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of her death.To this day there is still no method available for lifting the bloody fingerprints from the skin.
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Abstract

A stabbing incident took place in a house. A woman is found dead with multiple stabbing wounds in her
chest. When forensic investigators take a closer look at her body, a knife appears to still be present in her
neck. On the bloody skin around the wound, partial fingerprints are observed. Besides the blood on the
neck, her hands are also covered in blood. Thewegoof the bloody fingerprints in the neck is of great
importance. These fingerprints can be placedHtoy victim and thus contribute to exclusion, but can also
contribute to identification of the perpetrator. Transport of the body can destroy these fprgegs; friction

in the bodybag can cause the bloody fingerprint to be removiedaddition large véumes of blood can

run out of the wounds and destroy the fingerprint. The only option is recovery of the fingerprints on the
crime sceneCurrently, thee is no lifting method for lifting bloody fingerprints from skin. Previous studies
demonstrate the usef alginate as a lifting method of bloody fingerprints from various surfaces. The use of
alginate as a lifting method is researched further in this studyaddition, a new lifting method is
introduced, namely Forensic Sil. Forensic Sil can possiblydproptimal recovery of bloody fingerprints
from skin in comparison to alginate.

The aim of this study is to determine whether Forensic Sil is more siitladn alginate for the lifting of
fingerprints placed with blood on skin. This will be achieved &gipd bloody fingerprints on skin and lifting
them using both alginate and Forensic Sil. The lifted fingerprints will be enhanced with three diffeczht bl
enhancement techniques. Results will be captured with a cant@rading of the fingerprints is perimed

by a group of objectiveaters, at three stages; prior to lifting and enhancing (original), post lifting with
alginate or Forensic Sil and pasthancement. This way, a conclusion can be drawn about the ability of
both alginate and Forensic Sil taccower bloody fingerprints from the skin and the difference between the
two methods

Results showed thabased on fingerprint grading data, Fosgc 8 yielded fingerprints with higher average
scores than alginate. This means Forensic Sil provided Fgiarmnts of continuous ridges and/or contrast.
Grading of a split fingerprint shows that the hafpression lifted with Forensic Sil exhibits far gesaidge

detail and/or contrast than the corresponding hatipression lifted with alginate. Besides, garprint
identification matched 7 minutiae of an alginate lift with a reference print. For Forensic Sil, 13 minutiae
were matched. The fingerprint eminerstated that Forensic Sil is an optimal method compared to alginate,
but the surface (skin) remainsdisruptive factorfor identification.

In conclusion, the main question ofiiNB 8 S NOK A& | yasgSNBRY WwWe2 gKIFEG SEG
tKFEy FEIAYFGS F2NJ GKS ftATFOGAYT 2F FAYISNLINAghota LI | OF
as suitable as Forensic Sil for lifting bloody fingerprints from skin. Alginate is not able to lift the fine ridge
detailing of fingerprints, mviding a low quality lift with a high amount of diffusion. Also, the lift is highly

impacted by time, makg storage impossible. Forensic Sil has shown to have excellent lifting abilities with

high amounts of ridge detailing; full fingerprints are lifeud enhanced. The only disruptive factor remains

to be the skin. However, when Forensic Sil is furtheeaeshed on human skin, there is a high chance the

method will recover high quality fingerprints suitable for fingerprint identification. The casemted, in

which a woman was found dead with bloody fingerprints on her skin, is an example of a casantHet

solved through the findings of this study.

