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Ethanol abuse can lead to negative consequences that oftentimes result in criminal charges and civil lawsuits. When
an individual is suspected of driving under the influence, law enforcement agents can determine the extent of
intoxication by measuring the blood alcohol concentration (BAC) and performing a standardized field sobriety test.
The BAC is dependent on rates of absorption, distribution, and elimination, which are influenced mostly by the
dose of ethanol ingested and rate of consumption. Other factors contributing to BAC are gender, body mass and
composition, food effects, type of alcohol, and chronic alcohol exposure. Because of individual variability in ethanol
pharmacology and toxicology, careful extrapolation and interpretation of the BAC is needed, to justify an arrest
and assignment of criminal liability. This review provides a summary of the pharmacokinetic properties of ethanol
and the clinical effects of acute intoxication as they relate to common forensic questions. Concerns regarding the
extrapolation of BAC and the implications of impaired memory caused by alcohol-induced blackouts are discussed.
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Without question, ethanol is the most common psy-
choactive drug used by children, adolescents, and
adults in the United States and is one of the most
abused drugs in the world.1 Its use has long been
associated with criminal and civil litigations.2–4 Al-
cohol abuse can lead to a wide range of adverse health
outcomes, economic burdens, and social conse-
quences.5–9 Alcohol consumption continues to be a
public health concern because of its association with
adverse social impact including domestic violence,
child abuse, fires, accidental injury, and traffic
deaths.10–14 Other crimes against individuals such as
robbery, assault, and rape are commonly associated
with the misuse of alcohol.15 Over the past century in
the United States, the laws and policies implemented
to promote the moderate and safe use of alcohol also
carry with them a large number of legal conse-
quences. From a forensic standpoint, the measure-
ment of blood alcohol concentration (BAC) is pri-
marily used to determine the extent of intoxication.
Thus, understanding the pharmacokinetic properties
of ethanol is crucial in determining its role in crimi-
nal litigation. In this article, we review the pharma-

cology of ethanol in adults that has relevance to the
common forensic questions that arise during deposi-
tions and trials.

Measurement

BAC is measured according to various metrics,
leading to confusion. The percentage or gram per-
cent alcohol measurement actually indicates grams
per 100 mL of a body fluid, usually the blood (i.e.,
the BAC). Thus a BAC of 0.08%, the most common
BAC indicator for driving under the influence (DUI)
of ethanol, is equivalent to 0.08 gm%, 0.08 gm/100
mL, 0.08 gm/dL, 80 mg%, 80 mg/dL, and 17.4
mmol/L (800 mg/L divided by 46.06844). The con-
version to 17.4 mmol/L is made because 1 mol of
ethanol is equivalent to 46.06844 g. The chemical
formula for ethanol is CH3CH2OH, and the molar
mass of the carbon, oxygen, and hydrogen is 12.0107
g/mol, 15.9994 g/mol, and 1.00794 g/mol,
respectively.

Pharmacokinetics

Absorption, distribution, metabolism, and elimi-
nation are the common pharmacokinetic parameters
used to characterize drug bioavailability in the body.

