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Performance Evaluation of the Scent Transfer
Unit™ (STU-100) for Organic Compound

Collection and Release

ABSTRACT: The Scent Transfer Unit™ (STU-100) is a portable vacuum that uses airflow through a sterile gauze pad to capture a volatiles
profile over evidentiary items for subsequent canine presentation to assist law enforcement personnel. This device was evaluated to determine its
ability to trap and release organic compounds at ambient temperature under controlled laboratory conditions. Gas chromatography-mass
spectrometry (GC-MS) analyses using a five-component volatiles mixture in methanol injected directly into a capture pad indicated that compound
release could be detected initially and 3 days after the time of collection. Additionally, 15 compounds of a 39-component toxic organic gaseous
mixture (10-1000 parts per billion by volume [p.p.b.,]) were trapped, released, and detected in the headspace of a volatiles capture pad after being
exposed to this mixture using the STU-100 with analysis via GC-MS. Component release efficiencies at ambient temperature varied with the
analyte; however, typical values of ¢. 10% were obtained. Desorption at elevated temperatures of reported human odor/scent chemicals and
colognes trapped by the STU-100 pads was measured and indicated that the STU-100 has a significant trapping efficiency at ambient temperature.
Multivariate statistical analysis of subsequent mass spectral patterns was also performed.

KEYWORDS: forensic science, volatiles profile, scent, odor, canine, scent transfer

The landmark Supreme Court case, Daubert vs. Merrell Dow
Pharmaceuticals (1993) (1), significantly changed the legal admis-
sion procedures for scientific evidence in criminal cases. Previously,
the 1923 decision in Frye vs. United States (2) stated that a
procedure or method claiming to have scientific merit had to be
considered reliable in the scientific community, have testimony
provided by a qualified subject expert, and have proof presented that
the person performing the test used correct scientific procedures.
Daubert went further by adding specificity to the requirements that
scientific claims must be verifiable, published in scientific journals,
have a known error rate, and be standardized. As this decision, a
number of common methods utilized by law enforcement and
forensic science laboratories have undergone scrutiny in the United
States judicial system. One of these methodologies involves scent-
discriminating canines and the investigative tools utilized.

For admissibility purposes under Frye and Daubert, it would be
beneficial for law enforcement purposes to reproduce the detec-
tion capability of canines in methodical form, with real-time and
onsite capabilities. Research efforts are focusing on improvements
in sampling of organic chemicals emanating from clothing or
other evidentiary material, and furthering the development and
use of effective trapping materials to characterize and facilitate
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the canine’s scent-sensing ability. This research presents results
from a performance evaluation of a device called the Scent
Transfer Unit'™™ (STU-100), which is currently used by law
enforcement for sampling the volatiles profile emanating from
evidentiary material.

The history of using human scent-discriminating canines (Canis
familiaris) for searching and for identifying criminal suspects in
the United States is extensive. Positive scent matches are routinely
accepted in the criminal justice system as probable cause and can
be admitted as evidence in a trial, provided that additional
evidence corroborates the canine’s response (3). Unlike many
European nations that have national certification and proficiency
standards for scent-discriminating canines (4,5), there are no
national standards in the United States. As a result, the reliability
of scent-discriminating canines to correctly match and identify
individuals from scent objects continues to be debated (6-11).

There are essentially six categories of detection canines being
used by law enforcement: trailing, tracking, article detection,
substance detection, area search, and scent identification line up.
Trailing canines are trained to match the volatiles profile (scent/
odor) acquired from an article of evidence to a matching trail of
scent/odor present on the ground or in the field. Tracking canines
are trained to follow ground disturbances, crushed vegetation, and
although a human odor component may be present, they are not
required to match a scent sample. Article detection canines are
trained to locate items recently deposited within a search area.
Substance detection canines used for detecting the presence of
narcotics, explosives, arson accelerants, or human remains are
typically trained on predetermined specific chemicals or mixtures
and they are taught to alert when a match is located. Area search-
and-rescue canines are trained to search mass disaster areas for the
presence of live humans. Scent identification line-up canines are
trained to use the scent/odor acquired from an article of evidence
to identify the suspect of a crime from a line up of scented objects.

Copyright {© 2006 by American Academy of Forensic Sciences
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A human volatiles profile is more chemically complex and
requires substantially different canine training scenarios compared
with those used with targeted chemicals.

For the purposes of the canine and law enforcement commu-
nities, the terms scent and odor are community specific and are not
necessarily interchangeable with other disciplines, such as biol-
ogy, ecology, etc. Progress is being made in characterizing the
variables and defining the terminology behind human scent
composition and canine olfactory systems to develop a better
understanding of the canine’s response to mixtures of volatile and
semivolatile chemicals. Curran et al. (12) developed terminology
to categorize the complex mixtures that constitute human scent or
odor. The first category, “primary odor,” consists of constituents
that are stable over time regardless of diet or environmental
factors and are genetically based. A second category, “secondary
odor,” contains constituents that are present due to diet and
environmental factors. Finally, “tertiary odor” contains constitu-
ents that are present due to the influence of outside sources such as
lotions, soaps, or perfumes. For the purposes of human odor
detection and analysis by canines, scent is considered the overall
volatiles profile left by a human and odor consists of the elements
of the volatiles profile that elicits a behavioral response. There
may be dozens of compounds present in human scent, but it is
unknown at this time the identity or quantity of compounds
required by the canine to obtain an odor-related behavioral
response for match-to-sample recognition. A volatiles profile is
the terminology used here for describing a superset of both scent
and odor that is independent of the human model (odor) and the
canine model (scent/odor) as well as an instrumentation model
(sampling chemicals) as it is known that particles are not respon-
sible for eliciting a volatiles detection response in canines (13).
The purpose of this study was to explore the ability of a specific
sorbent to collect and release a combination of volatile chemicals.
Although the compounds selected for this study have been
previously reported to be components of human scent, the authors
do not intend to imply that they are the components utilized by
canines.

STU-100

There are four commonly used methods to collect a human
volatiles profile for canine use: direct, swipe, adsorption/absorp-
tion, and indirect. The traditional direct method allows the canine
to smell an article of evidence or volatiles source directly by
bringing the item close to, or in contact with, its nose. Swiping
involves wiping the surface of the evidentiary material with a
sterile gauze pad and thereby transferring volatiles onto the pad.
The pad is then presented to the canine as in the direct method.
Adsorption/absorption involves placing a sterile gauze pad on the
source surface for some time period, thereby creating a concen-
tration effect or an aggregate from the item(s) of interest. Often,
the source object(s) and a sterile gauze pad are placed into and
sealed in a plastic resealable bag. After some time, the gauze pad
is removed and presented to the canine as previously described
(3). A major drawback to these three methods is the possible
disruption and contamination of trace evidence within the object
of evidence during scent pad contact. To address this issue, U.S.
law enforcement personnel have recently been using an indirect or
noncontact method of volatiles collection via the STU-100. Very
little scientific data have been published that characterizes the
trapping medium’s (cotton pad) ability to adsorb and desorb
organic compounds responsible for scent at ambient temperature.

Developed by Tolhurst and Harris and patented in 1998, (14)
the STU-100 device is a portable, hand-held vacuum pump with a
modified inlet, that is able to hold in place a 12.5cm x 23.0cm
Johnson & Johnson™ sterile surgical gauze pad. This “scent pad”
is used as a trap to collect primarily volatile or vaporized scent
compounds as the STU-100 pulls air through the gauze or sorbent
at a flow rate of ¢. 300 L/min while it is physically swept above or
over articles of evidence or over areas that may emanate volatiles.
The pad is then removed from the STU-100 device and double
packaged in heat-sealed nylon envelopes. To conduct a scent
check with a trailing canine, the handler first acclimates the canine
to the available volatiles profiles (scents and odors) at the start
location and establishes a baseline for the canine. After harnes-
sing, the handler opens the nylon envelope and places the pad in
front of the canine’s nose. If a matching odor is present at the trail
start, the canine commences to follow the trail. If no matching
odor is present, or the level of volatile organic compounds is
below the detection capability of the canine, the canine is trained
to respond by refusing to trail.

As the number of criminal investigations utilizing the STU-100
has increased, challenges to its court admissibility have surfaced.
Officials of the Law Enforcement Bloodhound Association
(LEBA) and the National Police Bloodhound Association (NPBA)
have criticized the capabilities of the STU-100, although both
organizations have members who own and use it. Published
statements reflect that neither LEBA nor NPBA currently endorse
the STU-100’s “trap-and-release” capabilities (15). To date,
neither organization has scientifically tested the device. The
primary concern expressed by both bloodhound organizations
and recent legal proceedings is that the STU-100 does not
efficiently collect scent and that the device itself possibly con-
taminates the scent pads. A recent double-blind study using the
STU-100 with canines from the Southern California Bloodhound
Handlers Coalition showed that the percentage of positive-scent
matches made by bloodhounds between human scent sampled
from postblast debris and respective human subjects was 78.3%,
with no false-positive identifications (3). For these tests, a false-
positive identification is defined as a canine alert to a human
subject whose odor was not present on the STU-100 pad during
scent proffer. In another study using the STU-100, Harvey and
Harvey (16) evaluated eight trained bloodhounds (three novices
and five veterans) for the ability to discriminate scent between two
human subjects and effectively trail the scent in a battery of terrain
and weather conditions. (Note: Bloodhounds with more than 18
months of training were considered to be in veteran status.) The
STU-100 was swept over multiple areas of the test subject,
without contacting the subject, to obtain a volatiles profile not
specific to any body part. In field trials, canines were offered the
scent pads and they proceeded to follow the scent on 48-h-old
trails. The veteran bloodhounds proved successful 96% of the
time, while canines in the novice category had a 53% success rate.

Nations with human scent detection canine programs all utilize
various natural fiber scent pad materials (e.g., cotton) to capture
and release the volatiles profile. Although anecdotal and empirical
data suggest that cotton materials collect and release organic
chemicals, this study provides an organic chemical trap and
release data confirmation from controlled laboratory experiments.
Initial experiments focused on spiking the pads directly and
utilizing a chromatographic separation before mass spectrometry
for identification and confirmation. Additional experiments uti-
lized a more direct analysis approach with no separation step
before mass spectrometry. This latter approach generated multiple

“ion patterns or ion current profiles amenable to mathematical
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factor analysis. The pad used in the STU-100 sampling device was
desorbed at ambient temperatures as well as elevated temperatures
utilizing analytical instrumentation in controlled laboratory set-
tings with known chemical mixtures or standards.

Experimental Methods
Matrix Spike Mix

Initial experiments were designed to determine the extent of
desorption (release) of a known chemical mixture from the pads
currently used with the STU-100. One microliter of a five-
component, volatile organic analysis (VOA) Matrix Spike solu-
tion (EPA method 524.2, Volatiles in drinking water) prepared at
2.5 mg/mL in methanol was injected onto the inner cotton layers
of a Johnson & Johnson™ sterile dressing (currently used as the
volatiles profile capture pad). The pad was immediately sealed
inside a blanked (i.e., previously analyzed and found to contain
nondetectable levels of the volatiles of interest), 3L Tedlar™ bag.
The Tedlar™ bag was then filled with 0.5 L of pure air ( ~ 25°C
at 60% relative humidity) delivered by a Kin-Tek 491M Dynamic
Gas Diluter (Kin-Tek Instruments, La Marque, TX). A negative
control was made using the same procedure without addition of
the VOA standard. A positive control was prepared by directly
injecting 1uL of the test mix into a blanked Tedlar™ bag
containing 0.5L of pure air and no pad. The bags were allowed
to equilibrate at room temperature for 1 h and 72 h, after which 10-
mL headspace samples were removed from the bags by an Entech
7100 laboratory benchtop air concentrator (Entech Instruments,
Simi Valley, CA). The air concentrator used three-stage pre-
concentration incorporating cryogen/Tenax TA solid sorbent,
cryogen/glass beads, and a final cryofocusing stage before
thermal injection into an Agilent 5973 Gas chromatography-mass
spectrometry (GC/MS) fitted with a low thermal mass (LTM,
RVM Scientific, Santa Barbara, CA) (17) DB-5 column
(30m x 0.25mm OD x 0.25 pm) for analysis. The GC/MS meth-
od parameters are provided in Table 1. Quantitation of recovered
analyte was based on a five-point calibration curve (0.25-25 ng/L)
of the VOA mix generated before analysis.

Volatiles Gas Loading to the STU-100 Pad

To characterize adequately the adsorptive properties of the
pads, a standardized NIST traceable gas mixture was used to
simulate realistic sampling of low parts per billion by volume
(p.p.b.y) levels. A U.S. EPA compendium toxic organic compound
(TO-14A) gas mixture (prepared at 1 part per million by volume
[p.p-m.,]) containing 39 target analytes was used as the test
mixture (Restek Corp., Bellefonte, PA). According to Vass et al.
(18) 14 of the 39 analytes in this mix have been identified as major
components in decomposition of 1-year-old buried human re-
mains. The implementation of this TO-14A gas mixture with this
study will therefore also be beneficial to future scent determina-
tion research in conjunction with cadaver detection canines.

For the analysis (performed in triplicate), a volatiles capture
pad was placed onto the STU-100, which was then positioned to
face a %in. diameter TO-14A gas stream situated 0.5 cm from the
middle of the pad (Fig. 1). A diluted, humidified, 20 p.p.b., TO-
14A gas mixture (at 25°C) was then loaded onto the pad at a flow
rate of 0.5 L/min for 2.0 min (20ng nominal mass loading per
analyte), during which time the STU-100 was operating at full
power ( ~ 300L/min). After gas loading, the scent pads were
individually sealed inside blanked, 3L Tedlar™ bags and filled
with 0.5 L of humidified pure air (25°C). The pads were allowed to

TABLE 1—Agilent GC/MS with LTM A68 method parameters.

Agilent 6890 GC Oven

Temperature 210°C

LTM-GC temperature program

Initial temperature 30°C

Initial hold time 2.00 min

Temperature rate | 20°C/min

Intermediate temperature | 175°C

Hold time 0.00 min

Temperature rate 2 60°C/min

Final temperature 210°C

Final hold time 0.00 min

Transfer line/inlet

Mode Splitless

Temperature 250°C

Carrier gas Helium

Column program

Mode Programmed pressure

Initial pressure 28.00 psi

Initial hold time 2.00 min

Pressure rate 1 2.02 psi/min

Intermediate pressure 1 38.11 psi

Hold time 0.00 min

Pressure rate 2 6.01 psi

Final pressure 2 46.10 psi

Final hold time 0.00 min

Average linear velocity 53 cm/sec

Agilent 5973 MSD settings

Acquisition mode Scan

Scan range 29-180 m/z, 0~1.5 min
34-280m/z, 1.5-11 min

Scan rate 14.64 scans/sec, 0—1.5 min
10.13 scans/sec, 1.6-9.5 min

Threshold 150

Sampling (2") n=1

Solvent delay 0.00 min

MS quad/source temperature 150°/230°C

MS transfer line temperature 200°C

GC/MS, gas chromatography-mass spectrometry; LTM, low thermal mass.

equilibrate inside the bags for 3 h. Analysis consisted of concen-
trating the headspace (0.5L) via the Entech laboratory air con-
centrator, followed by thermal desorption onto a GC-MS for TO-
14A target analyte identification and quantitation. Quantitation of
recovered analyte was based on a four-point calibration curve (0—
20ng) of the TO-14A gas mixture performed before analysis. This
process was repeated with undiluted (1p.p.m.,) TO-14A gas
mixtures as well.

Thermal Desorption with Atmospheric Chemical lonization Mass
Spectrometry (TD/APCI-MS)

A different analytical technique was utilized for analysis of the
volatiles capture pads to provide additional supportive data for
this evaluation. The alternate method used TD/APCI-MS. This
technique offers the ability to rapidly obtain rapidly a mass
spectrometric profile (or the volatiles profile in an ion current
form) from analytes present on the pad that would ionize by this
method. By using multivariate analysis on the acquired data, the
reproducibility of the volatiles profiles can be compared and
important discriminators can be determined.

A PE Sciex 365 triple quadrupole mass spectrometer (MDS
Sciex, Concord, ON, Canada) equipped with a thermal desorption
atmospheric pressure chemical ionization source (Mass Spec
Analytica Inc., U.K.) was used for all of the experiments involving
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FIG. \—Scent Transfer Unit™ (STU-100) positioned to accept a TO-14A
gas stream from the Kin-Tek 491M Dynamic Gas Diluter.

direct analysis with no prior chemical separation of the compo-
nents emanating from the pads. Figure 2 illustrates how the pad
was inserted into the desorption block of the TD/APCI-MS for
direct analysis. The pads were used with, or without, the STU-100
to collect volatiles from the headspace of selected chemicals. The
pads were desorbed at ambient temperature or elevated tempera-
tures to assist with the release process and mass spectra were
collected from m/z 30 to 500. The resultant data were smoothed,
centroided, and imported into a multivariate analysis software
package (Pirouette Lite Explore v. 3.11) where principle compo-
nent analysis (PCA) and hierarchical cluster analysis (HCA) were
performed.

Experiments were conducted to demonstrate that chemicals
were being adsorbed, absorbed into, or trapped onto the volatiles
capture pads, and that the chemicals were released from the pads
at room temperature. Approximately 1 mL of benzaldehyde was

FIG. 2—The volatiles capture pad was placed into the desorption block of
the thermal desorption followed by atmospheric pressure chemical ionization
mass spectrometry (TD/APCI-MS) for mass spectral analysis of the compo-
nents that were successfully trapped by the pad.

placed in a beaker and covered with a watch glass. An uncapped
bottle of 2-nonenal was also placed in a beaker and covered with a
watch glass. The headspace of each was sampled with the STU-
100 for 5, 15, and 30sec, with about 6-8 h between sampling.
Only single measurements were acquired and the first 10 scans,
unless otherwise noted, were averaged to yield the average ion
current for selected compounds. In negative ion mode, a few
milliliters of isovaleric acid was placed in a chamber and covered
with a glass plate. The compound 2-ethylhexanoic acid was placed
in a beaker and also covered with a watch glass. Sampling was
performed for periods of 5, 15, and 30sec. A binary mixture
composed of approximately equal volumes of isovaleric acid and
2-ethylhexanoic acid was also prepared in a beaker and covered
with a watch glass. Only semiquantitative analysis has been
achieved via this technique thus far.

An example of the experimental data sets that can be generated
via the TD/APCI-MS technique is shown in Fig. 3. In this
particular data set, multiple ions are monitored as the analysis is
executed. An example of two compounds that are reported to be
human odor components, isovaleric acid and 2-nonenal, and their
respective mass spectral patterns and selected ion profiles result-
ing from a headspace analysis, are illustrated. This experiment
shows that when operating under these conditions, the molecular
ions or the protonated molecules are primarily observed.

Results and Discussion
VOA Matrix Spike Mix

The results listed in Tables 2 and 3 indicate that volatile
chemicals were released from the capture pad(s) and could be
detected in a volume of as little as 10 mL of air at 1 and 72 h after
loading. The positive controls resulted in a moderate recovery for
four of the five analytes studied, with a high-recovery observed
for benzene in the 1-h equilibration and for toluene in the
72-h equilibration. Although the positive control components at
72-h sampling exhibit, in general, higher recoveries than at the 1-h
sampling, this was not observed in the actual pad samples. The
recoveries in all three sampled scent pads were less at the 72-h
mark than at the 1-h sampling (except for trichloroethylene in
Sample #2), indicating that analyte may be readsorbing onto the
pads over this time period, efficiently adhering to the inner surface
of the Tedlar™ bag, or permeating through the bag. Nevertheless,
this study indicates that measurable amounts of chemicals injected
or spiked onto the scent pad in liquid form can be released over a
3-day period of time by the scent pad fibers into the headspace
surrounding the pad.

Toxic Organics (TO-14A) Gas Mixture

The results along with the relative standard deviations (standard
deviation/mean expressed as a percent [RSD]) are listed in Table 4
and show that a maximum of 15 out of the 39 target analytes were
quantitated above the minimum detectable level (0.01 ng) when
the scent pads were loaded at a concentration of 10p.p.b., (20ng
nominal mass). Most of these analytes detected were the heavier
substituted aromatics, with the exception of two types of freons
(dichlorotetrafluoroethane and trichlorofluoromethane), and 1,1-
dichloropropane. Total recoveries for the remaining analytes were
well below the load amount, suggesting three possibilities: (a) the
pads were efficient in trapping the volatiles, but the flow rate
( ~ 300L/min) of the STU-100 was too high to enable both
efficient and reproducible adsorption of analyte to the pad, and/
or (b) the pads are only marginally efficient in trapping or
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FIG. 3—Example of the data generated by the thermal desorption followed by atmospheric pressure chemical ionization mass spectrometry (TD/APCI-MS)
instrument when a volatiles capture pad is independently loaded with isovaleric acid and 2-nonenal. The total ion current (top two plots) and the individual spectra
(bottom two plots) for the protonated molecule of isovaleric acid and 2-nonenal are illustrated at m/z 103 and 141, respectively.

adsorbing the low-molecular-weight volatiles, and because of this
inefficiency, analyte broke through the pads during sample load-
ing, or (c) the pads required higher temperatures (>25-30°C) to
release analyte in amounts sufficient for laboratory-based instru-
mentation to detect. To test the possibility of (a) above, sample

TABLE 2—VOA matrix spike results after 1-h equilibration.™

loading was performed at the undiluted concentration (1 p.p.m.,)
of the TO-14 test mixture to load a nominal mass of 100 ng onto
each scent pad, with one analysis incorporating the vacuum of the
STU-100 and another analysis using only the undiluted gas stream
(0.1 L/min) onto the pad. The results along with the calculated

Analyte Recovery

le #1 #2
Theoretical & Sample Sample Sample #3
Target Compound Yield (ng) ng % ng % ng % ng %
1,1-Dichloroethene 12.76 2.65 21 0.12 0.9 0.11 0.9 0.2 1.6
Benzene 15.6 13.91 89 1.32 8.5 0.67 43 5.64 36
Trichloroethylene 9.4 1.12 12 0.73 7.8 0.62 0.7 238 25
Toluene 13.28 335 25 245 18 2.42 18 6.7 50
Chlorobenzene 10.92 3.14 29 1.57 14 1.99 18 3.09 28
*All blanks yielded nondetects.
VOA, volatile organic analysis.
TABLE 3—VOA matrix spike results after 72-h equilibration.™
Analyte Recovery
1 le #1 Sample #2
Theoretical Contro Sample ample Sample #3
Target Compound Yield (ng) ng % ng % ng % ng %
1,1-Dichloroethene 12.76 3.85 30 ND — ND — 0.17 1.3
Benzene 15.6 5.51 35 0.15 0.9 0.42 2.7 1.7 11
Trichloroethylene 9.4 529 56 0.14 1.6 1.05 11 1.1 12
Toluene 13.28 14.93 112 0.39 29 1.63 12 2.85 21
Chlorobenzene 10.92 3.35 31 0.52 4.8 0.9 8.2 1.06 9.7

*All blanks yielded nondetects (ND).
VOA, volatile organic analysis.
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TABLE 4—Volatiles profile capture pad results for 10 p.p.b., gas load during
STU-100 operation.

TABLE 6—Volatiles profile capture pad results for 1.0 p.p.m., gas load under
no flow STU-100 conditions.

Recovery (ng)*

Recovery (ng)*

Sample Sample Sample Sample Sample Sample

Target Compound™™  Control”™ Pad #1 Pad #2 Pad #3 RSD (%) Target Compound ™~ Pad#l  Pad#2  Pad#3  RSD (%)
Dichlorotetrafluoroethane™ 15.84 0.13 0.2 0.22 26 Dichlorodifluoromethane’ ND 0.1 ND —
Trichlorofluoromethane’ 18.74 0.23 0.04 ND 100 Chloromethane ND 0.55 0.38 26
1,2-Dichloropropane 2241 0.6 ND ND — Dichlorotetrafluoroethane’ 0.12 0.23 0.12 41
Toluene' 29.96 ND 0.2 0.07 68 Trichlorofluoromethane’ 0.29 0.22 0.28 14
Ethylbenzene" 15.29 ND 0.29 0.3 2 1, 1-Dichloroethene ND 0.13 ND —
m—Xylenef 15.64 ND 0.26 0.27 3 Trichlorotrifluoroethane 0.24 0.21 0.22 7
p-Xylene" 15.64 ND 0.26 0.27 3 (Z)-1,2-Dichloroethene 0.14 0.15 0.13 7
Styrene’ 15.84 ND 0.15 ND — Chloroform® 0.05 0.06 0.04 20
o-Xylene' 15.74 ND 0.15 0.25 35 1,2-Dichlrorethane 0.08 0.11 0.05 38
1,3,5-Trimethylbenzene 1991 0.04 0.04 0.02 35 Carbon tetrachloride’ 0.03 0.05 0.09 54
1,2,4-Trimethylbenzene 19.3 ND 0.04 0.02 47 Benzene' 0.12 0.09 0.09 17
1,4-Dichlorobenzene 9.98 0.06 0.05 ND 13 TrichloroelhyleneT 0.07 0.13 0.06 44
[,2-Dichlorobenzene 9.86 0.05 0.08 0.11 38 (Z)-1,3-Dichloropropene ND 0.15 0.14 5
1,2,4-Trichlorobenzene 4.42 0.14 0.15 0.14 4 [,1,2-Trichloroethane 0.07 0.07 0.05 18
Hexachlorobutadiene 11.36 0.04 0.04 0.02 35 Toluene’ 0.23 0.19 0.22 10
Chlorobenzene 0.34 0.4 0.32 12
*Most analytes from the TO-14A gas mix were below minimum detection Ethylbenzene' 0.33 0.37 031 9
level (<0.01 ng). m-Xylene' 0.3 0.35 0.28 12
"Denotes compounds identified as major components in |-year-old buried p-XyleneT 0.3 0.35 0.28 12
human remains (16). S[yrenef 0.24 0.31 0.19 24
ifNominal 20 ng analyte loading. 1,1,2,2-Tetrachloroethane 0.28 0.33 0.19 27
SAll blanks yielded nondetects (ND). o-Xylene' 0.15 0.16 0.15 4
STU-100, Scent Transfer Unit™. 1,3,5-Trimethylbenzene 0.23 035 0.12 49
1,2,4-Trimethylbenzene 0.28 0.82 0.17 82
I,3-Dichlorobenzene 0.31 1.12 0.15 99
RSDs are listed in'Tables 5 and 6,.respectively. The.analytes and i:g:g;iﬂ{giﬁgzgzzgz 8461421 ”g 832 3}1
recoveries at the higher concentration of 1 p.p.m., using the STU- 1,2.4-Trichlorobenzene 0.78 21 0.6 71
100 at a high flow rate (Table 5) coincided with those from the Hexachlorobutadiene 0.69 2.06 0.53 77

10 p.p.b., study, whereas higher recoveries of a larger number of
analytes were obtained by loading the scent pads without the use
of a high flow (Table 6). These results suggest that although the
recoveries remain comparatively low against the theoretical load,
the high flow of the STU-100 may reduce the adsorptive and/or
absorptive efficiency of the scent pads, resulting in lower detect-

TABLE 5—Volatiles profile capture pad results for 1.0p.p.m., gas load during
STU-100 high-flow operation.

