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ELECTROLYTIC ALCOHOL DETECTION 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

The present invention relates to electrolytic alcohol 
detection, and more particularly, to a method of and ' 
means for detecting the presence or determining the 
concentration of alcholic vapor in a gas such as human 

5 

breath. 10 
As used herein, the terms “alcohol” and “alcoholic” 

refer to ethyl alcohol or ethanol, the intoxicating agent 
in fermented beverages and in beverages distilled from 
products of fermentation. The term “breath” refers to 
the gaseous products of human expiration; that is, the 15 
gases released or expelled from the lungs by way of the 
mouth and/or nose. The terms “intoxicating” and “in 
toxication” refer to the temporary diminution of men 
tal and physical control or capability which results from 
the ingestion of alcoholic beverages in amounts and at 
a rate or frequency beyond the capacity of the metabo 
lism. 
As is well known, the degree of intoxication of an in 

dividual who has ingested alcoholic beverages is di 
rectly related to the degree of concentration of alcohol 
in his blood and can be determined by extracting and 
testing a sample of blood. However, such procedure re 
quires substantial training, experience and care, it is 
frequently inconvenient, it is often distasteful to the 30 
subject, and under certain circumstances it may be ob 
jectionable on legal grounds. On the other hand, it is 
generally accepted that the concentration of alcoholic 
vapor in the breath is directly related to the content of 
alcohol in the blood, and a number of systems have 35 
been devised for detecting alcoholic vapor in the 
breath or for measuring its concentration. Such systems 
are in general free of the objections raised against 
blood sampling and testing. One example of such a sys 
tem is described and illustrated in patent application 40 
Ser. No. 136,921, ?led Apr. 23, 1971 in the names of 
D. W. Collier et al. and assigned to the assignee of the 
present invention. 
The present invention makes use of the fact that alco 

hol is readily absorbed by an aqueous solution of sulfu- 45 
ric acid or phosphoric acid. Such a solution also serves 
as an excellent electrolyte. If an electric potential is ap 
plied to an electrolytic cell situated in an alcohol-free 
environment, conductivity of the cell can be deter 
mined by measuring the electric current ?owing 50 
through the cell. If the cell is then subjected to an alco 
holic environment, whereby alcohol is absorbed by the 
electrolyte, and the same potential applied, the ab 
sorbed alcohol will be oxidized and the conductivity of 
the cell increased, as indicated by greater current ?ow. 

The electrolytic cell in accordance with the invention 
comprises a pair of lead electrodes and a preferred 
electrolyte of 40% sulfuric acid by weight. Such a cell 
can be incorporated in a device of simple construction 
which may be quite small and light and thus readily 
portable. It is also relatively durable; lead electrodes 
are well-known to have long life in storage batteries 
containing sulfuric acid electrolyte. 
While the invention is intended primarily for use in 

breath-testing apparatus, it also ?nds application in an 
alyzing other gases for alcoholic vapor content. 
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THE DRAWING 

The FIGURE is a schematic representation of an 
electrolytic alcohol detection device constructed and 
adapted to be operated in accordance with the present 
invention. 

THE PREFERRED EMBODIMENT 

Referring to the drawing, there are shown means 
forming an electric circuit 10 and a gas-receiving 
chamber 12. The gas'receiving chamber 12 is enclosed 
by any suitable gas-impervious material, preferably 
light in weight, and includes a testing portion 16, a gas 
inlet 18 and a gas outlet 20. The inlet 18 and outlet 20 
are in open communication with the testing portion 16 
and are shown in fragmentary form. They may be ?t 
ted, respectively, with a breathing mask (not shown) 
adapted to cover the nose and mouth of a subject to be 
tested, and any suitable gas discharge means (also not 
shown). 
The electric circuit 10 comprises electrically conduc 

tive elements 21 interconnecting, in series, a suitable 
source 22 of constant dc, electric potential, means re 
sponsive to changes in electric current, shown in the 
drawing as a milliammeter 24, and an electrolytic cell 
28 situated within the testing portion 16 of the gas 
receiving chamber 12 and there supported by any suit 
able means (not shown). Electric circuit 10 may also 
include a switch 26 for selectively opening and closing 
the circuit. The source 22 is selected to provide a con~ 
stant potential preferably in the range of 2.0 to 3.0 
volts. 
The electrolytic cell comprises a pair of electrodes 30 

and 32, each formed of lead and arranged to hold an 
electrolyte therebetween, by means of surface tension, 
in a position to be in contact with a gas received in the 
chamber 12. 
More particularly, the electrode 30 comprises a loop, 

ring or annulus of a size to receive and hold a drop of 
electrolyte, and the electrode 32 comprises a terminus 
positioned to be in electrical contact with the drop of 
electrolyte at a location spaced from and within the an 
nulus. An annulus having an inside diameter of approx 
imately 1/8 inch is suitable for the purposes of the in 
vention. However, it will be recognized that the elec 
trodes 30 and 32 may be of various shapes and dimen 
sions, so long as the electrolyte is permitted substantial 
contact with the gas received in the: chamber 12. Refer 
ring to the drawing, it will be noted that the electrolyte 
will be substantially surrounded by any gas present in 
the testing portion 16. The electrodes 30 and 32 are 
preferably connected in the circuit 10 in a manner such 
that the electrode 30 will serve as the anode and the 
electrode 32 as the cathode. 

