
1

WHY BREATH TESTS OF BLOOD-ALCOHOL DON’T WORK

Michael P. Hlastala, Ph.D.
Division of Pulmonary and Critical Care Medicine
Box 356522
University of Washington
Seattle, WA 98195-6522
Office phone: (206) 543-3166
Home phone: (425) 742-7811
Email:     hlastala@u.washington.edu     or

       mphlastala@home.com     
Webpage:      www.mphlastala.com    

Over the years, breath testing has become a widely used method for quantitative

determination of the level of intoxication of individuals suspected of driving while under the

influence of alcohol. After recognition of the need for quantitative assessment of intoxication,

blood alcohol concentration was considered as the single most important variable. However

concern about the invasiveness requirements of drawing a blood sample led to the development of

the breath test as a non-invasive means of assessing level of intoxication. The breath test is an

indirect test, but has been considered to be a good estimate of the blood alcohol concentration

because of the assumption that an end-exhaled breath sample accurately reflects the alveolar (or

deep-lung) air which is in equilibrium with the blood. In spite of the great deal of effort that has

gone into the studies attempting to validate the breath test, forensic scientists and toxicologists

still have a very rudimentary understanding of the breath alcohol test and its limitations.

ANATOMY OF THE LUNGS

The lungs are located within the chest. This organ allows inspired air to come into close

proximity with the blood so gases (such as oxygen and carbon dioxide) can exchange between the

air and the blood. The lung is made up of over 300 million small air sacs called alveoli. Outside

air comes to the alveoli from the mouth or nose via the airways. The major airway leading to the

lungs from the throat is the trachea. The trachea divides into the left and right "mainstem bronchi"

(going to the left and right lungs) which divide further into the "lobar bronchi". This division goes

on about 23 times until the alveoli are reached. Actually, some alveoli begin to appear at about the
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17th generation airways. Surrounding each alveolus are small blood vessels. The thinness (less

than 0.001 millimeter) of the membrane separating blood from the air in the lungs allows oxygen

and carbon dioxide to exchange readily between the blood and air. Because of the large number of

very small alveoli, there is a very large surface area (70 square meters) for this gas exchange

process. For more details regarding the basics of lung physiology, see Hlastala and Berger.

THE PARTITION RATIO: THE FALSE FOUNDATION

The evolution of scientific

understanding depends on the

continuous development of new ideas

that form the bases for

experimentation. This concept has

been termed "scientific revolution" by

Kuhn (Kuhn 1970), who sees science

as the shift from one paradigm to

another (Figure 1). The term,

"paradigm" refers to a set of

universally recognized scientific

achievements that for a time provide a

model or conceptual framework for a

phenomenon. This paradigm

represents the core principles that

define the scientific understanding.

A paradigm is established after a number of initial observations are obtained. Experiments are

then carried out to test hypotheses related to the paradigm. Usually, these experiments provide

data that reinforce the paradigm. Occasionally, these experiments result in anomalies, or results

that do not fit within the framework of the original paradigm, and are inconsistent with the

predictions of the paradigm.

The accumulation of anomalies leads the scientist to develop a new paradigm which provides

a new framework for interpreting experimental results which accounts for the anomalies of the old

paradigm as well as new observations. At that point, the new paradigm undergoes scrutiny

through newly suggested experiments that provide data to reinforce the new paradigm. The new

paradigm must account for the new observations as well as the prior observations. The transition

Paradigm

Ini t i al
Obse r va ti ons

Sugge ste d
Expe ri ment s

Re inf orc e
Par adi gm

Anomal ie s

New
Paradigm

Ne wl y
Sugge st e d

Ex pe ri me nt s

Re i nfor ce
New Paradigm

New
Obs er va t ions

Re sis ta nce
to  Change

Inc or porat e Pr ior
Obse r va ti ons

Figure 1. Kuhn's model of scientific revolution.
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from the old paradigm anomalies to the new paradigm always encounters enormous resistance to

change. This resistance is crucial for this scientific progress to occur.

Eventually, it is likely that another set of anomalies with the new paradigm will lead to yet a

third paradigm. This will occur as new technologies reveal new anomalies. Kuhn, a physicist

turned philosopher, cites a number of paradigms that have evolved in his field in the form of

scientific revolutions: Copernican astronomy, Newtonian physics, the wave theory of light, and

quantum physics. These same ideas apply to different fields in very different scales. The concept

of the paradigm can also be applied to the Alcohol Breath Test.

