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Introduction

The intent of this manual is to describe how forensic scientists within the forensic alcohol
discipline at the Scientific Crime Detection Laboratory will interpret the results of od and
breath alcohol measurements. It also serves as a summary to the legal co un to
what to expect when a forensic scientist’s testimony is to include alcohol int etdtion.

Ethanol
The chemical name for the alcohol that is commonly consumed i hagol ethyl alcohol).
In this document, alcohol and ethanol are used interchangeably. §th IS a small, water
soluble molecule that is readily absorbed and distributed by, d Throughout all of the
water-containing components of the body.

Alcohol Proof

The concentration of an alcoholic beverage is co% jsted in the units of proof. The
o)

concentration of alcohol in percent by volume is the proof.
80 Pr %0 (V/V)

The common abbreviations for alcg pgrc y volume are abv and % (v/v). The
volume of pure ethanol can be c d tgpits mass by using ethanol’s density.

eqanol = 0.789 grams ethanol

Standard Drinks

The term “standar
United States,
14 grams of et
pure etha

r appties to drinks of “standard” alcoholic strength. In the

drink is officially defined as containing the equivalent of
The resulting concentration of ethanol (% v/v) when 14 grams of
to a given volume can be calculated as follows:

Conggutra in abv = (100 x 14 g) / (volume of drink in 0z x 29.6 mL/oz x 0.789 g/mL)

This gi
containi

the following drink concentrations for a United States standard alcoholic drink
14 grams of alcohol:

12 ounces of 5% (v/Vv) beer
5 ounces of 12% (v/Vv) wine

1.5 ounces of 40%0 (v/V) spirits
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Common unit conversions

The Crime Laboratory reports blood alcohol concentrations in units of “grams per 100
milliliters” abbreviated as g/100mL. Other laboratories may use the units of “grams per
deciliter” abbreviated g/dL. Because one deciliter equals 100 milliliters, these unils are

equivalent.
0.080 g/100mL = 0.080 g/dL \

Alcohol concentrations reported in medical results are commonly in un illigrams per
deciliter” abbreviated mg/dL. Because one gram equals 1000 millj dL can be

converted to g/dL by dividing by 1000.
80 mg/dL = 0.080 g/dL = 0.080 L

Converting Serum and Plasma Results to Whole Blood

Although hospital results frequently report alcoholgon®nt ns as being from blood,
serum or plasma is often the sample analyzed. @ |\ the liquid that remains when
blood is collected without an anticoagulant and alld @ o clot. Plasma is the liquid
separated from whole blood and treated anticoagulant when the blood cells are
removed.

Ethanol distributes throughout all @ thgfvat®-containing components of the body. Since
serum or plasma represents t t ortion of whole blood, it will have a
higher alcohol content thgg th&wh®e blood from which it came. The average ratio
of serum and plasma alcoh®§co to whole blood alcohol content is approximately
1.14:1 with a range of 1.8&: 18 1.26:1.2> The whole blood concentration can be calculated
from the serum or pl hOl concentration result by using the average ratio.

| content = Serum or Plasma Alcohol Content / 1.14

instruments indirectly estimate a person’s blood alcohol concentration using
tor called the blood/breath ratio. This ratio describes how the

concen ion of alcohol in someone’s venous blood relates to the concentration of alcohol
in their pep lung air. Breath instruments in the United States assume a blood/breath ratio
of 2100:1. Studies have shown that the blood/breath ratio is less than 2000:1 during the
absorptive phase, increasing to about 2100:1 by 90 minutes post -dosing, and further
increasing to 2300:1 or 2400:1 later in the post-absorptive phase.® Because of the
variability in an individual’s blood/breath ratio, a breath alcohol concentration result should
not be converted to a blood alcohol concentration. Despite this variability in the
blood/breath ratio, both breath and blood alcohol testing are valid when determining
someone’s current alcohol content.
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The Alaska Administrative Code lists the legal limit of 0.08 in both blood (g/100mL) and
breath (g/210L) units making any conversion between the two unnecessary.*

Impairing Effects of Ethanol

Ethanol is a central nervous system depressant. The magnitude of its depreNant¥ftetts is
dependent on the dose consumed. The depressant effects of alcohol ca n grease in
reaction time (decrease in information processing rate), a decrease in ent, and a
decrease in coordination.
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Figure 1: Relative crash risk at varying BAC %