Recovery (ng)*+

Sample Sample Sample
Target Compound "™ Pad#1  Pad#2  Pad#3  RSD(%)
Dichlorotetrafluoroethane " 0.23 0.23 0.24 2
Trichlorofluoromethane’ 0.21 0.21 0.21 0
1,2-Dichloropropane ND 1.01 1.4 23
Toluene’ 0.18 02 ND 7
Ethylbenzene' 0.29 0.28 0.28 2
m-Xylene" 0.25 0.25 0.24 2
p-Xylene' 0.25 0.25 0.24 2
Styrene’ 0.13 0.13 0.15 8
o-Xylene' 0.15 0.15 0.15 0
1,3,5-Trimethylbenzene 0.06 0.02 0.02 69
1,2,4-Trimethylbenzene 0.1 ND ND —
| ,4-Dichlorobenzene 0.23 0 0.05 94
1,2-Dichlorobenzene 0.09 0.05 ND 40
1,2,4-Trichlorobenzene 0.21 0.15 0.13 25
Hexachlorobutadiene 0.09 0.02 0.02 93

*Most analytes from the TO-14A gas mix were below minimum detection
level (<0.01ng).

"Denotes compounds identified as major components in 1-year-old buried
human remains (16).

?Nominal 100 ng analyte loading.

SAll blanks yielded nondetects (ND).

STU-100, Scent Transfer Unit™.

*Nominal 100 ng analyte loading.

"Denotes compounds identified as major components in 1-year-old buried
human remains (16).

fAll blanks yielded nondetects (ND).

STU-100, Scent Transfer Unit™.

able amounts. Nevertheless, the pads demonstrated the ability to
trap a limited number of gaseous analytes from a 0.1 L/min gas
stream and release quantities at ambient temperature into the
surrounding air at levels detectable by analytical laboratory
instrumentation.

Thermal Desorption Atmospheric Chemical lonization Mass
Spectrometry Analysis

Two chemicals that have been identified as potentially con-
tributing to human odor were selected to evaluate alternatively the
volatiles capture pads’ ability to trap and release the material
being sampled: benzaldehyde and 2-nonenal. The headspace over
benzaldehyde, a possible odor component from hands (9), and 2-
nonenal, a scent component associated with people less than 40
years of age (19), was sampled with the STU-100. The positive
ion mode single measurement results are shown in the bar graphs
in Figs. 4, 5a and b. The average ion signal intensity for the
protonated molecule of benzaldehyde at m/z 107 is plotted in Fig.
4. Figure 5a shows the average ion signal from the protonated
molecule of 2-nonenal (m/z 141) as a function of sampling time;
Fig. 5b shows the average ion intensity summing the ion current
generated from the protonated molecule as well as two fragment
ions, m/z 123 and 81 from 2-nonenal. These results indicate the

_ability of the pad to capture chemical compounds associated with
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FIG. 4—Averaged ion signal (eight scans) for the protonated molecule of
benzaldehyde as a function of sampling time (and controls) with the Scent
Transfer Unit™ (STU-100) at room temperature.

human odor using the STU-100 device and that these compounds
can desorb from the pads at room temperature.

In negative ion mode, isovaleric acid, a foot malodor compo-
nent (20), and a component found in underarm odor, 2-ethylhex-
anoic acid (21), were sampled using the STU-100. A binary
mixture composed of ¢. equal volumes of isovaleric acid and 2-
ethylhexanoic acid was also sampled for various time periods. The
experimental results are shown in Figs. 6 and 7. The negative ion
data, as with the positive ion data, show that chemicals are being
adsorbed onto the pad and released at room temperature.

In Figs. 4-7, it is important to note that laboratory air and
“blank” pads generate a measurable, albeit low, ion current via
this technique. Figures 4-6 are plotted with absolute ion current
on the ordinate to illustrate that “blank” pad levels for the analytes
of interest are relatively low, yet present. Ideally, any pad used for
evidence collection would have a nonmeasurable background
level; however, in reality, this is difficult to achieve. Nevertheless,
SFE has been shown to generate analytically “clean” pads to
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FIG. 5—(a) Averaged ion signal (10 scans) for the protonated molecule of
2-nonenal as a function of sampling time (and controls) with the Scent Transfer
Unit™ (STU-100) at room temperature. (b) Averaged ion signal (10 scans)
summing the protonated molecule of 2-nonenal and fragment ions at m/z 123
and 81 plotted versus sampling time (and controls).

4 (E+DE

ZOE+UB
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15580 30 s

FIG. 6—Averaged ion signal (10 scans) for the protonated molecule of 2-
ethylhexanoic-acid as a function of sampling time (and controls) with the Scent
Transfer Unit™ (STU-100) at room temperature.

reduce and/or eliminate background levels present on virgin pads
(22). The protocol for using the STU with canines mandates the
use of a control presented to the canine to establish a local/scene
background before sampling evidence with the volatiles capture
pad and to establish a negative response to trail.

Statistical Analysis

To further supplement the experimental data, statistical analysis
was performed to provide mathematical visualization for the
delineation of volatiles profile patterns, especially when using
the rapid technique of TD/APCI-MS. Mass spectral data acquisi-
tion via TD/APCI-MS lends itself to multivariate analysis due to
the multiple ion monitoring or detection that is used. In each
analysis, a rapid desorption yields ion current as m/z measure-
ments from all of the analytes present that can be ionized by
APCI; however, using multivariate analysis or PCA, patterns
within the data that arise due to the variances can be readily
observed by using three-dimensional graphing.

PCA of the volatiles profile data demonstrates reproducibility
achievable with the STU-100, as well as determines important
discriminators in identifying individuals. PCA of unused pads
showed variability between boxes; however, the data cluster
together, as illustrated in Fig. 8. Replicate samples of pads used
to sample the headspace of isovaleric acid (commonly observed
emanating from “sweaty socks”), and those samples acquired
directly over spiked isovaleric scent pads, showed similar cluster-
ing as well. Also clearly differentiated from the isovaleric volatile
profiles were the pads spiked with heptanoic acid. This single plot
shows clear instances of the clustering observed between isova-
leric acid, heptanoic acid, background air, and virgin pads,

120

A0

a0

Relative lon Current

15 sec

tak alr pad plank 5 gac 30 sec

FIG. 7—Averaged ion signal (10 scans) for the two components in a binary
mixture of isovaleric acid (hatched) and 2-ethylhexanoic-acid (textured)
sampled using the Scent Transfer Unit™ (STU-100) as a function of sampling

time (and controls) at room temperature.
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Fartor 2

FIG. 8—Principle component analysis (PCA) scores plot showing three
factors that assist in the delineation between (A) background air, (B) virgin
volatiles capture pads, (C) a pad spiked with heptanoic acid, (D) a pad loaded
by sampling the headspace over a few milliliters of neat isovaleric acid, and
(E) a pad spiked with isovaleric acid.

collected using the TD/APCI-MS technique in negative ion mode.
The source of the variability and thus an important discriminator
for the isovaleric acid pads as identified in the PCA loading plot
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(not shown) was predominantly m/z 101 and 203, corresponding to
the (M-H) ™ and (2M-H) ™ ions of isovaleric acid, respectively.

To demonstrate that the volatiles capture pads can adsorb
complex mixture components and to show that PCA can help
delineate these upon release or desorption, a variety of various
colognes were sampled via the STU-100. The mass spectral ion
current patterns resulting from the TD/APCI-MS analysis (50°C)
of the pads after sampling the vapors emanating from four
different colognes are shown in Fig. 9. Although the mass spectral
patterns between virgin pads and the Aramis cologne are similar
visually, the PCA analysis can delineate the two as shown in Fig.
10. The other complex colognes can also be distinguished in factor
space. These data lend support to the fact that perhaps canines
could differentiate these volatiles (scent/odor) profiles.

Conclusions

In the analytical literature, there are a host of sampling methods
for measuring a wide variety of chemicals in a manner that is
scientifically sound, reliable, and defensible. Before general
acceptance of any sampling method, controlled testing is per-
formed to ascertain the strengths and weaknesses of the method or
the equipment used to make the measurements. In this instance,
the STU-100 sampling device was evaluated to determine whether
the cotton pads used in the device actually trap volatile or
semivolatile chemicals and release them at room temperature.
What may seem obvious to the casual observer given empirical

(b) 100
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FIG. 9—Normalized ion current (ordinate) thermal desorption followed by atmospheric pressure chemical ionization mass spectrometry (TD/APCI-MS) praofiles
resulting from desorption of the Scent Transfer Unit™ (STU-100) volatiles profile capture pads subsequent to sampling a variety of complex mixtures. The mass
spectral ion current profiles are (A) virgin pad, (B) Davidoff cologne, (C) Tea Rose cologne, (D) Tommy cologne, and (E) Aramis cologne.
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FIG. 10—Principle component analysis (PCA) three-dimensional scores
plot resulting from statistical analysis of the data generated from the thermal
desorption followed by atmospheric pressure chemical ionization mass spec-
trometry (TD/APCI-MS) experiment utilizing four different colognes sampled
by the Scent Transfer Unit™ (STU-100). Each of the different colognes cluster
as: (A) virgin pad, (B) Davidoff, (C) Tea rose, (D) Tommy, and (E) Aramis.

knowledge of cotton materials, a controlled scientific investiga-
tion into verifying these assumptions for legal precedence was still
required for this device. The fact that the cotton pads used in the
STU-100 sampling device can trap and release chemicals at
ambient temperature has been experimentally verified. Although
the trapping and release efficiencies were found to be less than
optimal, these experiments were required to characterize the
device and to establish a baseline for improving it.

In each of the two analytical methodologies, GC/MS and TD/
APCI MS, the STU-100 performance evaluation experimental test
plan consisted of a strategy using simple chemical spikes followed
by more complex mixtures. With the GC/MS experiments, testing
moved from a simple liquid spike mixture to a more complicated,
39-component TO-14A gaseous mixture. With the TD/APCI MS
experiments, analytical measurements were performed from sim-
ple and binary mixtures as well as complex organic mixtures
illustrated via the cologne analyses. Each analytical methodology
used demonstrated effective loading and subsequent release of
analytes with high volatility, in both liquid and gaseous form. In
addition, the multivariate analysis yielded insights into the volatile
and semivolatile organic compound patterns and clustering that
can be differentiated in factor space. The mass spectral patterns
that resulted after spiking the volatiles capture pads with various
perfumes can be distinguished by the TD/APCI-MS approach both
visually as well as chemometrically; however, by displaying the
data in factor space, clustering of the patterns is evident and lends
further support to the fact that the pads utilized in the STU-100
can trap (adsorb) and release (desorb) chemical mixtures.

This research has spawned many new ideas for adjusting,
modifying, improving, and exploring further the advantages or
disadvantages of the STU-100. Future directions will involve the
use of test mixtures that are representative of the human odor
components that have been reported experimentally (9,10) to
provide a better understanding of the nature of canine olfactory
detection and to exploit variation of airflow volumes for more
efficient volatiles collection (adsorption). Research to improve the

pad capture capabilities via surface modifications, new polymeric
trapping materials, and flow modulation will be necessary to
increase the levels of analyte collected for the canines as well
as for laboratory analytical instrumentation. Further statistical
analysis will be required to illustrate whether clusters formed in
the multidimensional factor analysis plots actually can assist
scientists in determining uniqueness among individuals or assist
in the differentiation of individuals or groups and whether these
clusters correlate with trailing canine volatiles profile (scent/odor)
experiments. Finally, continued volatiles sampling of humans and
potential items of evidence will be necessary to further evaluate or
validate the analytical protocols and improve the overall under-
standing of the complexities of human volatiles profile evidence
sampling and recovery.
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The effect of the ageing of crime scene objects on the results
of scent identification line-ups using trained dogs
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Abstract

o seent sdenification Hoe-up, b Uioeed dog magehes the seem trace left by o perpetrator at the onimie scene 1o the odonr of o
spspect i fine-up of different odours. The procedures are strictly defined and the resalis are routinely used by the police and as
evidence in court in a munber of BEatopean countries. This puper describes the effect of ageing of the odour trace collected atthe
erime seene on the performance of the dogs 1o reeogmsing the perpetrator 1 a Bne-up, The results show that whilst the dogs
perferm fdtdessly in matching odours collected on the s doe, the results drop to s ower level and become more vaniable in
the periesd studicd (2 woeks 1o 6 menths ), However, the resielts do oo show o systemane shecrease i porformance. A
prassible exphunaion 5 the development of g swady sae i the glans jars commnme the perporater odour wace sltey il
dhiffercisial evaporstion of components of the resudus or bresk down of umsatorated components o saraied ones. Provention
of this inftal change may provent the dropr e pertonmonee observed i s sty thas increasing the rebiabiity of these scomt

shenni i atams,
O 2 Elsevier Ireland Eal A pghis rownoald

Bevenrdss Scont, hlospincstios, Uamee, Asting

i, Introduction

A seent wdenithoation lwe-up s a procedure where a
truined dog works doa ouch o wample setap, Thioally,
the dog s given seent collected 10 some way ol 3 CRine sweng
as o sample, and s oasked o compare this oadours with g
marpber of tudonirs ip g row ooe of whicl i the odogy of the
sebsprect, Seont sdeatiicshien line-ups are perfonmed g
sugnber o Buropesn countnes, and scoepred as pant of
thy evulence presemest i count (1L

Besearch conduvted o shis held s oshiva work ased boghs
with difticeles, [ tabes a bong time o s o dog, and
therefore the aumbers of Jugs avatlable at any tow o Jow
The pohee whe train the dogs prefer W use thoem for opera:
tiemad cases nstend of keopimg them avinlable for rescarch.
Fhe performance of the dogs can be vanable. Sometmesadog
is retiped early when ot does ot perfornm o well. Collecang
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oddotrs tor research purposes s G consuming aid s
annetimes diffieult o ind sufoenty Jarge groups of people
willing 1w co-operate in giving their odours. Learning elfeas
can inHuence results 1 the same group of people s used i
sucressive eaperiments. This e fed 10 o situation where the
resufis are sorepted i oourt bt there are st gqueshions aboad
the sorenific hase amd the reliabiiiny of the resules (2]
Comlinmng research elfors sre bong maade ospavially
fodugad and in Hodlad, Much resesrch fucises on the effect
of varabdes such oy confonunoion o mashiey and the
posnible we of other cdowr Cues duan The s indoidoal
eddour of o person, However, ong basie quaestion of these line-
tps has not vol been adidressed. by the majonity of cases, the
sangsle odour eollected o the weene of the cnme socollected
sirie e before the possibly matching edour of the sus-
pect. Chven ity volatite pature, odour traces change with
tie, as 1y known from perfumes, The chemical composition
of residue onobjects after handbing has also been shown o
changs wath nme (31 The effect of these changes caused hy
s on the performanee of the dogs has not been Sludied ver
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Fhis paper destribes twa experiments conducted in The
Netherdands, The tisstexperiment foltowed i set-up destgned
to obtain a lot of mormation m o gummal e, e secoid
expeniment was conducted following the usaal seent kleni-
ficution Binc-up protocid used by the police in The Nether-
fands,

2. Material and methods

2.1 Experiment |

20 Nubject
Dog A: German Shepherd cross bread, made. age 8 veuars.

2020 Material

Oduouirs were collected on three different Kinds of mate-
riab statndess siee! metal tohe, PVC electne wibing, or eotion
cloth,

Eight different males contnibuted targer odours on the
three kinds of material on eight oceasions durmy half o vear.
They did this by keeping an object with them for 10 minin a
pocket. and rubbing it well between their hands for o shost
while. In this way, 187 nrget odours were collected {on tive
occasions, the tirget person forgotl, For each wrget adour,
four stmilar foil odours were vollected from ditferent people
ar the same tme and on the same kind of materia as the
target odour

2430 Expericenuid ser-up

Five jars vontaining odours were phced i oa eircle,
During @ test, the dog had o search for the odour of a
specihic target peeson during nine trials, The first of the nine
trials was a “priming T wial, where the dog was given the
Larget odour amidst unscented preces of sinilar muterial. fo
the subsequent eight trinds, the rarger odonr was presented
among four similar foil odours. The position of the tareet
adour was random, The age of the odours was increased in
stepss (0, 204 812016, 200 and 24 weeks. The dog handler did
not kaow the position of the trget odear, and stgnulled when
the dou muade its response (ying down, or stunding over the
jar b its choieeh A correct vhotee was rewarded with o
retoeving game Hhe handler woull pretend the 1oy came ou
of the chosen jar, the usual ramang rewardy Afier o no-
recognition (the dog had smelled ol of the jars gt feast onee
hut did not react 1o any of the adours) or anneorreet choge
ta full response as interpreted by the handler for o non-target
odour, the fist primg trial wiss repeated to refresh the
memory of the dog and o standardise that cach trin] was
preceded by a seecessful” teiad thar had led woa reward,

2.2 Experimenr 1

(2]

2 Subjecs
Do BeKo Madinos and Germun Shepherd cross broeds,

three females, seven males, varving inoage from 2-7oyears

ohd. Two of these dogs were operational German Jogs, (e
others were operational Dutch dogs,

222 Muaerial

Forsimwdate odour traces deft ara crune scene. Y dilferent
target peaple were asked fooscent 8 pleces of coton cloth at
thime O by holding then in their pecket for some ninotes, and
rubbing thent well between their hunds. The cloths were
pockuged <eparately i glass jars with a twist off wop, The
oudowrs for the line-up were eollected 1 the official way at
g O and 204, K0 120160 20 and 24 weeks haer, For each
fine-up, the mrgel person and gex othees (Toilsy were asked o
seent stintess steel tuhes by halding them in therr hands for
approximately 2 min. One foil was also asked 0 scent @
prece of cloth for the control tial in the protocol. The tubes
(and the control plece of Clothy were packaged separately in
glass jars with twist-off tops, This materiah was used within u
week for the line-ups Each of the dogs worked with the
odbonr of o sigle trged porson.

22080 Expweimsennral seronp

The tuhes were clamped mholder on twa platforms, cach
platform contiwmng the odours of the target person and the
six foils, but i a different sequence as determined by dice.
Thar protocol Tollwaed five steps:

1 Mateh the odour of the control cloth 1o the matching
conteed {odd adour i row |

20 Mateh the odour of the control vlath 1o the muehing
coptrol fonl edour i row o
3. Evaduate the mterest for the dog Tor the larget ndours in

the Tine-upy
4. Muteh the adour of the simulated orime seene cloth 1o
the wirget person i row

A Match the odowr of the stmulated orime scene cloth o
the targel persen i a2,

For geps 1, 204 amd 5 the handler would stand 1o front of the
rove with his dog. and give the dog the ssunple scent. Afwer a
compnand Tsearch”, the dog woold search for a matching
odewr on the platform, The handler did not know the posttion
of the mutching odour. and observed his doz. When his dog
midicated s choice, the handler would ratse s bamd, and
would be gyvep a signal fred/geeen Hight o inform him il the
correct choice had been mde. 10 the dog made o correct
choice, the tube would be released from as holder, and the
dog was allowed o runaround with i for g whide and briag it
tor s handler as o reward. After an incorrect choice. or if the
dog did not puthe a choiee atall, the handler would recall the
dog and 1owould oot be rewarded.

N chotce or choosing a foil inosteps | and 2 led 1o g
disqualiheaton, Speaial interest for the target odour tstep 3)
alsor fed o o disqualification. Matching the simulaied crime
seene cloth o the targel adour in hoth steps 4 and 3 was
catled correct reengmition. Not responding to any odour in
stepr 4 or S was g no-recorniton, responding 1o a foil in these
steps was an neorredt chowee, I adog was disqualitied in g
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100%

percentage correct
recognitions

A B C (V)

person scenting the objects

E

steel lube
# plastic piping
@ eotton cloth

F G H

Fig. . Resulis of experiment 1) porcentage cormeet recogntions of differens material types of @l ages seented by ditferent people by dog A

line-up. 1 was usually given a second chuanee Eater 1 that
week. using a duphicate set of wbes,

J. Results
A1 Experiment |

The results were analysed o number of different ways.
Furst, the difference between the vight people and the
material type were analysed. Here, all the different ages
were taken together. These results are given i Fig, |
Percentages correct are used since occasionally data was
missing due to a person forgetting to scent the objects on
time, On average the results varied from 37 to 67% correct
chowes between individuals, but o single individoal was
recognised systemativally beder (or worsed with all material
types. tn Table 1. the results are averaged per material type.
None of the matertal types is recoznised signiticantly better
{or worsel thun the others,

Table 1
Average pereenluge recognilions and  stasdard deviations of
different mateoial tvpes cumulated over percons and gge by Jog A

Average (91 RN
Steel by ATH B
Plastic piping 442 £5.2
Clotton clath 36.7 155

percentage corract
recognitions

i 8
age in weeks

Finully, in Fig. 2 the results are curnulated per maternal
type i tne. None of the materiad types 15 recognised
systenuitically better or worse Lthan the others. After the
mitial 100%: recognition wt nme 8, recognition deops, and
artes between 25 and 619 (average 45 8% standard devia-
ton 19.0).

3.2 Lapermient 2

I toral, 90 hne-ups were conducted, tn 14 line-ups. the
dovg was disqualified in either steps 13, by 10 of these cases,
the line-up was repeated tater on o the week, in the other 4
this was not possible duc o lack of material. In one case, the
second Hne-up also led w a disqualibication. Adter g success-
fut quahihcation, two dogs only chose correctly based on the
thime 8 target odour. The other dogs varied between five w
seven correct choices out of eight. The combined resulis are
wivep o Table 20 After the imitial 109 recognition at time 0,
recogniiien drops and varwes hetween 33 and 754 {average
AR89 standard deviation 1308 11 the results of the first two
non-performers are disregarded. the average recognition rate
after time (0 climbs to 73.7% (stundard deviation 17.49),

3.3 Comduned results experiment o 2

The resulis of the cloth-trials of experiment § are com-
hined with the results of experiment 2 {excluding the non-
perfonmers) in Fig, 3. After the mtal 100% recogniions w
tirne O, recognition drops bot the operational dogs perform
hetrer on average than dog A of the experiment |

A stead lube
5 plastlic piping

cofton cloth

s AETAGE

16 24

Fig. 2. Resuoits of cxpervment | pencentage correct recogniinons of shyects seenmd by sdlhihe people of ditferent nuterd yvpe ddfering o age

by dug AL
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4. Discussion

The muin objectve ol ihe Ourerimeni v as o o atnne the
effewt of the agemg of cdour cvudenor on the porformunee of
the dhogs s soent jlentiBoaton lse upe. Belore osaluming the

esufts of the oxperiments in thes respeet, 2 nutber of points

that sopac the porformance of the dogs seed o e discaaal.

A frg peit s the elfect of ahe serup sselt The firg
expenment was desigaed s os gk and vt seboup o
eodlect o ot of mbormabon in g short perod of time. A
detaited examimion of the protocol iisel shosed that it did
not teud o systomsic errors, The onby “weak” pond in the
seteup wis thin the dog did not respond to the terget odour 1f
it wis the fest edour Bciome wpon as readiy as it dud when o
einie 1o the trget lster in the circle. A major difference with
the usoal hing-up protocol was the tme i ook (o comdoct,
15 pun,
fonger than the usaal protocol that only takes 4 min, or g
travting sossion, which vaaally doos not last fonger than

Saun. The performance dip s 12

The civle-protocol ook approximately miuch

worhs may well he an
Fworking wme In tenms of beha-
g a lack of spterest was someumes cheac halfway
throuy

artetact of this prodon

b wath s addimonad plasog e Bandler was

able to revae the iterest of Fs dog i the proccedings, The
secord sty Fellowed the cuerent Dotch operational poo-
ool The oJifference bere st o apersbiomal cases, the
handliers may decide which does they will use for o gnen
wise T the capernmenl, parbio i was commpabaory, The
frecadoms o devide which dogs e deploy lewds 1o g lower

mgnber of dequalificaions e operanons! cees thess than

S p than was tooumd in these compubaory cxpwranental fine
ups L0 ey

sk prsnits of cupernent Dodee A amd oaporeeens D renchsbing the sosinits of the twee sodpertortsers b oupsrimem
# 1 &

Aowoomd poand bl soeds discussion b the effect of

srenal fvpe on the performance of e dogs The resulis

uf the e esprriment showed that there was s spmbican
cHect of malenal tepe This i Do widh carhior rosearch
{41 byt swems we comrmdicd the expenesey of wmisy those
dops Trounng expenence shows that stee] tebes are secog-
miseed st cosiby Foliowed by hard. stmooth plasuc, and
choth o secogared Jess canady Bomay be that these subile
differenwes are overvome during the syoars of aperational
work, However, vare should be when when exiapolsting
Fronn Jduls prosented here,

A thurd point i the possible effoct of 1he soei source on
the pertormance of g dog. I has been shown thas necasion-
alby o dog responds 1o or shows o marhed interest in the
odenr of o particolar person and will de this in difterem
onteats and abdifferent tmes 31 This observition i line
witly tmne cxpenence thil dogs ind the odour of one
persen gch osore BEBcult o recognee than another. and
st on the otbier hard some adours are easy T Bxperience
with DA prodles B sl shown g wane people are
they feave mere body mutenial belind than
otiwrs, ciabling foressic fechmoany o Wace them more

Tahdde e

castly, Whether shese “shadders” are s people whoea scent
s pastly tevogmsed by dogs poanknows In the seoomd eopen-
T may have been
Carest By twes poor scend-giners However, buuh of these

e, two dogs did st pertorm well

sl gt iormers s retred carby dee o lwch of consitent
ehd poctormanes. Phree vehier dogs husoe wance beon retined
Fowp Botras sonrsat problens caol related to peyformance in went
whentifvationss of okl age amd fve are <Ol operational

The gemeral ohivetve of the cyporments was fo Jeter-

mane the eflect of ageay of unhes collected at crime wenes
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an the performance of dogs i scent rleptification line-ups.
Both the experiments show o marked drop from 005
recegribons with fresh material, but resulis after are lower
and vary. Some of the factors that may have caused this
varimion have been discussed above, bat such variability in
performance has been deseribed carhier and is not uncom-
mon, The ditference in the resulls between the two experi-
ments deseribed inthis paper show, once again, the effect of
experimental set-up on the perfonmance of Jogs in seent
identificution line-ups and ilostrate how careful ane must be
in extrapolaling data 161 A number of uther observations are
worth nohing,

First: traintng experience has shown that when triumng on
aged objects, one needs o rain the dog up to 53-6 day-old
material and then it can recognise mweh older materiad,
Secondly. recently g small-scule experiment with five Dutch
andd four German dogs was conducted. Here, matenial that
had been scented hy two persons more than 7 years earher
was ised i scent Wentification Hine-ups, In total 12 linc-ups
were cotnducted, amd 8 of these led 1o g positive ilentification
{71 This is very much in lie with the resulis of the
experiments described i this paper. And hastly, analysing
data from Dutch operutional cases leads 1o the observation
that there seems to be litde difference in the performance of
dogs using muaterial up 1o half a year-uld, or using material
that 1 between ball a-year and [-year-old.

In general, the conclusion can be drawn that alter the
inttial drop, ageing does nol seem W diminish the recogm-
Hon of the dozs significantly. However, wnportant questions
are why this imitial drop oceurs. and how 1w can he prevented.

One answer 1o 1he cause of the initial drop may e inthe
valatile nature of scent. Not wdl molecules evaporate at the
same rate, Residue left on objects consists of different
components. Even it initially the same residue is left on
two objects but at a different time, the headspace above the
objects at a later fime can be ditferent f the components of
the residue have different vapour pressures. Since the ohjects
are stored in glass jars, one can expect some Kind of stexly
stiute 10 evolve since the amount of evaporation is limited,
explaining the levellmyg off in the performance. Anothes
exphumstion can be found mn work that has been done m the
quest o develop Latent fingerprings, Latent fingerprints
consist predominantly of Tatty avids, and different labora-
tories have studied the composition of these prints [3]. Lelt

oul in the open air, il seens that lorge, unsaturated fatty acids
are broken down into smaller. saturated Tatty acids, The
pugjority of these changes oceus within the first week. This
conild also have o signibeant effect on the headspace. and
depending on which components the dog v using as a cue,
this could also explain the drop in performance.