The Old Paradigm

Development of the single breath test for

alcohol (3, 10) took place in the early 1950's

when the field of respiratory physiology was

just beginning. At that time, it was generally

understood that the first air exhaled from the

lungs contained air from the airways and had

little "alveolar air". It was thought that further

exhalation would result in exhalation of air

from the alveoli containing gas in equilibrium

with pulmonary capillary blood (Figure 2).

These concepts were held in the respiratory

physiology community  (Fowler 1948, Rahn

1946) and followed from data obtained with

low solubility gases, such as nitrogen.

Without the advantage of having present-day

analytical equipment, the profile of exhaled

alcohol could not be measured, but was expected to be identical to nitrogen (after a single breath

of oxygen) and to appear as shown in Figure 3. The first part of the exhaled air was thought to

come from the airways and was called the anatomic dead space and the later part of the exhaled

air (with higher gas concentration) was thought to come from the alveolar regions. This later part

of the exhaled gas profile was termed the alveolar plateau (Fowler 1948, Rahn 1946). With a

presumed flat exhaled alcohol profile, it was thought that end-exhaled alcohol concentration

would be independent of exhaled volume after exhalation beyond anatomic dead space volume. It

was further assumed that alveolar alcohol concentration was precisely related to the arterial blood
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alcohol concentration by virtue of the physical-

chemical relationship known as the partition

coefficient  (Henry 1803). The implicit

assumption was that the alcohol concentration

remained unchanged as alveolar air passed

through the airways. Viewed through the

limited perspective of respiratory physiology of

the 1940's, the breath alcohol test seemed to be

reasonable in principle and further

development as a non-invasive measure of

blood alcohol concentration was justifiable.

Anomalies

Since 1950, many studies have been

performed to quantify the relationship between

breath alcohol concentration (BrAC) and blood

alcohol concentration (BAC) with the goal of defining a precise relationship between the two for

accurate non-invasive determination of BAC. These studies, undertaken to validate the use of

breath tests by comparing BrAC and BAC in normal subjects, have shown a surprising amount of

variability (cf; (Emerson 1980, Jones 1978, Mason 1976) which has not been improved ((Simpson

1987a, Simpson 1987b) in spite of advances in instrument technology. The physiology of lungs

and of the body as a whole remains as the primary explanation for this variability (Hlastala 1985,

Jones 1990).

The alcohol breath test is a single exhalation maneuver. The subject is asked to inhale

(preferably a full inhalation to total lung capacity, TLC) and then exhale (preferably a full

exhalation to residual volume, RV) into the breath testing instrument. Very few restrictions (i.e.,

exhaled volume, exhaled flow rate, inhaled volume, pre-test breathing pattern, air temperature,

etc.) are placed on the breathing maneuver. The constraints applied vary among the different

breath testing instruments and among the operators administering the test, and the level of

cooperation varies among subjects, resulting in substantial uncontrolled variation in the precise

maneuver used for the breath test.

Exhaled Breath
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Ana to mi c
Dead

Sp ace

Alveolar Air

Phase III

Phase I
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Figure 3. Assumed exhaled alcohol profile in the

1950's.
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THE LUNGS: EFFECTS OF MOISTURE AND TEMPERATURE

The lungs have a relatively simple, but non-uniform, anatomical structure. The airways are a

branching, tree-like arrangement of tubes. Inspired air moves through progressively shorter,

narrower and more numerous airways (Weibel 1963). These airways are lined with mucus at a

temperature varying between approximately 34oC at the mouth and 37oC in the very smallest

airways. However, this temperature range varies depending on the breathing pattern (McFadden

1983). The membranes separating the air in the alveoli and the blood in the capillaries are so thin

that inert gases such as alcohol equilibrate between blood and air very rapidly (Wagner 1977).

With exhalation, air within the alveoli is conducted along the airways to the mouth.

During inspiration, air is heated and humidified as it passes through the upper airways

(McFadden 1983, Tsu 1988). Some water within the mucous layer or watery sub-mucous layer

will vaporize and heat stored in the airways will be picked up by the inspired gas and taken to the

alveoli (Tsu 1988) (Ingenito 1986) (Saidel 1983). During exhalation, the process reverses; fully

humidified air at core body temperature is cooled by the cooler airway mucosa and water vapor

condenses on the mucosa. This water and heat exchange process is vital because it conditions the

inspired air to avoid damaging the delicate alveolar cells while conserving water and heat from

major loss in the exhaled air. Under normal environmental conditions, exhaled gas has less heat

and less water vapor than does alveolar air.

