














An ynvestigatiop of these aspects was not incjuded in the assignment. It
would, however enhance the value of the investigation if these aspects

were also considered should a more extensive research be contemplated.

It wij) be hardly necessary to have specialist knowledge to read the
literature survey. This also goes for the description of investigatigng.
H,wever, to understand the interpretation of the investigation results
some knowledge of statistical methods 18 essential. Even without this
knowledge, the conclusion can be drawn that more extensive research

i8 required.
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analysis, determination of the b.a.c. may produce different results
(Harger, 1962).

This is because the transport of alcohol from the gastro-intestinal
tract to other parts of the body via the bloods tream takes some time.
Differences in the alcohol concentration of blood from various parts
of the body therefore occur shortly after consumption of alcohol (the
absorption stage). The differences vanish immediately this stage has
been passed and when the decomposition of alcohol preponderates (the
elimination stage).

It is reasonable to assume that the alcohol carried via the blood to

the brain has the most important effect upon driving ability.

Hence the stated b.a.c. should be the closest possible approximatioy

of the alcohol content of this kind of blood. The blood going to the
brain is arterial blood,

It is difficult to obtain a sample of this from livipg organisms. A
sample of capillary blood whose composition approximates that of ar-
terial blood would therefore have to suffi.e. In practice, however,
taking a sample of capillary blood proves to cause many problems (Payne
et al., 1967; Payne, 1968).

An adequate quantity of venous blood is obtainable by simple medical
means. But this must always be done under the respopsibility of a medica)
doctor.

When venous blood is used, one must however realise that in circum-
stances when one does not know whether the person concerned ;s in the
absorption or the elimination stage, there is a risk of the b.a.c. then
found differing from the arterial b.a.c, which is, in fact, what one

is i1nterested in.

There has been little investigatiop of the fact that the b.a ,c.'s of
samples taken from one and the same indivydual at brief intervals are
found to fluctuate. These fluctuations are believed not to be due to
inaccurate analysis, but to indjcate actual fluctuations in the blood
composSition occurjng after the recent consumption of alcohol (Ponso1ld,

1965). For this reason b.a.c, values would be desiraple giving
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averages for short periods of time. This is difficult to achievVe even
under laboratory conditions (Hinckers, Jeschonnek & Kniipling, 1968;
Hinckers, 1968). The b,a.c. found for a single sample therefore differs

from the required b.a.c, value.

2+ .25 Storage of blood samples

It is a known fact that the alcohol concentration changes if samples

of blood are not carefully stored.

Factors of importance include the temperature (Griiner, 1967), coagul-
ation, evaporation, absorption through containers (Payne, 1968). The
question is whether the error is really of practical importance in
using a particular procedure. In view of the findings of Begg, Hill &
Nickolls (1962) and Enticknap & Wright (1965), this question must be
answered in the affirmative. These workers divided the blood they took
into two samples that received equal treatment. The difference between
the results for the two samples was distinctly greater than the differ-
ence between two determinations of one sample. Apparently the use of
small polypropylene cups containing an anti-coagulant, however, greatly
reduces the effect of coagulation, evaporation and absorption (Payne,
1968). It is still questionable whether it is worth going to the

trouble of cooling samples immediately.

2.1.3. Analysis method

A large number of methods of blood analysis are known, all of which
have their advantages and disadvantages.

On the whole the gas chromatography method is regarded as the most
valuable (Froentjes, 1968; Goldberg & Havard, 1968). This method is
very specific (i.e. shows a minimum influence of substances in the
blood besides the alcohol consumed) and very accurate (i.e, repeated
determinations show only slight differences between the values).

The quantity of blood required is small, and analysis takes little
time. A drawback is the high cost of the gas chromatography equipment.
But this is offset because it can also be used to analyse blood for sub-
stances other than alcohol. Easy-to-operate portable gas chromatography

sets recently appeared on the market.
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Other widely applied procedures are the chemical methods (the Widmark

method being one of the best known) and the enzymatic methods (especi~
ally the A.D.H. method).