Freezing the materiul, or storing 1t at low lemperatures,
could perhaps prevent the drop in performance. Scent pads
used for bloodhound tratling inthe United States are usually
frozen, but there s no experimental basis supporting this
chitece. Turther work 15 pecessary in this el and should
also incorporate seent samphng methods and materials, and
packaging.
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Chapter 3

Can Police Dogs ldentify Criminal
Suspects by Smell?

Using Experiments to Test Hypotheses
about Animal Behavior
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Chapter 4
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Testing the individual odour theory of canine olfaction

. LEHR BRISBIN, JR* & STEVEN N. AUSTAD+:
*Savaanah River Ecology Laboratory, P.O. Drawer E. Aiken, Scuth Carolina 29301, U8 A.
+Department of Organismic and Evolutionary Biology, The Biological Laboratories, Harvard University,
16 Divinity Avenue, Cambridge, Massachuserts 02138, U.5.4.

{ Received 6 August 1990, initial acceptance 28 September 1990,
fnaf acceptance 2% November 1990 MS. number: 45844 )

Abstract. Experiments were performed with three dogs, Canis fomiliarss, trained in human scent
discrimination (American Kennel Club utility obedience test), to evaluate whether the dogs could
distinguish the scent of their handler from the scent of other humans, irrespective of the body part from
which the scent had been collected. The dogs were successful at distinguishing scent obtained from the
hand of their handler from that from the hands of strangers, but could not similarly distinguish their
handier's scent when it was obtained from the erook of his arm. These results suggest either that there is no
such thing as an individual human odour or that dogs trained with standard methods do not spon-
taneously identify individual odour compenents of scents taken from different parts of the body. The
results also call into question the practice of using dogs to identify individuals from scented objects in law
enforcement, unless the dogs used can be shown to be capable of performing diseriminations of the type
unsuceessfully attempted by the animals in the present study.

The ability to identify the scent of particular (five of which are made of leather and five of metai),
individuals is part of the folk wisdom associated  the one leather and one metal article scented from
with canine olfactory abilities, In keeping with this  the palm of its handler’s hand, the other cight
belief, domestic dogs. Canis fwniliaris, are olten  articles being similarty scented from the palm of the
used in law enforcement to attempt to match pieces  judge’s hand. In this test, the articles are placed ina
of physical evidence with presumed criminal perpe-  group on the ground at least 3m from the dog and
trators. Implicit in this practice is the assumption  handler. The dog is then required to leave the
that humans have a single ‘individual scent’, which  handler and go to the articles where it must work
can be identified regardless of the body part from  independently, select the correct article, pick it up
which the odour comes. For instance, an indi- in its mouth and bring it back to the handler. Dogs
vidual's shirt presumably would be recognized as  that successfully perform this and several other
having the same identi{ving scent as his handker-  obedience tests (unrelated to scent discrimination}
chief, socks or a utensil touched while eating. Our  on three different occasions under at least two
aim was to provide a controlled experimental  different judges, are awarded the title "Utility Deg’
evaluation of this hypothesis about canine by the American Kennel Club. Such Utility Doags,
olfactory abilitv and individual human odours.  or those that have been trained to a level of pro-
At the same time we hoped that the study might  ficiency sufficient io qualify in at least the scent
vield insight into the information inherent in  discrimination section of these tests, thus pro-

mammalian scent. vide excellent subjects on which to test scent
In the United States, the Amencan Kennel Club  diserimmation abilities.
sanctions competitive dog obedience competition Dogs trained to compete in Utihty Dog scent

in which licensed judges evaluate the abilities of  discrimination tests have usually had g mimmum of
trained dogs to perform certain tasks (American 6 months to ] year of training and practice in this
Kenne!l Club 1979). In one of these tasks the dogis  testing format, and can be assumed to have never
required to select from 10 similar ‘scent articles’ been exposed to scent-discrimination decisions

ipvolving any scent other than thatimparted by the
TTe whom correspondence should be addressed. palm of the hand. Under American Kennel Club

&
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regulations the dog can be disqualified i duning the
obedience competition scent is imparted Lo the
article by any other part of the body.

Using three dogs with this experience, we have
imvestigated whether they will identify articles
scented from a different part of their bandler’s body
without further training. If dogs with this training
use a single odowr to 1dentify each individual, they
should be able to distinguish their owner’s scent
regardiess of the body part used to impart the scent.

METHODS

Experimental Subjects )

Three dogs (Table I) were tested extensively
between 1983 and 1987. A less complete series of
additional experiments was undertaken with one of
these dogs, BH, in 1989, in an attempt to clarify
certain aspects of the previous results.

Training Method

The iraining method was loosely based on that of
Bauman (1986). Each dbg was initially trained to
retrieve standard training durmnbbells on command
without respect to scent. Thereafter, the dog was
asked to retrieve a dumbbell scented by the hand
of the handler and placed on a pegboard near an
identical ‘unscented” dumbbell, which was wired to
the board. The unseented dumbbell was one that
had been untouched by humans for at least 24 h,
and had been stored in a tray open to the air
during that nme. When the dogs had learnt that
the unscented dumbbell could not be Tetneved
{because it was wired to the board) and had there-
fore become used to retrieving the scented one, the
unscented dumbbell was unwired.

When both dumbbells were free 1o be retrieved,
dogs retrieving the wrong (i e. unscented) dumbbell
were made to repeat the process until the right
dumbbell was retrieved, at which time to dog was
praised, and allowed to stop. Dogs retrieving the
correct dumbbell on their first try were praised and
not required 1o repeat the retrieval.

Gradually, more and more identical dumbbells
were added to the pegboard, some unscented, some
scented by the hands of other people. The new
‘scent’” objects were always wired down until the
dogs learned to ignore them, after which they were
unwired.

Experimental Protocol
Testing procedures were based on the design of
the Utifity Dog Scent Discrimination Test for which

allof the dogs had onzinally been trained. The scent
articies used were also the ones customarily used in

fility Dog tests. All articles were made in the
shape of dumbbells consisting of cylindrical barrels
measuring {0 x2Zem connecting 7-5-cm? ends.
Each article was individually numbered to assure
identification. During all tests the articles were
arranged so that the dog’s handler could not see the
numbers and was therefore unaware of which
article bore his scent while the dog was making a
chotce.

Scented ariicles were presented to the dog in
pairs. The dumbbells were separated from each
other by about 5 cm, with their barrels paraliel and
in a line perpendicular to the path by which the dog
approached after being sent by the handler. Articles
were placed i the centre of a 360-cm? board, which
was placed on the ground 34 min front of the dog
and handier.

In conducting the test. the dog was first placed in
a sitting “heel” position by the handler’s left side
facing away {rom the board on which the articles
were to be placed. The expenmenter (as distinct
from the handler) arcanged 1o have the appropriate
scent imparted (o the articles as explained below.
Then, using 23-cmo-long tongs, the experimenter
placed the articles on the board.

Leftand right positions were assigned at random.
Neither the dog nor the handler could see the two
articles being placed on the board. After approxi-
mately 30s, the dog and handler performed an
about-turn to face the board, with the dog return-
ing to the sitting position by the handler’s side.
The dog was then sent forward 1o the board by 2
command from the handler. No additional com-
mands or signals were given once the dog began
moving towards the board. Once at the board, the
dog selected one of the articles and brought it back
to the handler. In addition to recording which
articie was selected by the dog, the experimenter
recorded the sequence and number of times the dog
spiffed the nght and left articles. A sniff was
recorded when the dog extended its nose to within
4-3 cm of the central barre] of one of the articles.
In the 1989 tests using dog BH, the time elapsing

tween arriving at the board and making the
choice (i.e. picking up the article in its mouth) was
also recorded.

Scent was imparted to the articles by one of two
methods. Scent designated as ‘hand’ was imparted
by having the appropriate person hold the barrel of
the article in the closed palm of the hand for 30s.
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Table L. Dogs used in scent discrimination iests

Yearof
Code Bresd Sex birth Titles*/training level
LR Labrador retriever Male 1972 CD, CDX, UD, TD
AST American Staffordshire Male 1975 CD, CDX/trained to level of competitive proficiency
terriert in all UD exercisest
BH Bioodhound Male§ 1978 CD, CDX/trained to level of competitive proficiency

i all UD exercises?

*CD: Companion Dog; CDX: Companion Dog Excellent; UD: Utility Dog; TD: Tracking Dog. Requirements
to attain the CD, CDX, UD and TD titles are described in detail by American Kennel Club (1979). Although the TD
title requires the dog to track human scent under field conditions, only the UD title reqmres scent discrimination

performance as described in the text.
tAlso registered as an American pit bull terrier.

iDog trained 1o a level of proficiency sufficient to allow it to compete in UD obedience competition ajthough the title

had not yet actually been obtained.

§This dog was also used in man-wailing work for purposes of law enforcement. However, po scent discrimination
training had been given other than that related to the UD tesis,

Alternatively, ‘elbow’ scent was imparted by using
tongs to position the article in the crease of the
antecubital space of the subject’s forearm (crook
of the arm). The subject then clamped the article
tightly against the skin of the antecubital space by
flexing the forearm and bringing the hand to the
shoulder and holding this position for 30s. Both
hand and elbow scent were obtained from the same
side of the subject’s body. At no time were the ends
of the dumbbel] touched by the subjects, and dogs
almost always sesmed to obtain scent from the
articles by sniffing directly at the middle of the
barrel. For controls, ‘no scent” was obtained by
handling the article only with tongs, such that there
was no contact with any human skin during the
duration of the experiment.

Following testing, the barrels of all articles were
lightly rubbed with the palm of the handler’s hand
in an atiempt to decrease any scent differential
between them. Thev were then placed in an open
tray and exposed to air for at least 24 h before being
used again in tests. General experience in training
and handling dogs in Utility Dog obedience compe-
tition has shown that this procedure is adequate to
ensure that the dog’s choice will not be influenced
by the articles’ previous scenting histories.

All three dogs had been trained and were handled
in all tests by LL.B. ‘Stranger’ scent was imparted
by any other individual, regardless of sex or degree
of familarity to the dog. In some cases the ex-
perimenter imparted the stranger sceat, but this
was done by a third party whenever possible.

Again, experience in Utility Dog obedience compe-
tition has shown that the ability of dogs to perform
scent discrimination tests of this type is not related
to either the sex or the degree of familiarity of the
dog with the individual imparting the unfamiliar
scent.

Experimental Design

Each expenimenta! series consisted of 14-34
replications {usually 20} of given choice pairs, nalf
using metal articles and half using leather articles.
The choice pairs and the raticnale behind them
were as follows.

(1) Handler's hand versus no human scent. This
experiment simply ensured that all the subjects had
mtact olfactory senses, and were appropriately
tramed.

{2) Handler's elbow versus no human scent. " This
experiment Jverified that the antecubital space
indeed provided sufficient detectable odours,

{(3) Handler's hand versus stranger’s hand. This
experiment verified that these dogs were capable
and willing at the time of each test to perform the
Utlity Dog task for which they had been trained.

{4) Hardler's elbow wversus siranger’s hand.
This was the most important experiment in the
evaluation of the individual odour identification
hypothesis. If the hypothesis holds, the dogs should
still be able to discriminate between individuals in
this test. [f 1t does not, thev should not.

{5y Handler's elbow versus handier’s hand. In
this experiment we sought to delermiae whether
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there was & body-part specific odour sompenent,
that the dogs would choose because of their
training familiarity with the hand.

(6} Handler’s elbow versus stranger’s clbow, In
this experimeni we sought to determine whether
after controlling for the scent stimulus from a
previously unknown body part, there was still a
detectable individual odour of the handler. Only
dog BH was used in this experiment.

In most of the tests, dogs were presented with one
rephication each of tests (13, (3), (5) and (4) in that
order in a single day, and this protocol was con-
tinued until the total number of replicates had been
performed with each dog. Examining the results of
these tests suggested the importance of test (2),
which was then performed four times per day with
each dog until the requisite nomber of replicates
had been completed. In one experimental series,

BH was given test (6) two toTour times per day until.

20 replicates had been completed. and later, the
same subject was given 18 more replications (two
perday)of a series consisting of tests (1), (3), {6) and
(5) in that order.

Statistical Analysis

Standard statistical tests assume that obser-
vations are an unbiased sample of all possible
observations (e.g. Sokal & Rohif 1981). That is,
observations are assumed to be independent. In
treating each of our repeated samples within an
animal as an independent observation we assumed,
that results of trials were not affected by the results
of previous trials.

This assumption was examined two ways. First,
each series was arbitrarily divided into three tem-
poral categories (early, intermediate and late) of
approximately equal size and a chi-squared test was
performed on the 3 x 2 contingency table {Everitt
1977). If there are ‘training’ effects observed over
the time course of the trials, that is, if performance
level changed significantly, cach trial couid not be
treated as ap independent entity. Furthermore,
Wald-Wolfowitz runs tests (Wilkinson 1988) were
performed on each experimental series to search for
non-random response patierns even in the absence
of training effects.

The replicated single classification goodness-of-
{it tests that we used were: (1) binomial test, if the
sample sizes were less than 50; and (2) G-test. if the
sample size was greater than 50 (Sokal & Rohlf
1981). For G-tests, results from all subjects were

Table 1. Summary of the experimental resuits (number of
choices: first alternative/second alternative)

Dog
Experiment LR AST BH
1. Handler’s hand/ 26/0 142 202
no human scent
2.. Handier’s elbow/ 16/2 —* 16/4
no human scent 142t
3. Handler’s hand/ 14/6 1145 20/5
stranger’s hand 16/16T
4. Handler’s elbow/ 14/6 8/6 11712
stranger’'s hand 7/9%
5. Handler’s hand/ 13/7 13/2 17/4

handler’s elbow

6. Handler’s elbow/ —* —* 971
stranger's clbow 10/67

*No tests given.
{Results from 1989,

pooled (G,=G for pooled data) if no statistical
heterogeneity between subjects was detected (G, at
P <0-05). For contingency tables, G-test analysis
was used with Yates® correction {or sample sizes
under 50, and chi-squared analyses were used for
larger sample sizes.

Because of the large number of statistical tests
performed, we used a sequential Bonferroni correc-
tion for muliiple tests (Rice 1989). This correction
is more powerful than the standard Bonferroni
technique (Miller 1981), and does not require
independence of component tests.

RESULTS

There were no significant differences between dogs’
scares using metal and leather dumbbells, therefore
scores were combined across dumbbell types for ail
of the following analyses. Results of all tests are
summarized in Table IT. Furthermore, no training
effects or non-random dispersion in the data were
detected (at P<0-05), therefore each trial was
assumed to be an independent sample within these
three dogs.

Ability to Distinguish Hands and Elbows from No
Human Scent

Dogs had no difficulty distinguishing the scent of
their handler’s hand from no human scent at all. Of
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ihe 58 total trials completed, dogs chose correctly
54 times (93:1%), which is significantly better than
random (G, =31-294, df = 1. P<0-001). The most
successful dog (LR) chose correctly on all 20
trials, the least successful (AST) was correct on
87-5% (14/16) of his trials. There was no signifi-
cant difference between dogs (G,=3-65, df=2,
P>095).

Scent from the handler's elbow was also easily
distinguished from no scent. Only two of our three
dogs {LR and BH) were used in this test, but they
successfully identified their handler’s elbow scentin
32 of 38 trials {84-2%), a score statistically indis-
tinguishable from their success rate with hands
(G=2:196, df=1, P>0-3), and also significantly
better than random (one-talded binomial test,
P<0-001).

Ability 10 identify handler's hand

According to their training, the dogs were
assumned to be able to distinguish the scent of their
handler’s hand from that of a stranger. The dogs
were clearly capable of this task, as they chose
correcily in 75-7% (53/70) of the tnals (G,= 19431,
df=1, P<{-01) and the dogs were staustically
indistingunishable (G, =3-442, df=2, P>0'5).

Abifizy 1o distinguish stranger’s hand from handler's
elbow

Could these same dogs identify their handlers
when presented with the scent of his elbow corm-
pared with the scent of a stranger’s hand as the
individual odour theory would predict? Overall
oniy 57-9% (33/57) of the trials resulted in correct
identification of handlers” dumbbells, a result not
statistically different from random (G,= 1427,
df=1, P>0-5, G, =2194, df =2, P=0-5).

Body-part-specific versus individual-specific cues

If human scent 15 perceived by dogs as having
“hand-specific’ {or body-part specific) scent com-
ponents plus “individual-speaific’ components, the
dogs’ training regime by feaching them to identify
handler’s-hand-specific scents, may have resulted
1 confusion when hand-specific and individual-
specific cues were in conflict as they would be in
the above experiment. To address this possible
confusion, we uncoupled “hand' and ‘individual’
information by analysing cheices between hapdler’s
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hand and handler’s elbow, as well as between
handler’s elbow and stranger’s elbow.

When given a choice between the scent of their
handler’s hand and clbow, the dogs chose their
handler's hand scent 76:8% (N=236) of the time
(G,=16-945, df=1, P<0-01), suggesting that
there indeed is a distinctive hand scent that dogs
had inadvertently been tramed to identify. The
performance of the three dogs was statistically
indistinguishable (G, =2-539, df=2, P>(-3).

If there are individual odours as well as body part
odours, dogs might be expected to be able to choose
scent of their handler's elbow when compared with
that of a stranger’s elbow. We decided to perform
these experiments only after the initial resuits had
been analysed, and only one dog (BH) was still
available for the test. One series of tests was run late
in the first experimental series and a second series
was run in 1989, In the latter test scries, we first
verified that BH could still correctly identify the
scent from his handler’s hand as opposed to that
from a stranger’s hand (100% correct in 16 tnals),
and siill could not choose better than randormly
between the scents of his handler’s elbow and a
stranger’s hand (chose handler’s elbow in 43-7%
of the 16 trials) before conducting the tesis of
handler's elbow scent versus stranger’s ¢lbow scent.
In all of the elbow tests combined (N=26), BH
chose the scent from his handler’s elbow 73- 1% of
the time (one-tailed binomial test, P=0-08), nearly
the same response that all dogs showed towards the
scent of their handiers” hands although because of
the smailer sample size the result is no longer statis-
tically significant. However, these resulfs suggest
that there may be an identifiable individual scent
in addition to the body-part specific scent, but
that without special training, the discerimination of
scents from different individuals will succeed osily
when scents are obtained from the same body part
of each subject.

DISCUSSION

These experiments show clearly that proverly
trained dogs are capable of distinguishing between
the hand scents of individual humans. They alse
show that even under the best of circumstances,
individual identification is less than perfect. Qur
most extreme result was that dogs distinguished
objects with scent from their handler’s hand 93%
of the time from objects with no human scent,
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Consistent identificanon of an individual dis-
appeared, however, when the dogs were dsked to
compare scents from separafe parts of the body.
There are two possible explanations for this resuit.
The most obvious is that individual human odours
are not detectable by dogs. Individual odours for
specific body parts may exist, but there is no generat
scent that dogs can match with individuals. If this
interpretation is correct, the forensic ramifications
would be enormous. Quite simply, it would mean
that dogs cannot be useéd to match humans with
physical evidence.

An zlternative interpretation is that individual
human odours exist and are detectable by dogs.
However, because there are also distinctive body-
part odours, training methods that rely on
matching odours from only a single body part are
inappropriate for matching odours from other
body parts. Indeed our experiments suggest that
thus may be the case. If so, then alterations in
training regimes may allow appropriately trained
canines to detect individual scents regardless of the
body parts from which the scent was obtained.

If the dogs were confused by the conflicting
signals inherent in distinguishing between the scent
from the handler’s elbow and that from a stranger’s
hand, we might expect them to show more inde-
cision in such tests than in the more straightforward
case when they had to choose between odours from
a stranger’s hand and their handler’s hand. We can
estimate whether such relative indecision occurred
by considering the number of times each’itern was
sniffed and/or the time required to make a decision.
Indeed, by this measure, two of the three dogs (LR
and AST) showed greater indecision when choos-
ing between the scent from the handler’s elbow and
that from a stranger’s hand (one-tailed r=1-792,
df=38, P=0-041 and r=1-803, df=28, P=0-041,
respectively), although the third dog (BH) did not
{one-tailed 1 =0-884, df =56, P=0-154).

The idea of both individual and regionally
specific body odours is not new. Lohner (1927)
demonstrated that human beings can distinguish in
other humans both regional and individual odours.
In controlled experiments, he determined that
humans perceived greater differences between
regional odours of the same person than individual
differences between two people. Such results are in
complete accord with the findings reported here.

The identification of individuals on the basis of
information that the dog obtains from scent articles
is an important component of the use of dogs in

law-enforcement activities and has besn often
accepted as evidence 1n court proceedings (Lowe
1981; Tolhurst & Reed 1984). In some cases, such
identification has been used as the sole source of
evidence upon which to argue for the death penalty
in criminal prosecution for murder (e.g. State of
Florida versus Eugene Wilay, Jr; Circuit Court of
the 18th Judicial Circuit, Brevard County). These
legal aspects of scent article ideniification represent
a clear practical application of the results we report
in this study. In particular, our results suggest that
such identifications may not be relizble untess the
articles have been scented from the same part of the
body from which the dog had been previously
trained to make discriminations. Particularly open
to question; for example, would be the use of a piece
of clothing from the upper part of the body (e.g.
hat, gloves, shirt) as a reference scent article on the
basis of which the dog is expected to select a track
of human scent made by footsteps through the
environment. Although it may indeed be possible
to train individual dogs to perform such tasks, the
resuits presented here meke it clearly incumbent
upon the individual dog trainer or handler to
demonstrate that his or her dog can indeed perform
the required scent identification tasks with an
acceptable degree of statistical reliability, before
evidence based on the performance of such a dog
should be accepted in a court of law.

Finally, the use of trained animals has been
somewhat overlooked in the biological community
as a tool for examining the information content of
animal signals. We suggest that such animals
might be used o ask a host of questions, ranging
from issues in the functional rate of environmental
signal degradation to the complex details of kin
recogmnition. :
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Abstract

The Dutch police use specially trained dogs, Canis familiaris, to identify criminals from
scented objects left at the scene of the crime. As part of a study of the reliability of these iden-
tifications, experiments were performed to evaluate whether these dogs could match scents
collected from different parts of the body. Dutch police dogs are capable of matching hand
scent to scent collected in the crook of the elbow and vice versa, and of matching trouser
pocket scent to hand scent. It appears that training and familiarity with the person whose
scents have to be matched enhance the performance of the dogs. The reliability fdr judicial
purposes entails further research since our knowledge of the sense of smell is limited.

Keywords: Olfactory identification; Scent traces; Dogs

1. Introduction

Police use the olfactory acuity of dogs, Canis familiaris, to investigate crimes. The
dogs are trained to detect narcotics, explosives, or humans and are used in ‘scent
identification lineups’ where the dog identifies a perpetrator on the basis of scent
traces left at the scene of the crime. The validity of these scent lineups has been ques-
tioned [1] and there is some debate about the capability of dogs to recognize individ-
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ual human odours. The experiments of Brisbin and Austad [2] showed that when
trained dogs were faced with the choice between the hand-scents of master and
stranger, they chose their master’s scent but faced with the choice between the hand-
scent of a stranger and the crook elbow-scent of their master, they no longer pre-
ferred the master’s scent, although this was expected. The authors concluded that
either ‘there is no such thing as an individual human odour’, or that the dogs they
used ‘did not spontaneously identify individual odour components of scents taken
from different parts of the body’.

These two possible explanations of their findings have been the subject of study
by several people in the past. On the point of individual odours, evidence of individ-
ual, genetically controlled odours exists [3] and that dogs are capable of discrim-
inating between these [4-7]. However, there is also evidence that different body
parts have different odours due to local (scent) glands and varying ‘regional’ condi-
tions for bacteria. To humans the similarity between ‘regional’ odours of different
individuals is greater than different regional odours of a single individual [8]. The
second explanation, that the dogs were not able to match smells collected from dif-
ferent body parts, might well be a matter of training. If different body parts have
(partly) different odours, a dog must be trained to focus on the common elements.

The police in The Netherlands use the ability of trained dogs to discriminate be-
tween human beings on the basis of odour to identify perpetrators through a match-
to-sample experiment, matching the odour of a suspect to scent traces from the scene
of the crime. Positive identification by a dog can lead to suspects being held in deten-
tion prior to trial for further investigation, or can be used by a judge as part of the
evidence on which he rules. The difference in training between the American and
Dutch dogs is important to emphasize: the American dogs were always confronted
with hand-odour only, and were trained to retrieve articles scented by the hand of
their master only, but the Dutch dogs are trained with a variety of scent sources
belonging to many individuals in match-to-sample trials directing the dog to focus
on the individual human element. If training is an issue, the Dutch police dogs
should do better at identification tasks involving different regional scents than the
American dogs. We undertook a similar series of experiments to those of Brisbin and
Austad [2], in which we sought to establish whether the Dutch police dogs were able
to match odours collected on different parts of the body.

2. Material and methods

2.1. Experimental subjects

The experiments were done in 1992 and in the first quarter of 1993 with six Dutch
police dogs that had been trained to perform scent identification tasks described
below and had been certified in 1983 or later (in the ‘speurhond menselijke geur’
examination, which means human scent tracker dog). The dogs varied in age be-
tween three and eight years; two of the six dogs were male, and they were all Shep-
herd dogs (German, Malinois or mixed). The participation of these dogs was not
equal owing to different workloads, iliness and death, and varied in the range 9-45
trials.
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The examination and regulations surrounding it had been modified in 1991, and
two dogs had passed the ‘old’ exam, four the ‘new’. The following description of the
examination is limited to the scent identification task which had to be performed
correctly. All preparations were carried out by an examiner to prevent the dog from
picking up any other cue than scent (so-called ‘Kluge Hans’ errors). For the old
exam, six people were asked to wash their hands with non-perfumed soap and to dry
them on paper towels. After 5 min, each was asked to hold two stainless steel tubes
in their hands for 5—10 min. The tubes were then collected separately in glass bottles
or in plastic bags, and handled with tongs thereafter. One of these six people was
considered ‘suspect’ and he was also asked to scent a sample object by putting it in
his pocket or holding it in his hand. The examination was usually performed outside
on a paved surface. The tubes were placed in two rows by the examiner. In this
‘scent-lineup’ each row contained the six different scents, the position of the
suspect’s tube was random and unknown to the handler. After these preparations,
the handler would come to the area and let his dog sniff (‘take air’) at the sample
object scented by the suspect by holding the object in one hand and directing the
nose of his dog to the object with his other hand. He would then command his dog
to bring him the corresponding tube in the first row. The dog was left free to make
his choice. After a correct retrieval this procedure was repeated for the second row,
and if the corresponding tube was retrieved again the dog had passed this part of
the exam.

The scent-identification task in the new examination was for a large part the same,
except that the two rows were not identical but contained 12 different scents. In one
row a corresponding tube had to be retrieved, the other row was a ‘control’ row in
which the dog could not find a corresponding tube and had to refrain from picking
up one. The handler did not know which of the two rows contained the correspon-
ding tube, nor the position of the tube in that row. The dog had to perform correctly
in both rows to pass.

At the beginning of the training, the old examination protocol is followed for the
scent identification tasks, and the sample objects are hand-scented metal objects.
Gradually the sample objects are varied in material, age, and method of scenting
(scenting objects in pockets predominates). The new examination protocol is in-
troduced later and practised less frequently. In the beginning, ‘suspects’ and extra
scents usually belong to familiar persons, and scents of strangers are introduced
later. After their examination, the handlers keep their dogs in training and also per-
form forensic identification tasks. In 1991 yearly examination became compulsory.

