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Breath Alcohol Analysis in One Subject with
Gastroesophageal Reflux Disease
EEFERENCE: Guliberg RG. Breath alcohal analysis in one sub. little risk of bigs to breath alrohol measurement in patients with se-
E&Gf';:hgg_af;roo;wphqeal reflux diszase. ) Forencic Sci 2001 _ vere conditions of GERD, The following work presents a case re-
): 10, port and atempts to supgesl some additional ways 10 measure the
cftect of GERD through the evaluation of breath alcohol exhalation
BSTRACT: be people . 3 . .
:ym ommu,:c!:ﬁ: ":Tm ':Lm,o;::':g,m“;;,h:‘hcd"{‘m curves (expnr?gmms_]. Subjects with GERD sl‘aould 01 aulomab-
t I Relatively fittle has been published on its potential for bi- ,cally be considered incapable of providing reliable breath alcohol
asing a brrath alcahol melsurel;m:. The presemt case describes .B resulis, However, confidence in test resulis can be enhanced where
individual {white male, aged 23) who experimentally consumed 1. sound forenslc protocol js rautinely followed and instrument oper:
following scvera) different precahafation hreothing maneuvers. and adminisiering the tast,
Shortly afier the end af drinking the mean of replicate breath alco-
hal resufts excesded that of the comesponding venaus blood ako- Muaterials and Methods
hol. A later paired comparison (during the postabsorptive phase)
showed the blood Alcahol 1o exceed the breath, Nooe of the ex- The subject, a while male aged 33, had been arrested for drunk
Pimshf:gngﬂﬁmﬂ:ﬁm that "'“‘N'h ;im"j:‘:;ld";_l; gstm- driving and subsequently provided duplicaic breath samplcs in -
c30p ux lased any tes! resulis. e with GERD ; PR : infrared
can provide biased-free end-expiratory breath alcoho) resuils where cordnm:ci w'hth aflmlmsr.rslwe nrh':s into a BAC Dalarl!astlcrslﬂmm
sound forensic practice is followed, which includes: 15-min, pre- breath alcohol instrumeat (National Patent Analyticsl Sy L
exhafation abservation, duplicate testing. instrumental detection Inc., Mansfiedd, OH). The sesults were 0,114 and 0.123 g/210
systems. and nained alent pperators who ask appfopriale questlons which exceeded the stawtory limii of 0,08 g/210 L. Prior lo rial

ond watch for associated signs. the subject complained of suffering from GERD and prescnied s

] . . porting medical documentation. An armrangement was worked @
ﬁ\;ﬂ Pahzfi l'ore::rf os;:‘roelnce gastroesophagen) reflux dicease, with the prosecutor, the subject, and the Washington State Pa.m'l
aicohol. mouth alc Breath Test Section to reduce the charged offense if the subje?
complied with a conuolled drinking experiment.
Gasuocsophageal reflua disease (GERD) is a clinical disorder The suliject, weighing 160 b, consumed eight one ﬂ“'dsm'.“
occurring where the lower esophageal sphincter is compromised  inks of B0 proof Vodka mixed either with orange juice of uTlf’
and uaable ta restrict the flow of stomach contents back up into the  1Mis 8ase (1.0 g/kg) was deigrmined from Widmark's meth alb
esophagus (1), Suffcrers moy expericnce varying degrees of regur- 19 ©rder to achieve a blood alcohel conceniration (BAC‘_"C,”“;'
gitation along with significant heartbum discomfort. Swdies have ~ &/100 mL a1 2 h fallowing the start of drinking. The d“"':':“.
shawn that approximately 7% of petsons in the United States ex-  Sonsumed us four "doubles™ within L hand § min after he 11¥
perience heartbum symptoms dadly while ncarly 60% expericnce it breakfastapproximaiely 2.75 h previously. . ot
interminently (2.3). Treatment for GERD ranges (rom life style Immediately following cach drink. the subject rinsed th‘mm&"
changes and over-the-countes amtacids to surgery in extreme cases,  thoroughly with water, which was then swallowed in order 19 2
GERD may present a potential risk for biasing a forensic breath  imize the “mouth alcohol” effect. Duplicate breath samples ™
alcohol measurement through the introduction of oleohol from the e provided inlo a BAC Dawmaster insrument. The n;,kp-
stamach back into the oropharyngeal cavity ("mouth alcohet®),  'hese values were used to estimate the end-expiratory hn:‘::he e
With per s breath alcoho! Jegislation in most jurisdiciions, GERD 1ol concentration (BIAC) during the absomplion phase “lho
is becoming one of many issues posed to foreasic sciemists re-  SSnimuion-lime curve. Foltowing the last drink and ?‘_"e
garding the accuracy and relisbility of breath alcohol annlysis, The ~ 73s€ With waier. the subject continued (o provide d”P”“"fm
imponant work of Kechagias et al. (4), the first to experimentally ~ 53mples for appraximatety 1.5 h. Venous blood “’“P""i o
study the forensic implications of this issue, concluded there was  cubital vein of the forcarm were also colleeted nearly 5 {n ¥,
ously (within 4 min} with duplicate breath samples at 21 ™ ’

