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Breath Alcoho!l Analysis in One Subject with
Gastroesophageal Reflux Disease
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ABSTRACT: A large oumber of people suffer from the heartburn
symproms asgociated with zeatroespphagesl reflux digmage
(GERDM. Relatively little has barn pablished on its porentizl for bi-
asing a breath aleohol measurement The pressat 6ase describes an
individual (white male, aged 23) who experimentally consumed 1.0
g/ke of an alcohol bevarage and subsequently provided brepth and
blood samples for analysis, Breath expirpgromes wens also callect=d
following several different. preezhalation breathing mansuvers,
Shortly aftar the end of drirking the mean of replicate breath ales-
hol results exceeded that of the comesponding venoug blgod alep-
hol, A later paired comparison (during the postabsorptive phasa)
shawed the hlood alcohol o exceed the braath None of the ex-

. pirograms, provided cvidence that “mouth alcobol” due.to gasiro-
egephageal reflux had blased any test pesults. People with GERD
can pravide biassd-fres end-Expratory breath aleshol resules where
sound forensic practie is followed, which includes: 15-min, pre-
exhalation obaservation, duplicate tepting, instrumentsl det=ction
systamg, and trained plert operators who Aok appropriate quegtions
and watch For associated signs.

EEYWORDS: forensic science, pastrossophageal reflux disease,
breath alcohol, mouth alcohol

Gastroesophagesl reflux disease (GERIY) 15 a clinical disorder
occurring where the lower esophageal sphincter is compromised
and unable to restrict the flow of stomach contents back ap into the
csophagus {1). Sufferers may cxperience varying degrees of reguor-
gitation along with significant hesrtbumn discomfort. Stadics have
shown that approximalely 7% of persons in the United Stares ex-
periencs hearthiren syruploms daily whils nearly 6095 experiener it
intermittenty (2,3). Treatment for GERD ranges from life style
changes and over-the-counter entacids (o suzgery in extreme cases,

GERD may present a potentiz] risk for biasing a forensic breath
alechol measurement through the introduation of aleohiol from the
stomach back into the oropharyngeal caviry (“mouth aleohal™).
‘With per se breath elcohel legisladon in most jursdictions, GERD
i% becoming onc of many issues posed to forensic scientists re-
garding the accuracy and reliability of breath alcohol aralysis. The
important worle of Kechagias =t al. (4), the first to experimentally
study the forensic implications of this jssue, concluded thers was

‘Washingion Stare Patrol, 811 Eest Roanoka, Seattle, WA.
Reczived 5 Sepr. 2000: aad in reviged form 2 Jan. 2001: sesepred 22 Jan.
2001.

o little risk of bias to breath aleohol measirement in patients with ge.
» vere conditivns of GERD. The following work presents a sase r-

port and aftempts to suggest some additionsl ways (o measure the
siiect of GERD through the evalustion of breath aleohol exhalation
carves (expirograms). Snbjects with GERD should not sutomari-

cally be considered incapable of providing reliable breath aleoha? :

reaults. However, confidence in test rasuits-can be enhanced where |
seund forensic protocol is routinely followed and instrument oper-
arots are alert Tor spesific conditions while questioning the subject

and administenng the tesi,

Materials and Methods
The subject, a white male aged 23, had been arested for dunk

driving and snbsequently provided duplicare breath samples in ac. -

cordance with administrative rules into a BAC Datamagter infrared
breath alcohol instrument (Matiopal Patent Analytical Systems,
Inc., Mansfield, OF). The results were 0.114 and 0.123 g/210 L,
which exceaded the staturory limit of 0,08 g#210 L. Pricr to tial,
the subject complained of suffering from GERD and presented sup-
porting medical documentation. An arpangement Was worked oot
with tho prosecutor, the subject, and the Washipngton State Pamol

Breath Test Section to reduce the charged offense if the subject .

complied with a controlied drinking expariment.

The subject, weighing 160 b, cansumed eight onc fAuid ounce
drinks af 80 proof Vodka mixed cither with ommpe juice or Sprite.
This doge (1.0 g/kg) was detrrmined from Widmark's method (3)
in order to achieve a blood alcohol concentration (BAC) near (.10
£/100 mL at 2 h following the start of dricking. The drinks were
consumed as four “doubles” within 1 h and 9 min after he finished
breakfast approximately 2.75 h previously.

