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LABORATORYTESTINGOF ALCOSCANSALlVA-ALCOOOLTESTSTRIPS1

James F. Frank and Arthur L. Flores

lntroducti on

Developing inexpensive, easy to use, portable devices to estimate how
muchalcohol is in a drinker's bloodstream has been a desired goal for
manyyears. Of course, such devices must also be both reliable and valid
if they are to be of any use. Most such equipment developed to date
attempts to measure the alcohol content of deep 1ung breath samples as a
way of estimating blood alcohol content. SUchdevices have been used by
pol ice to estimate howmuch alcohol a suspected drinking driver has in
his/her system, as well as for other personal uses by individuals
interested in ,",owhigh their blood alcohol content is. Recent technology
advancements have enabled the development of a new techn ique for
measuring saliva al co'iol concentration as another way of estimating blood
alcohol concentration (BAC).

A California fi rm, LlFESCAN,Inc. (Mountain View, CA), has developed a
test strip, knownby the tradename ALCOSCAN,that responds to the
presence of al cohol whenmixed sal iva is put on it. 2 A small
5 X 5 mmsquare patch on the end of each 4.5 X 0.5 an Alcoscan strip is
treated with the enzymeAlcohol Oxidase, which responds to alcohol in
proportion to the concentration of alcohol in a mixed saliva sample
placed on it. Pn ALCOSCANuser estimates a BACby comparing the color
change on the test strip patch to standard colors cal ibrated to
corres pond to different BACs.

The objectives of this laboratory research were:

1) to determine the precision and accuracy of the ALCOSCANstrips.
The strips were saturated with alcohol-spiked saliva samples ranging
in concentration from 0.03-0. l2t BAC.

2) to determine what effect extreme ambient temperatures have on test
strip performance.

1 The data on which this report is based were collected for NHTSAby
Or. Arthur L. Flores of the Transportation Systems Center,
U.S. Department of Transportation, Cambridge, MA 02142.

2 For all practical purposes, the manufacturer has assumed
sal iva-al cohol concentration to be equival ent to blood-al cohol
concentration. The scientific literature indicates that the saliva/blood
ratio is 1.082/1 (see Jones, A. W., 1979a, 1979b, 1981). However, given
the gross estimates being madewhen the Alcoscan strips are being used,
this s11ght di fference between sal iva-al cohol and bl cod-al cohol
concentrations is not significant. For the purposes of this paper,
sal iva- and blood-al cohol concentrations are equated.



f'ltethod

Preparation of Spiked Saliva Samples

f'ltixed sal iva was collected on a dai1y basis from one of the 1aboratory
personnel conducting the study. He was able to produce approximately
30-40 cc. of fluid daily. saliva was always used in the experiment on
the s~me day it was collected; it was never stored overnight.

Saliva samples spiked at one of five different alcohol concentrations
were prepared, namely 0.03%,0.05%,0.08%,0.10%, and 0.12% BAC.

For each trial in the 1aboratory, A1coscan strip readin gs were comp1eted
under identical incandescent lighting conditions. A single desk lamp
using a standard 60 watt bulb was placed approximately two feet from the
laboratory table at which readings were taken.

Temperature Conditions

Data were coll ected under three differen t ambient temperature condi ti ons ,
namely 5. C., 20. C., and 35. C. (41. F., 68. F. and 95. F.). The
extreme temperatures \'1ere simulated in the laboratory by collecting all
data while inside a standard walk-in environmental chamber.

1\ number of effects of extreme temperatures are possib1 e. For instance,
the rate at which the strip changes color in response to alcohol is
expected to vary as a function of ambient temperature because the rate at
\'ttlich the enzymereaction occurs is known to be temperature related.
This may be of practical concern as the color change maybe significantly
slowed by low temperature conditions. Another possibility is that higher
temperatures may cause some alcohol in a saliva sample to evaporate,
thereby reducing the reading on the enzymetreated strips because there
would be less alcohol present to which the enzyme could react. If this
effect occurs, it coul d produce lower than expected readings.

Procedure

ALCOSCANstrips were brought in contact with a1cohol-spiked sal iva
samp1es following procedures prescribed by the manufacturer. The
prov i ded sal iva swab was fully satu rated with the dosed sal iva samp1e by
pressing the foam pad against the side of the saliva container to ensure
maximumabsorption of the fluid by the sponge-like material. The saliva
on the totally saturated swab was then transferred to the ALCOSCANtest
strip. After five (5) seconds the test strip was
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blotted gent1 y against the provided blotting paper for five (5) seconds,
and then transferred irrmediate1y (within 3 seconds) to the foil envelope
provided by the manufacturer. Each strip was read twice, i.e., at 5
minutes and at 10 minutes after the initial insertion in the foil
envelope. Between readings, the A1coscan strip was returned to the foil
envelope for protection to minimize the risk of alcohol evaporation
during the waiting periods. In each case, two experimenters
independently estimated the BACof the saliva sample to two digits (e.g.
0.10e.t) by comparing the color of the A1coscan strip against the three
standard colors provi ded by the manufacturer (set at 0.01 e.t, 0.05e.t, and
0.10e.t BAC), and interpolating when the color appeared to fall between the
standards.

