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APPENDIX E
Resources

List of NHTSA regional offices:
www.nhtsa.gov

List of State and Territorial Highway Safety Offices:
www.ghsa.org/html/about/shsos.html

National Sobriety Testing Resources Center for obtaining SFST materials:
https://dredata.nhtsa.gov

IACP Drug Evaluation and Classification Program:
http://www.decp.org/
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Session 2 - Detection and General Deterrence

The ability to detect DWI violators
is the key to general deterrence
and possibly the greatest
impediment to it.

The ability to detect DWI violators is the key to general deterrence and possibly the greatest
impediment to it. If we accept the three to one ratio of failed detections as being reasonably
accurate, the implications are rather alarming. Consider the impact on a DWI violator's subsequent
behavior when, after being stopped by the police, the operator is allowed to continue driving. Very
likely, these DWI violators and their friends will become even more convinced of their ability to
handle drinking and driving. Further, they will come to believe they will never be arrested because
police officers can't determine when they are "over the limit." Instead of creating general DWI
deterrence, this attitude breeds specific reinforcement. This helps to develop a feeling among DWI
violators they have nothing more to fear from police than an occasional ticket for a minor traffic
offense.

On the positive side, the ratio of undetected to detected violations suggests much can be
accomplished with existing resources if we use those resources as efficiently as possible. By just
being able to improve detection skills of law enforcement officers, we could experience an increase
in the arrest/violation ratio without any increase in contacts.

This same, or better, degree of effectiveness can happen here.
Point out the keys to success are:

» Better training in detection skills

» Willingness to arrest every DWI violator who is detected
Solicit participants’ questions concerning general deterrence.
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Session 2 - Detection and General Deterrence

Alcohol is the most

abused drug in the
United States

DWI Detection and Standardized Field Sobriety Testing

E. Physiology of Alcohol

A brief overview of alcohol:
Alcohol is the most abused drug in the United States.

"Alcohol™ is the name given to a family of closely-related and naturally-occurring chemicals. Each of
the chemicals called an "alcohol™ contains a molecule chemists refer to as a "hydroxy radical."” This
radical contains one oxygen atom and one hydrogen atom bonded together. The simplest alcohol has
only one carbon atom, three hydrogen atoms, and one hydroxy radical. The next alcohol has two
carbon atoms, five hydrogen atoms, and one hydroxy radical. The third alcohol has three carbon
atoms, seven hydrogen atoms, and one hydroxy radical. That is how the alcohols differ from one
another.

Alcohols are molecularly very similar and produce similar effects. They produce intoxicating effects
when ingested into the human body. Only one of them is meant for human consumption. However,
when ingested in substantial quantities it can cause death.
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Session 2 - Detection and General Deterrence

Some Types of Alcohol
‘DANGER!
* Methyl Alcohol (Methanol)

« Ethyl Alcohol (Ethanol)

* Isopropyl Alcohol
(Isopropanol)

DWI Detection and Standardized Field Sobriety Testing

Ask: What are the names of some of the chemicals that are alcohols?

Three of the more commonly known alcohols are Methyl, Ethyl, and Isopropyl.
» Methyl alcohol also known as Methanol or wood alcohol

 Ethyl alcohol also known as Ethanol or beverage alcohol

* Isopropyl Alcohol (Isopropanol) also known as rubbing alcohol
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Session 2 - Detection and General Deterrence

Ethyl Alcohol (Ethanol)
Intended for Human Consumption

Chemical Symbols
ETOH
C,H;OH
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The ingestible alcohol is known as ethyl alcohol, or ethanol. Its chemical abbreviation is ETOH. The
"ET" stands for "ethyl" and the "OH" represents the single oxygen atom bonded to one of the
hydrogen atoms ("hydroxy radical"). Ethanol is the variety of alcohol that has two carbon atoms. Two
of ethanol's best known analogs are methyl alcohol (or methanol), commonly called "wood alcohol”,
and isopropyl alcohol (or isopropanol), also known as "rubbing alcohol".

The "ET" represents "ethyl" and the "OH" represents an oxygen atom and hydrogen atom, bonded
together in what the chemists refer to as the "hydroxy radical”. All alcohols have a hydroxy radical
in their molecules.
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Fermentation
Yeast combines with sugars from fruit or

grains in a chemical reaction resulting in
ETOH.