The dynamics of soluble gas exchange are similar to the dynamics of heat and water

exchange. These processes are analyzed using analogous equations (Bird 1960). The fact that

respired air exchanges heat and water with the airways implies similar soluble gas exchange

processes (Hlastala 1992). This interaction of soluble gases with airway mucosa is well

documented (Aharonson 1974, Cander 1959, Davies 1985, Schrikker 1985). The degree of

interaction is directly related to the solubility of the gas in the airway mucosa and mucous lining

(Aharonson 1974, Schrikker 1985). The very high solubility of alcohol in water guarantees its

strong interaction with airway tissue. Because this interaction depends on temperature and airflow

characteristics, variations in tidal volume and frequency can have a substantial effect on the

alcohol concentration in the breath sample (Jones 1982b, Tsu 1991). This variation is affected by

the difference in temperature between the outside air and the alveolar air (Jones 1982a).

The exchanges of heat and of gas with the airways are complex and interactive processes. The

relative significance of this exchange depends on the effective solubility of the gas in the mucosa.

For the respiratory gases, oxygen and carbon dioxide, airway tissue solubility is small. For both



6

water and alcohol airway solubility is quite large. Moreover, the exchange processes are

interactive. During inspiration, heat, water and alcohol are transported from the mucosa to the air.

The exchange of heat cools the mucosa causing an increase in its alcohol solubility and, hence, a

decrease in the partial pressure of alcohol in the mucosa and a reduction in alcohol flux into the

airway lumen. These various processes have been integrated into a mathematical model

developed by Tsu et al (Tsu 1991) and further refined by George et al (George 1993) which

shows that during normal breathing, the inspired air is equilibrated with alcohol, picking it up

from the airways, before reaching the seventeenth generation airways (start of the alveolar

region). Upon reaching the alveoli a small amount of additional alcohol is picked up because the

solubility of alcohol in blood is lower than the solubility of alcohol in water (Jones 1983a). The

equilibrium partial pressure of alcohol in vapor above blood is greater than in vapor above water

at the same temperature. With exhalation, the excess alcohol picked up in the alveoli is rapidly

lost to the airways within the sixteenth or fifteenth generation. Along the airway, more alcohol is

lost to the airways. The alcohol that arrives at the mouth comes essentially from the airways and

not from the alveoli. This is also the case for water vapor. The humidification of inspired air is

performed by the airways.
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Figure 4. Airway alcohol exchange.  Flux of alcohol from the airway mucosa to the
air passing through the airways during inspiration (positive flux).  Negative flux
from the expiring air to the airway mucosa during expiration (negative flux).
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The flux of alcohol from the mucus surface into the air (positive values) during inspiration and

the flux of alcohol from the air to the mucus surface (negative values) during expiration is

demonstrated in Figure 4. This figure was calculated using a mathematical model of the human

airway structure (George 1993). During inspiration, alcohol is taken up into the inspired air

immediately at the mouth. The greatest alcohol uptake occurs in the trachea and generations 6

through 13. During expiration, the redeposition of alcohol occurs primarily at these same airway

generations. The important conclusion from this work is that all of the alcohol that comes out of

the mouth in the breath comes from the airway surfaces rather than from the alveolar regions.

The early basic assumption of the breath alcohol test was that the breath alcohol concentration

was the same irrespective of the exhaled volume as long as the dead space volume is exhaled (as

shown in Figure 3). However, (Jones 1982c) and others (Ohlsson 1990, Slemeyer 1982) have

shown that the breath alcohol concentration depends on exhaled volume. The breath testing

instrument takes a sample of air from the end of the breath whenever the subject stops but the

volume of breath exhaled is neither controlled nor measured. Therefore, the apparent breath

alcohol concentration depends on the volume of air delivered to the breath testing instrument. The

last part of the breath can be well above the average single breath alcohol level because the

alveolar plateau has a positive slope that is dependent on air temperature  (Ralph 1985).

