How much organic waste can composting worms eat?

Grade 7-10
Abstract
What happens to the food leftovers in your home? Leftovers are a type of organic waste, a waste that comes from a plant or animal. Organic waste, like table scraps, agricultural waste, and human and animal waste, is biodegradable. This means, if oxygen is present, it can be broken down by various microorganisms through a process called composting. If oxygen is not present, it can be broken down using bacteria that do not need oxygen in a process called anaerobic digestion/respiration. 

Although organic waste is biodegradable, it is a big problem for the environment. In landfills, it decomposes anaerobically to produce a gas called biogas, which is mostly methane, a significant greenhouse gas. It also breaks down from a solid state into a liquid leachate, which can contaminate ground water and release heavy metals, such as mercury from old batteries, into the ground water. In sewage systems, some organic wastes can also contain heavy metals or nutrient pollutants, and uncontrolled disposal can lead to water pollution. Despite the difficulties in its disposal, organic waste is a highly valuable resource. It is energy-rich and full of nutrients. When processed properly, it can greatly enrich soils or run biogas generators to produce electricity. 

In this inquiry based science project, you will explore how composting worms, called red wigglers or Eisenia fetida, can be used to break down organic waste, like food leftovers. 
Grade level

This activity could be used in grades 7-10.  I chose my Honor’s Biology Class consisting of grade 10.  The lower levels inquiry will most likely address mass.  I expect the upper level students to also look at the amount of food that each worm eats through an inquiry-lab that they create with their lab group.

Resource type

This is designed to be a LAB ACTIVITY that will last a number of weeks.

Subject

This inquiry activity will be used in the sophomore Honor’s Biology class.  It could also be used in the Environmental Class.

National Science Standards

Content Standard A-Science as Inquiry
As a result of activities in grades 9–12, all students should develop
· Abilities necessary to do scientific inquiry

· Understandings about scientific inquiry

Content Standard C-Life Science
As a result of their activities in grades 5-8, all students should develop understanding of
· Structure and function in living systems
Content Standard E-Science and Technology
· Abilities of technological design

· Understandings about science and technology

Scientific inquiry and technological design have similarities and differences. Scientists propose explanations for questions about the natural world, and engineers propose solutions relating to human problems, needs, and aspirations. Technological solutions are temporary; technologies exist within nature and so they cannot contravene physical or biological principles; technological solutions have side effects; and technologies cost, carry risks, and provide benefits.

· Science and technology are reciprocal. Science helps drive technology, as it addresses questions that demand more sophisticated instruments and provides principles for better instrumentation and technique. Technology is essential to science, because it provides instruments and techniques that enable observations of objects and phenomena that are otherwise unobservable due to factors such as quantity, distance, location, size, and speed. Technology also provides tools for investigations, inquiry, and analysis.

· Perfectly designed solutions do not exist. All technological solutions have trade-offs, such as safety, cost, efficiency, and appearance. Engineers often build in back-up systems to provide safety. Risk is part of living in a highly technological world. Reducing risk often results in new technology.

· Technological designs have constraints. Some constraints are unavoidable, for example, properties of materials, or effects of weather and friction; other constraints limit choices in the design, for example, environmental protection, human safety, and aesthetics.

· Technological solutions have intended benefits and unintended consequences. Some consequences can be predicted, others cannot.

Content Standard F-Earth Science

Soil consists of weathered rocks and decomposed organic material from dead plants, animals, and bacteria. Soils are often found in layers, with each having a different chemical composition and
Content Standard G-Life Science

Fundamental concepts and principles that underlie this standard include
STRUCTURE AND FUNCTION IN LIVING SYSTEMS
· Living systems at all levels of organization demonstrate the complementary nature of structure and function. Important levels of organization for structure and function include cells, organs, tissues, organ systems, whole organisms, and ecosystems.

POPULATIONS AND ECOSYSTEMS
· A population consists of all individuals of a species that occur together at a given place and time. All populations living together and the physical factors with which they interact compose an ecosystem.

· Populations of organisms can be categorized by the function they serve in an ecosystem. Plants and some microorganisms are producers—they make their own food. All animals, including humans, are consumers, which obtain food by eating other organisms. Decomposers, primarily bacteria and fungi, are consumers that use waste materials and dead organisms for food. Food webs identify the relationships among producers, consumers, and decomposers in an ecosystem.

· For ecosystems, the major source of energy is sunlight. Energy entering ecosystems as sunlight is transferred by producers into chemical energy through photosynthesis. That energy then passes from organism to organism in food webs.