2.2. Experimental protocol

The experimental protocol followed the normal working routine. The 10 cm
stainless steel tubes were cleaned with soap, rinsed and then boiled in tap water for
=30 min, and were handled with tongs thereafter. The people scenting the tubes
worked in the building of the Police Dog Training Centre in Rotterdam where the
experiments took place (these people were familiar to two of the participating dogs),
or were visitors to that Centre. They did not wash their hands prior to scenting the
tubes since this is normal in training. People scenting the tubes by hand held them
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for 3 min and then replaced them in sterilized glass jars with twist-off tops. Tubes
scented in the pocket or in the crook of the elbow during the 3 min were handled
with tongs to prevent contamination and were put in separate sterilized glass jars.
Most of the people that scented tubes were male, the ‘suspects’ were always male.
The tubes were usually prepared on the same day that the experiments were done,
but, occasionally, the day before. This is also done in training, during examinations
and in normal police procedures.

All trials were performed at the Rotterdam Police Dog Training Centre. The
working area was an indoor area of 10X 10 m? with a smooth floor that was clean-
ed daily. A trial set consisted of three trials following normal protocol. Six tubes,
each having been held by a different person, were laid down in a row. The position
of the ‘suspect’ was random. The handler then entered with his dog and let it ‘take
air’ of the sample object, in this case another steel tube that had been prepared by
the ‘suspect’, and ordered to retrieve the corresponding tube. After a retrieval, or
when the handler decided that the dog was not able to make a match (usually after
the dog had sniffed each tube twice), the handler would leave the room with the dog.
All tubes were removed and a new row would be prepared, taking care to lay down
the fresh tubes on a new area on the floor. The second and third trials of the set
followed the same protocol as above. The handler did not know the position of the
correct tube in advance but was informed of the result between trials. All proceed-
ings were videotaped.

2.3. Experimental design
The experiments were designed to check the results obtained by Brisbin and

Austad in 1991 [2]. Each trial set consisted of three matches that the dog had to
make, as follows.

(1) Matching elbow to hand scent: the sample tube that the dog was given to smell
had been scented in the crook of the elbow, and the six tubes in the row had been
scented by hand. This had never been practised by the dogs.

(2) Matching hand to elbow scent: the sample tube had been scented by hand, the
matching tube (and two others) in the row had been scented in the crook of the
elbow, and the other three tubes by hand. By mixing hand and elbow scents in
the row we could examine preference, as this was a crucial element in Brisbin
and Austad’s experiments [2]. Retrieving a crook-of-the-elbow-scented tube was
new for the dogs.

(3) Matching pocket to hand scent: the sample tube had been scented in the pocket,
and the six tubes in the row had been scented by hand. This method is
predominantly used in training.

The dogs were confronted with one trial set on a day, and the days on which these
experiments were done were spread over a period of 15 months. The trials within
a set were given in a quasi-random way (Table 1), often starting with match 1 and
ending with 3. Within a single trial set, the odours used belonged to the same set of
six people. To preclude memory effects, the number of trials in a set was limited to
three.
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Table 1
Distribution of trials within the 59 trial sets

Order in trial set Ist 2nd 3rd
Elbow= hand 31 14 14
Hand = elbow 16 26 17
Pocket= hand 12 19 28

A ‘correct’ choice was noted when the dog picked up the matching tube and
brought it to its handler. A ‘wrong’ choice was noted when the dog picked up
another tube and brought it, and a ‘no choice’ was noted when the dog had smelled
at all of the tubes (usually twice) but did not pick up any, after which he was recalled
by the handler. The ‘no choice’ option was essentially a decision made by the
handler, based on his experience with the dog.

2.4. Statistics

Chi-square testing was used throughout. Where the number of observations was
too small for testing, data were grouped into larger categories (correct-not correct,
wrong-not wrong). Since the dog could choose between six tubes and a match was
potentially possible in all the trials, the chance level was 16.7% for each trial.

3. Results

3.1. Differences in performance between dogs

In regular police practice, it is the result of the identification test that counts,
regardless of which individual dog made the identification. The assumption is that,
having passed the test, the results of all dogs are equal. We tested the results of the
three dogs that contributed the most to the test series and found that the perfor-
mance of one of the dogs was significantly better (P < 0.01) than the other two.
However, the results of the tests are handled as a whole hereafter. We feel that this
is legitimate since the conclusions that are drawn are reflected in the results of each
of the dogs separately, where there were enough data to test this.

3.2. Differences between trial types

The number of correct choices was significantly better (P < 0.01) than chance
(16.7% of 59 = 9.8 trials) in all trials (Table 2). The performance of the dogs in the
first trial of the sets did not differ significantly from the overall performance. The
pocket = hand trials were performed significantly better (P < 0.025) than the other
two trials types. There was no difference in performance between the hand = elbow
or elbow = hand trials. In the hand = elbow trials the dogs had to retrieve a tube that
was scented in the crook of the elbow. Analysing the incorrect choices showed that
the dogs picked up hand-scented tubes versus crook-of-the-elbow-scented tubes ac-
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Table 2
Combined resuits of six dogs

N correct N no choice N wrong
Elbow = hand 19 (32%) 16 24
Hand = elbow 19 (32%) 15 25
Pocket = hand 34 (58%) 6 19

cording to their proportion in the row (14 vs. 10 mistakes, 3 vs. 2 proportion in the
row).

3.3 Familiarity with scents influences the results

The dog that performed significantly better was based at the Rotterdam Police
Dog Training Centre where the experiments were prepared and conducted. Review-
ing its results, we found a marked difference in results between tests where the
‘suspect’ was a person working at the Centre and those when the ‘suspect’ was a
visitor. When the dog knew the ‘suspect’, 73% of the trials were correct, when the
‘suspect’ was a familiar scent (often used in training situations) 67% were correct,
and when the ‘suspect’ was a complete stranger to the dog 25% of the trials were cor-
rect, but the numbers are too small to test for statistical significance.

4. Discussion

The evidence of our experiments lead to the conclusion that the Dutch police dogs
are capable of cross-matching scents collected from different body parts. We are led
to hypothesize that this capability is a result of the particular training of these dogs,
for the following reasons.

(1) The trial type that was practised most, pocket=hand, was performed best. One
can argue that since people often place their hands in their pockets, pockets con-
tain a lot of ‘hand odour’ and that this could facilitate the choice for the dog,
but on the other hand trouser pockets are close to the groin which is one of the
human body areas most richly endowed with scent-producing glands. The tubes
that were scented in the pocket for these experiments were not directly touched
by hand but picked up the mixed scent in the pocket.

(2) Although the dogs had not been particularly trained on crook-of-the-elbow
scents, the dogs performed better than chance. There seems to be enough similar-
ity in scent between tubes scented by hand and those scented in the crook of the
arm for these dogs to make the connection, but apparently there is enough differ-
ence between them to lead to a larger number of mistakes.

(3) Although the dogs have always been trained to collect tubes that have been
scented by hand or in pockets, they show neither aversion to, nor preference for,
tubes scented in the crook of the elbow.
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The inability of the American dogs in Brisbin and Austad [2] to recognize their
masters crook-of-the-elbow scent can be explained by their lack of specific training.
Since the dogs were only confronted with hand-held objects, and were trained to
only retrieve objects scented by the hand of their master, the choice between a hand-
scent of a stranger and an elbow-scent of their master is an ambiguous one. There
is no correct choice, i.e. no master’s hand. The dogs had never been trained to focus
on the individual personal smell of their master, and two of the three dogs used by
Brisbin and Austad showed greater indecision (taking more time for their choice)
when faced with this ambiguous question.

The importance of training and experimental design on the capability of dogs to
recognize personal human odours has been stressed by other investigators, as sum-
marized by McCartney [8]. He refers to work done by the Menzels in the 1930s, who
concluded that dogs are able to relate regional body odours to individual odours,
but cautioned that many investigators who found that dogs were not able to do this
made the fundamental mistake of supposing that dogs are ‘naturally’ interested in
human individual scent.

Training can have profound effects on the results of experiments in many ways,
and caution should be taken in interpreting results. The good results of the ‘best’
dog in our study were obtained in experiments using the scents of familiar people.
This factor is common knowledge to dog trainers and is used in dog training: many
manuals advise to begin training with the scent of the master, to then move to the
scent of familiar persons and finally to strangers. Dogs show different olfactory
responses to known and unknown people [9] and can be trained to recognize their
masters scent under extreme conditions [10]. For forensic purposes dogs should be
trained with scents of strangers. The most common forensic sample objects are tools
and weapons, so training on hand-held objects seems logical. A forced-choice meth-
od can obviously not be used in forensic applications.

Dogs have remarkable olfactory abilities that can be of great use in police in-
vestigations. Dogs are able to identify human scent on glass slides that were lightly
fingerprinted, and then kept indoors for 1 month, or outdoors for <2 weeks [11].
Other experiments done as part of our investigations have shown that dogs can
match steel tubes when the sample object (steel tube) was scented by hand for no
more than 35 s, selecting the corresponding scent from a choice of six. However, great
care has to be taken in training and experimental design, and in the light of forensic
application special attention has to be paid to the number of mistakes a dog makes.
Reviewing dog scent lineups, Taslitz [1] concluded that the faith judiciary powers
place on results of such lineups is not based on scientific proof. Our experiments
show that while dogs are capable of performing scent lineups, in the simple experi-
mental setup of a choice between six, a large number of mistakes are made. However,
the new identification task and the yearly examination improve on this, therefore the
level of performance found in this study cannot be extrapolated.
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ABSTRACT: To properly evatuate different forensic techniques,
it is important to know how reliable these different techniques are.
The reliability of scent identification line-ups is unknown. The
purpose of this study was to describe, and employ, a reliability
testing method for scent identifications using trained police dogs
and a novel scent identification procedure. Two kinds of experi-
ments were prepared: suspect = perpetrator cxperiments, and sus-
pect # perpetrator experiments. Six dog/handler teams participated
in 10 experiments, five of each kind. The reliability of an identifica-
tion, or the diagnostic ratio, is the percentage correct identification
in suspect = perpetrator experiments divided by the percentage false
identification of the suspect in suspect # perpetrator experiments.
Factors that influence the reliability of scent identifications are
discussed, and the results of the scent identifications are compared
with recent reliability estimates of other forensic techniques.

KEYWORDS: forensic science, scent, identification, line-up,
canine reliability

The reliability of different fact-finding methods is a subject
under debate. This debate has extended from “soft” psychological
methods to “hard” scientific methods. The recent review of crime
laboratory proficiency testing results by Peterson & Markham (1)
illustrated that this debate is justified. Scientific methods may, in
themsclves, be reliable but it is the application in practice that
yields the results presented as evidence in court. This process
includes undetected technical and human errors from a variety of
sources. Thus it is not sufficient to assess the reliability of evidence
presented in court by looking at the theoretical reliability of the
scientific method used, nor can one assess the reliability of the
method by the level of training and practice of the scientist
involved. The methods should be tested in full, and crime labora-
tory proficiency testing is an important first step.

This paper presents a reliability assessment of scent identifica-
tion linc-ups. In a scent identification line-up, a trained dog matches
the odor of the perpetrator left on a corpus delicti to the odor of
a suspect. The odor of the suspect is presented as one in an array
of different odors, and the dog makes the match by only responding
to the odor of the suspect and by ignoring the other odors. The
two main assumptions underlying this method are that every human
being has a (stable) unique odor, and that dogs are capable of
discriminating between these odors. Although strictly speaking
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these assumptions have not been proven, a body of (circumstantial)
evidence and empirical work supports them. The method is used
as investigation tool by different police forces in the world, and
is also presented as evidence in court (2).

Recent work has shown that the experimental set-up has a signifi-
cant effect on the outcome of scent identifications. In a series of
experiments using the same group of dogs, the way in which the
odors in the array were presented and the “rules” surrounding the
procedure were varied (3). Incorporating a “performance check”
in the experimental set-up, where the dog's ability/willingness to
work was lested directly prior to the scent identification, signifi-
cantly enhanced the result of the identifications: there were both
more correct identifications and less false responses. A second
series of experiments with different dogs trained in a slightly
different way confirmed these findings (2).

The “performance check™ method was concluded to be a good
experimental set-up for employing the capabilitics of dogs for
forensic purposes. To assess the reliability of any identification
method, it is necessary to know the results in factually suspect =
perpetrator cases as well as in facwually suspect # perpetrator
cases. This paper describes the design and results of a study aimed
at obtaining these data. The experiments mimicked forensic reality.
The handlers knew that they were participating in “reliability”
experiments but did not know more, which makes the results
comparable to those obtained in proficiency testing of forensic
detection methods where the forensic laboratories were also aware
which material was part of the testing program.

Material and Methods
Animals

All experiments were done with six dogs trained and centified
as Dutch “'police human scent tracker dogs.” Dogs 1-3 were male
and dogs 4-6 were female. All dogs were Shepherd dogs (Malinois,
German, Dutch, or mixed parentage) and their ages varied from
4-9 years. The dogs and their handlers worked in two groups:
dogs 1, 2, 4 and 5 worked in area 1 and dogs 3 and 6 in area 2.
The scent identification module of the compulsory ycarly examina-
tion of these dogs differs in set-up from the one used in the
experiments described here and has been described elsewhere (3).

Experimenis

Each dog was used for 10 experiments: five “suspect = perpetra-
tor” experiments and five “suspect # perpetrator” experiments,
using 5 different kinds of corpora delicti in both series. In an effort
to minimize variables, one person was used as perpetrator and
suspect in all “suspect = perpetrator” experiments, and two other



people were used in all the “suspect # perpetrator” experiments.
The handlers were aware that an experiment could be of either
type but at the time of the experiment they did not know what
kind of experiment they were participating in. The dogs performed
2 experiments (one of each kind) on a test-day, test-days were 1-2
weeks apart.

Preparation of the Experimental Corpora Delicti

Two male civilian police employees volunteered as “perpetra-
tors” for the experiments. They were asked to prepare corpora
delicti in realistic ways. The corpora delicti used in the experiments
were pistol buttplates, screwdrivers, spanners, sweatshirt cuffs, and
scent samples taken from the seats of their car. The buttplates,
screwdrivers and spanners were kept in the pocket for approxi-
mately 15 min (simulating a perpetrator carrying this material to
the crime scene), and then handled for 5 min longer (simulating
working with this equipment). The sweatshirt cuffs were wom
around the wrist for 15 min and also handled for 5 min. The scent
sample was taken according 1o standard police protocol by placing
an odor collection cloth (cotton bandage) for 1,5 hours on the scat
of the car of the “perpetrator.” The “perpetrator” had driven the
car for 30-45 min on his way to work, and the scent sample was
taken less than an hour after arrival. The corpora delicti were
stored for 8-10 days according to customary police protocol in
plastic bags or glass jars with a twist-off top.

Preparation of the Experimental Odor Arrays

In forensic reality, the suspect is usually the only person who
is in jail and the other cdors in the array belong to policemen or
civilian police employecs. To simulate this difference, the experi-
mental “suspects” were from a different environment than the
people who volunteered to prepare the decoy odors.

In the “suspect = perpetrator” experiments, the “perpetrator”
who participated in preparing the corpora delicti was also the
“suspect.” In the “suspect # perpetrator” experiments. another
male civilian police employee volunteered as “suspect.” The odor
arrays were prepared following customary police protocol. Each
of the “suspects” and the decoys (malc and female police school
students) were given 2 glass jars containing 6 stainless sicel tubes
each, and were asked to handle the tubes for 5 min per jar. The
jars were marked to differentiate between the baich of tubes scented
first and the batch scented second. Handling 12 tubes in all is
more than usual in police practice, where handling 2—4 tubes in
total is customary. In forensic practice the participants wash their
hands prior to handling the tubes which was not done in these
experiments. For each experiment, one of the male decoys was
designated as “check” person for the performance check and this
person was also requested to handle pieces of standard clectric
wire tubing (“PVC-tube”). The people who prepared the decoy
odors only participated once in the series of experiments. The
experiments were usually conducted the day after the experiments
had been prepared.

Experimental Protocol

For each experiment, 14 tubes containing odors of 7 different
people were arranged in two rows. Each row contained the odor
of a “suspect,” the odor of a “check™ person, and 5 other decoy
odors. The position of these different odors was random with one
limitation: in one row the odor of the “suspect™ would come before
the odor of the *“check™ person, in the other row this would be
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the reverse. This was done to maximize the chance of the dog
smelling and ignoring the odor of the “suspect™ during the perfor-
mance check (this demonstrated the lack of specific interest of the
dog for this panticular “suspect™). The first row contained tubes
from the jar that was prepared first, the second row contained tubes
from the jar that was prepared second. The rows were prepared in
absence of the dog handler, who did not know the position of the
matching tubes at any time during an cxperiment.

In the first two trials the dog was given a “performance check.”
Through a simple test the ability/willingness to work was
established.

For trial 1, the dog was given the “PVC-tube” handled by the
“check”-person as a sample odor, and had 10 find the matching
odor in the first array of seven tubes. If the dog retrieved a non-
matching tube or did not retrieve any tube at all, the result was
“D(isqualified)]” and experiment was terminated. If the dog
retrieved the matching tube, this was noted as “correct™ and the
dog and his handler continved.

In trial 2 the match was repeated in the second array of odors:
the dog was given the same “PVC-tube™ as a sample and had 1o
retricve the tube containing the odor of the “check™ person in the
second row. Failing to retrieve, or retrieving a non-matching odor,
led 10 a *D(isqualification)2.” If the dog retrieved the matching tube
again, this was noted as “correct” and the experiment continued.

After succeeding in trials 1 and 2, the dog was considered
“qualified” to work. Both rows now contained 6 tubes with the
odors of the suspect and 5 decoys, since the tubes containing the
“check” odor had been removed by the dog.

For trial 3, the dog and the handler returned to the first array.
The dog was given the odor of the perpetrator on a corpus delicti
as a sample odor, and has to find a matching tube. If the dog
retricved the tube of the suspect, the experiment continued with
trial 4. Not retrieving anything was noted as “0” (see Table 1:
correct in “suspect # perpetrator™ cases. a miss in “‘suspect =
perpetrator” casces). Retrieving a non-matching tube was noted as
*=" (Table 1).

In trial 4, the dog had to match the odor of the perpetrator to
that of the suspect a sccond time, but now in the second array of
odors. Retrieving the tube containing the odor of the suspect a
second time was noted as “+” (Table |: correct identification in
“suspect = perpetrator” experiments, and false identification in
“suspect # perpetrator” experiments). Retricving a non-matching
tube would have led to a “~—" and not retrieving any tube to “0”
but these situations did not arise.

A flow chart and a schematic overview of the possible results
of each experiment is given in Table 2. The rials were videotaped
for further analysis.

Results

The results of the 10 experiments per dog are given in Table 3.

Half of the experiments led to a disqualification in the first or
second trial. As can be seen in Table 3, 19 of the 30 “suspect =
perpetrator” cases ended in a D1 or D2, as well as 11 of the 30
“suspect # perpetrator” cases. Analyzing these disqualifications
further shows that 21 disqualifications were a result of a mistake
in trial 1, and 9 the result of a mistake in trial 2. A division could
be made into a group with disqualifications predominantly in trial
1 (dogs 1, 2 and 4) and a group with 50% or more disqualifications
in trial 2 (dogs 3. 5 and 6). Trial 2 consisted of tubes that were
handled second and could, therefore, contain less odor, so the
behavior of these two groups was analyzed further. Afler a correct
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TABLE |—Registration of the results of the choices made by the dogs.

Choice of Dog
Reality ¥ Qdor Suspect Odor Decoy No Odor
suspect = perpelrator +: correct identification =1 wrong 0: miss
suspect # perpelrator +: false identification —: wrong 0: correct non-identification

retrieval in trial 1, dogs 3, 5 and 6 are disqualificd more often in
trial 2 (28%) than the other three dogs (13%). When dogs 3, 5
and 6 do succeed in both trials 1 and 2, they retrieve the cormect
tube more quickly in trial | than in trial 2 in 12/16 experiments.
The other three dogs retrieve the correct tube more quickly in trial
2 than in trial | in 8/10 experiments, which is what one would
expect since trial 2 is a simple repetition,

A second observation regarding the disqualifications is that dog
4, who was disqualified in all of the “suspect = perpetrator”
experiments, showed significant interest for the odor of the “sus-
pect” in trials | and/or 2 of these experiments. The odor of the
“check’” person was differeat in each of these experiment. In two
experiments dog 4 retrieved the “suspects™ tube in trial 1 (instead
of the “check™-tube), in the other 3 she demonstrated such interest
in the “suspects™ tube that the handler thought that this was the
correct “check™-tube. Dog 4 only showed this interest for the
“suspect” in the “suspect = perpetrator” experiments and not in
the “suspect # perpetrator” cases.

A third observation regarding the results is the difference in
menial states of the handlers in the two groups. [n area 1 (dogs

TABLE 2—Flow chart of an experiment. Per irial, each possible
response a dog may give is listed (retrieval of whose odor, or no
retrieval ar all), followed by its consequences (end or continue,
symbolized by =). In the last column the way the result of a total experiment
is scored is given,

1,2, 4 and 5) the majority of the handlers said that they were very
nervous about the experiments. In area 2 (dogs 3 and 6) the handlers
were more relaxed and confident. The experiments in area 1 led
to significantly more disqualifications than in area 2 (60 vs. 30%,
x5 p = .03).

In Table 4, an overview of the total results of the experiments
is given. In the “suspect = perpetrator” experiments the suspect
was correctly identified as the perpetrator in 4 of the 11 experiments
where the dogs were qualificd. They made a choice in 9 of these
experiments, 4 of which were comect choices. Since they have a
choice out of 6, this is better than chance (p < .05, binomial test).

In the “suspect # perpetrator” tests 9 of the |9 cxperiments
where the dogs were qualificd led to the correct response: no
retrieval at all. In the other 10 experiments the dogs did retrieve
a tube, and this led to a false identification of our “suspect” once.
Since they have a choice out of 6, this is not significantly different
from chance.

Discussion

In forensic investigations in general, the “reality” as described
in Table 1 is not known. One only knows if the result of an
investigation is “positive identification/same origin™ or “non-
identification/different origin.” In order to translate experimental
material such as the material collected in this study to a practical
assessment of reliability, the “diagnostic ratio™ (4) was calculated.
This diagnostic provides insight into how often a method is correct

Trial 1 Toal 2 Trial 3 Trial 4 Result
Decoy End DI TABLE 4—5umman':ed.msull.t of thg w_e.r?er{men::. The “correct”
None End DI experiments are given in italics.
Control : ng::y E::ll gg Qualified, Dogs Subsequently
= Control => Decoy End —_ Retrieve Odor
= None End 0 Disqualified  Suspect Decoy None
= Suspect = Decoy —
= None 0 Suspect = Perpetrator 19 4(36.5%) 5(45.5%) 2 (18.2%)
= Suspect + Suspect # Perpetrator 11 1(53%). 9(47.4%) 9 (47.4%)
TABLE 3—Resulis of the 10 experiments per dog.
Suspect = Perpetrator Suspect # Perpetrator
Scent Scent
Buttplates  Screwdriver  Spanners Shiricuffs  Sample Butiplates Screwdriver  Spanners Shirtcuffs  Sample
Dog | DI + + + D1 — — — 0 D1
Dog 2 DI D1 — Di D1 — — 0 DI Di
Dog 3 + 0 D2 D2 DI 0 D2 0 0 —
Dog 4 DI D2 DI DI DI 0 D2 DI D1 DI
Dog 5 D2 D2 0 Dl — — D2 — DI DI
Dog 6 Dl D2 — — — 0 0 + - 0

DI: disqualified in trial I, D2: disqualified in trial 2.

+: positive identification of suspect as perpetrator after qualification.
—: wrong, retrieval of tube with decoy odor after qualification.

0: no identification, no retrieval of any tube after qualification.



when the result is “positive identification,” and how oflten it is
correct when the result is “negative identification.” The ratio is
calculated as follows:

diag. ratio of “positive id.”

_ % correct id. in suspect = perpetrator cases
% false id. in suspect # perpetralor cascs

and

diag. ratio of “negative id.”

_ % correct non-id. in suspecl # perpelralor cases
% misses in suspect = perpetrator cases

A diagnostic ratio of 10 means that for every 10 times a result is
correct, it is incorrect once, whereas a diagnostic ratio of 20 means
that for every 20 times a result is correct, it is incorrect once. At
first sight, a method with 100% comect identification but with
20% false identification might seem better than one with a 20%
cormrect identification and 2% false identifications. However, the
first method leads to an incorrect result once for every 5 times it
is correct, and the second to an incorrect for every 10 times it is
correct. For an evaluation of the method, the diagnostic ratio
is essential.

In an earlier study where different experimental set-ups were
compared, only suspect = perpetrator cases were offercd 1o the
dogs (3). But by extrapolating the ratio beiween “wrong” and
“miss" obtained in these experiments to suspect # perpetrator
cases, one can calculate a % false identifications (by dividing the
total % wrong by the number of odors in the set-up) and %
correct non-identifications. Thus applied for the above study. the
diagnostic ratios for a “positive identification™ was almost twice
as high for the “positive check™ method in comparison with the
currently used experimental set-up.

The data obtained in this study (Table 4) can be used directly
in the formula’s, leading to diagnostic ratio’s of 6.9 for a *'positive
identification” (36.4% correct idemifications/5.3% false identifica-
tions) and 2.6 for a “‘negative identification™ (47.3 correct non-
identifications/18.2% misses). However, the data obtained in these
experiments seem to be negatively biased for a number of reasons.
After examining these reasons, an expected realistic value of the
different percentages will be given, leading to a new estimation
of realistic diagnostic ratio’s.

Three dogs showed a high proponion of disqualification in trial
2, and a slowness to retrieve in this second trial. The tubes jn this
trial belonged to the batch that was handled second, and it seems
possible that these findings were caused by the large amount of
material that was scented by each person. The difficulties these
dogs encountered in this second trial may have had a negative
effect on their performance in trial 3. The nervousness of part of
the handlers involved in the experiment could also have ncgatively
biased the results. Prior work in “suspect = perpetrator” scenarios
confirm that the percentage correct identifications is usually sub-
stantially higher (3 and 5). A realistic level is estimated at 60%.

The percentage false identifications in “suspect # perpetrator™
cases seems, at first sight, to be underestimated in this study: the
dogs only performed 47% of these experiments correctly. They
picked up one of the six tubes in 53% of the cases, which would
lead to a chance false identification of 8.8% in trial 3. Earlier work
has shown that not all mistakes are repeated in a subsequent trial:
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after an incorrect choice the dogs only repeated this in 36% of
the following choices (2). Assuming a repeat-percentage of 50%,
the leve) of falsc identifications would drop 10 4.4% in trial 4 of the
“suspect # perpetrator” cases. This then Jeads to a new, cstimated
diagnostic value of 13.6 for positive identifications.

The data on the negative identifications seems in line with
prior studies (3): 50% correct non-identification in “suspect #
perpetrator” cases, and 20% misses in “suspect = perpetrator”
cascs.

This means that when using the improved “positive check”
method described in this paper, it is expected that there will be
one falsely accused in every 13-14 “positive identifications,” and
one who is falsely acquitted in every 2-3 “negative identifications.”
Therefore, “positive identifications™ are more reliable than “nega-
tive identifications.” This asymmetry is common in forensic sci-
ence but one that the judicial system should be aware of.

