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Introduction

For research purposes the blood alcohol content (b.a.c.) as a
measure of alcohol use hasphysiological as well as methédblogi-
cal and other practical advantages, '
Laboratory and field studies have shown a relation between b.a.c.
and performance or accident risk, These findings justify in turn

the use of b.a.c. as an element in traffic safety countermeasures.

Compared to blood analysis there are practical advantages in
breath testing. There are even some physieological considerations
in favor of breath testing. On the other hand all kinds of reasons
are conceivable leading to inaccurate results when breath testing
is routinely used. Repeatedly it has been shown that the corres-—
pondence hetween b.a.c. from breath,resp. bloodtesting left

to be desired. Blood Qnalysis, however, has been accepted for

.

long times.

A historical review and a description of the present state of the
art is given by Dubowski (1975). Harger (1974) discusses in detail
the blood-breath comparison studies., Both articles show that further
improvements are possible and to be expected in the future.

The application of breath analysis is governed by requireménts to
be met by a measuring instrument in a certain situation on the

one hand and the capabilities and limitations of existing appara-
tus on the other hand. With the present technological state of
affairs and experiences in most situations a compromise will have
to be made between requirements and possibilities. In seemingly
similar situations such a compromise may lead to different out-
comes. In Europe for instance the interest in the use of breath
testing for police purposes is mostly restricted to chemical test
tubes, whereas.in North America better screening instruments are
required and at the same time evidential breath testers are in

usee.




The aim of this contribution is to review the available instru-
ments together with a rough evaluation and to present some gene-~.

ral background information,
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Generai Description

The further design of a breath testing instrument is to a certain
e}tént influenced by the chosen principle of analysis influences.
>Bain1y (wet or dry) chemical analysis was used. Today the follo-
wing principles are in use: gaschromatography, infrared absorp-
tion, fuel cell, catalytic burning and semi conducting.

Each of these principles have their own specificity, sensitivity,
stabiiity, constructional details, operatioﬁ and maintenance re-
quirements etc. The further design of an instrument refers to a.o.
éémpling arrangement, presen@ation'of results, built-in checks and

automated operation, power supply.

Remaining problems center around sampling arrangements and the
transformation of breath alcohol content to b.a.c. Both issues
are closely related. Earlier it was assumed that a few seconds of
blowing or the discard of ca. 500 cc of preath was a sufficient
condition for obtaining a breath sample with constant alcokol
content., Several studies have shown larger discard volumes to
give more accurate b.,a.c. determinations. Ilecent investigations
by Jones e.a. (1975) and Flores (1975) indicate that in order
to obtain a constant breath alcohol content a fixed volume of
air has to be rebreathed several times or the breath has to be
kept for some time. o

Jones e.a. (1975) assume that only under such conditions a com-
plete equilibration of alcohol between breath and blood as well
as betwveen breath and the mucus of the upper respiratory track

is obtained.

The presently available instrument have various arrangements to
obtain a sample of deep lung breath after a single expiration:
- operator observation (possibly aided by visual or audible in-
dication of blowing pressure or volume);

- gnalysis of a total volume of mixed tidal and deep lung air
(11 e.g5.); '

- automatic sampling after discard of a fixed volume (of say
500 cc or 2 1);
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~ automatic sampling after a fixed timeperiod of blowing with

a minimal blowing pressure (corresponding with a minimal dis-
card volume of 500 cc or 1 1);

- operator monitoring of the rate of change of the alcohol con-
centration during exhalation, ‘ .

Attempts to correct the results on basis of a measurement of CO2
content have been abandoned. Dubowski (1975) concludes that on
the average the discard volume should be more than 2,5 1 and
further suggests simultaneous temperature measurement, a sugges-
" tion that has also been made by Wright (1975).

The ratio between alcohol content in breath and blood that is
widely usedlior calculating a bsa.c. from breath analysis is
1:2100, This is a theoretical value which, with present breath
sampling arrangements, leads on the average to b.a.c. values

that are too low.




Rescarch activities

Research in the field of breath analysis may cover different
aréas such as technical development worl, basic physiologicdl
research or evaluation of available instruments. The latter
area is of particular interest to prospective users, This in
fact relates to a series of research activities:

-~ general inspection of the instrument.Only simple measurements
have to be obtained..Various aspects to be covered include:
operation and maintenance instructions, sampling arréngement
(volume, time, pressure, temperature), presentation of résults,
.pbwer supply, size, weight, costs, possible failures (és far

as can be inferred from the construction).