OPERATION 

As previously mentioned, the preferred electrolyte is 
a solution of approximately 40 percent by weight of sul 
furic acid in water, although a solution of phosphoric 
acid can be substituted satisfactorily. 
The apparatus is quite simple to operate. A drop of 

electrolyte is ?rst placed in the annulus of the electrode 
30, and thereby in electrical contact with both elec 
trodes 30 and 32, where it is held by surface tension. 
The electric circuit 10 is then completed, as by closing 
the switch 26. At this point the environment of the 
electrolytic cell 28; that is, the contents of the gas 
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receiving chamber 12, comprises ambient air, which 
may serve as a control gas. 
When the current ?ow achieves a steady state, as in 

dicated by the rnilliammeter '24, the conductivity of the 
cell 28 is measured by noting the value of the current, 
and the switch 26 is opened. 
The ambient air within the gas-receiving chamber 12 

is now replaced by a gas to be tested for the presence 
of alcoholic vapor. This may be done, for example, by 
a subject individual exhaling into the gas inlet 18 for a 
period of approximately 4 to 6 seconds. Continuous ex 
halation throughout a period of such duration will en 
sure not only that the ambient air will be completely re 
placed within the chamber 12 by the gas to be tested, 
but also that the test gas will consist of deep-lung 
breath. Simultaneously with or shortly before exhala 
tion into the gas-receiving chamber 12, the switch 26 
is again closed. The conductivity is again measured by 
noting the value of the current, and the two measure 
ments compared. 

If there has been an increase in current equal to or 
greater than a predetermined minimum increase, the 
presence of alcoholic vapor in the test gas is indicated. 
The predetermined minimum increase is established by 
means of a gas having a known minimum concentration 
of alcoholic vapor. 

Instead of ambient air, breath known to have no alco 
holic vapor content can be used as the control gas and 
may be preferable since its moisture or water vapor 
content will more closely approximate that of the 
breath to be tested. 
By way of example, if a potential of 2.25 volts is ap 

plied to the electrolytic cell 28, the rnilliammeter 24 
might indicate 0.18 milliamperes in the case of ambient 
air, 0.19 milliamperes in the case of non-alcoholic 
breath, and 0.21 milliamperes in the case of breath 
containing a concentration of 1A,. of 1 percent alcoholic 
vapor by volume. 

Similarly, with an applied potential of 2.5 volts the 
respective measurements might be 0.28 milliamperes in 
air, 0.30 milliamperes in non-alcoholic breath and 0.32 
milliamperes in breath containing the stated concentra 
tion of alcoholic vapor. On the average, the current 
through the electrolytic cell has been observed to in 
crease approximately 7 percent in non-alcoholic breath 
and 14 percent in the presence of alcohol in the stated 
concentration. 

If the approximate concentration of alcoholic vapor 
in breath is to be determined, initial conductivity of the 
electrolytic cell 28 is ?rst established in the manner 
heretofore described, using either ambient air or non 
alcoholic breath as a ?rst control gas. When a ?rst 
measurement of the electrical conductivity of the cell 
has been effected by observing the steady-state reading 
of the rnilliammeter 24, the first control gas is replaced 
by a second control gas having a predetermined con 
centration of alcoholic vapor and, after 4 to 6 seconds, 
a second measurement is taken. The second control gas 
is then replaced by the ?rst control gas and the cell 28 
is pre-electrolyzed; that is, current is permitted to con 
tinue to ?ow until any residual alcohol has been re 
moved from the electrolyte, as indicated when the mil 
liammeter reading returns to a value approximately 
equal to the value observed in the ?rst measurement. 
The ?rst control gas is now replaced by the gas to be 
tested, and after 4 to 6 seconds the conductivity of the 
cell is measured a third time by observing the new milli 
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4 
ammeter reading. The second and third measurements 
are then compared to determine the concentration of 
the alcoholic vapor in the test gas. 
More particularly, the percentage increases of the 

second and third measurements over the ?rst measure 
ment are computed. The ratio of the percentage in 
crease of the second measurement to the percentage 
increase of the third measurement will be approxi 
mately equal to the ratio of the concentration of alco 
holic vapor in the second control gas to the concentra 
tion of alcoholic vapor in the test gas. 
While the procedures described heretofore call for 