Washington Steic Panol. 811 Fast Roamoke, Seatfle, WA. the fast drink ond again at 78 min after the‘ tast drink. M
fleeeived S Sepd. 2000; and in revised form 2 Jan, 30015 occepled 22 Jon.  Dreath samples were collerted both immedintely before
001, each ol the blood samples.
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/aficr the 1ast drink the wbjeet provided Breath samples follow-
= geveral different eapn siory mancuvers including: nonnal ven-
='nn.. hypoventilation, hyperveatilation, belching. and an ex-
1y long exhalation. The breath alcohe! expirograms were
ed for these various maneuvers employing a separate daia
aisilion system {Personal Daqg. Jotech, Inc., Cleveland. Ohio)
to the BAC Daiamaster instrumient. Accuracy and preci-
estimaies for the BAC Datamaster were determined using a
2100 simulator possessing an ethana) vapor larget concentra-
of 0.0B2 p/210 L. The instrumenial systematic error was
-11% with a sltandard deviation of 0.0006 27210 L {n = {0].

gt and Discussion

Fgurc | shows the breath alcohol concentration time curve
ghore all poinis are the mean of duplicare samples. The mean BAC
plonted as unfilled circles in Fig. 1, are also shawn along
#mcir comresponding mean BrAC results in Table 1. The peak
JAC vbzerved in Fig. 1 is the mean of duplicate resulis: 0.090 and
g2 g210 L. Both BrAC sample means tdetermined from dupli-
= mmpics collectied immediaiely before and afies the blood sam-
) exceed the comresponding mean BAC for 1he first sample,
geee 8} of these samples were coliecied bevween 17 and 25 min
ghex the [ast drink, the subject may stlf have been in the active ab-
seption phase of his concentration-time curve where anterial Blood
seohol (the source of & breath aleoho! sample] is expected to be
het than venous blood alcohol concemration, These differences
yeccounied for by the expeeted snalytical, sampling, and biolag-
il variability involved when companng within-subject breath and
siood alcohiol concentrations. Although gastrocsophsgeal reflux
peoot be ruled oul as a potential contibutor 1o the BrAC/BAC dif-
eenxces obscrved hese, these differences are notunuseal within the

BrAC (g/210L)
0.12 1

0.08

0.04 -

0.00

GULLBEAG » BREATH ALCOHOL ANALYSIS 1499

context of breath and blood sampling. Both BrAC sample means
were less thao the camesponding BAC mean for the second blood
sample collecved approximately | b later 2hd which appears 10 be
in the posi-absorptive phase of Fig. |.

