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T IS well established and universally accepted that

the concentration of alcoho!l® in blood or breath.
properly determined and interpreted, consttues the best
and most objective indicator of the absence Or presence
anddegreeofamealeohol—indnc:dimpairmentof
drivingabﬁityinﬁvingsubjec&ﬁema.mdasmndhg
and appreciation of the major physiological and phar-
macological factors affecting such alcohol concentrations
areimpommto.appropﬁateuscandimzrpn:aﬁonof
chemical tests for aicohol in waffic law -enforcement,
udinrsmchondﬁvingimpairmembyﬂcohol.
Recognitianofthecomple:dtyoftherehﬁmshipsbe-
tween dose of alcohol, time and pharmacological effect
isa.lsossmﬁaltobozhrswchandpubﬁ:edu:aﬁon
in this fieid. ‘

Most of the relevant faciors and considerations af-
fectingthcalcoholcomemsofvariousbodymm
fluids and the dose-time-effect relationships fall into
the field of pharmacokinetics, which broadly concerns
the absorption, distribution, biotransformation and ex-
cretion of drugs. The imerreiztionship of the aicohol
ccncentraﬂonsofdiffercmhodyﬂuidszndﬁssnes,snch

alcohol determination. -Further, in
tests for alcohol in traffic law enforcement, a sufficient
time interval oﬁwd@mmmcﬁgﬁﬁmml.
snd'tasacrashorananegedvioiaﬁon.andsampie
collectionto;:roduccamarkedandvcrysignifmm
difference in the respective alcohol concentrations of
blood ©r other specimen materials. Time relationships
involving ingestion, distribution, storage and elimination
of alcohol are, therefore, imporant in relation t©
highwaysafetyandevidcnﬁaryuscof&:nﬁaltst
. yesults, sometimes overwheimingly so.

Pharmacokinetic parameters thus affect both the va-
lidity and usefulness of aicohol determinarions as indi-

1 The unmodified 1erm alcoho! in this artcie refers © cthanol.

cators of driver impairment by aicohol in such respects
as choice of sampie materiais and the probative  value
and interpretation of results of alcohol analysis. An
understanding of alcohol pharmacokinetics is also needed

_ for the proper evaiuation and assessment of the validity

98

more
macohneucsareeonsxderedfmmrheaspect of highway
safety. .
Severalof:hﬁeman:rshavebecom:criﬁaﬁym'
pcrtamwiththeadvcma:ndwideadopﬁonofpcrs
drinking-driving laws,? aiso called absolute or blood
alcohol concentration offense taws. Body fluid aicohol
3 i element of the offense in
the controlling evidence
jmpairment. The onus on the
analysis and the validity of the
bloodorbratha!coholmmaﬁonmzherek\_mm
timeisv&lygxawinsuchsettingswinthcprmous
nadiﬁonalcvidenﬁzryuseofalcoholanalysismuksm
document presence of aicohol 1o an extent corroborative
of the observed driver impairment and sufﬁc?cm 10
explain the crash involvement of moving violauon,
toestabﬁsharebunableprsumpﬁanofthcms@ce
of the infiuence of alcohol to an impermissible extent.

Aspects of Absorption. Distribution
snd Enminstion of Alcohol

Alcohol is unusual, if not unique, aMOBE drugs in

breath-
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several aspects of its pharmacokinetics. Particularly
striking are the great biological intersubject variabiliries
in aicohol consumpiion tolerance and in alcohol elimi-
nation, in the pattern of shori-term fluctuations from
the trend lkine of the time course of the blood and
breath alcoho! concentrations and in alcohol partition
between blood and other body fluids and tissnes even
a1 equilibrium. Also significant is that aicohol is ab-

sorbed and distributed in an unahered state and is nor

bound to proteins or complexed with other transport
systems.

Alcohol ebsorption

Consideration of the variability and anomaiies of the
uptake and elimination of alcohol is facilitated by
reference to the theoretical schematic time course of
the blood aicohol concentration often termed the Wid-
mark Curve (Elbel and Schieyer, 1956; Wallgren and
Barry, 1970; Widmark, 1932) illustrated in Figure 1,

despite the many Emitarions of this schemaric represen- .

tatjon.

Absorption of alcohol from the gastrointestinal rract,
including the stomach, occurs by simple passive diffo-
sion along concemrarion gradients and does not invoive
an active transport system. A small, weakly charged
moijecule, alcohol readily penstrates cell membranes and
boundaries. Its distribution is largely governed by the
water content of the various organs and tissues, espe-
Gally at equiiibrium, becavse it is polar and compietely
water soluble (Waligren and Barry, 1570). The disui-

1 23 4

BAC or BrAC~ o
1

bution process is much spesded by vascularization an
blood flow. Organs with a rich biood supply. such 2
the brain and the lungs. achieve the highest initiz
concentrations of aleohol. A positive differential, whic

‘may be as great as 50-100% (Forney, 1571), persist

between the arteriai and venous blood alcohol! concen
rrations during the active absorption and prior to egqui
libration (Formey et al.. 1964; Harger and Huipieu
1956). The time lag from inftial absorption of alcoho
to the beginning of the postabsorptive phase is a ket
variable in relation to highway safety. It brings abou
significant differences in the magnitude and timing o
alcohol concentrations in different organs. The resultan
efiects on the cenmtral nervous systern are eariier anc
more marked than those on the skeletal musculature
and other somatic sysiems.