Key words bloody fingerprints, skin, alginate, Forensic Sil, lift, ridge detail, identification.
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Abstract Dutch

Een steekincident heeft plaatsgevonden in een woning. Een vrouw is dood aangetr@fenamrdere
steekwonden in haar borst. Wanneer forensisch onderzoekers het lichaam beter bekijken, blijkt er een mes
aanwezig te zijn in haar nek. @p bebloede huid rondom de wond worden gedeeltelijke vingerafdrukken
waargenomen. Naast het bloed op dekneijn ook haar handen bedekt met bloed. Het liften van de
vingerafdrukken in de nek is van groot belang. Deze vingerafdrukken kunnen door heof$tackijn
geplaatst en zo leiden tot uitsluitsel, maar kunnen ook geplaatst zijn door de dadézidem bt
identificatie. Het transport van het lichaam kan de vingerafdrukken vernietigen; frictie in de lijkenzak kan
de bebloede vingerafdruk wegvegen.ddaaast kunnen de grote volumes bloed die vrijkomen uit de wond

de vingerafdruk wegspoelen. De enige opiBedan ook het liften van de bebloede vingerafdrukken op de
plaats delict. Momenteel is er geen lift methode voor het liften van bebloede vingetdfdnwan de huid.
Voorgaande studies demonstreren het gebruik van alginaat als lift methode van beblogdeafilrukken

van verschillende oppervlakken. Het gebruik van alginaat als lift methode wordt verder onderzocht in deze
studie. Daarnaast wordt eeniguwe methode geintroduceerd, namelijk het gebruik van Forensic Sil.
Forensic Sil kan mogelijk optimaal bedde vingerafdrukken liften van de huid vergeleken met alginaat.

Het doel van deze studie is bepalen of Forensic Sil meer gesgliah alginaatvoor het liften van
vingerafdrukken geplaatst met bloed op de huiit wordt onderzocht door bebloede viagafdrukken te
plaatsen op huid en vervolgens te liften met alginaat en Forensic Sil. De gelifte vingerafdrukken worden
vervolgens verbeterd met drieerschillende bloedverbeteringstechnieken. Resultaten worden vastgelegd
met een camera. Het scoren van dingerafdrukken wordt uitgevoerd door een groep objectieve
beoordelaarsbijiederefase; voorafgaand aan lift en bloedverbetering (origineel), nifideet alginaat of
Forensic Sil en na de bloedverbetering. Op deze manier kan een conclusie getrokklem weer de
mogelijkheid tot het liften van bebloede vingerafdrukken van de huid met alginaat en Forensic Sil en het
verschil tussen de twee methode

Resultaten laten zien datgebaseerd op de scores van de vingerafdrukkeimgerafdrukken gelift met

Forensic Stjemiddeld hoger scoredan vingerafdrukken gelift met alginaat. Dit betekent dat de Forensic

Sil lift een grotere hoeveelheid continue pJA £ £ F ANJ f A2y Sy Syk2F O2yiN}ad 3§
vingerafdruk toont aan datle halvevingerafdruk gelift met Forensic Sil veruit een grotere hoeveelheid

detail en/of contrast geeft dan de overeenkomstige hakegerafdruk gelift met giinaat. Daarnaadteeft

vingerafdruk identificatie 7 overeenkomstige typica gevontiessen eervingerafdrik gelift met alginaat

en de referentieafdruk. De vingerafdruk gelift met Forensiag&il13 overeenkomstigetypica met de
referentieafdruk. De dactyloscoop gaf hierbij aan dat Forensic Sil een optimale methode blijkt vergeleken

met alginaat. Maar de ondgrond (huid) blijft een storende factor voor identificatie.

Een conclusie wordt getrokken op basis van 8e2zhF RGNI | 3T WLYy K& gSdikddn A4 C2 N
FEIAYFEFG @22N KSG tAFTGSY @Iy @Ay 3ISNI Trobdigajddty I SLIK I
alginaat nietevengeschikt is als Forensic Sil voor het liften van bebloede vingerafdrudcede huid.