Studies have compared the relative vehicle crash risk of people at a specific alcohol level to
people with no alcohol in their system.> ° The largest of these studies used crash data from
Grand Rapids, MI and more recently in Long Beach, CA and Fort Lauderdale, FL. As
illustrated in Figure 1, results confirm a notable dose-response relationship beginning at
0.04 g/100mL and increasing exponentially at greater than 0.10 g/100mL.° The authors of
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the Grand Rapids study concluded that at above a 0.08% blood alcohol level, factors other
than alcohol became less and less significant and eventually seemed to disappear.® This is
compelling evidence that alcohol is a major factor in traffic crash causation. In agdition to
these studies, the Committee on Alcohol and Other Drugs of the National Safety il
have concluded that all individuals are impaired with respect to operating a to le
at concentrations of 0.08 and above, while some individuals are impaired Wi&pect to
driving at concentrations below 0.08.?

General Alcohol Concentration Curve \%

When a person consumes alcohol, the time course of et ration in the blood can
be divided into three phases: absorptive, peak, and t-apsoMive. These phases are

illustrated in Figure 2.2
Peak %

Post-Absorptive Phase

Alcohol
Concentration

A 4

Time

Figure 2: General alcohol concentration curve

As soon as alcohol is absorbed into the body, the body begins to eliminate it. During the
absorptive phase, alcohol concentration is increasing at a faster rate than it is being
eliminated, at the peak, absorption and elimination rates are equal, and after absorption of
alcohol is complete, alcohol concentration will decrease until it is completely eliminated.
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Absorption
When alcohol is ingested, about 20-25% of the dose is absorbed through the stomach
lining and the remaining 75-80% is absorbed when it leaves the stomach and en the
small intestine.? The most important factor affecting the rate of absorption ig the nce
of food in the stomach concurrent with alcohol. Peak concentrations are erally

attained within 30 to 60 minutes of the cessation of drinking.?
consumed successively over time, as in a social drinking situation, pegal
generally attained within 30 minutes of the last drink and may evdfh b
last drink is finished.?

Distribution h

alcoMl is
ntrations are
hNfed before the

Because alcohol is completely water soluble, the haycolentration in the body after
absorbing a given dose is proportional to a pers ater content. The more water
a person has in their body, the less concentra given dose of alcohol will be

after it is absorbed and distributed.
due to body water, while the percentgge

N58% of an average male’s body weight is
for average females.?

Elimination

At blood alcohol concent
enzyme responsible fgr e
This means that t a
concentration in fhe bl

%bove 0.02 g/100mL, the metabolic capacity of the primary
olWlimination (hepatic alcohol dehydrogenase) is saturated.?

of etManol elimination is independent of the remaining ethanol
zero-order kinetics). The majority of the human population

eliminates I a rate between 0.010 g/100mL/hr and 0.025 g/100mL/hr
with an e ination rate of 0.017 g/100mL/hr.® Factors that may have an
effect on & I al’s elimination rate include how well-nourished the person is and

whet ntg/ous drinking has occurred over a period of several days.® An individual’s
elimin e will vary and, rather than speculating over what their specific elimination

rate waduring the time of interest, it is more practical to use the elimination range and
average listed above.?
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The Widmark Calculation and Extrapolations

The calculations described in this section should be viewed as a general guideline
or rough estimate. While based on accepted scientific principles and peer-
reviewed data, calculating an alcohol concentration is not as accurate orgeliable
as a measured breath or blood alcohol concentration.

Widmark Formula \
The Widmark Formula is used to answer these questions:
What is the minimum number of drinks needed to reach a,c@rtaph 1eVe1?

What would their maximum possible alcohol content " aertain dose of
alcohol?

The Widmark formula can be used to calculate a per
a given gender, body weight, and dose of alcohol glt u

aximum alcohol content for
instantaneous and complete

absorption of the entire alcohol dose into a pers mic blood. Conversely, the
formula can be used to calculate the minimum a of alcohol that must be
consumed to achieve a given alcohol co
O Empty @ After food
15 -
C, (fast) Widmark's rho
3 / \ Dose (g/kg)/C,

anol, g/L.

c.'-rcG’ﬂ‘

0.5

L)

