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Scenario
An ambulance had been dispatched to a residence for an unresponsive male.  When they arrived on the scene he had expired.  They requested that the coroner and police be dispatched to the scene because it was ‘suspicious’.  On arrival at the scene the coroner finds the victim lying face down in the hallway.  Multiple abrasions and contusions are noted on the face, head, arms and legs.  Around the face is a moderate amount of blood.  Police stated that the door to the residence was closed but unlocked when victim was found and there is no sign of an intruder.  Checking around the residence no medicines are found, however, there are a number of empty bourbon bottles around.  Blood was drawn for toxicology to determine the blood alcohol and any unknown drugs.  Since the scene is suspicious an autopsy was ordered.

Background Information
People are very aware of the dangers of drinking too much.  It is believed to impair judgment and reduce inhibitions.  While some people enjoy these side effects, most recognized that when combined with driving, an unnecessary danger exists. As a semi-controlled substance, it is illegal to use as a minor or while doing certain activities like driving or operating machinery. Another side effect of concern is that excessive drinking can kill you, directly.  Long term effects of alcohol on the body such as cirrhosis of the liver are well known.  However, as many college students and other young adults have found, one night of truly excessive drinking can also be deadly. 

BAC (Blood Alcohol Concentration) depends upon several factors.   Some of these factors include a person’s weight and sex, carbonation of the beverage, what he is drinking and how fast, as well as his own metabolism.  It DOES NOT depend upon how experienced he is as a drinker, though his reactions may vary based upon this experience.  As a rule-of- thumb, each drink will raise your BAC 0.015 to 0.02.  
MALES
	APPROXIMATE BLOOD ALCOHOL PERCENTAGE

	DRINKS*
	BODY WEIGHT IN POUNDS
	EFFECT ON PERSON

	 
	100
	120
	140
	160
	180
	200
	220
	240
	 

	0
	.00
	.00
	.00
	.00
	.00
	.00
	.00
	.00
	ONLY SAFE DRIVING LIMIT

	1
	.04
	.03
	.03
	.02
	.02
	.02
	.02
	.02
	IMPAIRMENT BEGINS.

	2
	.08
	.06
	.05
	.05
	.04
	.04
	.03
	.03
	

	3
	.11
	.09
	.08
	.07
	.06
	.06
	.05
	.05
	DRIVING SKILLS SIGNIFICANTLY AFFECTED.
** CRIMINAL PENALTIES IN MOST STATES

	4
	.15
	.12
	.11
	.09
	.08
	.08
	.07
	.06
	

	5
	.19
	.16
	.13
	.12
	.11
	.09
	.09
	.08
	

	6
	.23
	.19
	.16
	.14
	.13
	.11
	.10
	.09
	

	7
	.26
	.22
	.19
	.16
	.15
	.13
	.12
	.11
	LEGALLY INTOXICATED.
CRIMINAL PENALTIES IN ALL STATES

	8
	.30
	.25
	.21
	.19
	.17
	.15
	.14
	.13
	

	9
	.34
	.28
	.24
	.21
	.19
	.17
	.15
	.14
	

	10
	.38
	.31
	.27
	.23
	.21
	.19
	.17
	.16
	



FEMALES
	APPROXIMATE BLOOD ALCOHOL PERCENTAGE

	DRINKS*
	BODY WEIGHT IN POUNDS
	EFFECT ON PERSON

	 
	90
	100
	120
	140
	160
	180
	200
	220
	240
	 

	0
	.00
	.00
	.00
	.00
	.00
	.00
	.00
	.00
	.00
	ONLY SAFE DRIVING LIMIT

	1
	.05
	.05
	.04
	.03
	.03
	.03
	.02
	.02
	.02
	IMPAIRMENT BEGINS.

