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Abstract

Police atficers frequemtly use the presence or absencs of an zicchol breath cder for decisions on proceeding farther into whriety
£sing. Epidemicicgical studies report many false negative exrors, The carrent study employed 20 experienced officers as observers
to detec an alcoltol edor from, 14 subjects who were at blood aicohol concenfrations (BACS) maging from zere to 0,120 /Gl
Qver a 4 h pexied, =ach oificsr had 24 oppermunities 1o piace jis nose at the terrinal end of 2 § in. tube throngh which mbiects
biew. Subjects were hidden behind screens with 2 sift for the tmbe to prevent zuy but odor caes. Under these cptimum conditions,
odor was detected enly rwo-thirds of the dme for BAC: below (.08 and 85% of the time for BACs at or above 0.08%. Afler food.
comstmption, correct deteetions deciined further. Officers wers unabie to recognize whether the aicohiol beverage was besr, wine,
bourdon or vedka. (dor strength estimates were umreisted to BAC levels. Estimates of BAC level failed to miss above: mndom
guesses, These results demonsirate that even wucder optimurm !aboratory conditions, breath odor detection is unrafiable, which may
account [or the low detection rate found in roadside realistic conditicns. € 1999 Elserier Science Lid. Al sights reserved.

Zepwordy Aleshol odor detection; Blood akahol concawtration: Drinking drivers

1. intredzction

Alcohol breath odor is the most frequently cited
observaticn by US polics officers in alcohel related
traffic offenses. Umnaily the stvapgth of the oder is
categorized as either siight, moderate or sirong. Despite
the frequent refiancs cn this clue in officers’ investga-
tion of drivers, lttle objective evidencs iz avaiizbie on
the probabiiity of successfuily detecting, identifying or
messnring alcshel odors.

A computer literatnre search suppiemented by exam-
ining references In various pubiications elficited omiy
two studies sxamining the detectability of breath aico-
hoi odor. The first study was found in 4 monograph
pubiished by Widmark {1932) (German Edition 1932,
English Transiation, 1981), Widmark was a professor at
the University of Lund, Sweden and presented data
coined from behavioral tesiing of 562 drivers arrested
far possible driving under the influence of alcchel The
dehavioral westing ccourred in poiice stations through-
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out Sweden, and were performed by more than 130
physicians. The seven behaviorai tests mcluded the
ader of aleobol on the breath, the Romberg Test of
body sway, walking a2 strzight live and tming, fnger
to fnger test, picking up small cbiects and siurred
spesch. Each of these items in the bebavioral battery
was administered t0 all subjects. Widmark noted that
the examination accurred sometme after arrest at the
poiice station and therefpre the breath odor would have
besn during the post absorpton stage. No subject
whose bicod alcohol concantraiion (BAC) was 0.06%
or below had an aicobol breath odor detected by
physicians, Between 0.061 and 0.08% BAC, 33% of the
drivers were detected as having an odor; between 0.08]
and 0.10% BAC, 63% of the drivers were detected; from
0.101 to 0.181% BACL, detections averaged 31%: be-
tween 0.131% and 0.2680% BAC, detections zveraged
92%; and it was only abowve 0.261% BAC that an
alcobolic odor was 100% derscted on the breath. It
shenid be noted that all these drivers had been arrested
for probable intoxicated driving and were :xhibitng
many other symptoms of aicchol presence wiich conid
have inflaencad the physican’s perception. Despite this
ihe probabifity of detecting aicobol on the Orzath re
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mafs mrprisingiy low and vadabie urdl very high
Baga .
The other referengs desing with the issne was= a
Manonal Highway Transpertadon Zafety Administa-
ton, Deparupemt of Trafic (WHTSA/LCT) pict
sudy examining cues utilized by officers & detecting
drivers under the mmfuence of aicchel (DUI) (Comp-
tom, 1985). This was an axperimental study where 75
male volugtesr drvers wers administered sthanol bew-
erages suficent to produce BAC: of aither z=ro or
berwezy 0.05 and 0.15%. Consumpton was spaced
over a L3—2 1 peced. After an additionai haif homr
wait, suhiecss drove a car over a Slosed course o a
check point, whers an oficer/observer converzed with
the driver and noted amopng other symptoms whether
an aicchol edor was presenged. Other symptoms ex-
oeimed were facr dnshing, sinrred spesch, sve dilation
derneancr, disheveied hair, poor dexerity and cicthes
disheveied, The officers then made a determimation
whether the dover showld be dewnined for forther on-
Drivers with a zero BAC wers correctly identifed

