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ABSTRACT
Single metal deposition (SMD II) is a fingermark detection technique based on the use of

colloidal gold. The technique has been simplified and optimised over the years to become
more reliable, sensitive and user-friendly. Physical developer (PD) is a well-established
detection method based on silver deposition from a redox solution. This study presents an
extensive comparison of SMD II against PD for fingermark detection on porous substrates.
The two techniques were compared as (i) standalone methods, (ii) in sequence after the
application of routine amino acids reagents (1,2-indanedione/zinc followed by ninhydrin),
and (iii) after the substrates have been wet. More than 1000 fingermark specimens were
processed.

Overall, the performance of SMD Il was judged to be inferior to that of PD; therefore, SMD
Il cannot be recommended as a valid replacement for fingermark detection on porous
substrates. Indanedione/zinc and ninhydrin application negatively impacts on SMD Il
performance and the technique gave inconsistent results across the selected range of porous
substrates. Moreover, the detected fingermarks lacked contrast making their visualisation
difficult. However, even if PD remains the technique of choice, SMD Il showed significant
potential. It proved to be less affected by donor variability and it can be applied on both
porous and non-porous substrates. It did not lead to uncontrolled background staining that
commonly occurs with PD. If contrast and consistency issues can be addressed in future

research, SMD II may become a viable alternative to PD.

KEYWORDS

Gold nanoparticles, MMD, SMD, amino acid reagents, detection sequences, contrast, water
immersion

1/27


http://ees.elsevier.com/fsi/viewRCResults.aspx?pdf=1&docID=21435&rev=0&fileID=489920&msid={4B76F82E-A33E-49E2-9FD1-1A1DBA094AC0}

28

29

30

31

32

33

34

35

36

37

38

39

HIGHLIGHTS

Single metal deposition (SMD 1II) is a detection technique based on the use of
colloidal gold

Physical developer (PD) is a detection method based on silver deposition from a
redox solution.

SMD 1II was compared to PD as standalone and after amino acid reagents on more
than 1000 fingermarks

The performance of SMD Il was judged to be inferior to that of PD

SMD Il is less affected by donor variability and can be applied on both porous and

non-porous substrates
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1. Introduction

The past decade has witnessed a significant improvement in the effectiveness of several
routine fingermark detection techniques. For instance, 1,2-indandione/zinc (IND-Zn) is now
commonly used worldwide on porous substrates and it has progressively replaced 1,8-
diazafluoren-9-one (DFO) [1-4] due to superior sensitivity and luminescence intensity.
Cyanoacrylate fuming is another example where both fuming and luminescence staining can
now occur in a one-step process [5, 6]. In parallel, more advanced techniques have been
extensively studied; physical developer (PD) [7, 8] and vacuum metal deposition (VMD) [9-
11] are renowned for their effectiveness, and are routinely used in forensic laboratories
worldwide despite being relatively expensive and time-consuming. However, despite the
numerous detection techniques available, more sensitive and selective techniques are
desirable.

Multimetal deposition (MMD) and single metal deposition (SMD) are other techniques that
have evolved over the years and have been optimised several times to give the current
formulations [12-18]. While being disregarded in the past, the recently optimised and
simplified version of SMD Il has the potential to be used routinely as an alternative to PD.
Moreover, the application of SMD Il is not limited to porous substrates as is the case with
PD; it can also be successfully applied on various non-porous and semi-porous substrates.
The technique relies on a two-step immersion process that first involves gold nanoparticles
(colloidal gold), followed by a reinforcement bath that increases the contrast of the mark to
improve its visibility (Figure 1). The technique has progressed from an unreliable process,
published in 1989 [12], to a fully optimised technique in 2015 [18]. Over the course of those
26 years, gold nanoparticles synthesis, deposition and reinforcement baths have been
improved to provide a sensitive, reliable, cost-efficient and user-friendly technique. A

summary of the various improvements can be found elsewhere [17].

