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The Slope Detector
Does Not Always
Detect The Presence Of
Mouth Alcohol

The aloohal breach test i an indorect
means of extimating the blood aloobol
conceatrEson | BAC
tant asswmpton s that after a projonged
edhulinon, the end-exhaled breasth alco
hol concentraton (BrAC accurately
seflects the alveolar ar. and hence. BAC
Implicit in that sasumption i thit no
aloohe! hus been addad 1o the beeath a9
i1 passes from the hungs o the beeath-
testing uait (BTUL. However, i there o
skcobaol in the oral vty ar pharvnx, i
will vaporize dunng akalanon and add
1o the BrAC The functons of the vope
detector have beemt demsgnec with the
goal of cnsuring that a valid abvealar ai
AT 18 obstarsed

Exhuled breath s menstored duning
the exhaliton to abtain 3 surtable breath
sample. Usder normal arcumstances.
BraC increasey during exbtulation. The
orrgnal developers of the breath test
reasonied that the BrAC e would con-
tmae until the abveolar 2 was obtacned.
a1 which poant the BrAC would level off
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The fint purpose of the sope detector s
to follow the exhaled BrAC until 3 fiat
exhubhiton profile is achieved indicating
the presence of alveolar air 10 insore that
an adequate abveolar ample 5 obtained.
However, because of the continual inter-
ation of acohol with the airway
mudiia dunng exhalibon, i1 1 iMPOA-
bic 1o get 3 srmpic of alveolsr zir to the
mouth without the aloobol concentra-
ton changmng. The Sat dope at the end
of exbulation occurs amply because the
subsect has stopped exhaling Further
details reganding ths mechantom have
been descnibed = 3 prior pubbanon
In shore, 3 flaz platesy umply means that
the subsect Bss 5205 exindhynon. The
flat dope does not mean that alveolar air
has been obtained. So the Sre intended
purpose of the dope detector does not
work

The second mended feature of the
dope detector, ¥ W determine when
mouth alcobol s contrbanng to the
BrAC by identifing 2 negative slope (2
decrease in BrAC a the exinbation pro-
ceodi . However, there are condions
when the incresang BrAC exhaboon
profik soperimposes on the decreasuing
mouth akoho! exhalation profile resdr.
ng m » flnt exhalanon profile Under
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Exhaled Volume (liters)

Figure 1. Exhaled alcohel profile from normal subject imodified from ). Breath
alcohol concentration [BrAC) normalized by alveolar alcohol concentration (Alv
AC) vi exhaled volume in ters. Continued exhalation results In an increasing
BrAC Tha BrAC depends on the exhaled volume
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uxh condtions, the slope detector muy
not detedt & decreanng exhalston pro-
file and muv not detec the addimve

Study Results

infrared absorption alcohs! breath
test mstruments uss 3 “tope detec-
tor” that serves two primary fune.
tions: the first is to identify “ahveolar
air* from a fat breath akkohol con-
centration (BrAl) exhalation profile;
the second is to identify the pres-
ence of "mouth alcohol” as 2
decreasing BrAC profile. Because of
the normal physiological properties
of the lungs neither of these pur-
poses is accomplished by the siope
detectons as designed for breath teqt
units (BTU) used in law enforcement.
This study was undertaken to test
the hypothesis that the second pur-
pose of the slope detector does not
work when alcohol is present in the
blood stream as well as the mouth.
The data show that the siope detec-
tor does not adequately distinguish
mouth alcohol when alcohol s pres-
ent in both the mouth and the blood
straam.
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effect of mouth alcohol

Dunng inspiration, air i heated
znd h.:m:d;uf-rd 23 1t passes through the
upper airways .-’ Some water within the
mucous laver or watery sub-mucous
laver will vaporize and heat stored in
the airways will be picked up by the
inspired gas and taken to the alveoli.

During exhalation, the process
reverses: fully humudified air at core
body temperature 1 cooled by the cool-
o airway mucosd and water vapor con-
denses onto the mucosa.” This water
aind heat exchange process » vital
because it condifions the inspired air to
avoid damaging the delicate ahweolar
cells while conserving water and heat
from mator loss in the exhaled air
Under normal emvaironmental condi-
nons, exhaled gas has less beat and less
water vapor than does abveolar air.