Specificity and accuracy of these methods, however, are lower than

those of gas chromatography.

The accuracy of gas chromatography and the enzymatic methods apparently
declines at higher b.a.c. values (Griner, 1967). As to the chemical
methods, hovweyer, there are indications of increasing acCcuracy with
higher b.a.c.'s (Griiner, 1967).

The accuracy of blood analysis in fact depends not only on the physical
and chemical principles of the analysis method, but also differs from
laboratory to laboratory (Griiner, 1967; Fox et aj., 1965).

Besides this, the accuracy of routine determinations will probably be
lower than that calculated for an analysis method using standard

samples (Griiner, 1967),
2.1.4. Conclusions

The ultimate error of the methog as a whole consists of a difference
in analysis of a sample of blood as compared with the average "true"
alcohol content of arterial blood over a brief period of time.

This error, which arises from defective sampling, storage and analysis,
may thus be significantly greater than the error in the method of
analysis itself. And yet onjy the latter error is generally mentioned.
In theory, enough is known about the other errors, but too little
quantitative informatiop exists about their practical significance.
Thys information 1s necessary in order to find out what aspects of the
method can be improved. Quantitative information on the method as a
whole is neejed for fair comparison with alternative methods, especi-
ally the ind rect methog.

2,2

Breath analysis

As stated above, blood analysis provides the best prospects of accur-
ate b.a.c. determination at the time of sampling, But taking & blood

sample is a medical process. The injirect methods require no medical
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action. The estimate that has to be made in the case of urine and
saliva analysis is so inaccurate, however, that these methods are
unsuitable as alternatives for blood analysis if anything like accurate
determination of the b.a.c. is required. Detailed discussion of urine
analysis is contained in Froentjes (1962), Kaye & Cardona (1965) and
Payne (1967), For saliva analysis see Griner (1967) and Gostomzyk,
Liebhardt & Henn (1968).

It will be shown that breath analysis is an exception to this. If
breath is blown properly, the alcohol in the breath comes from blood
flowing through the lung artery, Even during the absorption stage

the b.a.c. of this blood closely resembles the h.a.c. of blood flowing
ot the brain. Moreover, alcohol in the breath is '"collected" for the
duration of one breath, and the alcohol content of breath can thus be
regarded as an average value for a brief period of time (Ponsold,
1965).

Besides this, breath analysis can be carried out on the spot without
the drawbacks of storing and transporting samples.

Harger (1962) saw sufficient grounds for favouring an estimate of the

arterial b.a.c. based on breath analysis in preference to blood analysis.

2.2.1. Tubes_and balloons

The most widely known breath analysis devices are the "tubes" or
"balloons". The tubes are filled with a chemical (usually silica

gel crystals impregnated with potassjum bichromate and sulphuric
acid) with changes colour upon contact with alcohol. The balloons

are used to indicate the amount of air blown in.

B.a.c. determination with such tubes is of doubtful accuracy. Most
versions indicate whether the b.a.c. is above or below a given limit.
Investigations regarding the value of these tubes often overlook that
the number of correct determinations with them depends on the distri-
bution of the "true" b.a.c.'s in the sample investigated. If the
"true" b.a.c.'s are well away from the limit indjcated by the tube,
practically all the determinations will be right. If, however, the
"true" b.a.c.'s are close around this limit, even a very reliable

method will still produce a large number of faulty determinations. It
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minuteés before exhaling the breath for analysis, this variation is
practically eliminated,

Harger useg a procedure in which the persons breath & specified quantity
of alr in and out several times in succession (Harger, 1962; Griner,
1967).