Absorption

Ethanol is effectively absorbed through the gastro-
intestinal (GI) tract. Factors that influence absorp-
tion include the presence of food, the rate of gastric
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emptying, ethanol concentration, the type of alco-
holic beverage consumed, and changes in GI motility
and blood flow.16–27 Because of the high water sol-
ubility and low molecular weight (MW � 46) of
ethanol, �20 percent is absorbed from the stomach
into the blood by passive diffusion, whereas the re-
mainder is absorbed primarily in the proximal por-
tion of the small intestine.28 Ethanol is absorbed
slowly in the stomach and rapidly in the small intes-
tine because the absorbing surface area of the stom-
ach is small relative to the jejunum, such that the rate
of gastric emptying functions as the gatekeeper for
the rate of absorption.16,29 Logically, it follows that
the presence of food in the stomach can delay gastric
emptying and decrease the rate of ethanol absorp-
tion. Caloric density and composition of a meal in-
fluence the rate of gastric emptying.20 Food or fluid
in the gastric lumen dilutes ethanol concentrations
and reduces the efficiency of absorption.18 A U.S.
Food and Drug Administration (FDA)– defined
light breakfast of 4 oz orange juice, a slice of buttered
toast, and a cup of coffee decreased the average area
under the blood alcohol time curve by 36 percent,
whereas a heavy breakfast of 4 oz orange juice, 2 fried
eggs, 2 strips of bacon, 2 pieces of buttered toast, and
2 cups of coffee resulted in a 63 percent reduction.
The decrease was estimated to be equally a function
of slowed absorption.21 A later study demonstrated
that in nonfasted individuals, protein meals de-
creased alcohol absorption by 77 percent, whereas
fatty meals decreased absorption by 90 percent and
carbohydrate by 96 percent.22 Solid meals delay gas-
tric emptying more than liquid meals; therefore, the
rate of absorption with solid foods is slower than with
liquid foods.23 Ethanol concentration and the type
of alcohol consumed also affect the rate of GI absorp-
tion and peak BAC. In the fasting state, dilute alco-
holic beverages such as beer or wine are absorbed
more slowly than higher concentration beverages
such as whiskey or vodka and tonic.17,26 The caloric
content and nonalcoholic ingredients of beer and
wine contribute to delay in gastric emptying and can
influence the rate of GI absorption.27

Distribution

Ethanol is completely miscible in water and insol-
uble in fat. The volume of distribution (Vd) for alco-
hol in an individual is an expression of total body
water.30 The Vd for alcohol is proportional to the
lean body mass because the adipose tissue contains

little water. On average, women have more adipose
tissue than men, and therefore, they have a smaller
Vd.31 Thus it is not surprising that the Vd of alcohol
in the body is approximated to that of total body
water (TBW). Because ethanol distributes almost en-
tirely in the TBW compartment, the Vd of ethanol is
influenced by the proportion of fat versus lean body
mass. Mean values for Vd of 0.7 L/kg for males and
0.6 L/kg for females were determined by Widmark in
the 1930s.29,32,33 These values are often used in legal
BAC calculations (i.e., the Widmark BAC estima-
tion equation (see equation 1)), but BMI and body
composition have changed considerably over the
years. Increasing BMI results in decreased Vd of eth-
anol, therefore the original Widmark mean values
may not be appropriate estimates of ethanol distri-
bution for the current population and may not be
suitable for calculating BAC in obese patients.34

Methods to individualize measures of ethanol distri-
bution involve calculating TBW based on gender,
height, and weight.33 In adult males, the average
TBW is estimated at 61 percent of total body weight
while in adult females, the best average estimate of
TBW is 50 percent.35 Postmortem samples are often
obtained from tissue other than whole blood and
thus require adjustment to standardize the ethanol
concentration into BAC units. Table 1 presents the
distribution ratios of ethanol in body fluids and tis-
sues relative to whole blood.36

In the United States, one “standard” drink con-
tains �14 g pure alcohol.37 Examples of a standard
drink are: 12 ounces of regular beer (usually �5%
alcohol), 5 ounces of wine (typically �12% alcohol),
and 1.5 ounces of distilled spirits (�40% alcohol).37

An important caveat about generalization is that
most microbreweries have lagers and ales with la-

Table 1 Distribution of Ethanol in Body Tissue and Fluid
Compared With Blood

Specimen
Multistudy
Average

Range of
Averages Studies (n)

Urine 1.29 1.01–1.44 15
Serum or plasma 1.16 1.12–1.18 4
Vitreous humor 1.14 0.99–1.34 8
Saliva 1.13 1.10–1.20 4
Cerebrospinal fluid 1.08 0.92–1.18 4
Skeletal muscle 0.90 0.89–0.91 2
Brain 0.84 0.62–1.24 9
Kidney 0.66 – 1
Liver 0.60 0.56–0.63

Adapted from Garriot JC, ed. Medicolegal Aspects of Alcohol (ed 3).
Tucson, AZ: Lawyers & Judges Publishing Co., 1996.
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beled alcohol percent concentrations that exceed
these percentages. The potency of distilled spirits is
characterized in terms of proof. For instance, 86
proof whiskey contains 43 percent (volume percent)
absolute ethanol, whereas 100 proof vodka is 50 per-
cent ethanol.

