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ARTICLE INFO ABSTRACT

Keywords: The recovery of latent fingermarks from wetted items can present a challenge to forensic scientists. This study
Fi_ﬂger_mar_k investigated the effect of submersion in a natural water environment in the United Kingdom on mark recover-
Visualisation ability, exploring fingermark age prior to submersion and length of time submerged. In total, 5400 natural
Stainless steel ) .

fingermarks were donated. These were deposited on three types of non-porous samples that were then aged for
HDPE . . . . . .
LDPE three different lengths of time, before half were submerged in a lake for three different durations. Fingermarks of
Submersion identifiable quality were only recovered from samples submerged for 24 h. Samples that were submerged for

longer became heavily contaminated with algae, which had a significant and detrimental effect on fingermark
recovery. Only 0.7% of the marks deposited on submerged samples were visualised to be of identifiable quality,
compared to 51% for the non-submerged samples. Superglue Fuming was slightly more effective than Powder
Suspension on these sample types, although the difference was only statistically significant on the non-
submerged stainless-steel samples and due to the low numbers of marks recovered; the results for the sub-
merged samples should be treated with caution. This study highlights the requirement for further field work to
understand critical factors in localised environments.

Water exposure
Lake environment
Algal contamination

1. Introduction

Becker and Nordby noted that “Criminals often seek a watery re-
pository for weapons and other evidence of wrongdoing” [1], either to
dispose of the item and/or to destroy forensic evidence deposited on it.
Water sources used for this purpose can be natural environments, such
as lakes and rivers, as well as sources encountered in domestic and
commercial settings including tap water and drains.

Fingermarks are a key piece of forensic evidence, and can persist on
submerged, non-porous, items longer than touch DNA [2,3]. However,
the recovery of latent fingermarks on items exposed to water environ-
ments can be challenging. Some visualisation processes target
water-soluble constituents that may be washed away [4] and marks

could be physically degraded by the aquatic environment.

There are numerous variables of interest that merit investigation
when considering fingermark recovery from submerged items. Pub-
lished studies have explored the longevity of submerged fingermarks [3,
5-71], with 12 week recovery times reported [6].

A variety of visualisation techniques have also been investigated in
order to show efficacy for mark visualisation on wetted non-porous
surfaces, including Lipid Dyes [6], Fingerprint Powders [3,8,9], Pow-
der Suspensions [10-13], Small Particle Reagent [5, 14-16], Superglue
Fuming [7, 17-20], and some novel techniques [21-24].

Another crucial factor that has been the subject of research is the
type and location of water. One approach has been to submerge fin-
germarks in containers of collected water [3,16,20,25,26]. This allows
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for control over more of the variables but does not truly replicate real
world conditions. Other studies have been carried out in various field
environments including the sea [6,13,19], rivers [6,19,27], lakes [6,9]
and ponds [24]. These studies found that the longer the fingermarks
were submerged, the lower the recovery rate. They also report that re-
covery rates from items submerged in field environments were lower
than from their non-submerged control counterparts [9,13,27]. Studies
have also suggested that water temperature may play a role in the speed
of mark degradation [3,6].

Field studies are important for operational validity, and only two of
the previous field studies found were based in the United Kingdom (UK)
[6,19]. As water temperature (and therefore climate) is a contributing
factor in the success of fingermark recovery, one of the aims of this study
was to carry out field research in the UK to provide further data to
inform local forensic strategies.

It can be difficult to compare or interpret the results of previous
studies meaningfully due to differences in experimental approach. Many
of the studies used groomed, sebaceous rich fingermarks [6,9,20,22,26,
27], and it has been estimated that the total sebaceous mass of a
groomed mark can be over represented by a factor of six [28]. Groomed
marks are likely to have a much higher lipid content, and be less water
soluble, enabling them to survive submersion for extended time periods,
compared to the natural fingermarks that would be present on forensic
evidence. Therefore, this study aimed to gain a better understanding of
the persistence of natural fingermarks submerged in water. This also
aligns with ‘persistence and recovery’ research considerations published
by the Forensic Science Regulator for England and Wales, which include
aspects such as determining the possibility of recovering fingermarks in
various circumstances [29].

Studies were scarce that mentioned the effect of fingermark age
before submergence [30]. This is an important consideration, because it
is reasonable to expect that not all evidential fingermarks will be
deposited immediately prior to submergence. Changes in latent finger-
mark residue occur over time [31-35] and if these changes significantly
impact upon the subsequent visualisation of marks that are then
immersed in water, then it is likely to be of interest to a forensic
practitioner.

To gain a better understanding of the variables that can affect fin-
germark recovery following submersion in a field environment, three
non-porous surfaces, with three different ages of naturally deposited
fingermarks, were submerged in a lake for three different time periods
during late summer in the United Kingdom (UK). The experimental work
itself was carried out in 2016, but the data collected is still deemed
relevant as the rate of climate change since this date would not have
significantly altered the results. This paper also reflects on published
research conducted after this date when discussing the results to fully
consider the impact of the study.

During the course of this study a substantial algal bloom occurred in
the lake [36]. Algae occur naturally in inland waters such as rivers,
streams, and lakes, and when conditions are ideal for growth, an algal
bloom can occur. During a bloom, algae cause the water to become less
clear, block sunlight and deplete the oxygen [37]. This created a spe-
cific, although fairly common, field environment and the algae growth
significantly influenced the outcomes of the study.

2. Methods and materials
2.1. Substrate preparation

A4 sized (210 x 297 mm) sheets of the following substrates were
prepared:

— Stainless-steel (grade 304) purchased from Alloy Sales Ltd. (Hatfield,
Herts, UK);

— Black high-density polyethylene (HDPE) purchased from RS Com-
ponents Ltd. (Corby, Northants, UK);
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— Black bin bags (40 x Tie Top Refuse Sacks, Item code 1370935),
purchased from Sainsbury's Supermarkets Ltd. (Welwyn Garden City,
Herts, UK).

These substrates were selected because they represent the material of
items that are commonly encountered in operational casework, such as
knives (stainless-steel), wheelie bins and other rigid plastic items
(HDPE) and bags made from low density polyethylene (LDPE) (bin
bags).

Holes were drilled into each corner of the stainless-steel and HDPE
sheets to allow them to be fastened into crates ready for water sub-
mergence. To remove unwanted fingermarks or contamination from the
surface of the sheets, they were cleaned before use. This involved pre-
soaking the item in warm tap water with washing-up detergent, then
wiping the surface with a new, soft, non-abrasive cloth, saturated with
the detergent solution. The surface was then rinsed thoroughly with
warm running water, and then rinsed with ethanol and wiped with
disposable tissue. Lastly, the surface was rinsed with deionised water
and left to air dry.

Due to the difficulties of cleaning the LDPE, a new roll of bin bags
was purchased, and the handled outer layer of the roll was discarded.
Sections of the bag were cut and attached to sheets of plastic mounting
board. The mounting board had holes drilled into each corner before the
bag sections were attached, to allow them to be secured into the crates.

2.2. Fingermark collection

Fingermark collection was carried out in line with published guid-
ance [38,39]. Ten participants of varying age, gender, and ethnicity
(demographic data not collected) each provided a depletion series of five
natural, consecutively deposited fingermarks on to each sample. A
mixture of known ‘good’, ‘average’ and ‘poor’ quality fingermark donors
were used, based on results from previous studies using routine detec-
tion methods. Donors were asked not to wash their hands for 30 min
prior to donation and were asked to thoroughly rub their hands together
to create an even distribution of constituents across the fingers. Then
they were asked to deposit marks on the samples using gentle pressure,
under guidance.