The rate of aicohol absorption after oral imtake &
gready influenced by the nature and concentration of
the aicoholic beverage, food intake and 2 muititude o
other physical, biological, psychological and time facion
that combine with the individual’s sex, body weight and
body water, and related habitns characteristics as wel
as offsetting mmabolic disposition to determine the
uhimate peak blood alcohol concemration and other
characteristics of ‘the time course of the blood alcocho
concentration. The term conrsumption toferince is ofiex
apphied to all of these combined factors and effects, &
distinction to the constitutional tolerance, which denote:
the differences berween persons in the effecss of aleoho
ar the tissue and organ level and in individual resistanc
to those effects ar identical blood and tissue alcoho
concentrations.

The peak blood aicohol concentration and the tim
for its achievement are important parameters in varion
respects. The .peak often marks, for example, th
changeover between the rising and falling blood aicohc
concentrations, reflecting the absorption {(¢) and elimi
nation (5) phases of distribution—a matter related 1
acute adaptation to the effets of aicohol (Mitchell
1 .

98'l'sh)esetwovarial:oma}.';ai!b:stta!es.pleu:!ui!‘ y the sub
stamial biological variability in 2icohol pharmacokine:
ingle-dose experimemts with both men wormes
s;ugowski(m‘l&) found elapsed time from end ¢
alcohol intake to peak blood alcohol concentrauc
varying from 14 to 138 min, 2 nearly 10-fold variatio
with mean times for men and women 57 and 42 mub
respectively. In subsequem additionz] studies on me
with a different experimental protocol (Dubowski, 1976t
the data summarized in Table 1 were cbtained. A 1
fold variztion berween absorption times to the pe
biood alcoho! concenmrations in different subjects w
demonstrated even in 2 reasonably homogeneous healt



ALCOHOL AND HIGHWAY SAFETY

0
m!.Tm::omchpuLbbddaLﬂoImﬁmsandm&
ood alcohol : dose relationship in heahhy adult men

Coeflicient
of
Pharmacokineric variation -
factor N Men = SD (%) Range

ime to peak blood alcohol
concentration. min”

79 293 =171 585 o114
ime to peak blood aicobol '

concenttation, min” 6 520 =346 6.5 12-166
eak blood aleohol :
concentration : dose,
mg/dt ’

1235 = 21.1 16.5 78-192

g/kg W5

*Subjects ingesting 0.5 g alcoholskg body weight.
*Subjects ingesting 1.0 g alcohol/kg body weight.

opulation. Total population variability is obviously
nuch greater. Other investigators have reported com-
sarable intersubject variability of experimentally meas-
red peak biood aicohol times after the end of drinking
Naeve, 1973).

Pezak blood alcohol concentrations reached after inges-
jon of identical weight-adjusted doses of alcohol typi-
=ally also vary two- to threefoid, even in homogeneous
sxperimental conditions (Dubowski, 1976a; O’Neill et
2l., 1983). Of healthy men given an alcohol dose of
l.om%%mbemedmmchpakbiood
aleohol concentrations of 85-170 mg/di; the remaining
. ‘~=ts will fall ourside that rapge. For a given total
=. ol dose, divided-dose drinking, as commonly occurs
increases in blood alcohol concentrations than the singie
dose often ingested experimentally (Forney and Hughes,
1963). Accumuiation of aicohol in the blood and other
tissues occurs whenever the rates of aicohol intake and
absorption excesd the drinker’s rate of aicohol elimi-
nation.

Alcohol elirminagtion

Elimination of alcohol occurs principally through
enzymaticoxidaxioninthciiv:z.wizhusnallyminor
nonhepatic oxidation pathways and minor excretion of
unaltered aicohol in the urine, breath and perspiration
(Hawkinsand!(alzm,m?z;l:hannaandlsnd,l%&
Lieber, 1977; Majchrowicz, 1975). The pharmacokinetics
involved have been explained variously as corresponding
waonccnmparmxopcnmoddwithwo—orda
(constant rate) elimination, a one compartment Open
model with Michaelis-Menten (1913) elimination kinetics
(Lundgquist and Wolthers, 1958), and a two compriment
open model with Michaelis-Menten eliminarion kinetics.
The firsi-listed theory was initially advanced by Mel-

lanby (1919) and is the original basis for the schemaiic
Widmark Curve (Figure 1).

