  

 An introduction to pH for older students from Woods Hole Oceanographic Institution 

 

Procedures 

1. Pre-activity discussion:  

Before immersing the eggshell in the vinegar, ensure the students have developmentally appropriate pre-

activity discussion. A short reading is below, but if the internet is available, the links included above 

provide more colorful background.  

 

Also, review any ecosystem processes that have been part of the students’ studies so far. This activity will 

provide an introduction to observing acidity in the environment, but refreshing any background on water 

quality, ecosystem interdependence, environmental reactions, or food webs will help students better 

apply their learning. 

 

Short reading and introduction: At a minimum, share this reading below or its equivalent preparation: 

“Though some acids are normal in life, like in your stomach, you’ve probably heard in the movies or on 

TV that acids can harm people. But it’s not just people to be concerned about, all kinds of living things 

can be injured by too much acid. Acids are measured by pH (say the letter p then the letter h), which is 

studied more in high school, but anyone can make a simple observation about acid pollution in the water.  

The ocean normally measures a pH of about 8. This is close to the middle of the pH scale at 7, called 

neutral. pH numbers lower than 7 are acidic, and the lower the number the stronger the acid. We don’t 

want to see pH measurements that are getting lower for our ocean and coastal waters, because that 

means they’re getting more acidic. 

Many marine animals have shells (made of a mineral called calcium carbonate, written as CaCO3) that 

can’t grow strong when the water is acidic. Think what it would be like to have a problem growing your 

bones or skin! Acid is making the water ecosystem unlivable for the creatures in it. Here’s an activity that 

shows what acidification in our estuary is like, The Mystery of the Disappearing Shells.” 

https://theconversation.com/curious-kids-how-do-shells-get-made-111072
https://www.ducksters.com/science/acids_and_bases.php
https://www.whoi.edu/know-your-ocean/ocean-topics/ocean-chemistry/ocean-acidification/the-ph-scale/


Following the introduction of age appropriate background, check that students are able to:  

 Identify pH as indicating acidic or neutral.  You may recall the scale also includes basic, which is 

a concept best explored with older students, and not necessary for this activity. 

 Inquire how the acidity of coastal water affects our shared ecosystems. 

 

Vocabulary:  shell, reef, ecosystem, plankton, food web, shellfish, calcium, exoskeleton, neutral, acid, 

pH, coral reef 

 

2. Activity: The Mystery of the Disappearing Shells 

 Prepare the materials listed above. Each lab counter or group will need a clean glass jar and lid, 

a half piece of eggshell, and white vinegar to submerge the eggshell. Be careful with vinegar, it is 

a mild acid, and children may require supervision. Do not touch your face or eyes when handling 

vinegar and wash your hands after using it. Even though vinegar is commonly found in kitchens, 

some administrations may have procedures requiring goggles and/or gloves when using it with 

students. Don’t forget to clear a spot to leave the jar for a few days, where you don’t have to 

worry about sun or heat or accidents. 

 If labeling is helpful, do that on the jar or lid first. 

 Use the reading above or lead a brief review to activate student background knowledge about 

why acidification in the water is of concern. Instruct students that the eggshell is made of the 

same mineral as seashells, calcium carbonate or CaCO3.  Add that vinegar is a mild acid, 

representing acid pollution in the ocean. Clarify that by putting the eggshell in vinegar, you are 

modeling what happens to shelled creatures in the ocean. 

 Gently place the eggshell in the empty jar and add just enough vinegar to submerge it by a half 

inch or so. Children should be as hands on as possible, but according to age and stage, adult 

supervision should be active. Expect soft bubbling reactions to begin within the jar immediately, 

and to continue for some time. There is usually some odor, but there is no reason to be 

concerned about fumes. 

 Take a few minutes to observe the immediate reactions within the jar with the eggshell and 

vinegar. Children are likely to be excited, and allow time or structure turns for all to have a close 

look, while still not getting vinegar on their faces. If there is good self-control, leave the lid off the 

jar for these first few minutes for the best observations. White vinegar is clear, and while the 

bubbling is always noticeable, it may be comparatively soft and small. So particularly with shorter 

attention spans, emphasize patience and stillness for the best effect. If children haven’t mastered 

impulse control, cap the jar immediately, before making observations, to prevent spilling vinegar. 