Figure 2 shows the breath alcahol expirogram for the highest
{0.102 g210 L) of the duplicwie BrAC results pssocimed with the
first blood sample. The mean BAC value is also plotied for refer-
#nce, The breath expiropram appears normal with no evidence of
“mouth alcohol” or unusually large variability . The thermisior voh-
age. used in the BAC Datsmasier (o ensure sufficien| breath fow
vaie. is also plotted in Fig. 2 and reveals that the subject maintained
a fairly uniform exhalation rate {or appreximately IS 5. Simultane-
ouvs breeth and venous blond samples collecied near in time (o the
cnd of drinking can, on occasion. yield BrAC results in excess of
the BAC because of the associsted sampling and biclogical vari-
abilities (.., aneriovenous differences).

Figure 3 showt four bresth aleoho! expirograms associated with
the secand blood sample coliected 78 min afier the last drink and
ranging from 0.074 w0 0077 g2)0 L. All four breath samples were

TABLE 1—Results and times of rorresponding breath and blaod alcohol

comcenirariony,

Breath Sampling BraCY Blood Sampling BAC*
Time (gL Time (g/102 mL)
1441 0.0560 1445 0.0855
449 00885
1535 0.0750 1542 0.0810
1545 00735

* Mean of duplicate analyses,

@ Ereath alcoho! resutls {g/210L)
C Blood alcoho! resulis {g/100mi)

Time of last drink

A

2 3 4

]

Time Since Starst of Drinking (hours)
¥, | —The breath alcohiel concensration time carve Jor the subject with GERD. Each point (whether breath or blood) represenis the mean of duplicate

r
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F1G. 2—Pior of breath aivahn! expirogram shawing the alfocivted mean blood aicohol comcentration along with the e rmisior (breatl flow rafe} trore.
This curve represented the maximum single breath oleohol resuit (0,402 g/210 L) throughour the experiment.
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FIG. }—Four brenth alcahoi sxpirograms along with the associared mean blood alcohel concentrarion collected opproximatety 78 min efte? the
drink,
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gallecied within 10 min of each other, while the mean of two of
them ore reficcted in Table ). With Lhe mean BAC result shown for
gomiparison, all four breath alcohol expiroprams show very close
porespondence along with their apparent asymptotic approach to
the comespanding BAC. This patizm is much more 1ypical of si-
prhiaoeously measured breath and venous blood ssmples during
e pastabsorptive phase,

Figere 4 shows (he breath alcohot expirograms following preex-
nalation mancuvers of normal breathing. hypoventiation, hyper-
ventilation, and belching. These 1ypical curves are refective of
their respeclive presxhalation breathing patterns and show their
preaest differences in the early portion of exhalation. These dif-
ferences reflect the nteraction of alcoho! and the airways during
the first part of exhalation. The hypoveniilation conditien allows
foy & more complete equilibration of the upper airway (dead air
space fegion) where the distance between the airway lumen and the
tlood is much larger than in the alveolar region. The byperventila-
sioa pattem, on the other hand. shows how exhaled altohol is taken
sp significanty by the cooler alzohol deficient upper airways dor-
ing cxhalation, Asy mptotically, the curves would tikely converge
o the s2me limil. The exhslation curve following belching was
povided first among the four exhalatians, While this curve was the
highest of the four (although not forensically significant), it does
not appear abnorma or indicative of containing a “mosth alcohol™
bias. A expirogram containing “mouth alcohol” is peneral] y naisy
slong with regions posscssing a negative slope (the principie by
which the instrument dedeets “mouth aleoho!™). Althaugh the hy-
pervenblation curve remained significantly lower than the athers
throughoul the exhalation times, aone of the exhalation curves in
Fig- 4 appear abnormal for this subject.