Papillair lijnen van vingerafdrukken kunnen niet gelift worden door alginaat, waardoor een lift van lage
kwaliteit met veel diffusievordt verkregen. Ook wordalginaatsterk beinvioeddoor tijd, waardoor opslag

onmogelijk is. Forensic Siljktiuitstekende lift mogelijkheden te hebben met een hoge mate van papillair

lijnen. Volledige vingerafdrukken worden door Forensic Sil geglifvarden verbeterd De enige storende

factor blijft de huid Echter, vanneer Forensic Sil verder onderzocht wiasd humane huidestaat dekans

dat de methode hoge kwaliteit vingerafdrukken zal liften die geschikt zijn voor identificatie. De zaak die
eerder werd geschetst, waarin een vrouw dood gevonden werd met bebloede vingerafdrukken op de huid,

is een voorbeeldan een zaak die opgelost kan worden aan de hand van de bevindingen van deze studie.

Keywords: bebloede vingerafdrukken, huid, alginaat, ForeSsiclift, papillair lijnen, identificatie.
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Glossary

This chapter highlights and explains common terms used in this thesis. This will help the reader to
understand the terminology and prevent nmigerpretation. The explanation of terms is obtained from the
Home Office Fingerprint Visualisation Manual of @entre of Applied Science and Technol@@xST)1]

BackgroundThe appearance of the surface where the fingermiarbresent under the same conditions
used to visualize the mark. The appearance of the background is influenced by a range of surface properties
including colour, texture, reflectivity and any printed patts that are present.

DevelopmentA subset of vigalization where a process applied to the fingermark results in it becoming
visible in a progressive way, producing a gradual change from invisible to clearly visible. Most chemical and

physical processé®@l 'y 6S O2yaARSNBR (2 WRS@St2LIQ FTAYISNXIN] a

Enhanement The improvement of a fingermark that is already visible to some extent by the application of
an additional process that either reveals additional ridge detail or makes that which is already visible m
readily distinguishable from the background.

Bvidence recoveryThe process by which forensic evidence of any class is first located and then translated
into a form suitable for comparison and/or analysis by a person competent in that class of forensic evidence.

ExaminationA focused inspection of atem or surface \ith the objective of locating particular types of
evidence.

FingermarkThe mark left as a result of the uncontrolled contact of a finger with a substrate. The term may
also be used as a general description for the marks left by the cootasty region ofriction ridge skin,
which includes palms, toes and the soles of the feet.

FingerprintA reproduction of the friction ridge skin pattern of the fingertip obtained from a known donor
dzy RSNJ O2y (iNRf f SR @O ycRAmadefoptiiredia dudtebly suite] SR 2 NJ ¥

Fingerprint examinerA person competent in the comparison of fingermarks recovered from crime scenes
with sets of fingerprints, and qualified to give opinions relating to identification (or exclusion) of
fingermarks.

Identification One possible end result of a comparison process between a fingermark and a fingerprint,
0SGsSSy (g2 asSita 2F FTAYASNILINAydGaz 2N oSGeSSy Gg2
when the examiner considers the level of agresrhin the featues occurring in the two marks/prints being
compared is sufficiently high that they must have originated from the same donor.

ImpressionThe outcome of a contact between a finger and a substrate where the substrate has deformed
during contct, leaving indetations that reproduce the ridge detail on the finger.

Latent fingermarkA fingermark that has been formed on a substrate as a result of contact with a finger and
is not visible to a cursory visual examination. Marks of this type wjllire the applicion of visualization
processes before they can be detected.

Mirrored marksA mark that due to a range of factors may be visualised as a mirror image of the correct
orientation.

Ridge detailThe patterns and features formed by the chetexistic ridge suctures found on the fingers,
palms of the hands, toes and soles of the feet. Ridge detail may be reproduced both within fingerprints
taken under controlled conditions and in fingermarks deposited under controlled conditions.