-~ research into precision of measurement over a range of b.a.c.
_ values, stability of calibration, influence of factors such as
temperature, humidity, vibration, instability of the power sup-
ply,; air pressure etc,

~ laboratory comparison of blood and breath tests with special
interest in the effect of e.g. characteristics of test persons,
blowing techniques. -

- field comparison of blood and breath tests,

The list of aspects to be inspected‘or tested may be adjusted

- to the particulars of the'instrument and the field of applica-
tion. |

When comparing blood and breath tests a number of things has to
be observed. Shortly after alcohol consumption differences may
arise from mouth-alcohol, belching or incomplete equilibration
of alcohol over body parts., The time between blood and breath
sampling should be as short as possible. Errors or variation

of results in blood analysis are not necessarily excluded.
Rather than & comparison with blood tests the breath tests may
- be compared to carefully determined alcohol content of rebreathed
air, The range of b.a.c., values included in the study may influence
the outcome of statistical calculations thus giving a wrong im-

“pression in case the b,a.c. range in actual use is quite different,



Remarkable differences can be found . among studies with re-

gard to statistical processing, presentation and interpre-

tation of results,

Laboratory tests may closely simulate the actual operational
~situation with regard to conditions, test subjects and opera-

tor characteristics. However, only a field test will enable

a complete evaluation of an instrument because unexpected instru-~
ment failures, factors affecting the results or other problems '
may arise,

Field tests of instruments for police purposes‘pfesent a metho-
éélogical problem if information is restricted to subjécts who
are suspected of drunken driving. Persons with positive b.,a.c.
who are net suspected (possibly on the basis of a screening
breath test). are not included in such a study. Moreover the ]
results of blood testing may have been corrected before comparing
them with the results of the breath test. '

The main purpose of a field- investigation is the comparison of
blood and breath testing. Once the results have proved to be
satisfactory attention may focus on the effectiveness of (counter-

measure) activities where breath testing is applied.

In the United States stringent requirements are drawn up in

order to make it possible to strimulate the development of more
accurate breath testing instruments, The National Highway Traffic
Safely Aduinistration examines the testers on the basis of these
requirements.

However when the analysers meet all the performance requirements
in the laboratory in practice some problems may occur with

accuracy and technical reliability.




Fields of application

Breath analysis is mainly in use for police and research purposes.
For police purposes it is customary to differentiate between por-
table screening or qualitative devices on the one hand and
evidential or quantitative devices on the other hand.

A relatively new special type of screening test is the passive
breath tester. Remote collection devices form a subclass of quan-
titative devices. Jor research purposes the’requirements as far

as performance is concerned are roughly similar with those for
é&idential devices. A recent gpplicétion is formed by the breath
self testers.These usuvally coin operated, public accessible
analyzers are developed for use in commercial drinking establishments
etc, This concept raises some fundamental questions about the
desired accuracy, reliability of results and to what an extent

such a device gshould be "foolproof'.

A relatively new special type of screening test is the passive
breath tester which is now under development,

Some attempts have been made to develop starter interlock systems
which installed us a part of an automobile ignition system preclude

operation by the intoxicated driver.

Requirements for breath testers are largely dictated by operational
conditions, characteristics of test éubjects and the kind of deci-
sion to be taken on basis of the test results,

Broadly taken operational conditions include things like:

~ location of testing and in close relation to this: temperature,
humidity, lighting, power supply, transport.

- qualifications of operators.

- number of tests to be performed during a Eertain time period.

-~ acceptable time and effpft per test.,

- available funds,

Possibly relevant characteristics of féét subjects are: range of
b.a.ce values, fysical condition which to a certain extent is
indicated by age and sex, illness, physical handicaps or injuries,

willingness of the test subjects to cooperate.



The kinds of decisi&n to be taken on basis of the test results
may vary between:

- beasc, definitely above a certain level (accepting a number of
cas®s that go unnoticed).

- bea.c, definitely below a certain level (idem).

- be.asc, most certainly within a certain b.,a.c. range.

- most accurate determination of b.a.ce.