3/27



65

66

67
68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

. 2-3 min PN 20 min PN 2-3min N 20 min PN 2-3 min

N\ 7 \ V4 \ v 4 \ J N\ V4

Rinsing bath Colloidal gold bath Rinsing bath Reinforcement bath Rinsing bath
(water) (water) (water)

Figure 1: Hlustration of the SMD |1 detection procedure, from [18]

The most recently published optimised protocol was designed to improve robustness and ease
of implementation [18]. As opposed to previous formulations, the performance of SMD 11 is
less dependent on pH. In addition, the gold synthesis is straightforward and does not need
temperature monitoring. With the technique being more robust, pH does not need to be
precisely adjusted to 2.5-2.8 as recommended by Schnetz and Margot [13]. These
improvements help promote adoption of the technique for routine use. The efficiency of SMD
Il and its application parameters were confirmed in a recently published study [19]. However,
implementation of the technique remains more complex than with amino acid reagents. It is a
multiple-bath process that, in this regard, is comparable to that of PD. Marks developed with
SMD Il are also similar in appearance to those of PD, with dark-grey ridges against a light
background.

Fairley et al. [20] and Charlton et al. [21] performed a comparison of MMD against various
benchmark techniques (cyanoacrylate fuming, VMD, etc.) and concluded that MMD was the
most effective technique on low-yield substrates such as cling film. Up to this point, SMD II
has never been assessed against other benchmark techniques on porous substrates, and has
only been compared to its previous formulation (SMD 1) [18]. Therefore, the aim of this
study was to compare SMD Il to PD in order to get a realistic assessment of the technique’s

selectivity and sensitivity.

2. Materials and methods
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2.1 General methodology

Three different comparison experiments were performed to assess the performance of SMD I
against that of PD. The two techniques were firstly applied as standalone detection methods,
then applied in sequence after two amino acids reagents: 1,2-indandione/zinc (IND-Zn)
followed by ninhydrin (NIN). Finally, the techniques were compared on substrates that had
been immersed in water after fingermark deposition — a situation where amino acid reagents
are ineffective. The study was conducted following the Phase 2 recommendations of the

guidelines published by the International Fingerprint Research Group (IFRG) [22].

2.2 Fingermark specimens

In order to provide a realistic assessment of the two techniques, all the fingermarks collected
during the study were natural, with no deliberate enrichment with skin secretions. Donors
were asked to conduct their normal daily activities but to avoid washing their hands or
applying cosmetics an hour before fingermark deposition. To homogenise the secretions
naturally present on their hands, they were asked to rub their hands together just before
touching the substrates. Pressure used to deposit fingermark was not controlled.

For the standalone and in-sequence comparisons of SMD Il with PD, fingermarks from five
donors (four males, one female) were collected on 12 substrates (nine conventional paper
substrates, one thermal paper, one cardboard paper and one glossy magazine paper) (Table 1).
Two fingermark ages were considered in this study — one week and four months old — and
two sequential depositions of two fingers were collected for each condition (i.e., a 2x2 array),
leading to a total of 480 fingermark specimens for the standalone comparison and the same
number of marks for the in-sequence comparison. Additionally, fingermarks on one non-
porous substrate (#13 — transparent polypropylene) were also collected in order to assess

SMD Il on a different substrate type. Results obtained on that substrate were not taken into
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account for the comparisons since PD is not effective for the detection of fingermarks on

non-porous substrates. However, this substrate acted as a control for SMD Il performance.

Assessments on wetted substrates were performed on a smaller set of fingermarks. In this

case, three donors and five substrates were chosen (substrates #1, #3, #7, #10 and #11), and

again two sequencial depositions of two fingers were collected. Two sets of fingermarks were

respectively aged for one day and one week before being immersed in deionised water for

one hour. Specimens were then dried at room temperature for two days before processing. A

total of 120 fingermarks were thus collected for this last experiment.

All fingermark specimens were stored in the dark (office drawer) under ambient conditions

(mean temperature 19.5 1 °C, mean relative humidity 54.3 £15%) before being processed.