Visible figermarkA fingernmark that has been formed on a substrate as a results of contact with a finger
and is readily visible during a cursory visual examination. Where such marks have been deposited in visible

'.F

contaminants, such as dirt, ink, blood, or paint tlegty occasionallg S RS&EONA O SR Fa WLI Sy
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1. Introduction

A stabbing incident took place in a house. A woman is found dead with multiple stabbing wounds in her
chest. When forensic investigators take a closer look at her body, a knife appestitslie presenin her

neck. On the bloody skin around the wound, partial fingerprints are observed. Besides the blood on the
neck, her hands are also covered in blood. The recovery of the bloody fingerprints in the neck is of great
importance. These fgerprints can belaced by the victim and thus contribute to exclusion, but can also
contribute to identification of the perpetrator. Transport of the body can destroy these fingerprints; friction

in the body bag can cause the bloody fingerprint to be reetbIn addition large volumes of blood can

run out of the wounds and destroy the fingerprint. The only option is recovery of the fingerprints on the
crime scene. A possible method for the recovery of bloody fingerprints from skin is the use of Fdtensic S

Fingerprintsare one of the most common forms of evidence found at a crime scene. They may be found on
many surfaces, including the skin. Human skin is one of the least convenient surfaces for recovering the
ridge impressions of fingerprints, sinceénghating componats are present in both the friction ridges of

the fingerprint and the skin surface of the body. [1]

In serious crimes that involve physical contact, fingerprints that are placed with blood can be found on the
skin of the deceased. Thedmgerprints cancarry valuable information about the donor and thereby
contribute to reconstruction of the crime. They could possibly be donated by the perpetrator. Recovering
these fingerprints at the crime scene is of great importance, since they lighetidential vaues. Current
protocolson recoveringthe bloody fingerprintsfrom skin do not include any lifting methodBrevious
studies demonstrate the use of alginate as a lifting method of bloody fingerprints from various surfaces.
The use of algite as a liftingnethod is researched further in this studg.addition,a newlifting method

is introduced namely Forensic SHorensic Sil can possibly provide optimal recovery of bloody fingerprints
from skin in comparison to alginate.

Goal

The aimof this study is to determine whether Forensic Sil is more suitable than alginate for the lifting of
fingerprints placed with blood on skin. This will be achieved by placing bloody fingerprints on skin and lifting
them using both alginate and Forensic ile lifed fingerprints will be enhanced with three different blood
enhancement techniques. Results will be captured with a cant@rading of the fingerprints is performed

by a group of objectiveaters, at three stages; prior to lifting and enhancimgyiginal) post lifting with
alginate or Forensic Sil and post enhancement. This way, a conclusion can be drawn about the ability of
both alginate and Forensic Sil to recover bloody fingerprints from the skin and the difference between the
two methods

Hypothesis

Hypothesis 1: Forensic Sil is able to lift bloody fingerprints suchctivdtnuous epidermal ridgesan be
identified, while alginate is not able to.

Hypothesis2: Both Forensic Sil and Alginate are able to lift bloody fingerprints suchctiminuous
epidermal ridgesan be identified.

Hypothesis3: Both Forensic Sil and Alginate are not able to lift bloody fingerprints sucttdnéinuous
epidermal ridgesan be identified

© 2021, Loci Forensics B.V.



1.1 Research questions
This research focuses on the main questi#mwhat extent is Forensic Sil moseitablethan alginate for

the lifting of fingerprints placed with blood on skidporder to obtain an answer to this question, a total
of five sub questions were definedlable 1 describes the main question and sub taes.

Tablel Overview of the main question and sub questions regarding the research of Forensic Sil and alginate for the recovery
of fingerprints placed with blood on tis&in.

Main question To what extent is Forensic Sil mosaitable than alginate for the lifting of
fingerprints placed with blood on skin?

Sub question 1 What are the optimal lifting conditions of alginate and Forensic Sil?

Sub question 2 What blood enhanement techniques work when combined with alginate
and Feensic S#

Sub question 3 Is alginate able to lift bloody fingerprints from skin in a way that continuo
epidermalridges are observed?

Sub question 4 Is Forensic Sil able to lift bloody fingerprints from skin in a way that

continuousepidermalridgesare observed? If sép what extent are the
ridges observed more with Forensic Sil than with alginate

Sub question 5 What is the impact of time on thdginate and Forensic Sil casts, regarding
the dimensional stability andpidermal ridge®

© 2021, Loci Forensics B.V.