?,o
sugal + yeast = : .2

fermentation
(alcohol & co2)
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Ethanol is what interests us because it is the kind of alcohol that features prominently in impaired
driving. Ethanol is beverage alcohol, the active ingredient in beer, wine, whiskey, liquors, etc. Ethanol
production starts with fermentation. That is a kind of decomposition in which the sugars in fruit,
grains, and other organic materials combine with yeast to produce the chemical we call ethanol. This
can occur naturally, as yeast spores in the air come into contact with decomposing fruit and grains.
However, most of the ethanol in the world didn't ferment naturally, but was produced under human
supervision.

When an alcoholic beverage is produced by fermentation, the maximum ethanol content that can be
reached is about 14%. At that concentration, the yeast dies, so the fermentation stops. Obtaining a
higher ethanol content requires a process called distillation. This involves heating the beverage until
the ethanol "boils off," then collecting the ethanol vapor. It is possible to do this because ethanol
boils at a lower temperature than does water.

Point out humans almost certainly first encountered ethanol that had been produced accidentally
in this fashion.

Ask : "Why can't fermentation produce a higher ethanol concentration than 14%?” .

Point out ethanol starts to boil at a lower temperature than water does.
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Session 2 - Detection and General Deterrence

Distillation

Fermented beverage is boiled at a
controlled temperature to extract and
concentrate the ethanol fumes.
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Ask participants to name some distilled spirits (whiskey, vodka, gin, rum).

Distilled spirits is the name we give to high ethanol concentration beverages produced by
distillation. These include rum, whiskey, gin, vodka, etc. The ethanol concentration of distilled spirits
usually is expressed in terms of proof, which is a number corresponding to twice the ethanol
percentage. For example, an 80-proof beverage has an ethanol concentration of 40%.
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Session 2 - Detection and General Deterrence

Common Drink Sizes
(0.60 ounces of pure ethanol)

+ Bottle of beer — 12 ounces of fluid -
@ 5% alcohol ;

* Glass of wine — 5 ounces of fluid
@ 12% alcohol

» Shot of whiskey (80 proof) — 1 and
1/2 ounces @ 40% alcohol

DWI Detection and Standardized Field Sobriety Testing 2-45

Over the millennia, during which people have used and abused ethanol, some common-sized
servings of the different beverages have evolved.
» Beer is normally dispensed in 12-ounce servings
o Since beer has an ethanol concentration of about four percent, the typical bottle or can of
beer contains a little less than one half ounce of pure ethanol
« A standard glass of wine has about four ounces of liquid
o Wine is about 12% alcohol so the glass of wine also has a bit less than one half ounce of
ethanol in it
« Whiskey and other distilled spirits are dispensed by the "shot glass," usually containing about
one and one half ounces of fluid
o At a typical concentration of 40% ethanol (80 proof), the standard shot of whiskey has
approximately one half ounce of ethanol
Therefore, as far as their alcoholic contents are concerned, a can of beer, a glass of wine and a shot
of whiskey are all the same.
Source: National Institute on Alcohol Abuse and Alcoholism
(https://www.niaaa.nih.gov/alcohol-health/overview-alcohol-consumption/what-standard-
drink) (National Institute of Health). Accessed April 19, 2017
Point out the proof of a distilled spirit is equal to twice the ethanol concentration.
Point out alcohol concentration may vary greatly depending on type/brand.
Solicit participant comments and questions on this overview of alcohol.
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Alcohol is a CNS Depressant
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Ethanol is a Central Nervous System Depressant. It doesn't affect a person until it gets into their
Central Nervous System, i.e., the brain, brain stem and spinal cord. Ethanol gets to the brain by
getting into the blood. In order to get into the blood, it has to get into the body.

There are actually a number of different ways in which ethanol can get into the body. It can be
inhaled: Ethanol fumes, when taken into the lungs, will pass into the bloodstream and a positive
BAC will develop. However, prolonged breathing of fairly concentrated fumes would be required to
produce a significantly high BAC.