Blood Alcohol Calculations

Generally, it is estimated that one drink will pro-
duce a BAC of 0.02 percent for a 200-lb male and
0.04 percent for a 125-lb female, whereas two and
three drinks double and triple the BAC, respectively.
Thus, it should be assumed that the number of
drinks and the BAC they produce increase linearly, as
commonly presented in drink–BAC tables available
on the Internet.

To estimate expected BACs from drinking histo-
ries, the Widmark and Watson equations are com-
monly used.32,33 The Widmark formula is shown in
Equation 1:

BAC (g%) � (0.8 g/mL � A � 100%)/

(W � 1000 � r) (1)

where A equals the amount of ethanol consumed in
milliliters, W equals the weight of the subject in ki-
lograms, and r is the Widmark factor, a constant
relating the distribution of water in the body in liters
per kilogram. Table 2 lists the Widmark factors for
men and women by height and weight, calculated
according to the Forrest method.38,39 The procedure
proposed in Forrest’s paper for calculating the Wid-
mark factor is labor intensive if performed manually,
and the BASIC computer program offered by the
author is no longer available.38 The Widmark Factor
can also be calculated by taking the TBW and divid-
ing by the percentage of water in the blood (80%).

For example, in the case of a 32-year-old man
(height 195 cm, weight 100 kg) who drinks one beer
(14 g alcohol, 12 fluid ounces), the BAC can be
calculated by first determining the Widmark factor
from Table 2 and then using Equation 1. A typical
bottle of beer contains 12 ounces of liquid and is 5
percent alcohol, so it contains 0.6 liquid ounces of
alcohol (A � 17.74 mL). The Widmark factor ac-
cording to Table 2 for this individual is 0.7 L/kg.

BAC (g%) � (0.8 g/mL � 17.74 mL � 100%)/

(100 kg � 1000 � 0.7 L/kg) � 0.0203%

Hence, the estimated BAC from the Widmark
formula for this example is 0.0203 percent.

The Watson formula requires an estimate of the
subject’s total body water (TBW). The formulas for
TBW in males and females, respectively, are pre-
sented in Equations 2 and 3, where TBW is in liters,
height is in centimeters, and weight is in kilograms.
Equation 4 presents the Watson formula where A is
the amount (in grams) of ethanol ingested and 0.8 is
the fraction of water in the blood.

TBWMALE � 2.45 � 0.095 (age-yr)

� 0.11 (ht-cm) � 0.34 (wt-kg) (2)

TBWFEMALE � 0.11 (ht-cm)

� 0.247 (wt-kg) � 2.10 (3)

BAC (% or g%) � [0.80 A/TBW]/10 (4)

Calculating BAC using the Watson formula for
the same individual (a 32-year-old man, 100 kg, 195
cm) requires determination of TBW from Equation
2 first. Then, the TBW can be used in the Watson
formula.

TBWMALE � 2.45 � 0.095 (32 yrs)

� 0.11 (195 cm) � 0.34 (100 kg) � 54.86

(2)

BAC (% or g%) � [0.80 (17.74 ml)/

54.86]/10 � 0.0259 percent (4)

The TBW for this example is 54.86. The approx-
imate BAC, therefore, using the Watson equation is
0.0259 percent.

Table 2 Widmark ‘r ’ Values by the Method of Forrest

Height (cm) Weight (kg)

Widmark Factor
“r” (L/kg)

Women Men

155 50 0.68 0.77
170 60 0.68 0.77
175 70 0.65 0.74
180 80 0.63 0.72
190 90 0.63 0.72
195 100 0.61 0.70

Adapted from Barbour AD. Simplified Estimation of Widmark �r�
Values by the Method of Forrest. Sci Just 2001;41:53–54.
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Elimination