2. Literature background

21 Dactyloscopy

Dactyloscopy gncient Greekdd] (i dzf 2 4> G FAWZISNE fF2/R] aljRdis A& GKS &
identification.[2] It is one of the oldest and most important sorts ofdance in forensic science. The use

of friction ridge skin patterns for personal identification dates ba@nyncenturies and is currently widely

accepted as identifying evidenc@] Fingerprints can be used to identify an ividual because they are

unique. Forensic science mainly uses fingerprints for locating, identifying<aiudieg suspects in criminal

cases. Two features that are of great importance in fingerprint identification are: (1) every fingerprint is
individualand unique, (2) fingerprints are immutable, they do not change unless the dermis is dajged.

The fingers, palms of hands and soles of feet of humans b
friction ridge skin formed by dermal papillae (also referred to
WO ffSeaQo FyR SLIARSNXIFf NA I/
represented as dark lines and valleys are bright (see fig)lreé

Z

Ridges | § NLINR y
Ridges range in width from 10@n for the thinnest ridges, to 300
>m for thick ridges. Generally, the length of a ridge/valley cyclp#==
around 500>m. On fingertips, these friction ridges and valle' E’I(l?
form a number of basic patterns. Within the basis patterns Fiqure 1 Th idermal ridges (ridges)

. L . gure € €ep 9 9
there are many possible wations. Genetics probably play igermal papillae  (valleys) forming ¢
significant part in determining the sizes and shapes of fingerpffingerprint.[3]
patterns and ridges, since they are formed by the dermis in early embryonic development and remain the
same thoughout life. However, in the case of ideral twins (who have identical genetics), different and
distinguishable fingerprints are observed. Injuries such as superficial burns, cuts and abrasions do not
disturb the epidermal ridging, when new skin grovae toriginal pattern is duplicated. Thusggéte the
genetics and external factors, the fingerprint remains unique per indivifRig4]

Valleys

2.2 Fingerprint levels
Ridge detailing is generally desciibi hierarchical order at three levelgvel 1 (ridge pattern), level 2
(minutiae) and level 3 (pores, ridge shapes, etc.).

Level 1

The global level (level 1) describes the distinctive shapes of ridges in certain regions. These regions, called
singulariies, can be classified into three basatterns; arch (delta), loop and whorl (see fig@e

Figure2 The three basic fingerprint patterns: arch, loop and whorl. [7]

The three main categories can be further extended into other categories. For example, the maimcatego
of arches can be extended to a plain or tented arch. The loop category can haveoradiahl loops,
depending on the direction of the slope. Whorls are the most complex patterns with several categories;
central pocket, double loop and accidental. Bébop and whorl patterns can be differentiated based on
features called the core and thielta, pointed out in figur@. These features are important in classification
and comparing fingerprints. The figure beloseéfigure 3) describes the classificatiof fingerprints[3]

[5]

10
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2 Z
Double loop whorl Accidental whorl

Figure 3 Classification of fingerprint patterns: arches, loops and whorls, with the left slope loop showing the core and delta.

(2]
Level 2

At the local level (level 2), other important features called minutiae are found within the fingerprint patterns
of level 1. When fingerprints appear to have the same ridging and pattern, minutiae are used to compare
the fingerprints and determine whethéhey are from the same individual. Minutia stands for small detail;

in fingerprints this refers to the way in which ridges discontinue and thereby form minutiae. There are three
ways minutiae can be formed; (1) abrupt ending of the ridge (ridge endingiiv#ing of the ridge into

two ridges (bifurcation) and (3) the ridge is short in length (dot). Combinations of minutiae can also occur,
for example two bifurcations facing each other and forming an island (see a8} [4] [5]

Ridge Bifurcation Lake Independent Point or Spur Crossover
ending ridge Island
o — o —n

7Y
V=

Figure4 Fingerprint minutiagridge ending, bifurcation, lake, independent ridge, point/island, spur and crosggver