The marks for each of the three ageing periods (Section 2.3) were
deposited on the same day and to minimise a reduction in mark quality
over the course of the donation session, each session was sub-divided.
Donors used one finger per sample to deposit five marks, in a deple-
tion series, on nine samples. They were then asked to wait a few minutes
and rub their hands together before this was repeated on a further nine
samples. Then, after a break of at least one hour, the entire process was
repeated on the remaining 18 samples for that age group. This process
was repeated, using the same donors, seven and 14 days later in order to
collect fingermarks for all variables under investigation. In total, 108
samples were prepared and 5400 fingermarks were deposited for this
study, shown in Fig. 1.

2.3. Ageing and submersion of fingermarks

Two sample sets were created, one designated ‘non-submerged’
(control) and one designated ‘submerged’ (experimental), with each set
containing 2700 fingermarks. Sutton et al. [6] have shown that sub-
merging items in laboratory conditions can give very different results to
those submerged in the field, so the decision was made not to submerge
the control samples. This allows the impact of submersion on fingermark
recovery to be assessed in comparison to non-submerged samples.
Another benefit of this approach is that the effectiveness of fingermark
visualisation processes on non-submerged samples can also be deter-
mined in parallel to the submerged dataset.

Both sets of fingermarks were aged in the laboratory for one of three
time periods: four hours, one week or three weeks before the experi-
mental samples were secured to plastic crates, as shown in Fig. 2,
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ensuring space between each sheet to allow the circulation of water.

The crates were submerged into a water-sports activity lake in
Hertfordshire, UK and were secured under the water to a floating dock
on the lake, which was approximately 0.5 m deep at that location. Each
time a crate was submerged or removed, the temperature and pH of the
water were recorded. The recorded temperature values of the lake water
ranged from 19.7°C to 24.0°C, with an average of 21.8°C, and the pH
ranged from 8 to 9.

Samples were submerged during August and September for one of
three time periods: 24 h, one week or three weeks, before being removed
and allowed to air dry naturally in the laboratory. The non-submerged
sample set was left in a laboratory storeroom with no natural light for
equivalent periods of time, plus the initial time period during which the
marks were ageing (Fig. 1). The temperature in the laboratory storeroom
was monitored once a week and ranged between 12.7°C and 25.5°C
during the study.

2.3.1. Removal of contaminants

Fig. 3 shows the condition of crates and substrates after removal from
the lake for examination.

Substrates with visible silt or algae were washed prior to the appli-
cation of fingermark visualisation techniques, in an attempt to remove
any contamination. This involved soaking the substrates in clean, tepid

50 marks per

*10donors x 5

surface depletions

*Bin Bag
*HDPE
«Stainless steel

3 x Surface
Types

3 x Storage ages
before
submersion/non-
submersion

*Same day
«1 week
*3 weeks

2X

Environments
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water under gentle agitation, before rinsing under gently running cold
tap water [40] and allowing to dry before chemical treatment. This
cleaning method was selected as the additional water exposure would be
unlikely to detrimentally affect the marks if performed with minimal
force. It was selected as an alternative to dry brushing, which had proved
unsuccessful and potentially damaging during a pilot trial. The approach
used was only marginally successful, and the surfaces remained heavily
contaminated.

2.3.2. Visualisation processes

Two sequential processing pathways were used on both the sub-
merged and non-submerged items (Fig. 4), based on the two routes
recommended in ‘Chart 1°, for Non-porous items in the Fingermark
Visualisation Manual (FVM) (2014) [40]. The Visual Examination,
Fluorescence Examination and Vacuum Metal Deposition steps at the
start of the sequential pathway in Chart 1 were omitted from this study
due to time constraints.

Several types of Powder, including magnetic, granular, flake and
fluorescent varieties, were trialled on test samples. However, due to high
background development or poor contrast, neither the HDPE nor LDPE
were deemed suitable surfaces for powder application. This decision was
supported by previous research, which suggested that in general Pow-
ders are not suitable for use on plastic bags [12]. Black granular Powder

*Submerged
*Non-submerged

3 x Periods of
time
submerged/non-
submerged

*24 hours
*1 week
*3 weeks

2 X Treatment
paths

*Pathway 1
«Pathway 2

= 108 surfaces

(54 for each = 5400 marks

in total

environment)

Fig. 1. Schematic showing the breakdown of the sample set.
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was used on the stainless-steel samples, as it was found to be the most
effective on the preliminary test samples. To achieve the best contrast,
black Iron Oxide based Powder Suspension (IOPS) was applied to the
stainless-steel samples and white Titanium Dioxide Powder Suspension
was used on the LDPE and HDPE samples. Natural Yellow 3 was used in
place of Basic Violet 3 to provide a contrast on the dark substrates.
Details of the processes and visualisation methods used are given in
Table 1.

2.4. Examination, grading and photography

All samples were examined and graded using a ‘linen tester’ eye glass
with x5 magnification (as required) and then photographed using a Sony
a77 digital camera with a Sony 2.8/50 mm macro lens, mounted on a
copy stand, to create a record of the marks’ appearance. Details of light
sources and viewing filters used are given in Table 1.

Visualised fingermarks were assessed by the researcher using a nu-
merical grading scheme as shown in Table 2. Marks of grades 3 and 4 are
generally considered to contain sufficient ridge detail for an identifica-
tion to be made, while marks of grade 2 are occasionally ‘identifiable’
depending on the detail present [38]. Example fingermarks for each
grade can be seen in Fig. 5. A total of 5400 fingermarks were deposited
for this study, however, as the samples were subjected to sequential
processing, the same marks were regraded leading to a total of 12600
grades. The number of additional marks graded 3 or 4 that were not
deemed sufficient quality by the previous process have been also
recorded. These results have been presented as a separate data set
showing the unique marks recovered by sequential processing.

2.5. Mark grading - quality check

Once all grading was complete, 10% of the fingermarks were reas-
sessed by the original grader after their final visualisation process, to
check for consistency. Eleven samples (containing 550 marks), with a
mix of mark ages and surface types, were selected and regraded (3 x
HDPE, 5 x black bin bags and 3 x stainless-steel). The results were
compared to the original grades to check if the regraded marks were
within one grade of the original result.

2.6. Statistical analysis

To assess whether there was a statistical difference between the
quality of fingermarks for submerged vs. non-submerged marks, or for
factors of interest within these conditions (age of mark, time submerged,
visualisation process, sequential pathway, and sample surface type), the
grade 3 and 4 marks were compared using a difference of proportion test
[42,43]. This was carried out using the 'prop.test' (two—sided) in R

Fig. 2. Samples secured into a crate before submersion into the lake.
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v4.4.1 [44] and all p — values were adjusted for multiple testing using
the Bonferroni correction (multiplied by the number of tests). A closed
testing approach was used in this case: if no statistically significant
difference was found between the factors of interest, no further tests
were carried out; if a statistically significant difference was found be-
tween the factors of interest, additional pairwise comparisons of the
differences in proportions of grade 3 or 4 within each of the factor of
interest were then carried out. In the event of further pairwise com-
parisons, additional Bonferroni correction was applied accordingly
depending on the number of pairwise comparisons required.

3. Results and discussion
3.1. Non-submerged VS. submerged fingermarks

From the non-submerged samples, 37% of all fingermarks graded
were assigned a grade 3 or 4 (2355 out of 6300 grades). From the sub-
merged samples only 0.4% of all fingermarks graded were assigned
grade 3 or 4 (24 out of 6300 grades). The breakdown of the data for non-
submerged and submerged samples is available in Appendix 1. The
statistics show a significantly greater proportion of grade 3 and 4 fin-
germarks were recovered from non-submerged samples overall. This
was also the case when considering the factors of interest; age of mark,
time submerged, visualisation process, sequential pathway, and sample
surface type, (p < 0.001 in all cases).