Table 1: Substrates used to compare the effectiveness of SMD Il with PD

Substrate Brand Porosity
1 White copy paper Reflex Porous
2 White copy paper Fuji Xerox Porous
3 Exercise book paper Quill Porous
4 Orange paper Australian Paper Porous
5 Green paper Australian Paper Porous
6 Grey paper Australian Paper Porous
7 Recycled paper Evolve Porous
8 Thermal paper Non-branded Porous
9 Newspaper Sydn:grzf(;)ring Porous
10 Magazine paper Woolworths Semi-porous
11 Brown paper envelope Non-branded Porous
12 Cardboard Officeworks Porous
13 Transparent polypropylene J.Burrows Non-porous
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2.3 Processing and recording

For the standalone comparison and the wetted substrate experiment, the fingermarks were cut
in half. Two left and two right half-fingermarks were processed with PD and their respective
halves were processed with SMD Il. The procedures described by de la Hunty et al. [8, 23]
and Moret and Bécue [18] were followed, respectively, for PD and SMD Il without
modification. For the in-sequence experiment, full fingermarks were first processed with
IND-Zn then NIN following the protocols described by Champod et al. [24], before being cut

in half and the halves processed either with PD or SMD 1l as described above.

Fingermarks detected with IND-Zn and NIN were imaged using a Poliview IV imaging
system and a Polilight PL550XL forensic light source (Rofin Australia Pty. Ltd.). IND-Zn
results were recorded under 530 nm excitation in conjunction with a 590 nm band-pass
barrier filter, and NIN results were recorded under white light. For PD and SMD I, results
were scanned using a Canon 9000F Mark Il scanner at a resolution of 1000 dpi without any
digital adjustments. All recorded images in this study were exported as Tagged Image File

(TIF) format.

2.4 Comparison and evaluation

Each result was evaluated by three independent assessors not otherwise involved in the study.
Images presented in a random order were scored from O to 4 using the Centre for Applied
Science and Technology (CAST) grading scheme [25]. To compare the techniques, the
median score for each fingermark was calculated. To avoid skewing the results in favour of
SMD 11, fingermarks detected on substrate #13 (non-porous transparent polypropylene) were

assessed but were not included in the general comparison of the techniques.
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3. Results and discussion
A total of 1080 fingermark specimens were collected and processed for this study. PD and
SMD Il were compared in three sets of experiments: as standalone techniques (direct
comparison — 480 fingermarks), in sequence after the application of routine amino acids
reagents (IND-Zn followed by NIN — 480 fingermarks) and after the substrates had been wet
(120 fingermarks). Results are presented and discussed in two sections; standalone and in-
sequence comparisons are presented conjointly for simplicity reasons, and the wetted

substrate comparisons are presented separately.

3.1 Standalone and in-sequence comparisons

3.1.1 Overall results

On average, scores were quite low for both PD and SMD II. Such a result was expected since
natural fingermarks of variable quality were collected from various donors on substrates of
different colours. As shown in Figure 2, average values were slightly higher for SMD Il when
the technique was applied on its own. However, PD performed better when applied in
sequence after IND-Zn and NIN. Moreover, PD efficiency does not seem to be affected by
previous techniques; scores obtained after the amino acid detection techniques were even
slightly better, but this improvement could simply be due to natural variations in fingermark
quality between the two sample sets. SMD Il results after amino acid treatments (average
score 0.66) were lower than for the standalone application (average score 0.89). This tends to
indicate that previous techniques are either targeting compounds also targeted by SMD II, or
that the IND-Zn and NIN carrier solvent (HFE7100) is partially removing compounds
targeted by SMD II. As mentioned above, a comparison of the two data sets is not ideal since

differences between the sample sets can arise. However, with each set containing 480
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fingermarks, such differences cannot only be attributed to natural variations. The indication is
that IND-Zn and NIN treatments have a detrimental effect on SMD Il performance.

In order to further explore these results, the data was separated into the number of marks in
each score category, along with individual IND-Zn and NIN scores. For the standalone
applications, both PD and SMD Il gave similar results for scores of 3 and 4, with 9% and
10% of the treated marks in these two categories (Figure 3). However, 14% more marks
remained undetected with PD; this showed that SMD Il was more sentitive than PD when
applied as a standalone technique. When looking at the in-sequence application, IND-Zn
clearly outperformed the other three techniques, with only 24% of marks undetected and 24%
of mark of identifiable quality (scores 3 and 4). Such a difference in performances can be
explained by the fact that IND-Zn produces luminescent results, thus lowering the detection
threshold (i.e., increased sensitivity). Interestingly, NIN had a similar percentage of
undetected marks compared to PD and SMD |II, and offered a similar performance overall.
Even if a comparison between the standalone and in-sequence results has limitations, the
large number of marks in each set allows for the reasonable conclusion that PD performed
similarly as a standalone technique and after amino acid reagents. This was not the case with
SMD |1 for which more marks were undetected and there was an overall decrease in quality