It has been noted before in the introduction that requirements may
'héve to be weakened bebause of the technological state of

affairs, specially in situations wvhere the need for an easy

and quick determination of b.a.c. (or quick sampling) is ur-

gent., |
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Review of current breath analysing egquipment

In the appendix a list is given of current breath test-
ting devices together with the literature on these devices,

A discussion on some of the more prominent instruments of the

screening and evidential type is given below,

1. Screening breath testers

In respect of the screening breath testers nowadays two basic de-~
signs are availaible and in use: disposable chemical test tubes
and reusable electromechanical devices.

Evaluating these instruments the two types of error which can oc-
cur are important:

the false positive reading-~ the subjéct is accused to possess a
higher BAC than his actual blood alcohol concentration ~ and the
false negative result when the subject possesses a higher actual
BAC than the result of the test showed it to be.

-

1.1 Digsposeble screening devices

The disposable chemical reagent screening devices are all similar

in design and operation., Each is comprised of a small glass tube
containing an alcohol sensitive reagent and a breath volume measure-
ment device ( either & rubber balloon, plastic bag or air pump).

Two important studies in which chemical test tubes were tested are
those of Goldberg and Bonnichsen (1970) and Prouty and OtNeill (1971)°

1.1.1 Goldberg and Bormichsen studied .5 and °80/00 Alcotest tubes
with regard to various factors such as rate of breath flow, volume
variations and sensitivity to other substances than ethylalcohols,
The Alcotest (fig.1) is used for many years by the police in a
number of European countries,

The results of a series of blood and breath tests for the .50/00
tubes are compiled in fig.2. As can be seen from this figure, there
is a number of measurements which gave no discoloration with actual
BAC's up to .SO/oo. In general there is a weak relation between the
length of the discoloration and the BAC (r = .70).

The percentages of false positive and false negative results
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depend on the interpretation of the length of the discoloration
and the distributionof the actual BAC.
In this case there are hardly any false positives against a con-~

siderable number of false negatives,

1.1.2 Prouty and O!Neill conducted a study on several devices such
as Alcolyser, Sober-leter, Kitagawa Drunk~-O-Tester and Becton-
Dickinson devices( fig. 3).

With the exception of the Becton-Dickinson devices which showed a
narrow range in which erroneous results were obtained ( fig.4 )
and the Kitagawa Drunk-O-Tester which produced a great number of
false negatives and only a small number of false positive results,
all other devices produced erroneous results in practically all

ranges of BAC which were tested.

It can be concluded that in theory the sensitivity of the chemical
test tubes is sufficient for a screening test. Improvements in the
design of the tubes and the sampling system are expected to give

-

better results,

1.2 Reusable electromechanical devices

Since the American Department of Transportation some years ago took
the decision not to approve tube type screening tests, research was
carried out to develop a more accurate instrument type test on the
basis of several stringent requirements. This resulted in a limited
number of instruments meeting the required criteria,

The recently developed portable self-containing instruments operate
with various alcohol sensors such as fuel-cells, catalytic burners,
and semi-conductors.

The chemo-electric fuel-cell generates a measurable electric cur-~
rent from the catalytic oxidation of alcohol in the breath, which
is directly proportional to the amount of alcohol,

The catalytic burner "burns' alcohol at a small catalytically
active element, A change in temperature from this burning induces

a change in fesistance, which is proportional to the amount of al-

cohol,




- 12 -

The solid state semi~conductor measures alcohol through the change
in surface resistivity with the abéorption of alcohol on a transi-
tion metal oxide sensor,

The equivalent BAC can be displayed on those instruments either by
meter, light or digital rezdouts.

Fuel-cell instruments require frequent calibration because of a cer-
tain instability of the sensor. Some fuel-cell devices are developed
in two modes: one for screening purposes and another for the quanti-
tative measurement of the BAC,

The catal;tic burner and semi-conducter types are less specific for
the determination of alcohol.

With intensive use all these instruments require frequent recﬁarching.
1.2.1 Alcolmeter

The instrument known as Alcolmeter or Alco-Sensor is probably one

of the most advanced fuel-cell devices and is originally developed
as a simple pocket analyzer ( fig.5 ). Later several versions of
this instrument were developed with improved sampling system,
different presentation of results and in the meantime the sensor
itself was improved, resulting in a grsater stability.