	2
	.10
	.09
	.08
	.07
	.06
	.05
	.05
	.04
	.04
	DRIVING SKILLS SIGNIFICANTLY AFFECTED.
** CRIMINAL PENALTIES IN MOST STATES

	3
	.15
	.14
	.11
	.11
	.09
	.08
	.07
	.06
	.06
	

	4
	.20
	.18
	.15
	.13
	.11
	.10
	.09
	.08
	.08
	

	5
	.25
	.23
	.19
	.16
	.14
	.13
	.11
	.10
	.09
	

	6
	.30
	.27
	.23
	.19
	.17
	.15
	.14
	.12
	.11
	LEGALLY INTOXICATED. 

CRIMINAL PENALTIES IN ALL STATES

	7
	.35
	.32
	.27
	.23
	.20
	.18
	.16
	.14
	.13
	

	8
	.40
	.36
	.30
	.26
	.23
	.20
	.18
	.17
	.15
	

	9
	.45
	.41
	.34
	.29
	.26
	.23
	.20
	.19
	.17
	

	10
	.51
	.45
	.38
	.32
	.28
	.25
	.23
	.21
	.19
	


* One drink is equal to 1¼ oz. of 80-proof liquor, 12 oz. of beer, or 4 oz. of table wine. 
**ALL states have a .08 BAC per se law
You can find the behavioral effects of alcohol on the typical drinker in the table below.  
Physical effects of alcohol on the body

 0.02 — 0.03 BAC: No loss of coordination, slight euphoria and loss of shyness. Depressant effects are not apparent. Mildly relaxed and maybe a little lightheaded. 
0.04 — 0.06 BAC: Feeling of well-being, relaxation, lower inhibitions, sensation of warmth. Euphoria. Some minor impairment of reasoning and memory, lowering of caution. Your behavior may become exaggerated and emotions intensified (Good emotions are better, bad emotions are worse) 
0.07 — 0.09 BAC: Slight impairment of balance, speech, vision, reaction time, and hearing. Euphoria. Judgment and self-control are reduced, and caution, reason and memory are impaired (in some* states .08 is legally impaired and it is illegal to drive at this level). You will probably believe that you are functioning better than you really are. 

0.10 — 0.125 BAC: Significant impairment of motor coordination and loss of good judgment. Speech may be slurred; balance, vision, reaction time and hearing will be impaired. Euphoria. It is illegal to operate a motor vehicle at this level of intoxication in all states. 

0.13 — 0.15 BAC: Gross motor impairment and lack of physical control. Blurred vision and major loss of balance. Euphoria is reduced and dysphoria* is beginning to appear. Judgment and perception are severely impaired.
( * —Dysphoria: An emotional state of anxiety, depression, or unease.) 

0.16 — 0.19 BAC: Dysphoria predominates, nausea may appear. The drinker has the appearance of a "sloppy drunk." 

0.20 BAC: Feeling dazed/confused or otherwise disoriented. May need help to stand/walk. If you injure yourself you may not feel the pain. Some people have nausea and vomiting at this level. The gag reflex is impaired and you can choke if you do vomit. Blackouts are likely at this level so you may not remember what has happened. 

0.25 BAC: All mental, physical and sensory functions are severely impaired. Increased risk of asphyxiation from choking on vomit and of seriously injuring yourself by falls or other accidents. 

0.30 BAC: STUPOR. You have little comprehension of where you are. You may pass out suddenly and be difficult to awaken. 

0.35 BAC: Coma is possible. This is the level of surgical anesthesia. 

0.40 BAC and up: Onset of coma, and possible death due to respiratory arrest. 
The primary objective of this experiment is to determine the stress that alcohol has on biological membranes. Membranes of cells are composed mainly of lipids and proteins and serve to maintain cellular integrity by containing cellular materials. Different membranes have a variety of specific functions.  Membranes are found in our cells and keep them in tact and functioning.  If disturbed, the contents can leak out and cause the sells to die.  It is this cell interference that has a direct impact upon our body functioning correctly.  As it is not possible to look at our cells directly we will look at a similar phenomena in plant cells.
One type of membrane-bound vacuole found in plant cells, the tonoplast, is quite large and usually contains water. In beet plants, this membrane-bound vacuole also contains a water-soluble red pigment, betacyanin, that gives the beet its characteristic color. Since the pigment is water soluble and not lipid soluble, it remains in the vacuole when the cells are healthy. If the integrity of a membrane is disrupted, however, the contents of the vacuole will spill out into the surrounding environment. This usually means the cell that made the vacuole is dead.