However, zero-order kinetics, characterized by con-
stani-rate elimination independent of aicohol dose or
initial biood alcohol concentration, is an inappropriate
description for the elimination of alcohol m humans,
at least in a significant portion of the population
(Dubowski, 19762, 1976b; Lundguist and Wolthers,
1958; Wilkinson, 1980). In most subjects and circum-
stances, the decrease in biood alcohol concentration per
unit time in the fully postabsorptive state s a valid

‘reflection of the instant rate of alcohol elimimarion. It

is most appropriately described by 2 one compartment
open model with Michaeiis-Menten (1913) elimination
kinetics when only a single specimen material (e.g..
expired alveolar breath) or blood from a single site
(e.g..vein,apﬂlaryorarwy)isaamined.Sncha
process describes 2 mixed partern of zero-order (constant
elimination rate) kinetics, which occurs when the rate-
fimiting enzymatic alcohol oxidation step is saturated,
with firsi-order kinetics when there is an excess of
enzvme and which is characerized by an exponential
rate of change (i.e., 2 constant frection of alcohol is’
climinated per umit time). The usual graphical presen-
tation of the Michaehis-Menten equation is that of 2
reczangula:hypcrboh.‘rhcchasauer'sticscfthisprocss
indndeaslopeoftheapparcmorpscudoﬁmrdedine
mate in blood alcohol comcentrarion, which imcreases
withinuassinbodydo&ofing&edalcoholandin
iniﬁalbloodalcoholmeen:raﬂon(wagnaandf*azcl.
1972; Wagner et al., 1§76). Both the absorption and
ehmination rates of alcohol are significantly subject 10
the effects of food (Sedman et al.. 1976; Vitale et al..
1953), and 1o a much smalier extent to the effects of
typeanddiludanofthehgeswdalcohgﬁcbevmgc
(Dubowski, 1976b). :

Quanmtative data on alcohol elimination have been
obtained in profusion. mostly from repeated measure-
ment of blood or breath zlcohol concentrations. In
addition to these controiled pharmacokinetic studies,
considerable information has been published on blood
alcoholcomnaﬂonchangcswithﬁmeindﬁversu_rho
drink, usually by caiculation from testing at two points
along the climination curve. The number of subjects -
medandthcvaﬁabmtyofthcrsultsencowemd
have been much greater than in the laboratory studies.
Moreover, the biood aicohol concentrations invoived
wc::usuaﬂymnchhigh&rinthcsmdisofdﬁvcrswtm
drink. For example, in 922 men waffic offenders, Abeic
(1955) found a blood aicohol decrease raie range of €
to 40 mg/di/hr, with a mean of 18.4 and a mode of
18.0. lnothcrsmdisinwluichtwogmplswcrex&e? ‘
ranges of 1 1o 80 mg/dl/hr (mean = SD, 204 = 10.
among 1512 subjects (Schweitzer, 1968), O 10 26 me.
dl/br (mean, 172 = 9.1) among 1655 subjects (Ponsold
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and Heite, 1960), and 9 10 30 mg/di/irr {(mean, 18.6 = 6)
for 1142 subjects (Hilgermann and Schisyer, 1571) were
reported. In 16 traffic offenders, the breath aicohol
decreass range measured by two tests was 7 1o 17 mg/
210 L/hr?® (mean, 11.1 = 2.8) (Loomis, 1974). Several
of these and other authors found alcohol elimination
rates to be normally distributed (Lund, 1979), as has
the present author.

Results of observations limited 10 two points on the -

elimination curve have many obvious shortcomings and
Iimitations for determining functional blood or breath
alcohol decrease rates, but they do flustrate the wide
range encountered. The other extreme of studies is
represented by controlied pharmacokinetic experiments
in which the rate of alcohol decrease in blood or breath
is determined by appropriate individual mathemarical
modeling of each muitipoint 2icohol concentrarion ver-
sus time curve. In 134 adull men in the postabsorptive
state, Dubowski (1976b) obizined the data shown in
Table 2 and iltustrated in Figure 2. The data were
determined by infrared spectrometry and computer mod-
eling of each subject curve.

The underlying data follow a Gavssian distribution.
From these data, it can be estimated that the mean

hourly breath alcohol concentration decrease for 95%

of such a population Lies between 5.9 and 23.9 mg/230
Uhrandfor99.7%ofsuchapopnlaﬁonﬂ:sbcrween
1.4 and"28.4 mg/230 L/hr.

Different studies have been variously reporied as
Indicating biood alcohol decrease sates 10 be independent
of imitial aicohol concentrarions or positively correlated
with initial blood alcohol concentrations, thus corre-
sponding to zevo-order and first-order pharmacokinetics,
respectively. Abele (1955) reported dependence of mean
blood alcohol decrezse rates on the blood alcohol
concentrazion, as did others (Dubowski, 1976a, 1576b;
Schweitzer, 1968; Wagner et al., 1576). Dose dependence
of the blood alcohol decreass rate was found by Alha
{1951), Vitale et al. (1953) and others. No significant
effect of blood alcoho! concenmtration on alcohol de-
crease rates was reported by Ponsold and Heite (1960)
and many early investigators. The term acute mewzbolic
tolerance has been recently apphied 10 an increase in
blood alcohol elimination rate within a few hours for

moasubk:zsaftcrasemnddqsc.ofalcohol(wmoni

et al., 1984).

