








remaining decisions, canine response was similar, with differences in response being no

greater than 4% for the first and second decision points.
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Trail One Decision Two Decisions

Figure 70-Canine response to scent samples collected using the HSCS at two
different collection times

The second portion of the field test was dedicated to evaluating the airflow speed
of the HSCS. The assessment of airflow speed was comprised of 17 tests for the low
airflow, 16 tests for the medium airflow and 13 tests for the high airflow and the results,
and chance level, are displayed in Figure 71. The collection time used for this portion of

the trial was 30 seconds, which is the default collection time of the HSCS.
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Figure 71-Canine response to scent samples collected using the HSCS at three
different airflow speeds

The percentage of canine teams that began trailing after being presented with a
scent sample was similar for all three collection airflow speeds with a response better
than chance for all speeds. However, canine response at the first and second decision
point revealed larger differences among the airflow speeds. The percentage of canine
teams which were able to correctly complete the first and second decision point occurred
when the scent sample was collected at the high airflow speed. At the low airflow speed,
no canine teams were able to correctly complete the second decision point. Though
canines were able to complete the second decision point better than chance when using
the medium airflow, a greater number of canines (31%) were able to complete the second
decision point when the high airflow speed was used. These results reflect that the use of
a high airflow speed, for the collection of scent, will collect a sufficient amount of scent

to allow canines to follow a scent trail further (or the second decision point in this test).
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Canine response was used in the selection of the optimal operational parameters
of the Human Scent Collection System. The results of the field tests show that the use of
a 60 second collection time and a high airflow speed will elicit a better response from
human scent discriminating canines. The selection of the operational settings for scent
collection devices is extremely important due to the fact that the manner in which human
scent evidence is collected can impact canine performance. If an insufficient amount of
scent has been transferred from a source to the sorbent material then the canine will not

be able to perceive it and is thus, unlikely to locate and follow a person’s scent trail.

4.3.2.2. Evaluation of the HSCS and the Scent Transfer Unit 100 (STU-100)

Canine response was used to compare the performance of two scent collection systems
(the HSCS and the STU-100). For this field test, canine teams completed a total of 50
tests and of those tests, 47 included actual scent samples and 3 blank samples. A
summary of canine response to the two scent collection systems is displayed in Figure 72
and the graph portrays the percentage of canine teams that correctly completed the three
observed responses and the chance level for each response.

Canine response to both collection devices was better than chance for each of the
observed responses. The percentage of canine teams that began trailing when presented
with a scent sample was similar for both of the devices. However, canine response at the
first and second decision point was noticeably greater when the STU-100 was used to
create the scent sample. To understand why canines respond better to scent samples
created using the STU-100, rather than the HSCS, a closer look was given to the airflow

speed of each device. As seen in Figure 73, the airflow speed of the STU-100 (average
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1.00 m/s) is significantly greater than the airflow speed of the HSCS (average 0.59 m/s),
when performing a One-way ANOVA (p=0.05). Canine response to scent samples
created using the STU-100 can be attributed to the higher the airflow speed of the device,
which draws in a larger volume of air thereby allowing for a greater accumulation of

scent onto the gauze pad.
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Figure 72-Canine response to scent samples collected using the HSCS and the STU-
100
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Figure 73-Airflow speeds of the STU-100 and the HSCS while running at the highest
airflow setting for 60 s

Additionally, canine response to the two biological specimens (hand odor and

saliva) was also assessed. The evaluation of biological specimens was comprised of 24

tests for hand odor and 23 tests for saliva and the results and chance levels for each

decision are displayed in Figure 74. The airflow speed and the collection time used for

this portion of the trial were the high airflow speed and 60 second collection time,

respectively.
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Figure 74- Canine response to scent samples of hand odor and saliva

Canine response to both biological specimens was better than chance for each of
the observed responses. The percentage of canine teams that began trailing after being
presented with a scent sample was the same for both biological specimens. More than
double the amount of canine teams were able to complete the first decision point and
triple the amount of canine teams were able to complete the second decision point when
provided with a saliva sample, as opposed to a hand odor sample. To better understand
these results an instrumental approach can be used to explain the canine response seen in
the field.