The dynamics of soluble gas
exchange are umilar to the dynamics of
heat and water exchange. These process-
e are analyzed using smilar equations.
The fact that respired air exchangss heat
and water with the airways implies sim-
far aleohel exchange processes®” The
degree of interaction is directly related
to the solubility of the gas in the airway
muéosa and mucows lining. The very
high solubility of alcchol in water guar-
antees its strong interaction with amrway
tusue. Bacauee this interaction depends
on temperature and airflow characteris-
tics, varmtions 1 idal volume uind fre-
guency c2n have 3 substantial effect on
the alcohol concentration m the breath
sample.~ This variation i affected by

the difference in temperature between
the outside air and the dveolar air.

The operation of 1 tlope datecior 1s
confirmed by operators swishing or gar-
ging some mouthwash (containing
alcohol) around the mouth and spiting
the mouthwash out. There is no aliohal
in the blood at the time of testing. This
stuation reslts in an increasing alcohol
concentration during exhalation fol-
kwed by 2 decreasing alcohol coacen-
tration, The decreasing BrAC 1 idenu-
fied as a negative slope and tniggers an
“Invalid™ sample indication. - However,
in subjects kaving akohol in their blood
stream, the slope depends on the bal-
ance between the rsing lung akcobol and
the decreasing mouth alcohel, which
can result in a level (or slightly decreas.
gl slope and an inability of the slope
detector to identifv the addad mouth
ucohol. Only when the mouth alcohal
turve ha 3 buge pepaive sbope (< -
0.006 gmy/210 Liter for three consecutive
data points with a DataMaster), will the
sope detecior then detect the mouth
alcobol and the readiag will register as
an “invalid sample”

This study was carned out to deter-
mune the conditions under which the
slope detector is able (or umablel to
detect mouth alcobol in human sebiects
when the BAC is elevated.

Materials And Methods

We wed two commercially avad-
able BTUx BAC Venfier DataMaster
DM ) and Intoxalyzer 3000 | INT). Both
have similar aliohol detection systems
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FIGURE 2_Exhaleg breath alcohol profiles. The lower curve is obrained with alco-
hol dissotved in the mouth with no akcohol in the bicod. The middie curve &
obtained with alcohol in the blood with no alcohal in the mouth. The top curve
is the sum of the two other curves obtained with alcoho! in the blood and alco-
hol dissohved in the ozl mucosa (modified from (1711,
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and slope detectors. Normal human vol-
unteers (n = §) consumed alcohol untid
reaching a BrAC of approxmately 0.10
gm 210 L The subjects were tested with
aither 3 DM or an INT regulasiy to fol-
absorptive phase was seen on 4 consecu-
tive breath tests (declining values after 2
peak of absorption), the subjects were
atked to swith 2 small amount (< 0.25
oz) of 50 proof Bguor around i therr
mouth (over 3 4-3 second period) and
spit out the comients. Breath akohel
tests were then performed at regular
tntervals |approcimately 2 = 3 minutes ),

The detsctor voltage, which is pro-
portional to the messused ethancol con-
centration from the BAC DataMaster
(Nationa] Patent Analytical Systems,
Inc., Mamsfield, Ohio) was measured
The detector voltage signal for alcohol
copcentraticn was cormerted to g210L
by analyring the agnal dunng the stan-
dard simulator test. Expired lung volume
wmmcdm:hldnp:dwmw
(KORR, Madical Technologies Research
Spiromerry System, Sak Lake Ciry, Utah)
placed inline with the breath tube of the
BAC DanaMaster. Both the EtOH ugnal
tnd expired volume signal were recorded
ai 10 H: with Powerlab (A-D
Instruments, Colorade Springs, CO) on
1 PowerPC.

Results

In most (but not all) cases, the
swishing of 2kcobol immediately leads to
an invalid ample (indicative of 2 nega-
uve slope and the detecuon of mouth
alcohol |, sometimes followed by anoth-
er imvalid sample. After two or three
tests, valid samples were obtained that
exceeded the BrAC prioe 1o the swith-
ing. Figures 3 and 4 show consscutive
breath tests from one subject afier the
subject swished aliohol in hivher
mouth. In Figure 3, the initial breath test
was an “imvalid™ sample, followed three
minutes hter by 3 valid et (BeAC =
0.113 gm210 LI, After an additional 6
minutes, 2 valid breath test of 0.042
grv2i0 L was obtained. This last test
was presumably dose to the blood alco-
hol because 1t was similar to the BrAC
prot o mouth alcohol and decreased
slowly iat the approximate normal
barn-off rate.