Monnier (1965) and Coldwell & Grant (1963) demonstrate that after eight
seconds' blowing, the last 57 cc exhaled alr is almost certainly

alveolar alr,

Blowing with the "breathalyzer'" and the "ethanographe" 1s checked as
follows. The breath passes from below into a vertjcal cy] inder closed
at the top with a piston. A red lamp shows that the piston 1s 1n itg
lowest position (the cylinder is then empty), a green lamp shows ity
highest position (there is then 57 cc of breath in the cylinder). In
this way it can be checked whether the person has breathed out at least
57 cc ajr. The "Hermes" allows the first 500 cc of air to escape ang
then collects another 100 cc, A lamp indicates when this has happened,
According to Enticknap & Wright (1965) the alcohol content of breath
so obtained ;8 90% of that of alveolar air. This procedure 18 also
claimed to be usable for children and for adults with respiratory
defects,

Efforts have been made with other devices (Harger's "drunkometer",
Forrester's "intoximeter") to avoid the variation in blowing by means
of simultaneous determination of the 002 and alcohol content of samples
of breath. Bgsed on this 002 valye, the alcohol content of the breath

sample was then converted to the alcohol concentration of alveolar

breath,

co, (alveolar)

x (samplé¢) alcoho] = alveolar alcohol
CO2 (sample)

This procedure - which means complicating breath gnalysis stij] fur-

ther -~ did not give the desired results (Dubowski, 3962; Grosskopf,
1962; Grimer, 1967).
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fact, this ratio varies from individual and from time to time (Entick-
nap & Wright, 1965). An important factor in this respect 1s the way in
which the breath sample has been obtajned i.e. the way of blowing of

the subject.

The ratio at which this variation is at a minimum and the amount of this
minimum variation can be investigated by analysing the breath of a large
group of persons gimultaneously and determining the b.a.c. as exactly

as possible.

Data given by Fox et al, (1965) indicate that the ratio for the
""breatha)lyzer'" is around 1 : 2100 when co-operative persons are 1pstructed
to breath out as deeply as possible.

For the '"Hermes", Enticknap & Wright (1965) show that for each of tyo
persons tested the ratios are smaller than 1 : 2100,

These investigations also demonstrate that the original calibration

by the manufacturer is not ajway in accordance with the stated ratio

of 1 : 2100.

If a ratio 18 taken for which the variation is at a minimum, deviations
between resu)ts of breath and blood analysis are hardly greater, if at
all, than the differences between two successive breath analyses for
one and the same person (Fox et al., 1965; Lereboullet et al., 1961).

2.2.3.8, Specificity

A drawback that is sometimes raised to breath anajysis is that the
method is not specific fof alcohol. The chemical reactions on which
the analysis is based however are identical to those of chemical blood
analysis methods (including the Widmark method).

This objectipgn therefore applies equally to the latter methods, which

in fact are rightly regarded as acceptable.

2.2, 4, Recent developments

At the Salon des Inventeurs in Brussels (March 1969) an automatic and
e]jectronic ''‘ethanographe'" was exhibited, American firms advertise port-
able units based on gas chromatography and infra-red spectrography.
According to thejr makers, these dev ces put an end to all problems of

accuracy, operation and specificity. It is therefore expected that
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with the well-known ratio of 1 : 2100 (between the alecphol content of
alveolar breath and that of blood at 3400), based on the alcohol
content of a standard air/alcohol mixture (for detalls see Appendix
2), The regression formula for predicting the "theoretical b.a.c."
from the analyser reading (9 = 1.13x + 0.015) shows-that the analyser
gives a mean reading about 13% loyer than expected from the 1 : 2100
ratio, The three other devices tested a) so showed this difference,
though to a varying extent (See Table 1, p. 48). Posgibly the mapu-
facturer calibrates the devices in thys way inteptionally to aveid
persons being accused of having a higher b.a.c. than they really
have (Chastain, 1957). Byt 1t would be advisable for all devices

to be calibrated in the same way, preferably according to the ratio
between alcohol in alveolar breath and in blood at 34°C.

