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Abstract- The finding that drugs and metabolites can be
detected from fingerprints is of potential relevance to
forensic science and as well as toxicology and clinical
testing. However, discriminating between dermal contact
and ingestion of drugs has never been verified
experimentally. The inability to interpret the result of
finding a drug or metabolite in a fingerprint has
prevented widespread adoption of fingerprints in drug
testing and limits the probative value of detecting drugs
in fingermarks. A commonly held belief is that the
detection of metabolites of drugs of abuse in fingerprints
can be used to confirm a drug has been ingested.
However, we show here that cocaine and its primary
metabolite, benzoylecgonine, can be detected in
fingerprints of non-drug users after contact with cocaine.
Additionally, cocaine was found to persist above
environmental levels for up to 48 hours after contact.
Therefore the detection of cocaine and benzoylecgonine
(BZE) in fingermarks can be forensically significant, but
do not demonstrate that a person has ingested the
substance. In contrast, the data here shows that a drug
test from a fingerprint (where hands can be washed prior
to donating a sample) CAN distinguish between contact
and ingestion of cocaine. If hands were washed prior to
giving a fingerprint, BZE was detected only after the
administration of cocaine. Therefore BZE can be used to
distinguish cocaine contact from cocaine ingestion,
provided donors wash their hands prior to sampling. A
test based on the detection of BZE in at least one of two
donated fingerprint samples has accuracy 95%,
sensitivity 90% and specificity of 100% (n = 86).

INTRODUCTION

Fingerprint samples are of interest in clinical testing,
toxicology and forensic science. In forensics, it has
been known for a long time that fingerprints carry
more information than only their ridge details1,2,3,
and interest in determining “activity level
information” from a fingermark left at a crime scene
has given impetus to numerous studies exploring drug
detection from a fingerprint after contact with a
substance4,5,6,7,8. There have also been a number of
studies exploring the possibility of using a fingerprint
to determine whether a donor has ingested a particular

substance, i.e. for toxicology or clinical
testing9,10,11,12,13,14 or in forensics, to show from
a finger mark that a person has consumed or touched a
drugl5. In clinical testing, a fingerprint offers a
promising new sampling matrix because of the ease
and convenience of donating a samplel6.
Additionally, the ridge details that are embedded in the
sample can be used to identify falsification and assure
traceability.

In each of these cases, it is highly desirable to be able
to distinguish dermal (touch) contact from ingestion of
a substance, because the corresponding legal
ramifications are different. Indeed, one reason
fingerprint testing has not yet reached widespread
acceptance from the clinical toxicology community is
the possibility that a drug signal can arise from sources
other than ingestion17. Whilst this concept has been
comprehensively assessed for hairl8 and oral
fluid19-20 testing, very little data on the relevance of
drug detection in fingerprints exists.

In recent work, Ismail et al. showed that cocaine could
be detected in the fingerprints of drug users, and that it
was possible to set a cut-off level to distinguish
environmental exposure from cocaine use2l. Our
group has also researched rapid methods (~2 minutes
per sample) for testing for cocaine from a
fingerprint22:23, including paper spray mass
spectrometry24, which we showed was compatible
with visualisation of a fingerprint prior to analysis.
This enables a sample to be collected, checked for
authenticity and analysed within a timeframe of a few
minutes.

Whilst previous work has explored the possibility of
using a fingerprint to distinguish between cocaine
ingestion and environmental exposure, there is
currently no data on whether recent contact with
cocaine can be distinguished from cocaine use. This
lack of empirical data has precluded exploitation of the
finding that a drug or metabolite can be detected in a
fingerprint, because there is no interpretative
framework. This means that the robustness of
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fingerprint samples for clinical drug testing is
unproven, and also for forensic fingerprint evidence, it
is not clear what finding a drug in a fingerprint actually
means.

In this work, we explore for the first time the levels of
cocaine and its primary metabolite, benzoylecgonine
(BZE) observed in a fingerprint at various time
intervals after contact with cocaine powder and with
street cocaine. We compare these with fingerprint
samples taken from a cohort of patients attending a
drug rehabilitation clinic, as well as non-drug users.
We show that it is possible to distinguish between
contact and ingestion of cocaine from a fingerprint, if
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Figure 1
Paper spray mass spectrometry analysis workflow for
the analysis of calibration standards and fingerprint
samples.
Figure 2 shows the mass per fingerprint of BZE and
cocaine detected in the fingerprints of non-drug users
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Figure 2

Mass per fingerprint of (A) cocaine and (B)
benzoylecgonine detected in the fingerprints (right
thumb and right index) from 28 non-drug users,
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(and only if) fingerprints are donated after washing
hands.

Results

Method validation

A full validation of the paper spray high resolution
mass spectrometry method developed for this work is
provided in the Supporting Material and a schematic
of the method is given in Fig. 1. For cocaine and BZE,
the precision was <25%, R2>0.9847 for standards
between 50 and 1,200 pg, LOD 15 pg (cocaine) and
50 pg (BZE). No instability of cocaine or BZE, or
matrix effects caused by the presence of a fingerprint
were observed.