Ethanol could also be injected, directly into a vein; it would then flow with the blood back to the
heart, where it would be pumped first to the lungs and then to the brain. And, it could be inserted
as an enema and pass quickly from the large intestine into the blood. But none of these methods
are of any practical significance because alcohol is almost always introduced into the body orally,
i.e., by drinking.
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Absorption of Alcohol

20%

Getting the ethanol out
of the stomach and into

the blood
20%
Stomach .
Walls 20%
20%
Stomach
Pylorus Walls
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Once the ethanol gets into the stomach it has to move into the blood. The process by which this
happens is known as absorption. One very important fact pertaining to alcohol absorption is it
doesn't have to be digested in order to move from the stomach to the blood.

Another very important fact is alcohol can pass directly through the walls of the stomach. These two
facts, taken together, mean under the right circumstances absorption of alcohol can be
accomplished fairly quickly. The ideal circumstance for rapid absorption is to drink on an empty
stomach.

When the alcohol enters the empty stomach, about 20% of it will make its way directly through the
stomach walls. The remaining 80% will pass through the stomach and enter the small intestine,
from which it is readily absorbed into the blood. Because the body doesn't need to digest the
alcohol before admitting it into the bloodstream, the small intestine will be open to the alcohol as
soon as it hits the stomach.

But what if there is food in the stomach? Suppose the person has had something to eat shortly
before drinking or eats food while drinking; will that affect the absorption of alcohol? Yes it will.
Food has to be at least partially digested in the stomach before it can pass to the small intestine.
When the brain senses food is in the stomach, it commands a muscle at the base of the stomach to
constrict and cut off the passage to the small intestine. The muscle is called the pylorus, or pyloric
valve. As long as it remains constricted, little or nothing will move out of the stomach and into the
small intestine. If alcohol is in the stomach along with the food, the alcohol will also remain trapped
behind the pylorus. Some of the alcohol trapped in the stomach will begin to break down chemically
before it ever gets into the blood. In time, as the digestive process continues, the pylorus will begin
to relax and some of the alcohol and food will pass through. But the overall effect will be to slow the
absorption significantly. Because the alcohol only slowly gets into the blood, and because the body
will continue to process and eliminate the alcohol that does manage to get in there, the drinker's
BAC will not climb as high as it would have if he or she had drunk on an empty stomach.

Solicit participants' comments and questions about the absorption of alcohol into the blood.
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Distribution of Alcohol

Getting the ethanol into the body’s tissues
and organs

BASIC PRINCIPLE
Ethanol goes wherever it finds water
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Once the alcohol moves from the stomach into the blood, it will be distributed throughout the body
by the blood. Alcohol has an affinity for water. The blood will carry the alcohol to the various tissues
and organs of the body and will deposit the alcohol in them in proportion to their water contents.

Brain tissue has a fairly high water content so the brain receives a substantial share of the
distributed alcohol. Muscle tissue also has a reasonably high water content but fat tissue contains
very little water. Thus, very little alcohol will be deposited in the drinker's body fat. This is one factor
that differentiates alcohol from certain other drugs, notably PCP and THC, which are very soluble in
fat.
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Distribution of Alcohol

* Which parts of the body have lots of
water? Which parts do not?

+ The average male is 68% water
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Ask participants to suggest why this significant difference exists.

The affinity of alcohol for water, and its lack of affinity for fat, helps explain an important difference
in the way alcohol affects women and men. Pound for pound, the typical female's body contains a
good deal less water than does the typical man's. This is because women have additional adipose
(fatty) tissue designed in part to protect a child in the womb. A Swedish pioneer in alcohol research,
E.M.P. Widmark, determined the typical male body is about 68% water, the typical female only
about 55%. Thus, when a woman drinks, she has less fluid -- pound for pound -- in which to
distribute the alcohol.

Ask : Suppose a woman and a man who weigh exactly the same drink exactly the same amount of
alcohol under exactly the same conditions. Who will reach the higher BAC?

Answer: If a woman and a man who weighed exactly the same drank exactly the same amount of
alcohol under the same circumstances, her BAC would climb higher than his. When we couple this
to the fact the average woman is smaller than the average man, it becomes apparent a given
amount of alcohol will cause a higher BAC in a woman than it usually will in a man.

