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Student Inquiry Worksheet


Volume of Breath
Driving Questions
· How much air moves in and out of your lungs when you breathe?
Background
Breathing in and out (inhaling and exhaling) is as natural as anything we do. Our respiratory system manages the complex task of exchanging gases in the air–oxygen for carbon dioxide–with the circulatory system. The lungs are spongy organs filled with countless small sacks called alveoli that are surrounded by networks of the smallest blood vessels called capillaries. The alveoli and capillaries exchange gas molecules as the blood in the capillaries moves along near the alveoli.

A spirometer is often used as part of the pulmonary function test. The spirometer measures the amount of air moved during breathing. During this test, a person breathes through the spirometer for several quiet breathing cycles and one forced breathing cycle (one large inhalation followed by one large exhalation). 

The pulmonary function test can record important measurements of volume exchanged over time. Significantly, the forced expiratory volume in 1 second (FEV1.0) provides an indication of how well a person can exhale during maximum effort. This volume tends to be reduced in people with obstructive lung diseases such as asthma, chronic bronchitis, and emphysema. It tends to be increased in people with restrictive lung diseases such as pulmonary fibrosis. The forced expiratory volume percentage (FEV1.0%) is typically 75% to 85% in a healthy subject.

Pulmonary function testing also measures tidal volume (TV). This volume of a single breath is the amount of air moved into and out of the lungs during quiet breathing (breathing without effort). Additionally pulmonary function testing measures vital capacity (VC). This is the maximum volume of movable of air in the lungs.
Materials and Equipment
For each student or group:

	· Data collection system

	· Spirometer

	· Spirometer mouthpiece (1 per student)


Procedure
After you complete a step (or answer a question), place a check mark in the box (() next to that step.

Note:  When you see the symbol "�" with a superscripted number following a step, refer to the numbered Tech Tips listed in the Tech Tips appendix that corresponds to your PASCO data collection system. There you will find detailed technical instructions for performing that step. Your teacher will provide you with a copy of the instructions for these operations.
Set Up

1.
(
Start a new experiment on the data collection system. �(1.2)
2.
(
Connect the spirometer to the data collection system. �(2.1)
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3.
(
Connect the mouthpiece to the handle noting the small pin on the mouthpiece and the aligning notch on the handle. 
4.

Program the data collection system to calculate lung volume based on an assumed value for functional residual capacity (2.5 liters) and the measured flow rate from the 
sensor. �(2.3) 



5.
(
Adjust the scale of the graph to show all data. �(7.1.2)
Collect Data 

6.

Predict how the measured lung volume will change through the process of breathing normally, breathing deeply, and breathing normally again.

7.
(
 Start data recording. �(6.2) 
Note: Wait until the red indicator on the sensor stops flashing. Wait until the green ready indicator is lit before you move the mouthpiece and handle.

Note: The person who is being measured should sit or stand comfortably and not look at the data as it is recorded. 

8.
(
Why should the person being measured not look at the data as it is being recorded?
9.
(
Ensure that all breath flows through the mouthpiece:

· Place the tapered end of the mouthpiece between the front teeth with the lips creating a seal around the mouthpiece. 

· Hold the nose closed. 

· Breathe only through the mouth during the measurements. 

10.
(
After the green ready indicator on the spirometer is lit, breathe using the following sequence: 

Note: The person who keeps track of the breaths should count aloud to guide the breathing: “4 normal breaths, 1 … 2 … 3 … 4 … inhale deeply … exhale deeply, maximum effort … and 2 normal breaths, 
1 … 2 ….”

a. Take 4 normal, quiet breaths.

b. Inhale deeply, followed immediately by exhaling deeply with maximum effort.

c. Take 2 normal, quiet breaths. 

11.
(
Stop data recording. �(6.2)
12.
(
Save your experiment. �(11.1)
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Data Analysis

1.

Graph your data for Lung Volume versus Time. Label the overall graph, the x-axis, the 
y-axis, and include units on the axes. Label the tidal volume (TV), the forced expiratory volume in 1 second (FEV1.0), and the vital capacity (VC). Use the diagram as a reference for these measurements.
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