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Introduction and background:

This lab continues our study of the body systems and heath.  You will be able to identify the main structures of the respiratory system, describe how the respiratory system functions with the other body systems to deliver oxygen to the cells and remove waist.  You will be able to estimate and calculate the maximum volume of your lungs or vital capacity.  You will know how to care for your respiratory system and know what can harm them.  You will practice the skills needed to say no to dangerous behaviors.  Review your respiration lab, cell lab, and chemical formula activities to help you remember and understand the role of oxygen and carbon dioxide in respiration. 

What is lung volume or lung capacity?

Lung capacity is how much air can fit into your lungs in one breath.  The air we breath contains oxygen and other gases.  Oxygen bonds to hemoglobin in our blood and goes to every cell in our body.

Why do we need oxygen? 

We use oxygen (O2) to burn sugar and get energy to live.

In other words, we take in oxygen to use in the chemical reaction called respiration where glucose is broken down in the mitochondria of every cell and cellular energy (ATP) is released. 

How do I breath?

Muscles pull oxygen into the spongy lungs.

In other words, the human lung is made up of elastic tissue and breathing occurs due to the contraction and relaxation of the intercostal muscles and the diaphragm. 

Bad news: 

the National Cancer Institute did a study and found that ever year in the U.S. there are two-hundred and fifty thousand people who are diagnosed with lung cancer and one-hundred and fifty seven thousand people die.  That is a hundred fifty seven of our schools filled with people (  

Good news: 

When you exercise you help your lungs and body systems. By leaning and practicing the skill needed to make healthy choices with your friends and family, you can greatly reduce your chance of getting cancer.  
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DAY 1 and 2  Problem Solving. Inquiry. Draw and describe your work

Today you will be given the materials needed to find your lung volume in at least three different ways.  You will then calculate the volume in centimeters cubed or milliliters or liters. 

Start with an estimate or guess for your own lung capacity. Record on your lab report paper.  Also make an estimate of the average lung capacity for a group of male teens and female teens.  

My hypothesis: Me________.  Female teens________.  Male teens_________.

You will not be given any instructions on the first or second day!  It’s fun to try and figure it out on your own.

 Be creative.  Try anything you think of.  Talk it out with your group.

See attached lab report answer sheet.

Check the materials at your lab station:

Raise your hand if you are missing anything: balloon, meter stick, two gallon water jug, five gallon storage bin, string, plastic tubing one-meter long and at least two-centimeters in diameter, string, catch basin, one liter or larger graduated cylinder or measuring cup, funnel.  You can use some of the materials more than once.  Some of the materials you may not use at all.  Build one apparatus at a time. 

Safety concerns: 

Sterilize balloons and plastic tubing after each use.  Plant based soap mixed with vinegar and salt makes a nice non-toxic disinfectant.  If you are sick, DO NOT put the balloons or tube in your mouth-use your lab partners’ data.

Procedure:

Examine your materials and start building the first devise or apparatus to measure lun volume.  “Brain storm” with your team.  Ask yourselves, “how could I use these materials to find the volume of my lungs?”  I suggest starting by finding how much space the air takes up then worrying about measuring in cm3 or ml.

Remember there are at least three ways to determine the maximum volume of your lungs.

Start building, observing, and measuring!

Lab reports and drawings: 

When you come up with an idea that works write it down and draw it on your lab report sheet. Share ideas and help each other buy everyone has his or her own paper.

Draw and label your creations or apparatus on lab sheet.  Then use the process analysis essay style.  Include some of these words in your procedure: First, second, next, and finally.  Also use words like build, observe, measure, and record.  Scientist use this style of writing a lot to describe what they did or made.

Your grade (see attached participation rubric):

For day one and two you will be graded on your participation, drawings, and progress on your process analysis essay.  

How to earn an “A”:

 - Worked the entire time with your group and come up with at least two  

   ways to find your lung volume.  

- Correctly calculated the volume in cm3 or ml. You have shown your work  

   and used the correct units. 