This shows that the lake environment was very detrimental to fin-
germark recovery. As the controls in this study were not submerged, it is
not known how much of the reduction in fingermark recovery from the
lake samples can be attributed solely to the marks being submerged in
water, and how much was due to the algal contamination. This study
would need to be repeated to determine the cause of the low recovery
rate, however, due to the extent of the algal contamination, it is thought
likely that this had a significant impact on fingermark visualisation.

3.2. Non-submerged fingermarks

The purpose of the non-submerged fingermarks was to provide a
control to allow assessment of the impact of submersion on fingermark
recovery. However, the chemical treatment of the non-submerged fin-
germarks has also generated data about the effectiveness of visualisation
processes on these sample types. This data could be used to support
decision making when selecting visualisation processes for non-wetted
surfaces (Fig. 6).

3.2.1. HDPE samples

Superglue Fuming with Basic Yellow 40 Dye Stain was the most
successful chemical treatment process on the HDPE samples, with 60%
of the 450 marks visualised with this process giving grade 3 or 4,
compared to 56% for Powder Suspension, 62% with Natural Yellow after
Superglue Fuming and 46% with Natural Yellow after Powder Suspen-
sion (Fig. 6). However, the small differences between these results were
not statistically significant, so either sequential pathway could be suc-
cessful on HDPE. This aligns with the Fingermark Visualisation Manual
Second Edition ‘Process Selection’ chart recommendations, although
Powder Suspension is stated to be generally more effective on rigid
plastics [4]. It has been found that surface chemistry and roughness can
have a significant impact on the performance of Powder Suspensions
[45,46]. The HDPE used in this study had a slightly textured surface,
which could have trapped the Powder Suspension particles causing
background staining (Fig. 7), whereas the vapour deposition method of
Superglue Fuming would not have been impeded by this texture.

However, it should also be noted that the Iron Oxide based Powder
Suspension formulation in the Fingermark Visualisation Manual Second
Edition [4] has been revised due to environmental legislation since this
study was undertaken [47].
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Fig. 3. Top row: Algal contamination on crates submerged for 24 h (left) one week (middle) and three weeks (right). Bottom row: Examples of algae contamination

on a sample submerged for one week (left) and three weeks (right).

Powder

Powder

Powder

Suspension Natural Yellow 3

Superglue Fuming
+ Superglue
Fluorescent Dye
Stain

Natural Yellow 3

Fig. 4. The two sequential processing pathways used. Note: Powder was only applied to the stainless-steel samples.

3.2.2. Bin bag samples

No significant difference was detected between the proportions of
grade 3 and 4 marks recovered by Powder Suspension (61%) or Super-
glue Fuming (60%) on the bin bag samples. This aligns with recom-
mendations in the FVM Second Edition [4], specifically the ‘Plastic
Packaging (Soft)’ sequential processing chart [4] as well as other studies
reporting comparable numbers of fingermarks on flexible plastic films,
such as plastic bags [12]. Both Powder Suspension and Superglue
Fuming recovered significantly more marks than Natural Yellow
(p < 0.001 for both comparisons). Natural Yellow caused substantial
background staining on this surface, which could account for the lower
number of marks recovered and shows the importance of spot testing
processes before use where possible.

3.2.3. Stainless-steel samples

Stainless-steel was the most challenging substrate as it had the lowest
recovery of ‘identifiable’ fingermarks. Fig. 6 shows that Powder (26%
grade 3 or 4 marks) and Superglue Fuming followed by Basic Yellow 40
(24% grade 3 or 4 marks) were the most effective treatments. Both
processes recovered significantly more grade 3 and 4 marks than Powder
Suspension (p < 0.001) or Natural Yellow (p < 0.001), suggesting that
Powder followed by Superglue Fuming may be a more successful route
for stainless-steel. For ‘Untreated Metals’, the Fingermark Visualisation
Manual Second Edition [4] states it is not known which sequential route
(Superglue Fuming or Powder Suspension) is the most effective. This
could be due to the wide variety of metals covered by this chart, so
studies such as this one which include specific metals help inform
operational guidance.

3.2.4. Added value of sequential processing

Fig. 8 shows the success rate of each additional visualisation process
by displaying only the new marks graded 3 or 4 following the chemical
treatment. Overall, 1365 (51%) of the 2700 marks deposited but not
submerged were visualised to be of identifiable quality. 63% of the
marks deposited on the HDPE samples and visualised via pathway 2
were deemed ‘identifiable’ (grade 3 or 4), the highest percentage out of
all three surface types and sequential pathways. Corresponding differ-
ence of proportion tests identified that for stainless steel the proportion
of grade 3 or 4 fingermarks for the P1 pathway (24%) versus P2 pathway
(38%) was statistically significant (Bonferroni corrected p < 0.0001).
However, for bin bags and HDPE, the corresponding proportions for P1
versus P2 pathways were not statistically significant (60.7% versus
60.0%; Bonferroni corrected p > 0.999, and 57.1% versus 63.1%; Bon-
ferroni corrected p = 0.230 respectively).

For all of the sequences, the first visualisation process visualised the
most grade 3 or 4 fingermarks, and the subsequent processes offered
additional unique marks but to a much lesser extent. This shows the
benefit of sequential processing in an operational context, in order to
obtain the full evidential value from the exhibit.

3.3. Submerged fingermarks

3.3.1. Effectiveness of visualisation processes

Fig. 9 and Appendix 1 show the impact that submersion had on
fingermark visualisation. Only 19 unique grade 3 or 4 marks were
recovered from the submerged samples. This represents a recovery rate
of only 0.7% of the 2700 marks in the submerged sample set. As the
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Table 1

The fingermark visualisation processes, chemicals and equipment used in this
study. Unless stated, the processing methods within the Fingermark Visual-

isation Manual (FVM)(2014) [40] were followed.

Fingermark Sample
Visualisation surface
Process type

Chemicals Processing
conditions
and

equipment

Visualisation
equipment

Stainless-
steel

Powders

Iron oxide- Stainless-
based steel
Powder
Suspension
(IOPS)

White Powder
Suspension

HDPE
Bin bags

Superglue Stainless-
Fuming steel
HDPE
Bin bags

Basic Yellow Stainless-
40 (BY40) steel
Superglue HDPE
Fluorescent Bin bags
Dye Stain
(hereafter
referred to
as Basic
Yellow 40
Dye Stain)

Black Dusting -

Powder

(Keygrove

Marketing

Limited,

Dunstable, UK)

Working solution -

20 g Iron (II/1II)

Oxide (Fisher

Scientific,

Loughborough,

UK)

20 mL Powder

Suspension

Stock Detergent

Solution.

Powder

Suspension Stock

Detergent

Solution

350 mL

Ethylene Glycol

(Honeywell,

Bracknell, UK &

Sigma Aldrich,

Gillingham,

UK)

250 mL Triton®

X-100 (Sigma

Aldrich,

Gillingham,

UK)

400 mL

Deionised water

(In-house

Sartorius water

purification

system)

Wet Powder™, -

White (Kjell

Carlsson

Innovation,

Sweden).

4g 20 min

Cyanobloom fuming time

(Foster and at 80%

Freeman, Relative

Evesham, UK) Humidity
(RH) in the
MVC5000
Superglue
Fuming
cabinet
(Foster and
Freeman,
Evesham,
UK)

2 gBasic Yellow -

40 powder

(35869-60-4)

(Town End,

Leeds, UK)

1 L Ethanol

Absolute

(99.8%) (Sigma

Aldrich

Gillingham,

UK)

White light
illumination

White light
illumination

White light
illumination

N/A.
Visualised
after Basic
Yellow 40
Superglue
Fluorescent

Dye Stain only.

