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LAB #____: EXERCISE AND PHYSIOLOGY, PART 1

Problem: How does exercise affect our respiratory rate?

Objective: Students will be able to determine the effect of exercise on respiratory rate using an indirect approach.
Materials: 

Per group – glass beakers and supply of pink indicator solution, long straw, paper towels and a stopwatch.
Safety:
· Wear safety goggles and gloves while performing this experiment.
· When blowing air through the straw breathe out very gently and slowly to prevent splashing.

· Make sure there is some space between the bottom of the straw and the beaker when blowing.

· Do not eat or drink anything in the lab room.

· Handle glassware with care. Cover your glassware with a paper towel.
· Dispose of materials as instructed by your teacher.

INTRODUCTION
Cellular respiration is the process by which our body cells transform oxygen and nutrients into usable energy (ATP). 
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Exercise increases the demand for oxygen in body cells, resulting in an increase in the rate of respiration. Since carbon dioxide is produced as a by-product of cellular respiration, the rate of respiration can be measured indirectly by determining the amount of carbon dioxide released when exhaling. 
In this lab, you will use pink indicator solution called phenolphthalein to measure carbon dioxide production. Carbon dioxide will change the pink color of the phenolphthalein solution to clear. The time required for this color change to occur can be used as an indication of respiratory rate. 
PROCEDURE
1. You will work in groups of four for this lab. One student will be the test subject and the others will assist with time keeping, setting up the glassware, and refilling with pink indicator solution.
2. Pour an equal amount of pink indicator solution (phenolphthalein) into each beaker. 
3. Perform the CO2 Test
a. At Rest (0 minutes of exercise)
The first test subject will breathe slowly into the beaker. One group member should record the amount of time (in seconds) it takes for the solution to turn clear. Record this time in the data table below, under Trial 1. 
b. After 1 minute of exercise

Test subject will perform one minute of exercise (running in place, jumping jacks, push-ups, etc.). Immediately after finishing the exercise perform the CO2 Test again. Record the data in the table below for Trials 1-4. Empty out the beakers and refill them. 

c. After 4 minutes of exercise

Test subject will perform four minutes of exercise (running in place, jumping jacks, push-ups, etc.). Immediately after finishing the exercise perform the CO2 Test again. Record the data in the table below for Trials 1-4. 
d. Repeat these steps for the second trial, entering their data for Trials 2-4. Rinse out the beakers and refill them as needed.
4. Calculate the average for each row in the table. 

Data and Analysis
Table 1: CO2 Test Data
Record the time it takes (in seconds) for the pink indicator to turn clear.

	
	Trial 1 (s)
	Trial 2 (s)
	Trial 3 (s)
	Trial 4 (s)
	Average (s)

	At rest (0 minutes of exercise)
	
	
	
	
	

	After 1 minute of exercise
	
	
	
	
	

	After 4 minutes of exercise
	
	
	
	
	


Graph 1: CO2 Test vs. Minutes of Exercise

Graph the data from Table 1 on the grid below. Label the Y axis with the correct variable and scale.

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	



Summary Questions: 

1. How does exercise affect the amount of CO2 exhaled? 

2. What process continuously produces CO2 in body cells?
3. How does exercise affect the rate of this process? Why?

Standards Addressed:

NYS 1.3.1 Use various methods of representing and organizing observations (e.g. diagrams, tables, charts, graphs, equations, matrices) and insightfully interpret the organized data. 

NYS 4.1.2b Humans are complex organisms. They require multiple systems for digestion, respiration, reproduction, circulation, excretion, movement, coordination, and immunity. The systems interact to perform life functions.

NYS 4.1.2c The components of the human body, from organ systems to cell organelles, interact to maintain a balanced internal environment. To successfully accomplish this, organisms possess a diversity of control mechanisms that detect deviations and make corrective actions.