Ethanol absorption and distribution throughout
the body are not instantaneous. However, once ab-
sorbed, elimination begins. About 95 to 98 percent
of ingested ethanol is metabolized.29 It is metabo-
lized in the liver first by the enzyme alcohol dehydro-
genase to acetaldehyde and then by the enzyme alde-
hyde dehydrogenase to acetic acid, which dissociates
to carbon dioxide and water.30,40 The initial analyses
to determine the rate at which ethanol is eliminated
from the body assumed the drug followed the laws of
capacity-limited elimination (Michaelis-Menten
model). These analyses typically determine a maxi-
mum ethanol metabolic capacity (Vmax) of approxi-
mately 8,500 mg/hour per 70 kg.40 Thus, the ex-
pected blood ethanol disappearance rate (BEDR) is
8,500 mg/70 L per hour or 121 mg/L per hour
(0.012%/hour). Taking into account the results of 8
studies with 425 subjects, the BEDR weighted aver-
age and standard deviation were calculated as 0.0155
percent � 0.0029 percent/hour.40 For 95 percent of
the population, the BEDR ranges from 0.010 to
0.022 percent/hour. Thus although ethanol is elim-
inated from the body at a fixed rate, it does not ap-
pear to obey the classic Michaelis-Menton pharma-
cokinetic rules of capacity-limited elimination.

Despite conflicting evidence, one controlled study
of 8 ethanol-abstinent individuals found that daily
administration of ethanol for one month increased
their rate of elimination by as much as 72 percent.
This effect appears to be related to activation of
ethanol-metabolizing liver enzymes by chronic etha-
nol exposure.41 Studies have also found that women
metabolize ethanol 13–22 percent faster than men.
However, women have a 9–14 percent smaller vol-
ume of distribution, which cancels out the faster me-
tabolism effect, such that men and women have sim-
ilar BEDRs.30

Several studies have investigated the effect of food
on alcohol elimination rates and found that consum-
ing a meal increases first-pass metabolism and the
disappearance rate.42,43 Because these studies used
oral alcohol administration, the effects of food on
alcohol absorption confounded the effect of food on
the elimination rate. Intravenous infusion of ethanol
with breath alcohol clamping has been used as a
method of direct measurement of BEDR. Ramchan-
dani et al.19 used this method to study the effects of
food and food composition on BEDR and found
that the rates of elimination increased by 25 to 45

percent in the fed state compared with the fasted
state. There was no observed difference in BEDR
among different types of food, suggesting that intake
of food was sufficient to increase the elimination rate
of alcohol, made possible by the increase in hepatic
blood flow or activation of ethanol-metabolizing
enzymes.

Probability Estimates

The extrapolation of BACs involves a degree of
uncertainty. For example, the clearance rate used in
BAC calculations is 0.0155 percent � 0.0029 per-
cent (average value � standard deviation, i.e., degree
of uncertainty). The best estimated BAC at the time
of a crime is based on the mean value, and there is a
certain amount of error based on the confidence in-
terval. It would be helpful to know, given a particular
degree of uncertainty in estimating, with what degree
of confidence the individual could be said to be above
the threshold of 0.08 percent. If the calculations
demonstrated a 95 percent probability (�2 SD) ver-
sus a 68 percent probability (�1 SD), clearly the
former presents a stronger argument for legal intox-
ication. Normal distribution, the cornerstone of
modern statistics, can be used to estimate these prob-
abilities and provide perspective on BAC calcula-
tions. Since threshold concentrations of BAC have
legal implications, the use of probabilistic statements
is often appropriate. For example, after a motor ve-
hicle accident the Breathalyzer measurement of BAC
at the police station, taken 2 hours after the accident,
is 0.07 percent. The obvious information a jury
needs to know is what the BAC was estimated to be at
the time of the accident. Thus, the expert at trial can
testify that there is a 50 percent probability that the
BAC at the time of the accident was 0.101 percent
(0.07% � [0.0155% � 2 hour]); a 68% probability
(�1 SD) that the BAC ranged from 0.0952 percent
to 0.1068 percent (0.07% � [0.0155%–0.0029%] �
2 hours to [0.0155% � 0.0029%] � 2 hours); and a
95 percent probability (�2 SD) that the BAC ranged
from 0.0894 percent to 0.1126 percent (0.07% �
[0.0155%– 0.0029%] � 2 hours to [0.0155% �
0.0029%] � 2 hours).