It deserves emphasis that the rate of decrease of
blood alcohol concentration does mot directly and ex-
ciusively reflect the metabolic disposition of aicohol
because the changes in concentration are aiso, in part,
a product of alcohol elimination through urine, breath,

. 3The conversion facior s:.1 L of biood = 2100 L of expred
aiveolar aur.

Tame 2. Raies of breath alcohol decrease in the posabsorpuive state
for healthy adult men, determined from individual subject bremth
2icohol concentration Ys time regressions

mmlmmmmqw

Coeffictent

of variztion
N Men = SD L Range
134 1456 = 4.50 30.1 598-279

perspiration and other routes. Excretion through those
routes would be expected to be positively correlated
with the plasma-alcohol concentration because it involves
passive diffusion of alcohol. in accordance with its
concentration gradients for the route invoived.

Aspects of glcohol distribution

Most state drinking-driving laws Imit reference to
alcohol concentrations to those in biood regardless of
the specimen material actually amaiyzed, aithough an
increasing number of jurisdictions are adopting the
definition of alcorol concentration of the Uniform
Vehicle Code* which relates that term to the analyzed
spe:imen.Commmorywminologynfesto“:he
amoun: of alcobol in the person’s blood at the time
alisged 2s shown by chemical analysis of the person’s
blood, urine, breath or other bodily substances.™ Con-
sequently, the alcohol distribmion process and the par-
tition ratios for alcohol beiween dlood and other
specimen materials are of great practical imporiance.
Often they are the subject of vigorous attacks agamnst
trial evidence of “blood™ alcohol concentrations derived
from the analysis of other body fiuids.

Breath akcoho! analysis is by far the most commonly
empbyedfonnof:henndtmgmuafﬁclawen—
forcement. Hence the true blood : breath ratio for al-
cohol, originzily used to cafibrate breath aicohol analyzers
to indicate the supposedly corresponding blood alcohol
concentration, has been a subject of much scientific
investigation and debate for about 50 years. It is evident
from considerations of quantitative human biology that
aangieranooreomonfactorwﬂlnmapptywan
persons (Mason and Dubowski, 1974, 1976). Neverthe-
less, for half of that period, there was general accept-
ance of 2100 : 1 as the partition ratio of alcohol betweer
blood and alveolar breath, as a popuiation mean (Bor-
kenstein et al., 1972; Harger et al., 1950; Nartiona
Safety Council, 1953). Quantitative evidential breati
alcohol analyzers are stin currently factory-cafibrated it

4 As clanged in 1979, Uniform Vehicke Code Section 13-902.1€aXS
reads: © Mmhdmummﬂmmuhermmsofﬂmholu
lwmmi'mascfbbodormmsotalcohalwzwmmofm
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rams of aicohol per 210 L of breath. Some official
nidelines incorporate this calibration (National Highway
raffic Safety Administration, 1984), thus in effex
etaining 2 2100 : 1 blood alcohol : breath alcoho! con-
entration ratio for those jurisdictions staunorily re-
uiring the reporting of evidentiary alcohol concentratons
n terms of biood.

Larer studies on larger subject groups, with meore
ophisticated chemical anatyses of blood and breath for
dcohol and more extensive data treaiment, indicated
hat the mean alcohol panition factor between blood
and breath in the postabsorptive phase in healthy adult
men is very close to 2300:1 (Dubowski, 1975 Du-
bowski and O'Neill, 1979; Jones, 1976; Jomes et al.,
1575). However, significant variations from this popu-

lation mean exist during active alcohol zbsorption and -

inson_xcindividualscvminmepos:absarpﬁvtphase.
The typical bioiogical variability of human alcohol
pharmacokinetic parameters is well fllustrated by the
data from studiss of Dubowski and O'Nedll (1579).
These are summarized in Table 3, for the ratio of
alcohol concentrations in whole biood and end-expira-
torybr&thinhahhyadnhmintheﬂﬂlypmb-
sorptive phase. , ‘

Thseupmmﬂydminedraﬁoshaveaﬁm-
sian distribution. Henee 2 postabsorptive biood alcohol:
breath aicohol concenmtration ratio ramge of 1797 : 1
10 2763 : 1 can be estimated for 95% and 1555:1 10
3005 : 1 for 99.7% of such a2 popularion. Those statis-
tical projections agree closely with the experimentally
found range of values. '

The various scientific, technical and forensic aspects
_ofmiscamplexma:terhavebeenrevi:wedindczaﬂby
Mason and Dubowski (1976). They proposed that the
offense of driving under the influence of aicohol be
statutorily defined in terms of the concentration of
alooholinthc'bmthandhthchlood.thnbrmh
aicoholana!ysiscominuetobeempbyedinmfﬁchw
enforcement but that conversion of breath alcohol con-
centrations to blood alcohol concentrations be aban-
doned for foremsic purposes. These recommendations
have been impiemented in an increasing aumber of
jurisdictions. '