· The number of organisms an ecosystem can support depends on the resources available and abiotic factors, such as quantity of light and water, range of temperatures, and soil composition. Given adequate biotic and abiotic resources and no disease or predators, populations (including humans) increase at rapid rates. Lack of resources and other factors, such as predation and climate, limit the growth of populations in specific niches in the ecosystem.

Content Standard G-History and Nature of Science
As a result of activities in grades 5-8, all students should develop understanding of
· Science as a human endeavor

· Nature of science

· Women and men of various social and ethnic backgrounds—and with diverse interests, talents, qualities, and motivations—engage in the activities of science, engineering, and related fields such as the health professions. Some scientists work in teams, and some work alone, but all communicate extensively with others.

· Science requires different abilities, depending on such factors as the field of study and type of inquiry. Science is very much a human endeavor, and the work of science relies on basic human qualities, such as reasoning, insight, energy, skill, and creativity—as well as on scientific habits of mind, such as intellectual honesty, tolerance of ambiguity, skepticism, and openness to new ideas.

· Scientists formulate and test their explanations of nature using observation, experiments, and theoretical and mathematical models. Although all scientific ideas are tentative and subject to change and improvement in principle, for most major ideas in science, there is much experimental and observational confirmation. Those ideas are not likely to change greatly in the future. Scientists do and have changed their ideas about nature when they encounter new experimental evidence that does not match their existing explanations.

· In areas where active research is being pursued and in which there is not a great deal of experimental or observational evidence and understanding, it is normal for scientists to differ with one another about the interpretation of the evidence or theory being considered. Different scientists might publish conflicting experimental results or might draw different conclusions from the same data. Ideally, scientists acknowledge such conflict and work towards finding evidence that will resolve their disagreement.

· It is part of scientific inquiry to evaluate the results of scientific investigations, experiments, observations, theoretical models, and the explanations proposed by other scientists. Evaluation includes reviewing the experimental procedures, examining the evidence, identifying faulty reasoning, pointing out statements that go beyond the evidence, and suggesting alternative explanations for the same observations. Although scientists may disagree about explanations of phenomena, about interpretations of data, or about the value of rival theories, they do agree that questioning, response to criticism, and open communication are integral to the process of science. As scientific knowledge evolves, major disagreements are eventually resolved through such interactions between scientists.

Ohio Science Standards for both Science Content & Inquiry
Life Sciences

Benchmark -Scientific Inquiry

Benchmark A Grades 9-10: Participate in and apply the processes of scientific investigation to create models and to design, conduct, evaluate and communicate the results of these investigations

Benchmark A-Grades 11-12: Make appropriate choices when designing and participating in scientific investigations by using cognitive and manipulative skills when collecting data and formulating conclusions from the data

Benchmark -Scientific Ways of Knowing

Benchmark A Grades 9-10: Explain that scientific knowledge must be based on evidence, be predictive, logical,subject to modification and limited to the natural world

Benchmark B Grades 9-10: Explain how scientific inquiry is guided by knowledge, observations, ideas and

questions.

Benchmark-Earth and Space Science

Benchmark B Grades 9-10: Describe how Earth is made up of a series of interconnected systems and how a change in one system affects other systems

Benchmark-Life Sciences

Benchmark E Grades 9-10: Explain the interconnectedness of the components of a natural system

Columbus Diocesan Course of Study
Diversity and Interdependence of Life 
• Classification systems are frameworks created by scientists for describing the vast diversity of organisms, indicating the degree of relatedness between organisms. 

• Ecosystems o Homeostasis Carrying capacity 

Equilibrium and disequilibrium 

Science Inquiry and Application 
During the years of grades 9 through 12 all students must use the following scientific processes to construct their knowledge and understanding in all science content areas: 
• Identify questions and concepts that guide scientific investigations; 
• Design and conduct scientific investigations; 
• Use technology and mathematics to improve investigations and communications; 
• Formulate and revise explanations and models using logic and evidence (critical thinking); 
• Recognize and analyze explanations and models; and 
• Communicate and defend a scientific argument. 
• Apply Catholic values to development and application of science concepts. 

Historical Environmental Issues and Information 
This topic explores the background and history of environmental actions and laws. This includes investigations on a local, national and global level. 