- You have drawn the apparatus you used and labeled the parts.

- You have explained the steps you took to find the volume of your lungs— 

   “First I took the balloon and…”
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Student Lab Report:

Start with an estimate or guess for your own lung capacity and also the average for a group of male teens and female teens.  Guess in ml or cm3.

My hypothesis: Me________.  Female teens________.  Male teens_________.

Draw and label your creations or apparatuses on lab sheet.  Then use the process analysis essay style.  Include some of these words in your procedure: First, second, next, and finally.  Also use words like build, observe, measure, and record.  Scientist use this style of writing a lot to describe what they did or made.
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Apparatus #1

Draw:

Describe:  First, second, then, finally…

Calculations:  Show your work and use the correct units.

Apparatus #2

Draw:

Describe:  First, second, then, finally…

Calculations:  Show your work and use the correct units.

Apparatus #3

Draw:

Describe:  First, second, then, finally…

Calculations:  Show your work and use the correct units.

Day 3 and 4

First you will be calculating your expected vital capacity and tidal volume with a meter stick and fitness factor table (find your height them multiply by the factor in the table). Then you will measure vital capacity and tidal volume using the balloon diameter technique and Pi.

Vital capacity and tidal volume are the scientific names used for normal and maximum lung volume.

The data you generate today will be used to make and analyze graphs and to answer question about your lung functions.

The first spirometers were similar to the apparatus you made in your groups to find lung volume.  Today we will use the balloon.  If you finish early you may use the air displacing water spirometer and compare your results from both techniques. 

Information:

A spirometer is used for basic Pulmonary Function Tests (PFTs). It a preliminary test for pulmonary diseases such as lung cancer, asthma, bronchitis, and emphysema.  Pulmonary means related to the lungs.

Background:

The lung capacity values are related to several factors that include height, gender, and fitness levels. 

Lung Volumes Table:

Average adult lung volumes measured with a spirometer.  

Volumes are in centimeters cubed (cm3) or milliliters. 

                                       Male                  Female 

Vital Capacity            5000                   4000 

Tidal Volume                525                      475 

TIDAL VOLUME

The amount of air that you move in and out of your lungs while breathing normally is called TIDAL VOLUME. This amount of air provides enough oxygen for a person who is resting. 

VITAL CAPACITY 

The maximum amount of air you can move in and out of the lungs is called the VITAL CAPACITY. 

Estimating  of Expected Vital Capacity 

Use a meter stick and the wall to find your height in centimeters or multiply your height in inches by 2.54 to get your height in centimeters. 

Find your fitness factor in the table below.  

Calculate your expected vital capacity by multiplying height in centimeters by the fitness level factor.

Fitness level factor table:
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Calculating vital capacity from balloon diameter and graph:

1. Measuring Tidal Volume (normal breathing): 

-Stretch and inflate a round balloon several times to make it easier to blow        up.

- Inhale normally and then exhale normally into the balloon.  Do not force                 your breathing. 

-Pinch the end of the balloon and measure its diameter (see diagram or your teacher will demonstrate). 

-Blow up the balloon three times and record into data table.  Then compute the average and record.
2. Measuring Vital Capacity (maximum lung capacity): Repeat the procedure for tidal volume above but, this time inhale as much air as you can and exhale as much as you can. Take and record three measurements into the data table.
3. Next, Calculate the average or mean diameter by adding your three values and dividing by three.  Finally, convert the average balloon diameter to a volume using the graph and record this in your table. 
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Examine the data table of a person who entered into an exercise-training program. This person's vital capacity was measured over a sixty-day period. 
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Use the data to construct a graph 

(Use your notes from the S.U.L.T.A.N. ppt. to construct your graph).
What happened to the person's vital capacity over the course of the training period?  Use some of these words in your description: increase, decrease, slope, liner, and curved.
What might have contributed to this large increase in such a short time?  Think of your body systems.

Assessment:

Chose the question or activities from the list below that best fits your curriculum.

You may use participation rubric for day one and two.