after the application of IND-Zn and NIN.
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Figure 2: Comparison of average scores obtained by PD and SMD Il when used on their
own (standalone application) and after amino acid reagents (in-sequence).
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Figure 3: Detailed scores obtained by PD and SMD Il when used on their own (standalone
application) and after amino acid reagents (in-sequence).
Results from Figure 3 showed that IND-Zn alone could detect more marks than subsequent
techniques (NIN and PD or SMD Il). However, the dual-goal of sequencing detection
techniques is (i) to detect additional marks, and (ii) to improve the quality of the marks

already detected. Figure 4 presents the score distribution for PD and SMD Il results
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according to their initial IND-Zn scores. A trend can be observed: the higher the initial score,
the better the quality of marks detected with both PD and SMD Il. However, even when no
mark was initially detected with amino acid reagents (IND-Zn score 0), scores as high as 3
and 4 were obtained for SMD Il and PD, respectively. This indicates that both techniques are
targeting compounds not targeted by IND-Zn, and this further emphasises the importance of
applying complementary techniques in sequence. This is further illustrated in Figure 5.
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Figure 4: Collated scores obtained for PD and SMD 11 sorted according to their initial
scores obtained for IND-Zn.
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Figure 5: Various fingermarks detected following the sequence of IND-Zn, NIN and PD (left
halves) or SMD 11 (right halves). Images (a), (b) and (c) show a lack of detection with IND-
Zn and NIN, while good subsequent detection is obtained either with PD (a), SMD 11 (b) or
both (c). Image (d) illustrates the most common results when IND-Zn, NIN and PD/SMD 11
when these are applied in sequence. Note that images (b) and (c) are mirror images to place

PD and SMD I1 on the left and right, respectively, to avoid confusion.

Comparing PD and SMD 11 solely as standalone techniques is not a realistic way to assess

their efficiency since, in casework, amino acid reagents would be systematically applied

beforehand unless the substrate had been wet (discussed in the next section). Therefore, in

order to provide a more valid comparison, only PD and SMD 11 results obtained after the

application of amino acid reagents are presented and discussed hereafter.

3.1.2 Fingermark age

Fingermarks aged for one week and four months were used in this study. The two ages
chosen provided a more realistic assessment of the techniques. On average, better results
were obtained on the fresher marks for both techniques (Figure 6), and PD gave superior
results for both age intervals. Increased fingermark age appeared to have a similar effect on
both techniques. Therefore, results from the two age categories are grouped and discussed

together from this point.
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Figure 6: Comparison of average scores obtained by PD and SMD 11 (applied after amino
acid reagents) on fingermarks of two different ages.

3.1.3 Fingermark depletion

A drop in quality was noticed between the first and second sequential fingermark depositions
for both techniques (Figure 7). This effect was expected since a depletion series produces
marks with a decreasing amount of secretions [26]. However, PD was less affected by this
depletion effect; the score difference between the two depositions was smaller than was the
case for SMD |1 (average score is 34% smaller for PD, against 43.5% for SMD Il). This

indicates a better sensitivity for PD.
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Figure 7: Comparison of average scores obtained by PD and SMD 11 (applied after amino
acid reagents) on fingermarks in a depletion series.

3.1.4 Donor variability

When the results are sorted by fingermark donor, SMD Il produced similar results if not
better than PD for four out of five donors (Figure 8). A significant average score difference
was obtained for donor 2 that skewed the results in favour of PD. Even if PD gave superior
results with one particular donor, SMD Il showed less donor-dependency. The standard
deviation for the SMD Il results was 0.33 against 0.84 for PD. As previously observed by
Moret et al. [27], fingermark detection with nanoparticles such as silicon oxide or gold are
less affected by donor variations than with non-nanoparticle-based methods. This offers a
major advantage over standard techniques since donor variability cannot be controlled in

operational casework.
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Figure 8: Comparison of average scores obtained by PD and SMD 11 (applied after amino
acid reagents) on fingermarks from different donors.