In the second sequence of tess
(Figure 41, the first “invalid™ 1ot was
obtained st 3:10 pm after consumption
of three addinonal one-once sthots of
86-proof scotch. If the subject had
stopped exhalition at approximately
175 lters exhaled, the reading would
have been a valid ¢ 03] gm/210 L. Theee
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0.35 +
2:32 pm
03 INVALID
ey
E 025
&S p2
=
R ¢_15
(4] E
— 2:35pm
% 0. BrAC = 0.113
0.053 241 pm
i BrAC = 0.042
o ’ = - e
o 1 2 - | 4 5 =1
Expired Lung Volume (L)
Figure 3. Saveral exhalation profiles for breath alcohol tests taken at intervals
after sipping of 8C proof aicohol. An invalid sample is followed by two valid
breath tests one influence by mouth alcohol without mouth alcobol being
cetected

munistes later, the DM read a valid read-
ing with BrAC = 0,149, An additional 4
minutes wait vielded a breath samole of
0,085, After an additional 9 munutes, the
BrAC was 0.076, the likely correct breath
sample, as it was appronamately the same
a4 the BrAC was prior to the mouth alco-
hol teans.

Further results from the other six
subtects three tested with the Intembvrer
and three tested with the DataMaster are
shown 1 Table 1. After the BrAC tests

bad stabilized (indicating alcohol
absorption has been completed), each
subject swished apprommately 0.1 oz of
akohaol and then took breath amples at
mwo-minute intervals, In all cases there
were valid breath samples that exceeded
the pre-mouth-alcohal BrAC. In all cases
but one the test following the mouth
alcohol was an invalid sample In the
first subject using the DataMaster, the
first sample registered a valid 0.164,
which was markedly greater than the

0.35+
b
1 2:10 pm
Ga% INVALID
=7 ; ]
o 0257
e 4
T 0% 313
x 13 pm
= 0.5+ BrAC = 0.149
U -
E .| 317 pm
a 913 BrAC = 0.089
3:26 pm
o 95% BrAC = 0.076
g : — . - .
0 1 2 3 4 5 6
Expired Lung Volume (L)
Figure 4. Several exhalation profiles for breath alcohol tests taken at intervals
after consuming thres one-ounce shots of 85 proof scotch. An invalid sample is
followed by a three valid breath tests: the first two are influenced by mouth
alcohol without an indication of mouth alcohol detection.
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baseline 0.064. On average the first valid
ample read 0.098 A 0.071 gm210 L
imean A 5D greater than the baseline.
The vahd breath samples did not return
o the baseline until 15 minutes had

passed.

Discussion

Using nosmual procedurss for testing
the slope detector. the operator will
swish some mouthwash (with alcohol!
and then exhale into the breath et
machine. These operators do npot have
alcohol in their blood stream. Under
these conditions. exhaled BrAC will
increase to 4 maximam and then
decrease resulting in an Tirvalid sample”

In a limmited study using only three
subjects. Evans showed that a positne
BrAC test can be obtained in subjects
with no blood alcohol within 10 man-
utes of taking in mouth alcohol. This
aiuthor did not study subjects with aleo-
hol in their blood stream. Wigmore
studied nine female and twenty-one
male alcohol-free subjects after tntro-
ducing 10 ml of diluted alcohol 1207
v/vakohol) into therr mouths. The sub-
jects either rinsed the alcohol for 10 ¢
and then expectorated or immediately
swallowed Euch subject then provided
breath samples into an Intoxilvzer 3000
215 and 10 min post-administration for
both condiions. They found vahd posi-
tive tests in 28 out of 120 tests. They
found that the mouth akehol effect was
greater for rinsing than for swallowing
alkcohol. This study 15 interesting 1n that
the subjects had only minimal blood
alcohol levels.

Gastroesophageal reflux disease
(GERD) i 3 condition that may cause
mouth alcohol due to the reverse flux of
stomach contents into the nasopharvnx
resulting in the possibility of mouth
akohol Kachagias' studied 5 female
and 5 male subjects with GERD asking
whether clevated breath aleohol tests
mught result. Two of the four indnidual
subject data shown indicated the poss-
bility of an elevated BrAC. The authors
conchuded: “the risk of alcohol erupting
from the stomach into the mouth owing
1o gastric reflux and falsely increasing
the result of an evidential breath alcohol
test is highly improbable. However,
these authors studied only a very limit-
ed number of subjects leaving open the
possibility that GERD mav play a role in
other subjects. In a related study,
Staubus* showed that burping with
alcobol in the stomach provided a false-
Iv high BrAC of up 10 0.046 /210 L.