Thﬂeismassiv:docxmemaﬁcnthmmebloodaleohol

Taxe 3. Fm:ﬁculuﬁocfawcmﬁemhmvbok
Mﬂmwmmummmhw
adult men

wmxm:mmxm

Cocfliciem
of wariation
N Mezn = SD % Range
393 2280 = 2415 10.6 1706-3063

concentration cannoi be established sufficiently reliably
for forensic purposss from the alcohol concentration of
apoolcdbiaddcruﬁmspedmcnbwauseof:hemmsivc'
variability of the blood : urine ratio of aicohol. Parution
ratios of 0.21 : 1 10 2.66 : 1 have been reported (Flan-
agan et al, 1577; Kaye and Cordona, 1969; Morgan.
1965; Stevens et al, 1966). From the data reported by
Kaye and Cordona (1969), it can be determined that
the urine : blood aicohol concentration rauos are nor-
maﬂydisnibmcdandi:mbcs&mawdmmes%of
spch ratios in the population will fall berween 0.36: 1
and 2.20:1, and 99.7% between near 0 and 2.66: 1.
These problems have been recognized in policy state-
ments of the National Safety Council’s Committes or
Alcohol and Drugs (1979)-and of the National Highway
Traffic Safety Administration (197S), which list blood
and breath as specimens of choice for aicohol analysis
and discourage use of urine for alcohol determination
in law enforcement.

Amnalysis of alcohol  in safiva has besn limited to
mrchappﬁaﬁonsbmnseoftheinhcrmtproblms
inﬁddeoﬂeaicnofspechnens.Modemsmdisusing
refined analytical methods and small sample volumes
haveshmmmpmiﬁonraﬁosforalmholofl.ﬂ:l
forparoﬁdaﬁva:plasma'mi(}regorioe:al.,IWS)and
1.08 : 1 for pooled safiva : blood (Jomes, 1879).

Alcoholismedin'pminsweaLBasedonthax
faa.anadhesivepadfmswealeonecﬁonfmmtheskin
forperiodsupm%dayshasbeenwggstedasan
indicator of alcohol consumption (Phillips and Mc-

blood sense, studies of driving impairment by alcohol
andofa!coholﬁmibuﬁonberwembo&yﬂxﬂdshavc
musdyusedwhokbbodasthespedmmhiood
wassampﬁhmaboholisnotuniformbd'suib-

hematological sbnormalities in the populstion as well
g5 circadian and other shifts of fiuid volumes, use of
whoile blood alcohol concentrations further complicates
the physical, chemical and biological factors imvolved
ina.boholdis:ﬁbmionndpmﬁtion(MasonanﬂD“-
bowski, 1976). Plasma is a physiologically and phar-
macokinetically more appropriate specimen.

Sex. age and time-related differences

in many of the pharmacokinenc parameters for
cohol, marked differences related to sex and age exist.
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In regard to the former, differences in body composi-
tion. especially in body water and adipose tissuc pro-
portions, are usually cited to expiain the documented
popuiation differences, with less frequent anention 10
stage of the menstrual cycie and use of oral contracep-
tives (Zeiner, 1983). Some of the differences are signif-
icant. In paraliel studies of oral aicohol intake in men
and women, using identical weighi-adjusted alcohol doses
and drinking times, Dubowski (19762) found the mean
time to peak blood alcohol concentration afier end of
drinking to be 1.35 umes as long in men as in women,
the mean peak blood aicohol concentration : dose re-
lationship to be 12.8% higher in women than in men
and the mean hourly rate of decrease of the blood
alcohol concentration 1o be 23.6% greater in womsen
than in men. Women during the premenstrual phase of
the ovulation cycle reached significantly higher psak
biood alcohol concentrations for identical weighi-ad-
justed moderate acute doses and showed greater ab-
sorption rates than men, or than women tested during
the menstruum and around the time of ovulaton (Jones
and Jomes, 1976). Women taking oral contraceptives
reached lower peak blood aicohol concentrations and
had significamily lower body alcohol eiimination rates
and blood aleohol disappearance rates than women not
on ora! contraceptives (Jones and Jones, 1984; Zeiner,
1983). Michaelis-Menten maximum velocity values for
alcohol disappearance from the blood, refiecting alcohol
metabolizing capacity, have been found to be 1.9 times
as great in women 25 in men (Sutker et al., 1983).

Age-related differences in alcohol pharmacokinetics
have not been studied extensively in humans. Data for
men in five age groups showed consistent and significant
jncrease in blood alcohol elimination rates with increas-
ing age (Schweirzer, 1968). Intravenous alcohol infusion
of a weight-adjusted dose produced shightly higher al-
cohol ‘concentrations in biood water in older subjects
than in vounger men and the peak alcohol concentra-
dons in blood water were age correlated. The rate of
aicohol disappearance from the blood water, however,
v:asm:sig::if‘mnﬂycon-elaudwi:hage(\f'staletaL,
1977). The difierences were considered mostly aunbut-
abie to ape-related changes in body composition, such
as a decreased lean body mass and total body water In
older subjects.

