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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 blood and
breath alcohol measurements. It also serves as a summary to the legal community as to
what to expect when a forensic scientist’s testimony is to include alcohol interprefati

Ethanol

water-containing components of the body.

Alcohol Proof

The concentration of an alcoholic beverage is commo ted l@ the"units of proof. The
concentration of alcohol in percent by volume is o alf ghe proof.
80 Proof = % @ /v

The common abbreviations for alcohol percent byWolurpe are abv and % (v/v). The

volume of pure ethanol can be convert 0 its ma®s by using ethanol’s density.
1mL Q.?Bg grams ethanol
Standard Drinks Q
todr
d

The term “standard drink I inks of “standard” alcoholic strength. In the
United States, a sta r is officially defined as containing the equivalent of

14 grams of ethan8' resulting concentration of ethanol (% v/v) when 14 grams of
pure ethanol is didgte en volume can be calculated as follows:
Concentratigh in ab (100 x 14 g) / (volume of drink in 0z x 29.6 mL/oz x 0.789 g/mL)
This giy e ng drink concentrations for a United States standard alcoholic drink
contain ms of alcohol:
12 ounces of 5% (v/Vv) beer
5 ounces of 12%06 (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 unitgare
equivalent.

0.080 g/100mL = 0.080 g/dL

Alcohol concentrations reported in medical results are commonly in unit
deciliter” abbreviated mg/dL. Because one gram equals 1000 milliggam
converted to g/dL by dividing by 1000.

illigams per
L can be

80 mg/dL = 0.080 g/dL = 0.080 g¢10§mL

Converting Serum and Plasma Results to Whole Blood

Although hospital results frequently report alcohol gofice
serum or plasma is often the sample analyzed. Serwm is iquid that remains when
blood is collected without an anticoagulant an lowgd toClot. Plasma is the liquid
separated from whole blood and treated witlWan @nticgulant when the blood cells are
removed.

atios as being from blood,

Ethanol distributes throughout all of
serum or plasma represents t

higher alcohol content than €e plood from which it came. The average ratio

of serum and plasma alcohol c@nt hole blood alcohol content is approximately
1.14:1 with a range of 1,@g1 t& 1.28-1.°> The whole blood concentration can be calculated
from the serum or pla alc concentration result by using the average ratio.

Whole blogd a ho@fontent = Serum or Plasma Alcohol Content /7 1.14

Breath and Bj@od Al ol
Breath algghoNstgments indirectly estimate a person’s blood alcohol concentration using

actor called the blood/breath ratio. This ratio describes how the

of 21@D: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 depressanjg€ffects is
dependent on the dose consumed. The depressant effects of alcohol cause an in in
reaction time (decrease in information processing rate), a decrease in judgmggt, and
decrease in coordination.

Studies have compared the relative vehicle crash risk of people at € ohol level to
people with no alcohol in their system.* ° Relative crash risk asks #he Que , “What are
the odds of a person getting in an accident at a particular BAC cgmpar@d 4 the odds of a

person getting in an accident with no alcohol in their system®& M&ther&tically, this is
expressed as:

Relative Crash Risk =

The largest of these studies used crg from Grand Rapids, Ml and more recently in
Long Beach, CA and Fort Lauderdgge,
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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.°
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4
Oure 1: Relative crash risk at varying BAC %
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Figure 2 shows these results in tabulated form®.

Table ES-1. Relative Risk Models

Relative Risk
. No Non-reactive Final Adjusted - A
BAC Covariates Demographic Estimate Grand Rapids >
Covariates

0.00 1.00 1.00 1.00 1.00
.01 .91 94 1.03 92
.02 .87 .92 1.03 96
.03 .87 .94 1.06 80
.04 .92 1.00 1.18 1.08
.05 1.00 1.10 1.38 1.21
.06 1.13 1.25 1.63 1.41
.07 1.32 1.46 2.09 1.52
.08 1.57 1.74 2.69 1.88
.09 1.92 212 3.54 1.95
10 237 2.62 4.79