CCSS RST 9.3 Follow precisely a complex multistep procedure when carrying out experiments, taking measurements, or performing technical tasks, attending to special cases or exceptions defined in the text.
CCSS RST 9.4: Determine the meaning of symbols, key terms, and other domain-specific words and phrases as they are used in a specific scientific or technical context relevant to grades 9-10 texts and topics.
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LAB #____: EXERCISE AND PHYSIOLOGY, PART 2

Aim: How does exercise affect our heart rate and respiratory rate?
Objectives: Students will be able to determine the effect of exercise on respiratory rate using an indirect approach.
Materials and Safety: Stopwatch or clock. Be extra cautious during exercise and aware of students and equipment
Introduction: Exercise requires the body to generate ATP energy to power the muscles to do work. The body cells and muscles generate ATP by cellular respiration in the mitochondrion. The body must get rid of the extra carbon dioxide in the blood by increasing heart rate to pump blood to the lungs. In the alveoli of the lungs, the carbon dioxide gas is released into the air and more oxygen is absorbed to use for cellular respiration. By measuring heart rate, which is the same as pulse rate, one can indirectly determine the respiratory rate of the body. 
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Procedure:
Table 2: Heart Rate Data
Record your heart rate in beats per minute (bpm) in the table below. For each trial, measure your pulse for 15 seconds and then multiply by 4 to calculate the bpm.
		Trial 1 (bpm)
	Trial 2 (bpm)
	Average (bpm)

	At rest (0 minutes of exercise)
			
	After 1 minute of exercise
			
	After 4 minutes of exercise
			

	
	Graph 2: Heart Rate vs. Minutes of Exercise

Label the Y axis with the correct variable and scale.






Standards Addressed:

NYS 1.3.1 Use various methods of representing and organizing observations (e.g. diagrams, tables, charts, graphs, equations, matrices) and insightfully interpret the organized data. 

NYS 4.1.2c The components of the human body, from organ systems to cell organelles, interact to maintain a balanced internal environment. To successfully accomplish this, organisms possess a diversity of control mechanisms that detect deviations and make corrective actions.

CCSS RST 9.3 Follow precisely a complex multistep procedure when carrying out experiments, taking measurements, or performing technical tasks, attending to special cases or exceptions defined in the text.
Table 3: CO2 Test vs. Heart Rate
Compile your data averages for CO2 and Heart Rate on the table below. (Note: Your CO2 Test data can be found on Table 1 from last week’s lab sheet.)
	
	Average CO2 Test (s)
	Average Heart Rate (bpm)

	At rest (0 minutes of exercise)
	
	

	After 1 minute of exercise
	
	

	After 4 minutes of exercise
	
	


Graph 3: CO2 Test vs. Heart Rate

Label the Y axis with the correct variable and scale.
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



Analysis Questions: 

1. How does your heart rate increase when you exercise? Explain why this change occurs?
2. How do the circulatory system and respiratory system work together to maintain homeostasis when you exercise?
	Base your answers to question 3 and 4 on the graph below.

[image: image4.png]Average Heart Rate

(beats per minute)

160

120
100
80
60
40
20

Heart Rate Response to Exercise
(class average)

Time (minutes)





	3. The change in heart rate that occurs between 1 and 5 minutes of exercise is an adaptation that :
a) Reduces the rate at which oxygen is carried to the muscle cells

b) Increases the rate at which is carbon dioxide is carried to the muscle cells

c) Results in the production of more ATP in muscle cells

d) Slows down the destruction of enzyme involved in respiration of muscle cells
	4. Which statement is best supported by the graph?
a) Before exercising, the average pulse rate was 65; four minutes after exercising the average pulse rate was 65.

b) After four minutes of exercising, the average pulse rate was 120; two minutes after exercising, the average pulse rate was 120.

c) While exercising, the highest average pulse rate was 150; before exercising, the average pulse rate was 65.

d) Two minutes before exercising the average pulse rate was 80, after two minutes of exercise the average pulse rate was 140.
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