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Abstract — For medicolegal purposes, breath alcohol content is typically determined from an endexpiratory sample. Measurements obtained by this method necessarily underestimate the alveolar
breath alcohol content, and therefore underestimate the blood alcohol content. We suggest and analyse
an improved paradigm which uses the entire time-series of breath alcohol measurements during
exhalation, not simply the last recorded value. We present two mathematical models for the exhaling
lung, and discuss the implications of each for more accurate and therefore more reliable breath alcohol
measurement.

INTRODUCTION
BrAC (g/210L)

Breath alcohol measurement has a well-established protocol and a sizeable body of literature
(for review, see Mason and Dubowski, 1976). The
primary objective of breath alcohol measurement
has historically been the reliable and rapid estimation of pulmonary blood alcohol concentration
(BAC), though an increasing number of jurisdictions have statutes in terms of breath alcohol
itself.
The analytical approach has typically been
either to measure an end-expiratory breath
sample or to acquire a time-series of breath alcohol data over the course of a single exhalation's
three distinct phases (illustrated in Fig. 1), retaining only the peak recorded value of the timeseries. Both of these approaches discard large
amounts of information from the time-series,
which, we will show, can be analysed appropriately to yield more accurate estimations of
breath alcohol. Mathematical modelling offers a
method for treating the entire exhalation timeseries, while providing insight into both the analytical and biological dynamics of breath alcohol
exhalation. Mathematical modelling has been
applied successfully to problems in alcohol meta-

bolism (Smith et al., 1993), and although mathematical treatment of breath alcohol data has been
suggested elsewhere (Gullberg, 1990), appropriate and useful biologically justified models of
breath alcohol data have not been previously
identified.
Preliminary work has determined that the best
fit to a breath alcohol exhalation profile is the sum
of a decaying exponential and a linear term,
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but to date no reasonable biological explanation
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Fig. 1. Typical breath alcohol exhalation profile, illustrating
its three distinct phases.
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laminar flow

The rate of change of the alcohol concentration
in the exhaled air is taken to be

m
where 0 is a parameter representing the volumetric flow rate divided by the volume of the
bronchial compartment. The units of <p are therefore in (time)" 1 . This states that the rate of change
of alcohol concentration in the exhaled air is proportional to the difference between the bronchial
and upper alveolar air alcohol concentrations, and
also proportional to the rate at which these two
mix (the exhalation rate). The general solution of
(2) is
alveoli & bronchioles
Fig. 2. Schematic lung modelled as two compartments.
(1) Alveoli and bronchioles, in which air flow is laminar,
and (2) bronchi, in which flow is turbulent and fully mixed.
We assume that at the deepest portion of compartment 1
the breath alcohol concentration (BrAC) is maintained at
its 'true' level by constant blood flow, and that BrAC at
the most rostral portions of compartment 1 depends on
ventilation.

for the long linear portion (phase III) has been
given. This paper describes a plausible model
which can justify the use of this standard function
for fitting breath alcohol exhalation data, as well
as offering a physical/biological interpretation of
the parameters.
A SIMPLE MODEL OF ALCOHOL
EXHALATION
Let us consider the lung to comprise two compartments, the rigid bronchi and the contracting
alveoli. Let the concentration of alcohol in the air
at the bottom of the alveoli be ca, the concentration at the top of the alveoli be c,, and the
concentration in the bronchi be cb. The latter is
the air detected by the breath alcohol instrument.
We reasonably consider the air flow in the bronchi
to be turbulent, i.e. fully mixed, so that everywhere in the bronchi the concentration is cb. On
the other hand, the alveolar air flow is at low
Reynolds number, not well mixed, with noticeable
gradients from bottom to top (Pedley, 1977;
Crawford et al., 1991). Thus ca>cl in general
(see Fig. 2).
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(3)

where a is a constant.
The simplest assumption we can make on c, is
that it is constant, c, = ca, for all time. This is
equivalent to a one-compartment model, and,
with the assumptions that cb(t0) = 0, and lim t—»°°
c = c
b a> gives the familiar decaying exponential
model
(4)
cb =
where t0 is the time exhalation commences. This
function has a clear physical interpretation: the
curve approaches an asymptote ca for large time,
which gives the alveolar alcohol concentration.
Let us call (4) Model I.
The second simplest assumption we can make
on the form of c, is that it is linear in time, with
some particular starting value. Let
c, = c0 + k(t - t0)

(5)

where c0 can be physically interpreted as the alcohol concentration at the top of the alveoli at the
beginning of exhalation and k is a constant to be
determined as shown below. There can be a great
deal of variation in the breath alcohol profile
of the same individual, depending on exhalation
style. An artificially low reading can come from a
subject ventilating the lungs before giving a
sample (a 'hyper' breath). Holding the breath
for several seconds before exhalation (a 'hypo'
breath) gives breath alcohol readings very close
to alveolar alcohol concentration. We thus expect
that a hypo breath will have a higher c0 than a
hyper breath from the same person. But how can