Solicit participant comments and questions about the distribution of alcohol in the body.
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Elimination of Alcohol

* Direct excretion
o Breath
o Urine
o Sweat
o Tears
o Etc

* Metabolism
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As soon as the alcohol enters the blood stream, the body starts trying to get rid of it. Some of the
alcohol will be directly expelled from the body chemically unchanged. For example, some alcohol
will leave the body in the breath, urine, sweat, tears, etc. However, only a small portion (about 2-
10%) of the ingested alcohol will be directly eliminated.

Most of the alcohol a person drinks is eliminated by metabolism. Metabolism is a process of
chemical change. In this case, alcohol reacts with oxygen in the body and changes through a series
of intermediate steps into carbon dioxide and water, both of which are directly expelled from the
body.

Ask : What organ in the body is primarily responsible for chemically breaking the alcohol down?
Click to reveal answer to question on next slide.

Revised: DWI Detection and Standardized Field Sobriety Testing Session 2
02/2018 Detection and General Deterrence Page 50 of 64



Metabolism in the Liver

* Burns ethanol

+ Aided by alcohol dehydrogenase
enzyme

+ Ultimate products of chemical reaction
are carbon dioxide and water

+ Average person’s BAC drops by about
0.015 per hour
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Most of the metabolism of alcohol in the body takes place in the liver. An enzyme known as alcohol
dehydrogenase acts to speed up the reaction of alcohol with oxygen. The speed of the reaction
varies somewhat from person to person and even from time to time for any given person. On the
average, however, a person's blood alcohol concentration -- after reaching peak value -- will drop by
about 0.015 per hour. For example, if the person reaches a maximum BAC of 0.15, it will take about
ten hours for the person to eliminate all of the alcohol.

Some metabolism of alcohol also takes place in other parts of the body including the brain. But
the liver does the vast majority of the job.

For the average-sized male, a BAC of 0.015 is equivalent to about two thirds of the alcohol content
of a standard drink (i.e., about two thirds of a can of beer, or glass of wine, or shot of whiskey). For
the average-sized female, that same BAC would be reached on just one half of a standard drink. So
the typical male will eliminate about two thirds of a drink per hour while the typical female will burn
up about one half of a drink in that hour.
Pose this problem to the class: Suppose a person reaches a peak BAC of 0.15. How long will it take
for his or her body to eliminate all of the alcohol?
Answer: # hours = BAC / Elimination rate
Example: X=0.15/0.015

X =10 hours
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Metabolism

How can we speed up the metabolism of
alcohol?

« We can't — The liver takes its time
burning up the alcohol
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Ask : How can we speed up the metabolism of alcohol? We can't speed it up. Drinking coffee
won’t help. A cold shower won’t help. Exercise won’t help. The liver takes its time burning up the
alcohol.

Reveal answers to the question after soliciting participant answers.

We can control the rate at which alcohol enters our bloodstream. For example, we can gulp down
our drinks or slowly sip them. We can drink on an empty stomach or we can take the precaution of
eating before drinking. We can choose to drink a lot or a little. But once the alcohol gets into the
blood, there is nothing we can do to affect how quickly it leaves. Coffee won't accelerate the rate at
which our livers burn alcohol. Neither will exercise, or deep breathing, or a cold shower. We simply
have to wait for the process of metabolism to move along at its own speed.

Solicit the participants for comments and questions about the elimination of alcohol from the
body.
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Session 2 - Detection and General Deterrence

Dose Response Relationships

* Time

+ Sex

* Weight

» Drinking on empty stomach

DWI Detection and Standardized Field Sobriety Testing

Dose Response Relationships

People sometimes ask, "how 'high' is ‘drunk'?" What is the "legal limit" for "drunk driving"? How
much can a person drink before becoming "impaired"? Depends... Time? Sex? Weight? Drinking on
an empty stomach? A couple of beers can do it.