3.1.5 Substrate effects

When results are separated by substrate, seven out of twelve (excluding the non-porous
surface) gave superior results with PD (Figure 9). On average, PD produced better results
across the majority of substrates, with a smaller standard deviation (0.32 against 0.63 for
SMD I1). This shows that PD was generally less affected by substrate type and further studies
are required to minimise the influence of paper type on SMD II results. Such variations in
quality are illustrated on Figure 10. SMD Il performed better than PD on some substrates,
with better contrast and ridge clarity (Figure 10a — substrate #1). However, SMD Il did not
perform as well on other paper types (Figure 10b — substrate #3), where PD resulted in better
ridge development and a stronger contrast. SMD Il gave the poorest results of the study on
glossy magazine paper (Figure 10c — substrate #10) with only one mark out of 80 being
scored above 0 (score 1). On coloured papers (Figure 10d and 10e — substrates #4 and #5),

SMD 11 was able to detect marks with good resolution but with a significant lack of contrast,
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preventing adequate visualisation of the results. This is illustrated in Figure 11 where the
same digital enhancement was performed on both sides of the mark. At first, a similar result
for both PD and SMD Il was obtained (Figure 11a) but, after some basic digital
enhancements, the half mark detected with SMD Il showed superior ridge detail (Figure 11b
and 11c). This illustrates that SMD 11 is able to detect fingermarks with high resolution on
such substrates, but with poor contrast. This issue has previously been raised by several
authors [18, 20] and future improvements should be focused on improving visibility of the
final results. It should also be noted that SMD Il gave high quality results on the non-porous
substrate where PD was ineffective (Figure 10f — substrate #13). This result was expected
and, as mentioned previously, the scores obtained on this substrate were not included in the
overall method evaluation. However, the versatility of SMD Il is highlighted by this

observation.
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Figure 9: Comparison of average scores obtained by PD and SMD |1 (applied after amino
acid reagents) on fingermarks on various substrates. Substrate 13 (non-porous transparent
polypropylene) was not considered in the score analysis.
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Figure 10: Illustration of results obtained with PD (left halves) and SMD Il (right halves) on

various substrates: (a) #1 — White copy paper (Reflex), (b) #3 — Exercise book paper (Quill),

(c) #10 — Magazine paper (Woolworths), (d) #4 — Orange paper (Australian Paper), (e) #5 —
Green paper (Australian Paper) and (f) #13 — Transparent polypropylene (J.Burrows).
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Figure 11: Fingermark on green paper detected with PD (left half) and SMD 11 (right half),
(a) scanned results without any digital enhancements, (b) digital enhancement performed on
both sides, (c) close-up of (b).

3.2 Wetted fingermark specimens

3.2.1 Overall results

To further assess the two techniques, PD and SMD Il were compared on substrates that had
been wet respectively one day and one week after fingermark deposition (a condition that
precludes the use of amino acid reagents). Overall, similar trends were observed in that PD
performed better than SMD Il (Figure 12). Direct comparison with the previous results is not
possible since the two data sets are different in terms of number of donors, substrates and age
of the marks; however, it can be noted that water immersion has a more pronounced negative

effect on the performance of SMD Il compared to that of PD.
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Figure 12: Comparison of average scores obtained by PD and SMD Il on substrates that had
been wet after fingermark deposition.

3.2.2 Donor and substrate effects
Superior results were obtained with PD for two of the three donors (Figure 13). Donor 4 gave
the lowest quality results and there was no significant difference between the two techniques.

As noticed previously, the standard deviation was smaller for SMD 1l (0.47 against 1.45 for

PD).
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Figure 13: Comparison of average scores obtained by PD and SMD |1 (substrates that have
been wet) on fingermarks from different donors.
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PD performed consistently better across all substrates compared to SMD Il (Figure 14). As
observed previously, PD has a small standard deviation (0.11) on substrates compared to that
of SMD 11 (0.60). This highlights the need for further research on the application of SMD 11

on porous substrates to increase its consistency across different paper types.
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Figure 14: Comparison of average scores obtained by PD and SMD |1 (substrates that have
been wet) on fingermarks across various substrates.

3.2.3 Fingermark age

The last parameter that was studied was the age of the mark prior to immersion in water. The
time elapsed between the fingermark deposition and its contact with water (one-hour
immersion time) was expected to have an effect on its subsequent detection. Therefore, two
fingermark ages were employed (one-day and one-week old marks). PD performed better for
both age categories, while SMD Il gave consistent results with a similar score for both ages

(Figure 15).
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Figure 15: Comparison of average scores obtained by PD and SMD |1 (substrates that have
been wet) on fingermarks of various ages.

