Analysis of Cigarette Smoke

Adapted by Rebecca Sunderman, Ph.D.; with permission from Steve Johnson, Ph.D.
Week 6 & 7, Fall 2007, Foundations of Health Science
One important contributor to indoor air pollution, and lung cancer, is cigarette smoke.  Cigarette smoking is a widespread habit in our society, and it is likely that the social, political, aesthetic, and medical issues resulting from cigarette smoking have affected smokers and nonsmokers alike.  The addictive nature of nicotine and the impact of cigarette smoking on the health of smokers have been extensively studied over many decades.  In more recent years, the effect of so-called “second-hand smoke” inhaled by non-smokers has been evaluated and is now recognized as a significant issue for indoor air pollution.  This laboratory experiment focuses on studying the smoke inhaled by non-smokers.  In part one, you will use a simple apparatus to simulate the smoking process.  You will collect and weigh solid particles produced by burning a cigarette and estimate the percent of smoke particles inhaled by the non-smoker compared to the smoker.  In part two you will use FTIR to identify compounds present in cigarette smoke.

Background
A burning cigarette produces relatively harmless carbon dioxide and water, but many of the other substances produced are not harmless.  Carbon monoxide is produced, which competes with oxygen in the bloodstream, reducing the amount of oxygen that is available to cells.  Blood concentrations of carboxyhemoglobin, where the oxygen carrier hemoglobin is bound to carbon monoxide instead of oxygen, are about 10 times higher in a smoker than in a non-smoker.  The nicotine in tobacco is vaporized to a gas and is inhaled intact.  Various minerals and carbon-based compounds are present as dust or ash.  In total, cigarette smoke contains more than 4,000 different chemicals.

Some of the chemicals in cigarette smoke are proven carcinogens.  Others have the ability to serve as promoters of cancer when carcinogens are also present.  According to the American Lung Association, cigarette smoking is the primary cause of lung cancer in the United States.

Emphysema is a chronic condition, affecting two million Americans.  It is a condition resulting from over inflation of structures in the lungs known as alveoli.  It occurs when the alveoli walls begin to break down.  The result is a loss of elasticity in the lungs as well as a decrease in the ability of the lungs to deliver oxygen to the bloodstream.  In smokers, emphysema develops slowly after years of exposure to the irritation of cigarette smoke.  Emphysema and chronic bronchitis together are classified as chronic obstructive pulmonary disease (COPD).  Cigarette smoking is responsible for 83% of the cases of COPD.

Some of the compounds in cigarette smoke also effect nonsmokers who inhale second hand smoke.  Inhalation of second hand smoke is sometimes called “passive smoking”.  In a 1993 report, the United States Environmental Protection Agency concluded that 3,000 lung cancer deaths annually are due to passive smoking by nonsmokers.
Overview of the Experiment (Part 1)
1. Set-up the smoking apparatus.

2. “Smoke” a filtered cigarette in the smoking apparatus.

3. Determine the amount of solids from the cigarette in smoking 

flask and in second hand flask.

4. “Smoke” a non-filtered cigarette in the smoking apparatus.

5. Determine the amount of solids from the cigarette in smoking 

flask and in second hand flask.

Materials Needed (Part 1)
Equipment:  
Smoking apparatus

Ruler



Balance


Cigarettes



Filter paper


Matches

Overview of the Experiment (Part 2)
1. Use the vacuum lines to evacuate the gas cell.

2. Collect an FTIR background scan with the evacuated gas cell.

3. Fill the gas cell with cigarette smoke from a filtered cigarette.

4. Collect an FTIR scan

5. Fill the gas cell with cigarette smoke from a nonfiltered cigarette.

6. Collect an FTIR scan.

7. Determine the compounds present in smoke for filtered and nonfiltered cigarettes.

Materials Needed (Part 2)
Equipment:  
FTIR


Gas Cell

Cigarettes

Matches

PRELAB ASSIGNMENT: The following three questions must be completed to be admitted into lab.  (Typing is not necessary, as long as I can read your writing.)

Checked_________

1. How much does a pack a cigarettes cost? (Write down the brand and store you used to check the price.)

2. The cost of full-time, in-state tuition at The Evergreen State College is $1530.  How many packs of cigarettes must be purchased to equal one quarter of college tuition?  

3. Complete the following table by calculating how much time it would take each of the following students to smoke an entire quarter of tuition.  Show your work. 

	Student
	Smoking Frequency
	Time until habit 

reaches tuition value

	A
	one pack a day
	

	B
	Two packs a week
	


PROCEDURES AND DATA COLLECTION: You will be completing this laboratory experiment over a time period of three lab meetings.  Record your data in the appropriate spot on the data sheet and be sure to show your calculations. (There is space on page five to show your work.)

Experimental Procedure (Part 1)
1. Obtain two pieces of filter paper.  On the outside edge of one paper, mark a “1” for the first-hand smoke flask, and on the other paper mark a “2” on the outside edge for the second hand smoke flask.   Weigh each piece of filter paper separately and record the mass.

2. Place filter paper #1 between the rubber stopper and the filter flask of the smoking flask.  Place filter paper #2 between the rubber stopper and the filter flask of the second hand flask.  Be careful not to poke any holes in the filter paper. 

