LABORATORY EXErcise 54

MATERIALS NEEDED

Textbook

Spirometer, handheld (dry portable)

7004 alcohol

COotton

Disposable mouthpicces
 Meterstick

For Demonstration:

Tung function modet

SAFETY

+ Clean the spirometer with cotton moistened with
70% alcohol hefore each use.

« Place a new disposable moeuthpiece on the sierm of
the spirometer before cach use.

« Dispose of the cotton and mouthpicces according to
your laboratory instructor's directions.

T yreathing involves the movement of air from outside

the body through the bronchial tree and into the
aiveoli and the reversal of this air movement. These
movements are caused by changes in the size of the tho-
racic cavity that result from skeletal muscle contractions
and from the elastic recoil of stretched tissues.

The volumes of air that move in and out of the
jungs during various phases of hreathing are calied res-
piratory aiv volumes and capacities. These volumes
can be measured by using an instrument calied a
spirometer. However, the values obtained vary with a
person’s age, sex, height, anel weight, Various respira-
tory capacities can be caleulated by combining two of
more of the respiratory volumes.

PURPOSE OF THE EXERCIEE

To review the mechanisms of breathing and 1o measure
or calculate certain respiratory air volumes and respira-
tory capacities.

TRARNING OBJECTIVES

After completing this exercise, you should be able 10

1. Describe the mechanisms responsible for
inspiration and expiration,

2. Define the respiratory air volumes and respiratory
capacities.

3. Measure or calculate the respiratory air volumes
and capacities.

PROCEDURE A—BREATHING MECHANISMS

1. Review the sections entitled “Inspiration” and
“Expiration” in chapter 19 of the textbook.
2. Complete Part A of Laboratory Report 34,

DEMONSTRATION

Observe the moechanical hang function model. Note that
it consiss of a heavy plastic helt jar with 2 rubber sheeting
tied over #s wide open end, I8 narrow upper opening %
plagged with a subber stopper through which # glass ¥
tube is passed. Souall fubber bafloons e fastened o the
arms of the Y (e, 341, What happens 1o thie halloons.
when the rubber sheeting is putled doornward? '

What happens when the sheeting 15 pushed aprovand?

What pan of th

the robber she
the bel
the ¥ tabe?
the balié‘om_s?’

WARNING

Ef the subject begins fo Jeel dizzy or tight-
headed while performing Procedure B, stop the
exercise and breathe normally.
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Figure 54.1 A lung function model.
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PROCEDURE B—RESPIRATORY AIR

YVOLUMES AND CAPACITIES

i.

2.
3.

S

Review the section entitled “Respiratosy Volumes
and Capacities” in chapter 19 of the textbook.
Complete Part B of the laboratory report.

Obtain a handheld spirometer. Note that the ncedle

can be set at zero by rotating the adjustable dial.

Before using the instrument, clean it with cotton

moistened with 70% alcohol and place a4 new

disposable mouthpiecce over its stem. The
instrument should be held with the dial upward,
and air should be blown into the disposable
mouthpiece. Movement of the needie indicates the

air volume that leaves the lungs (fig. 54.2).

Tidal volime is the volume of air that enters (or

lenves) the lungs during a respiratory cycle (one

inspiration plus the following cxpiration). Resting
tHdal vohume is the volume of air that enters (or
jeaves) the Jungs during normal, quiet breathing

(fig. 54.3). To measure this volume, follow these

steps:

a. Sit quietly for a few moments,

b. Position the spivometer dial so that the acedle
DOIES 0 2870,

c. Place the mouthpicce between your Hps and
exhale three ordinary expirations into it after
inhaling through the nose cach time. Do nof
Jorce air out of your lungs; exbale normalfy.
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Figure 54.2 A handheld spirometer can be used to measure
respiratory air volumes.

3.

6.

d. Divide the total value indicated by the needle by
3, and record this amount as your resting tidal
volume on the table in Part C of the laboratory
report.

Expiratory reserve volume is the volume of air in

addition to the tidai volume that leaves the lungs

during forced expiration. To measure this volume,
follow these steps:

a. Breathe normally for a few moments. Set the
needle to zero,

b. At the end of an ordinary expiration, place the
mouthpicce between vour lips and exhale all of
the air you can force from your lungs through
the spirometer.

c. Record the results as your expiratory reserve
volume in Part C.

Vital capacity is the maximum volume of air that

can be exhaled after taking the deepest breath

possible. To measure this volume, follow these
steps:

4. Breathe normally for a few moments. Set the
needid at zero.,

b. Breathe in and out deeply a couple of times,
then take the deepest breath possible.

¢. Place the mouthpiece between your lips and
exhale all the air out of your lungs, slowly and
forcefully.

d. Record the value as your vital capacity in Part €.
Compare your vesult with that expected for a
person of vour sex, age, and height listed in
tables 54.1 and 54.2. Use the meterstick to
determine your height in centimeters if
necessary or muitiply vour height in inches
times 2.54 to calculate your height in
centimeters. Considerable individual variations
from the expected will be noted due to
parameters other than sex, age, and height,
which could include physical shape, health,
medications, and others.
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Critical Thinking Application

It can be noted from the data in tables 54.1
and 54.2 that vital capacities gradually de-
crease with age. Propose an explanation for this normal
correlation.

7. Inspiratory reserve volume (IRV) is the volume of
air in addition to the tidal volume that enters the
lungs during forced inspiration. Calculate your
inspiratory reserve volume by subtracting yout tidal
volume (TV) and your expiratory reseive volume
(ERV) from your vital capacity (VC:

IRV = VC - (TV + ERV)

8. Inspiratory capacity (1€) is the maximum volume
of air a person can inhale following exhalation of
the tidal volume. Calculate your inspiratory
capacity by adding your tidat volume (TV) and your
inspiratory reserve volume (IRV)

IC =TV + IRV

9. Functional residual capacity (FRC) is the volume
of air that remains in the lungs following exhalation
of the tidal volume, Calculate your functional
residual capacity (FRC) by adding your expiratory
reserve volume ( ERV) and your residual volume
{RV), which you can assume is 1,200 mL:

FRC = BRV + 1,200

10. Complete Part C of the laboratory report,

OPTIONAL ACTIVITY

D ctérmine your minute resplralory volurne. To do
this, foliow these steps:

1. Six quiety for a while,, and then to establish your
breathing ratc, count the number of fimes vou
hreathe i 1 minute. This might be inaccurate be-
cause CONSCIOUs AWareness of breathing rate can
atter the results. You might ask @ Jaboratory partnes
to. record your breathing rate at some time when:
you are’ not expecting it to be recorded.

2. Calculate your minute respiraiory volume by multi-
piying your breathing rai¢ by vour fidal volume:

(ridal
volume)

(minute respiratory.
vohune)

(breathing
rate)
%, This valuye indicates the total volume of air that
moves info your respiratory passages during each
mitiite of ordinary breaghing. :

Figure 54.3 Graphic represetation of respiratory volumes and capacities.
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