There is no simple answer to these or similar questions except to say any amount of alcohol will
affect a person’s ability to drive to some degree. It is true the laws of nearly all States establish a
BAC limit at which it is explicitly unlawful to operate a vehicle. In those cases, that "limit" is 0.08
BAC. But every State also makes it unlawful to drive when "under the influence" of alcohol and the
law admits the possibility a particular person may be under the influence at much lower BACs.
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Session 2 - Detection and General Deterrence

How Much Alcohol to Reach
a BAC of 0.08

175 Ib. Male

* Drinking on an Empty Stomach

-

~/
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How much alcohol does someone have to drink to reach these kinds of BACs?

Obviously, as we've already seen, it depends on how much time the person spends drinking, on
whether the person is a man or a woman, on how large the person is, on whether the drinking takes
place on an empty stomach, and on certain other factors. But let's take as an example a 175 pound
man. If he drinks two beers, or two shots of whiskey, in quick succession on an empty stomach, his
BAC will climb to slightly above 0.04. Two more beers will boost him above 0.08. One more will push
him over 0.10. In one respect, then, it doesn't take very much alcohol to impair someone: "a couple
of beers" can do it.
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Blood Alcohol Concentration

+ BAC is the number of grams of alcohol
found in 100 milliliters of the person’s
blood

o Example - If a person has a BAC of .08,
then there is eight one-hundredths of a
gram of alcohol in every 100 milliliters of
the person’s blood

DWI Detection and Standardized Field Sobriety Testing

It actually takes 454 grams (g) to make a pound.

But in another respect, when we contrast alcohol with virtually any other drug, we find impairment
by alcohol requires a vastly larger dose than does impairment by the others. Consider exactly what
a BAC of 0.08 means. BAC is expressed in terms of the "number of grams of ethanol in every 100
milliliters of blood". Therefore, 0.08 means there is 0.08g of ethanol in every 100 milliliters (mL) of
blood. You will find BAC results are reported in a variety of units. Two common variations are
milligrams/milliliters and percent. There are 1000 milligrams (mg) in one gram; therefore, 0.08g
equals 80mg and a BAC of 0.08 would be reported as 80mg of ethanol/100mL of blood. Percent
means parts per one hundred. In this example 0.08g/100mL of blood is equivalent to 0.08% BAC.

Note: The term BAC is used in the manual. However, it should be understood to refer to either

Blood Alcohol Concentration (BAC) or Breath Alcohol Concentration (BrAC) depending on the legal

requirements of the jurisdiction.

Ask : How much alcohol does a person have to drink to reach a BAC of 0.08?

» Take an average male weighing 175 pounds and in reasonably good physical shape

» Assume he does his drinking on an empty stomach

« It is estimated a person would have to consume four cans of beer, four glasses of wine, or four
shots of 80-proof whiskey in a fairly short period of time to reach a BAC of 0.08

Explain there are numerous physiological variables that can affect BAC such as gender, weight,

stomach contents, medical/health, metabolic rate, etc.

Review questions are located at end of Session 2 (Test Your Knowledge).
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Session 2 - Detection and General Deterrence

QUESTIONS?

DWI Detection and Standardized Field Sobriety Testing
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Test Your Knowledge
1. In typical enforcement jurisdictions one DWI

violation in results in arrest

2. In the Fort Lauderdale study, police officers
arrested % of the drivers they
contacted whose BACs were .10 to .20.

3. Name three different chemicals that are
alcohols.
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Test Your Knowledge
1. Intypical enforcement jurisdictions one DWI violation in 100 results in arrest.

2. In the Fort Lauderdale study, police officers arrested 22% of the drivers they contacted whose
BACs were .10 to .20.

3. Name three different chemicals that are alcohols.
Methyl, Ethyl and Isopropyl (or, Methanol, Ethanol and Isopropanol) (or, Wood Alcohol, Beverage
Alcohol, and Rubbing Alcohol)
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Test Your Knowledge

4. Which of these is beverage alcohol,
intended for human consumption?

5. What is the chemical symbol for beverage
alcohol?

6. What is the name of the chemical process
by which beverage alcohol is produced
naturally?

DWI Detection and Standardized Field Sobriety Testing

4. Which of these is beverage alcohol, intended for human consumption? Ethanol is the beverage
alcohol, intended for human consumption.