5.93
A1 298 3.28 6.41
12 3.77 4.14 8.90

4.94
13 4.78 523 12.06
.14 6.05 6.60 16.36

10.44
15 7.61 8.31 22.10
.16 943 10.35 29.48
17 11.64 12.74 39.05
18 14.00 15.43 50.99
.19 16.45 18.31 65.32
.20 18.78 21.20 81.79

21.38
.21 20.74 23.85 99.78
.22 22.07 2599 117.72
.23 2251 27.30 134.26
.24 21.92 27.55 146.90
25+ 20.29 26.60 153.68

*From reporting of Grand Rapids Study data in Table 25 (a) of Allsop (1966).

A 4
Figure 2: Tabulated form of relative crash risk results

The authors of 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
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causation. In addition to these studies, the Committee on Alcohol and Other Drugs of the
National Safety Council have concluded that all individuals are impaired with respect to
operating a motor vehicle at concentrations of 0.08 and above, while some individuals are
impaired with respect to driving at concentrations below 0.08.2

General Alcohol Concentration Curve

When a person consumes alcohol, the time course of ethanol concentration i e blogg@can
be divided into three phases: absorptive, peak, and post-absorptive. Thgse ph are
illustrated in Figure 3.2 6

-

Peak

Post-Absorptive Phase

Absorptive
Phase

Alcohol
Concentration

A 4

Time
b 4

Figure 3: General alcohol concentration curve

As soo Ico s absorbed into the body, the body begins to eliminate it. During the
absorpti , alcohol concentration is increasing at a faster rate than it is being
eli , Bt the peak, absorption and elimination rates are equal, and after absorption of

alco s complete, alcohol concentration will decrease until it is completely eliminated.

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 enters the
small intestine.? The most important factor affecting the rate of absorption is the presence
of food in the stomach concurrent with alcohol. Peak concentrations are generally
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attained within 30 to 60 minutes of the cessation of drinking.? When alcohol is
consumed successively over time, as in a social drinking situation, peak concentrations are
generally attained within 30 minutes of the last drink and may even be attained before the
last drink is finished.?

Distribution

Because alcohol is completely water soluble, the alcohol concentration in theagdy aft
absorbing a given dose is proportional to a person’s total water content. e water
a person has in their body, the less concentrated a given dose o ol ill be
after it is absorbed and distributed. About 68% of an average weight is
due to body water, while the percentage is 55% for average fergafes.?

Elimination

At blood alcohol concentrations above 0.02 g/100mL, t
enzyme responsible for ethanol elimination (hepatic | defydrogenase) is saturated.®
This means that the rate of ethanol elimination is i of the remaining ethanol
concentration in the blood (zero-order kinetics)a Th& maj@rity of the human population

metdbolicgapacity of the primary

eliminates alcohol at a rate between O. mL/hr and 0.025 g/100mL/hr
with an average elimination rate of 0.017 g/00ML/hr.® Factors that may have an
effect on an individual’s elimination ratgg well-nourished the person is and

whether continuous drinking has ocg A er a period of several days.® An individual’s

rate was during the time of in i ore practical to use the elimination range and
average listed above.?

The Widmark Calculati an apolations

The calculations des@rib in this section should be viewed as a general guideline

or rough esti e based on accepted scientific principles and peer-
reviewed d , ca lating an alcohol concentration is not as accurate or reliable
as a measugd brelgth or blood alcohol concentration.

wWidma la
Th ale Formula is used to answer these questions:
hat is the minimum number of drinks needed to reach a certain level?