Blue Crime-
Lite 82 s,
420-470 nm
(Foster and
Freeman,
Evesham, UK)
Schott
GG495AG
(476 nm)
viewing
goggles and
camera filter

Table 1 (continued)
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Fingermark Sample Chemicals Processing Visualisation
Visualisation surface conditions equipment
Process type and
equipment
(Foster and
Freeman,
Evesham, UK)
Natural Yellow  Stainless- 10 g (approx. Formulation Blue/Green
3 Lipid Dye. steel 70%) Curcumin  and method Crime-Lite
HDPE (Natural Yellow as used by 82,
Bin bags 3, CI 75300) Perry & 460-510 nm
1 L Propylene Sears [41]. (Foster and
Glycol Methyl Samples Freeman,
Ether (PGME) were Evesham, UK)
500 mL 1% immersed in Schott
Sodium the working OG550AG
Chloride solution for (529 nm)
solution in 1 min. viewing
water goggles and
500 mL 1% camera filters
Dioctyl (Foster and
Sulfosuccinate Freeman,
(DOSS) solution Evesham, UK)
in water
(All chemicals
from Sigma
Aldrich

Gillingham, UK.
Water from in-
house Sartorius
water
purification
system)

Table 2
The numerical grading scheme used to assess the quality of recovered finger-
marks. Source: [38].

Grade Level of detail

0 No evidence of a fingermark

1 Weak development. Evidence of contact but no ridge detail
2 Limited development - up to '/5 ridge detail

3 Strong development - between /5 and %5 ridge detail

4 Very strong development - more than %/; ridge detail

same marks were graded after each sequential treatment, a total 24
marks graded 3 or 4 were recovered, which represents only 0.4% of all
fingermarks graded (24 out of 6300 grades). Due to the small numbers of
marks, conclusions about the effect of visualisation processes must be
treated with caution.

Within the limited results Fig. 9 shows Powder was the most effective
visualisation process on the submerged samples, with a statistical pair-
wise comparison of the differences in proportions of grade 3 and 4 fin-
germarks showing that Powder visualised a significantly greater
proportion of grade 3 and 4 marks than any other process (p = 0.030
with Superglue Fuming and Basic Yellow 40 Dye Stain, p = 0.012 with
Powder Suspension and p = <0.0001 with Natural Yellow).

Other studies have also had success using Powders to recover wetted
marks [3,8,9,25], and it has been suggested that the Powder may adhere
to sebaceous, non-water-soluble, components in the fingermark [48,49]
which could survive the submersion.

The success of Powder on the submerged samples in this study could
be because Powder was used only on the stainless-steel samples and, in
general, these samples had the least algal growth. This could also ac-
count for the fact that stainless-steel samples had the highest recovery
rates of all the submerged sample types, in contrast to the non-
submerged samples, where it had the lowest recovery rates (Fig. 6).
However, due to the low number of marks recovered, there was no
significant difference in proportions of grade 3 and 4 marks between any
of the surface types for submerged samples (p = 0.123).
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Fig. 5. Example marks for each grade. From left to right grade 0, 1, 2, 3, 4. Images taken from stainless-steel non-submerged samples, treated with Powder.
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Bin Bag HDPE Stainless Steel
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Fig. 6. The effectiveness of the visualisation processes on each sample type for non-submerged substrates showing the percentage for all grades of fingermarks
visualised following each process. The number of fingermarks graded per bar is 450, except for Stainless Steel Powder where 900 marks were graded (this data has
been combined for simplicity as the trend was consistent between P1 and P2 datasets). Due to sequential visualisation, individual marks may have been represented
more than once in this figure and differences in totals may be affected by rounding. PS = Powder Suspension, NY = Natural Yellow, SF = Superglue Fuming,
BY40 = Basic Yellow 40 dye stain, P = Powder.
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Fig. 7. An example of background staining observed with Powder Suspension (left) and no background staining with Superglue Fuming (right) on non-submerged

HDPE samples.

Fig. 9 shows Superglue Fuming with Basic Yellow 40 Dye Stain was
the next most successful process on the submerged samples, after Pow-
ders, although it was not significantly more effective than the other
processes. The visualisation ability of Superglue Fuming was not antic-
ipated as the water-soluble components of the fingermark that are
thought to initiate the polymerisation process are likely to be washed
away. A red indicator symbol to denote the negative effect of water on
the process was depicted in the Fingermark Visualisation Manual (FVM)
(2014) at the time of the study, and text noting it is “generally ineffective
on items or surfaces exposed to water as it only targets water soluble
components” [40]. However, this does depend on the mark properties
and the environment to which it’s exposed. Older marks, or those
exposed to salt water (rather than fresh water), are more likely to be
recovered [30].

The reason for the relative success of Superglue Fuming on the
submerged samples may just be that the process was more suited to these
sample types generally, as overall more fingermarks at grades 3 and 4
were found with Superglue Fuming than Powder Suspension on the non-
submerged samples too (Fig. 6). However, several other studies have
also found Superglue Fuming to be an effective process to recover marks
that have been submerged in water. Although their methodology varied
and often used groomed, sebaceus rich marks, so the results cannot be
directly compared to this study [3, 7, 17-20, 50, 51]. Needham et al. [7]
attributed the success of Superglue Fuming over Iron Oxide Powder

Suspension on groomed, sebaceous rich fingermarks to the survival of
Superglue polymerisation factors within the sebaceous deposits on the
fingermarks. Due to the growing evidence that Superglue Fuming can be
effective on wetted items, the FVM Second Edition (2022), published
after this study was completed, has downgraded the effect of water on
Superglue Fuming to an amber indicator symbol [4].

Powder Suspension was expected to be one of the more successful
processes in this study. It is thought to be less detrimentally affected by
water than Powders or Superglue Fuming, as it may target constituents
held within a water insoluble matrix [4]. However, in this study, it was
found that the submerged samples treated with Powder Suspension
often had a high degree of background staining, potentially limiting its
success by obscuring marks. The ability of Powder Suspensions to
strongly develop traces of plant matter (such as grass stains) has been
observed in previous studies on footwear marks [52], so it is possible the
process was interacting with algal contamination on the samples (see
Section 3.3.3). Although Superglue Fuming and Basic Yellow 40 Dye
Stain also gave some background staining, it was of a lesser extent, with
mark visualisation being further enhanced by fluorescence, as shown in
Fig. 10. Also, as noted in Section 3.2, surface texture and chemistry can
affect the performance of Powder Suspension, therefore it may be that
the surface types used in this trial were not suited to the use of Powder
Suspension.

Fig. 9 shows Superglue Fuming produced a slightly higher proportion

Added value of sequential treatment for the non-submerged
fingermarks
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Fig. 8. Added value of sequential treatment for the non-submerged substrates showing the results for the percentage of fingermarks graded 3 or 4 per pathway.
Individual marks are counted only the first time they are graded 3 or 4, so only unique additional marks are shown with each subsequent technique. P1 = Pathway 1,
P2 = Pathway 2, PS = Powder Suspension, NY = Natural Yellow, SF = Superglue Fuming, BY40 = Basic Yellow 40 dye stain, P = Powder.
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Fig. 9. The effectiveness of the visualisation processes on each sample type for submerged fingermarks. The number of fingermarks graded per bar is 450, except for
Stainless Steel Powder where 900 marks were graded (this data has been combined for simplicity as the trend was consistent between P1 and P2 datasets). Due to
sequential visualisation, individual marks may have been represented more than once in this figure and differences in totals may be affected by rounding. PS

= Powder Suspension, NY = Natural Yellow, SF = Superglue Fuming, BY40 = Basic Yellow 40 dye stain, P = Powder.

of grade 3 and 4 marks than Powder Suspension as a single visualisation
process. However, when the results for the two sequences (Fig. 4) for the
submerged samples were considered as a whole, there was no statisti-
cally significant difference in proportions of grade 3 and 4 fingermarks
between the two pathways (p > 0.999).

3.3.2. Effect of mark age prior to submersion

The grades of fingermarks recovered from samples submerged in the
lake, for each age of mark before submersion, are presented in
Appendix 1.