Comparing the ratio on the “positive identification™ with *posi-
live on common origin” ratio’s calculated from Petcrson & Mark-
ham's overview (1), scent identifications can be placed in the
*moderate success” group together with bloodstain analysis. ques-
tioned documents, toolmarks and hair analyses (diagnostic ratios;
10.0-29.4). Analyses on paint, glass, fibers and body fluid mixtures
are less reliable and described as a category of concem (diagnostic
ratios 3.1-7.8); fingerprints, firearms and footwear analyses were
performed best (diagnostic ratios 52.9-160.8). Experiments with
eyewitness confrontations have led to diagnostic values varying
between 9 (6) and 15 (7).

The experimental set-up used in these experiments differs from
the one the dogs are centified in. In the “certification set-up” the
odor of the suspect is one in an amay of 12 different odors on
tubes, which are divided into two rows of six tubes each. The
dogs thus have to find the matching odor in one row, and refrain
from making a match in the other row. The main differences
between the “certification set-up” and the “performance check set-
up” are: (a) the performance check on the dogs ability/willingness
to work, (b) the check that the dog does not “prefer™ the suspect,
and (c) to obtain a ncgative identification a dog may not respond
10 any odor twice in the cenification set-up. but only once in the
performance check set-up.

A performance check prior to the actual forensic question was
shown to have a significant positive effect on the results (3). The
level of performance directly influences the reliability of the results
obtaincd, which means that if the dogs are not able or willing 10
work, one should not use these dogs for forensic testing. Even the
relatively simple check with a well-scented control object leads
to a better performance. One explanation for this is that the simple
performance check could be sufficient 1o test the olfactory ability
of the dogs, which can vary due to hormonal changes, possible
infections, (cross)adaptation or illness. This would mean that mis-
takes made by dogs that are not sufficiently able are eliminated
by the performance check. Another explanations is that the simple
check really tests willingness to work, thus eliminating mistakes
made by unwilling dogs. Correci retrievals in the first two trials
may cven enhance the willingness to work by creating a “winning
mood.” Willingness to work is part of the very complex “motiva-
tion” of the dog. which is probably also influenced by the handler as
demonstrated by the difference in results between the two groups.
Which factor (olfactory ability or willingness, or both) is responsi-
ble is perhaps not directly relevant for the results but is of definite
interest for training and selection of the dogs. If ability is the
crucial factor. selecting dogs on olfactory ability could lead to



74 JOURNAL OF FORENSIC SCIENCES

long term improvement, if willingness is the crucial factor, more
attention should be paid to enhancing the motivation of the dogs.

The second effect of the performance check is that one shows
that the other odors in the array, including the odor of the suspect,
are “'ncutral” for the dog and that there is no prior preference of
the dog for the odor of the suspect. This neutrality is important in
court: a positive identification may not be the result of a particular
preference the dog may have, or because the odor of the suspect
is very different from the others in the array. This has led to rules
for the odors presented in the array in forensic tests. Since little
is known about what determines scent, these rules have been based
on what is known to influence comparable visual identifications,
essentially minimizing differences between the people who partici-
pate in preparing the array. Thus the rules say that people have
to belong 10 the same sex, must have the same racial background,
and all must wash their hands with non-perfumed soap prior to
scenting the tubes.

As we learn more of what determines human odor the list of
rules will become longer. For example: since the influence of the
major histocompatibifity complex (a group of genes responsible
for the human immune system) has been shown to have a significant
effect on human odor (8.9) one might say that the odors in the
array should belong to MHC compatible people. This is extremely
costly (tissue-lyping people is expensive) and it is practically
impossible to find compatible MHC types, as is well illustrated
by the compatibility difficulties in organ transplantations that are
also a result of different MHC types. Another example: if a “stress-
odor” exits, one might say that all the people in the array should
be equally “stressed” as the suspect. However, rules will never
suffice as long as it is unknown which components of human odor
the dogs use for their discrimination.

Up to now it has not been shown that dogs use specific selec-
tion rules when responding. For example, it has been shown that
dogs do not use olfactory information on sex or smoking habits
1o narrow down their choice (2). More importantly, the current
rules do not guarantee that the dog did not respond to the odor
of the suspect because he found it of interest. The “performance
check set-up™ tries to guarantee the “neutrality” of the row by
letting the dog smell, and ignore, the other six odors in the first
two trials of the set-up. The continued preference of dog 4 for
the suspect in the “suspect = perpetrator” cases demonstrates
the necessity of such a precaution. Since the “neutrality” of the
odors is demonsirated for each particular dog at the time of
the experiments, the necessity of rules surrounding the odors in
the array is eliminated.

The third point of difference between the two sel-ups concers
the “'negative identifications.” Experiments with mice and rats on
odors in *'go-no go” paradigms have shown that the majority of
the mistakes are made by the animal responding in the “no go”
situation, thus creating “false hits™ (10). Not doing something was
concluded to be more difficult than doing something, and this
aspect is also a problem in scent identifications that follow a match-
to-sample paradigm. When no match is possible, for example when
a suspect is innocent (or for any other reason), the dogs should not
respond at all. In the “certification set-up™ a suspect # perpetrator
situation means not responding twice in succession. In the “experi-
mental sct-up” a dog first has to perform the two performance
check trials where it should respond (and be rewarded), after which
itis only confronted once with an array where it may not respond.
Thus the dog is confronted less with the difficult situation of not
being allowed to respond in the “experimemtal set-up,” and this
was shown to have a positive effect on the reliability (3).

Not responding in suspect # perpetrator cases is a crucial aspect
of rcliability. It seems important to keep a constant check on the
dogs for incorrect responses since this increases the chance of
false ideatifications. The handlers should be made very aware of
this problem since they can influence these mistakes. In normal
training, the dogs are allowed two or three passes over the array
of tubes to choose. If they do not choose, they are recalled by
their handler. In forensic cases the handlers may be tempied to let
the dog search for a longer time before recalling him: for example
when the suspect has already confessed or when there are other
compelling reasons to believe the suspect guilty. So although the
handler is not aware of the position of the suspect’s tube in the
array, he may still influence the result. True blind experiments,
where the handler does not know anything of the case at hand, is
not a custom in police work but is probably the casiest way to
prevent any (subconscious) influence. An alternative may be video-
taping the forensic experiments for later examination. A third
altcrnative is radically changing the experimenial sct-up into one
where the dog can actively respond in both suspect = perpetrator
and in suspect # perpetrator cases, as was successfully done in a
pilot study with four dogs (1t).

The conclusion can be drawn that scent identification following
the improved “performance check™ set-up described here are reli-
able enough to be a useful forensic tool. Odor is easily left behind
by perpetrators and scent identifications can provide unique leads
in forensic investigations. But: scent identifications should only
be performed by dogs that are part of a comprehensive quality
guarding scheme. In this scheme the performance level of the dogs
should be monitored so that courts can be informed of the reliability
of each particular dog if necessary.
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The Stability of Collected Human Scent Under
Various Environmental Conditions*'

ABSTRACT: Human scent evidence collected from objects at a crime scene is used [or scent discrimination with specially trained canines. Stor-
age of the scent evidence is usually required yet no optimized storage protocol has been determined. Storage containers including glass, polyethylene,
and aluminized pouches were evaluated to determine the optimal medium for storing human scent evidence of which glass was determined (o be the
optimal storage matrix. Hand odor samples were collected on three different sorbent materials, sealed in glass vials and subjected to different storage
environments including room temperature, ~80°C conditions, dark storage, and UVA/UVB light exposure over a 7-week period. Volatile organic
compounds (VOCs) in the headspace of the samples were extracted and identified using solid-phase micro-extraction—gas chromatography/mass
spectrometry (SPME-GC/MS). Three-dimensional covariance mapping showed that glass containers subjected to minimal UVA/UVB light exposure

provide the most stable environment for stored human scent samples.

KEYWORDS: forensic science, forensic chemistry, human scent, volatile organic compounds, solid-phase micro-extraction, gas chroma-

tography—mass spectrometry, storage

For over a century, canines have been successfully used in
human scent identification in many European countries, in particu-
far, the Netherlands, Poland, Belgium, Germany, and Hungary.
Human scent identification line-ups establish an association
between a suspect and an object or location based on canines
matching human scent collected from a crime scene to scent col-
lected from the hands of a suspect. This identification is based on
the theory that every human has a unique odor and canines have
the ability to discriminate between these odors (1).

The scent identification line-up is a controversial type of dog
scent evidence presented in courts of law (2). Scent identification
line-ups represent a relatively new evidentiary tool in the United
States. The introduction of human scent evidence has been chal-
lenged in court due to the limited scientific research in this field
(3-5). Due to the variability with which scent evidence is col-
lected and analyzed across different agencies, such evidence
comes under much scrutiny (4,5). For this evidence to be accepted
in a United States court of law, it must satisly the Kelly-Frye,
Daubeit, or Federal Rules of Evidence depending on if it is a fed-
eral offence, the crime committed, and the state in which the case
is being tried. In a recent US court, People of the State of Cali-
Jornia versus Benigo Sulcido, human scent evidence evaluated by
canines was challenged. Some of the issues raised included the
uniqueness of human scent, survivability of human scent, and
whether canines can be trained to discriminate between scents (6).
Numerous testimonies were presented by expert witnesses resulting
in the court ruling that human scent evidence can be admissible
if: “the person performing the technique used the correct scientific
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procedures, the training and experience of the dog and dog han-
dler prove them (o be proficient, and the methods used by the
dog handler in the case are reliable™ (6). This case demwonstrates
the need for the use of robust scientific procedures to produce
reliable, reproducible scent evidence that will be admissible in a
United States court of law.

Human scent samples for canine use are usually collected utiliz-
ing cither a direct collection procedure or an indirect collection pro-
cedure. The direct collection method involves collecting an article
of evidence from the scene of the crime, whereas the indirect
method involves the use of a sorbent material to collect the scent
from the article of evidence (7). The sorbent material that is
employed is dependent on the protocol of the specific country,
although cotton-based sorbents are usually used in Europe (8).
A suspect is often not immediately identified so the storage of sam-
ples is required. Western European countries are currently storing
their human scent samples in rooms which are at a constant tem-
perature and are exposed to little or no daylight (8). In Asia, China
has recently reported the development of a ““scent bank™ where
scent samples collected on various sorbents are stored at —18°C
(9,10).

Solid-phase micro-extraction-gas chromatography/mass spectro-
metry (SPME-GC/MS} is an analytical technique which has been
used for the extraction of volatile organic compounds (VOCs)
which are present in the headspace of various forensic samples
such as drugs. explosives, and human scent. SPME-GC/MS has
proven to be a viable technique for the extraction, separation, and
identification of the compounds which are present in the headspace
of scent samples (11-16). The headspace of scent samples collected
and aged can be distinguished chromatographically based on a
combination of the relative peak area ratios of the common com-
pounds present in these samples. Due to the volatile nature of scent
samples, it is important to determine the optimal materials and
procedures for the collection and storage of human scent (14). The
purpose of this study is to evaluate a variety of storage container
types and to determine the effects of various storage conditions on
collected human scent samples.

© 2009 American Academy of Forensic Sciences



Materials and Methods

This study was approved by the Florida International University
Committee on Human Subjects (Institutional Review Board).

Materials

Sorbent materials used were DUKAL brand, sterile, 2 X 2 inch,
8 ply, gauze pads (DUKAL Corporation, Syosset, NY), Kings
Cotton, non-sterile, 2 X 2 inch sorbent material (Seafarma, the
Netherlands) and Johnson and Johnson brand, sterile, 2 X 2 inch
gauze pads (Johnson and Johnson Consumer Products Company,
China). The extraction solvents for the supercritical fluid extraction
were supercritical grade carbon dioxide (Air Products, Allentown,
PA) and HPLC grade methanol (Fisher Scientific, Pittsburgh, PA).
The heat sealer utilized was a Maxi Seal electric heat sealer
(Premium Balloon Accessories, Taiwan).

Different types of containers evaluated as possible storage
containers for human scent included: Ziploc, Freezer Guard Seal,
Pint Size, 7.0 x 5.25 inch (SC Johnson & Sons Inc., Racine, WI).
Kapak Heavy Duty SealPAK Pouches, PET//LLDPE, 4.5 mL
thick, 6.5 x 8 inch (Kapak Corporation, Minneapolis, MN), Kapak
Aluminized Pouches, tri-layer polymer chemistry featuring an
aluminum film, 6.5 x 8 inch (Kapak Corporation), polyethylene
pouches, 3 X 3 inch, 2 mL thick (Veripak, Atlanta, GA).

The containers used to hold the sorbent materials for storage
were 10-mL glass, clear, screw top vials with PTFE/Silicone septa
(SUPELCO, Bellefonte, PA). The soap used for hand washing
was Natural, Clear Olive Oil Soap from Life of the Party (North
Brunswick, NJ). The SPME fibers used for the headspace extrac-
tions were 50/30 um divinylbenzene/carboxen/polydimethylsilox-
ane (SUPELCO, Bellefonte, PA).

The temperature and the humidity of the storage conditions
were monitored using Thermochron I-Buttons (MAXIM, Dallas,
TX). Storage containers used were glass aquarium tanks (All
Glass Aquarium, WI) enclosed with aluminum foil (Reynolds
Consumer Products Richmond, VA). The light source used was a
UVA/UVB reptile light (Energy Savers Unlimited, CA). The —80°C
freezer used was a VWR brand (Revco Scientific Inc., Asheville,
NC).

SFE Pre-Treatment of Gauze

The equipment used was an ISCO Model 260D Syringe Pump
with an SFX 2-10 Supercritical Fluid Extractor. The SFE condi-
tions used included direct spiking of 1000 pL of methanol into
the 10 mL extractor vessel, 30 min static extraction followed by
a 10 min dynamic extraction at 1.5 mL/min and 4500 psi. The
vessel was maintained at 130°C (11).

Evaluation of Different Storage Containers

SFE pre-treated Dukal gauze was sealed into five types of stor-
age containers which include: 10-mL glass, clear, screw top vials
with PTFE/Silicone septa, Ziploc, Freezer Guard Seal, Pint Size
bags, KPAK Heavy Duty SealPAK Pouches, KPAK Aluminized
Pouches, and polyethylene pouches. A heat sealer was used to seal
both the KPAK Heavy Duty SealPak and Aluminized pouches as
well as the polyethylene, whereas the Ziploc, Freezer Guard bags
were sealed using the zipper at the top of the bag. These storage
containers were evaluated in triplicate at each of the different time
intervals, including 1-, 2-, and 5-week periods. At the end of the
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time periods each piece of gauze was removed from its respective
storage material and placed back into its original vial using
tweezers previously rinsed with a bleach solution and dried. Each
stored gauze pad was then re-evaluated using a SPME-GC/MS
method.

Hand Sampling Procedure

Five hand odor samples were collected per day from six sub-
jects. Samples were collected from each subject over four consecu-
tive days resulting in a total of 20 samples per subject. Subjects
were required to wash hands and forearms with clear Olive Oil
Soap for 30 sec, rinse with water for 2 min, air dry for 4 min, then
rub the palms of hands over forearms for 5 min. Subjects then
sampled themselves by holding the pre-treated 2 X 2 absorbent
material (DUKAL brand gauze pads, Kings Cotton absorbent mate-
rial, and Johnson and Johnson brand) between the palms of the
hands for 10 min. The sample was then placed back inside the
10-mL glass vial and sealed by the subjects. This sampling proce-
dure was previously determined to be a viable collection technique
to obtain individual human scent profiles from the hands (8,13,16),
and olive oil-based, fragrance free soap has been shown previously
not to contain any previously reported human scent compounds
(14).

Storage of Scent Samples

The collected hand odor samples were subjected to four different
environmental conditions: room temperature, —80°C temperature,
dark, and UVA/UVB light. Samples stored at room temperature
were allowed to stand in an open environment over the 7-week
period. These samples were subjected to 10 h of fluorescent light-
ing of ¢. 300-500 lux and 14 h of darkness. The room temperature
was controlled to within + 1°C with an average temperature of
20°C and an average relative humidity of 56 + 6%. Samples stored
at —80°C were maintained at a temperature of —80 + 2°C. Once
removed from this condition for analysis, samples were allowed to
equilibrate to ambient condition for 1.5 h before being subjected to
a 21 h SPME extraction.

The container used for the dark storage environment was com-
pletely enclosed with aluminum foil to prevent the entry of light.
The average temperature and relative humidity in this container
was 19 £ 4°C and 71 + 6%, respectively. The container used for
storage of the samples subjected to UVA/UVB light was only
partially enclosed with aluminum foil with an opening at the top
for the positioning of a 500 lux UVA/UVB light source. The
10-mL glass vials which were used for the storage of the scent
samples, offer no protection against the transmission of UV light.
The samples which were stored in this condition were constantly
exposed to the UVA/UVB light source for the duration of the
storage period. The average temperature and relative humidity in
this container was 22 + 2°C and 63 + 3%, respectively.

Environmental controls were prepared by storing each of the
three sorbent material types used for collection of hand odor
samples in all four environmental conditions and monitored over
the time period. The materials were all pre-cleaned using the
SFE method which was previously discussed. Four of the five
samples collected on each sorbent material were stored in
each environmental condition and at the specific time period (week
1, week 3, week 5, and week 7) one was removed and analyzed
using SPME-GC/MS (the fifth sample was used for week O
analysis).
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SPME-GC/MS Procedure

The VOCs from the headspace of the vials containing the
absorbent  material were  extracted using  50/30 um
DVB/CAR/PDMS fibers (13). Single headspace extractions of
each vial from each of the storage conditions were performed at
room temperature for 21 h. The instrumentation used for the
separation and analysis of the analytes was an Agilent 6890 GC/
5973 MSD with a 0.25 mm X 30 m HP5-MS column which had
a 0.25 pm phase film thickness. Helium carrier gas was main-
tained at a flow rate of 1.0 mL/min. The initial GC oven temper-
ature of 40°C was held for 5 min, followed by a temperature
ramp of 10°C per minute to a final temperature of 250°C which
was held for 2 min. The mass spectrometer transfer line was
maintained at 280°C and the source temperature was 230°C. Mass
spectra were repeatedly scanned from 39-300 m/z. Mass spectra
data from 2000 to 6600 scans were exported into comma sepa-
rated values (CSV) format files using the Agilent Chemstation
3D-Export option. The CSV files were transferred into Microsoft
Excel (Microsoft Inc.) where matrix manipulations were per-
formed using an in-house written software running on a PC.

Statistical Evaluation

Three-dimensional covariance mapping was used to compare the
VOCs present in the week O hand odor samples to the VOCs in
the aged hand odor samples (week 1, 3, 5, and 7). Utilization of
this technique demonstrates whether or not two hand odor samples
collected from the same individual remain unchanged over a stor-
age period as it provides an assessment of origin based on pattern
recognition and comparison. Comparisons of covariance maps com-
puted from GC/MS data have previously been used to provide a
fingerprint for complex samples such as ignitable liquids (17).
Three-dimensional covariance mapping was used for the analysis
of the data by using mass spectrometry software to export a data
matrix comprised of the individual ion abundances for each mass-
to-charge ratio for the mass spectra data from scan 2000-6600 of
the chromatographic analysis. The covariance matrix is computed
by pre-multiplying the exported matrix by its transpose (the rows

of the original sample become columns and vice versa). The com-
puted matrix is normalized and two matrices are compared analyti-
cally by calculating a distance, D. D is calculated according to the
equation below (17):

Z:%:\ZNI(U) — zwva ()]
2

D=

Zy, represents the covariance matrix which is normalized such
that the sum of all matrix elements equal one. The maximum value
that can be obtained is 1 and so a similarity index, S, based on D
can also be calculated using the equation below:

S=1-D

The similarity index produces values between 0 and 1; 1 demon-
strates similarity while a value of 0 shows total dissimilarity.

Discussion
Evaluation of Different Storage Containers

An optimization of storage container type is an important aspect
to determining an optimized storage protocol for human scent evi-
dence. Various types of containment were evaluated to determine
if the containment matrixes had any contributions of volatile com-
pounds onto gauze materials which were initially determined to be
analytically clean at time zero. Figure 1 shows representative chro-
matograms produced from storage of pre-treated gauze in glass
vials, polyethylene pouches, Ziploc Freezer Guard bags, Alumi-
nized Kapak, and Heavy Duty Kapak pouches for the 5-week per-
iod. Table 1 displays the average number of overall compounds
detected across the triplicate cotton material samples stored in the
various containers at week 1, week 2, and week 5 and also displays
the number of previously reported human scent compounds
detected. The storage container which contributes the least amount
of both overall compounds and those previously reported to
be components of human scent onto the pre-treated gauze is the
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TABLE 1—Average number of compounds present on analytically clean
sorbent materials after storage in different types of containers.

Average Number of Average Number of
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TABLE 2—Calculated similarity, S, between hand odor samples collected
on different sorbent materials and stored at room temperature over a
7-week period (week O vs. weeks 0, 1, 3, 5, and 7).

Compounds Human Compounds Room Temperature
Storage Container Week 1 Week 2 Week 5 Week | Week 2 Week 5 Time (Weeks) Dukal Kings Cotton Johnson and Johnson
10-mL glass vial 2 | 5 1 0 1 0 1.00 1.00 1.00
Polyethylene 19 24 11 6 7 2 1 0.79 0.71 0.74
Ziplock Freezer Guard 40 19 15 9 3 3 3 0.59 0.58 0.67
Aluminum KPAK 93 85 88 6 3 2 5 0.66 0.52 0.53
Heavy Duty KPAK 116 116 107 7 8 6 7 0.64 0.54 0.49

10-mL glass vial, whereas the material which contributes the most
is the Heavy Duty Kapak pouches.

The glass containment evaluated during the storage period dis-
played the presence of nonane in two of the nine samples, which
has been previously reported to be a human odor compound. Four
compounds detected in one of the triplicate samples analyzed dur-
ing week 5 of storage in the glass container were long-chain cyclic
alkanes which were present due to SPME fiber degradation after
the extended extraction times utilized for analyzing human scent
and were not present due to the glass containment. The gauze
materials placed inside the polyethylene, Aluminized Kapak, and
Heavy Duty Kapak pouches were all sealed utilizing a heat sealer.
The compound classes detected in these materials included alkanes,
aldehydes, acid-methyl esters, and alcohols. The process of heat
sealing may have caused the creation and/or release of many of
the compounds detected on the gauze after storage in these
matrixes.

In terms of analytical evaluation an increase in the background
is a major problem as instruments have limitations in terms of
selectivity. Canines, however, depending on their training have
demonstrated comparatively enhanced selectivity as they possess
the ability to detect targets in the presence of a high background.
Although the increase in overall background levels may not pose
a problem for canine evaluation of human scent samples the possi-
bility exists that if compounds previously determined to be present
in human scent are added to human scent samples through contact
with storage materials the scent profile may be altered thus affect-
ing performance of the canines. As glass was determined to be the
optimal containment for the gauze collection materials, in the
storage environment experiments glass vials were utilized for all
subsequent storage of samples.

Storage of Scent Samples

Five hand odor samples were collected per day from six subjects
(two subjects per material). Samples were collected from each
subject over four consecutive days resulting in a total of 20 samples
per subject which were stored in four different environmental condi-
tions. The sorbent materials used were Dukal brand gauze pads,
Kings Cotton sorbent material and Johnson and Johnson brand
gauze pads. Dukal brand gauze and Kings Cotton are both 100%
cotton, whereas the Johnson and Johnson brand gauze is a blend of
polyester, rayon, and cellulose.

Environmental controls were monitored across the time period
by storing each of the three sorbent material types used for collec-
tion of hand odor samples in all four environmental conditions.
As previously described in the section above, glass containment
provides minimal contribution of previously reported human odor
compounds to the stored samples; any detection of nonane was
disregarded in this analysis. Storage in the presence of UVA/UVB

light did however result in the detection of aldehydes previously
reported as being human scent compounds. These compounds were
not initially detected in the SFE cleaned gauzes. As this was only
observed with the sorbent materials which were stored in the pres-
ence of UVA/UVB light, it is being assumed that the UV light
may have caused the creation and/or release of the aldehydes
detected on the gauze after storage in this condition. The detection
of the aldehydes over time was observed mainly on the 100%
cotton sorbents. These results suggest that the sorbent materials
were being adversely affected by the UVA/UVB light storage.
Previous research has shown that materials such as cotton even
though they have good resistance to sunlight, degrade with
prolonged exposure to ultraviolet light (18).

Room Temperature Storage

Comparisons made utilizing three-dimensional covariance map-
ping values demonstrated that the scent profiles on all the absorbent
materials were changing as the storage period progressed (Table 2).
The hand odor samples which were stored on the Dukal brand
gauze at room temperature produced a similarity value of 0.64 at
the end of the storage period while similarity values of 0.54 and
0.49 were obtained for Kings Cotton and Johnson and Johnson
brands, respectively. This showed that Dukal gave the least varia-
tion over the 7-week period when compared to the samples stored
on the two other sorbent materials. Also, the difference between
the similarity values for week 0 and week 1 was greater than the
difference between week 5 and week 7. This trend was observed
across all three sorbent materials (Table 2). This suggests that
the VOCs in the scent samples were changing less as the storage
period progressed.

—80°C Storage

Similarity values of 0.64, 0.60, and 0.66 were obtained for Dukal
brand, Kings Cotton and Johnson and Johnson brand gauze respec-
tively for the seventh week of storage in —80°C.

Of all the three sorbent materials, Johnson and Johnson brand
showed the greatest similarity between the week O and the week 7
samples. The Johnson and Johnson gauze also showed a smaller
difference between the similarity values for week 5 and 7 when
compared to Dukal and Kings Cotton (Table 3).

This shows the 100% cotton materials reacting differently than
the Johnson and Johnson gauze in the —80°C storage condition. This
can possibly be explained by the characteristic nature of the
samples; cotton fibers are hydrophilic and swell in water whereas
polyester is hydrophobic and repels water (18,19). Once hand odor
samples are collected, it is possible there are small quantities of
moisture present on the sorbent material. This could result in the
freezing and thawing of the samples during storage and analysis,
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TABLE 3—Calculated similarity, S, between hand odor samples collected
on different sorbent materials and stored at —80°C over a 7-week period
(week O vs. weeks 0, 1, 3, 5, and 7).

-80°C
Time (weeks) Dukal Kings Cotton Johnson and Johnson
0 1.00 1.00 1.00
1 0.65 0.82 0.80
3 0.88 0.92 0.75
5 0.86 0.86 0.72
7 0.64 0.60 0.66

having a greater effect on the 100% cotton sorbent materials
more than the Johnson and Johnson brand which is a blend of
cotton/rayon and polyester.

Dark Storage

The samples which were stored on Dukal brand gauze in the
dark produced a similarity value of 0.67 at week 7 while similarity
values of 0.43 and 0.42 were obtained for Kings Cotton and John-
son and Johnson brand, respectively (Table 4). Samples stored in
this condition showed a gradual decrease in the similarity values as
the storage period progressed. Like the room temperature storage,
the differences in the similarity values between the initial weeks
(week 0 and 1) were greater than between the final weeks (week 5
and 7) of storage. This trend was observed for all three sorbent
materials.

UVA/UVB Light Storage

Hand odor samples subjected to storage in the presence of
UVA/UVB light also showed a gradual decrease in the similarity
values over the storage period for all absorbent materals investi-
gated (Table 5). The Johnson and Johnson brand gave the greatest
change over the 7-week period (7): three-dimensional covariance
mapping value of 0.32. Storage in the presence of UVA/UVB light

TABLE 4—Calculated similarity, S, between hand odor samples collected
on different sorbent materials and stored in the dark over a 7-week period
(week O vs. weeks 0, 1, 3, 5, and 7).