the test gas to be introduced into the gas-receiving 
chamber 12 after the control gas or gases, it will be ap 
parent that the order can be reversed and remain 
within the purview of the invention. ln any case, how 
ever, the electrolyte must be free of absorbed alcohol 
before a control or test gas is introduced. 
The apparatus and procedure described heretofore 

will provide satisfactory results in the normal range of 
room temperatures and humidity. However, in the 
presence of low humidity, water may be evaporated 
from the electrolyte, thereby raising the concentration 
of acid substantially above the preferred 40 percent by 
weight. Conversely, high humidity may dilute the elec 
trolyte. Also, current ?ow across the electrolytic cell 
28 in the presence of absorbed alcohol may vary with 
changes in temperature. 

It should be pointed out that the rnilliammeter 24 
may be replaced by other well-known means respon 
sive to changes in current, or it may be included in ad 
dition to such means. The latter might include, for ex 
ample, an actuator arranged to light an indicator lamp 
or to open (or fail to close) the ignition circuit of an au 
tomobile when a predetermined current or increase in 
current is achieved. 
While the invention has been described in connec 

tion with a speci?c embodiment thereof, it is to be un 
derstood that this is by way of illustration and not by 
way of limitation; and the scope of the appended claims 
should be construed as broadly as the prior art will per 
mit. 

I claim: 
1. A method of detecting the presence of alcoholic 

vapor in a gas, using an electrolytic cell which includes 
a pair of electrodes formed of lead, and an electrolyte 
comprising an aqueous solution of an acid selected 
from the group consisting of sulfuric acid and phos 
phoric acid, the method comprising the steps of sub 
jecting and electrolyte to an environment comprising a 
control gas free of alcoholic vapor, measuring the elec 
trical conductivity of the electrolytic cell, replacing the 
control gas with a gas to be tested for the presence of 
alcoholic vapor, again measuring the electrical conduc 
tivity of the electrolytic cell, and comparing the two 
measurements. 

2. A method of determining the presence and con 
centration of alcoholic vapor in a gas, using an electro 
lytic cell which includes a pair of electrodes formed of 
lead, and an electrolyte comprising an aqueous solution 
of an acid selected from the group consisting of sulfuric 
acid and phosphoric acid, the method comprising the 
steps of subjecting the electrolyte to an environment 
comprising a ?rst control gas free of alcoholic vapor, 
effecting a ?rst measurement of the electrical conduc 
tivity of the electrolytic cell, replacing the ?rst control 
gas with a second control gas having a predetermined 
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concentration of alcoholic vapor, effecting a second 
measurement of the electrical conductivity of the elec 
trolytic cell, replacing the second control gas with the 
first control gas, adjusting the conductivity of the elec 
trolylic cell to a value approximately equal to the value 
indicated by the first measurement, replacing the first 
control gas with a gas having an unknown concentra 
tion of alcoholic vapor if any, effecting a third measure 
ment of the electrical conductivity of the electrolytic 
cell, and comparing the second and third measure 
ments. 

3. The method as defined in claim 2, wherein each of 
the measurements of electrical conductivity is carried 
out by applying an electric potential of predetermined 
constant magnitude to the electrodes, and determining 
the magnitude of the electric current ?owing through 
the cell. 

4. The method as de?ned in claim 3 wherein the pre 
determined constant magnitude of the electric poten 
tial applied to the electrodes is in the range of 2.0 volts 

, to 3.0 volts. 

5. The method as defined in claim 2, wherein the 
electrolyte comprises a solution of approximately 40% 
by weight of sulfuric acid in water. 

6. An electrolytic alcohol detection device compris 
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6 
ing means forming a chamber for receiving control 
gases and gases to be tested for the presence of alco 
holic vapor, the chamber having an inlet and an outlet, 
and means forming an electric circuit including an elec 
trolytic cell disposed in the chamber, a source of con 
stant dc, electric potential, means responsive to 
changes in electric current, and means electrically con 
necting the cell, the potential source and the current 
responsive means in series, the electrolytic cell com 
prising a pair of electrodes each formed of lead, the 
electrodes being formed to hold by surface tension an 
electrolyte therebetween in a position to be in contact 
with a gas received in the chamber, the electrolyte 
comprising an aqueous solution of an acid selected 
from the group consisting of sulfuric acid and phos 
phoric acid. 

7. An electrolytic alcohol detection device as de?ned 
in claim 6, wherein one of the electrodes comprises an 
annulus of a size to receive and hold a drop of the elec 
trolyte, and the other electrode comprises a terminus 
positioned to be in electrical contact with the drop of 
electrolyte at a location spaced from and within the an 
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