The possible effects of tme of day on aicohol .

pharmacokinerics 25 well as on effects of alcohol have
been considered, although not studied extensively in
human subjects. Circadian rhythms have been claimed
1o affect pzak blood aicohol concentrations {(Zeimer,
~1974) and alcohol elimination rates (Jones, 1974; Wilson
et al.. 1956). Others were unable to demonstrate sig-
pificant time of day-related differences in these phar-
macokinetic parameters (Lawrence et al., 1983). Reviews

of the relationship of time of day to aicohol pharma-
cokinetics have appeared (Minors and Warerhouse, 1980;
Swurtevant, 1976).

Anomalies snd Shori-Term Fluctustions
of Blood Alcohol Curves

For many purposes, the fining of regression lines 10
experimental data poimts by manual or computerized
mathematical modeling is satisfactory. The compiete
biood alcohol or breath alcohol versus time curve usually
requires nonfinear regression analysis, in keeping with
the pharmacokinetic phenomenz discussed zbove. How-
ever, for some purposes, 2 trend-line curve is markediy
inappmpriateorusdss.nazisapedanymfor
attempts 0 engage in retrograde or forward extrapo-
lation of biood or breath aicohol concentrations beyond
observed vaiues. Among the major reasons for the
infeasibility of retrograde extrapolation, three stand out:
(D) lack of knowledge, usually, abour the timing of the
alcohol concentration pezk and absorption-postabsorp-
tion statws; (2) ignorance about the mathematical char-
acteristics (e.g., linear, pseudolinear, exponential) and
themmratcofd:mgcofthehdividml’s_bloodor
bmhabcholehmmonmand(.i’)unpmdmhle
irmgniariﬁsof&em.spe:’aﬁyshonmﬂum
:ionsfmmthcbest-ﬂttrendlineoftheblood'orbram
aleohol curve.

Thenmmmtandfmquencyofthcbrmha!cnhol
curveinegnh:ityandspeciallyxhcshon-tmmmm-
tions have been iliustrated in other reports (Loomis,
1574; Schmute et al., 1972; Shumate & al., 1967;
Terfloth and Wuermeling, 1968). The samc phenomena
ofbbodalmholmhawbeen:xunpﬁﬁed&ewhﬂt
(Diut and Forster, 1964; Leithoff, 1964; Naeve et al.,
1571; Schieyer, 1959; Schmutte e al., 1972; Wehner
1972). The reports by Leithoff and by Wehner an
parximlaﬂypcrsuasivcofmeexistmandexwutof
shor-term biood alcohol fluctuations because these in
vesﬁg&mmbyq@amomaxedanalysisofbloodwn
ﬁmmusiysaw&roughanindwdﬁngvmusmhazz

ﬁmccurmobninedinthesmdisofbnbowski(lﬂﬁbﬁ

Undcrhighlysxandardimdconditions,h:ahhy aduo
men ingested alcohol doses of 0.5, 0.8 or 1.0 g/b
bodywdghtaﬁuad-hrfast.amrdingtoauﬁ:
squarcd:sign.bympidmmin)orslow (40 mi
drinking of one of four alcoholic beverages (¢champagn
be:r.ﬁilmedwhisky,suaigmwhisky),ammpanhdl
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‘Frcore 2. Experimental human breath alcohol corves

L. The doned line near the koft orcinac indicates
Jeast 15 min. after the end of alcohol ingesuon-

/230
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ficcustions (2B-2F). Each plonied point represents 3 separate breath aicobol messurement @m
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by analysis of vapor-alcohol samples and was verified
by frequent comparison with simukaneous biood sam-
ples.

Figures 2A-F reflect the following protocol conditions,
and individual breath aicohol curve characteristcs as deter-
mined from family regression analysis of breath aicohoi
concentration vs time during the postabsorprive elimina-
tion phase of each curve. The notations used for all regres-
sion eguations are the foliowing: y = breath alcohoi con-
centration in £/230 L. x = hoursafter apparent peak of
breath ailcohol concemiation, R? = coefiicient of deter-
mination for the regression, SEE = standard error of the
estimate, i.e., square roof of the residual variance.

In Figure 2A, alcohol intake is straight 86-proof whisky,
0.8 g/kg, fast drinking. The curve displays a2 typical
regular Widmark pattern with minimal fiuctuations from
the trend Iine. The most appropriate mathematical descrip-
tion of the eclimination period is a Iimear model:
y = 0.116 - 0.0I%, R* = 0.981, SEE = 0.003. In
Figure 2B, alcohol intake is straight whisky, 0.8 g/kg.
slow drinking. The curve dispiays moderate positive and
negative fluctzations from the trend fine. The most ap-
propriate description of the elimination period is an ex-
ponential model: y = 0.113¢*2¢:, R? = 0.958,
SEE = 0.052. In Figure 2C. alcoho! imtake is champagne,
0.5 g/kg. fast drinking. The curve displays minimal fiuc-
wations from the trend line and the breath alcohol con-
_ centration remains in 2 narrow range for several hours.
The most appropriate description of the elimination period
is 2 parabolic model: y = 0.061 — 0.006x — 0.003x%,
R* = 0.966. SEE = 0.001.