Identifiable fingermarks were recovered from all three mark ages,
although recovery was significantly lower than the non-submerged

marks. Only five identifiable fingermarks were recovered from the fin-
germarks aged for four hours, fourteen from those aged one week and
five from those aged for three weeks.

A previous study found that the effectiveness of Superglue Fuming
depended on the age of the fingermark prior to wetting, with older
marks being more likely to develop than fresh marks [30]. Therefore, an
aim of this study was to see if this trend was observed. However, when
comparing the proportions of grade 3 and 4 fingermarks on the sub-
merged samples, no statistically significant differences were found be-
tween the different mark ages (p = 0.203). These results may have been
affected by exposure to varying levels of algal contamination. Due to the
logistics of the study, not all samples were in the lake at the same time,
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meaning they were exposed to slightly different environmental condi-
tions, and increasing levels of algae as time went on. The samples aged
for three weeks, which were submerged last, were likely to have been
more affected by algal contamination than samples submerged at the
beginning of the study, likely adversely affecting the results of the oldest
marks. In future studies, consideration should be given to ensuring more
consistent environmental conditions for the different aged samples.

3.3.3. Effect of length of time submerged

The grades of fingermarks recovered from samples submerged in the
lake, for each length of time submerged are presented in Appendix 1.
The shorter timeframe of submersion led to significantly more
(p < 0.001) grade 3 and 4 fingermarks being recovered. In total, 24
grade 3 and 4 marks were recorded after 24 h, (19 of these were unique
and 5 were visualised by more than one chemical process), whereas no
fingermarks were recovered after one or three weeks of submersion.

The lack of identifiable fingermarks recovered from the samples
submerged for one week or three weeks was not anticipated when this
study was designed, as other researchers have recovered marks after
longer periods of submersion, including after 28 or 30 days [7,15], 45
days [26] and even up to 95 days [6]. However, researchers have also
found that mark numbers and mark quality decrease with increasing
periods of immersion [16,25,26], which supports the findings of this
study.

The specific field environment is critical to explaining the difference
in findings between the studies. It is known that water type can affect
fingermark recovery; for example salt water has been found to be less
damaging to marks than fresh water [4,18,50,53], and other factors such
as current [27], position [9], or temperature may play a role, with lower
temperatures slowing mark degradation, and increasing the chances of
fingermark visualisation [3,6]. During this study the water temperature
in the lake was quite warm, between 19.7°C and 24.0°C, so the higher
temperature may have contributed to more rapid mark degradation.

Most impactfully for this study, the fingermark samples were
contaminated by the presence of algae in the lake. The algae coated the
samples, potentially obscuring marks and causing background devel-
opment when chemical processes were applied. The longer the samples
were submerged, the greater the algal contamination (Fig. 3). Therefore,
it is not possible to say whether the marks had been destroyed or were
‘washed away’ by the water, or if they were present on the samples but
were obscured under a layer of algae contamination, despite attempts to
remove it. Further work to determine which situation occurred could
include more aggressive algae removal techniques, or potentially
chemical profiling of the samples using Mass Spectrometry techniques to
determine if fingermark residues are present.

Interestingly, some of the samples submerged in the lake for 24 h
showed preferential algae growth on the background surface. It is un-
likely this is a film coating the surface during submersion due to the
uneven appearance, and instead it is postulated that the fingermark
residue initially inhibited the attachment or growth of the algae. These
voids in the algal growth may explain why fingermarks could still be
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visualised in this sample set. Examples of this can be seen in Fig. 11.
Samples that were in the lake for longer periods became more uniformly
coated in algae and this pattern was not observed.

Other studies have also commented on algae or other microflora
growth when substrates were submerged in water tanks [6,54], noting
that it may have affected fingermark visualisation, so this issue is not
unique to field environments. Unless the effect of algae is the intended
subject of the work, future work should be planned carefully to minimise
the potential for algal growth.

At a different time of year, a different climate, a different location, or
if there was no algal bloom the results of this study may have been
markedly different. This highlights the difficulties of extrapolating the
results, not only from laboratory experiments to operational field envi-
ronments, but also from one field environment to another. It also illus-
trates the importance of more extensive field research in varying
conditions, to gain a better understanding of the factors that affect mark
quality [9] and persistence [29].

3.4. Mark grading - quality check

Of the 550 marks that were regraded, 65 marks (11.8%) were found
to be one grade different from the original, and no marks were more than
two grades different. The small amount of variability found is consistent
with work by Fritz et al., which found that when researchers were asked
to regrade marks, 78% of grades were identical to their original score.
The study by Fritz et al. concluded that inter- or intra-grader variability
did not cause significant differences to data and that a grading scale was
an appropriate and consistent technique for assigning values to finger-
mark samples [55]. This provided confidence in the data gathered
throughout the duration of the study.

4. Conclusion

The results of the study have shown that submerging fingermarks in a
lake in the UK had a significant impact on the recovery rates. A total of
2700 fingermarks were deposited onto black bin liners, HDPE and
stainless-steel samples which were then submerged in the lake and
subjected to sequential treatment. Only 0.7% of all marks deposited on
submerged samples were of identifiable quality, in comparison to 51%
of the fingermarks deposited on the non-submerged samples. The results
from the non-submerged samples provides data about the effectiveness
of the visualisation processes trialled on these sample types, which could
be used to support practitioners’ decision making when selecting visu-
alisation processes for non-wetted surfaces. However, the small number
of marks recovered from submerged samples means guidance on the
most suitable techniques is not possible with any degree of confidence,
and the results obtained should be interpreted with caution.

The results showed that for the submerged HDPE and bin bag sam-
ples, there was no significant difference between the two sequential
processing paths offered in the FVM (2014) [40] for non-porous sur-
faces. However, when considering individual processes, Superglue

Fig. 10. An example of differential background staining observed. Powder Suspension (left) and Superglue Fuming with Basic Yellow 40 Dye Stain (right) on bin bag

samples that had been submerged in the lake for 24 h.
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Fig. 11. Top row: Images of stainless-steel (left) and HDPE (right) samples submerged in the lake for 24 h and treated with Superglue Fuming and Basic yellow 40
Dye Stain. Bottom row: close up of marks on the HDPE sample, showing preferential algae growth on the surface surrounding the marks. Visualised using Blue Crime-
Lite 82 s, 420-470 nm (Foster and Freeman, Evesham, UK) with Schott GG495AG (476 nm) viewing goggles and camera filter (Foster and Freeman, Evesham, UK).

Fuming with Basic Yellow 40 Dye Stain produced slightly more grade 3
and 4 marks than Powder Suspension on both the submerged and
non-submerged samples. It should be noted that the difference between
the two was only found to be statistically significant on the
non-submerged stainless-steel samples (p < 0.001). The recovery of
marks from the submerged samples treated with Superglue Fuming was
not expected due to the water soluble residue which the process pref-
erentially targets [40]. However, due to the growing evidence (including
this study) that suggests water is not as destructive as previously thought
for this technique, UK guidance has been subsequently updated [4].

One aim of this study was to investigate whether the age of a latent
fingermark before wetting affected the quality of recovered marks in a
natural water environment, however no significant trend was observed.
These results were significantly affected by algae growth, a largely un-
reported feature in water-based studies. Algae growth resulted in re-
covery of identifiable marks only from the samples submerged for 24 h.
Further work could include investigations into more successful methods
from removing algal contamination and gaining a better understanding
of the effects of water on Superglue Fuming.