In 2009, the National Academy of Sciences re-
leased a report aimed at addressing improvements in
forensic science and acknowledged the need for mea-
sures of certainty when determining levels of BAC in
an individual.44 Reporting single numerical values of
BAC without recognition of the variability in phar-
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macokinetic parameters or of the error associated
with calculations could be considered an obstruction
of truth and justice. After the release of the report, the
courts ruled that breath and blood test results with-
out determined confidence intervals were not admis-
sible under Evidence Rule (ER) 702. The courts also
found that introduction of a single test value as evi-
dence, without stating a confidence interval, would
be a violation of ER 403 and therefore inadmissible
in such cases.45

To extrapolate BAC with certainty, a range of
physiological parameters that affect the ethanol rate
of absorption, distribution, and elimination have to
be identified. Uemura et al.,46 found individual dif-
ferences in absorption rate constants (Ka) to range
from 1 (slow absorption) to 8 (fast absorption).46

Distribution in terms of TBW can be calculated by
using a range of methods.33,39,47,48 Elimination rates
of alcohol from blood were found to range from
0.010 g/dL per hour to 0.035 g/dL per hour (0.01–
0.03%/hour).49 Equation 5 presents the modified
Widmark formula where A is the amount of ethanol
(in grams), 0.80 is the fraction of water in the blood,
TBW is the volume in liters, � is the ethanol elimi-
nation rate per hour, and t is the time since start of
drinking (in hours).33,50 By incorporating the phys-
iological range of values into the modified Widmark
formula, extrapolation and interpretation of BAC
values can be determined with greater certainty51:

BAC (% or g%) � {[0.80(A)/TBW])/10} � �t

(5)

Thus, based on the above calculation for a 170-lb,
68-in, 30-year-old man who ingested three 12-fl-oz
beers containing 5 percent ethanol and whose BAC
at time zero was estimated to be 0.074 percent, it can
be said with 95 percent (i.e., �2 SD) certainty that
his BAC two hours after he stopped drinking would
range from [(0.074%) � (0.03% � 2 hours)] � 0.014
percent (lower limit) to [(0.074%) � (0.01% � 2
hours)] � 0.054 percent (upper limit).

“One-for-the-Road” Estimations

One question occasionally arises in back-
extrapolation of alcohol concentrations in the one-
for-the-road situation. That is, an individual con-
sumes a quantity of alcohol immediately before
leaving a drinking situation and has an accident
shortly thereafter. If absorption of the last drink was

not complete at the time of the accident, but is con-
sidered in the BAC calculated sometime later, extrap-
olation to the time of the accident is artificially ele-
vated. As described by Jones52:

If circumstances suggest that the BAC was rising at the time
of offense, e.g., if an accident occurred within about 15 min
after the end of bolus dose consumption, back extrapola-
tion is not possible. One solution to this problem is to make
an allowance for the maximum expected BAC increment
from the time of the traffic incident to reach the peak.

The time to peak after the ingestion of beer on an
empty stomach has been described in several studies,
providing a reasonable estimate of 40 min-
utes.17,52,53 Alternatively, the time to peak for beer
with co-ingestion of food is shorter and estimated to
be �16 minutes.52,54 If the accident occurred be-
tween the time the last drink was consumed and the
estimated time of peak BAC, back-extrapolation
should stop at the time of peak BAC. This percentage
would represent the maximum estimation of the
BAC at the time of the accident.

Clinical Effects

Ethanol is an odorless liquid. However, there is an
odor that is commonly associated with ethanol inges-
tion. The smell results from the fruity aroma of the
fermented original material used to produce the eth-
anol such as malt, hops, or grapes. The odor persists
in the body tissue, on the breath, and in sweat for
several hours after the ethanol has been metabolized.
Thus, in a person, the odor is not necessarily a proxy
for intoxication. Before the onset of liver damage, the
BEDR in alcoholics is calculated to be 0.0249 per-
cent � 0.0049 percent.55 When asked to estimate
BAC at the time the crime was committed, it is im-
portant to assess in the alcohol-intoxicated subject
whether the person is a social drinker or an alcoholic
with normal liver function. However, once liver
damage is obvious, patients with a diagnosis of alco-
holism become less tolerant of the effects of ethanol
as the number of years of heavy drinking increases,
because the liver has declining metabolic capacity.