3.2.2, Accyrac

In the same way as described in para. 2.1., the "preathalyzer" and
"ethanographe' were tested to seewhether the difference between
theoretical and predicted b.a.c. depended on the b _a.c. level. The
result was not significant. For the data in Figure 3, the s.d. of
the differences between "theoretical b.a.c." and prediction from
the analyser reading is 0.058 o/o00.

Although the differences in accuracy of two devices of the same make
proved significant (with the F-test) Table I shows that both makes
are equally good.

3.3. Preliminary technological investigations: Description

3.3.1. Time

The investigations were made at night (Friday, Saturday and Sunday
nights from abouyt 10.30 p.m. to about 3.30 a.m.) at three successive
week-ends in Jupe and July 1968. These times were selected from
statistics (Froentjes, 19623 CBS,1968) indicating that the comb; na-
tion of "drinking and driving" occurred mainly at these times.
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prevent galvanometer needle vibrations from interfering with the
analysis. The driver was instructed to blow as far as possible into
the mouthpiece. The analyst looked to see whether the driver had

done so.

Interview

- o o o e

The driver was next taken to a second compartment where the inter.
vi ewer asked a number of questions about personal characteristics,
road exper;ence, driving history, route and alcohol consumed that
evening. For this report, the most important information is that
about ajcohol consumed during the evening and especially whether the
driver had drunk any alcohol just beforehand, in which case the
breath analysis result might be influenced by alcohol remaining in
the mouth.

After answering the questions, the driver was asked to go to a third
compartment, where a medica] doctor questioned him to ascertain any
indications against taking a blood sample. In the absence of these,
the driver's permission was asked to take a sample of blood. This

was done by vein puncture with a disposable needle, the skin first
being disinfected with hexachlorophene soap. The driver lay down

on an examination table while the sample was taken. To avoid incon-
veniencing him, the vein was looked for very quickly. If the needle
could not be inserted rapidly and painlessly, no further attempt

was taken to take a sample.

The volume of blood (about 2 cc) was enough to fill four polypropylene
cups. These were coated inside with an anticoagulant (sodium fluoride

and potassium oxalate) and could be sealed hermetically after filling.

In the first instance, two of the four cups were to be placed imme-
diately after filling in a refrigerator at 4°C. Dn the Monday
morning after week-end testing these cups were to be put in a bag

containing refrigerating e)ements and taken by car to the laboratory
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Lastly, it must be remembered that it is possible to use the average
result of two breath analyses made in direct succession. This will

presenta gain in predicting the b.a.c. of the refrigerated sample.

The difference between predicted b.a.c. of the refrigerated sample
based on the second breath analysis and the actual b.a,c, of the
refrigerated sample does not increase at higher b.a.c.'s, It can

thus be assumed that the accuracy with which the two compared
variables (second breath analysis and b.a.c. of the refrigerated
sample) are determined is independent of the b.a.c. level. An apparent
contradiction of this assumption is that the difference between first
and second breath analyses and that between b.a,c. of the refrigerated
and unrefrigerated sample does increase with the b.a.c. level, This
contradiction disappears, however, if the following assumptions

are made:

(1) The increase in the difference between the first and second
breath analyses is not consequent upon the accuracy of breath analysis,
but upon changes in the "true" b.a.c. between the two analyses, which
becomes greater at higher b.a.c.'s.

(2) The increasing difference between b.a.c. of the refrigerated and
non-refrigerated sample at higher b.a.c.'s is not due to storing the
samples in the polypropylene cups, but to non-refrigeration of the

second sample, which will have an effect at high b.a.c.'s.
3.5. Conclusions

The results of SWOV's research so far can be summarised as follows:
(1) The accuracy of a single gas chromatographic analysis of standard
alcohol solutions can be indicated with an s.d. = 0.011 o/bo for
concentrations below 0.50 o/oo, and with an s.d. = 0.025 o/oo for
higher concentrations.

(2) Breath analysers are calibrated too low by their manufacturers.
Their accuracy when analysing standard airfalcohol mixtures is indi-
cated by an s.d, of 0.040 to 0.065 o/oo.
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