93%- of the time. Thers were 7% false-positives, ia 7

identificadon of 2 2sro BAC driver as having alechol

-edor. Since officers wers aware that they were parde-
patng in an aicchol study, 3 7% faise-cositive mrs s
undoubtedly higher than wounld cecur m actnal gafhc
steps. An alcobol odor wag detested in duivers with
BACs berwesnt .05 and 0.09% only 39% of the thme
producing 3 frise negative emor rare of §i%. Cone
versely, 61% of driverz with BACs betwesn 0.10 4nd
0.15% werz detected 23 ewmitting an aleobol odor with
3%% faise gegatives, ie. driverz above 0.10%, not de-
tected. Variability hetwesn officers in detecting odor
was quiie large.

The detection ates of the Widmark and Compion
studies appear ronghly comparable, aithough BAC: in
the Compton stady betwesn 0.10 apd 0.13% ware lscg
well deterted, pessibiy doe to the sutdoor field condi-
ticrs under which the Comptom study was performes.
This in contrast to the Widmark study done i the
enciosed space of z room I a pofics statiom. Another
factor in the Widmark sty was that the physicians
knew thar they were dealing with drivers arrested for
robabie DUL

The stmudy reported in thiy paper was performed to.
exanmne golice officers abiiity to detest aicchol cders
under optmum conditions, but withowt possible con-
tamination by cbservaticn of other behavioral cues,
Thus the study was condueted in a closed smovironment
with subjecs blowing through a short plastic mbe to

concentrate the Sreath stresm d prevent cder dissi- 7

paden, Officers placed their nostrils aear ths exit snd
of the mbe. Subjecis stocd behind cpaque scresns with
3 siit for the mice, This fnsured thar no other hehay-
iomai cue suggemting the presence of alechei, which
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might aave infiuencsd udgments in the Widmeric ied
Compron studies, wouid be prasent @ the surran:
stuay. Tae cnly cze presented to the ofScers wonic be
zder. In 2dditicn to xzmining the deteseabiiity mara as
a furetion of BAL, various fypes of beverages were
consumed by the subjects apd the rpie of beverage
type on delectability was alko szaomined,

2, Medd

21. Desizn

The sxperintent Wwas conducted 29 ome double-biind
session with four Tepested trials over a 4-3 petied. The
mte was the Drug Recognition Expert Program faciity
of the Los. Angeles Polics Department (LAPD),
Twenty officers who participated n the study wers
trained and experienced Drug Recogaition Experts ar-
tending 3 mandaiory wecertification ciags,

22. Subjecss

Zight males and X females ages 21-35 vears of
age, partcipated as paid voiuntesr mbjects. They wers
recxuited with newspaper ads and then screened for
physical and emotional filness and use of medicarion
and drugs, Alcohel use was asseszed with the Cahaian
et ai. (1969) quantity~freqnency—variability scale.

Appiicants who met sreening criteria were aroiled
in order of application. Thevy wers advised of the
conditions of  the study, incinding the mazimum
amount aud the types of aicohel beverage they wounid
drik, the duration of the drinking pericd, and the
tme the session would snd. They wers instructed o
abstain from foed for 4 h prior to the scheduled tme
for begimning the drinking. All subjects. gave written
nformed consent to voluntzry pmid participation
e experfment. Al aspeers of the sxperiment and sub-
jects® participation were approved by am instituticnal
review board. : -