In this experiment, you will test the effect of different alcohols (methanol and ethanol) on membranes. Ethanol is found in alcoholic beverages. Methanol, sometimes referred to as wood alcohol which often was an additive in “moonshine”, can cause blindness and death. One possible reason why alcohols are so dangerous to living organisms is that they might damage cellular membranes. Methanol and ethanol are very similar alcohols, differing by the number of carbon and hydrogen atoms within the molecule. Methanol, CH3OH, is the smallest; ethanol, CH3CH2OH, is a larger molecule.

If beet membranes are damaged, the red pigment will leak out into the surrounding environment. The intensity of color in the environment should be proportional to the amount of cellular damage sustained by the beet.

To measure the color intensity, you will be using the Colorimeter shown in Figure 1. In this device, blue light from the LED light source will pass through the solution and strike a photocell. The alcohol solutions used in this experiment are clear. If the beet pigment leaks into the solution, it will color the solution red. A higher concentration of colored solution absorbs more light and transmits less light than a solution of lower concentration. The Colorimeter monitors the light received by the photocell as either an absorbance or a percentage transmittance value.
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Figure 1
You are to prepare five solutions of differing alcohol concentrations (0%, 10%, 20%, 30%, and 40%) for both methanol and ethanol (ethyl alcohol). A small piece of beet is placed in each solution. After ten minutes, each alcohol solution is transferred to a small, rectangular cuvette that is placed into the Colorimeter. The amount of light that penetrates the solution and strikes the photocell is used to compute the absorbance of each solution. The absorbance is directly related to the amount of red pigment in the solution. By plotting the percent alcohol vs. the amount of pigment (that is, the absorbance), you can assess the amount of damage alcohol cause to cell membranes.  You can then use this graph to predict how much alcohol was in the unkown.
Forensic Objective  

· Predict the amount of alcohol in an unknown solution based upon this cellular damage.
· See if wood alcohol (methanol) or traditional alcohol (ethanol) cause more cell damage.
Science / Mathematics Objective

· Examine the cellular damage to the cell membrane cause by different alcohol.

· Predict the amount of alcohol in an unknown solution based upon this cellular damage.

MATERIALS

	TI-83 Plus or TI-84 Plus graphing calculator
	two 10-mL pipets (or graduated cylinders)

	EasyData application
	forceps

	data-collection interface
	cotton swabs

	Colorimeter with cuvettes
	two 2-mL pipets or 2 Beral pipets

	beakers
	tap water

	timer or stopwatch
	tissues (preferably lint-free)

	18 X 150 mm test tubes with rack
	stirring rod

	beet root
	ruler (cm)

	Methanol
	    knife

	Ethanol
	microwell plate, 24-well


PROCEDURE 

1.  Obtain and wear goggles, an apron, and gloves. CAUTION: The compounds used in this experiment are flammable and poisonous. Avoid inhaling vapors. Avoid contacting them with your skin or clothing. Be sure there are no open flames in the lab during this experiment. Notify your teacher immediately if an accident occurs.

2.  Obtain the following materials:

a. Place about 10 mL of each alcohol in a medium sized test tube.

b. Label each tube with the type of alcohol.
c. Place about 30 mL of tap water in a small beaker.
3.  Prepare solutions (0%, 10%, 20%, 30% and 40%) for each alcohol. 
a. Using Beral pipets, add the number of drops of water specified in Table 1 to each of wells in the microwell plate the unknown is pure in well six. 
b. Be sure to use a clean pipette when you change alcohols.
c. Use a different Beral pipet to add alcohol to each of five wells in the microwell plate. See Table 1 to determine the number of drops of alcohol to add to each well.
	Table 1

	Well
	H2O
	Alcohol
	Concentration

	number
	drops
	drops
	Alcohol (%)

	1
	128
	0
	0

	2
	114
	14
	10

	3
	102
	26
	20

	4
	88
	40
	30

	5
	76
	52
	40

	unknown
	0
	128
	?