Ten (lO) trial s under each BACcondi ti on at each temperature were run.
Each experimenter read each strip blind, without knowing how much alcohol
the strip had been saturated with. The order in which different
sal iva-a1 coho1 concentra ti ons were presented was randomized.

Resu1ts

Mean BACestimates based on readings of the A1coscan stri ps five and ten
minutes after they were saturated with spiked saliva samp1es are
presented in Figures 1, 2, and 3. Figure 1 shows mean estimates at an
ambient temperature of 5. C. (41. F.). Fi gures 2 and 3 show mean
estimates at 20. C. and 35. C. respectively (i .e , 68. F. and 95. F.). In
each case, the estimates of the two independent raters have been combined
after it was determined that their concurrent ratings were hi gh1y
corre1 ated (r = 0.97) for both the fi ve minute and the ten minute
condi tions. The bars in each fi gure represent the range of jUdgments
made by the two raters for the ten strips tested at each BAC1eve1, in
both the five minute and ten minute condi ti ons.

Regarding estimates made at the 5. C. (41. F.) ambient temperature,
Figure 1 shows that BACestimates made five minutes after the strips were
saturated with alcohol consistently underestimated actual BACs. BAC
estimates made ten minutes after the strips were saturated much more
closely approximated the actual target BACs, supporting the notion that
the rate of the enzymati c reacti on is sl oved down by the lower
temperature. However, even under the ten minute condi ti on, there is
considerable variability in raters' BACestimates at all test BACs.

Regarding BACestimates made at room temperature (20. C. =68. F.) and
above (i .e. 35. C. = 95. F.), Figures 2 and 3 illustrate that it makes
1itt1 e difference whether readings are taken at five or ten minutes after
strips are saturated with the alcohol sample. Time does not appear to be
an important dimension at these temperatures, as it was at the lower
temperature. BACestimates markedly overestimate actual BACsin the
mid-range (0.05-0.08e.t BAC), appear relatively accurate at 0.10e.t BACand
tend to underestimate at BACsabove 0.10e.t. However, there is still a
great deal of variabil ity in raters' jUdgments at all the test BACs.
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Fal se Negatives and Fal se Posi tives.

kcuracy can al so be described in terms of the frequency with which BAC
jUdgments are fal se post tive or fal se negative.

In the context of this assessmen t, a fal se negati ve jUdgment occurs when
a rater incorrectly judges a strip as showing a BAC 0.10' \II1en, in
fact, the BACin question was. 0.10 ,. False negatives are especially
important when the device is being used by private citizens. Whenthese
fal se negative jUdgments occur, an individual would be more 1ikely to
incorrectly assume that it is legally safe to drive, thus increasing the
probabil ity of both arrest and acci dent.

A false positive jUdgment occurs when a rater incorrectly judges a strip
as showing a BAC.0.10' \'ihen it is, in fact, 0.10'. Fal se positive
readings are especially troublesome when devices are being relied upon
for law enforcement use and decisions regarding arrest for impaired
driving are being made based on the resul ts from such devices. A high
false positive rate would mean that police would arrest a large number of
individuals that would subsequen tl y be released because of a lack of
confirmation by an evidential breath tester.

The false negative and false positive rates found using the Alcoscan
strips are summarized in Table 1.

False negatives appear to present the greatest problan at the low
temperature condition (5. C.), whereas there are fe\'i false positives at
this temperature level. However a sizeable percentage of false positives
is evi dent at normal room temperature and above.

Discussion/Concl usion

In a highway safety context, the high variability in BACestimates
coupled with the high proportion of false positives suggest that this
technology is not satisfactory as a screening device for law
enforcement. Use by private individual s appears more promis in g, if the
device is not used at low environmental temperatures. At room
temperature and above, the chance is relatively low that the rating will
falsely indicate that the individual is below the legal limit \'t'hen in
fact he is not. However, give1 the large variabil ity in rating accuracy
at all BAClevels, the utility of the device, even for private citizens,
is subject to question.
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Table 1

Percentage of False Positive and False Negative Judgment.
Kade Five and Ten Kinutes after Alcohol Saturation

Under Three Ambient Temperature Conditions
(5°C., 20°C., and 35°C.).

5 Kinutes
After Alcohol

Saturation

10 Kinutes
After Alcohol

Saturation

False
Positive

o "

3 "

False
Positive

False
Negative

55"

34"

False
Negative

5 Kinutes
After Alcohol

Saturation

10 Kinutes
After Alcohol

Saturation

:

\

I 35 " 10 "
I

53 " o "

5 Kinutes
After Alcohol

Saturation

10 Kinutes
After Alcohol

Saturation

False
Positive

20 "

33 X

False
Negative

lOX

5 "



FIGURE1 - MEANANDRANGEOFBACESTIMATES
5.and 10 MINUTESAFTERALCOHOLSATURATION
(TEMP.- SoC= 41°F.)

x = 5 minutes after alcohol
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FIGURE2 - MEANANDRANGEOFBACESTIMATES
5 and 10 MINUTESAFTERALCOHOLSATURATION
(TEMP.- 20°C= 6SoF.)
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FIGURE3 - MEANANDRANGEOFBACESTIMATES
0.14 • 5 and 10 MINUTESAFTERALCOHOLSATURATION

(TEMP.- 350C=.950F. )
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