Minutiae are nost commonly used in fingerprimdentification Over a hundred minutiae can be present in

a full fingerprint. However, when matching fingerprints only 12 to 15 minutiae are required to claim a high
confidencematch.[4] The exact amount of minutiae requisite varies per country. In the Netherlands, a
minimum of 12 minutiae is required for a high confidence match. However, the UK handles 16 minutiae and
in the USA, each state detemeis the sufficient amount of minutiae separatdl3] [6]

Level 3

On ahighly detailedevel (level 3), further fine details can be identified in the fingerprint pattern. These
details include the width, shape, contour of the edges, pores, ienipidges, scarring, breaks and creases.
Every epidermal ridge is spread with (swAgabres ove its entire surface that originate from the dermis

(see figureba). Incipient ridges are friction ridges that are only partially developed and are locateddiet

the epidermal ridges. They appear shorter, thinner and occur more periodically than thelduitloped

ridges. The incipient ridges do not contain pores, rarely bifurcate, can appear as a row of dots and are
shallow on the surface (see figubb). Ceasing in a fingerprint can be permanent or AeeErmanent and
thereby can complicate matching eségurebc).[7] [5]

Despite the very distinct level 3 features and high importance of examining,thatomated fingerprint
matching techniques often do not use them in their algorithms. Thirel li@aturebased matching requires
high resolution scanners and good quality fingerprint ima¢#sin the Netherlands, third lest features

11
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individualization when combined with first and second level featy&

{

_

®) ©)

Figure5 Level 3 features of a fingerprint: (A) pores in epidermal ridges with varying widile sina contours, (B) incipient
ridges located between normal ridging, (C) creasing of the fingerprint. [8]

2.3 Blood
Blood consists of blood plasma (55%) and blodid ¢45%). Blood plasma is an aqueous solution, it contains

dissolved proteins and arourfdll percent water. The blood cells are mostly composed of red blood cells,

called erythrocytes. The rest of the cells are platelets and white blood cells, also lealletytes.

Erythrocytes contain large amountsltdemoglobin an oxygen carrying protethat creates the red colar

of blood.Haemoglobiris made up of heme and a globulin protein. Heme is the precursoaeshbglobin

and is needed to bind oxygenclinsiss of an iron molecule in the reduced state. Platelets are responsible
fortheclotird 2F o0f 22R3X f Sdzl 208 (1S4 | NieferddBysted[6][B]fOpTheSe F 2 NJ (i K
components of blood proteins anchaemoglobing can be of great usage Ilood enhancement, especially

to visualse and enhance fingerprints that are placeih blood.

2.4 Blood enhancement
Different reagents can be used to enhandedal prints. These blood enhancement techniques are generally
divided into two categories:rptein reagents and peroxidase reagen&.

2.4.1 Protein reagents
Protein reagents react with both the proteins present in blood plasma and the globular protein in

haemoglobin Generally, this makes the protein reagents higsgnsitive. On the other hand, the reaction
of protein reagents is less specific and cannot fifgthe presence of blood upon positive resul&]

Amido Black

Amido Black (also called Acid Black 1) is an acidic dye foingt@roteins. When proteins are stained by
Amido Black, a dark bldglack colar change takes Ipce. It is one of the most commonly used blood
reagents in bloodnalysisand can be applied to both ngmorous and porous surfaces. The use of Amido
Black onporous surfaces can presumably cause significant background staining, which limits application.
[81[10]

In the early 1970s, Amido Black was first used as a method for latent blood enhancemeeateraat this

time the solvent contained methanol and acetic a¢®].A safer, watetbased solute of Amido Black was
introduced in 1989. In contrast to the methanol based solution, this solution can be used egormrs
subdrates only. The watebased staining solution of Amido Black provides a staining solution xing fi

agent (sulfosalicylic acid) in one step and is available at and provided by Loci Forensics BV. The fixing agent
prevents the blood trace from spreadingimning out and dissolving. After staining, a washing solution of
distilled water and 0.1% acetézid can be applied to rinse away access read&hi.