Immediately following each drink, the subject vinsed the mouth
thoroughly with water, which was then swallowed in order to mit-
imize the "mouth alcohol” effect Duplicate breath samples were
then provided into & BAC Datamaster instrument. The mean of

these values were wied to cstimate the sod-expiratory breath alce-

hol concentration (BrAC) during the absotpiion phase of the cor
centration-fime cwrve. Rollowing the last drink and = thorough
tinse with waier, the subject continued 1o provide duplicate breath
samples for approximately 1.5 h. Venons blood samples from the
cubital vein of the forearm were also eollected nearly sirnultane-

ously (within 4 min} with duplicats breath samples ar 21 min flftﬂf :
the lasi drink and again at 78 min after the las drink, Duplicaté -
breath samples were collected both immediately before and after

each of the bleod samples.
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After the last drink the subject provided breath samples fallow-
mg several different expiratory mansovers neluding: normal ven-
tilation, hypoventilation, hyperventilation, beiching, and an ex-
. uomely long exhalation. The breath aleohol expirograms were
. collected for these various maneuvers emplaying a separare data
acquisition sygiem (Personal Dag, Iotech, Inc, Cleveland, Qhi)
sttached to the BAC Datamaster insoument. Acenracy and preci-
sion estimates for ths BAC Datamaster were determined using &
Gurh 2100 simulator possessing an ethanol vapor target concentra-
. tion of 0.082 g/210 L. The instrumental systematic smror was
¢ +2.7% with = standard deviation of 0.0006 gZ10L (n = 100,

= a7

Results and Discugsion

Figure 1 shows the breath slechol eoncantration time curve
© where all points are the mean of duplicate sampleg, The mean BAC
i pesults, plotted as unfilled circles in Fig. 1, are aleo ghown zlong
{ with their corrasponding mean BrAC results in Table 1. The peak
" BrAC observed in Fig. 1 is the mean of duplicats rasuls: 0,080 and
| 0.102 g/210 L. E'uth BrAC gample meags (determined from dupli-
\ cate samples collected immediately before and after the blood sam-
- ple) exceed the comesponding mean BAC for the fisst sample.

Since all of these samples were collected between 17 end 25 min
| after the last drink, the subject may 26l have besn in the active ab-
sorption phase of his concentration-#ime curve where arterigl blood
aleohol (the source of a breath alcohol sample) is expected to be
¢ higher than venous blood alcahol concentration. These differences
| are accounted for by the expected anabytical, sampling, and biclog-
¢ ical variability involved when comparing within ~subject breath and

blood alcohel concentrations, Although gastrossophageal reflu
| Annot be ruled out as a potential contributor o the BIAC/BAC dif-
 ferences abserved here, thege differences are not unusual within the

BraC (g/2i0L)
¢ 0.12

. 0.08 -

0.04 H

1
0.00 "g
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context of breath and blood sampling. Both BrAC sample means
were [ess than the corretponding BAL mean for the secand blood
sample collected approximately 1 b later and which appears w be
in the: post-abserptive phase of Fig. 1.

Figure 2 shows the breath picohol expirogram for the highest
(0-102 gf210 L) of the duplieare BrAC results ascociated with the
fivst blood sample. The mean BAC value is also plotied for refer-
ence, The breath expirogram appears normal-with no evidence of
“mouth alcohel" orunusually large variability. The thermister voli-
age, uged in the BAC Datamaster 1o ensure sufficient breath flow
rate, is also plotted in Fig, 2 and reveals that the sobject maintained
4 fairly uniform exhelation rate for appreximately 15 s Simultane.
ous breath and venous blood samples collected necer in Time to the
end of drinking can, on decasion, yicld BrAC reenlts in exeess of
the BAC becanse of the asgociated sagipling and bislogical var-
abilities {e.g., arteriovenous differcnces).

Figure 3 shows four breath aleohol expirograms associated with
the stcond blood sample collected 78 min after the last drink and
ranging from 0.074 tp 0.077 g/210 L. All four byzath samples wers

TABLE 1—Resulis and times of carrespending breath and blood alcohal
cONCEniralions.

Breath Sampling Bras Blood Sampling BACY
Tim= (g/2100L) Time {100 mL)
124 © 00960 1245 0.0855
1449 0.0885
1336 00750 1542 0.0810
1545 0.0755

* Mean of duplicate analyses.