If the light doesn’t facilitate good contrast, hold the capped jar in front of light or dark paper or 

backgrounds for contrast. 

 A simplified explanation of what’s happening in the jar is that the calcium carbonate shell, CaCO3, 

is being dissolved by the acidic vinegar and creating carbon dioxide gas, CO2.  When the ocean 

is full of carbon dioxide, an acidic reaction also takes place, and the calcium carbonate is also not 

able to form shells.  

 Take a photograph of the jar or encourage children to record their observations in a lab notebook 

or through drawing. Transition to leaving the jar capped and storing it in a spot where you can 

check it again.  There may be soft hissing from the cap because of the carbon dioxide. It’s best to 

not allow children to open the jar on their own.   

 Leaving the cap on, view the jar again in several hours, and/or regularly over the next two days, 

to observe how acid in the ocean makes shells weak. Continue to photograph or record these 

observations. Within about five hours, you should see that some of the eggshell has dissolved. 

Within two days, you should see only bits of eggshell left. The eggshell shape will want to float 

over time, but will dissolve more quickly when shaken back down fully into the vinegar.  Children, 



under supervision, may choose to quicken or slow the effects by occasionally shaking the jar or 

not. Egg shells have a membrane inside the shell, which is usually not all rinsed out. You may 

see that the soft, white membrane stays floating in the vinegar.  The difference is more obvious 

with brown eggs, where the brown shell will dissolve leaving the white membrane behind. 

 Leaving the cap on the jar allows you to contain the activity well. The reactions in the jar will 

cause some pressure, and the combination of vinegar and egg will cause some odor. You will not 

ruin the activity or be exposed to any unusual risk to open the lid on the jar at any time, but point 

away from anything sensitive just in case. Expect a little sigh or pop of pressure, and mild odor. 

Continue observations either way. 

 Wait at least a day, or up to three, then invite students to share their observations and 

conclusions. Ensure the connection that acidification prevents the building of shells is made at an 

appropriate level for the student. The additional resources below will help explain the particulars 

of the chemical reaction behind ocean acidification and explore further questions. To summarize 

what happens in the ocean, extra carbon dioxide dissolves in the salt water, where it forms ions 

that turn the water more acidic, which turns the shell building blocks of calcium carbonate into a 

different, unusable mineral salt called bicarbonate. 

 For clean-up, dispose of the eggshell remnants and vinegar by pouring it outside on the grass or 

pavement away from other people. You can also pour it down the toilet and flush. The empty jar 

can be recycled. 

 

 

3. Post-activity discussion questions 

 

A. How does the acid get in the ocean? 

For answers: Explain that many human activities have led to increases of a gas called carbon dioxide on our 

planet, including in the ocean. The carbon dioxide makes the ocean more acidic, which is making it harder for 

marine creatures to build their shells. 

Links for additional information: 

A graphic of the reaction behind acidification from NOAA 

An advanced video on ocean acidification from NOAA 

 

B. Why does ocean acidification matter? 

For answers: Explain that all living things are connected through sharing an ecosystem. One example of this 

is the food web, and if shelled creatures can’t survive in the ocean, we will eventually see a collapse of food 

webs and fewer fish for us to eat. Also, coral reefs and oyster reefs are constructed of calcium carbonate, and 

serve as storm protections for nearby islands and shores. If the reefs fail, more communities will have more 

severe damage from big storms. What other connections can you think of? 

Links for additional information: 

The big picture on ocean acidification from NEEF 

A technical analysis of impacts from Yale Climate Solutions 

  

 

 

https://www.pmel.noaa.gov/co2/story/What+is+Ocean+Acidification%3F
https://www.youtube.com/watch?v=9EaLRcVdTbM&feature=channel_video_title
https://www.neefusa.org/nature/water/marine-life-and-ocean-acidity
https://www.yaleclimateconnections.org/2008/06/covering-ocean-acidification-chemistry-and-considerations/


C. What can people do to prevent more damage from ocean acidification?  

For answers: People around the world are using more renewable energy, which does not release carbon 

dioxide to impact the ocean. We can also build piers and waterfronts that are designed to improve the water 

environment, called living docks or living shorelines, including using special building materials that balance 

the pH of the water,. 