Social drinkers are classified as unimpaired, im-
paired, or intoxicated.56 A drinker is defined as un-
impaired when he or she has shown little or no loss of
ability. There is minimal risk of accidents or injury
under this classification. BACs are usually less than
0.04 percent, and no clinical signs are observed.
Drinkers with impaired function may exhibit some
loss of functional ability. They can be legally served
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ethanol and can perform activities that involve po-
tential risk. Impaired BACs range from 0.04 to 0.08
percent. Clinical signs of impairment include the fol-
lowing: skin warm to touch, flushed face, bloodshot
eyes, sweating, loosened clothing, relaxed demeanor,
slow movement, poor coordination, exaggerated
gestures, out-of-the-ordinary behavioral symptoms
(flustered, forgetful, giddy, clumsy, overly friendly,
mild profanity, and speaking loudly and dominating
conversation), difficulty articulating speech, miscal-
culating distance or depth, and making physical con-
tact when talking. Intoxicated individuals exhibit
greater loss of functional ability, are at risk of injury,
and should not perform activities that involve poten-
tial risk. While intoxicated, the individuals cannot be
legally served alcohol. BACs associated with being
intoxicated are usually more than 0.08 percent. Clin-
ical signs include slurred or incoherent speech, fum-
bling, extreme lack of dexterity, sloppiness, loss of
balance, stumbling, antisocial speech or behavior,
and shouting or cursing at people and other hostile
behavior. Table 3 correlates BACs with signs of im-
pairment or intoxication.

The probability of being responsible for a fatal
crash increases exponentially with a rising BAC. Fig-
ure 1 presents this relationship. At a BAC of 0.07
percent, the risk of being involved in a fatal crash is
�1.5 times greater than normal, whereas at a BAC of
0.09 percent the risk increases significantly to about
6 times greater than normal. In addition, the odds
ratio for being involved in a crash increases signifi-
cantly at a BAC of �0.05 percent.57 Currently, all
U.S. states specify a BAC of 0.08 percent as the cutoff
for operating a motor vehicle under the influence

of ethanol.58 Because of the rising concern about
alcohol-related motor vehicle crashes involving peo-
ple under the age of 21, all states have adopted zero-
tolerance laws for underage drinking that make it a
criminal offense if drivers under the age of 21 are
found to have a BAC between 0.00 and 0.02 per-
cent.59,60 While legislation has helped to establish
BAC limits over the past 30 years, nearly 31 percent
of all traffic-related deaths (10,076) in 2013 involved
an alcohol-impaired driver with a BAC of 0.08 per-
cent or more.61

Assessment of Intoxication

The alcohol field sobriety test originated from the
work of Goldberg.28 He found that the results of six
neurologic and mental status examination tests lin-
early correlated with subjects’ steady-state BACs.
These included the critical flicker fusion, the corneal
reflex test, the modified Romberg test, the finger-
to-finger test, the serial subtraction test, and the
selective-attention task test.

Sensory Perception

The critical flicker fusion (CFF) determination
test has a subject observe a flashing light. The fre-
quency of flashes is increased or the intensity of the
light is decreased until the subject reaches the “blur
point” and is unable to perceive discrete flashes. The
CFF is lowered after drinking a moderate dose of
alcohol.62 The corneal reflex test provokes the clo-
sure of the eyelids by touching the conjunctiva. The
required intensity of the stimulus, a puff of air to
precipitate the corneal reflex, increases with rising
BAC.28

Table 3 Correlations of BAC to Intoxication

BAC % Intoxication

0.01–0.05 Only slight physiological impairment
0.05–0.07 Euphoria, increased self-confidence, impairment

of reaction responses
0.07–0.10 Impairment of reaction sponsors, attention, visual

acuity, and judgement; individual may appear
sober

0.10–0.20 Increased impairment of a sensory motor activity.
Reaction times, attention, visual acuity, and
judgment progress to increase in drowsiness,
disorientation, and emotional lability

0.20–0.30 Staggering, drunk, lethargic, sleepy or hostile,
and aggressive

0.30–0.40 Unconscious or in a stupor
�0.40 Coma and possible death

Adapted from Rao KN. Forensic Toxicology Medico-Legal Case
Studies. Boca Raton, FL: CRC Press, 2012.