2.2, dicohol meatment

The aicchol desages and drinking times wers varied
3¢ that at sach of the four test sessions 12 sobjects
had BAC: ranging from zero to romghiy 0.12%. Fach
subjectwas assigned a target peak BAC, and the afco-
hol dese was caleniated to producs that BAC midng
into aggount gender, body weight, bedy commosition
and duratien of the drinikdng and absorpton pericds.
Sabjects drapk for 05, 1, or L5 & followed by an
additional half heur absorpton peried pricr to partici-
paton in testing. The alcchol beverages were 30 proof
voedika (40% =sthmnol) mized with orange jmice, 35
proaf bourbom (43% ethancl) mixed with. 7-Up or
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Coiz. red wine (12% ﬂhanoﬂ and beer (aporommamy.‘

4.75% ethanol by voiums).
aaemddnnss and wmcwer“se'vedas:hrz= equal

porrans at equai me mtervais. T'weive ounce cans of
Lesr wers given at equal tme intervals in the aumber
required for the targer BAC, BAC measurements were
sbrained with thres Intoximeters crovided oy the LAPD
Scientific .meangat.cn Division and opemt:d By LAJPD

hncral:ory personnei.
.4.4. Serzing and appararus:

The drinking sessicn cccurred in a large lounge area.
Testing cceurred In two separate large rooms in which
cpaque plastic curtains (76 in. high and 28 fest long)
wer= instafled wail to wall approximarely six feet from
one end of 2ach room. The floor was marked on both
sides of the curtain at egual intervais as positions
through 4. Slits were cut in the curtain at heigits of 60,
&6 and 72 . to allow the insertion of pizstic tubes.
Crinking subjests used the siit pesiticns most appropri-
ate for their hesghts, The tubes wens § in. lengths of hard
plastic with 2 2 1/4 in. external diameter and 1/4 in, wail
thickrress.

2.3 Procedures

231, Subjec:s

Subrjects were transported to the LAPD faciiity by taxi
ore honr prior to the start of drimicng, Breath sampies
were obtained to confirm immial zero BACS. Subjects’
blood pressures were checked and female subjects pro-
vided urine samples which were tested for pregoancy.
Research st=ff monitorsd subjects throoghout the drink.
ing and absorprion period. Subjects were allowed to 2at
lunch when a minimum of an hour had siapsed after the
absorption period. Six subjects had unch between test
percd 2 and 3, but other subjects had a deiayed humch
because they began drinking later in the seasion. Lunch
was a pizza, salad and corn chips.

Al sach test penodslxsnb]acmwc'eesccrteameach
of the two testing rooms. Research assistants assigned
them to specific positions behind the curtain as deter-
mined 9v an incomplete Latin square design for each of
the four testing perinds, Ones in thefr positions, the
stibjects placed their breath tubes baif way throngh the
slots and stood silently.

Although thers were 14 subjects, oniy 12 participated
at sach iest period. Sabjects |12 participated I periods
| through 3 but in period 4, mbjects 2 and 3 were
repiaced by subjects 13 and 14. This change was required
in order to continue o present 2 balanced distribuiicn
of BACs at ail test pericds. As the BAC: of subjects who
began drinking eariy deciined, cother subjects began
driniong aad wers brought inio the stody. The aumber
of subjeczs at zerc BAC decraased in later periods.

77

252 Officars

Oi‘ﬁ;:zs wers mformed of the sxperfment objective
and were given datz forms o record their sxamination
of subjects, idendfied opiy by number. The dama form
requestad fiidgments as to the presence or absence of
alcchol odor, the strength of the odor, I oresent, the
type of alcohel beverage and am estimate 29 to the
subject’s BAC. Cfficers were requested to work indepen-
dently and nct i converse with the subjects. The 20
officers were spiit into two groups wiich alternated as
observers n different rooms at different test pedods. At
each tast period the officers made jiidgments oniy on the
six subjects in the room to which they were assigned for
that test pediod.

