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Regents Biology Laboratory Investigation

THE HUMAN LUNG
Background Information


The human lung is a highly-specialized organ that can very efficiently exchange gasses between the blood and the outside environment.  The lung, as you recall, is made out of a spongy material, with the functional unit being the alveolus.  The comparison between the lung and a balloon which is often made is accurate to a point; there are, however, no large air spaces like the inside of a balloon.  The lungs do expand and contract much like a balloon does.  Some animals do have large, balloon-like spaces.  Members of class Aves (birds), as an example, have two lungs just as humans do, but also have several air sacs both anterior and posterior to the lungs.  These sacs expand and contract along with the lungs, allowing more efficient breathing.

There are several measurements that can be made of lungs to determine their health and general size

1.  The vital capacity of a lung is how much air it can hold when completely filled.


2.  The expiratory reserve is the amount of air left in a lung after exhaling normally.


3.  The tidal volume is the amount of air that is normally taken in with each breath.


4.  The dead space is the amount of air left in the lungs, trachea, bronchi and bronchioles, and which cannot be expelled.


These measurements will vary for each person, because no two people are exactly the same size.  The fitness of each person will also determine, to some extent, what these measurements turn out to be.  It should be noted that there are no exercises to increase the vital capacity of a lung; those people who are genetically programmed to have larger lungs do have an advantage in athletic competition.
Purpose

The purpose of this investigation is to explore how measurements of the lungs can be made, and to make inferences about how these measurements might be affected by outside factors.  You will also use your math skills to translate raw data into useable data.
Materials

Balloon
PENCIL


Ruler
Meter stick
Procedure


In a physiology lab, scientists use a device called a spirometer to collect data about lung capacities.  However, we don’t have one.  Instead, we will use balloons to collect the air that is exhaled from your lungs.  By making measurements of the balloon, we can get some usable data about your lungs.


A balloon is almost a perfect sphere.  It is very difficult to measure the volume of a sphere, but we can get the volume by measuring something much simpler:  the diameter.

Measure the diameter of your balloon by holding a meter stick next to it vertically, and using your ruler to make a line from the top of the balloon to the meter stick.


That’s all well and good, but we want the volume of the sphere.  Recall that the formula for the volume of a sphere is

V = 4/3 π r3
So if we knew the radius of the sphere, we could plug that into the formula, and get the volume.  Luckily, we have the diameter, and to get the radius, all you need to do is divide the diameter in half.  Now, substitute in the radius, follow the order of operations (please excuse my dear aunt sally!), and you have your volume.  Simple, eh?
PART ONE – VITAL CAPACITY


1.  Take a breath that is as deep as you possibly can.


2.  Exhale absolutely all the air that you can into the balloon, even past the point that you think you might be “empty.”


3.  Pinch the balloon to keep the air inside, and measure the diameter.


4.  Record the diameter in table 1.


5.  Run four more trials, for a total of five.


6.  When you are done with your five trials, convert all the diameters into volumes using the process described above, and record them in table 2.
PART TWO – EXPIRATORY RESERVE


1.  Exhale normally, but stop when you are done.  Do not inhale again.


2.  Put the balloon to your mouth, and exhale the air that is left in your lungs into the balloon.


3.  Pinch the balloon to keep the air inside, and measure the diameter.


4.  Record the diameter in table 1.


5.  Run four more trials, for a total of five.


6.  When you are done with your five trials, convert all the diameters into volumes using the process described above, and record them in table 2.

PART THREE – TIDAL VOLUME


1.  Inhale normally.


2.  Put the balloon to your mouth, an exhale normally.  Do not force more air out than you normally would.


3.  Pinch the balloon to keep the air inside, and measure the diameter.

4.  Record the diameter in table 1.


5.  Run four more trials, for a total of five.


6.  When you are done with your five trials, convert all the diameters into volumes using the process described above, and record them in table 2.
	Trial
	Vital Capacity (cm)
	Expiratory Reserve (cm)
	Tidal Volume (cm)

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	

	5
	
	
	


Table 1.  Diameter of balloon for various lung measurements.

	Trial
	Vital Capacity (mL)
	Expiratory Reserve (mL)
	Tidal Volume (mL)

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	

	5
	
	
	

	Average
	
	
	


Table 2.  Calculated volume of balloon for various lung measurements. 

Analysis
QUESTION 1:  What is inherently inaccurate about our experiment?  (hint: think about the formula and the shape of the balloon)
QUESTION 2:  Compare your data with your lab group and some nearby groups.  Do you find any patterns between males and females?  Shorter and taller people?  People with a certain color of hair?
QUESTION 3:  What are some other factors that might affect vital capacity?

QUESTION 4:  How many breaths do you take in one minute?

QUESTION 5:  How much air do you exhale in one minute?

QUESTION 6:  What are two things that you would do to improve this lab?
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