Hungarian Red

Hungarian Red is a watbased staining solution that is alseferred to as Fuchsin Acid. It contains Acid
Violet 19, a triarylmethane dye that producesteosg change in cola. When Hungarian Red comes in
contact with proteins, a red stained product is formég}.[10][12]
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Within the staining solution of Hungarian Red, a fixing agent (sulfosalicylic acid) is added to fixate the blood
traces onto the surface. This prevents the blood trace from spreading, running out antVidigsahich
causes loss of detail. After stainirmgyashing solution of distilled water and 0.1% acetic acid can be applied
to rinse away access reagent. Hungarian Red is available at and provided by Loci Foreli€igELB)V.

2.4.2 Peroxidaseaeagents

Peroxidase reagents react with the hemgeup of leemoglobin, hence why they are also referred to as
haemoglobin reagents. One of the most commonly used peroxidase reagents for blood enhancgment i
besides the welknown Luminol, Leuapystal Videt. [8] [10]

(Aqua) Leucaystal Violet

Leucarystal Violet (abbreviated as LCV) is a blood staining and enhancing method that is based on the
caalytic reaction of blood with hydrogeperoxide. During this reaction, the coidess LCV converts into

the purplecoloured crystal violet. When the reagent (LCV) comes into contact with blood, the hydrogen
peroxide is broken down by theaemoglobinpresent in blood. This wapaemoglobingets «idized. The
oxidizedhaemoglobinin turn can oxidize the cololessLeucocrystaV/iolet to the strongly colored Crystal

Violet. Thehaemoglobinis now back in the reduced state, meaning it can be oxidated agaieruhd
presence of hydrogen peroxide.catalytic reaction takes place wittaemoglobinbeing the catalys{see

figure 6) [8] [10][13]
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Figure 6 Catalytic reaction of Leucrystal Violet (LCV) and Crystal Violet, wittefmoglobin as catalyst. The presence of
hydrogen peroxide stimulates the oxidation aémoglobin and thus the reaction of LCV to Crystal Violet. The reaction causes

a purple stan. [10]

The LCV staining solution can be prepared on a wadsis (Aqua Leocrystal Violet, abbreviated as ALCV).

ALCV is available at and provided by Loci Forensics BV. Here, the fixing agent sulfosalicylic acid is
implemented into the staining solution. In order to activate the staining solution, hydrogen peroxide tablets

are required. After staining, a washing solution of distilled water and 0.1% acetic acid can be applied to
rinse away access reagent. ALCV can be appliedth porous and nofporous substrateq13]

Amido Black, Hungarian ReddbALCV are three blood enhancement techniques that are commonly used
for the enhancement of bloody fingerprints. Besides enhancing the fingerprinbveeing it is just as
essential. Possible lifting methods for the recovery of bloody fingerprints giteadd and Forensic Sil.

2.5 Alginate

Human skin is considered to be one of the most inconvenient surfaces to recover fingerprints from, since
eliminating components are present in both the friction ridges of fingerprints and on the surface sfithe
(structured flexible surfacewith carved intersecting lines, ridges, hair follicles and creasjhg] [15] A
method that can possibly recover fingerprints placed with blood from the skfastiis the use of alginate.

Alginate is a casting material that is often used in the field of dentistry for casting téettumber of
different alginate sds are produced by different companies, each with distinct characteristics and methods
of usage.Generally, alginate is supplied asn&ite or colouredpowder to which water is added for
application. These powders contain sodium or potassium salts ofi@bgiid (1116%), gypsum (:17%),
trisodium phosphate (B%) and fillers (inert). The sodium apdtassium salts are the main reactive
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ingredient, they croséink with water to form a gel structuréshown in figure 7)Gypsum is the source of
Ca ions tha crosslink alginate chains. The working time of alginate is controlled by the amount of
trisodium phosphate. For manipulation and flexibility of the alginate, the fillers are (i56H17]
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Figure 7 Alginate gel network{18]
GC Aroma Fine Plus