Figure 5 shows an extremely long birath alcohol expirogram
from the sublect in this study. The individual ran compethively in
both high s¢hool and college and no doubt kad 2 large forced vital

BrAC (g/210L)
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capacily. The individual was insirucied to provide as tong of anex-
halalian as possibie emplaying a controlled bul stesdy exhalation
mancuver. The thermisior trace shaws that the minimum exhals-
tion flow mate required by the BAC Datamaster {as measored by a
voltage > 1.5 ¥ and corresponding (o approximatety 3 Limin) wias
maintainad throughout, The individual was able to sustain the ex-
halation for nearly 60 5. The comesponding mean BAC (collected
approximately 15 min after the breaih sample} is shown for com-
parison. The slow asymplotic approach of the BrAC 1o the BAC is
apparem wilh no evidence of "mouth alcohol” being present

A forensically sound breath 1est program employs several qual-
ity control features (6) that will minimize the porential bias due 10
esophageal reflux. A preexhalation observation peried (e.g.. 15 or
20 rnin) where the subject has 0o forcign material within the mouth
will eliminate any bias due 10 recenuy consumed alcohol. Dup)i-
cate sampling and analyses where acceplable agreement is ob-
tained (e.g., within £0.020 2210 L or within = 10% of their mean)
is panticular]y important where ~“mouth alcohal”™ from any soprce
may oceur. This Farther minimizes the risk of “mouth akeoho)” bias
because of its exponential elimination pattemn. A well-vmined and .
observant operator shoutd notice if the subject experiences 8 reflux
condition that brings materia! from the siomach upinto the mouth.
If this pecurs, the mouth should be thoroughly rinsed, checked, and
another precxhalation abservation period accomplished. Instry-.
mental featres that monitor for normal breath alcohol expirograms
as scch, for example, in Figs. 2 through S, will also minimize the
risk of a mouth alcohal bias due to GERD. However, these instry-
mental “mouth aleohol” detection fentures are Jeast rellable foren-
suring & biased-free test, Finally, a “siatic sampling” fealure wheng
the measured and reported sample is comtained within a closeds
sample chamber following the end of exhalation will avoid unusual
exhalation vagagies (s.p., sucking back, cte.) and showld improve
replicate precision.

010 7 Hypo-vestliation 0.043g/298L.  Exhaistion Following Baich 0.087 gi210L
0.08 Normal 0.084 gr210L
on .
Hypar-ventistion 0,072 gr210L
0.04
0.02 -
0.00 WJL T T T T -
0 5 10 15 20 28
Exhalation Time (sec.)

FI1G. 4—Brearh alcoliol expirograms foltowing narmai breathing. hypovendiation, kypervenniation, and belcking.
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FIG. 5--A breath alcohal expirogram fellnwing a prolonged and cantrolied exhalanion along with the asraciared mean blood alcohol concentrgtion oxd

thermistor tracing.

In addition (o the appropriate fomeasic safeguands noted above,
several biological considerations help to minimize the potential
bias due 10 gasyoesophageal reflux, A parial reflux bringing stom-
ach contents up ioto the Jower porzion of the csophagus would not
be. expected to bias the end-expiratery breath alcohol measurement
since the exhaled air would never be in contacl with the material.
Only a full regurgitation bringing material into the oropharyngeal
cavity would cause a concern. Even 8 full regurgiaron would be a

. copcern only if it contained raw alcohal vielding a vapor concen-
wation in excess of thar which is coming from the end-eapiratery
breath. Vapar alcohol in the mouth regicn that is equal or lower
than the end-expiratary concentration wouald not bias the sample
received and measured by the instrument, Foll regurgitation, bow-
ever, would yield foreign material in the mouth and technically re-
quire rinsing and a new observation period. Other faclors to con-
sider in & particular case would include the time since the last drink
and the food contents of the stomach. Alcohol leaves the stomach
rapidly with little or no food present. The risk of reflux in GERD
patients alse appears W increase when they recline and stomach
comlents are proxitnal with the lower end of the esophagus. If pos-
sible. having a subject with GERD si1 while providing the breath