This study demonstrates how variable the field environment can be,
making cause and effect more difficult to attribute than a laboratory
trial. Other factors, such as currents, debris, animals, plants or climate
conditions, were not investigated in this study but are likely to impact

Appendix 1

operational results. This highlights the requirement for further work
based on common case circumstances in localised environments.
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Data for non-submerged and submerged samples for each mark age and length of time submerged (all sample types and fingermark visualisation processes combined).
NOTE: After ageing in the laboratory, the ‘submerged’ samples were submerged in the lake. The non-submerged samples remained in storage for the equivalent length

of time
Experimental Mark Length of time subjected to experimental condition Grade Grade Grade Grade Grade 4 Number of marks
condition age (after ageing) 0 1 2 3 graded
Non-submerged 4h 24 h 116 128 161 138 157
Non-submerged 4h 1 week 100 143 213 149 95
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(continued)
Experimental Mark Length of time subjected to experimental condition Grade Grade Grade Grade Grade 4 Number of marks
condition age (after ageing) 0 1 2 3 graded
Non-submerged 4h 3 weeks 88 137 280 108 87
Sub-total: 304 408 654 395 339 2100
Non-submerged 1 week 24h 83 108 194 133 182
Non-submerged 1 week 1 week 113 122 227 137 151
Non-submerged 1 week 3 weeks 75 159 192 141 83
Sub-total: 271 389 613 411 416 2100
Non-submerged 3 weeks 24h 56 136 220 137 151
Non-submerged 3 weeks 1 week 62 117 264 107 150
Non-submerged 3 weeks 3 weeks 130 119 202 105 144
Sub-total: 248 372 686 349 445 2100
Total (non-submerged): 823 1169 1953 1155 1200 6300
Submerged 4h 24 h 506 144 45 5 0
Submerged 4h 1 week 683 17 0 0 0
Submerged 4h 3 weeks 698 1 1 0 0
Sub-total: 1887 162 46 5 0 2100
Submerged 1 week 24h 506 111 69 10 4
Submerged 1 week 1 week 669 31 0 0 0
Submerged 1 week 3 weeks 698 1 1 0 0
Sub-total: 1873 143 70 10 4 2100
Submerged 3 weeks 24h 434 152 109 5 0
Submerged 3 weeks 1 week 612 80 8 0 0
Submerged 3 weeks 3 weeks 700 0 0 0 0
Sub-total: 1746 232 117 5 0 2100
Total (Submerged) 5506 537 233 20 4 6300
Total (All 12600
marks)
References [18] E. Horrocks, The optimization of superglue fuming to develop fingermarks exposed
to different bodies of water (Presentation), Am. Acad. Forensic Sci. (AAFS) Conf.
L - (2019).
[;] 113/[1 TCk?li’ i}]l) NAolrdby. LIJ:nderV\;ateMrsfoZe;sm m\{estl]g;at;on,ﬁRC Pr;ssi.Z(?lB. [19] E. Horrocks, H. Earwaker, P. Smith, Comparing methods to recover fingermarks
[2] ML. Korzik, J. De Alcaraz- O_SSOU » M.S. Adamowicz, D. San Pietro, Pre .1m1nafy from objects exposed to water (Presentation), Chart. Soc. Forensic Sci. Conf.
study: DNA transfer and persistence on non-porous surfaces submerged in spring (2018)
3 ;N:telrt, Genesk14J(51\)/[ (2023), };;tpvs\;//;o‘]orfl/ ]:'§39t0/ glanS]kz‘O?,:/ Oij.k ) [20] S.Madkour, S. Abeer, F.B. El Dine, Y. Elwakeel, N. Abdallah, Development of latent
(31 I so wysaewsil, J. Voszczynsil, W. Fepinsid, . Jastrzebowska, W. Makulec, fingerprints on non-porous surfaces recovered from fresh and sea water, Egypt. J.
R. Zbiec, J. Janica, Fl.ngerprlr'lt detection and DNA typing on objects recovered Forensic Sci. 7 (1) (2017) 3, https://doi.org/10.1186/541935-017-0008-8.
" ]f)rogn watser., J. Fore;f;c Ldenlnf. 5L7 t()5) (5007(1363)175_87' & Visualisation M . [21] O.P. Jasuja, P. Kumar, G. Singh, Development of latent fingermarks on surfaces
etence science and tecinology Laboratory (Dsty. Fingermark Visudiisation Manud submerged in water: Optimization studies for phase transfer catalyst (PTC) based
Second Edition (2022). Home Office and Dstl, (https://www.gov.uk/government/ reagents, Sci. Justice 55 (5) (2015) 335-342, hitps://doi.org/10.1016/j
publications/fingermark-visualisation-manual-second-edition). scifus 20’15 0'3 001 ? ’ ’ ’ .
[5] M.A. Wood, I.T. James, Latent fingerprint persistence and development techniques [22] AlJK lAzmaI; N A Mahat R. Abdul Wahab. F.I. Abdul Razak. H.H. Hamzah. Novel
on wet surfaces, Flflge‘p r. Whorld 35 (135) .(2009) ?07100' . safranin-tinted candida rugosa lipase nanoconjugates reagent for visualizing latent
[6] R. Sutton, C. Grenci, L. Hrubesova, A comparison of field and laboratory conditions fineerprints on stainless steel knives immersed in a natural outdoor pond. Int. J
on the longevity of submerged latent fingerprints, J. Forensic Identif. 46 (2014) Mogl Spci 19 (6) (2018), hitps://doi.org/10.3390/ijms19061576 pond, Int. J.
143-156. . . . . [23] A.R. Azman, N.A. Mahat, R.A. Wahab, W.A. Ahmad, J.K. Puspanadan, Ma.M. Huri,
[7] M. Needham, S. Fieldhouse, Latent fingermark longevity on non-porous surfaces in M.R. Kamaluddin, D. Ismail, Box-Behnken design optimisation of a green novel
tap and se{lt water eflvlronmen}ts, Fln.gerpr. Whorld 41 .(2016) 6-19. nanobio-based reagent for rapid visualisation of latent fingerprints on wet, non-
[8] A. Castelld, F. Francés, F. Verdd, Solving underwater crimes: development of latent porous substrates, Biotechnol. Lett. 43 (4) (2021) 881-898, https://doi.org/
prints made on submerged objects, Sci. & Justice 53 (3) (2013) 328-331, https:// 10 1007/510529_620_03052_:; : ’ i :
d01.org/_1041016/:|.sc1|_\1542013:04.002_. . . . [24] A.R. Azman, N.A. Mahat, R. Abdul Wahab, W.A. Ahmad, D. Ismail, Preliminary
[9] M.J. Yuille, Deterioration of friction ridge impressions on a metallic substance after forensic assessment of the visualised fingerprints on nonporous substrates
submcrglclncc in lake WatCl’,'Iantlf. Can: 32 (2) (2009) 48-62. . immersed in water using the green and optimised novel nanobio-based reagent,
[10] N.N. Daéid, S. Carter, K. Laing, Comparison of three types of white powder Sci. Rep. 12 (1) (2022) 14780, htps://doi.org/10.1038/541598-022-18920.8
SUSpenSio.nS for the recovery of fingerprints on wetted nonporous surfaces, [25] N. i(apo;)r S. Ahmed, R.K. Shl’lkla A Badi.ye De\;elopment of submerged am‘i
J- Foren?c Identif. 58 (5) (2008) 590?5.9 o- . successive latent fingerprints: a comparative study, Egypt. J. Forensic Sci. 9 (1)
[11] N.N. Daéid, S. Carter, K. Laing, Comparison of vacuum metal deposition and (2019) 44, https://doi.org/10.1186/541935-019-0147 1
powder s.uspcnsi(')v for recovery of fingerprints on wetted nonporous surfaces, [26] R. Rohatgi A.IIE. 'Kapoo'r ?Z)evélopment of latent ﬁngerpr.ints on wet non-porous
J. Forensic Identif. 58 (5) (2008) 600-614. . . . surfaces with SPR based on basic fuchsin dye, Egypt. J. Forensic Sci. 6 (2) (2016)
[12] R. Downham, S. Mehmet, V.G. Sears, A pseudo-operational investigation into the 179-184, hitps://doi.org/10.1016/j.¢jfs.2015.05.007
?Tvetl'ofp;n;né 0f218t1e2nt é‘lél{ge;g;mts on flexible plastic packaging films, J. Forensic [27]1 B. Devlin. Recovery of Latent Fingerprints after Immersion in Various Aquatic
dentif. 62 (6) ( ). o . TS Conditions, George Mason University Libraries - MARS repository, 2012.
[13] S. Goldstone, S. Francis, S. Gardner, An investigation into the enhancement of sea- L . .
. . . ) [28] R.S. Croxton, M.G. Baron, D. Butler, T. Kent, V.G. Sears, Variation in amino acid
spray exposed ﬁngerpruzts on glass, Forensic Sci. Int. 252 (2015) 33-38, https:// and lipid composition of latent fingerprints, Forensic Sci. Int. 199 (1) (2010)
doi.org/10.1016/j forsciint.2015.04.012. . . 93-102, https://doi.org/10.1016/j.forsciint.2010.03.019.
[14] P. Cucg, G. Pol'lmenl, A.P. Lazzar?, G. Def Fulvio, Sm'all p:artlcle reagents technique [29] Forensic Science Regulator. Fingerprint Research and Development Considerations
can help to point l,)ut wet latent (fmgerprlnts, Forensic Sci. Int. 146 (ement) (2004) FSR-1-409, 2020. (https://assets.publishing.service.gov.uk/media/5ee7155be90e0
[15] 27;58]’. llttgs:]/g/imAzrgl/lé).:.016gj.forscngt%O(?.:)‘)..O(i\S. 1 h to identi 704315ecf39/Fingerprint_Research_and_Development_Considerations.pdf).