4. Now, obtain a piece of beet from your instructor. 
a. Cut 12 squares, each 0.5 cm X 0.5 cm X 0.5 cm in size. They should easily fit into a microwell without being wedged in. While cutting the beet, be sure:

b. There are no ragged edges.

c. No piece has any of the outer skin on it.

d. All of the pieces are the same size.

e. The pieces do not dry out.

f. Rinse the beet pieces several times using a small amount of water. Immediately drain off the water. This will wash off any pigment released during the cutting process. 

g. Set the timer to 10 minutes and begin timing. 
h. Use forceps to place a piece of beet into each of 12 wells, which you have labeled. 
i. Stir the beet in the alcohol solution once every minute with a toothpick. Be careful not to puncture or damage the beet. 

5.
Turn on the calculator. Connect the Colorimeter, data-collection interface, and calculator.

6.
Prepare a blank by filling an empty cuvette ¾ full with distilled water. Seal the cuvette with a lid. To correctly use a Colorimeter cuvette, remember:

· All cuvettes should be wiped clean and dry on the outside with a tissue.

· Handle cuvettes only by the top edge of the ribbed sides.

· All solutions should be free of bubbles.

· Always position the cuvette with its reference mark facing toward the white reference mark at the right of the cuvette slot on the Colorimeter.

7.
Set up EasyData to collect absorbance readings.

a. Start the EasyData application, if it is not already running. 

b. Select [image: image4.png](File)



 from the Main screen, and then select New to reset the application.

c. Select [image: image5.png]


 from the Main screen, and then select Events with Entry.

8.
Set up and calibrate the Colorimeter.
a. Place the blank in the cuvette slot of the Colorimeter and close the lid.

b. Set the wavelength on the Colorimeter to 470 nm (Blue). 

c. Calibrate by pressing the AUTO CAL button on the Colorimeter.  When the flashing light stops blinking the colorimeter is calibrated.
9. 
  When the timer set for 10minutes goes off, remove the beet pieces from the wells. Remove them in the same order they were placed in the wells.   Discard pieces of beets and retain the colored solutions.

10.
You are now ready to collect absorbance-concentration data for the five standard solutions.
a. Select [image: image6.png](Start |



 to begin data collection.

b. Using the 0% solution, rinse an empty cuvette twice with ~1-mL amounts and then fill it 3/4 full. Wipe the outside with a tissue, place the cuvette in the Colorimeter, and close the lid.

c. When the value displayed on the calculator screen has stabilized select [image: image7.png](Keep |



 to record the absorbance of the first standard.

d. Enter 0 as the concentration in percent and select [image: image8.png]


 to store this absorbance-concentration data pair.

e. Continue with this procedure using the 10, 20, 30, 40 concentration standards. In each step enter the concentration of the standard.

f. Select [image: image9.png][ Stop |



 when you have finished collecting data.

g. Examine the data points along the curve on the displayed graph. As you move the cursor right or left, the concentration (X) and absorbance (Y) values of each data point are displayed above the graph. Write down the absorbance values in your data table (round to the nearest 0.001).

h. Select [image: image10.png][ Main |



 to return to the Main screen. 


11.
Determine the absorbance value of the unknown solution. To do this:

a. Obtain about 5 mL of the unknown in a clean, dry, test tube. Write down the number of the unknown in your data table.

b. Rinse the cuvette twice with the unknown solution and fill it about 3/4 full. Wipe the outside of the cuvette, place it into the Colorimeter, and close the lid.  
c. DO NOT HIT  [image: image11.png](Start |



 !!   Monitor the absorbance value displayed on the calculator. When this value has stabilized, write it down in your data table (round to the nearest 0.001).

d. Dispose of the remaining solution as directed by your instructor.