® Broath alcohol results (gl‘i’!ﬂL)

©Q Blood aleshe! results {1/100ml)

Time of Jast drink

FIG.
'ihd[y.;ﬂ_

Time Since Start of Drinking (hours)

\—The breath aleohsl concentration thar clurve Jor the subjesr with GERD. Each poini (whether breath or blood) represenis the mean of duplicare

dooz
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| FIG. 2—Plot of breath alrohal expiragrdin showing the associazed mean bivod alzohol concertraton alorg with vhe thermisior (Breath flow rare) rage, |
This curve represented the maximun single braarh alcohgl resulr (0,162 /210 L) throughow the experiment.

e

| BrAC (g/210L)
0,10

mean BAG = 0.0810 g/100ml
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FIG. 3—Four bragth alcohol expirograms along with the asseelzed mean blood alechol concentrazion collected approxlmately 78 min after the ot
drink
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- gellected within 10 min of each other, while the mean of two of
them are reflected in Table 1. With the mean BAC result shown for
. compartsen, all four breath aleohol expirograms show very close
© orrespondence 2long with fheir apparent asymptotic spproach to
the corresponding BAC. This patzern is moch moze typical of si-
multangously measured breath end venous blood samples during
the postabsnrptive phase,
Fipure 4 shows the breath alechol expirpgrams following preex-
halation menevwvers of normal breathing, hypoventilation, hyper-
yentilation, and belehing. These typical eurves are seflective of
their respective preexhalation breathing patterns and show their
greatest differences in the early portion of exhalation, These dif-
ferenees reflect the interection of alcohol and the airweys during
the first part of exhalation. The hypoventilation condition allaws
for a more complate eqnilibration of the upper airway (dead air
rpace Tegion) where the distance batween the anvway Ineen and the
blood is much Jarges than in the alvealsy regron. The hyperyentila-
tion pattern, on the other hapd, shows how exhaled aleghol is taken
: up significantly by the cooler alcohol deficient upper airwaye dur-
ing exhalation. Asymptotically, the curves would likely converge
" 10 the saype Jimil- The exhalation corve following belching was
| provided fixst ameng the four exhalations, Whils this surve wes the
‘; highest of the four (2lthough not forensically significent), it docs
i not appear sbnormsl or indicative of containing 2 ““mouth alcohol”
l bias. An expirpgram containing “mouth alcohol” is generally noisy
|1 along with regions possegeing 2 negative slops (the principle by
which the ingtrument detects "month alcohel™). Although the hy-
| perventilation curve remained significantly lower than the others
"I throughent the exhalation tmes, nooe of the exbulation curves in
; Fig. 4 appear abnormal for thig subject
Figure 5 shows an eatremely long breath alcohel expirogram
from the gulject in this study. The individual Tan competitively in
Both high school end esll=ge and no dowbt had = largs foresd viral

BrAC {g/210L)
I l1] W

008
0.05
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capacity. The individual wag instructed to provide ag long of an ex-
halation as possible cmplaying a conteolled but steady exhalation
maneaver. The themuistor trace shows that the minimum exhala-
tion flow rate required by the BAC Datamagter (as measored by a
voltage 1.5 Y and comesponding 1o approximately 3 L/min) was
maintaingd throughaut, The individual wag able to suswin the ex-
halation for pearly 60 5. The comesponding mean BAC (eollected
approimatcly 15 min after the braath sample) is shown for comn-
parison. The glow asympiotic approach of the BeA(C o the BAC is
apparcot with no evidence of “mouth elcohol” being present
A farensically sonnd breath st progrem employs several qual-
ity conwol fernues (6) that will minimize the potentie] bias due to
esophagea] reflux, A precxhalanon observarion peried (e.g., 15 or
20 min) where the subject has no foreign matedal withis the mouth
will tliminate any bias due to recentdy consumed alooho!. Dupli-
cars sampling and analyses where aceeptable agrcoment is ob-
wiped (e.g., within £0.020 p210 L or within * 10% of their mean)
15 particularly important where “ropouth alcohol” from any source
may ocenr. This forther minimizes the dsk of “mouth alechol™ bias
because of itg exponential climinadon pattern. A well-trained and
observam operator should notice if the subject experiences 2 reflux
condition that hrings material from the stomach up into the meuth,
If this geenrs, the mowuth should be thoroughly rinsed, checked, and
another presxhalation observetion pariod accompliched. Instrn-
mental featnres fiuat moniter for normal breath aleohol expirograms
a5 5cem, for example, in Figs. 2 throngh 5, will also minimize the
ngk of a mouth aleohol bies doe i GERD. However, thase insto-
mental “mourh aleohol¥ detection foatures are least reliable for en-
suring a biased-fres test Finally, & “static sampling” feature where
the measured and reporad sample iy contained within a closed-

" saraple chamber following the end of exhalation will avoid annsnal

exhalation vagaries {e.p., sucking back, etc.) and chould improve

- teplicate precision.

