
Something to Fume About! 
Cigarette Smoke
Student Handout
Research Question:

What levels of three types of gases are in cigarette smoke? How might those gases affect human health?
Hypothesis:

“I think the relative amount of gases in the bottle with tobacco fumes will be ________________. The specific effects of these gases on the respiratory system may include ___________________________. 

Materials:

1. Gastec Gas Sampling Pump 50mL (GV-50P)
2. Nitrogen oxides detector tube (11EL)
3. Carbon monoxide detector tube (1EL)
4. Ammonia detector tube (3EL)
5. Materials to gather:
· 1 liter plastic bottle and cap (1)
· Cigarette (1)

· Lighter (1)

· Modeling clay (small ball)

· Small dish of water to extinguish cigarette
Procedure:

1. Form the clay into a disk with a diameter slightly larger than that of the bottle and place it on the table.

2. Place a cigarette in the center of the clay.

3. Light the cigarette.

4. Remove the bottle’s cap and lower the opening carefully around the cigarette. (Leave a small gap between the mouth of the bottle and the clay. The cigarette must have a small amount of oxygen to remain lit.) 

5. When fumes have filled the bottle (60 seconds), lift the bottle, and replace the cap quickly. 
6. Extinguish the cigarette.

7. Measure the experimental level of each gas using the correct detector tube, and record measurements in the table below. 

Data Table for Gases in Tobacco Fumes

	
	Nitrogen Oxides
	Ammonia
	Carbon Monoxide

	Concentration in 1 liter (ppm)
	ppm
	ppm
	ppm

	Exposure Limits*
	Nitric oxide: 25 ppm

Nitrogen dioxides: 5 ppm
	0.5 ppm
	50 ppm

	Difference between concentration in 1 liter and exposure limits
	ppm
	ppm
	ppm


Concentrations refer to exposures with durations of 8 hr/day, 40 hr/week for a working lifetime.

U.S. Department of Labor, Occupational Safety and Health Administration, TABLE Z-1 Limits for Air Contaminants


Analyzing Data:

1. Graph the exposure limits for each gas.

2. On the same graph, include the amount of each gas in the 1 liter bottle to the graph in a different color.

3. Determine the difference between the concentrations for each gas and the exposure limits.

Discussion of Results:

1. Restate your hypothesis: “The experimental data supported (or did not support) my hypothesis”.
2. Explain how the data supports or does not support your hypothesis with specific measurements, calculations, or patterns.

3. Does the amount of gases meet or exceed the exposure limits?

4. If the amount of a gas exceeds the exposure limits, what effect might the gas have on a person’s respiration system?

5. How can the experimental design be improved to improve the data?

6. What is the significance of these results?

7. How might this experiment be improved to get more reliable data?

8. Can you suggest a research question might be explored next based on these findings?

Background on Cigarette Smoke 

Human Respirations:

An adult’s lung capacity is approximately 3 liters. With each breath, approximately 250 mL of oxygen is inhaled and 200mL of carbon dioxide is exhaled.  The resting rate of breathing is about 10-15 times per minute. That is equal to about 20,000 breaths each day! (Simon, 2007) The atmosphere we breathe usually consists of the following gases by percent:

Nitrogen

79.02%

Oxygen

20.95%

Carbon Dioxide
0.03% 

Included in the nitrogen are small amount of rare gases–argon, neon, helium, krypton, hydrogen, xenon, and radon (Imeson, 2007) 

During normal respiration, the respiratory system and circulatory system meet to exchange waste carbon dioxide for oxygen. Under a microscope, the aveoli in the lungs look like a tiny bunches of air filled grapes. When blue oxygen-deficient blood in the capillaries passes through the aveloi, carbon dioxide is diffused across the membrane to be exhaled, At the same time, hemoglobin in the blood receives an oxygen molecule from the aveoli turning the blood red. Hemoglobin is the molecule in red blood cells that carry oxygen. Hemoglobin combines with oxygen in the lungs and releases it in the tissues. It is what makes blood red.

According to flight instructor, Sparky Imeson, the body requires that the hemoglobin in the blood is saturated with oxygen at levels between 87-97 percent. Lower amounts of oxygen result in hypoxia. Imeson explains, “Hypoxia in its advanced stage produces euphoria, a false sense of well-being that renders a person incapable of understanding that anything is wrong. Hypoxia may lead to death.” The treatment for carbon monoxide poisoning is to move the person to fresh, oxygenated air as soon as possible. Davies et al. (1979)

Tobacco Fumes:

Inhaling tobacco fumes, which contain nitric oxide, carbon monoxide, and ammonia can have detrimental effects on the respiratory system. The website, Smoke-free Campus, indicates that the average cigarette is inhaled 10 times over a period of 7 minutes. 