- roliment, B. Feudale ot, L. saravo, &. De Fulvio, A novel approach o iden ify [30] Police Scientific Development Branch (P.S.D.B.). Superglue on Wetted Surfaces.
the presence of fingerprints on wet surfaces, Forensic Sci. Int. 146 (2004) S45-546, Fingerprint Development and Imaging Programme Update, 2003, 26/2003, 4. (https
https://doi.org/10.1016/j.forsciint.2004.09.016. . . ://assets.publishing.service.gov.uk/media/5ef5f7b0d3bf7{769d269560,/Upd

[16] K. Kaur, T. Sharma, R. Kaur, Development of submerged latent fingerprints on non ate November 2003 26-03.0df)
porous substrates with activated charcoal based small partical reagant, Indian J. [31] A Girod. R. Ramotowski g V\/I.eyermarm Composition of fingermark residue: a
Forensic Med. TOXICOI' 14 (3) (2020) 388-394. qualitative and quantitative review, Forensic Sci. Int. 223 (1) (2012) 10-24,
[17] M. Trapecar, Finger marks on glass and metal surfaces recovered from stagnant

water, Egypt. J. Forensic Sci. 2 (2) (2012) 48-53, https://doi.org/10.1016/j.
€jfs.2012.04.002.

12

https://doi.org/10.1016/j.forsciint.2012.05.018.


http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref1
https://doi.org/10.3390/genes14051045
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref3
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref3
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref3
https://www.gov.uk/government/publications/fingermark-visualisation-manual-second-edition
https://www.gov.uk/government/publications/fingermark-visualisation-manual-second-edition
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref4
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref4
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref5
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref5
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref5
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref6
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref6
https://doi.org/10.1016/j.scijus.2013.04.002
https://doi.org/10.1016/j.scijus.2013.04.002
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref8
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref8
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref9
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref9
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref9
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref10
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref10
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref10
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref11
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref11
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref11
https://doi.org/10.1016/j.forsciint.2015.04.012
https://doi.org/10.1016/j.forsciint.2015.04.012
https://doi.org/10.1016/j.forsciint.2004.09.005
https://doi.org/10.1016/j.forsciint.2004.09.016
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref15
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref15
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref15
https://doi.org/10.1016/j.ejfs.2012.04.002
https://doi.org/10.1016/j.ejfs.2012.04.002
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref17
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref17
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref17
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref18
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref18
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref18
https://doi.org/10.1186/s41935-017-0008-8
https://doi.org/10.1016/j.scijus.2015.03.001
https://doi.org/10.1016/j.scijus.2015.03.001
https://doi.org/10.3390/ijms19061576
https://doi.org/10.1007/s10529-020-03052-3
https://doi.org/10.1007/s10529-020-03052-3
https://doi.org/10.1038/s41598-022-18929-8
https://doi.org/10.1186/s41935-019-0147-1
https://doi.org/10.1016/j.ejfs.2015.05.007
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref26
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref26
https://doi.org/10.1016/j.forsciint.2010.03.019
https://assets.publishing.service.gov.uk/media/5ee7155be90e0704315ecf39/Fingerprint_Research_and_Development_Considerations.pdf
https://assets.publishing.service.gov.uk/media/5ee7155be90e0704315ecf39/Fingerprint_Research_and_Development_Considerations.pdf
https://assets.publishing.service.gov.uk/media/5ef5f7b0d3bf7f769d269560/Update_November_2003_26-03.pdf
https://assets.publishing.service.gov.uk/media/5ef5f7b0d3bf7f769d269560/Update_November_2003_26-03.pdf
https://assets.publishing.service.gov.uk/media/5ef5f7b0d3bf7f769d269560/Update_November_2003_26-03.pdf
https://doi.org/10.1016/j.forsciint.2012.05.018

D. Cutler et al.

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

S. Cadd, M. Islam, P. Manson, S. Bleay, Fingerprint composition and aging: a
literature review, Sci. & Justice 55 (4) (2015) 219-238, https://doi.org/10.1016/j.
scijus.2015.02.004.

G.M. Mong, C.E. Petersen, T.R.W. Clauss, Adv. Fingerpr. Anal. Proj. Fingerpr.
Const. (1999).

C. Weyermann, C. Roux, C. Champod, Initial results on the composition of
fingerprints and its evolution as a function of time by GC/MS analysis, J. Forensic
Sci. 56 (1) (2011) 102-108, https://doi.org/10.1111/j.1556-4029.2010.01523.x.
A.A. Frick, G. Chidlow, J.V. Goodpaster, S.W. Lewis, W. Van Bronswijk, Monitoring
compositional changes of the lipid fraction of fingermark residues deposited on
paper during storage, Forensic Chem. 2 (2016) 29-36, https://doi.org/10.1016/j.
forc.2016.09.001.

C. Flanagan, Stanborough lake closed after potentially harmful algae found,
Welwyn Hatfield (Online) (2016). (https://www.whtimes.co.uk/news/22487332.
stanborough-lake-closed-potentially-harmful-algae-found/).

Environment Agency. Guidance. Algal blooms: advice for the public and landowners.
2017. [Online] Available from: (https://www.gov.uk/government/publications/al
gal-blooms-advice-for-the-public-and-landowners/algal-blooms-advice-fo
r-the-public-and-landowners) [Accessed 10/03/2025].

V.G. Sears, S.M. Bleay, H.L. Bandey, V.J. Bowman, A methodology for finger mark
research, Sci. & Justice 52 (3) (2012) 145-160, https://doi.org/10.1016/j.
scijus.2011.10.006.

International Fingerprint Research Group, Guidelines for the assessment of
fingermark detection techniques, J. Forensic Identif. 64 (2014) 174-200.