. samples may be preferred 10 having them lean over while standing,

While processiag 4 subject for breath aleohol onalysis in drunk
driving cases. most police officers will question the subject about
physical disabilities and illaesses. Particular attention should be
paid if the subject mentions they salfer from GERD. Additional in-
sipht can be gained by asking specific questions such as: do they
take medication for the condition. how Yorg have they experienced
4he rondition, did they experience any type of refiux during the 13
min immedistely priot 1o providing the breath sample. eic. No bias
is expecied where the opertor observes 3 [5 min period. does not

observe any regurgitation of material into the mouth, and duplicsi
anatyses agiee acceplably well. Morcover. any belching immedi:
axely prior to exhaiation will not significantly bias a fest result sinee
any gas from the stomach will be exhaled into and ot of the Br
stument sample chamber being replaced by the final end-capir
fory sample ariving from the deep lungs. Belching during s co&
tinucus exhalation is highly improbable.

Conclusions

Although GERD cannot be ruled oul, no evidence of its comf
buvion 1o biasing the breath alcahol measurements in this expE™
ment cin be deduced. Al of the breath aleohol expirograms AW¥
with their comparisans with venous blood samples appeared ven
normal for human breath alcoho! messurement,

This experiment has demonsirated that persons suffering FO
GERD are certainly capable of providing reliable, unbiosed bX
slcohol resulls, An operator simply peeds 1o ask careful quest™s
and remaln alert 10 the possibility of reflux or regurgitation pe
ar during breath sampling. Mention of this pathotegical <Onel™
and its patential for bias should also be nated in the tiRiRE
breath lest insirument operators.

Although the poiential for biss in breath alcohol me-‘ﬂ“"“‘:
appears 10 be minimol, more work cenainly needs 1o be from
this area in view of the large number of people who suffer

" this condition. Moreover, the present experiment has & A

strated the potential for increasing our forensic undcﬁllﬂ‘:“*j
these unusual cases wough the cooperative efforts of §
scienists. prosecutors, allomeys. and the defendant Iffﬁ
In unique and Unusual forensic cases, studies can be desiEPr,
sccomplished where everyone invelved gnins somé

p.5
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Forensic scientists in breath . ohal tes1 programs should be par-
viculasly alert. and irain operalors s well. to unusual cases where
some arrangement can be madc to advance our knowledpe in par-
vcular areas. Many additional vpponunities will no doubt presen
themselves in the fulure.

Relercnces

1. Fisher RS. Treaumen of gastocsophageal reflux discase. In; Wolfe MM,
editar, Therapy of digestive dixorders. Philadelphin: W', B, Saunders Co..
2000,

. Lu:h GR. Talley 1). Fett SL, Zimsmelster AR, Mehon L. Prevalence and
clinical specirum of gastroesophageal Feflux: a population-tased study in
Olmstead County. Minnesota. Gasmoenterology 1997;112:1448-36.

Dale: 12/41/2001 Timm: 2:55:48 PM Page G ol €

GULLBERG » BREATH ALCOHOL ANALYSIS 1503

3. Nehet OT. Fornes MP. Caniell DO. Sympiomatic pastmesophageal reflu:
incidence nnd precipitating (actors, Am J Dig Dis 1976:21:953-6.

4. Kechagiax . Jonsson K. Franzen T, Andersson L, Jones AW, Reliabiliry
of breath-alcohol snalysit n Indiviguals with gasiroesophageal reflua dis-
case. J Foransic Sci 1999440418138,

5. Widmark EMP. Principhes and applications of medicolegal akoohol deler-
minalion. Davis, CA: Biomedical Publications, 1981,

6. Dubowiki KM. Quality assurance in beeath-alcohol analysis. J Anal Tox
1904 18:206-11.

Addilonal information and reprint requesis
Rod G. Guilberg, M.P.A,

Washingioe Sirte Parol

811 Eant Roanole

Scatile. WA 98102