Dark
Time (weeks) Dukal Kings Cotton Johnson and Johnson
0 1.00 1.00 1.00
| 0.87 0.53 0.76
3 0.78 0.71 0.70
5 0.72 0.54 0.54
7 0.67 0.43 0.42

TABLE 5—Calculated similarity, S, between hand odor samples collected
on different sorbent materials and stored in the presence of UVA/UVB/
light over a 7-week period (week 0 vs. weeks 0, 1, 3, 5, and 7).

UVA/UVB Light

Time (Weeks) Dukal Kings Cotton Johnson and Johnson
0 1.00 1.00 .00
1 0.74 0.66 0.58
3 0.71 0.58 0.56
5 0.70 0.71 0.36
7 0.66 0.59 0.32

resulted in the detection of methyl esters and aldehydes which were
not previously detected in the “fresh” (week 0) hand odor samples.
These “new” compounds which were often detected by the third
week of storage persisted for the remainder of the storage period.
This is similar to what was observed with the environmental
controls stored in this condition.

Also, studies conducted on changes in the lipid composition of
fingerprint residue, collected on glass fiber filter paper, have shown
that the presence of UV light does produce oxidation reactions
resulting in the formation of VOCs such as aldehydes and methyl
esters (20). Oxidative degradation of the fatty acid component of
sebaceous glands has also been shown to produce aldehydes (21).
These are some possible reasons aldehydes and methyl esters were
detected but there is no certainty as to whether or not these com-
pounds were created during exposure to UVA/UVB light or they
were originally present but not readily released by the sorbent
materials. This was however not observed in any of the other stor-
age conditions.

An individual’s primary odor compounds have been defined by
Curran et al. as the constituents of the odor that are stable over
time regardless of diet or environmental conditions (14—16). The
compounds which were consistently present in the individual hand
odor samples over 4 days of sampling were chosen to be the
primary odor compounds and these compounds were monitored
over the storage period. The primary odor compounds were deter-
mined to be 2-furancarboxaldehyde, phenol, nonanal, and decanal
for the hand odor samples collected on the Dukal brand gauze and
stored in the presence of UVA/UVB light. The “new compounds”
detected after week 3 were benzaldehyde, octanal, undecanal,
decanoic acid-methyl ester, and 2-octenal. The hand odor samples
collected from a male subject and stored on Kings Cotton in the
presence of UVA/UVB light had, as its primary odor compounds,
benzyl alcohol, nonanal, decanal, and tetradecane while the “new
compounds” detected were benzaldehyde and octanal. For the sam-
ples collected from a female subject on Johnson and Johnson brand
gauze and stored in UVA/UVB light, the primary odor compounds
were found to be nonanal, decanal, undecanal, and dodecanal.
Unlike the 100% cotton sorbents, the “new compounds™ that were
detected and persisted on the Johnson and Johnson brand gauze
after week 3 were mainly alkanes such as hexadecane and
pentadecane.

Aging Effects

The primary odor compounds only account for a fraction of the
overall scent profile (11,14-16). Throughout the storage period, the
human VOCs present in the hand odor sample for each of the sub-
jects were monitored via single headspace SPME extractions fol-
lowed by analysis via GC/MS. Changes in the scent profile
whether from the primary odor compounds or additional human
compounds in the scent profile were detected by three-dimensional
covariance mapping. For all the conditions and sorbent materials
monitored, covariance mapping showed that the greatest variation
within the scent samples was observed between week 0 and 3 after
which the variations between samples decreased (week 3-7)
(Tables 2-5). Despite the observed changes in the overall scent
profile, the ratios of the monitored primary odor compounds
remained consistent (Figs. 2-4).

These results are comparable to an aging study (2 weeks to
6 months) on crime scene objects conducted by Schoon of the
Netherlands National Police. The study showed that dogs could
faultlessly match odors which were collected on the same day but
their performance decreased when instructed to match stored
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FIG. 2—Comparison between common VOCs present in hand odor samples collected on Dukal brand gauze from a male subject and stored at (a) room

temperature, (h) —80°C, (c) dark, (d) UVA/UVB light.
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FIG. 3—Comparison between common VOCs present in hand odor samples collected on Kings Cotton from a female subject and stored at (a) room tem-

perature, (b) —80°C, (c) dark, (d) UVA/UVB light.

objects to a subject (22). The presence of additional compounds
due to storage may mask the primary odor compounds of an indi-
vidual’s scent sample resuiting in decreased canine performances
when matching aged samples. It is believed that the canines were
however still able to make a match as the primary odor compounds
are still present in a consistent ratio.

Conclusion

This study of storage containers has demonstrated that when ana-
Iytically clean cotton materials are stored inside various polymer
and aluminized materials a significant amount of compounds are

imparted to the cotton material, including compounds previously
determined to be present in human scent. Glass has been deter-
mined to be the optimal type of storage container for human scent
samples as the cotton materials stored in that manner had less over-
all compounds contributed through the storage method, but also
significantly less compounds that have been previously reported to
be present in human scent. Glass storage materials are also the stor-
age container used most readily by human scent canine units across
Europe (8).

The sorbent materials may have also had an effect on the stored
hand odor samples perhaps due to their different chemical composi-
tions. The Dukal brand gauze gave the highest similarity values
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FIG. 4—Comparison between common VOCs present in hand odor samples collected on Johnson and Johnson brand gauze from a female subject and

stored at (a) room temperature, (b) —80°C, (c) dark, (d) UVA/UVB light.

over the 7-week storage period (7), therefore offering the least vari-
ation in all the storage conditions. The Johnson and Johnson brand
gauze however, produced the lowest similarity values over the stor-
age period resulting in the most variations for all the conditions.
The similarity index also showed a consistent decrease for the
Johnson and Johnson compared to the 100% cotton materials. This
was likely due to the different fiber chemistries of the sorbent
materials. The 100% cotton materials have a more polar backbone
and since the majority of the primary odor compounds observed
are polar compounds this may have resulted in enhanced collection
and retention of compounds compared to the Johnson and Johnson
material. The three-dimensional covariance mapping results also
showed that the 100% cotton materials did not perform well in the
—80°C storage condition as there continued to be great differences
in the similarity values in the final weeks of storage (weeks 5 and
7). Whether or not changes using different storage conditions
would influence matches by canines was not part of this study and
is being evaluated in ongoing studies.

The findings of this study also suggest that for all the environ-
mental conditions studied, the scent profile changed with time with
the greatest variations being observed between week O and 3 as
determined by three-dimensional covariance mapping. The results
show that scent samples should not be exposed to excessive
amounts of UVA/UVB light as this will result in the detection of
a greater number of methyl esters and aldehydes in the headspace
of the sample which may alter the human scent profile.
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Abstract Our aim was to evaluate how human beliefs
affect working dog outcomes in an applied environment.
We asked whether beliefs of scent detection dog handlers
affect team performance and evaluated relative importance
of human versus dog influences on handlers’ beliefs.
Eighteen drug and/or explosive detection dog/handler
teams each completed two sets of four brief search sce-
narios (conditions). Handlers were falsely told that two
conditions contained a paper marking scent location
(human influence). Two conditions contained decoy scents
(food/toy) to encourage dog interest in a false location (dog
influence). Conditions were (1) control; (2) paper marker;
(3) decoy scent; and (4) paper marker at decoy scent. No
conditions contained drug or explosive scent; any alerting
response was incorrect. A repeated measures analysis of
variance was used with search condition as the independent
variable and number of alerts as the dependent variable.
Additional nonparametric tests compared human and dog
influence. There were 225 incorrect responses, with no
differences in mean responses across conditions. Response
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patterns differed by condition. There were more correct (no
alert responses) searches in conditions without markers.
Within marked conditions, handlers reported that dogs
alerted more at marked locations than other locations.
Handlers’ beliefs that scent was present potentiated handler
identification of detection dog alerts. Human more than dog
influences affected alert locations. This confirms that
handler beliefs affect outcomes of scent detection dog
deployments.

Keywords Dog - Canine - Scent detection -
Social cognition - Interspecies communication

Introduction

In the early twentieth century, a horse named Clever Hans
was believed to be capable of counting and other mental
tasks. The psychologist Oskar Pfungst confirmed that
Clever Hans was in fact recognizing and responding to
minute, unintentional postural and facial cues of his trainer
or individuals in the crowd (Pfungst 19{1). The “Clever
Hans” effect has become a widely accepted example not
only of the involuntary nature of cues provided by
onlookers in possession of knowledge unavailable to oth-
ers, but of the ability of animals to recognize and respond
to subtle cues provided by those around them. However, an
additional important consideration was the willingness of
onlookers to assign a biased interpretation of what they saw
according to their expectations.

Experimental paradigms for investigation of animal
behaviors are designed to minimize or eliminate confounds
arising from the Clever Hans effect. Because the abilities of
domestic dogs to respond to human social cues have been
extensively documented (reviewed in Miklosi et al. 2007,
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Reid 2009), a Clever Hans effect might be particularly
prevalent in dogs. Indeed, the reliance of some dogs on
human cues has been shown to override olfactory or visual
cues indicating the location of food (Szetei et al. 2003). In
one experiment, about 50% of dogs would go to an empty
bowl indicated by human pointing rather than to a bowl in
which the dog had seen and smelled food (Szetei et al. 20:)3).

This finding was notable in view of the exceptional
olfactory acuity in the domestic dog. Humans have capi-
talized on dogs’ olfactory sensitivity through use in an
ever-expanding array of scent detection activities (e.g.,
Horvath et al. 2008; McCulloch et al. 2006; Oesterheiweg
et al. 2003; Wasser et al. 2004). Scent detection dogs
search an area as directed by their handlers, issuing an
operant trained response (“alert”) upon detection of their
trained scent. However, scent detection dog performance is
not solely dependent on olfactory acuity. Cognitive factors
such as context dependence (Gazit et al. 2003) and the
interaction between training paradigm and the nature of the
detection problem (Lit 2009; Lit and Crawford 20(6) also
can impact performance.

Because the alerting response is initially trained by
handler cueing upon dog interest in the desired target scent
(e.g., Wasser et al. 2004), it is possible that dogs are also
being conditioned to respond to additional unintentional
human cues. Generally, trained dogs, including search and
rescue dogs, look at humans less than untrained dogs in
experimental paradigms requiring dogs to solve a problem
such as opening a container (Marshall-Pescini et al. 2009,
2008; Prato-Previde et al. 2008). Indeed, an inverse rela-
tionship between owner/handler dependence and problem-
solving performance had previously been identified; that is,
a more dependent relationship in companion dogs fostered
impaired problem-solving performance compared with
working dogs (Topal et al. 1997).

Yet given the social cognitive abilities of the domestic
dog, it is possible that even highly trained dogs might
respond to subtle, unintentional handler cues. Dogs’ biases
for utilizing human movements or social cues impair
decision-making and reasoning abilities (Erdohegyi et al.
2007). Dog behavior is further affected by owner/handler
gender and personality (Kotrschal et al. 2009). Moreover,
dogs evaluate attentional cues of their owners through cues
including eye contact and human eye, head and body ori-
entation (Schwab and Huber 2006). Dogs can further dis-
tinguish the focus of human attention, using other visual
cues such as pointing, gazing, head nodding in the direction
of a target, glancing at a target and head turns toward a
target affect selection of a target object by a dog (Soproni
et al. 2001; Viranyi et al. 2004). In fact, nonverbal cues
including proximity of the human to the dog and contextual
learning of verbal commands have been shown to moderate
dog response to verbal commands (Fukuzawa et al. 2003).
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For scent detection dog handlers, beliefs that scent is
present might result in either sufficient inadvertent postural
and facial cues so that dogs will respond regardless of the
absence of scent, beliefs that dogs are providing their
trained alert response or simply beliefs that alerts should be
called regardless of dog behavior. All of these effects
would result in false alerts identified by handlers. These
handler beliefs might be influenced by human communi-
cation regarding target scent location. Alternatively, han-
dler beliefs might be influenced by increased dog interest in
a nontarget scent. The main questions of this study were to
(1) determine whether handler beliefs affect detection dog
outcomes and (2) evaluate relative importance of dog
versus human influences on those beliefs. The present
study attempted to determine whether handler beliefs of
target scent location would affect outcomes in scent
detection dog searches. Importantly, this study was not
evaluating abilities of these detection dogs to detect their
target scents. Because all dogs were certified, many with
confirmed deployment finds their ability to correctly locate
target scent was considered to be previously established.
Therefore, in order to evaluate outcomes solely based on
handler beliefs and expectations, this study was designed
so that any alert issued would be a “false” alert; that is,
there was no target scent present in any searches conducted
for the purposes of this study.

Materials and methods
Handler/dog teams

A total of 18 handler/detection dog teams, recruited through
word-of-mouth from multiple agencies, participated in this
study. These teams were certified by a law enforcement
agency for either drug detection (n = 13), explosives
detection (n = 3), or both drug and explosives detection
(n = 2). Demographic details of teams, including dog age,
dog breed, dog years of detection experience and handler
years of detection experience are presented in Table 1. Upon
detection of target scent, all explosives dogs, both drug/
explosives dogs and one drug detection dog were trained to
issue a passive alert; that is, the dog would sit at the location
of target scent detection. One drug detection dog was trained
to issue a passive—active alert (sitting and barking), and all
remaining drug dogs were trained to issue an active alert
(barking) upon detection of target scent. All drug detection
teams and two teams trained to find explosives had suc-
cessfully identified their target scents in law enforcement
deployment situations. Additional demographic information
collected included handler years of experience handling
detection dogs, dog years of scent detection experience, dog
age and handler-reported breed of dog. In order to maintain
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Table 1 Demographic data, n = 18 dog/handler teams

Day 1 2 All
Dog sex Male intact 4 9 13
Male neutered 1 0 1
Female intact 2 | 3
Female spayed 0 i 1
Dog breed GSD 2 1 3
Labrador 1 0 1
Belgian malinois 3 5 8
Dutch shepherd 0 2 2
Mix 1 3 4
Dog age (years) Mean 50 72 64
Median 40 60 58
Low 20 50 20
High 10.0 11.0 11.0
Handler scent experience (years) Mean 56 40 4.6
Median 20 30 3.0
Low 10 1.0 1.0
High 180 7.0 18.0
Dog scent experience (years) Mean 22 33 29
Median 1.3 20 15
Low 1.0 04 04
High 50 70 7.0

confidentiality, and so that individual teams could not be
identified through demographic information, these data were
collected anonymously and cannot be linked to any perfor-
mance data. Due to subject availability, this study was
completed across 2 days, with seven teams completing the
experiment on the first day, and the remaining 11 teams
completing the experiment on the second day.

Procedures

The experimental paradigm in this study was based on a
paradigm previously applied to evaluate response conflict
in disaster search dogs (Lit and Crawford 2006). Handlers
conduct a series of short searches for their target scent
across different search scenarios, each representing a dif-
ferent experimental condition. In the current study, there
was no target scent present, so that any alert identified by
handlers was considered a false alert.

Handler beliefs were influenced either by verbally
communicating to the handlers that a specific marker was
an indicator of scent location (i.e., human influence), by
encouraging dogs to display unusual interest in a specific
location with a decoy scent (i.e., dog influence), or by a
specific marker that actually indicated the location of a
decoy scent (combined human and dog influence). A 4-way
single factor experimental design was used to test effects of
these influences on handler beliefs. The independent

variable was search condition, a within-subjects variable
with four levels:

1. NULL Unmodified.

2. MARKED NULL A piece of 8-1/2” x 11” red con-
struction paper was taped to the door of a cabinet.

3. UNMARKED DECOY Two Slim-Jim sausages
(removed from their wrappers and stored with their
wrappers in an unsealed plastic bag) and a new tennis
ball were hidden in the bottom of a pot and placed in a
metal cabinet with the doors closed.

4. MARKED DECQOY Two Slim-Jim sausages (removed
from their wrappers and stored with their wrappers in
an unsealed plastic bag) and a new tennis ball were
hidden in a covered metal electric fryer, which was
marked with a piece of red construction paper taped to
the outside of the fryer. To minimize the possibility
that decoy scents in UNMARKED DECOY and
MARKED DECOY were not equally detectable and
to encourage dog interest in the decoy scents, the
sausages were rubbed along the outside of the cabinet
(UNMARKED DECOY) and
(MARKED DECOY).

the electric fryer

Search conditions were four rooms within a church that
had not previously been used for detection dog training
purposes. Each room was approximately 30-40 m? and
contained cabinets, tables and chairs and art supplies. Each
condition was identified only as A, B, C or D, indicated by
a paper taped on the outside of the door of each room. The
experimenter did not touch any items around the rooms,
except to place the decoy scents and/or paper markers. To
avoid contamination of paper markers with decoy scents,
paper markers were placed prior to placement of decoy
scents. In order to maintain the belief that the experimenter
was setting out target scents in each condition, at the
beginning of each testing day, the experimenter carried a
metal box containing 12 half-ounce samples of marijuana
triple bagged in sealed plastic bags, and a canvas bag
containing 12 half-ounce samples of gunpowder triple
bagged in sealed plastic bags. Upon entering each condi-
tion, the experimenter immediately set these containers
down by the door. The experimenter did not handie the
scents, and the containers were never opened inside the
church. Decoy scents and paper markers were never in
contact with these containers and were kept in a separate
briefcase carried by the experimenter.

Dog/handler teams completed two searches (maximum
5 min each) in each of the four search areas, for a total of
eight trials (“runs”) per team. Handlers were provided with
a small card containing their assigned sequences of their
eight runs, randomly counterbalanced across participants
and search areas. Additional written and verbal instructions
were provided to handlers that each condition might
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contain up to three target scents and that target scent
markers consisting of a red piece of construction paper
would be present in two conditions. No information was
provided about the decoy scent.

Each condition had a single observer present. Prior to
each search, handlers would indicate to the observer
whether their dog was a drug or explosives dog and whe-
ther their dog issued a passive or active alert. When a
handler “called an alert,” that is, confirmed that the dog
had found a target scent location and was issuing its trained
operant response, the observer would record time of alert
and alert location specified by the handler. In marked
conditions, if handlers called alerts on the location marked
by the paper, observers would record an M to reflect this.
Observers recorded alerts as called by handlers and did not
evaluate validity of alerts. The same rooms were used for
both days of testing. Decoy scents and markers were
removed at the end of the first day of testing, and identical
but previously unused decoy scents and markers were used
for the second day of testing.

This study was double-blind. Neither handler/dog teams
nor observers were aware of the conditions of each search
arca. Because the study was completed across 2 days and
we did not want to jeopardize the double-blind nature of
this study, all handlers were debriefed and told about the
contents of each condition upon the completion of
the second day of testing. The experimenter (L. Lit) was
the only person present who was aware of the conditions of
each search area.

Dependent variables were total number of alerts issued
by each dog as reported by handlers in each search area.
The correct score for each search area was 0. All alerts
were false alerts.

The Institutional Review Board and Animal Care and
Use Committee at the University of California at Davis
approved this study, and all participants provided written
consent.

Statistical analyses

Data were analyzed using SPSS Version 17.0.1. All anal-
yses used a significance threshold of « < 0.05 (two-tailed).
An omnibus mixed ANOVA was conducted to evaluate
effects of day of testing (between groups) and condition
(repeated measures) on number of alerts. To evaluate
effects of handler influence and dog influence, data were
also analyzed as a repeated measures 2 x 2 ANOVA
[handler influence (yes/no) and dog influence (yes/no)].
Paired ¢ tests were used to compare alerts between first and
second runs of each condition. A chi-squared goodness of
fit test compared clean runs (runs with no alerts) in
unmarked and marked conditions. Within the MARKED
NULL, UNMARKED DECOY and MARKED DECOY
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conditions, a log likelihood analysis was used to compare
runs for which (1) alerts included either a marker or the
unmarked decoy scent, (2) alerts did not include the marker
or unmarked decoy scent and (3) no alerts were issued,
followed by chi-squared goodness of fit tests to compare
distribution of these within conditions.

Results

In order to evaluate effects of handler beliefs and expec-
tation on detection dog performance, this study measured
performance of 18 handler/dog teams in four separate
search areas (NULL, MARKED NULL, UNMARKED
DECOY, MARKED DECQY, described in “Materials and
methods™). Each team ran each search area twice, for a
total of 36 runs per condition (2 runs/team x 18 teams)
and an overall total of 144 separate runs (4 search
areas x 2 runs/team/area x 18 teams) (Fig. !).

Day of testing and condition group differences

Overall, because multiple alerts per team within a condition
were possible, there were a total of 225 alerts issued. There
were 21 (15%) clean runs and 123 (85%) runs with one or
more alerts. The omnibus mixed ANOVA using the model
“number of alerts = day of testing (between groups) +
condition (within-subjects) + [day of testing * condition]”
revealed no difference in mean alerts between teams running
on the first and second days, F(1, 16) = 0.94, P = 0.35; no

Run 1
S 4oNul W Run 2
2 a ;
0l llll IL ;le,,l;,lilgﬁl ,,,,,,,, AL
:’ 1 2-Marked Null
3 -
2 -
W !
50
<} 3-Unmarked Decoy l
3 ; % :
2. . ) — : |
i " 4-Marked Decoy
3. «
TR AT
o ARREALA ARRRARARRREARIN

12 34 567 8 9101 12131415161718
Team ID

Fig. 1 Alerts for each team across each condition for Run 1 (light
bars; n = 18/condition) and Run 2 (dark bars; n = 18/condition)
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difference in mean alerts across conditions, F(3,48) = 0.09,
P = 0.97; and no interaction, F(3, 48) = 0.63, P = 0.60.
Data from both days were subsequently combined for further
analysis. The repeated measures 2 x 2 factorial ANOVA
found no main effect of human influence, F(1, 17) = 0.06,
P = 0.81; no main effect of dog influence, F(1, 17) = 0.01,
P = 0.93; and no interactions between human influence and
dog influence, F(1, 17) = 0.01, P = 0.94.

First and second run differences

Within each condition, there was no difference in mean
alerts between the first and second runs, except for NULL,
where there were more alerts on the second run compared
with the first run (paired #[17] = —2.83, P = 0.01).

Effect of marker on clean runs

Distribution of clean runs differed across unmarked and
marked areas. There were more clean runs in unmarked
areas (NULL and UNMARKED DECOY combined)
(n = 15) than in marked areas (MARKED NULL and
MARKED DECOY combined) (n = 6), X*[1, 21] = 3.86,
P = 0.05. In contrast, distribution of clean runs was not
different across runs with and without decoy scent (NULL
and MARKED NULL combined, n = 11, compared with
UNMARKED DECOY and MARKED DECOY combined,
n = 10), X°[1, 21] = 0.05, P = 0.827.

Human and dog influences on alert locations

Alert locations in conditions marked with paper (MARKED
NULL), containing decoy scent (UNMARKED DECOY)
and containing decoy scent marked with paper (MARKED
DECOQOY) were compared to evaluate differences of human
influence on handler beliefs and dog influence on handler
beliefs. Runs were grouped according to whether any one of
the alerts in that run (1) included the marker and/or decoy
scent; (2) did not include the marker and/or decoy scent; or
(3) the run was clean (no alerts). These groups were
dependent on condition, log likelihood [4, 108] = 22.236,
P < 0.001, & = 0.41 (Fig. 2). There were significantly
more runs including alerts on the marker than either clean
runs or runs not including alerts on the marker in both
MARKED NULL (X?[1, 36] = 21.78, P <0.001) and
MARKED DECOY (X?[2,36] = 36.5, P < 0.001) (Fig. 2).
This was different than UNMARKED DECOY, where there
were no differences between clean runs, runs with alerts on
the decoy scent and runs not including alerts on the decoy
scent (X2[2, 36] = 4.67, P = 0.09) (Fig. 2). Conversely,
comparing across conditions (black bars, Fig. 2), there were
more runs with alerts on marked locations in MARKED
NULL and MARKED DECOY than UNMARKED

[ | Alert on marker and/or decoy scent
ﬁ No alert on marker and/or decoy scent

Clean runs (no alerts}

Runs

Marked Null

Marked
Decoy

Unmarked
Decoy

Fig. 2 Runs within each condition (combined n = 36) with alerts
including marker and/or decoy scent (black bars), not including
marker and/or decoy scent (dark gray bars), or clean runs (light gray
bars). Asterisks represent statistically significant differences between
groups as shown by log likelihood (across all conditions) and chi-
squared test (within conditions); ***P < 0.001; n.s. not significant

DECOY, although the differences were not significant when
corrected for multiple comparisons (Fig. 2).

Trend analysis

Finally, counterbalancing run order across participants
ensured that each participant ran conditions in a different
order. To evaluate whether there was an effect of sequence
order of runs on alerts, all runs were reordered to reflect the
sequence in which participants completed the conditions.
Trend analysis was performed relating condition order to
the number of alerts per run. An analysis of the cubic
component of trend was significant, F(1, 17) = 7.67,
P =0.01, nf, = 0.31, indicating that this trend accounted
for over one-third of the variance in number of alerts per
run (Fig. 3, solid line). This trend was consistent across
both days of testing (Fig. 3, dotted and dashed lines).

Discussion

The goals of this study were to (1) identify whether handler
beliefs affect detection handler/dog team performance and
(2) evaluate relative importance of dog versus human
inputs on those beliefs. To test this, we influenced handler
beliefs and evaluated subsequent handler/dog team per-
formance according to handler-identified alerts. The over-
whelming number of incorrect alerts identified across
conditions confirms that handler beliefs affect perfor-
mance. Further, the directed pattern of alerts in conditions
containing a marker compared with the pattern of alerts in
the condition with unmarked decoy scent suggests that
human influence on handler beliefs affects alerts to a
greater degree than dog influence on handler beliefs. That
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Fig. 3 Cubic trend for all teams (solid black line, n = 18) relating
condition run order (ordered runs) to marginal means of alerts per run
as shown by trend analysis, P = 0.01, 11[2, = 0.31. Trends for teams
from first day (dashed line, n = 7) and second day (dotted line,
n = 11) are also shown for comparative purposes

is, total number of alerts identified by handlers did not
differ across conditions. However, distribution of these
alerts did differ across conditions; more alerts were iden-
tified on target locations indicated by human suggestion
(paper marker) than on locations indicated by increased
dog interest (hidden sausage and tennis balls).

In light of written and verbalized instructions that “Each
scenario may contain up to 3 of your target scents,” it was
interesting that there were 12 runs with either four or five
alerts (Fig. 1). It was unclear whether handlers did not
attend to the instructions, did not remember the instructions
or believed that there were more than three target scent
sources in each condition.

There are two possible explanations for the large num-
ber of false alerts identified by handlers. Either (1) handlers
were erroneously calling alerts on locations at which they
believed target scent was located or (2) handler belief that
scent was present affected their dogs’ alerting behavior so
that dogs were alerting at locations indicated by handlers
(that is, the Clever Hans effect).