Affer the 12 subjects were positioned by research
assistants, the officers wers summened. The subjects
were hidden from the officers’ view by the cpague plastic
screens. Hach cfficer approached a marked curtain posi-
ticn md, when ready, asked a subject to blow thrcugh
the test the, 2,2 Position 4, biow thwroagh vour tube’,
He completed the form for that subject and that test
period based om the presence or absence of an oder of
aicohol. He then moved to the next availadis uncccupied
pemnon i that room and repeated the procedure unti]
all six smbjects were examined. Since the order of
smelling subjects was random, if thers were a carry over
affect from smeilng one subject to. ancther there wouid
have besn mo systermatic errer. Upeon completion,
officers handed their test forms to the research assistant
and laft the roem, The test perdods began az 12100 and
were repeated at 13:00, 14:00 and 1515 h

3, Resmits

3.1, Measured BAC:

Two successive Intorimeter BACs were taken before
andaﬁereachtes:peﬁud.Tahl:'lpmmtsthcmean
measured BAC for breath specimens for (4 subjects at
four test times. The tabie indicates the Gaverages con-
sumed by each subject Alcohol was only admmistered
1o each subject at a single drinking period. Test periods
for odor detection lasted no more than 15 min each, and
the deciine in BAC levei during those perieds averaged

0.005%.
3.2 Officers’ detection rate jor the ador Jrom aleohol.

Table 2 summarizes the accaracy of odor detection by
the 20 officers for =ach of the four test pericds for ail
detection attempts and by thres BAC categories. There
shouid be 120 detection attemupts for eacd period (20
officers zvaluating six subjects), but several data pomts
were missing for the first three pericds. :
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Tanpie [
Mean mavmeed JAC: for 14 subjects 31 four test times Bigog aicajrof
congsmtradens (34) :

Stijezs Test! Test2 Tes? Tetd Zavermee
1 0000 GaCe 0008 0400°  Nope
3 008 o200 o000 - Mone
3 A500 a.4300 3.000 - Neme
4 0060 Q000 0.000 9088  Raurben
3 00e  0.080 020 0082 Vedlx
6 2.000  0.000 100 0089  Nomybon
i’ i oS .09 (0088  Vogks

3 .28 0014 0099 9079  Bourkom-
3 0989 (.081 0084 - 0050  Fesr

10 2,64  goa2 0.061 0035 | Wime

11 G.048 D038 403 0884 Beor

iz 01T A806 4001 0500 Wige

13 - - - 0118 Bax

14 - - - 0087  Sourbon

Mean 3AC 0042 0042 0045 0959

Remits for the frst two neriods will be discoased
intdaily, as the copnsummption of the lumch clearty
changed the probability of detection. Cverzdl, successini
ciassification of odors were 31 and 78% m the first two
pericds. Examipaticn of the two positive BAC cate-
gories found 88 znd 78% cormest dewsctions for BAC:
above 0.08%, but only 50 and 70% 2t or below 0.08%.

Tabie 3
Numbanfr.spunmmmibytmmﬁndandhy&&&
Triaf | 2 3 4
Toral
Carreet 93 3124 37 (76 T e 6 @)
Faise posi. 3 & e 5

tve
False nege- 10 11 20 37

tive '
Troeanain 5 10 18 2
Tortai 118 114 113 i)
2.08% B34C
Coryzet 4@ IO 2 = 14 {10
Faise posi- 3 & 0 3

Hve
Unesrmig 3 3 T I
Totai - 43 38 1
=0.08% B4C
Correc: 12 (5% 4 {T0%) 23 (78, 24 55%}
Falze nega. 7 3 5 3
 tive
Uncartain i 3 3 3
Towi 20 a0 3 it
> 0.08% RiC
Correes 35 (3875 38 173%) 12 @573 - 20 16Ty
Faise noga- 3. 3 13 it

Hye
Une=rtzin 2 2 3 3
Towmt 40 46 Eyd a0

Tabie ? .
Stemgthr of aieoitel edor by 3AC fmumier af =tings)

Jdorirating SHghe Moaderatz Strong

FAC @fa}.

<t & g

0.04-0.08 15 19 3

>4.08 43 a k)]

Total' 71 % 3

Tie majorify of sabjects in the last twe petieds had
consumed funch and focd odors interfersd with detar.
dor of aicohel oder. Overafl correct a=smesments. de-
ciined in the- third and. fourth periods to 39 and §3%
respectively. Detections were 49 and §7% abgve 0,08,
and 74 and 55% at or Below 0.08%. Corrac jodgments
egarding zero BACs aiso dipped to 55 and 70% in the
last two periods.