Home Office. Fingermark visualisation manual. Home Office Centre for Applied
Science and Technology (CAST), 2014, (https://primo.anglia.ac.uk/primo-expl
ore/fulldisplay?docid=44APU_ALMA5127958390002051 &context=L&vi
d=ANG_VU1&search_scope=CSCOP_APU_DEEP&tab=default_tab&lang=en_US).
H. Perry, V.G. Sears, The use of natural Yellow 3 (Curcumin) for the Chemical
Enhancement of latent friction ridge detail on naturally weathered materials,

J. Forensic Identif. 65 (2015) 45-66.

R.V. Hogg, J.W. Mckean, A.T. Craig. Introduction to Mathematical Statistics,
Pearson Education Inc, 2013.

D. Hockey, A. Dove, T. Kent, Guidelines for the use and statistical analysis of the
Home Office fingermark grading scheme for comparing fingermark development
techniques, Forensic Sci. Int. 318 (2021) 110604, https://doi.org/10.1016/j.
forsciint.2020.110604.

13

[44]

[45]

[46]

[47]

[48]
[49]
[501]

[51]

[52]

[53]

[54]

[55]

Forensic Science International 387 (2026) 113013

The R Foundation. The R Project for Statistical Computing. 2021. [Online] Available
from: (https://www.r-project.org/) [Accessed 4/11/2024].

S.R. Bacon, J.J. Ojeda, R. Downham, V.G. Sears, B. Jones, The effects of polymer
pigmentation on fingermark development techniques, J. Forensic Sci. 58 (6) (2013)
1486-1494, https://doi.org/10.1111/1556-4029.12206.

B.J. Jones, R. Downham, V.G. Sears, Effect of substrate surface topography on
forensic development of latent fingerprints with iron oxide powder suspension,
Surf. Interface Anal. 42 (5) (2010) 438-442, https://doi.org/10.1002/sia.3311.
R. Downham, V.G. Sears, L. Hussey, B.S. Chu, B.J. Jones, Fingermark visualisation
with iron oxide powder suspension: the variable effectiveness of iron (II/III) oxide
powders, and Tween® 20 as an alternative to Triton™ X-100, Forensic Sci. Int. 292
(2018) 190-203, https://doi.org/10.1016/j.forsciint.2018.09.012.

A. Gaw, Lee and Gaensslen's Advances in Fingerprint Technology, CRC Press, 2012.
C. Champod, C.J. Lennard, P. Margot, M. Stoilovic, Fingerprints and Other Ridge
Skin Impressions, CRC Press, 2004.

E. Horrocks, Fingermark recovery methods from submerged knives in different
aquatic environments (Poster), American Academy Forensic Science (AAFS)
Conference (2019).

E. Horrocks, Optimisation of superglue fuming to develop fingermarks exposed to
different bodies of water (poster). American Academy Forensic Science (AAFS)
conference (2019).

H. Bandey. Special Edition: Footwear mark recovery. Home Office Scientific
Development Branch Fingerprint and Footwear Forensics Newsletter, 2008, Publication
No. 24/08. (https://assets.publishing.service.gov.uk/media/5ef5f7afd3bf7f769
c84dfe3/Footmark_Special Edition_May_2008_24-08.pdf).

Defence Science and Technology Laboratory (Dstl). Fingermark Visualisation Source
Book v3.0. Home Office and Dstl 2022, (https://www.gov.uk/government/publicat
ions/fingermark-visualisation-source-book).

A.A. Frick, 1.Y.L. Lim, P.A. Magni, A preliminary evaluation of the effects of aquatic
environments on the recovery of fingermarks on porous substrates, Forensic
Science International Reports 10 (2024) 100387, https://doi.org/10.1016/j.
fsir.2024.100387.

P. Fritz, A. Frick, W. Bronswijk, S. Lewis, A. Beaudoin, S. Bleay, C. Lennard,
Variability and subjectivity in the grading process for evaluating the performance
of latent fingermark detection techniques, J. Forensic Identif. 65 (2015) 851-867.


https://doi.org/10.1016/j.scijus.2015.02.004
https://doi.org/10.1016/j.scijus.2015.02.004
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref30
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref30
https://doi.org/10.1111/j.1556-4029.2010.01523.x
https://doi.org/10.1016/j.forc.2016.09.001
https://doi.org/10.1016/j.forc.2016.09.001
https://www.whtimes.co.uk/news/22487332.stanborough-lake-closed-potentially-harmful-algae-found/
https://www.whtimes.co.uk/news/22487332.stanborough-lake-closed-potentially-harmful-algae-found/
https://www.gov.uk/government/publications/algal-blooms-advice-for-the-public-and-landowners/algal-blooms-advice-for-the-public-and-landowners
https://www.gov.uk/government/publications/algal-blooms-advice-for-the-public-and-landowners/algal-blooms-advice-for-the-public-and-landowners
https://www.gov.uk/government/publications/algal-blooms-advice-for-the-public-and-landowners/algal-blooms-advice-for-the-public-and-landowners
https://doi.org/10.1016/j.scijus.2011.10.006
https://doi.org/10.1016/j.scijus.2011.10.006
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref35
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref35
https://primo.anglia.ac.uk/primo-explore/fulldisplay?docid=44APU_ALMA5127958390002051&amp;context=L&amp;vid=ANG_VU1&amp;search_scope=CSCOP_APU_DEEP&amp;tab=default_tab&amp;lang=en_US
https://primo.anglia.ac.uk/primo-explore/fulldisplay?docid=44APU_ALMA5127958390002051&amp;context=L&amp;vid=ANG_VU1&amp;search_scope=CSCOP_APU_DEEP&amp;tab=default_tab&amp;lang=en_US
https://primo.anglia.ac.uk/primo-explore/fulldisplay?docid=44APU_ALMA5127958390002051&amp;context=L&amp;vid=ANG_VU1&amp;search_scope=CSCOP_APU_DEEP&amp;tab=default_tab&amp;lang=en_US
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref36
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref36
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref36
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref37
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref37
https://doi.org/10.1016/j.forsciint.2020.110604
https://doi.org/10.1016/j.forsciint.2020.110604
https://www.r-project.org/
https://doi.org/10.1111/1556-4029.12206
https://doi.org/10.1002/sia.3311
https://doi.org/10.1016/j.forsciint.2018.09.012
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref42
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref43
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref43
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref44
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref44
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref44
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref45
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref45
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref45
https://assets.publishing.service.gov.uk/media/5ef5f7afd3bf7f769c84dfe3/Footmark_Special_Edition_May_2008__24-08.pdf
https://assets.publishing.service.gov.uk/media/5ef5f7afd3bf7f769c84dfe3/Footmark_Special_Edition_May_2008__24-08.pdf
https://www.gov.uk/government/publications/fingermark-visualisation-source-book
https://www.gov.uk/government/publications/fingermark-visualisation-source-book
https://doi.org/10.1016/j.fsir.2024.100387
https://doi.org/10.1016/j.fsir.2024.100387
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref47
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref47
http://refhub.elsevier.com/S0379-0738(26)00200-8/sbref47

	The impact of algae growth on forensic evidence: Considerations for latent fingermark visualisation strategies
	1 Introduction
	2 Methods and materials
	2.1 Substrate preparation
	2.2 Fingermark collection
	2.3 Ageing and submersion of fingermarks
	2.3.1 Removal of contaminants
	2.3.2 Visualisation processes

	2.4 Examination, grading and photography
	2.5 Mark grading - quality check
	2.6 Statistical analysis

	3 Results and discussion
	3.1 Non-submerged VS. submerged fingermarks
	3.2 Non-submerged fingermarks
	3.2.1 HDPE samples
	3.2.2 Bin bag samples
	3.2.3 Stainless-steel samples
	3.2.4 Added value of sequential processing

	3.3 Submerged fingermarks
	3.3.1 Effectiveness of visualisation processes
	3.3.2 Effect of mark age prior to submersion
	3.3.3 Effect of length of time submerged

	3.4 Mark grading - quality check

	4 Conclusion
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgment
	Appendix 1 Acknowledgment
	References