3.3 General discussion

3.3.1 Methodology

In this research, SMD Il was assessed against PD. The two techniques can be validly
compared since they are both considered end-of-sequence techniques and developed marks
appear similar under white light (i.e., dark ridges on a light background). They are also both
water based and require multiple baths for method application.

The performance of SMD Il was evaluated across three experiments; the techniques were
compared as standalone methods, after amino acid reagent application (namely IND-Zn
followed by NIN), and on substrates that had been wet post fingermark deposition. The first
experiment provides an evaluation of absolute performance under ideal conditions; however,
experiments 2 and 3 provided the most realistic conditions and relevant results. It is crucial to
assess the performance of detection techniques when applied in sequence, as well as the
effect of environmental conditions (water immersion in this instance).

Result assessment was conducted on split fingermarks where one-half was processed with PD

and the other half with SMD Il. IFRG recommendations for Phase 2 research studies were
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followed [22]. Five donors, twelve substrates, two ages, two fingers and two depositions per
finger were selected, leading to 480 fingermarks each for experiments 1 and 2, and another
120 marks for experiment 3. Three independent assessors with a background in fingermark
detection and comparison performed the quality assessments. To avoid any confirmatory
bias, the assessors were not otherwise involved in the project. To grade the results, the CAST
scale was chosen to permit the comparison of full marks (IND-Zn and NIN results) with the
SMD Il and PD results (half marks). A relative scale, such as the UC scale, would not have
been suitable for this purpose. While the CAST scale was the most suitable one for this study,
it still suffer from several limitations [26]. For example, a low score sometime reflects the

donors’ ability to deposit fingermark and the technique efficiency.

3.3.2 Overall performance of SMD 11

In Experiments 2 and 3, SMD Il performance was judged inferior to that of PD and,
therefore, SMD Il cannot be recommended as a valid alternative for fingermark detection on
porous substrates. Amino acid reagents negatively affect SMD Il performance, and the
technique gave inconsistent results across the selected range of porous substrates. Moreover,
mark visualisation is impeded by a general lack of contrast. However, SMD Il was
considered equivalent if not superior to PD on some substrates, showing some
complementarity of the two techniques. Therefore, sequencing PD and SMD Il was
considered; however, application of SMD Il after PD did not result in any improvements, and
the application of PD after SMD Il damaged the specimens, with the entire strip of paper
being covered in silver. Such a result was expected since, originally, the second step of MMD

involved the use of a modified PD solution.

3.3.3 Benefits and further improvements
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Even if PD remains the technique of choice to be applied in sequence after amino acid
reagents, the results illustrated the potential of SMD Il as a detection method. The main
advantages of SMD |1 are that the technique can be applied on various substrate types —
ranging from porous to non-porous — and, interestingly, the results show less donor-
dependency.

The application of SMD Il is straightforward and, while PD is renowned to be a difficult
technique (i.e., it requires an experienced operator or multiple trials before satisfactory results
can be obtained), this is not the case for SMD II. Moreover, SMD |1 is less detrimental to the
substrate, with minimal background staining in most cases. In that sense, SMD Il can be
considered as being more robust and user-friendly than PD. The technique also requires less
chemicals and thus a lower cost.

Contrast improvement is required and further research work should focus on optimising or
even re-thinking the reinforcement bath that currently relies on the selective reduction of gold
chloride to increase ridge contrast. The effect of amino acid reagents (and their carrier
solvents) should also be investigated to improve detection rates when the techniques are

applied in sequence.

4. Conclusion
This study involved a comparison between two advanced fingermark detection techniques,
namely physical developer (PD) and single metal deposition (SMD Il). An extensive
comparison was performed on more than 2000 split fingermarks from a number of donors.
This study demonstrated that PD remains the technique of choice as it was shown to detect
fingermarks of a better quality overall ; however, SMD Il displayed significant potential as a

detection method. One of the main advantages is that the technique is less affected by donor
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419  variability. If contrast and consistency issues can be addressed in future research, SMD Il
420  may become a viable alternative to PD.

421
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