Student built and use all three apparatus accurately on there own = “5”.  

Student built and used two = “4”. 

Built and used one = “3”.  

Needed some direct instruction = “2”. 

Needed much direct instruction or copied other students = “1”.  

Did not build = “0”.  

Assessment of vital capacity graph use S.U.L.T.A.N. power point. 

One point for each letter in the acronym.

Assessment of vital capacity apparatus and calculations: Fill in the table below with your lung volume data (vital capacity) for 

     each of the three techniques.

                        TECHNIQUE
                                          VOLUME IN MILLILITERS                                



- Balloon diameter and pi



- Balloon water displacement



- Water jug air displacement

     Look at your data.  If your three calculations are within five-percent of   

     each other you earned an “A” on this portion, ten-percent “B”,

     fifteen-percent “C” and so on.

What factors could have caused the differences between your calculated   volumes? 

 Look at your estimated lung volume.  How does it compare to your   

calculated volume from diameter and pi?   

Find the volume of  your family’s lungs.  One male:  One female:  One smoker:  One person with asthma before and then after they use their inhaler.  Use a balloon, string, and metric ruler.  Record data and show your work. 

Encourage your family to do one errand on foot this week.  Start an exercise program with a friend and monitor your lung capacity over the next few months—see chart. 

What can you do to help everyone’s lungs.  Pledge to ride, walk, or take the bus this week.  Join “pedal power” at our GVJH. 

157,000 people die from lung cancer each year in the USA.  The population of the USA is 310,000,000.   What is the probability of one person dieing from lung cancer in the USA?  One out of every _____ people. 

Or give a percentage.

A spirometer is used for basic Pulmonary Function Tests (PFTs). It a preliminary test for pulmonary diseases such as lung cancer, asthma, bronchitis, and emphysema.  Pulmonary means related to the lungs.

Describe the illnesses which for which a spirometer are used as a preliminary test discuss their causes, treatments, and behaviors which increase or decrease your risk or probability of getting them.  Pick one for each team member and be prepared to share with your team and the class tomorrow.  Pretend you have one of these diseases, what would your life be like?  If, two or more people want the same disease row-sham-bo.

Describe what occurs to cause inhalation and exhalation.

How does your experimental vital capacity compare with the calculated one.  Calculate the experimental error and give a reason why there may be an error. 

Measure your respiratory rate (breaths per minute) How much air would you inhale and exhale in 1 minute? 

Why did you do many trials instead of just one to obtain results for this experiment? 

How might an individual increase his/her vital capacity? 

 How would emphysema affect the vital capacity? 

How would an asthma attack affect the tidal volume?

Health connection:

Encourage someone in your family to stop smoking.  Pledge to be smoke free. Make changes in your diet and exercise to improve your asthma or reduce your risk of respiratory problems.  Model and practice or make up a skit showing the skills needed to say no to smoking. 

Service Learning connection: 

Relate your community service graduation requirement to cancer work. Pledge to do a cancer walk or volunteer at a local organization helping cancer patients.  Visit cancer patients in the local hospital.   

Standards:

You may choose to include a list of standards for the student to check off as you go through this lab and your body system / physiology unit.

Students work together to solve problems and select appropriate tools and procedure for an experiment.  Write a process analysis essay explaining your work.

7th:  Describe how the body systems work together to provide oxygen to the mitochondria for respiration.  Write and explain the respiration equation in words and symbols.

8th:  Add to seventh grade, balance the respiration equation and explain the conservation of mass in a chemical reaction / equation.  

High School: SS#9a Physiology.

Health: K-12. #1,4, and 5.   Students know the most prevalent respiratory diseases, causes, and behaviors effecting risk.  Students model interpersonal and intrapersonal skills to avoid or change high risk behavior.

High School Math:  Geometry #8: Students identify and use the correct formulas to find the volume of geometric shapes.

Common Core Math:  #4 “Model with mathematics”.  Students apply the mathematics they know to solve problems arising in everyday life, society. 