A sloping alveolar plateau for various low solubility gases has been explained by several

factors including stratified inhomogeneity (gas phase diffusion limitation) (Scheid 1981),

convection-diffusion interaction (Paiva 1979), sequential exhalation from regions with differing

˙ ˙V /QA  (Scheid 1981) and continuing gas exchange (Grønlund 1987). None of these factors

contribute substantially to the slope of the exhaled alcohol profile. Continuing gas exchange will

contribute to the slope of the exhaled profile for respiratory gases (CO2 and O2), but not inert

gases (Scheid 1981) (Grønlund 1987) (Hlastala 1972).

Further variation in BrAC will result from changing the breathing pattern immediately before

delivering the sample breath. Hyperventilation for 20 seconds prior to delivering a sample breath

to the breath tester causes an 11% reduction in BrAC  (Jones 1983b). Three deep breaths prior to

the sample breath reduces BrAC by 4% (Ohlsson 1990). After breath-holding for 15 seconds prior

to exhalation, the BrAC increases by 12% (for a minimum exhalation) and 6% (for a maximum

exhalation) (Ohlsson 1990). A 30 second breathhold prior to exhalation increases BrAC by

16%(Jones 1982b). These effects are caused by the respective cooling or warming of the airways

and the data further support the airway surface interaction of alcohol as the mechanism causing

the changing alcohol concentration during exhalation.
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For more details of airway – breath alcohol interaction, see “The Alcohol Breath Test – A

Brief Review” (Hlastala 1998).

The New Paradigm

The conclusions of the above studies are that

alcohol leaves the lungs by diffusing from the

bronchial circulation through the airway tissue

where it is picked up by the inspired air (Figure

5). By the time it reaches the alveoli, it has

picked-up as much alcohol as is possible.

Therefore, no additional alcohol can be picked

up in the alveoli. On exhalation, some of the

alcohol is redeposited on the airway surfaces.

All of the alcohol exhaled at the mouth comes

from the airway surface via the bronchial

circulation. No alcohol originates from the

pulmonary circulation in the alveoli. The fact

that alcohol comes primarily from the airways is

why the breath alcohol concentration can be so

easily changed by changing the breathing

pattern. This contributes to the very large variation in the alcohol breath test readings obtained

from actual subjects.

HOW YOU BREATHE DOES MAKE A DIFFERENCE

In many states, it is illegal to drive a motor vehicle with a breath alcohol concentration of 0.08

gm/210 liters or more. Have you ever considered what is meant by "breath"? What is the breath

and to what part of the breath is the statue referring? Webster's New World Dictionary has several

definitions of breath, but the most relevant is "air taken into the lungs and then let out". Air

becomes breath when it goes into the lungs AND is exhaled from the lungs. The only air that

fulfills that criteria is the air that is exhaled from the mouth or nose. Any air within the lungs is

not breath. Only that which is exhaled can be considered as breath.
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exchange.
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The exhaled alcohol profile is shown in

Figure 6. At the beginning of exhalation, the

breath has a zero or near zero BrAC. As

exhalation progresses, the BrAC increases,

initially quite rapidly, but eventually the rate

of increase of BrAC slows down. It does not

level off until the subject stops exhalation.

All of this is "breath". Since the specific

portion of the breath that is sought to

determine alcohol concentration is not

defined, we can only surmise that the average

of the breath is meant. The average of the

breath would include some initial breath with

lower EtOH and some of the later breath with

a higher concentration. The average of the breath alcohol will be a value that is near the 5 second

point of exhalation (Figure 7). If a subject exhales for five seconds and then stops, the BrAC will

be close to the average of the entire breath. Any exhalation beyond this approximate time will

result in a value that will be higher than the average BrAC. Therefore the average BrAC is

ALWAYS less than the breath test machine reading.

Beware of the over-eager prosecution

expert who may say that the part of the breath

that the state wants is the "deep-lung air". This

is incorrect and must be vigorously opposed.

First of all the deep-lung air is not breath (by

Webster's definition). The technician will say

this because he/she believes (correctly so) that

any sample of breath is usually lower than a

deep-lung (alveolar) sample. When we had a

blood standard (illegal to drive with a BAC of

0.10 mg/dl or more, as measured by the

breath), this would be a reasonable argument.

However, in many states, we now have a

breath standard and, therefore, the deep-lung

air is not relevant.
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Figure 7. A valid breath sample.
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Figure 6. Exhaled breath alcohol profile.
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For more details of airway – breath alcohol interaction, see “The Alcohol Breath Test – A

Brief Review” (Hlastala 1998).