Harger (1974) indicates some studies in which the Alco-Sensor was
evaluated. Jacobs and Goodson (unpublished) found in the BAC range of
1.12 - 1,32°/00 with four instruments 18% of false negative readings
with only one instrument giving no false readings.

Bailey (unpublished) observed no Alco-Sensor readings of above 1°/o0
where the actual BAC was .8°/oo or below. With blood-breath pairs
where the BAC was close to 1.20/00, 10% of the Alco-Sensor readings
was below 10/00“

Presumably in both studies the instruments were calibrated on 1,00/60.

An analogue type of the Alcolmeter pocket screen test was tested in
the setting of a road side survey reported by Noordzij (1975).The
regression formula for predicting the BAC from the breath test result
was found to be y = .97 x + .22 with a correlation coefficient of
«905 and a standard error of estimate of °160/00 on 33 observations,
Two Alcolmeter evidential M2 instruments were tested under the same
circumstances in 1975 (unpublished)., The results of one instrument

are given in fig.6.
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46 observations were made, resulting in a regression formula
y = 1.12 x + .04, a correlation coefficient of .980 and a standard

error of estimate of 0080/oo°

16202 Alcohol Screening Device

This fuel-cell instrument is developed under contract for the

U.S. Department of Transportation / National Highway Traffic Safe-~
ty Administration (fig.T7).

Harger(1974) presents the results provided by Harriot
(unpublished) with the ASD, The results were compared with breath tests
using the Gas Chromatograph Intoximeter GCI. 474 observations were
made; 5% false positives were found in the BAC range ;9 - 1,0o/oo
and 37% false negatives in the range 1.0 - 1,1°/o0, with unit
calibrated on 1.00/00. | .
The ASD with digital readout was tested by Alha et al(1975) and
Noordzij(1975).

Alha et al made their observations in cases of suspected drunken
driving and found good results in comparison of blood and breath
samples 1f the BAC was beléw 1.50/00. At higher levels however the
ASD showed too low results in most cases,

The results of the field study of Noordzl) indicated that the mea-
sured BAC by breath was substantially lower over the whole range
of actual BAC's (fig.8).

Further field tests with the ASD are underway in several American

states,
1 02 03 AoIJoEoRoTO

The Alcohol Level Evaluation Road Tester A,L.E.R.T. is a semi-con-
ductor device provided with light-readout,indicating the zones

Pass, Warn and Fail(fig.9).

Dubowski (1973) studied the A.L.E.R.T. during the elimination phase
of four subjects réaching peak values of 20/000

68 tests were performed. In 27 of them the BAC was below 0.80/00
with no A.L.E.L.T., test above 1.00/00 (FAIL) wvhich means no false
positives. Tive tests were in the BAC range of 0,8 to 1.10/00,

two of the A.L.B.R.T. readings were FAIL and WARN for the other three

' For the remaining 36 tests the BAC was above 1?10/00 with all
A.L.E.R.T. readings FAIL,
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In Hennepin County Minnesota (1974) a field test program wés carried out
The results of this study indicate that the tested models functioned
accurately and dependably. The A L.E.R.To unit was employed in 898

cases of suspected drunken driving. (Rosen et al. 1974)

48% of the tests resulted in a fail (units calibrated on 1.1%/00), 33%

in a warn and 19% in a pass. Of the fail cases 81% were charged with
DWI. 298 fail cases were submitted to an evidentiary test which‘
resulted in 37 false positives i.e. failing the screening test but
passing the evidential test with a b.a.c. reading less than lo/oo.

In a limited study Picton (1977) concluded to a higher percentage of DA
false positive readings. He states that screening device results
cannot be expected to coincide with subsequent evidential tests
especially when the actual b.a.é. is near the level at which the
screening device is set, A possibility to decrease the number of

false positive readings is to calibrate on a higher level than the

legal 1limit, so increasing the number of '"warn" responses,

2. Evidential breath testers

-

The U.S. Depasrtment of Transportation has drawn up a standard for
evidential breath testing equipment.

The basic technigues for alcohol detection and quantitation used in
evidential breath testers are photémetric colorimetry, infrared
absorption photometry and gas chromatography. Among the electro-
mechanical screening testers there are some which can be used for
the quantitative determination of alcohol. At the Seventh Interna-
tional Conference on Alcohol, Drugs and Traffic Safety, Jones et al
(1977) reported about a new Alcolmeter evidential instrument. An im-
proved fuel-cell was used resulting in greater stability. Remarkable
is the possibility to analysze with this instrument liguids like
blood, urine and saliva.