Exhalation Following Belch 0.087 g/210L

Normal 0.084 n/240L

N\

Hyper-ventliation 0.072 g/210L

T T
0 5 10

f T 1
15 20 25

Exhalation Time (sec.)
FIG. 4—8reath alcoho! explragrams fallowing narmal breathing, Rypovenrilation, Ayparventilarion, and belehing.
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FIG. 5—A breath alcohiol expirogram following a prolonged and controlled exhalation elong wirtk the acsociated mean blood alzohel concentration and

TREPHESTOr Iracing.

In addition to the approprate forensic safeguards noted above,
geveral biological considerations help vo minimize the potential
hias duc to gastrossophageal reflux. A partial raflux brioging stom-
ach ¢ontents up into the lower portion of the esophagnes would not
be expected to bias the end-eapiratory breath aicohol measurement
tince the exhaled air would never be in ¢ontact with the materizl.
Only a full regurgitadon bringing material into the oropharyngeal
cavity would eanse & concern. Even a full regurgitation would be a
concern only if it centained raw slechol yielding a vapor concen-
tation in excess of that which i coming from the snd-expimatory
breath. Vapor aleohol in the mouth region that is equal or Tower
than the end-expiratory concentration would pot bias the sample
received and measvred by the instrument Full regorgitation, how-
ever, would ¥ield foreign material in the mouth and tachuieally te-
quire ringing and & new gbservation period. Other faciors to con-
sider in a particular case would ipelude the time since the last drink
apd the food contents of the stomach. Aleohol leaves the stomach
rapidly with Lirtle or no food present. The risk of raflux i GERD
patients also appears Lo incrense when they recline and stomach
contents are profimel with the lower end of the esophagus. If pos-
sibla, having a subject with GERD sit while providing the breath
samples may be preferred to having them lean over while standing.

While protessing = gubject for breath aleohol apalysis in drunk
diiving eares, most police officers will question the subject ahoue
physical disabilitics and illnesses. Farticular aftention should be
paid If the subject mentions thay suffer from GERD. Additional in-
sighl can be gained by asking specific questions such as: do they
take medication for the condition, how long bave they expericnced
lhe condition, did they experience any type of reflux during the 15
min immediately prior to providing the breath sample, ete. Mo bias
1y cxpecied where the gperatar observes a 15 min period, doss not

observe any regurgitation of material inte the mouth, and duplicats
analyses agree acceptably well, Moreover, any belehing immedi-
atcly prior to exhalation will not significantly bias a test resnlt since
any gac from the stomach will be exhaled into and out of the in-
strirnent sample chamber being replaced by the finsl end-expire-
tory sample erriving from the deep lungs. Belching during a con-
tinuous exhalation is highly improbebls,

Conclusions

Although GERD cannot be ruled ont, no evidence of jts contri-
bution to hasing the breath aleohol measurements in rhis exper-
ment can be deduced. All of the breath elcohol expirograms ajong
with their comparisons with venous bleod samples appeared very
normal for humen breath alechol measurement.

This experiment has demonstreied thal persons suffering from
GERD are certainly capable of providing reliable, unbiasad treath
aleohol reaulis, An operator simply neads to ask careful questions
and remein alert to the possibility of reflux or regurgitation prior to
¢r during breath sampling. Menton of this pathological conditier
and ity potential for bias should also be noted in the wainiog of
breath test instrament opemtons.

Although the potential for bias in braath altohol measuremenl
appears 1o be minimal, more work certainly needs o be done in
this arez in view of the large number of people who suffe: from
this condition. Morcover, the present caperiment has demon-
strated the potential for increasing or forensic understanding of
these unusual gases through the cooperative efforts of forensic
srientists, proseeutors, attomeys, and the defendant themselves.
In unique and unusval forensic cases, studiss can be desjgned m?d
accomplished where everyons involved gaing some benefil

s
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Forensic seientists in breath sleohol st programs ghould be par-

ticulardy alerr, and wain operacars as well, 1o unusual eases where
BOME Smangement tan be made (o advance our knowledge in par-

tcular areas, Many additional opportunitics will ne donbt present
themselves in the future.
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