3. Attach the two vacuum tubes of the apparatus to aspirators on the water faucets.

4. Weigh the cigarette that you will be testing and record the mass.

5. Use a pencil to make a horizontal mark 5 cm from the end of the cigarette that will be lit.  This is how far you will allow the cigarette to burn.

6. Insert the end of the cigarette that is not lit into the funnel that is attached to the smoker’s flask.

7. Adjust the two funnels so that there is approximately a half-inch gap between them.

8. Light the cigarette and turn the water on to start the vacuum aspirator.  You will need very little water flow.  Adjust the aspirator so that it takes about 3-5 minutes to “smoke” the cigarette down to the line.  If the cigarette burns much faster than this, you should discard the data and repeat this part of the experiment. 

9. When the cigarette has burned down to the line, break the connection between the smoker flask and the aspirator and put out the cigarette.  Leave the second hand smoke aspirator on for one minute to finish collecting second hand smoke.

10. Turn off the second aspirator.

11. Find the mass of each of the filter papers.

12. Weigh the unconsumed part of the cigarette without the ashes.

13. Wipe out the funnels with a paper towel.

14. Repeat the procedure for a different cigarette.  Each person should test one filtered cigarette and one nonfiltered cigarette.

Data Sheet (Part 1)
	
	Filtered Cigarette
	Nonfiltered Cigarette

	Initial mass of cigarette


	
	

	Mass after burning


	
	

	Mass of cigarette consumed


	
	

	Smoker Flask:

Initial mass of filter paper
	
	

	Smoker Flask:

Final mass of filter paper
	
	

	Smoker Flask:

Mass of solids on paper
	
	

	Smoker Flask:     mg solids

per gram of cigarette consumed
	
	

	Second Hand Flask:

Initial mass of filter paper
	
	

	Second Hand Flask:

Final mass of filter paper
	
	

	Second Hand Flask:

Mass of solids on filter paper
	
	

	Second Hand Flask:     mg of solid

per gram of cigarette consumed
	
	

	Percent of smoke as

second-hand smoke
	
	


Class Results (Part 1)    mass of solids collected

	
	Your value
	2
	3
	4
	5
	6

	Filtered:  Smoker Flask
	
	
	
	
	
	

	Filtered:  Second Hand Flask
	
	
	
	
	
	

	Nonfiltered:  Smoker Flask
	
	
	
	
	
	

	Nonfiltered:  Second Hand 
	
	
	
	
	
	


Class Averages (Part 1)
	
	Average mass of solids collected

	Filtered:  Smoker Flask
	

	Filtered:  Second Hand Flask
	

	Nonfiltered:  Smoker Flask
	

	Nonfiltered:  Second Hand Flask
	


Percent smoke as second hand smoke       
Using your values:

Filtered:  ________       Nonfiltered:  ________

Using class averages:

Filtered:  ________       Nonfiltered:  ________

Calculations (Part 1)
This calculation gives a relative comparison of the amount of solids in second hand smoke compared to the amount that would be theoretically inhaled by the smoker.  

% second hand smoke = 
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Experimental Procedure (Part 2): Using the FTIR
1. Record instrument information from the FTIR you are using. (Manufacturer, Model, Settings, etc.)

2. Use the vacuum lines to evacuate the gas cell. Be sure to complete this process before introducing any new sample.

3. Collect an FTIR background scan with the evacuated gas cell.  Attach a copy of the scan to your lab packet.

4. Fill the gas cell with cigarette smoke from a filtered cigarette.  This is accomplished by fitting two tubes on the gas cell.  One tube is connected to the vacuum line and a cigarette is inserted in a funnel on the second tube.  With the vacuum on and the gas cell valves slightly opened, the cigarette is lit and the gas fills the cell.  Try to use only a very weak vacuum.  Let about 1 cm of cigarette burn.  Then close the valve leading to the vacuum first and allow the gas cell to “smoke” the cigarette for a few seconds.  Then close the second valve to the gas cell.

5. Diagram the set-up used to introduce the smoke to the instrument.

6. Collect an FTIR scan.  Attach a copy of the scan to your lab packet.

7. Fill the gas cell with cigarette smoke from a nonfiltered cigarette.

8. Collect an FTIR scan. Attach a copy of the scan to your lab packet.

9. Determine the compounds present in smoke for filtered and nonfiltered cigarettes.

ADDITIONAL QUESTIONS: These questions can be completed outside of lab time
1. How do filtered and nonfiltered cigarettes compare with regard to the amount of solids in the smoke for the smoker and the second hand smoker?  Do filters make a significant difference?  Do your results agree with what you would expect?

2. When a cigarette is actually smoked, it is not continually drawn into the lungs as the cigarettes in this experiment.  Tell how you could modify the apparatus and the experimental procedure to more nearly mimic actual smoking.

3. Does the second hand smoke data collected in the experiment accurately mimic the exposure of an actual passive smoker to the smoke of a single cigarette?  To a roomful of burning cigarettes?  Explain your answers.
4. Explain how you identified the components in the smoke from the FTIR scan.(Part 2)

5. Use a Merck Index or MSD sheets and list one or two effects each of the components found in the smoke has on humans. (Part 2)

6. Was there any difference in the gases present in filtered and nonfiltered cigarettes? Explain.(Part 2)

7. Explain in your own words what FTIR spectroscopy is and how it works.

PAGE  
1

_1107023568.unknown