In the laboratory, HS-SPME-GC-MS has revealed two things regarding hand odor
and saliva: 1) the spectrum of VOCs from hand odor is different from saliva and 2) the
total abundance of the VOCs in the headspace of saliva samples is significantly greater
than in hand odor samples. An example of these two occurrences can be seen in Figure

76 and 77 which show the chemical profiles of hand odor and saliva samples, collected
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from a female subject, as well as the abundance of the extracted volatiles from those
specimens, respectively. The qualitative and quantitative differences in the VOCs from
these two specimens could lead someone to speculate that canines could not use the scent
from saliva to properly identify and trail the scent of a person, but the results from this
field test reveals that canines can use saliva as a scent source and providing a better

response than when using hand odor.
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Figure 75-Chemical profile of VOCs extracted from hand odor and saliva from
Subject 23F
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Figure 76-Total abundance (peak area) of VOCs extraction from hand odor and
saliva from Subject 23F

When performing a side-by-side analysis it becomes apparent that there were eight VOCs
which were present in both hand odor and saliva samples, while four of those compounds
(decanal, butylated hydroxytoluene (BHT), hexadecane and homomenthyl salicylate)
were present in the three hand odor and three saliva samples. When comparing the
abundance of these compounds in both specimens (Figure 77), the abundance of decanal
and homomenthyl salicylate is significantly larger in saliva. The abundance of BHT in
hand odor is significantly larger than in saliva. The abundance of hexadecance is
statistically similar in both hand odor and saliva. These four compounds could be an
example of what the canines are sensing allowing them to match different specimens,
such as hand odor and saliva, from the same person. Furthermore, when using saliva,

some of these compounds that are common to both specimens, are more abundant in

179



saliva, than in hand odor, which can be easily detected by the canine and provide a better

response.
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Figure 77-Abundance of common compounds in hand odor and saliva samples from
Subject 23F

4.3.2.3. Canine response to blank samples

In addition to test samples, blank samples were also incorporated into canine field testing.
Blank samples are simply the collection material, i.e., a cotton gauze pad, which does not
contain human scent. When presenting a blank sample to a canine, theoretically the
canine would not detect human scent and would remain still, or not begin to trail. During
field testing of biological specimens, 13% of the canines did not begin to trail, when
presented with a blank sample, and 88% of the canines did begin trailing. Of the canines
that began trailing when presented with a blank sample, not one canine followed the path

of a target meaning that the blanks were not likely to have been contaminated with
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human scent and the canines were not responding correctly. These trials had fewer
canines properly respond to blank samples when compared to the previous three
biological specimen trials.  Again, these results emphasize the importance of
incorporating blanks into training programs, so canines can become easily decipher
between human scent samples and blanks samples, which only contain odors from the

local environment.
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5. CONCLUSION

The VOCs of four biological specimens (hand odor, hair, fingernails and saliva)
were evaluated instrumentally and by trained canines with the main objective of
determining whether the extracted VOCs can be used to differentiate individuals. The
present work provided the first account for the evaluation of VOCs from hair and
fingernails, for their use in identifying individuals. Instrumental analysis was performed
using headspace solid phase microextraction gas chromatography-mass spectrometry.
This work began with the optimization of the HS-SPME extraction time, sample mass of
hair samples and fingernail sample type. Subsequently, biological specimens were
collected from 60 individuals (30 males, 30 females), which varied in age and race, and
the VOCs emanating from these samples were analyzed.

An initial assessment, consisting of an intra-subject specimen evaluation, was
performed. Through the analysis of four subjects’ samples, many of the extracted VOCs
were shared across the four specimen types; however, overall each biological specimen
produced a different profile of volatile organic compounds. Hair and fingernail samples,
which are both made of the keratin protein, had the greatest similarities. These samples
grouped closely together after performing statistical evaluations including principal
component analysis and cluster analysis. Saliva was the most dissimilar from the other
specimens and contained many VOCs that were never detected in the other three
biological specimens. The differences in the total profile of VOCs for each specimen
made it difficult to cross-match specimen types that were collected from the same
individual (they would appear to be dissimilar); therefore, it was determined that the

proceeding evaluations would occur within a specimen type and not between.
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Triplicate samples of the four specimens were collected from 60 individuals
providing a total of 714 samples (180 hand odor, 176 hair, 178 fingernail and 180 saliva)
for analysis. Over 1,000 chromatographic peaks were identified from among the
samples; however, a selection of 47 VOCs, which have been previously identified, in
literature, as compounds emanating from humans, were used during data analysis and
included acids, alcohols, aldehydes, aliphatic hydrocarbons, an aromatic hydrocarbon,
esters, heterocyclics and ketones. Differences in the frequency of occurrence of VOCs
were evaluated between the genders. The occurrence of VOCs in male and female
subjects were often similar; however, there were two VOCs that did appear more
frequently in one gender, across the different specimen types, which include dodecanoic
acid for males and tetradecane for females. Though it could not be confirmed by this
study, these two VOCs suggest a potential use as biomarkers for gender.

Spearman rank correlations were performed to determine the distinctiveness of
biological specimens between individuals. The correlations of 60 individuals’ samples
produced a total of 1770 pair-wise comparisons for each specimen type. The
distinguishability of the samples was determined by the number of samples that
correlated at 0.89 or less. From these values, the percentage of distinguishable samples
was calculated and determined to be 98.8% for hand odor, 99.8% for hair, 99.4% for
fingernails and 99.5% for saliva samples. The application of Spearman rank correlations
revealed that the VOCs emanating from each specimen are highly distinctive and can be
used to distinguish individuals.