• Resource use and conservation 

• Environmental issues through time o Population changes 

o Waste management: sewage, hazardous and solid waste 

o Land use: development, zoning and agriculture (point source and non-point source contamination, thermal pollution) 

o Water: surface and ground water protection, Clean Water Act 

o Air: primary and secondary contamination, greenhouse gases, Clean Air Act 

o Industry changes, permits and regulations (point source and non-point source contamination, thermal pollution) 

Patterns and Cycles on Earth 
This topic focuses on biogeochemical cycles and the connection to Earth’s spheres (hydrosphere, atmosphere, biosphere and lithosphere). This includes an understanding of the cause and effect of climate change. 

• Conservation of matter, physical and chemical changes that impact the environment 

Concepts and Principles of Environmental Science 
The principles of Environmental Science include principles from other science disciplines (such as biology), but are applied to environmental issues. 

• Abiotic factors that influence ecosystems 

• Ecosystem equilibrium 

• Energy transfer and transformation 

Objective(s)                                            bold letters:Bloom’s taxonomy
~Students should use an ‘inquiry’ approach to discovering, and understanding, how quickly, and how much organic matter is broken down by worms.

~Students should develop precision in the use of scales, calibrate scales and analyze quantitative data.

~Students should be able to manipulate their quantitative data to create charts and graphs.

~Students should be able to identify and analyze inorganic matter from organic matter.

~Students should develop problem solving skills which enable them to articulate a problem based on given information.
Pre-assessment

Inquiry Activity





Name___________________

Decomposition

1. Distinguish between inorganic and organic matter.

2. List the steps you take when using an electronic scale.

3. How is soil created?

4. What is the difference between quantitative and qualitative data?

5. How important are worms in your life?  (
6. What is a graduated cylinder?

7. What is a meniscus (when dealing with chemistry)?

Lesson Plan                              
Organic nutrient decomposition

Inquiry lesson

Pre lab introduction

You will build a worm farm, and then test how much organic waste your worms can process, and how fast they can do it.  You will need to collect data for several weeks.  You will measure out and record a sample of organic waste, add it to the worm farm, and then record how many days it takes for the sample to disappear.  You can then create a bar chart, graphing the weight of each sample on the x-axis, and the number of days it took for each sample to decompose on the y-axis

As variations, you could consider keeping the weight and type of organic waste samples a constant, but then collecting temperature of pH data to see if that has any impact on the rate at which the worms decompose organic waste.  You can also collect and measure “worm urine” from the bottom of your worm farm and see how it impacts the growth of identical plants.  Use plain tap water as a source of water for some plants, and worm urine as a source of water and fertilizer for the others.
Hypothesis  (If ….then)
Assessable material

Box




Top Soil


Red worm

Water




Electronic scale

Graduated cylinder
Organic waste


Graph Paper

~you may use any materials available in the classroom per my permission  (
Experiment
With your group, come up with an experiment for testing the amount of time it takes for organic matter to decompose AND how much organic matter is consumed by each worm.
You may have to work not only as a group, but as a class.  For instance, should you keep the amount of soil equal in all groups?
When you have come to a consensus, list your steps below~ clearly so that others may repeat your experiment. 

Data

Please collect data every Friday.  Make a data table and attach to the area below.

You will be collecting data and creating graphs to illustrate your findings.

Results-Graphs

Conclusion

Please write a concise summary of the findings of your experiment. Was your hypothesis valid? In addition, the last paragraph should include what you may do differently the next time you would attempt this experiment.
Mrs. Vohsing will give you a POST-test to see what you have learned once the labs are turned in. (
Post-assessment
Inquiry Activity





Name___________________

Decomposition

1. Distinguish between inorganic and organic matter.

2. List the steps you take when using an electronic scale.

3. How is soil created?

4. What is the difference between quantitative and qualitative data?

5. How important are worms in your life?  (
6. What is a graduated cylinder?

7. What is a meniscus (when dealing with chemistry)?

Resources

 Practical Action. (n.d.) Organic waste. Retrieved August 15, 2011 from

Http://www.sciencebuddies.org/science-fair-projects/project_ideas/EnvSci_-055.shtml?fav
Practical Action.(n.d.). Recylcing Organic Waste. Retrieved August 15, 2011 from

http://practicalaction.org/docs/technical information service/recycling organic waste
This source provides information about making a worm farm:

Louisiana Department of Environmental quality. (2008). Making a Worm Farm. Retrieved August 15, 2011, from

http://www.deg.state.la us/portal/default.aspx?tabid=2101
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	Abstract
	Excellent summary of the important points of your project
	Adequate summary of the important points of your project
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