Figure 1. Relative probability of being responsible for a fatal automo-
bile crash increases with rising BAC.
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Motor Coordination

The standing-steadiness test is a modified Rom-
berg test. The subject stands with the feet together
and eyes closed. The amount of body sway increases
with rising BAC. In the original finger-to-finger test,
a cardboard disk is attached to one finger and a
pointed thimble attached to the opposite finger.
With arms extended, the subject brings the forefin-
gers together repeatedly producing dots on the disk.
The area of dots increases proportionally with rising
BAC.28

Intellectual Functioning

The serial subtraction test asks the subject is to
subtract 7 from 100 without the benefit of pencil or
paper and then subtract 7 from the subsequent result
for a total of five problems. The accuracy of this test
of immediate or acquisition memory and concentra-
tion diminishes with increasing BAC. Finally, per-
formance on a selective-attention test (e.g., subject is
asked to read a paragraph and circle each occurrence
of the letter R) is adversely affected by rising BAC.
For both of the intellectual-functioning tests, the
variables of test speed (decrease) and number of er-
rors (increase) vary directly with an increase in
BAC.28

These tests constitute the origin of the field sobri-
ety test employed by law enforcement agencies across
the United States. Table 4 provides a description of
14 objective and subjective parameters used by law
enforcement officers to estimate sobriety in the
field.63 Of these 14 assessments, 3 are currently in-
cluded as assessment tools for the Standardized Field
Sobriety Test (SFST) used by law officers to evaluate
a subject’s level of alcohol intoxication. The three
tests are horizontal gaze nystagmus, walk and turn,
and the one-leg stand. The original research demon-
strated a high correlation between failure of the
SFST and a BAC �0.08 percent. However, the re-
searchers did not use a control group to validate
that failure in performing the SFST differentiates
alcohol-intoxicated subjects from sober individuals.
Yoshizuka et al.64 administered the SFST to 185 so-
ber subjects and determined that 26 percent of the
drug-naïve subjects failed the test. Because the SFST
is used as evidence of probable cause to justify an
arrest for driving under the influence of alcohol and
of other central nervous system–affecting drugs, as
well, its validity for accurate identification of subjects
driving under the influence of drugs such as canna-

bis, barbiturates, benzodiazepines, cocaine, amphet-
amines, and opiates remains to be established.64

Alcohol-Induced Blackouts

Several types of memory loss can accompany the
use of alcohol. A true alcoholic blackout has a starting
point, is temporary, and has a vague ending point.
Loss of memory during this period is clearly antero-
grade rather than retrograde, since the ability to form
long-term memory is completely blocked.65 It has
been stated that “[an alcoholic blackout] is not for-
getting, rather it is not remembering,” implying that,
at a high BAC, new memories cannot be formed.66

The individual may or may not appear intoxicated,
but will still be able to maintain a coherent and in-
teractive conversation (short-term memory), recall

Table 4 Parameters Associated With a Typical Field Sobriety test

Parameter Rating

Breath odor of ethanol Very strong, strong, moderate, faint, none
Attitude Excited, hilarious, talkative, carefree, sleepy,

profanity, combative, indifferent, insulting,
cocky, cooperative, polite

Unusual actions Hiccups, belching, vomiting, fighting, crying,
laughing

Speech Not understandable, muffled, slurred, mush
mouthed, confused, thick tongued,
stuttered, accent, fair, good

Eyes Watery, pupil dilated, bloodshot, red eyelids,
apparently normal

Balance Falling, needing support, wobbling, swaying,
unsure, fair, sure

Horizontal gaze,
nystagmus (i.e.,
smooth pursuit)

a. Pencil held horizontally 12–15 inches from
nose

b. Over 6 seconds, move pencil to the extreme
left and right of eye field, repeat 	 2

c. Subject observed for “lack of smooth pursuit”
(i.e., no jerking or tremor eyeball)

d. Jerk at maximum deviation
e. Hold pencil at maximum for 4 seconds and

observe for jerking toward center
Reaction to light If no drugs are present, the pupils should

constrict within 1 second after penlight beam
strikes the eye

Balance (walk and turn) a. Read instructions (don’t start until instructions
are finished)

b. Rated as follows: starts too soon or cannot
keep balance

c. Walking stage (rate 1st 9 steps and 2nd
9 steps)

d. Rated as follows: misses heel to toe, steps off
imaginary line, raises arms, number of steps
taken

One-leg stand a. Stand for 30 seconds with the left foot raised
6 inches off the ground

b. Rated at 0–10, 11–20, 21–30 seconds for:
swaying, raising arms, hopping, foot down