In the event that handlers were indeed asserting dog alerts
regardless of dog response (or lack thereof), there are two
possible causes. The handlers’ beliefs that scent was present
may have been sufficient motivation to identify alerts even
when the handlers were clearly aware that the dog had not
provided the trained alert response behavior. Alternatively,
the handlers’ beliefs were sufficient to generate a form of
confabulation. Broadly defined, confabulation refers to false
beliefs that may be unrelated to actual experienced events
(Bortolotti and Cox 2009). Information regarding prevalent
events (events that are common and therefore of increased
likelihood) makes events more self-relevant and increases
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beliefs in occurrence of such events (van Golde et al. 2010).
Thus, the perceived likelihood that scent was present across
conditions would have contributed to confidence in handler
beliefs of scent and dog responses. Because other-generated
suggestions influence beliefs and subsequent actions more
strongly than self-generated suggestions (Pezdek et al.
2009), the experimenter-provided suggestion that target
scent was present may have further contributed to this effect.
However, the conclusion that handlers are asserting their
dogs have alerted simply upon seeing the marked areas
regardless of actual dog response does not account for the
numerous additional alerts occurring in other areas. In
addition, the experimenter was informed that three handlers
admitted to overtly cueing their dogs to alert at the marked
locations, suggesting that handlers would not call alerts
unless and until they observe the dogs’ trained responses.
Handlers are trained to recognize and reward specific
behaviors of their dogs. The exhibition of an alert is an
obvious and discrete behavior. Although data describing
observer assessments were not collected, all observers were
familiar with detection dog training and performance, and
all observers were visibly surprised upon debrief (L. Lit,
personal communication). Therefore, it is unlikely, although
cannot be absolutely confirmed, that handlers called alerts
on markers without seeing an appropriate behavior from the
dog.

It may be more parsimonious to suggest that dogs
respond not only to scent, but to additional cues issued by
handlers as well. This is especially plausible since, in
training, alerts are originally elicited through overt handler
cueing. Cueing in initial training may include overt cues,
verbal commands and physical prompting. Cues may also
include more subtle unintentional cues given by handlers
such as differences in handler proximity to the dog
according to scent location, gaze and gesture cues, and
postural cues.

Human cues that direct dog responses without formal
training include pointing, nodding, head turning and gazing
(reviewed in Reid 2009). While formal obedience training
can enhance dogs’ use of human cues (McKinley and
Sambrook 2000), type of training can differentially affect
dogs’ human-directed communicative behaviors (Marshall-
Pescini et al. 2009, 2008). Gazit et al. (2005) found
diminished response when an area searched repeatedly was
lacking target scent. While the proposed reason for their
findings emphasized effects of context specificity on the
detection dogs (Gazit et al. 2003), the current findings raise
the possibility that at least some of the effects of Gazit
et al. (2005) might have arisen due to handler beliefs that
scent would not be present in that area, with subsequent
attenuation of dog response.

Because the current study did not include videotape of
handler/dog team performance, there is no way to identify
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Table 2 Alert locations and alert frequencies (#) in each location for all scenarios

NULL MARKED NULL UNMARKED DECOY MARKED DECOY

Alert location # Alert location # Alert location # Alert location #

Air conditioner 11 MARKER 32 DECOY SCENT 18 MARKER 29
First-aid kit 10 Easel 9 Piano 15 Clear bin 12
Wall heater 9 Tall cabinet 6 Wall heater 7 Oven 3
Right window 7 Cart 3 Red bag 6 Tool box 3
Tall cabinet 5 Chalkboard 3 Radiator 5 Gray tote 2
Desk 4 Blinds 1 Upholstered chair 3 Above boxes 1
Short cabinet 4 Desk chair 1 Shelf 1 Back table 1
Trash can 4 Pedestal 1 Table 1 Doorway !
Map on chalkboard 1 Trash can | Painted box 1
Pencil sharpener 1 Paint container 1
Table 1 Trash can 1
Totals 57 57 56 55

which conclusion would be appropriate. Observer coding of
dog behavior was not likely to improve the reliability of the
data acquired because the double-blind study design had the
potential for the observers to be subject to the same biases as
the handlers. In fact, it is possible that the observers were
subject to greater biases than the handlers, since they were
able to observe every dog twice. Therefore, observer coding
would have been subject to the same possible explanations
as the handlers, and further subject to question according to
level of observer experience with working dogs. Future
studies should directly explore underlying factors respon-
sible for the false alerts as this will improve development of
effective remedies to optimize performance.

Dogs can learn to respond to human gestures very rap-
idly (Bentosela et al. 2008; Elgier et al. 2009; Udell et al.
2008). Thus, it is tempting to speculate that the large
number of false alerts resulted from reinforcement of dogs
for false alerts received in earlier conditions. However, the
pattern of alerts, consistent across days of testing (Fig. 3),
suggests that alerts did not reflect a simple learning effect.
This is supported by prior studies of human-dog social
cognitive interactions demonstrating no clear learning
effect when comparing early with later trials (Hare et al.
2002; Riedel et al. 2008).

When considering alternative explanations for the
incorrect responses, it is further possible that some alerts
resulted from target scent contamination during initial
setup of conditions. This is unlikely, given the emphasis of
alerts toward marked sites, particularly when considering
that the pattern of alerts was modified by human influence.
The array of alert locations (Table 2) also does not support
this explanation, notably because no dogs alerted on or
around the doors where the scent containers had briefly
been placed. Moreover, detection dogs are trained to

identify scent source rather than scattered residual scent.
For example, dogs trained to alert on gunpowder are not
expected to alert in an airport area simply because an
armed officer passes through. The significant trend (Fig. 3)
further suggests that a temporal component contributed to
the number of alerts under these experiments.

It is possible, although also unlikely, that all objects in
the room smelled like the dogs’ target scents. Because
these were rooms in a church building that had not previ-
ously been used for detection dog training, it was also
unlikely that there were explosives or drugs that had been
stored within the testing rooms. Some handlers suggested
the possibility that dogs were following previous dogs and
alerting at locations in which these dogs had salivated or
otherwise left trace evidence of their presence. This would
not explain the difference in patterns of alerts between
marked and unmarked conditions or the variation in alert
locations across all conditions. This would also be unlikely
given the extensive training and certification processes
required of these teams.

It is important to emphasize that this study did not
evaluate performance of dogs when presented with scent.
Handler-dog teams undergo substantial training and rig-
orous certification prior to deployment; all teams included
in this study confirmed prior successful finds during active
deployment. This study only considered number of
alerts under the artificially manipulated condition of
handler belief of scent when in fact no scent was present.

In conclusion, these findings confirm that handler beliefs
affect working dog outcomes, and human indication of
scent location affects distribution of alerts more than dog
interest in a particular location. These findings emphasize
the importance of understanding both human and human—
dog social cognitive factors in applied situations.
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Those Doggone Sniffs Are Often Wrong: The

Fourth Amendment Has Gone To The Dogs
By Jeffrey S. Weiner; Kimberly Homan

Perpetuating the myth of the precision and noninvasiveness of the “sui
generis” dog sniff which informed the Supreme Court's decision in
United States v. Place,1 in which the Court held that the brief ;
detention of luggage located in a public place for purposes of exposing it to a dog sniff dld not
constitute a search within the meaning of the Fourth Amendment,2 the Court in Hiinois v.
Caballes3 held that the employment of a dog sniff during a legitimate traffic stop does not
constitute a constitutionally cognizable intrusion upon legitimate privacy interests.4 The
purpose of this arficle is not to cntique Caballes’ myopic Fourth Amendment analysis, which
has already been ably done in this publication and elsewhere,5 nor is it to explore the current
state of the law regarding the legal significance of so-called positive canine “alerts” for
reasonable suspicion, probable cause, stops, seizures, or searches. Instead, it has a more
practical focus, one which concentrates on the litigation of motions to suppress in which the
issue is whether a canine “alert” was sufficiently reliable to establish probable cause for the
search, This article will explore various ways in which, through litigating motions to suppress
the fruits of searches conducted as the result of a positive dog “alert,” defense counsel can
educate courts, which are ali too apt to reflexively credit the accuracy of canine alerts,
regarding the serious flaws in much of the existing jurisprudence regarding canine sniffs and
regarding modas of inquiry which more accurately reflect the reality of the interaction between
dog, handler, and target. Given the entrenched myth of the infallible canine, this will be a long,
frequently thankless, process, often bringing littie satisfaction in individual cases, but it is one
which must be pursued if rationality is to assert itself in this area of the law. Just as repeated
litigation has exposed the flaws of other firmiy-accepted law enforcement techniques, so, too,
may the canine alert come to be regarded in its proper perspective.

For present purposes, Caballes is most noteworthy not for its result, which was, unfortunately,
all too predictable, but for Justice Souter's dissenting opinion, in which he sought to dispel the
myth of the infallible canine, a crucial underpinning of the Court's opinion, which he rightly
labeled “a creature of legal fiction:"6

At the heart of both Place and the Court's opinion today is the proposition that sniffs by a
trained dog are sui generis because a reaction by the dog in going alert is a response to
nothing but the presence of contraband. . . . Hence, the argument goes, because the sniff can
only reveal the prasence of items devoid of any legal use, the “sniff does not implicate
legitimate privacy interests™ and is not to be treated as a search. . ..

The infallible dog, however, is a creature of legal fiction. Although the Supreme Court
of lliinois did not get inta the sniffing averages of drug dogs, their supposed infallibility
is belied by judicial opinions describing well-trained animals sniffing and alerting with

less than perfect accuracy, whether owing 1o error by their handlers, the limitations of
the dogs themselves, or even the pervasive contamination of currency by cocaine. . . .




Indeed, a study cited by lllinois in this case for the proposition that dog sniffs are
“generally reliable” shows that dogs in artificial testing situations return false positives
anywhere from 12.5 to 60 percent of the time, depending on the length of the search. .
.. In practical terms, the evidence is clear that the dog that alerts hundreds of times will
be wrong dozens of times.7

Positive canine alerts are treated as virtually — if not completely — per se probable cause in
virtually every circuit, at least if the canine is shown to be "trained” and “reliable”.8 While those
words appear with monotonous and unthinking regularity in judicial opinions relating to dog
sniffs, handed down from opinion to opinion over the years, courts have, with a relative
paucity of exceptions, demonstrated only an, at best, incomplete understanding of what these
concepts actually mean in the real world and an entrenched disinclination to look much
beyond the facts that the dog’s handler testified to the occurrence of an alert and that the dog
was trained and certified.

There are two primary deficiencies in this narrow focus.

First, it largely, if not entirely, ignores the role of the dog's handler, generally a law
enforcement officer and typically a loca! police officer or sheiff,

Second, and relatedly, it assumes that an “alert” is an alert because the handler said it was.
Most courts have failed to consider — or evan recognize — the role of the dog'’s handler in
the process. The handler is not simply someone who holds the leash while the dog walks
around and sniffs. Instead,the dog and handler function as an integral team. The dog is the
sensor, and the handler is the trainer and interpreter. The handler's performance in both roles
is inseparably intertwined with the dog’s overall reliability rate. . . . And since the net resuit is
the product of the interaction between two living beings, both roles of the handler are highly
subjective.9

Thus, the proper focus of the reliability inquiry is not simply upon the training and certification
of the dog, 10 but on the training and reliability of the dog/handler team.

Roie Of The Handler

Dogs can be trained to distinguish various odors with some degree of accuracy, but they are
far from infallible, and their respanses are often only as reliable as the interpretations placed
upon them by their handlers.11 in fact, one commentator has reported that on most occasions
on which no drugs are found as the result of a search based on a canine alert, the faulit is not
that of the dog but rather that of the handler in misinterpreting the dog's behavior.12 While a
dog can be initially trained in a few weeks, training the human handler requires more time and
effort. 13 In some circuits, an affidavit in support of an application for a search warrant based
in whole or in part upon a positive canine alert need do no more to establish the dog's
reliability than to state that the dog is “trained” and/or “certified.”14 This is, however, only half
the equation. The focus must be redirected to the reliability and integrity of the dog/handler
team. The amount of training the handier has had and the length of time the handler and dog
have worked together are important factors, and the reported cases indicate thal handier
training runs the gamut from two weeks to hundreds of hours.15

The amount of training and experience which the handler has had with the dog is a critical
element, as, contrary to the way in which courts have tended to view the process, the dog
does not announce to the handler that, if he searches, he will find drugs in a particular
location. Rather, each dog behaves in a particular manner, which the handler then “interprets”
as an “alert,” indicating the presence of drugs. An alert is not the objective proof as which it
has generally been regarded by the courls; instead, it has a large — and sometime very large
— subjective component. Some courts have expressed an appreciation of the role which
handler interpretation plays in the process, although, with rare exception, that appreciation
has not led to any less deference to the handler’s testimony that the dog alerted. 16 Repeated
stress upon the subjective and interpretive aspects of the canine inspection, boistered by
expert testimony should dislodge the unshakable faith which couris have placed in the
objective veracity of canine alerts.

Alert

Another too-little examined aspect of alert-based searches is the question of just what is an
“alert.” Dogs are trained to give a particular response when they smell certain illegal drugs
and, during training, are rewarded when they correctly give that response in the presence of
drug odor.17 In general, dogs are trained to alert “aggressively” or “passively,” responses
which have very different physical manifestations.18 When the handler testifies that the dog
alerted in something other than the manner in which it was trained to respond to the presence
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of drugs, there is cause to question whether the dog actually did alert, i.e., give the final
response which it was trained to make when it was certain that the odor it had been trained to
detect was present and, concomitantly, reason to decline to base a finding of probable cause
to search on the alert alone. As Dr. Daniel Craig, a noted expert in canine training and
performance, who has on a number of occasions testified as a defense expert witness in dog-
sniff cases, has explained:

Detector dog handiers have been known to say things like “l can read my dog,” “My dog
knows it's there,” “My dog's behavior tells me it's in there,” | can read my dog's behavioral
change and | know the odor is there,” “I am the only one who can read my dog,” “l know what
my dog is thinking,” “l know when he is in the scent cone,” et cetera. Are they just repeating
what they were taught? If not, where do they get this notion? In initial training and subsequent
training the only time they reward (reinforce) their dog is when the dog makes the definitive
defined final response. Then and only then can the trainer verify that the dog has detected
and responded to a specific target odor. The dog Is rewarded for that response and no other.

The first thing one must do . . . is decide what specific response the dog must make in order
to determine if it is responding correctly to a selected target odor. . . . The handler or trainer
must be able to articuiate that specific response to anyone not in the dog training profession.
That specific response is the only response you reward with the selected primary
reinforcement. . . .

If the dog does not make the defined final response sometime during a search, the target odor
is either not present or the dog or handler made an error. Dogs do respond when no target
odor is present. They also fail to respond when a target odor is present. The handier may
assume any response other than the defined final response verifies the presence of the target
odor. At this point the handler is guilty of interpretation, supposition, or speculation. The dog
has the olfactory sensing system (nose) and the final decision as to the presence or absence
of a target odor is up to the dog and not the handier. A well-trained detector dog will only
respond to the target odor(s) it has been properly trained to detect. That dog will emit the
defined final response it was trained to make to a target odor at a predetermined rate of
accuracy.

Educated guesses based upon the handler's knowledge of their dog’s training and past
performance are nothing more than educated guesses when their dog fails to make the
defined final response during a specific search. . . .19

Thus, it is not enough that the handler testifies at the suppression hearing that the dog
“alerted,” and defense counsel should hesitate before stipulating that the dog alerted and
should refrain from conceding that an “alert” is a reliable indicator of anything. Instead, the
handler should be examined at the suppression hearing or, where permitted, in pre-hearing
deposition, to elicit a precise description of the definitive final response which the dog was
trained to give upon identifying the odor of narcotics. If the deg gave any other response, then
it was not doing what it was trained to do, and there is sound reason to question whether an
alert did in fact take place.20 There may be videotapes of the dog's training exercises
available to assist in this process,21 just as there may be a videotape of the stop during which
the canine sniff was conducted,22 both of which may provide crucial evidence, at least if the
“alert” appears on the videotape, which — unsurprisingly — it sometimes does not.23
Unfortunately, and incredibly, most courts have blindly credited testimony from handlers of the
“t know it when | see it” variety. 24

A few courts have, however, wisely been skeptical of reliance upon canine behavior which
differed from the dog's trained final response and depended entirely upon the handler's
interpretation of equivocal behavior. In United States v. Heir,25 for example, the dog was
trained to alert by scratching, but had not done so in this case. Instead, the dog sniffed
intently around certain areas of the car, which the handler testified constituted an alert,
acknowledging, however, that such alert behavior was “subtle” and might only be recognized
by himself or another person familiar with the dog’s tendencies. Defense experts testified that
they saw nothing on the videotape of the stop to Indicate that the dog had alerted. The court
adopted the magistrate judge's conclusion that an alert had not occurred, as well as the
conclusion that even if the alert behavior described by the handler occurred, it was too
subjective a standard to establish probable cause. Instead, the court ruled, an “objectively
observable ‘indication’ by the dog of the presence of drugs” was required.26

Then there is the problem of “cuing,” conduct of the handler during the dog sniff which,
consciously or unconsciously, influences the reaction of the dog and may prompt an “alert”
reaction from the dog in response to the handler's cues rather than to the presence of drugs.
One important aspect of handler training is the avoidance of such cues.27 While courts have
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recognized the potentially pernicious effects of cuing, the ability of defendants to establish that
cuing occurred has proven elusive. For example, in United States v. Trayer,28 the
defendant’s expert testified that it is possible for the handler to compromise the dog's
supposedly infallible objectivity through voice or physical cues and further testified that this
sniff — along a train corridor outside the sleeping compartments — did not satisfy the best
standards, as the dog was able to abserve that the handler went only as far down the cormidor
as the defendant’s compartment before returmning to the dog and bringing the dog down the
corridor.28

The counrt found this testimony “quite troubling” in light of the reliance which courts place on
canine alerts in probable cause determinations, but, typically, ultimately upheld the search, as
the defendant's expert was unwilling to say from the evidence that the handier actually cued
the dog.30

The court did, however, express itself “mindful that less than scrupulously neutral procedures,
which create at least the possibility of unconscious ‘cuing’, may well jeopardize the reliability
of dog sniffs.” 31In United States v. McLaughlin, 32the defense expert testified, in essence,
that the handler used his hunch that drugs were present to induce the dog to alert. The court
agreed that “using a dog search as a sham in finding drugs — essentially not allowing the dog
to employ the skill for which he was trained — would significantly decrease the reliability of
the search,” but, as might be expected, concluded that the record did not support the
contention that the dog sniff was simpiy a ruse. Lacking, the court said, was any evidence that
the handler's conduct had an improper effect on the dog. 33in contrast, in Heir, in which the
dog had responded by sniffing intently but did not give its trained final response, the
defendant’s experts testified that “the alert behavior described by [the handler] could easily be
attributed to his ‘cuing’ of the animal, either intentionally or unintentionaily, by changing the
feash from one hand to the other, by stopping, by blocking the way, or by other actions.”34

The court was unwiliing to accept that an actual alert had occurred. 35Cases like this one are
too rare. The Supreme Court should revisit this issue as soon as possible and restore the
protections of the Fourth Amendment which have gone to the dogs.

Refiability

“Reliability” is generally regarded by the courts as the measure of how likely an alert by the
dog in question is to be an accurate indicator of the prasence of drugs (or of whatever the dog
has been trained to detect). Dogs are not scientific machines. A number of courts have
recognized — or at least paid lip service to — the concept that a particular dog/handler team
may be insufficiently reliable to support a finding of probable cause. As one court has stated:

{Tlhe possibility of error exists and, in limited circumstances, the error may be of such
magnitude that a canine alert is not sufficient to establish probable cause. For instance, it
stretches the bounds of jurisprudential imagination to believe that a positive alert by an
untrained dog or by a dog with an extensive history of false positive alerts could be relied
upon to establish probabie cause without raising Fourth Amendment concerns.36

In challenging the reliability of the dog/handler team, access to the dog's training, certification,
and field performance records is essential. Some courts have recognized the importance of
discovery regarding the dog's training, cerlification, and performance records,37 but others
continue to regard exploration of the documentary record of the dog’s performance as largely
a waste of time, holding that the government need only present the testimony of the handler
and need not produce the underlying records.38 The more thoroughly courts can be
persuaded fo regard alerts by dogs which simply have been “trained” and “certified” as
something less than automatic probable cause, the more likely courts will come to regard
discovery requests for the historical records of the dog’s training and field performance as an
essential component of the litigation of motions to suppress where probable cause for the
search was predicated in whole or in part on a canine aiert.

Access to the records of the dog's performance in training and in the field is essential to
challenging predictable handler testimony regarding the always “excellent reliability” of their
dogs — as well as to convincing courts that handler testimony alone should not be considered
sufficient to establish the reliability of the dog.39 For example, handlers will sometimes report
very high — even perfect — accuracy rates, even where drugs have not been found following
the dog's aler, based on the unprovable assumption that, if the dog alerted, it must mean that
drugs had been present in the location to which the dog alerted.40 Only with the dog's training
records can it potentially be determined how often this occurred. Unfortunately, courts have,
by and large, been only too ready to accept the premise that “residual odor” provides a valid
explanation for a false alert41 or to admit canine alert evidence as evidence that drugs were,
at some time, present at the location to which the dog alerted. 42
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The training and performance records are also the only way — assuming proper records have
been kept (a major assumption) — to ascertain the dog’s actual reliability rate, which courts
generally regard as the percantage of times the dog’s alerts have proven accurate.43 Such
records are frequently the only means of establishing an accurate measure of just how often
the dog has been right and how often it has been wrong.44

The records may be just as important for what they do not show as for what they do show. For
example, it is not enough that a dog has been trained and certified; the dog needs frequent
practice to maintain its training,45 and the keeping of careful records is a crucial part of this
process.46 As one court has explained:

[The training and certification academy’s] manual instructed [the handler] to keep proper
records of [the dog’s] activities and periodically field train [the dog] to ensure [the dog's)
continued reliability. [The academy’s] continued assurance of [the dog's) accuracy depended
on [the handler] following these instructions. Over time, if not properly monitored, a dog may
fall out of its trained behavior and begin responding to a handler's cues rather than to actual
detection of a narcotic odor. A drug dog will lose its effectiveness in the field and may revert to
old, bad habits if not continually trained. Accurate recordkeeping is essential to ensure the
dog’s reliability until the dog is recertifled.47

Given the fact that in many circuits, an affidavit seeking a search warrant based on a canine
alert need say no more than that the dog was trained and/or certified, it is important to stress
whenever possibie, in cases involving searches with and without warrants, that the fact that
the dog was trained and certified is no guarantee of continuing reliability. Perhaps, over time,
courts will get the message, although why they have not done so yet is unfathomable in light
of the manifest unsoundness of equating a handler's testimony that his dog alerted with
automatic probable cause 48

Search Warrant Affidavits

So unquestioning is the faith of courts in the accuracy of the “trained” and “certified” dog that
in some circuits, the affiant need say no more about the dog to support a finding of probable
cause, not even a conclusory statement that the dog is reliable.49 In other circuits, it suffices
that the affidavit merely says that the dog has proven reliable in the past.50 Such rulings are
entirely inconsistent with the well-established proposition that the judicial officer is to make an
independent assessment of the existence of probable cause before issuing a warrant and not
simply ratify the conclusions of law enforcement officers. Unless the judicial officer is provided
with information regarding the dog’s performance during training and in the field, he or she
cannat make the requisite independent assessment of the likelihood that drugs will be found
in the location to which the dog alerted.51 instead, the probable cause determination will
remain solely in the hands of iaw enforcement officers, where it does not belong.

Even where data regarding the dog’s past performance is set forth in the affidavit, affiants
frequently mention only the dogs’ successes.52 Such data, however, presents an incomplete,
and potentially highly misleading, picture. For example, if the affidavit says that actual drugs
{not residual odor} were found fifty times when the dog alerted, this would reflect a
phenomenal success rate if it had alerted a total of fifty times. The case would be quite
otherwise however, if the dog had alerted a hundred times. 53

If the information regarding the dog set forth in the affidavit is inaccurate or materially
misleading, or if material information regarding the dog’s reliability was omitted from the
affidavit, then a challenge under Franks v. Delaware54 may be in order. It appears to be
generally accepted that Franks applies — at least in theory — in the context of canine atert
averments.55 A Franks challenge will be entertained, however, only if sufficient support for it
is demonstrated — another reason why access to the dog's records is so imporiant.

Notes

1, 462 U.S. 696, 707 (1983).

2. Id. The Place Court did go on to invalidate the seizure of the defendant’s luggage as
unreasonable, based upon Its 90-minute duration while awaiting the arrival of the sniffer dog.
id. at710.

3.543 U.S. 405, 125 S.Ct. 834 (2005).

4, 125 S.Ct, at 838,

5. See, e.g., M. Hirsch & D.O. Markus, Fourth Amendment Forum, 29-JUN Champion 48
2005).

g. 125 S.Ct. at 839 (Souter, J., dissenting). Some courts have recognized that drug-sniffing
dogs are not infallible, although this recognition has not, by and large, had any effect on the
ultimate outcome of motions to suppress. See, e.g., United States v, Rosario-Peraita, 199
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F.3d 552, 562 (1st Cir. 1999)(*Some of the facts elicited by defendants do demonstrate that
dog sniff testimony is not a perfect indicator of a particular controlled substance in a particular,
well-defined location at a particular time”), cert. denjed sub nom. Antonio Javier v. United
States, 531 U.S. 802 (2000); United States v. Qutiaw, 134 F.Supp.2d 807, 813 (W.D.Tex.
(2:001)(:(,%3nine inspections not an infallible means of detecting drugs), affd, 319 F.3d 701 (5th
ir. 2003).
7. Id. at 839-40 (citations omitted). As Justice Souter indicated, both Caballes and Place also
rest upon the questionable premise that canine alerts are noninvasive and uniquely calibrated
to reveal only the presence of contraband. This proposition is dubious and misguided for two
separate reasons. First, the Court ignored the fact that drug-sniffing dogs are large, frequentily
intimidating, and sometimes quite frightening. See, e.g., Caballes, 125 S.Ct. at 845 (Ginsburg,
J., dissenting)(“A drug-detection dog is an intimidating animal”). Such dogs do, at least at
times, invade what most peopie would regard as a zone of personal privacy. See, e.g., United
States v. Kelly, 128 F.Supp.2d 1021, 1024 {S.D.Tex. 2001){during random canine sweep of
persons entering country, dog put nose in defendant’s groin), aff’d 302 F.3d 291 (5th Cir.),
cert. denied, 537 U.S. 1094 (2002). Second, while the Court was literally correct that a
positive dog alert does not by itself reveal the contents of the vehicle or container sniffed,
except insofar as it indicates the possible presence of contraband at that time or at sometime
in the past, this observation takes too narrow a view of the process, ignoring as it does the
virtuat certainty that a full-fliedged search will follow the alert, a search which, if the dog, or the
handler’s interpretation of the dog's behavior, was wrong, will reveal innocent contents and
invade privacy. See Caballes, 125 S.Ct. at B42 (Souter, J., dissenting)(after positive alert, “[t]
he paolice will then open the container and discover whatever lies within, be it marijuana or the
owner's private papers”). This should rightly be a matter of concem, since, in our post-Whren,
post- September 11, world, law enforcement officers can — at borders, at airports, at train
stations, at bus terminals, on the highways — expose almost anyone they choose, or their
vehicles or their possessions, to drug-sniffing dogs, either randomly or in a more targeted
fashion, knowing that an “alert” will provide all the justification they need for a full-scale search
of the individual and his or her effects. These facets of the Caballes/Place fallacy should be
stressed at every opportunity, until courts evidence a more nuanced comprehension of what
all the fuss is about than they, for the most part, presently do.
8. See, e.g., United States v. Sanchez, 417 F.3d 971, 876 (8th Cir. 2005); United States v.
Williams, 403 F.3d 1203, 1207 (10th Cir. 2005); United States v. Robinson, 390 F.3d 853, 874
{6th Cir. 2004); United States v. Williams, 365 F.3d 399, 406 {Sth Cir. 2004), United States v.
Cedano-Arellano, 332 F.3d 568, 573 (9th Cir. 2003), cert. denied, 540 U.S. 1137 (2004);
United States v. Carter, 300 F.3d 415, 422 (4th Cir. 2002), cert. denied, 537 U.S. 1187
(2003); United States v. Ward, 144 F.3d 1024, 1031 (7th Cir. 1998); Karnes v. Skrutski, 62
F.3d 485, 498 (3d Cir. 1995); United States v. Banks, 3 F.3d 399, 402 {11th Cir. 1993), cert.
denied, 510 U.S. 1129 (1994); United States v. Navedo-Colon, 996 F.2d 1337, 1339 (1st Cir.
1993); United States v. Glover, 957 F.2d 1004, 1013 (2d Cir. 1992). But see United States v.
Trayer, 898 F.2d 805, 808 (D.C.Cir. 1990)(dog alert at door of train roomette did not by itself
establish probable cause), cert. denied, 458 U.S. 839 (1990).
9. R.C. Bird, An Examination of the Training and Reliability of the Narcotics Detection Dog, 85
Ky. L.J. 405, 422 (1997)(hereinafter “Bird"), quoting United States v. Pauison, 2 M.J. 326, 330
n.5 (A.F.C.M.R. 1976), remanded by 7 M.J. 43 (C.M.A. 1879). See also Qullaw, 134
F.Supp.2d at 813 (“The reliability of the canine alert depends significantly on the ability and
reliability of the human handler™).
10. So much for granted do some courts take the reliability of a canine alert that in cases
involving warrantless searches in the Fifth Circuit, where “probable cause is developed on site
as a result of a dog sniff of a vehicle,” no showing of the dog’s training and reliabiity is
required. United Statas v. Sanchez-Pena, 336 F.3d 431, 444 (5th Cir. 2003); United States v.
williams, 69 F.3d 27, 28 (5th Cir. 1995), cert. denied, 516 U.S. 1182 (1996). This stands on
its head the rule that the burden is on the government to establish the constitutionality of a
warrantless search, which the Fifth Circuit has recognized in other cases. See, @.g., United
States v. Rivas, 157 F.3d 364, 368 (5th Cir. 1998)(invalidating search where evidence was
that dog "cast”, i.e., stopped and paid close attention, but did not give the aggressive final
alert for which it was trained). The burden should remain on the government to establish real
probable cause for the search, which in this context should require, at a minimum, a showing
that the dog and the handier were trained, that the dog actually alerted, and that that alert is a
reliable indicator of the presence of drugs. See, e.g., United States v. Swanger, 2005 WL
2002441 at *5-"6 (E.D.Ky. August 18, 2005)(govemment bears the burden of establishing the
dog's training and the reliability of the dog’s positive reaction; refusing to consider dog alert as
basis for probable cause to search car where government did not establish dog’s
qualifications).
11. In United States v. Scarborough, 128 F.3d 1373, 1378 (10th Cir. 1997), for example, the
dog had an overall reliability rate of 92%, but the dog's reliability rate when working with
postal inspectors was anly 79%. The court rejected the defendant's argument that it should
look to the reliability rate when working with postal inspectors, as it had been in that case,
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because no reason had been provided why the dog’s abilities might be materially affected
when working with postal inspectors. The lessened reliability when working with postal
inspectors may well have been attributable to a lower level of handler training or experience
with the reactions of that particular dog.