Carbon Monoxide:

If relatively large amount of carbon monoxide are inhaled, they can reduce the amount of oxygen in the blood. If carbon monoxide is present in the aveoli, the carbon monoxide will attach itself where the oxygen belongs, and the oxygen cannot attach. According to flight instructor, Sparky Imeson, the body requires that the hemoglobin in the blood is saturated with oxygen at levels between 87-97 percent. Lower amounts of oxygen result in hypoxia. Imeson explains, “Hypoxia in it's advanced stage produces euphoria, a false sense of well-being, that renders a person incapable of understanding that anything is wrong. Hypoxia may lead to death.” The treatment for carbon monoxide poisoning is to move the person to fresh, oxygenated air as soon as possible. Davies et al. (1979) demonstrated that pregnant smokers who stopped smoking for 48 hours in the last trimester "increased available oxygen" to the fetus by 8%. 

Ammonia:

According to the Occupational Health and Safety Administration in the US, ammonia gas forms a strong alkaline solution with water. When inhaled, ammonia irritates the upper respiratory tract including the nasal cavity, pharynx, larynx and trachea. Irritation results in coughing and hoarseness.

Nitrogen oxides:

Nitric oxide and nitrogen dioxide are also irritants to the throat and lungs. When exposed to high concentrations, a person may experience tightness in the chest, difficulty breathing, weakness, nausea and headache. Some symptoms may be delayed by several hour or appear the following day. Life threatening effects of exposure to nitrogen oxides include pulmonary edema or cyanosis. Pulmonary edema is where fluid builds up in the lungs preventing the exchange of carbon dioxide for oxygen. When the skin begins to turn blue around the lips and mouth, the amount of un-oxygenated hemoglobin in the blood has increased to more than 5 grams per 100 milliliters. (Hull, 2007) 

Asthma:

A study by Air Quality Sciences in Atlanta, Georgia (USA) indicates that 1 in 13 students miss school days due to asthma, a significant increase over the past 30 years. (IEQ, 2005) Further investigations indicate that increased exposure to volatile organic substances such as benzene may be significant environmental risk factors for asthma.
Teacher Information

Research Question:

How might the relative amount of different gases in tobacco fumes affect a person’s respiratory system?

Purpose:

The purpose of this experiment is to investigate the amount of hazardous gases in tobacco fumes. 

Objective:

In this experiment, students will:

· Measure the relative amount of carbon monoxide, ammonia and nitrogen oxides in tobacco fume

· Determine if gases in tobacco fumes exceed recommended exposure limits and notice the role of toxicity on the effects of exposure

· Extrapolate data to estimate and graph the relative amount of gases in a person’s breath and a larger room filled with tobacco fumes

· Make specific inferences about inhaling tobacco fumes on a person’s respiratory system.  

Time frame:

· Introduction of Background: ~ 10 minutes

· Experimentation: ~ 30 minutes

· Clean up: ~ 10 minutes

· Lab Report: ~ 60 minutes (Homework)

Curricular Connection – National Science Standards

Life Science: Standard C - Structure and Function in Living Systems
Specialized cells perform specialized functions in multi-cellular organisms. Groups of specialized cells cooperate to form a tissue, such as a muscle. Different tissues are in turn grouped together to form larger functional units, called organs. Each type of cell, tissue, and organ has a distinct structure and set of functions that serve the organism as a whole.
Science in Personal and Social Perspectives: Standard F - Risks and Benefits
Students should understand the risks associated with natural hazards (fires, floods, tornadoes, hurricanes, earthquakes, and volcanic eruptions), with chemical hazards (pollutants in air, water, soil, and food), with biological hazards (pollen, viruses, bacterial, and parasites), social hazards (occupational safety and transportation), and with personal hazards (smoking, dieting, and drinking).
Tips for Successful Experimentation:

· Quickly remove the cap and cover the mouth of the bottle with the pump to prevent the escape of fumes.

· Before pulling the pump handle check to see that the tube is in the bottle.

· Keep the tube in the bottle for at least 60 seconds before removing it from the bottle to read the measurement.

· Perform the experiment in a well-ventilated area.
Sample Results:

Gases in Tobacco Fumes

	
	Nitrogen Oxides
	Ammonia
	Carbon Monoxide

	Concentration in 1 liter bottle (ppm)
	 3 ppm
	35 ppm
	120 ppm

	Exposure Limits*
	Nitric oxide: 25 ppm

Nitrogen dioxide: 5 ppm
	0.5 ppm
	50 ppm

	Difference between amount in 1 liter and exposure limits
	2 ppm

Within limits
	Exceeds limits 

34.5 ppm


	Exceeds limits 

70 ppm


Concentrations refer to exposures with durations of 8 hr/day, 40 hr/week for a working lifetime.

U.S. Department of Labor, Occupational Safety and Health Administration, TABLE Z-1 Limits for Air Contaminants


Analyzing Data
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Discussion of Results:
Carbon monoxide exceeds exposure limits. The symptoms that a person would most likely experience will be related to a lack of oxygen in the blood. 

Assessment:
Have students to write a persuasive essay using data from the experiment to back up their perspective on the effects of tobacco fumes.

Extensions:

1. Test relative concentrations of gases in different brands of tobaccos.

2. Change the length of time that the bottle fills with fumes to see if there is a correlating increase in concentration.

3. Measure the amount of benzene in the tobacco smoke using benzene gas detector tubes.
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