Links for additional information: 

Ways to reduce ocean acidification from NRDC 

Innovations to build living shorelines from ECOncrete  

 

Background for Educators 

Additional Resources 

Ocean Acidification education from NOAA 

Evidence of carbon emission reductions connected to the pandemic from BBC News and  Carbon Brief 

 

Extension Activity  
 
If you have a seashell collection, you can try submerging a seashell in vinegar to model these reactions 
too. Seashells bought in stores may have a varnish applied, so be sure to use a seashell straight from the 
beach. Expect to wait a longer time to observe any structural changes in a seashell in vinegar. As described in the 
activity above, the thinner eggshell gives more immediate observations.   
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https://www.nrdc.org/issues/reduce-ocean-acidification
https://econcretetech.com/coastal-construction-products/
https://www.pmel.noaa.gov/co2/story/OA+Educational+Tools
https://www.bbc.com/news/science-environment-51944780
https://www.carbonbrief.org/analysis-coronavirus-set-to-cause-largest-ever-annual-fall-in-co2-emissions


Become an Ecological Engineer 
 
Activity Overview  
 
Become an Ecological Engineer is a curriculum aligned activity that can be done in a classroom, or by making a 
lab out of a family’s own kitchen. This activity will engage students in the skills of visualizing, constructing, and 
analyzing a simplified model of a shoreline to learn more about coastal resiliency and green infrastructure. While 
this formal lesson plan provides many details, our activity is completely adaptable for multiple ages and 
circumstances. We welcome you to innovate and come up with your own creative ways to explore the interactions 
of water and shoreline!  
 
During this activity, students will simulate examples of different shorelines using material that can be commonly 
found in grocery stores or around their own homes. These mock shorelines can be constructed of household 
items ranging from a sponge to rice. By experimenting with different materials, students will begin to understand 
how choices of raw material when constructing shorelines can have different effects on the coastal resilience, and 
quality of life, of a community. 
 
Become an Ecological Engineer is suitable for grades 3-12. The following lesson plan is adaptable for various 
levels and styles of learning.  
 
Goals  

 Learning Targets  
o Understand watershed concepts by observing how different shorelines respond to events such as 
flooding waves 
o Recognize the relationship between natural and developed areas and the impact human activities 
have on the shoreline 
o Draw conclusions about what students can do to make their communities more resilient 

 These learning targets fulfill the following components of the Next Generation Science Standards:  
Science and Engineering Practices   

o Developing and Using Models 
o Analyzing and Interpreting Data  
o Using Mathematics and Computational Thinking  

Crosscutting Concepts  
o Cause and Effect: Mechanism and Explanation   
o Scale, Proportion, and Quantity  
o Systems and System Models 

 Key Questions  
o What types of shorelines promote both coastal resilience and healthy shoreline ecosystems? 
o How can shoreline alterations positively or negatively affect a community? 
o What are some of the ways that you as a member of your community can help promote stable 
shorelines? 

 
Materials 

Use one set of materials per person, or take turns in a cooperative group sharing a set of these materials: 

https://www.nextgenscience.org/sites/default/files/Appendix%20F%20%20Science%20and%20Engineering%20Practices%20in%20the%20NGSS%20-%20FINAL%20060513.pdf


 1 rectangular tray – such as an aluminum tray, baking pan, roasting pan, or glass or corning ware dish, 
approximately 8 inches by 12 inches or larger.  Many sizes or types of trays could work, as long as the 
bottle below fits inside across the narrow end. 

 1 empty, single serve bottle - an aluminum or plastic water bottle works well, but even an empty soda 
bottle or can will work. 

 Material to make landfill – such as rice, beans or cornmeal.  Sand is a very good option, if available. You’ll 
need enough to spread a pile across one narrow side to the tray, a generous cup will work in an 8x12 
tray.  For cornmeal, check the Procedures section below for additional materials and instructions. 