In Figure 2D, alcohol intake & champagne, 1.0 g/kg,
fast drinking. The curve dispiays a markedly gelayed peak,
with marked flucipations from the trend Iine. No
marhematical model provides excellent correlation, but the
most appropriate description of the elimination period is
a2 parabolic model: y = 0.115 + 0.005x - 0.012x3,

: = 0.564. SEE = 0.007. The most appropriatc

description for the entire corve is also a better correlated |

parabolic model: y = 0.005 +0072x - 0.011x%
R* = 0.927. SEE = 0.007. In Figure 2E, aicohol intake
is beer, 1.0 g/kg, fast drinking. The curve generally
follows 2 Widmark partern. but with significan: finctua-
tions from the trend line and marked positive and negative

. spiking thoughout the entire curve. The mos: appropriate )

math:maﬁcaldcscripﬁonoftheeﬁminaﬁonpeﬁodisa
linear model: v = 0.129 - 0.013x, R* = 0.891,
SEE = 0.005. In Figure 2F, aicohol intake is straight
86-proof whisky, 1.0 g/kg, siow drinking. The curve
displays marked irregularities and positive and negative
spikingasgrwas0.0SOg/ZBOLinls_sthanmmin.
‘No marhematical model provides excellent correlation. but

the most appropriate description of the efimination period

is a linear model: v = 0.107 -~ 0.017%, R = 0.652,
SEE = 0.008. '

All of thess curves share the fluctuations phenomenon
to an extemt and degres varying considerably between
subjects. Particuiarly striking are portions of the curves
in Figures 2D, E and F around the 100 mg/230 L
concentration region. It is evident from these rather

~ typical curves that breath aicohol analysis results even

under highly controlied conditions can and do rapidly
oscillate in short time periods above or below any given
concentration. This shouid be recognized iIn both re-

_ search on aicohol and in evidentiary use of blood or

breath alcohol concentrarions in the prosecution of per
se law violations. :

These phenomena are nor Iimited to breath aicohol
analysis, as shown by comparable curve panerns for
discrete or continuous blood alcohol monitoring in the
studies cited, and by the very close correlation of
numerous separately measured simultansous biood al-
cohol .and breath 2lcohol concentrations in the course
of the experiments that yielded the curves in Figures
2A-F (Dubowski and O’Neill, 1975).

Summsry snd Conclusions

Keyaspecrsofthcpharmacoi:ineﬁ:sofalcoholm
highly relevant to highway safety. Of particular perti-
ncnc:arcthepmﬁﬁonofalcoholhetmvarbusbody
tissoes and fiuids and the resulting alcohol concentration
ra:iosforblood:brn:handotbcbodyﬂdds.asw:n
asthehreguhrkyandshcn«ermfhmuaﬁmofmc

ofdrhkingand_thcmeofaboholeﬁnﬁnaﬁonfrom
wh:nmbhedwhhs:x—.asc-andﬁme-rdmedcﬁffa-
enus,makeszh:bloodalmholinfomaﬁonhwiddy
disuibmedaboholmnsmpﬁnnmogramsandnbls
hamdonmmdaninappmpﬁateasaguidcforthe
drinking behavior of individuals.
Akhough:hceisgoodstaﬁsﬁnlmrehﬁonm
mcalwholmmaﬁonofdiﬁmbodyﬁssusand
ﬂ:ﬁdshtbcfnnyposmbsorpﬁvesme,wideindividnal
variations from the population mean alcohol partition
values:xis&.hisoftenimpcssibi:todctamin:whc:ha
thepostabsorpﬁvesmehasbemrcachedaxanygivcn
xim:.‘l‘hwciacwrsmakei:impossm:orinfm'bkto
convert the alcohol concentration of breath or urine 0
the simuktaneous blood alcohol concemtration with fo-
rmsianyacccptablcc:rmhny,spedanynndcrpﬂn
or absolute alcohol concentration laws. Inciusion ©
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breath alcohol concentrations in drinking-driving sta:-
utes, as definitions or per ‘se¢ offense elements, makes
unnecessary the conversion of breath alcohol anatysis
results into equivalen: blood alcohol concentrations.
Urine alcohol concentrations are inadequately correlared
with blood aicohol concentrations or with driver im-
pairment, and analysis of bladder urinme is, therefore,
inappropriate in traffic law enforcement.