Quality of the speech
(say the ABCs)

Slurred or thickened speech

Finger-to-nose Assess motor coordination
Finger count Counting fingers then touching thumb forward

and backward
Counting backward Assess thought processes and concentration
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past events (recall from long-term memory), and per-
form normal activities (procedural memory). This is
a critically important problem from a legal stand-
point, because, during a blackout, individuals with
intact immediate and short-term memory have the
ability to form the specific intent needed to commit
crimes that require this ability, despite their inability
to retain their involvement in the crime in their long-
term memory. The occurrence of an alcoholic black-
out is most often recognized only in hindsight as a
complete absence of memory during a specific pe-
riod. Memory loss as a result of an alcoholic blackout
should be differentiated from simply becoming un-
conscious or “passing out.” In addition, many indi-
viduals experience partial memory losses or “gray-
outs” during alcohol consumption. The possibility of
alcohol-induced blackouts in individuals testifying at
trial becomes a contentious point for juries to con-
sider in assessing the credibility of witnesses who
were under the influence at the time of the crime.

Relationship to BAC

It is generally accepted that a high level of blood
alcohol is necessary, but not sufficient, to produce an
alcoholic blackout. One small study found a mean
BAC of 0.279 percent during blackouts; therefore, a
value of 0.25 percent was suggested as a reasonable
estimate of a threshold BAC for producing an alco-
holic blackout.65 Perry et al.67 found a strong linear
relationship between BAC and the predicted proba-
bility of a blackout as a function of BAC, described
by Equation 6:

Blackout probability � 2.21 (BAC) � 0.18 (6)

Their finding clinically concluded that subjects
with a BAC of 0.308 g/dL or greater have a 0.50 or
greater probability of having experienced an alco-
holic blackout.

Legal Implications

A person’s criminal liability for actions taking
place after alcohol intoxication depends on whether
the intoxication was involuntary or voluntary. Invol-
untary intoxication implies that the defendant either
did not know that the substance was intoxicating or
was forced to ingest it. As such, involuntary intoxi-
cation may be a complete defense. However, volun-
tary intoxication is never a defense. A sober individ-
ual is free to choose whether to drink, and the person

knows beforehand the potential adverse conse-
quences of excessive drinking. If one voluntarily
chooses to become intoxicated, one willfully in-
creases the risk of harm to others by reducing one’s
mental capacity for evaluating danger and control-
ling one’s actions.

Voluntary intoxication may be used sometimes to
prove lack of mens rea, the mental state a person must
possess while taking part in a crime. Under some
jurisdictions, voluntary intoxication can negate some
culpable mental states, such as specific intent. An
example of a situation in which specific intent is a
requirement is burglary, defined as the illegal break-
ing and entering of a dwelling with the intent to
commit a further felony. To prove a charge of bur-
glary, the prosecution must show that the defendant
intended to commit a felony subsequent to breaking
and entering. However, voluntary intoxication may
not be used effectively as a defense to crimes of gen-
eral intent (e.g., assault, battery, or rape).

The following example from Watterson68 pro-
vides an excellent description of how people experi-
encing an alcoholic blackout can act and illustrates
the legal implications: A defendant was charged with
stealing a car. A charge of auto theft requires that the
defendant intended to deprive the owner of the car
permanently. A defendant who does not have this
intent cannot be convicted of theft. The defendant
contended that he had a blackout from drinking and
did not have the specific intent required for the
crime. The court however concluded that the alleged
blackout did not prevent the defendant from starting
the car by substituting a beer can opener for an igni-
tion key, nor from driving the automobile in city
traffic with normal ability, nor from fabricating a
story in an attempt to protect himself from question-
ing by a police officer.

Conclusion

Alcohol intoxication can lead to a range of clinical
manifestations and dangerous, unlawful activity that
result in injury or death. In forensic investigations
involving DUI cases and alcohol-related traffic
deaths, extrapolation and interpretation of blood al-
cohol levels is important in determining criminal li-
ability. Knowledge of basic pharmacological proper-
ties of alcohol and the inter- and intra-individual
variations in alcohol absorption and elimination is
essential for determining the role alcohol plays in
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modifying behavior and contributing to criminal
behavior.
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