12. Bird, supra note 9, at 422.

13. Bird, supra note 9, at 412, 42223,

14. See, 6.g., United States v. Sundby, 186 F.3d 873, 876 (8th Cir. 1999); United States v.
Kennedy, 131 F.3d 1371, 1376-77 (10th Cir. 1997), cert. denied, 525 U.S. 863 (1998); see
also United States v. Berry, 80 F.3d 148, 153 (6th Cir.)(affidavit sufficient where it referred to
dog as a "drug sniffing” or “drug detecting” dog trained and qualified to conduct narcotics
investigations), cert. denied, 519 U.S. 999 (1996); United States v. Daniel, 982 F.2d 146 (5th
Cir. 1993)(affidavit sufficient where it said only that the dog was trained to detect the presence
of controlled substances); United States v. Sentovich, 677 F.2d 834, 838 n.8 (11th Cir. 1982)
(affidavit sufficient where it merely said that dog was trained in drug detection; rejecting
argument that affidavit was insufficient because it did not aiso say that an experienced handier
was with the dog), United States v. Meyer, 536 F.2d 963, 966 & n.4 (1st Cir. 1976)(affidavit
sufficient where it said only that dog was trained and used by DEA agents in drug
investigations), but see United States v. Cuevas, 1995 WL 382346 at *2 (N.D.Cal. June 19,
1985){where affidavit contained no information regarding the dog's reliability, the alert
information was “of little, if any, value in determining probable cause”).

15. At one end of the spectrum is United States v. Outlaw, 319 F.3d 701, 704 & n.1 (5th Cir.
2003), in which the dog had four weeks training and then the dog and the handier had two
more weeks training, and the aiert occurred little more than a month after the dog was
certified. The subsequent search produced a drug that the dog was not trained to detect, and
it is clear from the underlying district court opinion — although one would never know it from
the Fifth Circuit’s decision — that the handler displayed at the evidentiary hearing a marked
level of ignorance regarding the training process. See Outlaw, 134 F.Supp.2d at 811. See also
United States v. Delaney, 52 F.3d 182, 188 (8th Cir.)(handler had 76 hours of training), cert.
denied, 516 U.S. 878 (1995). At the other end are cases such as United States v. Navarro-
Camacho, 186 F.3d 701, 704 (6th Cir. 1999), in which the dog and handler had trained
together for 1,500 - 2,000 hours over the course of many years. See a/so United States v.
Diaz, 25 F.3d 392, 394 (6th Cir. 1994){dog and handler attended eight-week training course);
United States v. Lingenfelter, 897 F.2d 632, 639 (Sth Cir. 1993)(dog and handler had
participated in 300 hours of training searches).

16. See, 6.9., Rosario-Peralfa, 199 F.3d at 562 (noting testimony that the handler must
interpret the signal from the canine); Outlaw, 134 F.Supp.2d at 813 ("an alert is simply an
interpretation of a change in the dog's behavior by a human handler”); see a/so United States
v. Bartz, 2004 WL 1465780 at *5 (S.D. Ind. June 25, 2004)(handler’s training includes learning
how to recognize the changes in dog's behavior signaling the detection of narcotics). In United
States v. Johnson, 323 F.3d 566 (7th Cir. 2003), the Court concluded that the district court
had erred in disregarding the canine alert in assessing the existence of probable cause on the
ground that the dog's handler had not testified at the suppression hearing, although another
officer, who had observed the sniff from a distance, testified that the dog alerted. /d. at 567-68.
The handler, the Court stated, “was not the only officer capable of interpreting {the dog’s]
behavior as alerting to the presence of drugs or drug-infested currancy.” /d. In fact, the dog's
trained handler /s often the only person capable of reliably interpreting whether or not there
had, in fact, been an alert.

17. For a description of the canine training process, see Bird, supra note___, at 410-15.

18. Not only do dogs trained to alert aggressively respond differently from dogs trained to alert
passively, but there also may be a range of different responses within each category:

The dog trained to alert aggressively tries to contact the scent source (biting,
scratching, penetrating, attempting to retrieve), while the dog that alerts passively does
not try to contact the scent source but instead performs trained behavior (sitting,
looking at the source, sniffing toward the source, looking at the handier).

Johnson, 323 F.3d at 567, quoting Sandy Bryson, Police Dog Tactics 257 (2d ed. 2000).

19. J.G. Aristotelidis, Trained Canines at the U.S.-Mexico Border Region: A Review of Current
Fifth Circuit Law and a Calf for Change, 5 Scholar 227, 230-31 (2003).

20. {d.

21. In United Statas v. Walton, 2004 WL 3460842 at *7 (M.D.Tenn. November 12, 2004), the
defendant argued that the dog had not given its trained final response to the package before it
was opened by law enforcement officers. The handler testified that the dog had done so, and
the defendant offered videotapes of the dog alerting during training exercises, presumably
obtained through a discovery request, to contradict the handler’s testimony. The court
compared the videotape of the stop to the training videotapes and concluded that the dog had
in fact given at least one trained final response.
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22. See, e.g., Navarro-Camacho, 186 F.3d at 706-07; United Siates v. Mclaughiin, 2005 WL
2087853 at *3 (D.Utah August 22, 2005); United States v. Hbaiu, 202 F.Supp.2d 1177, 1180
(D.Kan. 2002); United States v. Heir, 107 F.Supp.2d 1088, 1091 (D.Neb. 2000). Canine sniffs
are not, however, typically filmed or recorded.

23. For example, in Hbaiu, the handler testified that the dog was a passive alerter, meaning
that it would sit down when it detected drugs. The defendant contended that the handier had
ordered the dog to sit, although the handler and other officers at the scene denied this. While
the videotape captured the dog sitting down at the rear corner of the trailer, the audio portion
h?gbthe officers testified, “malfunctioned” at this point during the encounter. 202 F.Supp.2d at
1180.

24, For example, in United States v. Ludwig, 10 F.3d 1523, 1528 (10th Cir. 1993), the handler
testified that he knew how his dog alerted and that the dog had done so on the challenged
occasion. In Diaz, 25 F.3d at 394-95, the dog's handier testified that the dog alerted by
barking, biting, and scratching, but occasionally wouid alert by coming 1o a standstill in order
to scent more intently. This latter behavior is likely not a true alert. Similarly, in United States
v. Trayer, 898 F.2d 805, 808 (D.C.Cir.), cert. denied, 498 U.S. 839 (1990), the handier
testified that the dog had been trained as an aggressive alerter, but that, on this occasion, it
froze and pointed to the defendant's train compartment “like a bird dog,” which was the way it
alerted on the majority of occasions. This, too, was a dog which was not doing what it had
been trained to do. In Bartz, 2004 WL 1465780 at *5, the handler testified that, under
controlled circumstances, the dog would alert by sitting and staring, but that it had
“intermediate behaviors” on the “path to final response;” i.e., the dog would stretch up on his
hind legs and stare if the drug were concealed in a high place or Jie down if the drugs were
concealed in a low place, and that the handler's training included learning to recognize the
changes in the dog's behavior that signaled the presence of drugs. The court concluded that
the dog had alerted by stretching on his hind legs and "locking up” at the minivan’s rear
bumper. This was, however, not a trained final alert; it was an “intermediate behavior.” The
court aiso found that the dog had alerted two other times, during neither of which the dog
gave his trained final response. See also United States v. Gregory, 302 F.3d 805, 811 (8th
Cir. 2002) (defendant's passenger testified that the dog did not alert; on appeal, Court
concluded that district court had not clearly erred in crediting handier's testimony that dog had
alerted), cert. denied, 538 U.S. 992 (2003); United States v. Pore, 328 F.Supp.2d 591, 595
(D.Md. 2004)(court finds it unlikely that handler would misinterpret dog'’s behavior because
handler and dog had worked together for a year).

25. 107 F.Supp.2d 1088 (D.Neb. 2000).

26. I/d. at 1091. See also United States v. $67,220.00 in United States Currency, 957 F.2d
280, 285-86 (6th Cir. 1992)Court found little probative evidence that dog had alerted to
currency where two officers who were at the scene testified that they did not know that the
dog had alerted until the handler toid them so). But see Quflaw, 134 F.Supp.2d at 813 (*a
canine alert is not always an objectively verifiable event”).

In United States v. Jacobs, 986 F.2d 1231, 1233-35 (8th Cir. 1993), the search warrant
afftdavit stated that the dog had showed interest in the package, but omitted the fact that the
dog had not actually alerted to the package. The Court concluded that this omission was in
reckless disregard of the truth and refused to apply the Leon good faith exception.

27. See Bird, supra note g, at 424. One court has noted that “(a] false alert can result from the
handler’'s conscious or unconscious signals given by the handler that lead a dog to where the
handler suspects contraband items to be located.” Outlaw, 134 F.Supp.2d at 813. Such an
alert can be *false” in two entirely different ways. First, it could be a false positive alert
because no drugs were actually present. Second, it could be a false alert even if drugs were
present, if what the dog was reacting to was the handler's cues rather than the odor of drugs.
In the latter case, the alert was “false” because the dog was reacting to something other than
that to which it was trained to react. A cued alert is not a reliable indicator of the presence of
drugs because it is not 2 manifestation of the dog's trained response.

28. 898 F.2d 805 (D.C.Cir. 1990)

29. /d. at 809.

30. 4.

31. ld. See also Diaz, 25 F.3d at 396.

32. 2005 WL 2087853 (D.Utah August 22, 2005).

33. Id, at *3. The defense expert teslified that the handler was very suggestive in soliciting a
response; the government's expert testified that the handler had not induced the alert
because he had used the same behavior all around the vehicie. The court simply assumed
that if the handler's overly-suggestive conduct had influenced the dog, it would have falsely
alerted at other areas of the car before alerting to the focation where the drugs were found. /d.
See also United States v. Limares, 269 F.3d 794, 797-98 (7th Cir,. 2001)(*"We can't exclude
the possibility that [the dog’s) success is just a mirror of the agent’s ability to find drug-laden
packages to put under her nose; maybe she would not fare as well on a randomly selected
sampie, but that possibility was not pursued at the hearing”).

[n United States v. Burnett, 240 F.Supp.2d 1183, 1193 (D.Kan. 2002}, the defendant
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contended that the handier jerked on the dog’s chain to cause it to alert after the dog initialiy
showed no response; the handier denied that he had, and the court, as usual, credited the
testimony of the handler. Similarly, in Hbaiu, the defendant contended that the handler
directed the dog with a hand signal; the handier denied that he had, and no hand signal was
visible on the videotape of the encounter, 202 F.Supp.2d at 1180.
34 107 F.Supp.2d at 1091. See afso United States v. Stephenson, 274 F.Supp.2d 819, 824
n.1(S.D.Tex. 2002)(noting that dogs may be entirely without bias, but their handlers may not
gg).laff'd 95 Fed. Appx. 604 (5th Cir.), cert. denied, 125 S.Ct. 139 (2004).

.ld.
36 Outiaw, 134 F.Supp.2d at 813. See, e.g., United States v. Brock, 417 F.3d 692, 696 (7th
Cir. 2005(“[T)he dog's error rate might affect whether a warrant issued in reliance on the dog
sniff was supported by probable cause”); Kennedy, 131 F.3d at 1377 (“A dog alert might not
give probable cause if the particuiar dog had a poor accuracy record”); Ludwig, 10 F.3d at
1528 (same), McLaughlin, 2005 WL 2087853 at *2 (“Although there may be circumstances
that would bring the reliability of a specific narcotics dog or a specific dog search into
question, those appear to be limited and rare). See also Diaz, 25 F.3d at 396 (a very low
percentage of false positives is not necessarily fatal to a finding that a drug detection dog is
properiy trained and certified” (emphasis added)).
37. The Ninth Circuit, for example, has held that discovery of the dog's “qualifications,” which
appears to include, at a minimum, training and certiflcation records, is mandatory. Cedano-
Arelfano, 332 F.3d at 571, 573. Ses, 6.g., United States v. Lambert, 351 F.Supp.2d 1154,
1162 (D.Kan. 2004 )(granting defendant’s maotion for the dog's training and certification
records for the year prior to the search); United States v. Schwandt, 2004 WL 1846126 at *4-
*5 (D.Kan. May 7, 2004 }{(government agreed to provide training, testing, and performance
records, but other requests denied by court); United States v. Wood, 915 F.Supp. 1126, 1133,
1136 {D.Kan. 1996)(in response to defendant’s discovery motion, government agreed to
furnish records of the dog's certification and recertification and records of its structured
training over a reasonable period of time, but court declined to order any of the additional
discovery sought by defendant), rev'd on other grounds, 106 F.3d 942 (10th Cir.1897). See
also Robinson, 390 F.3d at 874 (court reviewed performance statistics and other
documentation regarding dog); United States v. Owens, 167 F.3d 739, 749 (1st Cir.}{defense
expert reviewed dog's training and performance records), cert. denied, 528 U.S. 894 (1999);
Kennedy, 131 F.3d at 1374-75 (court discusses what the “discovery process” revealed about
the dog and its trainer)
38. A dismal example of such misguided myopia is United States v. Gonzalez-Acosta, 989
F.2d 384, 388 (10th Cir. 1993), in which the defendant sought, by way of a Fed. R. Crim. P.
17(c) motion rather than a motion for discovery, discovery of the dog's training and veterinary
records, false-positive/false-nagative alert records, and “all other records establishing the
dog's ability to smell.” The Court, extraordinarily, essentially ruled that because the dog had
been right in the instance before i, the records were not relevant:

[W]e do not believe the documents were relevant because the dog was certified on the
day in question and because the dog properly alerted to the presence of contraband. . .
. Indeed, had the dog’s records indicated it had fatse alerted in the past, defendant’s
ability to cross-examine would not have been enhanced because there is no doubt it
correctly alerted in this instance.

id. at 389. See also McLaughlin, 2005 WL 2087853 at *3 (past failure would not detract from
the accuracy of the dog in this case). Whether drugs were found after the dog alerted in the
case before the court is, of course, fundamentally irrelevant to the question whether the
canine alert provided probable cause for the search. In the canine alert context, as in every
other search context, probable cause is to be determined by the facts and circumstances as
they existed before the search, nat retroactively validated by the results of the search. See,
e.g., Pore, 328 F.Supp.2d at 594 {must look at facts as they existed before drugs were found);
Qutlaw, 134 F.Supp.2d at 815 (whether there was probable cause at the time of the search
may not be determined by what the search turns up).

The Sixth Circuit has repeatedly held that in order to prove the dog's reiiability, the
government need not provide the dog's training and performance records and that the
tastimony of the dog’s handler will suffice for this purpose. See, 6.g., United States v. Boxley,
373 F.3d 759, 761 (6th Cir.), cert. denjed, 125 S.Ct. 435 (2004); United States v. Hill, 195
F.3d 258, 273 (6th Cir. 1999), cert. denied, 528 U.S. 1176 (2000); Diaz, 25 F.3d at 394. It has
acknowledged, however, that “[lJack of additional evidence, such as documentation of the
exact course of training, . . . would affect the dog's reliability.” /d. The converse may aiso be
true in any given case: examination of the underlying documentation may demonstrate that
the dog is not In fact as reliable as its handler would have it. Moreover, as will be discussed in
the text, supra, discovering that documentation does not exist may also be of significance.
39. A ridiculous example of this insistence that handler testimony is sufficient to establish the
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dog’s reliability is found in Hjll, 195 F.3d at 273-74. In that case, the defendant argued, based
in part on the handler’s admitted failure to keep a record of the dog's false alerts, that the
district court’s finding that the dog was properiy trained and reliabie was clearly erroneous.
The Court disagreed, noting that the dog's trainer had reviewed the dog’s training and
performance records and had opined, based on those records — which did not include
records of the dog'’s false alarts — that the dog was reliable. See also Diaz, 25 F.3d at 395-96
(rejecting defendant's argument that reliability was not demonstrated because dog's training
and performance records were not produced, and handier was unable to answer pracisely
questions regarding how many searches dog had done and how many fimes drugs were and
were not present).

40. In United States v. Warren, 997 F.Supp. 1188 (E.D.Wis. 1998), the handier credited the
dog with 100% accuracy. However, other evidence showed that when the dog was brought to
a scene, the dog would alert to the suspected container, but generally only after some
direction or coaching, and drugs might or might not be found in the container. If no drugs were
found, the handler did not record it as a false positive alert but instead “note[d] that the dog
must have smelled the residual odor of drugs which must have been present at some time in
the past.” /d. at 1192. See also Gregory, 302 F.3d at 811 n.1 (handler testifled that on
occasions when no drugs were found after dog alerted, there was evidence that drugs had
been in the location a short time before the dog alerted); United States v. Martin, 2004 WL
2011456 at *3 & n.1 (D.Kan. August 19, 2004)(handler testified that dog had never falsely
alerted, but this testimony was based only on training searches because, the handler said,
only in such a controlled environment could he be sure that the odor of drugs was not
present); United States v. Page, 154 F.Supp.2d 1320, 1325 (M.D.Tenn. 2001)(handier
testified that, while there had been occasions when no drugs were found after the dog alerted,
alerts to lingering odor of drugs are considered accurate alerts).

41. For example, in Pore, the defense presented the court with the dog’s field reports, which
counsel argued showed that drugs were found on only haif the occasions when the dog
alerted. The court found that, because there had been no testimony conceming the reports
and no explanation of how they should be read or interpreted, they had “scant evidentiary
value, particularly when a trained dog’s sense of smell is powerful enough to detect a
lingering odor of narcotics, even when the drugs are gone or there is no visible residue.” 328
F.Supp.2d at 594 n.7, In United Sates v. Arreola-Delgado, 137 F.Supp.2d 1240, 1244-45

(D .Kan. 2001), the dog aggressively alerted to a suitcase which had been removed from the
trunk of a vehicle, but no drugs were found in the suitcase. Upon further exploration, cocaine,
some of which had leaked from its packaging, was found in the gas tank. The Court bought
the handler’s explanation that the alert could be expiained by the wind's having blown over
the gas tank, carrying the odor from undemeath the car, and bouncing it off the nearby
suitcase. See a/so Page, 154 F.Supp.2d at 1325 & n.1; Outlaw, 134 F.Supp.2d at 815; United
States v. Fisher, 2002 WL 563581 at *8 (E.D.Pa. April 15, 2002).

42. In Rosario-Peralta, for example, no drugs were found on the vessel after the dog
positively alerted to the deck; the defendants denied having been in the possession of
cocaine and contested the testimony of law enforcement officers to having observed the
vessel dumping bales of cocaine. The Court found the canine alert evidence admissible
against a Rule 403 challenge because “the positive canine alert corroborated the officers’
testimony by demonstrating that an allegedly unbiased canine indicated that a controlled
substance contaminated defendants’ vessel.” 199 F.3d at 562. See also Boxiey, 373 F.3d at
761 (dog alerted to defendant’s pocket, but no drugs found; evidence admitted to connect
defendant to drugs found nearby on theory that “an alert in the context of a canine narcotics
sniff indicates that narcotics are present in the item being sniffed or have been present in
such a way as to leave a detectable odor’).

43. See, e.g., United States v. Funds in Amount of $30,670.00, 403 F.3d 448, 460 (7th Cir.
2005)({noting that drugs or currency were found after 97.6% of the dog's alerts);, Limares, 269
F.3d at 797 (62% of alerts followed by discovery of drugs, 31% followed by discovery of
currency, 7% were unambiguous false positives); Navarro-Camacho, 186 F.3d at 704 (90-
97% accuracy rate); Scarborough, 128 F.3d at 1378 (cverall reliability rate of 92%); United
States v. Hephner, 260 F.Supp.2d 763, 770 (N.D.lowa 2003 )}(80% accuracy rate), affd 103
Fed. Appx. 41 (8th Cir. 2004). Unfortunately, even demonstrating that the dog has an abysmai
accuracy rate frequently does not lead to a finding of no probable cause. See, e.g., Limares,
269 F.3d at 798 (62% accuracy rate suffices to demonstrate probable cause); Kennedy, 131
F.3d at 1378 (70-80% accuracy rate suffices to demonstrate probable cause). And such
statistics may ot in fact mean what the courts think they do. See R.E. Myers ll, /n The Wake
of Caballes, Should We Let Sleeping Dogs Lie?: 20 WTR Crim. Just 4, 10-11 (2006}

44. in United States v. Cruz-Roman, 312 F.Supp.2d 1355, 1361 (W.D.Wash. 2004), for
example, the court concluded that the dog/handier team was insufficiently reliable to be the
basis for a finding of probable cause because “[r)ecords of training exercises and actual
narcotics investigations indicate that the team often made mistakes and had no history
showing a strong percentage of correct search results.”

45. Bird, supra note 9, at 421-22. See United States v. Race, 529 F.2d 12, 14 (1st Cir. 1976)
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(dog had four hours per week follow-up training).

46. See Gregory, 302 F.3d at 811 (noting that handler kept daily records of the dog’s
performance in ongoing training and in the field).

47. Kennedy, 131 F.3d at 1374-75. The handler in Kennedy ignored these directives, did not
keep records of the dog's field work, and only field trained the dog sporadically. What records
there were indicated an accuracy rate of 71.4%, but the handler's sloppy recordkeeping
precluded assessment of the dog'’s actual accuracy rate based upon all its alerts.
Unfortunately, the Court, referring to its general ruie that search warrant affidavits are
sufficient if they merely state that the dog was trained and certified and “declinfing] to
encumber the affidavit process by requiring affiants to include a complete history of a drug
dog's reliability,” id. at 1376-77, concluded that, even had all the information revealed at the
suppression hearing regarding the dog’s reliability and the handler's “sloppy conduct™ been
included in the affidavit, a reasonable magistrate judge would still have issued the warrant. In
a case involving the same dog/handler team and a warrantiess search, the court reached the
right result, concluding that because of the inadequacy of the documentation of the dog's
activities, the government had not demonstrated the dog’s reliability and, hence, there was no
probable cause for the search of the defendant's luggage. United States v. Florez, 871
F.Supp. 1411, 1422-23 (D.N.M. 1994),

48. They have not, with few exceptions, done so yet. In Hill, for example, the dog’s handler
testified that he did not know what ongoing training he was supposed to perform with his dog
and that he did not keep records of faise alerts. The Court, following circuit precedent,
rejected the defendant’s challenge to the government’s failure to produce records to establish
the dog's reliability. 195 F.3d at 273. in the earlier case, however, the Court, while conduding
that the testimony of the dog’s handier sufficed to establish the dog's reliability, did note that
“training and performance documentation would be useful in evaluating a dog's reliability.”
Diaz, 25 F.3d at 396. See Outlaw, 134 F.Supp.2d at 811 (defense expert testified that the
reliability of a particular dog can be determined only if records of both the dog's training and
success and failure rate in the field are kept). See a/so note ___, supra.

49. See note 14, supra.

50. See, e.g., Limares, 269 F.3d at 798; United States v. Klein, 626 F.2d 22, 27 (7th Cir.
1980).

51. In United States v. Martinez, 78 F.3d 399 (8th Cir. 1996}, the affidavit said nothing about
the dog other than that it had alerted to the vehicle sought to be searched. it omitted to
mention that the dog had been wrong in eleven of its prior twelve alerts. See id. at 401. The
majority did not address the issue, concluding that the affidavit established probable cause
without the alert. In dissent, Judge Arnold, addressing the issue because he disagread that
probable cause existed without the alert, stated flatly: “authorities do emphatically have a duty
to inform the magistrate if a drug dog is unreliable.” /d. at 403 (Arnold, J., dissenting). Omitting
the dog’s abysmal track record, he continued, constituted reckless disregard for the truth, and
the good faith exception would not apply, because knowledge of the dog's unreliability made it
objectively unreasonable for the officers to rely on the warrant. /d. See also United States v.
Jackson, 2004 WL 1784756 at *3 n.1 {S.D.Ind. February 2, 2004)(questioning whether
incomplete report about the dog's reliability was sufficient to support probable cause, but
indicating that good faith exception would apply).

52. Ses, e.g., Delaney, 52 F.3d at188; United States v. Williams, 2000 WL 979997 at *7
{S.D.Ohio June 5, 2005}, United States v. Cortez, 1995 WL 422029 at *3 (S.D.N.Y. July 18,
1995).

53. See Bird, supra note 9, at 425-26.

54. 438 U.S. 154 (1978).

55. See, e.g., Limares, 269 F.3d at 797-98; Sundby, 186 F.3d at 876; Kennedy, 131 F.3d at
1377; Lingenfsiter, 997 F.2d at 640; Jacobs, 986 F.2d at 1234. n
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