 Materials to model  waterfront protective infrastructure - as many as you can find, including 1-2 kitchen 
sponges (as marshland), egg shell halves (as artificial reefs), a rock collection (as riprap), a shell 
collection (as natural reefs), or a brick (as a seawall). Try your own ideas too! 

 Water and a pitcher or measuring cup for pouring water into the tray. 

 A camera or notebook for recording observations. 

 A towel for wiping up any drips. 

 Pre-activity readings through these links: Green Infrastructure and What is Coastal Resilience? 

 Pre-activity video through this link: National Audubon Society: Coastal Resilience. 
 
 
Procedures 
 

1. Pre-activity reading, video, and questions 

Reading and Video: Before starting the activity, go over the pre-activity readings for background and 

context information on green infrastructure and coastal resilience.  We highly recommend the video link 

provided in the materials list, as it will provide a great insight into the ways coastal resilience is being modeled 

in this activity.   

Discussion: Review any ecosystem processes that have played a part of the students’ studies so far. 

This activity will provide an introduction to shoreline types and coastal resilience, but refreshing any 

background on the water cycle, watersheds, or ecosystems will help students better apply their learning.  

Vocabulary:  Shoreline, Erosion, Infrastructure, Coastal Resilience,  Green Infrastructure, Wetland, Salt 

Marsh, Seawall, Jetties, Groins, Rip Rap, Living Shoreline, Climate Change, Storm Surge, Hurricane Sandy, 

permeable, impermeable 

In general, green infrastructure maximizes the benefits of natural processes in our built environment.  

Green infrastructure can be inland or on the waterfront. In general, coastal resilience means that our 

waterfront and communities are prepared for a changing climate to be less affected by unusually high water 

or strong waves, and to recover easily from hazardous events. 

 

2. Activity: Coastal Engineering in a Tray 

 Prepare materials required for the activity. Place your tray on a flat surface. Choose which landfill 

material you will use and prepare enough to fill  ¼ to ⅓ of the tray: 

o Rice or beans will work dry right out of the bag or box. 

o Sand is excellent, though not always easy to find. 

o Cornmeal will make a great model shoreline, but takes more preparation, and you will 

need enough to empty and refill your tray, or to make two trays to start.  Boil anywhere 

from 2-4 cups of water. Once close to a rolling boil, stir in a ½ cup to 1 cup of cornmeal 

(depending on how many cups of water you used). Stir and let it thicken up. Once 

thickened up, have potholders handy to carefully transfer the mixture and cool it for about 

30 minutes, with two options: 

https://www.dec.ny.gov/public/915.html
https://oceanservice.noaa.gov/ecosystems/resilience/
https://www.youtube.com/watch?v=TN7xNlm2PRc


 Option 1. Transfer all the cornmeal to a storage container and place it in the 

refrigerator. Monitor as it cools so you can remove it when it’s the consistency of 

clay. 

 Option 2. Divide the cornmeal by pouring it into two trays or into one tray and one 

storage container.  In the tray, use utensils to push it into one side as described 

below. Place it all in the refrigerator and monitor as it cools so you can remove it 

when it’s the consistency of clay. 

 Set the landfill material across one narrow end of the tray, about ¼ to ⅓ filling the tray. Make sure 

to densely pack your material in to whichever side of the tray you have placed it.  

 Add water so that the tray is filled to about ½ the height of your landfill.  

 Hold your bottle horizontally and place it in the end of the tray opposite the landfill.   Move the 

bottle gently up and down in the water to make waves to test the stability of your landfill shoreline.  

You do not need to push the water towards the landfill.  Allow the up and down motion on the 

opposite side to generate waves that travel across the water to the shoreline, Change the 

frequency or force in moving the bottle up and down to create more or larger waves. Observe 

what happens to your shoreline as the severity of the wave action increases. 

 Take a photo or video or record your observations of your first shoreline test in a notebook. 

 Rebuild the landfill to reset your tray.   Remove the bottle. For rice, beans or sand, push them 

back into place on one end of the tray.  For cornmeal, you may pour it out and start with new 

cornmeal. 