0 60 120 180 240 300 360 420 480 540
Time, min

Figure 3: Widmark concept and the effect of food on bioavailability
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Figure 3 illustrates the concept behind the Widmark formula.” When a line is extrapolated

from the linear post-absorptive phase of an individual’s alcohol concentration curve (solid
line) back to time zero, the y-intercept represents that individual’s alcohol content if the
entire alcohol dose was instantaneously absorbed into the blood. This concentration is
denoted C, in the graph above. A factor called “rho” by Widmark is the dose of dgohol
consumed divided by Cy. The rho factor represents the percent of a person’s bo ight
due to body water and is also referred to as the volume of distribution of et ol.
Widmark calculations performed by the lab assume a rho factor gf0D.689¢kg for
males and 0.55 L/kg for females. It can range from about 0.4 L/kd %‘ obese female

to 0.85 L/kg for a muscular male.®
When calculating maximum alcohol content, the Widmark Rr is:
maximum alcohol content (g/100mL) = 100 x alcohol do s / (body weight in

grams X rho factor

This formula can be rearranged to calculate
to achieve a given alcohol content as follo

ni m dose of alcohol required

minimum alcohol dose (g) = (alcohol coghggt in OmL x body weight in grams x rho

, @ 100

The alcohol dose in grams and gFdygvag#t in grams can be determined using the
following formulas:

alcohol dose in grams = vQl4 rlQks in 0z x 29.6 mL/oz x (conc. of alcohol in drink/100)
X 0.789 g/mL
bod i in grams = body weight in pounds x 454 g/lb
See the appendgfix for, les that give Widmark calculation values based on gender

type, weight, afd nughber of standard drinks consumed.

re determined by Widmark, the experiment consisted of people rapidly

with or after a meal or in repetitive alcohol doses over several hours, the bioavailability of
ethanol may be considerably less than 100%.% " ® This decrease in alcohol
bioavailability is sometimes called an “alcohol deficit” and should be taken into
consideration when discussing long social drinking situations or consumption of
food with alcohol.® The alcohol deficit is illustrated in Figure 3 by a lowering of Co when a
person is given the same dose of alcohol on a fed stomach versus an empty one. A likely
explanation for this decrease in bioavailability is the presence of food in the stomach
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delaying gastric emptying. This allows for an increased contact time with gastric alcohol
dehydrogenase in the stomach before the alcohol reaches systemic blood.? 78

Forward Extrapolations (What would their alcohol content be N hours after the stgRof
drinking?)

Starting with the maximum alcohol concentration calculated with the Wiggalrk gmula
(Co), an estimate of a person’s maximum alcohol content at a time aftd ing began
can be made using the range of elimination rates listed previously ggback to the
graph, this is essentially tracing from where the extrapolated lin teigents the y-axis

forward to a specific time and determining what the corresp inQalc | content is.

maximum alcohol content N hours after start = alcohol content -
elimination rate

Retrograde Extrapolations (Given an alcohol res h& wild their result be N hours
earlier?)

Similar to how an estimate can be made gindividual’'s alcohol content hours after
drinking began starting with the maxim@® ol content calculated using the Widmark

formula, an estimate can be made n inQiglial’s alcohol content hours before their
alcohol content was measured st ithathe result of that measurement.
h

maximum alcohol cogten rs earlier = measured alcohol content +
\U imination rate x N
Accounting for Unabsgrbe C

I (What if they drank immediately before the incident?)

Note that the exi@pOlat®y dotted line in Figure 3 does not meet with the alcohol
concentration cuve (sdiid line) until the post-absorptive phase is reached. When

tr tions, the laboratory will assume that the post-absorptive
gached within one hour after the last drink is consumed. If the

max. alcohol content N hrs. earlier = measured alcohol content + elimination x N -
unabsorbed alcohol

The contribution to an individual’s measured alcohol content due to alcohol still unabsorbed
at the time of the incident will be calculated using the Widmark formula.? If no information
is provided regarding the dose of alcohol consumed within the hour before the time
extrapolated to, a standard dose of 14 grams will be assumed.
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Accounting for Post-incident Alcohol Consumption (What if they drank after the incident but
before the test?)

If alcohol consumption is suspected between the time extrapolated back to and tR§time of
the test, the same technique used to account for unabsorbed alcohol will be ysed
account for post incident consumption where maximum alcohol content N h edrlier

equals:?
Measured alcohol content + elimination X N - unabsorbed st incident

consumption

As with estimating the effect of unabsorbed alcohol, if no in Iqn i% provided regarding
the dose of alcohol consumed post incident, a standard grams will be assumed.

N
N
Q-Gz\
?\
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Revision History

This is a new manual a revision history will begin with the first revision.
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