THE NEW FRONTIER: THE LARGER THE LUNG, THE LOWER THE TEST

In the State of Washington, the initial intent of the legislature was to provide a law that could

make it much easier to prosecute by taking away the possibility of defense arguments concerning

the variability between BrAC and BAC. In fact, the passage of the "breath per se" law has made it

much more difficult for prosecution by virtue of a lack of definition of breath. In fact the average

BrAC is actually much lower than any breath alcohol test machine reading. In effect, the

legislature has dealt a blow to the prosecution because it is now impossible for the prosecution to

prove that the average BrAC is greater than or equal to a given standard, whether it is 0.08

gm/210 L or 0.10 gm/210L.

It comes as no surprise that we are each different from one another.  We have different

heights, weights, chest sizes (some are ectomorphs, others are endomorphs), lung volumes,

exercise capacities, respiratory muscle strength. Some of us have respiratory diseases (ie: asthma,

chronic bronchitis, emphysema).  Our lung volumes vary considerably from person to person.

Therefore, each of differs in the relative amount of air that we can blow into the alcohol breath

test machine.  This variation has a profound influence on the lack of fairness in the single breath

BRAC test.

In order to be able to evaluate lung disease, spirometry test have been developed as a means of

assessing the lung volume and ability to exhale rapidly.  Spirometry forms the basis for

Pulmonary Function Tests.  In order to evaluate a patient, pulmonary physicians have performed

numerous measurements on normal subjects and use these values to compare normal lung

volumes with those in a particular patient.  Many of these “standardized tests” have been

accumulated.  One or the most referenced standardized lung volume standard tables was

published by Crapo et al (Crapo 1981).  These authors studies 251 health nonsmoking men and

women.  Some of the data are shown in Table 1 below.

All modern infrared breath testing machines require a minimum volume of exhalation before a

breath sample will be taken. Once the minimum volume is exhaled (1.5 liters for the Datamaster),

a breath sample is taken when the subject stops exhalating. The data (above)  for Forced Vital

Capacity (FVC) show the maximal exhalation volume varies between 2.48 L and 6.32 L for the

normal population within the range of subjects in the table.  In order to fulfill the minimum
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exhalation requirement of the machine, the individual with the smaller lung volume must exhale

farther into the available lung volume in order to provide a sample. A 60 year old, 150 cm female

must exhale 1.5 L/2.48 L =  0.604 % of the FVC before acceptance.  A 20 year old, 190 cm male

must exhale 1.5 L/ 6.32 L = 0.237 % of the FVC before acceptance.  Thus it is more likely that 60

year old subject will have a higher BrAC than the 20 year old male subject.

TABLE 1
ADULT WOMEN ADULT MEN

Height Age FVC Age FVC

(cm) (inches) (yr) (Liters) (yr) (Liters)

150  59 20 3.34

150  59 40 2.91

150  59 60 2.48

160  63 20 3.83 20 4.52

160  63 40 3.40 40 4.09

160  63 60 2.97 60 3.67

170  67 20 4.32 20 5.12

170  67 40 3.89 40 4.69

170  67 60 3.46 60 4.27

180  71 20 4.82 20 5.72

180  71 40 4.38 40 5.29

180  71 60 3.95 60 4.87

190  75 20 6.32

190  75 40 5.89
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190  75 60 5.47

The difference in exhalation pattern into breath testing machine is illustrated in Figure 8.

This figure shows BrAC patterns for two subjects, one with a breath volume of 2.5 liters and

another with a breath volume of 6.0 liters.  The breath sample can be obtained whenever the

subject stops exhaling.  The minimum exhalation required may be 1.5 liters.  The maximum

exhalation is the exhaled lung volume of the subject.  The average BrAC for the small lung

volume subject is greater than the average BrAC for the large lung volume subject.  On the

average, the nature of the breath test machine, with the fixed minimum exhalation requirement is

inherently biased against subjects with smaller lung volumes.

SUMMARY

The alcohol breath test was founded on “old science”.  Progressive development of newer,

more modern technologies show that it is impossible for the alcohol concentration in breath to

remain unchanged during exhalation from the alveolar or “deep lung” regions to the mouth.

Alcohol always exchanges between the respired air and the airway mucosa.  Consequently, BrAC

depends on a variety of factors including: lung volume, body temperature, breath temperature,

blood hematocrit and body size, with smaller individuals having a greater BrAC
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