Each officer had 24 smiffing orportunities, bur corene
derction varied greatly from six to 22 with a mean of
18, The large nter-officer variabifity is consistent with
the conclusicn cf the Compton (1985 sindy. Similariy,
fhise negmtives ranged Tom I to 10, with 3 meaqn of
thres, and uncertain responses Som 0 to 16 with a
mean of rwo. False positives were less framuent with 2
range from @ to 4 but oniy 2 mem of oge,

If officars reportzd the presemce of am aleokol oder,
they were asked io mare the stremgth of that odor as
ether siight. moderate or strong, Tabie 3 summarizes
the oumber and pereenr of responges in the thres -
sponse categories z3 a funetiom of BAC lavel for ail

beverage types combined.
A wend towards correiation Betwean BAC and ador

‘strcngthasﬁmareappmroexisr,bm;zcaisquam

statistical test failed’ to reach significance at the 0.05%
level. White 10 BAC below 0.04% was tated 38 oroduc-
ng a strong odor, BACs above 0.04% werz raied at
2very streagth level from siight o strong. Conversely,
icoking at the ‘siight’ oder strength rating coiumm, the
actual BACs of subjects ranged from the lowest level
{0.019%; to the highest (9.128%). For a police cfficer, 2
‘strong’ odor sstimate should sugeest that the snbject is
mere likaly than not to have 2 BAC above 0.08%. On
the other hand, filing 19 deteet any odor or detecting
2 “weak’ odor is no evidencs that the driver is not abave
0.08%. : ‘

Although somewhat confounded by differences be-
the type of bevernge consurmed and the sstimate of the
stremgth of the beverage. Officers, after rating odor
sixength, were asked {o identify the heverage. Ii was 3
near Unanimons statement of ail officers that they were

unzable 1o derermine the beverage type,
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The difficaity inm detectng gicchel breath odor or. -

identifying the beverage iype may run counter to sgh-
jecdve impressions. It shouid be noted that this study
sxamiged odor m 2eacly all, cases after absorpton was
corapleted. Judgmenrs made during drmking, or scom
thersafter wien the beverage remains in the orai mu-
cous membrsnes or in the storach, would lLkely ins
crease odor detsction and bevernge identiffcation.

If an officer reported the presence of an oder, he was
requested to sstimrate the S3AC of the subject using one
of three respounse caregories: 0.04% cr below, 0.05-
1.08%, and above 3.08%. The officers were correct 19,
3%, 25 and 9% in test periods ! —4 sespectively, which
i roughly what is expected by rondom estimates, Er-
fors wers two tines more Hkely to be mmdersstimates
rather than over estimaies.

Afthough comparisons betwesn the four beverages
types were. hindared by difference m BAGCS, thers is
liitle evidencs that beverage Type was 3 significant inffu—
ence in detecting the odor of alcohol Table 4 presemis
the aumber of correct and incorrect detestien for all
subjects by test period, beverage and BAC. Thers s a
aligitt tendency for beer and wine, at higher levels, to be
more easily detected. Since the voiume of beer 3 much
areater than the voiume of other beverages, it is poss-
bie that odor from unatsorted stomach contents led to
more detestions, Rates of detection for vodka differed
itle from bourcorn aithougit the amount of congeners
such as fusei alcohols in-bourten is perhaps 2 humdred
Umes greater. Officers had no greater difficuity with
vodka than cther beverages despite the fact that ved-
ka's coritent of almost pure ethanol renders it essen-
daily odorless as a beverage. These resuils suggest that
some commen by-praduct of ethanel consumption un-
deries the odor ~producton fTom fully absorbed

Teverages. ‘

Table 4 )
Wag there an odar? Decisions for positive BAC: by beverage cype

and BAC

Bewerage BAC range  Mean BAC Mo, mbjects % Yes
type
Sex <4 0.021 15 i
0,04-0.08 054 kit 67
>0.08 0.097 27 35
Wine <04 2.017 29 2B
. . 004-0.08 1.061 a a4
>Q.08 2.093 13 33
Vadka <0.04 4806 i 4]
8.04-3.08 0.066 10 a0
=J.08 0.098 48 b}
Bowbon 0.04-0.08 2.079 10 3a
>0.08 4.102 a8 12