12.
Discard the solutions as directed by your instructor.
13.
To determine the concentration of the unknown solution, plot a graph of absorbance vs. concentration with a linear regression curve displayed, then interpolate along the regression line to convert the absorbance value of the unknown to concentration. To do this:

a. Select [image: image12.png](Graph)



 from the Main screen.

b. Select [image: image13.png]


 from the Graph screen, and then select Linear Fit. The linear-regression statistics for these two lists are displayed for the equation in the form

y = ax + b

where y is absorbance, x is concentration, a is the slope, and b is the y-intercept. Note: One indicator of the quality of your data is the size of b. It is a very small value if the regression line passes through or near the origin. The correlation coefficient, r, indicates how closely the data points match up with (or fit) the regression line. A value of 1.00 indicates a nearly perfect fit.

c. To display the linear-regression curve on the graph of absorbance vs. concentration, select [image: image14.png]


. This graph should indicate a direct relationship between absorbance and concentration, a relationship known as Beer’s law. The regression line should closely fit the five data points and pass through (or near) the origin of the graph.

d. The cursor is initially on the first data point. To interpolate along the curve, press [image: image15.png]


. The X and Y coordinates above the graph. Use [image: image16.png]


 or [image: image17.png]


 to move the cursor to an absorbance value (Y value) that is closest to the absorbance reading you obtained in Step 7. The concentration, in mol/L, will be equal to the corresponding X value. Write down this value in your data table.

14.      To store your latest run press file 

a.  Arrow down to 4 Store Run and press [image: image18.wmf]ENTER


b.  Press ok

15.      Repeat steps 10 - 14 with alcohol 2

16.   To compare the two graphs  

a.  From the screen with the graph select advanced 


b.  select   L2, L3 vs L1 by arrowing down and pressing [image: image19.png]C ENTER )





 c.  compare the graphs
17.
  Print the graph(s) of absorbance vs. concentration, with a regression line and interpolated unknown concentration displayed for each alcohol.

Coroner’s Comments

Often when the coroner is called, police and first responders question whether a crime has been committed.  When the cause and manner of death cannot be determined at the scene by either medical history or overt trauma the coroner will order an autopsy.  When the autopsy is done, the forensic pathologist will ascertain the cause and manner (natural, accidental, homicide, suicide or undetermined) of death and examine the body for any evidence of criminal action.  In the above scenario the cause of death was determined to be Ruptured Esophageal Varices due to Cirrhosis due to Chronic Alcoholism and the manner of death was Natural.  The blood alcohol was 0.32%, which is 4 times the accepted legal limit for intoxification.  It was determined that all the injuries on the body were caused from numerous falls while he was intoxicated and did not lead to his death.  Thus, what seemed like a possible crime scene was actually a natural death.

Name: ____________________________
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DATA TABLE
	
	                        Table 2

	
	          
	Absorbance

	Trial
	Concentration (%)
	Methanol
	Ethanol

	1
	0
	
	

	2
	10
	
	

	3
	20
	
	

	4
	30
	
	

	5
	40
	
	

	unknown
	
	
	


ACTIVITY QUESTIONS
1.
Which alcohol damaged the beet at the lowest concentrations? How did you determine this?
2.
Which of the two alcohols seems to affect membranes the most? How did you come to this conclusion?
3.  At what percentage of alcohol is the cellular damage highest for methanol? ethanol?

TEACHER NOTES 
Concepts

Biology – cell membrane damage

Chemistry – Beer’s Law

Biology – affect of alcohol on nervous system/
Teaching Time     one 45-minute class period
Notes on Materials 
a. Beets fresh from the local store, you can not pre-slice them for good results.

b. Knives should be sharp for cutting, depending upon your local regulations; scalpels may need to be used.

c. Beets can stain clothes and hands, gloves and aprons may be appropriate if available
Source;
Biology with Calculators by Vernier
Web Search Information

Search on blood alcohol to get drinking wheels etc.

Source National Highway Traffic Safety Commission (NHTSC)
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