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Sustainable Science


Blue Mussels: 
Expert Sustainable Engineers Unit

Teacher Background and Overview:
Nature can inspire scientists, designers, and engineers with new ideas for sustainable innovations. Green chemistry is the science that provides tools to create safer products and materials at the beginning stages of design. Biomimicry, or taking inspiration from nature to design new technologies, is a tool that green chemists use as they create chemical products and processes. This unit brings together biomimicry and green chemistry principles and concepts as students learn about blue mussels and their connection to “greener,” more sustainable adhesives.

Mussel is the common name for members of the bivalve mollusk family. A variety of mussels species can be found in both freshwater and saltwater habitats. Blue mussels are more commonly found in high-energy ocean environments, where they must withstand impacts from waves, tides, strong currents, etc. Ribbed mussels are found in lower-energy ocean environments, such as salt marshes, where they are protected by marsh vegetation. 

To attach to rocks and other solid objects, mussels use rope-like protein structures called byssal threads. However, not all byssal threads are the same. When a mussel lives in a high-energy environment, it must work harder to stay attached to a surface; therefore, blue mussels have much stronger byssal threads than ribbed mussels do. 

Blue mussels are an excellent example of how biomimicry and green chemistry complement each other. Their unique adhesive chemistry, including their byssal threads, allows them to attach strongly to wet surfaces. By examining and imitating the chemistry involved in blue mussels’ “stickiness,” scientists have designed adhesives that are better for both human health and the environment, as compared to some traditional adhesives, particularly in construction materials. In 2007, Columbia Forest Products was recognized with the Presidential Green Chemistry Challenge Award for its Pure Bond technology: a wood glue used in plywood that’s based on blue mussels’ adhesive chemistry. 

This unit begins by introducing students to biomimicry through a matching game. Then, students will gather data to compare the usefulness of glue in both dry and wet environments, as well as investigate where yarn gets it strength, in order to explore how mussels have innovated to stick in their environments and consider how scientists can use that information to make better products.

Additional Resources:
Mighty Mussels Have Industrial Strength https://www.npr.org/templates/story/story.php?storyId=124319594
www.asknature.org (search Byssus Threads Resist Force)
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Lesson Summaries:
Lesson 1: Exploring Sustainable Innovations
Time Required: 30 minutes for activity + 30 minutes for reading
This lesson will introduce students to biomimicry, first by decoding and defining the word, then by an interactive matching game. The lesson wraps up by introducing blue mussels through reading.

Lesson 2: Stuck on Sustainability 
Time Required: 30 minutes
The purpose of this lab is to encourage students to think about the performance of a glue by investigating how changing the environment affects an adhesive’s properties. Students will gather data to later analyze and draw a conclusion as a class.

Lesson 3: Adaptation Investigation
Time Required: 30 minutes
This lab focuses on animal adaptations by emulating the byssal threads in a mussel. Students will use yarn to simulate a byssal thread and collect data related to the strength of the yarn.

Lesson 4: Survival of Stickiness
[bookmark: _GoBack]Time Required: 30 minutes
Lesson 4 wraps up this unit by having the students reflect on their experiments from the previous lessons and extend their learning about connections between biomimicry and green chemistry. Students will discuss the conclusions they drew from each experiment and analyze their data from lesson 2 as a class. They will then consider how biomimicry can be applied to solve other problems in science and engineering.

Standards:
NGSS
3-LS3-2 Use evidence to support the explanation that traits can be influenced by the environment. Lesson 2, Lesson 3, Lesson 4
3-LS4-2 Use evidence to construct an explanation for how the variations in characteristics among individuals of the same species may provide advantages in surviving, finding mates, and reproducing. Lesson 3
3-LS4-3 Construct an argument with evidence that in a particular environment some organisms can survive well, some survive less well, and some cannot survive. Lesson 3 
3-ESS3-1 Engineers improve existing technologies or develop new ones to increase their benefits, decrease known risks, and meet societal demands. Lesson 1 
3-5-ETS1-1 Define a simple design problem reflecting a need or a want that includes specified criteria for success and constraints on materials, time, or cost. Lesson 4  

Massachusetts Standards
STE
3-LS3-2 Distinguish between inherited characteristics and those characteristics that result from a direct interaction with the environment. Give examples of characteristics of living organisms that are influenced by both inheritance and the environment. Lesson 2, Lesson 3, Lesson 4
3-LS4-2 Use evidence to construct an explanation for how the variations in characteristics among individuals within the same species may provide advantages to these individuals in their survival and reproduction. Lesson 3 
3-LS4-3 Construct an argument with evidence that in a particular environment some organisms can survive well, some survive less well, and some cannot survive. Lesson 3
3-5-ETS1-1 Define a simple design problem that reflects a need or a want. Include criteria for success and constraints on materials, time, or cost that a potential solution must meet.  Lesson 4

ELA & Literacy
RSIT.3.2 Determine the main idea of a text, recount the key details, and explain how they support the main idea. Lesson 1, Lesson 3
RSIT.3.3 Describe the relationship between a series of historical events, scientific ideas or concepts, or steps in technical procedures in a text, using language that pertains to time, sequence, and cause/effect. Lesson 1, Lesson 3 
RSFS.3.3 Know and apply grade-level phonics and word analysis skills in decoding words. Lesson 1
a. Identify and know the meaning of the most common prefixes and derivational 
suffixes. 
b. Decode words with common Latin suffixes.
c. Decode multisyllable words. 
WS.3.1 Write opinion pieces on topics or texts, supporting a point of view with reasons. Lesson 2, Lesson 3 
	b. Provide reasons that support the opinion. 
WS.3.2 Write informative/explanatory texts to examine a topic and convey ideas and information clearly. Lesson 2, Lesson 3
	b. Develop the topic with facts, definitions, and details.
	d. Provide a concluding statement or section. 
WS.3.8 Recall information from experiences or gather information from print and digital sources; take brief notes on sources and sort evidence into provided categories. Lesson 2, Lesson 3 
SL.3.1 Engage effectively in a range of collaborative discussions (one-on-one, in groups, and teacher-led) with diverse partners on grade 3 topics and texts, building on others’ ideas and expressing their own clearly. Lesson 1, Lesson 3
	d. Explain their own ideas and understanding in light of the discussion. 
SL.3.2 Determine the main ideas and supporting details of a text read aloud or information presented in diverse media and formats, including visually, quantitatively, and orally. Lesson 3, Lesson 4 
SL.3.3 Ask and answer questions about information from a speaker, offering appropriate elaboration and detail. Lesson 4
SL.3.6 Speak in complete sentences when appropriate to task and situation in order to provide requested detail or clarification. Lesson 1, Lesson 3, Lesson 4  
LS.3.5 Demonstrate understandings of word relationships and nuances in word meanings. Lesson 1, Lesson 3
	b. Identify real-life connections between words and their use. 

Math
3.MD.A1 Solve problems involving measurement and estimation of intervals of time, liquid volumes, and masses of objects. Lesson 2
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