Significantly large sex-rejated differences in pharma-
cokinetic parameters have been demonstrated (e.g., in
peak blood aicohol concentrations for weight-adjusted
doses). The effects of age and ume of day have been

Breath and blood alcohol time curves are subject 1o
short-term fluctuations from the trend Ene and other
irregularities, and often do not follow the typical Wid-
mark pattern. From the existing information on phar-
macokinetics of aicohol and the characteristics and
variabifity of bicod and breath alcohol versus time
curves, the following conciusions can be reached. First,
not 2ll biood and breath aicohol curves follow the
Widmark panern, nor is the elimination phase neces-
sarily linear. Second, zicohol absorption is not always
complete within 60 to 90 min, as often ciaimed. Third,
the peak aicohol concentration cannot be validly pre-
dicted or -established In an individual instanee withou:
frequent and timely measurement of aicohol concentra-
tions. Fourth. it is nor possible 1o establish whether an
individual is In the absorption or elimination phase, or
to establish the mean overall rate of alcoho! eliminarion
from the blood or breath, from the results of two
consecutive blood or breath alcohol measurements, how-
ever timed. Fifth, sigmificantly large shori-termm fluctua-
tions occur Im some subjects and vesulkt in marked
centration trend bne. Sixth, shori-term, marked: oscil-
fation of the blood or breath aicohol concentration can
occur at various poimts of the curve, resulting in
vepeated excursions of the alcohol concentration above
and beiow a given concentration (such as 80 or 100
mg/dl) within a few minutes or for hours. Finally, no
forensically valid forward or backward extrapoiation of
blood or breath alcohol concentrations is ordmarily
possibie in a given subject and occasion solely on the
basis of time and individual analysis resuits.

Futore Resezrch Needs

Most rescarch on aicohol pharmacokinetics and on
the effects of alcohol on driving has been conducted
with low or moderate quantities of alcohol mpested in
a single dose. Research subjects have been predomi-
nantly young and middie-aged adult men. Because of
the pharmacokinetics considerations reviewed above. there
is often uncertainty abowt whether and when the subjects

are in the postabsorptive phase. These limitations and !
extreme variability in previous experimental protocols
and conditions make comparisons among the resuits of
different studies as difficult as practical application of
many of those findings to aicohol and highway saferv
settings.

There is need for standardization of research proto-
cols, especially . for studies of alcohol-relating driving
impairment. Because of the many factors and variables
involved, it may be best to develop consensus on the
most appropriate protocol(s) through one or more con-
ferences of experienced investigators, under the spon-
sorship of a cognizant body such as the National
Insdtute on Alcohol Abuse and Alcohobism or the
National Research Council. The protocol(s) shouid make
suitable provision for alcohol dosing (e.g., by divided-
dose drinking); for study of sex-, age- and time-related
effects; and for frequent enough, accurare alcohol meas-
uremen: (preferably by proper breath aicohol analysis)
to provide valid information for correlation with ob-
served subject effects. Because results of studies on
normal, healthy subjects who use alcoholic beverages
Iightly or moderately may not be equally applicable 10
heavy drinkers, separate provisions are nesded 10 in-
vestigate the apphicability of general findings and con-
ciusions to the latter group. S

The major shortcomings of currently available alcohol
consumption charts, graphs and nomograms for general
public use include the hikelihood of dangerous under-
estimation for many persons of the blood aicohol
concentration reached by ingesting a given gquantity of
alcohol. Self-test devices for breath alcohol measurement
are similariy flawed. There is need, therefore, o develop
and validate ahernate and better means of providing
valid information to the public on blood aicohol con-
centrations Likely to be reached, or acisally achieved.
for 2 given amoun: of alcohol imtake. <

The proliferation of per se or absolute aicohol cor-
centration offense laws makes it likely that the resulis
of blood and breath alcohol analyses will comtmue 10
constitute 2 .primary form of evidemce in trials of
alcobol-related waffic offenses. Testing of suspected
violators under forensically acceptable standards is in-
feasible at the time of first comact. Extrapolation of 2
iater aicohol test result to the time of the alleged
offense is aiways of umcertain validity and therefore
forensically unacceptable. The laws of different juris-
dictions address this problem in various ways, as by
specifying that the analysis result at the time of the
test shall govern, or by judicially approving reirograde
extrapolation of results, or by defining the offense 0
consist of driving a vehicle after having consumed,
sufficient alcohol to reach 2 specified alcohol concen
tration “‘ar any relevan: time after the driving.” Ther
is meed 1o develop one or more legally acceptable anc



PHARMACOLOGY OF ALCOHOL: IMPAIRMENT OF DRIVER PERFORMANCE . 10

scientifically valid schemes for specifving the alcohol
concentration element of alcohol-related traffic offenses,
and for obraining forensically reliable aicohol analysis
results, while avoiding the pnfaﬂs and dilemmas of
current practices.

Also needed are further studies on some methodolog-
ical problems. The nature, extent and popuiation fre-

quency of the anomaliss and fluctuations of blood and -

breath alcohol time curves should be established by
carefully controlied large-scaie studies at appropriate
alcohol concentrations in men and women, and the
underlying mechanisms need elucidation. The utility of
the sweat-patch test for alcohol comsumprtion requires
further investigation.
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