At the same conference, Forrester(1977) reported about the develop-
ment of another version using the same cell, (fig.10). This instru-
ment is equipped with a complete program for calibration control,
air blank and three breath tests and a volume control for the

breath sample., The results are printed out,

Most of the evidential instruments need external power supply,

either 12 Volts DC or connection to the mains.
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2.1 Breathalyzer

The first widely known breath analyser was the Breathalyzer model
900, incorporating colorimetric determination of a discoloration
caused by the oxidizing of alcohol in liquid chemicals (fig.11),
Harger (1974) reports 15 studies about its accuracy. In most of
them the result obtained with the Breathalyzer was lower than the
actual BAC by averages ranging from about 8% - 15% and almost never
giving erroneously high results.

The instrument has no automatic sampling control and is therefore

most useful with cooperative subjects.

A recent adaptation of this model is the Breathalyzer model 1000, fig.

which has an almost fully automatic operation. The actual analyti-
cal procedure is essentially the same as that of the model 900.

A complete test-run takes several minutes. A disadvantage of this
type of instrument is the handling of the ampoules with agressive
chemicals.,

Although as yet no detailed situdies about the performance of the
model 1000 are known, one would expect that precision and accuracy
of the model 1G00 are ahout the same as that of the model 900,
Dubowski (1975)vpresents a series of twenty blood-breath comparisons
on ten subjects. No statistical analysis was performed and no

conclusions were drawn,

2.2, Intoxilyzer

The Intoxilyzer is a compact infrared spectrophotoueter (fig. 13).
Harte (1971) describes construction and operation of the Intoxilyzer
and gives three scatter diagrams which relate the breath test
results with those from simultaneously obtained blood samples,

for three subjects and twelve blood-breath pairs. Harger (1974) es-
timates from these diagrams that the deviation between Intoxilysger
and blood analysis results ranges from +2% to -11% with an arithme-
tic mean of -3.2%.

The Intoxilyzer normally operates with a fixed blowing time and a
minimum blowing pressure, corresponding to a minimum discard volume
of approximately 2 litres in order to operate the instrument. For
higher BAC's underestimation of fhe BAC can occur because of this.

The study of Noordzi} (1975) contains information on 96 subjects

12




- 16 -

tested on the Intoxilyzer. In contrast to normal operation,

each subject was asked to continue blowing until the operator obser-
ved the maximum BAC-reading. Particularly for high BAC's the results
were obtained with discard volumes up to 3 litres.

The correlation coefficient of the breath test results and the sub-

sequent blood analyses was .985, the linear regression formula

y = 1.16 x - ,066, the standard error of estimate .08°/00. In this study

the correlation coefficient of results of blood samples from both

arms was .995 with an standard deviation of .050/00. (fig. 14)

2.3 Gas Chromatogzraph Intoximeter GCI

Gas chromatography is a well known but complex analytic technique
for organic compounds. The latest model of the GC-Intoximeter, the
GCI Mark IV looks like a very simple instrument (fig. 15).

An evaluation carried out by Schmutte et al (1972) showed a breath-~
blood correlation of 45% within 5% accuracy and 62% within 15o accu-
racy, leaving 237 beyond. The estimated arithmetic mean of blood-
breath deviation was -4. 47

Harger (1974) reports that later studies of Morales (1974) with an
improved type showed 54p within 5% accuracy and 90% within 15% accu-
racy, which indicates that the GCI is capable of yielding a better
estimation of the BAC than was found by Schmutte et al,

In a study of Breen et al (1975) the GCI averaged .O15g/100 nl lower
than a direct blood analysis with a standard deviation of .014.

The range of errors was from -.068 to +.03%0 g/100 ml, with 91% of
the results showing a GCI-result equal to, or less than, its corres-
ponding BAL (fig. 16). Presumably the 206 subjects in this study
wérevsuspécted drﬁnken diivers. k | - .

The GCI can also be used in combination with a field collection kit,




Fig. 1., Alcotest screening test tube,
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Fige 9. A.L.E.R.T. model I 2A-1000,
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Fig. 12, Breathalyzer model 1000,
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Fig. 15. Gas Chromatograph Intoximeter Mark IV
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