Acquire data for
0.5 minutes in
full scan and 0.2
Place on paper minutes in
spray source MS/MS

Add 100 uL of
80:20 ACN:H,0
and apply 4.0kV

using paper spray mass spectrometry. Prior to hand
washing, cocaine and BZE were detected in 7 and 2
fingerprint samples respectively, with no fingerprints
containing both analytes. After hand washing, neither
analyte was detected in any fingerprint sample.
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collected as presented (AP) and measured using paper
spray mass spectrometry..
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Fingerprint samples donated directly following
contact with street cocaine
Figure 3(A,B) shows the mass per fingerprint of BZE
and cocaine detected in the fingerprints of 3
participants who touched street cocaine, directly after
contact with the substance. An important observation
is the detection of the metabolite, BZE in the
fingerprint samples from donors who did not ingest
cocaine. It has been hypothesised by ourselves and
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Figure 3

Mass of per fingerprint of cocaine (A,C) and
benzoylecgonine (B,D) detected in fingerprints (left
index and left middle) from 3 donors after contacting
2 mg street cocaine immediately after contact (A,B)
and after washing hands (C,D).

Persistence of cocaine on the fingertips

To obtain a clearer picture of the significance of
detecting cocaine in a fingerprint, the longer term
persistence of cocaine after contact with cocaine
hydrochloride powder (99% purity) was studied.
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others4:1522 that the metabolites of a drug can be used
to confirm that a drug has been metabolised and
excreted. These results show that the detection of a
drug metabolite in a fingerprint provided from
unwashed hands does not necessarily arise from drug
ingestion. However, Fig. 3(C,D) shows that after hand
washing, whilst cocaine is still observed in the
fingerprint samples provided by Donors 1 and 3, BZE
is no longer detected.
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Figure 4 shows the mass of cocaine per fingerprint
observed after various time periods up to 48 hours
(short term persistence, Fig. 4A) and 12 days (long
term persistence, Fig. 4B). Qualitative analysis of the
cocaine powder dissolved in acetonitrile (to
700 ng/mL) showed a signal for BZE, but this was not
detected in any fingerprint sample, confirming the
previous result that BZE can be washed off hands,
whilst cocaine persists. As shown in Fig. 4, cocaine
was not observed to persist for longer than 48 hours.
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Figure 4

Mass per fingerprint of cocaine detected in
fingerprints collected as presented (AP) from 3 donors
(D1, D2 and D3 respectively), (A) at various time
points up to 48 hours (short term) after touching 2 mg
cocaine of 99% purity and (B) at various time points
up to 12 days (long term) after touching 0.5 mg and
2 mg cocaine of 99% purity.
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Mass per fingerprint of cocaine detected in
fingerprints collected after washing hands (AH), of 3
donors (D1, D2 and D3 respectively) at various time
points after touching (A) 0.5 mg and (B) 2 mg cocaine
of 99% purity.

Patient fingerprint samples

Figure 6 displays the mass of cocaine and BZE
detected in patient fingerprints before and after
handwashing2l. The maximum mass of analyte
observed in a fingerprint after contact with cocaine
hydrochloride powder (from Figs. 4 and 5)/street
cocaine (from Fig. 3) and is denoted by the line
“cocaine powder”. Similarly, the maximum mass of
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Figure 5 shows the short term (up to 48 hours)
persistence of cocaine in a fingerprint after contact
with a low (0.5 mg) and high (2 mg) dose of cocaine.
In this instance, donors were asked to wash their hands
prior to providing a sample. Neither increased cocaine
dose nor handwashing prior to donation of a sample
had a significant impact on the time window after
which cocaine was observed in the fingerprints.
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analyte observed in a fingerprint from a non-drug user
(from Fig. 2) is denoted by the line “environmental”.
Consistent with the work of Ismail et al. using LC-
MS21, cocaine is detected at elevated levels in the
patient samples compared with the “environmental”
level. The fact that the “street cocaine” line is higher
than the “cocaine powder” line is explained by the fact
that these samples were taken immediately after
contact with street cocaine, whereas for cocaine
powder, samples were taken 3 hours after contact. For
either situation, no clear distinction between ingestion
and contact can be made on the basis of cocaine
detection alone, even after the patient has washed their
hands.
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Figure 6
Mass per fingerprint of cocaine (A,B) and

benzoylecgonine (C,D) detected in the fingerprints
(right thumb and index) of drug users before (A,C) and
after (B,D) handwashing. The samples are grouped
according to the oral fluid test result, where OF-
denotes a negative oral fluid test result, and
OF + denotes a positive test result for cocaine. The
lines represent the maximum mass of analyte observed
in a fingerprint taken from the washed hands of (a) a
non-drug user (from Fig. 2 -“environmental”); (b)
after contact with cocaine hydrochloride powder (from
Fig. 5B — “cocaine powder”) and after contact with
street cocaine (Fig. 3C,D — “street cocaine”™).