In addition to distinctiveness, the persistence of VOCs from biological specimens

was assessed over a six month period. Biological specimens were collected from six
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individuals once a month for a total of six months. This procedure identified common
human scent VOCs, which were the most persistent compounds, based upon the fact that
they were detected in five or more of the sampling months. On average, the six subjects
possessed nine common VOCs in hand odor, five in hair, four in fingernails and nine in
saliva. This indicates that the chemical composition of hand odor and saliva are the most
consistent over time. Another way persistence of VOCs was assessed was through the
cluster analysis of the six month samples, which provided a value for similarity of the
samples. Hand odor and hair samples were the most similar, over time, at 83.9%, and
83.6%, respectively, and continued with saliva at 74.6% and fingernails at 63.9%.

To supplement the laboratory studies, canine field trials were conducted to
evaluate whether different biological specimens can be used as a scent source for trained
canines. Additional field trials were performed to evaluate how two different scent
collection devices can impact canine performance. The evaluation of different biological
specimens showed that canines can respond similarly to hair, fingernails and saliva, as
they do with hand odor. Regarding the scent collection device, canines performed better
with the scent collection device that has a higher airflow rate (STU-100). It can be
surmised that the device with the higher airflow rate, draws in a larger volume of air and,
therefore, will allow for the collection of more odor.

There is still plenty of work to be done that pertains to human scent. Primarily,
new techniques of collection, extraction and analysis need to be explored to improve
sensitivity and reduce sampling time of human scent samples. Each procedure suffers
from their own inherent drawbacks and with the creation of new, efficient and sensitive

methods researchers will be able to uncover novel features of human scent that have
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never been seen before. Furthermore, to bolster the use of human scent in criminal
investigations it will be essential to develop techniques that allow scent from an object to
be matched back to the person it originated from, with the use of analytical instruments.
Up until now, all human scent work has been performed under controlled laboratory
conditions; however, it would be beneficial to devise ways to analyze human scent under
real-life scenarios. Lastly, future work should, also, continue to explore chemical
biomarkers for gender, age, race and medical condition across different biological
specimens so that, forensically, people of interest can be identified or excluded. Though
it was not confirmed, this work tentatively identified potential chemical biomarkers that
signify gender, demonstrating another way human scent can be applied in forensic
science.

The analysis of the profiles of the VOCs produced from the different biological
specimens showed that each specimen possesses a distinct array of chemicals, which can
be differentiated by a variety of statistical methods. Intuitively, it might be assumed that
when applying this knowledge to criminal investigations, trained canines would not be
able to cross-match specimens back to the original person; however, this is not the case.
These field trials reveal that there are commonalities in the scents that can be recognized
by canines. The results demonstrate that while the chemical analysis supports the ability
of canines to differentiate the scent of individuals, there are other chemicals being used
by canines not detected with the current method. Therefore, researchers should be

cautious in generalizing laboratory results to operational conditions.
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APPENDICES
Appendix A
Color charts of the profiles of the VOCs produced from the biological specimens of six

subjects collected over a six month period.

Figure 78- Chemical profiles of biological specimens from Subject 2F over a six
month period
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Figure 79- Chemical profiles of biological specimens from Subject 8F over a six

month period

80% -

50% -

40% -

Relative Peak Area

30%

20% —

10% -

Hand Odor

OBenzaldehyde

W1 .6-Octadien-3-0l 3,7-cimethyl-
O2-Nonenal,(E)-

W Tetradecane

EHexadecane

Hair Fingernailg
Specimen and Month of Collection
OHexanoicacid WFuran,2-pentyl-
ETUndecane DOHeptanoicacid
®Decanal OTridecane
ODodecanal OcCaryophyllene
Beptadecane B Octadecane

Saliva

OB enzylAlcohol

ENonanal

OUndecanal

W5 .9-Undecadien-2-one.6.10-dimethyl-

Figure 80- Chemical profiles of biological specimens from Subject 4M over a six

month period
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Figure 81- Chemical profiles of biological specimens from Subject 16M over a six
month period
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Figure 82- Chemical profiles of biological specimens from Subject 28M over a six
month period
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Appendix B

Dendograms of biological specimens from six subjects collected over a six month period

Figure 83-Dendogram of biological specimens from Subject 2F collected over a six
month period
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Figure 84-Dendogram of biological specimens from Subject 8F collected over a six
month period
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Figure 85-Dendogram of biological specimens from Subject 4M collected over a six
month period
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Figure 86-Dendogram of biological specimens from Subject 16M collected over a six
month period
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Figure 87-Dendogram of biological specimens from Subject 28M collected over a six
month period
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