5. What is the chemical symbol for beverage alcohol? The four letter chemical symbol is ETOH.

6. What is the name of the chemical process by which beverage alcohol is produced naturally?
Fermentation
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Test Your Knowledge

7. What is the name of the process used to
produce high concentration beverage
alcohol?

8. Blood alcohol concentration is the number
of of alcohol in every 100 milliliters of
blood.

a. Grams
b. Milligrams
c. Nanograms
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7. What is the name of the process used to produce high concentration beverage alcohol?
Distillation

8. Multiple choice: Blood alcohol concentration is the number of alcohol in every 100 milliliters of
blood.
A. Grams
B. Milligrams
C. Nanograms
A, "grams*
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Test Your Knowledge

9. True or false: Pound for pound, the
average woman contains more water than
does the average man

10. What do we mean by the “proof” of an
alcoholic beverage?

11. Every chemical that is an “alcohol”
contains what three elements?
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9. True or false: Pound for pound, the average woman contains more water than does the average
man. False. The average woman actually has a good deal less water, pound for pound, than
does the average man. She is about 55 % water, he is about 68 %.

10. What do we mean by the "proof" of an alcoholic beverage? "Proof" means twice the ethanol
percent of the beverage. For example, 80 proof vodka is 40 % ethanol.

11. Every chemical that is an "alcohol” contains what three elements? The three elements common
to all alcohols are: carbon, hydrogen and oxygen.
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Test Your Knowledge

12. True or false: Most of the alcohol a person
drinks is absorbed into the blood via the
small intestine

13. What is the name of the muscle that
controls the passage from the stomach to
the lower gastrointestinal track?

14. True or false: Alcohol can pass directly
through the stomach walls and enter the
bloodstream.
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12. True or false: Most of the alcohol a person drinks is absorbed into the blood via the small
intestine. True. Under normal conditions, about 80 % of the ethanol in the stomach will pass
through the pyloric valve into the small intestine, from which it will quickly move into the
bloodstream.

13. What is the name of the muscle that controls the passage from the stomach to the lower
gastrointestinal tract? The muscle is called the pylorus, or pyloric valve.

14. True or false: Alcohol can pass directly through the stomach walls and enter the bloodstream.
True. Usually, about 20 % of the ethanol a person drinks diffuses through the stomach walls
to enter the blood.
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Test Your Knowledge

15. Suppose a man and a woman who both
weigh 160 pounds arrived at a party and
started to drink at the same time. And
suppose, two hours later, they both have a
BAC of 0.10. Chances are...

a. He had more to drink than she did

b. They drank just about the same amount
of alcohol

c. He had less to drink than she did.

DWI Detection and Standardized Field Sobriety Testing

15. Multiple choice: Suppose a man and a woman who both weigh 160 pounds arrived at a party
and started to drink at the same time. And suppose, two hours later, they both have a BAC of
0.10. Chances are ....
A. He had more to drink than she did.
B. They drank just about the same amount of alcohol.
C. He had less to drink than she did.

A, "more*
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Session 2 - Detection and General Deterrence

Test Your Knowledge

16. In which organ of the body does most of
the metabolism of the alcohol take place?

17. What is the name of the enzyme that aids
the metabolism of alcohol?

DWI Detection and Standardized Field Sobriety Testing

16. In which organ of the body does most of the metabolism of the alcohol take place? The liver is
where most metabolism takes place.

17. What is the name of the enzyme that aids the metabolism of alcohol? Alcohol dehydrogenase
is the enzyme that serves as a catalyst for alcohol's metabolism in the liver.
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Session 2 - Detection and General Deterrence

Test Your Knowledge

18. Once a person reaches his or her peak
BAC, it will drop at a rate of about per
hour.

a. 0.025
b. 0.015
c. 0.010

19. True or false: It takes about 30 minutes for
the average 175 pound man to “burn off”
the alcohol in one 12 ounce can of beer.
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18. Multiple choice: Once a person reaches their peak BAC, it will drop at a rate of about per hour.
A. a.0.025
B. b.0.015

C. c.0.010
B "0.015" (But remember: This is an average value, with wide variations among individuals.)

19. True or False: It takes about thirty minutes for the average 175 pound man to "burn off" the
alcohol in one 12 ounce can of beer. False. The average 175 pound man will need 90 minutes
to metabolize the alcohol.
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