A particularly interesting result comes from inspection
of the fingerprint samples derived from Patients 8 and
25, whose oral fluid tested negative for cocaine.
Before handwashing, both patients presented with
cocaine and BZE in their fingerprints. After
handwashing, whilst cocaine was still detected, BZE
was no longer detected in either patient fingerprint.
This, combined with the observation that contact
residues of BZE are not observed following
handwashing, suggests that BZE could be a more
suitable target for fingerprint based drug screening
than cocaine.

DISCUSSION

1JIRT 167960

ng/fingerprint

ng/fingerprint

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY

B
100.00
o - o
——— e A ———— — — — — — —_— Qe — -
10.00 - - P " e -
. e .
. .
1.00 S o © 2 o . .
0.10 °
0.01
8251 2 3 4 5 6 7 14151617 18 19 20 21 22 23 24 26
OF - OF +
Participant
LoD Lo = = =Environmental = = Cocaine powder
seureeees Street cocaine o Thumb ® Index
D
100.00
10.00 o
L]
.
1.00 .. g s H o
0‘10 - s % o O 0O L} Y g L L ]
0.01
82511 2 3 4 5 6 7 14151617 18 19 20 21 22 23 24 26
OF - OF +
Participant
— LoD Lo = = =Environmental — — Cocaine powder
--------- Street cocaine o Thumb ®  Index

The data presented here show that the detection of
cocaine in a fingerprint is indicative of either ingestion
of cocaine OR recent contact with cocaine. The
persistence study shows that >48 hours after contact,
cocaine is no longer detected in a fingerprint by this
method. The background study shows that provided
hands are washed prior to giving a sample, cocaine is
not normally detected in the fingerprints of non-drug
users. Therefore whilst the detection of cocaine in a
fingerprint does not necessarily indicate it has been
ingested, it does show either ingestion or recent
(within approximately 48 hours) contact with the drug.
Similarly, the detection of BZE from unwashed hands
shows either that a person has either consumed OR
recently handled cocaine. Therefore detection of BZE
or cocaine in a fingermark can be forensically
significant, but does not show that a person has
consumed cocaine.

It should be noted that for health and safety reasons,
the dose of cocaine that could be touched was limited
to 2 mg. Although no difference was observed in the
length of time it took to remove detectable traces of
0.5mg and 2mg cocaine following contact, a
limitation of this study is the inability to test higher
doses to explore how long large doses of cocaine can
persist on the fingers for.
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In contrast, for drug testing, it does appear to be
possible to distinguish between cocaine ingestion and
contact. Provided hands were washed prior to giving a
sample, BZE was ONLY observed in fingerprints of
drug users whose oral fluid tested positive for cocaine.
Even immediately after contact with street cocaine,
BZE was not observed after hands were washed.
Similarly, BZE was not detected amongst the non-drug
users, or the drug users who tested negative in their
oral fluid (provided hands were washed prior to giving
a sample). For the patients whose oral fluid was
positive for BZE, only 2 patients out of 19 did not
return any fingerprints positive for BZE, giving a
detection rate of 89.5%. A test based on the
requirement for at least 1 fingerprint (of 2) to be
positive for BZE therefore gives values of accuracy,
sensitivity and specificity of 95%, 90% and 100%
respectively (n=86). Future work could explore
whether a more sensitive method could be developed
to improve on the sensitivity.

A further limitation of the study is the fact that the
sample volume of a fingerprint is unknown, (also the
case in previous work). Although attempts were made
to control the deposition parameters (by controlling
the pressure, time and area of deposition), the amount
of sweat produced by a donor could not be controlled,
and was not accounted for in any way. This
undoubtedly leads to some variability, for example the
intra donor variability that can be seen in Fig. 6. This
currently limits the ability to provide a quantitative test
result based on a fingerprint, and will be explored in
future work. However, the data presented here shows
that in spite of this, it is possible to distinguish between
touch and ingestion of cocaine in a drug testing
scenario.

CONCLUSION

The results presented here have implications for both
drug testing and the forensic analysis of fingerprints.
It has been shown that detection of BZE or cocaine in
a fingerprint collected from unwashed hands can mean
either recent contact (<48 hours) or ingestion of
cocaine. Therefore the detection of cocaine and BZE
in a fingermark left at a crime scene means that either
the substance was recently handled OR the person
ingested the substance.

However, in a drug test, hands can be washed prior to
donation of a sample, and here the detection of BZE
was found to be solely due to the administration of

cocaine. We conclude that cocaine can be used as a
screening tool, because it is not readily detected at
environmental levels, and was detected 100% of the
time in samples from drug users. However, cocaine
alone cannot be used to confirm drug ingestion, and
BZE is a more appropriate candidate compound for
distinguishing cocaine contact from cocaine ingestion,
having 100% specificity, based on the samples tested
here.
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