Generally, 12 1s thought that mouth
alcobol will be rinsed away by saliva
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r inhalers were eliminated with 2 13

"Test Test  Tes ,-,,:' Yool -e'*, o minute observation period and hence
™ = sl =8 ' 4 = T i 9
1 i g! 4 5 & i pthma madlers wid nol contnbule o

mouth alkohal if taken mare than 15
minutes before a breath 1t

0090 MA INV INV 0169 INV 008% Because of the inadequacies of the

- - - = 1 {an - PRI "
-~ . - - - T T LOne o W, CXITA PreCauton must O
0 050 MA| INV INV 0250 INV 0087 0066 0056 e S -~

flaris g | i | et 1 used to be certain that mouth akkohol is
0 Ofd MA 0762 INV 0075 0070 Q0S8 not contributing 1o a breath test. The

e - - T Y ., T *xr. o r Ty
DaaMaster sractice LN many statss 5 to perform hwo
= o — _ Dreath 1ests within a2 short ume (2-=3
0133 WA T INY N\ NV 0158 06 0120 minutes). If the two breath 1ssis are
0087 MA  INV 0248]0181 0130 0108 0105 0090 || denucal 1o cach other in magnitude
= ; - then it u unbikely that mouth alcohal &

S— = - TR T TR T R
TRy L N L i 8§ 0103 DDes it

= 3 Some states take only one breath

[ = e : .
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Table 1, Erronecusly high, valid BrAC after mouth alcobol. Tests were performed of mouth aliohol would be over-

at approxmately two-minule intervails looked, In Alasks, onlv one breath tess
t5 used. The practice s to not reqQuire
an additional [3-minute wailing peri-
within 15 minules some §tites and ut of 25 subjects without dentures od after obtaining an "invahd sample
20 minures in othér states. Thus states and 5 out of 15 subjects with dentures Thus, as wen in Figures 3 and 4, it
will requure either a 15-minute or 20- and adhesives. They also found that likely that the following valid breath
minule waiting penod 10 precede a mouth alcohol lasted more than 20 test will be greater than the correct
breath alcohol test, A concern has been minutes in no subjects without den- BrAC if 1t is admintitered before an
those subjects with dentures, particu- tures and 2 out or 25 subjects wath additional 15 minutes waiting period
arly using adhesrves. Harding ™ studied dentures using adhesives. A case study 1§ completed.
2% subjects who used dentures with by Tratford” indicated that there was a In our experiments, we also n i
and without their dentures for the  possibility of dentures conmmbuting to propensity for an erroncous high Brad
retention nume of mouth alcohol a falsely high breath test test during the absorption phase. This
These authors found that mouth ako- In addition. a study by Logan et af” may be duoe 10 the potenmma! for mouth
. sted moze than 15 munutes 1o 5 showed that medications :n asthma alcohol 10 be missed by the shope detec-
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tor immediately after consumption of
aliohol. lones” has observed that BrAC
15 sometimes greater than the venous
blood sample BAC within the fint 90
minutes (the absorptive phase! follow-
g ingevhion.

Not Useful

In summuary, this shsdy has shown
that mouth alcobol may plav 2 role in
many breath tests even though a BTU
uses 3 dope detector. While dope detec:
tors are present in 4l modern infrared
absorption BTUs they are not pseful 1n
mamy cases. This problem with the shope
detactor argues guite strongly that dugh-
cate breath tests with 13 min between
tests should be used in all cases in order
to mimimire the chance of mouth akcohol
influencng the breath test result
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President, And
The NSA: National
Security Agency
Intercepts Within
The United States

By Douglas C McNabb
and Mothew B McNobo

In an April public appearance to bolster suppor for expanding
surveillance authorities under the USA PATRIOT Act President
Bush said that nothing had changed about wiretaps and the
need of a court order. Few Amercans knew that as the
President talked, the National Security Agency. operating
under 3 Presidential order, had for several years been intercept-
ing phone calls and e-mails of citizens as well a5 NON-Citi2ens

alike between the Unitad States and abroad The program con-
tnues The President claims war-time authority which is sup-
ported both through an elastic understanding of congression-
al intent and forrmidabie exertion of Presidential fiat The claims
are predicated i SANCIDIE UDON TWO SECAMATE JOMETTUtOnally
recognized powers: Chief Executive and Commander-in-Chief
and 2 third authority, Inherent Emergency Fower. Defense
Department surveillance aCThvites pose 2 real threat to Fourth
Ar-pendmenT proteChHoN.
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