What would their maximum possible alcohol content be given a certain dose of
alcohol?
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The Widmark formula can be used to calculate a person’s maximum alcohol content for
a given gender, body weight, and dose of alcohol. It assumes instantaneous and complete
absorption of the entire alcohol dose into a person’s systemic blood. Conversely, the
formula can be used to calculate the minimum amount of alcohol that must be

consumed to achieve a given alcohol content. (
s O Empty stomach ® Afier food )
C, (fas) Widmark's rho
C, (fed) Dose (g/kg)/C,

1.0 4

c"-rcG'nl

Biood Ethanol, g/L

=
.
~,, Time,
*\
=
h‘ l“.
. e E R

0 b 1 ) ! .3 I R | L ]
0 60 120 180 240 300 360 420 480 540
Time, min
Figure Wi rk concept and the effect of food on bioavailability

Figure 4 illus S concept behind the Widmark formula.” When a line is extrapolated
from the line@r post-g®orptive phase of an individual’s alcohol concentration curve (solid
line) ba t 0, the y-intercept represents that individual’s alcohol content if the
entire 8L dose was instantaneously absorbed into the blood. This concentration is

de A the graph above. A factor called “rho” by Widmark is the dose of alcohol

con ided by Cy. The rho factor represents the percent of a person’s body weight
due tg& body water and is also referred to as the volume of distribution of ethanol.
Widmark calculations performed by the lab assume a rho factor of 0.68 L/kg for
males and 0.55 L/kg for females. It can range from about 0.4 L/kg for an obese female
to 0.85 L/kg for a muscular male.®
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When calculating maximum alcohol content, the Widmark formula is:

maximum alcohol content (g/100mL) = 100 x alcohol dose in grams / (body weight in
grams x rho factor)

This formula can be rearranged to calculate the minimum dose of alcoholfequired
to achieve a given alcohol content as follows:

minimum alcohol dose (g) = (alcohol content in g/100mL x body weight ir"g s Xrho

factor) / 100
The alcohol dose in grams and body weight in grams can b r using the

following formulas:

alcohol dose in grams = vol. of drinks in 0z x 29.6 mL/oz on@, of dlcohol in drink/100)
x 0.789 g/mL

body weight in grams = body weigh¥in gbund®x 454 g/lb

See the appendix for tables that give Wid rk GalcUition values based on gender
type, weight, and number of standard d corggsumed.

When rho factors were determined by Widmark, tie experiment consisted of people rapidly
drinking the entire dose of alcohol wigr 0 15 minutes on an empty stomach.® These

conditions maximize the percent
blood. This percentage is calle

person is give se of alcohol on a fed stomach versus an empty one. A likely
explanation f@r this ease in bioavailability is the presence of food in the stomach
delaying gastRg empggying. This allows for an increased contact time with gastric alcohol
e stomach before the alcohol reaches systemic blood.? 7+ 8
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Figure 5 illustrates an alcohol concentration curve when ethanol is administered
intravenously.®

y Peak BAC >

150 -~ Diffusion plunge

Blood Ethanol, mg/di
2 3

) 100 200 300 400 500 800 700
Time After Start of Infusion, min
; b . . .
ane after intravenous infusion of ethanol
When alcohol very rapid the blood stream, for example with intravenous infusion,
the initial true blood al | corm@@ntration can be higher than the concentration predicted

by the Widmark equa®gn. is is due to the alcohol initially not having time to equilibrate
between the cen (o) ompartment into the peripheral tissues, where most of the
body water i ese The rapid drop that occurs from peak concentration to equilibrated

concentratior@is known'as the diffusion plunge. While this situation generally does not
occur w, I consumed orally, it can occur with people who have undergone

gastric rgery.*°

?\

Figure 5:
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Forward Extrapolations (What would their alcohol content be N hours after the start of
drinking?)

Starting with the maximum alcohol concentration calculated with the Widmark formula
(Co), an estimate of a person’s maximum alcohol content at a time after drinking
be made using the range of elimination rates listed previously. Referring back t

graph, this is essentially tracing from where the extrapolated line intercepts the y-8xi
forward to a specific time and determining what the corresponding alcohol ¢ nt is:

maximum alcohol content N hours after start = maximum a co ent -

elimination rate x N

earlier?)

s alc tent hours after
calc@lated using the Widmark
ntent hours before their

t measurement.