 One at a time, add your infrastructure materials to protect your landfill shoreline, and make waves 

again to test them.  Layer or insert the protective infrastructure where the landfill meets the 

water’s edge. Repeat generating waves by moving the bottle up and down in the opposite end of 

the tray.  Observe what happens to your newly protected shoreline as the severity of the wave 

action increases.  Take a photo or video or record your observations of your first shoreline test in 

a notebook. 

 Reset, rebuild landfill, and evaluate different infrastructure protections as many times as you like.  

Try any materials, but be sure to make a connection to what kind of infrastructure the material 

represents, and to record your observations. You can also try a version with the protective 

materials, such as shell reefs, placed a little away from the landfill, modeling offshore protections. 

The more tests the better! 

 To conclude, sort your waterfront infrastructure materials into hardening protections (like a 

brick/seawall and rocks/riprap) or green infrastructure (like shell/reefs or sponges/marshland) 

o Which infrastructure materials protected your landfill the best? 

o Which infrastructure materials bring co-benefits, meaning they’re good for wildlife as well 

as for people? 

o Which types of infrastructure would you like to live next to?  Why? 

o How do your results compare to any real world circumstances you’ve seen in the past? 

 Clean up by rinsing everything before you put it away, and fully washing any dishes or utensils 

that you also use for eating.  Throw out wet beans, rice, or cornmeal, which is no longer good to 

eat. 

 

3. Post-activity projects 

Research Waterfront Infrastructure in Your Community:  

Many kinds of research can help you understand what the waterfront in your community is like.  Start 

by picking a waterfront area you’ve visited in the past, or would want to visit in the future.  

A. Use your personal knowledge.  Think about the last time you visited your waterfront, or look up 

pictures of the waterfront you’d like to visit.  Pay attention to what’s made of concrete, or what’s 



natural.   Draw a picture or make a list that identifies what is concrete or hard and what you see 

that is natural or green.  In general, green natural surfaces help absorb any extra water, and are 

called permeable.  On the other hand, hard concrete surfaces do not help manage water and are 

called impermeable.  How would strong waves or heavy rain to behave on this waterfront?   

B. Speak with others.  Ask your parents or any family members what they know about permeable 

surfaces and green infrastructure. Share your drawing or list.  What could be done to have more 

permeable surfaces on this waterfront to help manage flood water? 

C. Research on the internet.  Sometimes it’s not easy to see green infrastructure. Use the links 

below to learn more, and add new ideas about green infrastructure to your drawing or list. 

 

Civic engagement:  

A. Every neighborhood has representatives in government.  You can advocate for a more 

sustainable waterfront by reaching out to contact your local government representative, either by 

calling them directly or by emailing them. Share your research from above, ask what’s being done 

to help make your waterfront resilient, and ask if there are any projects being planned to help 

restore natural protections for the waterfront. 

Contact your New York City Council Member  

Contact the town Mayors of New Jersey  

B. Think about what you have learned from your representative or from your research and write 

down examples of 3 things that you as an individual can do to help improve the condition of your 

local waterfront. 

C. To learn more about the guidelines that communities around New York City are using to revitalize 

their waterfronts, check out Waterfront Alliance’s own WEDG ® (Waterfront Edge Design 

Guidelines). 

 

Background for Educators 

Additional Resources  

NYSDEC’s Coastal Green Infrastructure Research Plan for New York City 

NOAA’s Green Infrastructure Animation 

NOAA’s Providing Green Infrastructure for Coastal Resilience PowerPoint  

EPA’s Green Infrastructure for Climate Resiliency Infographic  
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https://council.nyc.gov/districts/
https://www.state.nj.us/dca/home/mayors.html
http://wedg.waterfrontalliance.org/
http://wedg.waterfrontalliance.org/
https://www.dec.ny.gov/lands/100057.html
https://coast.noaa.gov/greeninfrastructurevis/?utm_source=Media&utm_medium=Announcement&utm_campaign=GreenInfrastructure
https://www.northeastoceancouncil.org/wp-content/uploads/2019/01/Intro-Green-Infrastructure-NOAA.pdf
https://www.epa.gov/file/green-infrastructure-climate-resiliency-infographic