1

4 {fncinsions and discossions

In a controiled serting, highly trained and experi-
enced poiics officars were asked to determine i subjects
had been drinidng based solely on the odor emitzsd
from the suijects’ breath. The setting, which was anlize

- a roadside condition, was designed to maximize the

cpportmmity to use odor as a cue. It is amiikely that in
a aopmal roadside mteracton poiics officers would
bave thex nostrls close to 2 creumseribed, mrong
breath stream. :

Under these laborarcry circummstancss, 78.5%. of the
officers decisions were corect during the first two. erinl
pericds when confounding foed cders were not presenr.
The majority of errors-wers false negatives, ia, officars
failed to perceive the odor of alcohol in drnkng sub-
jects, The faise positive rate for officers, 1.2 2 report of
aicahol odor in subjects at zero BAC, was considerabiv
lower. In fact, considering their stromg expectations of
the presence of algohol, the nimber of false positives
was quite low, is. less than §%. This suggests thar
under reai life conditiens officers ares uniikely tc report
the edor of alcohcd for am individual at zero BAC,

Ag expected, the probability of detecting a breatl
odor is correlated with BAL, At BACs of 0.08% and
below, the probability appears close te 60%, bot for
BAZ: above (.08% the probability rises to the 80%
range when no food oders are present. Under more
realistic feld conditicns, the probakbility of detecting
aicohe] odor would be much lower. Even wien an oder
is datected, officers may not taks acton because of
upderestimating BACS. Faw of the sstimdtes of levels
were correct, and neariy all the exrrors were underesg-
mations, which would lead fo decisions to release

This laboratory situation «reated an optimum opTor-
tunity to use alcohel odor as a scie indication of the
oresence of aleohol and for estimation of its strength,
Clearly, estimates of sirength, even in this situation,
wers igvaild as were identifications of the beverage
consumed, Also, even these extremely experjenced
officers were capabie of detecting the présencs of alco-
ol relatively reliabiy only in the region of 0.08% and
higher. . '

The finding that there were oniy small differences T
the intensity of the cder as 2 function of the 1ype of
beverage is of scientific interest. It suggests the fusel cils
and other chemical constitnents of many alcoficlic Sev-
srages are ot the prime determinant of odor after the
teverage ig fuily absorbed. Mote that aithough vadka
has onily a few parts per million of these chemwcais and
bourbon contains several thousand parts per miilion,
shers was little difference in the derection of the odars
from these twa substances. This suggests that what is
dewected in the breath may be a constfuenr of the
metaboiization of aicchal,
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In +his conmoiled snvironment smdy, it was demone

strazed thar officers were able to derive opiy limited
mformation from aicohel odor. These dndings are con-
| sisteqr with the Widmark (1932} pojice-siaton study
and the Commpron (1983} cpen air madsde studies.
Zoth previcus stucies found smail elioed of detes-
ing breath aieohol odors for BAC: below .08-0.10%
and detecticn {aifures even above 0.10%,

Given the diffcuity of detecdng the odor of aicohol
ander roadside conditions and the liksiihoed of mder:
estimating BAC from the strength of the oder, it wouid
se=m prodent for an officer wite detects any odor of
aleoiicl on a drivers breath, (asswming that: the driver
hasp’t doumk in. the fzst 13 or 20 min), 10 aduyinister
feid sobrety tesis or an aicohol breath smnsor

Furthermere, given the low probabiiity of detecting
an ziconci breath odor, it might be prudent for officers
{0 use 2 br=ath testing device whenever a driver sxhibiis
behaviers frequenidy’ associnted with aicohai use.
Equaily pradent might be the use of a passive alcobol
seasing device wiemever an officer contacts 3 driver
after a coilision or {raffic infracrion,

. Tais study was supported fom & comttact for the .
Insuranes Institqre for Highway Safery. The opinions
of the amthers ame mot fo be construed as these of +he
Instirmte, '
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