Similar to how an estimate can be made of an individu
drinking began starting with the maximum alcohol c
formula, an estimate can be made of an individual’,alcoh®l
alcohol content was measured starting with theggesulg of

Retrograde Extrapolations (Given an alcohol result, what would ®geir r be N hours
ol c

maximum alcohol content N hours earllgr =SWeasured alcohol content +
elimination rage x N

Accounting for Unabsorbed Alcohol

Note that the extrapolated do gure 4 does not meet with the alcohol
concentration curve (solid lineyu post-absorptive phase is reached. When
performing extrapolati , tRe lIaboratory will assume that the post-absorptive
phase has been rea w one hour after the last drink is consumed. If the
time between when la rink was consumed and when the measured result is being
extrapolated baclqto j s #han one hour, the effect of unabsorbed alcohol will be taken

into account:
max. alc ontght N hrs. earlier = measured alcohol content + elimination x N -
unabsorbed alcohol
tri i

Th idytion to an individual’s measured alcohol content due to alcohol still unabsorbed

t of the incident will be calculated using the Widmark formula.? If no information
is proWided regarding the dose of alcohol consumed within the hour before the time
extrapolated to, a standard dose of 14 grams will be assumed.

Wihey drank immediately before the incident?)
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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 the time of
the test, the same technique used to account for unabsorbed alcohol will be used
rlj

account for post incident consumption where maximum alcohol content N hours
equals:?

Measured alcohol content + elimination x N - unabsorbed alcohgl- posYingcident
consumption

As with estimating the effect of unabsorbed alcohol, if no informaton 18 pr ed regarding

the dose of alcohol consumed post incident, a standard dose of grafipsgvill be assumed.

Q
go
o
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Blood Tube Top Colors and their Additives

e e Clot activator and gel
for serum separation
Red/
Gold Gray
= — e Lithium heparin
Light Green/ and gell for plasma
Green Gray separation
‘ o
* Silicone coated (glass)
* Clot activator, Silicone
Red Red coated (plastic)
. ® Thrombin-based dot
1 activator with gel for
Orange serum separation
il
E * Thrombin-based clot
L5 activator
Orange
il
» Clot activator
(plastic serum)
Royal * K EDTA (plastic)
Blue
—& e Sodium heparin
e Lithium heparin
Green 1 Green
_ * Potassium oxalate/
- sodium fluoride
Gray Gray ¢ Sodium fluoride/Na, EDTA
e Sodium fluoride
5 A (serum tube)
— * K,EDTA (plastic)
‘ Tan
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¢ Sodium
polyanethol sulfonate (SPS)
» Adid citrate dextrose
additives (ACD):
Solution A -
22.0 g/L trisodium citrate,
8.0 g/L ditric adid, 24.5 g/L
dextrose
Solution B -
13.2 g/l trisodium citrate,

4.8 g/L ditric acid, 14.7 g/L !

Yellow

dextrose

¢ Liquid K5EDTA (glass)
i e Spray-coated K,EDTA
Lavender t Lavender (plastic)

¢ K,EDTA and gel for
2 plasma separation
' White

e Spray-coated K,EDTA
(plastic)

\l Pink Pink

 Buffered sodium citrate
0.105 M (=3.2%) glass

i Light E,_ Light 0.109 M (3.2%) plastic
Blue Blue , ,
B\ - e Citrate, theophylline,

adenosine, dipyridamole
(CTAD)

Clear

‘ — * None (plastic)

! Clear
» Red/
Light Gray

aken from: BD Diagnostics, BD Vacutainer Venous Blood Collection Tube Guide, 2010
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Revision History

2013 2014 Location Revision made
RO RO
Page Page
4 4 Impairing Effects Moved text starting with "Studidg have
of Ethanol compared” and ending with "greateithan
0.10 g/200mL." from bel re
above Figure
4 4 Impairing Effects Added text starting with "Relative crash
of Ethanol [
4 6 Impairing Effects
of Ethanol
Where | Where Where Needed
Needed | Needed
9 11 The Widmark dde§ diffusion plunge figure and
Calculation and pamgraph starting with "When alcohol
' very" and ending with "bypass surgery."”
11 14 Added references 9 and 10.
16 17 Added Blood Tube Top Colors and their
Additives chart
1 1 able Of Contents Updated page numbers and renamed
"Tables" to "Appendices”
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