Previous studies that looked into the use of alginate for the lifting of bloody shoeprints and fingerprints
showed that Aroma Fine alginate (avallaht GC) gave superior results when compared to other alginates.
[17][18] [19] Primarily, GC Aroma Fine is produced for the casting of teeth in dental care. A mpaejimi
alginate sort of GC is Aroma Fine Dust Ill, which is often referred to in articles. R&g€npiyodued a new

sort of alginate with upgraded mixing methods, called Aroma Fine Plugifiitygowder of Aroma Fine Plus
incorporates rapidly into the watr because of enhanced powdemter affinity, gaining a smooth and
bubble free mixture in 20 second®0] In this study, GC Aroma Fine Plus will be used to recover bloody
fingerprints from skin.

2.6 Forensic Sil

Forensic Sik a lowviscosity, thixotropic, elastic compression compound. It is applied to the surface using
an automadic mixing device and forms highly detailed, elastic impressions of (damaged) surfaces. Forensic
Sil is made of polyvinylsiloxane, which forms wimeiring two components; a base and a catalyst. The
mixing tip mixes both components together in a constansaige. The mixing time five seconds and the
setting time aroundfive minutes with the summer version (above 0 degrees CelsjR&). The winter
version is specially made for temperatures below 0 degrees Celsius, provistieigsetting times[22]

Currently, Forensic Sil is used in forensics for taking imprints from tool marks and it thaas multiple
advantages; it is notoxic, quick with a simple application, suitable for comparison to previous imprints
and constant in mixing ratio. Othé@nportant advantages are that no fgroducts (such as moisture) are
formed during or after sting and Forensic Sil being dimensionally stable; flexible and sprow. [21]
Forensic Sil wilbe researched in this study aspassible new method for recovery of bloody fingerprints
from skin.
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3. Strategy

Goal

Theaim of this study is to determine whether Forensic Sil is more suitable than alginate for the lifting of
fingerprints placed with blood on skin. This will be agd@by placing bloody fingerprints on skin and lifting

the fingerprintsusing both alginate rad Forensic Sil. The lifted fingerprints will be enhanced with three
different blood enhancement techniques. Results will be captured with a camiaadditional light

source Grading of the fingerprints is performed by a group of objeataters, at three stages; prior to

lifting and enhancing (original), post lifting with alginate or Forensic Sil and post enhancement. This way, a
conclusion can be drawn aboutelability of both alginate and Forensic Sil to recover bloody fingerprints
from the skin andhe difference between the two methods

Strategy

To determine whether Forensic Sil can be used instead of alginate for the lifting of bloody fingerprints from
skin, the two lifting methods are compared. A conclust@m be drawrabout the lifting abilites based on

the amount of continuous ridges that are observed on alginate and Forensic Sil [28$tf24] The
fingerprints are captured with Blikon D510@amera and additional light sourcel results are anaked

and a number of fingerprints are examined by a fingerparaminer, who can perform professional
identification. [24] Besides, a selection of fingerprints is graded by a group of five objeatierss The
fingerprintsare gradedbased on the amount of continuous ridging processed in a grading sy€tentré

of Applied Science and Tewalogy¢ CAST)The system focuses on the surface area of developed ridge
detailing relative to a full fingerprin{24] All fingerprints are graded by the samater for consistency.
Three different stages are included in theading; the original fingerprint (on skin), the lifted fingerprint
(alginate or Forensic Sil lift) and the enhanced fingatpThis allows for a comparison to be made between
the original fingerprint on skin and the effect of lifting the fingerprintgjpoe, negative or neutral effect).

The grading is based on scores varyiatyveen 0 (no evidence of fingerprint) and 4 ifgaete fingerprint

with continuous ridgesBesides ridge detail, grading is focused on the amount of contrast observed, since
this can vary per blood enhancement techniglre addition, a comparative scale is included to compare
the alginate lifting methd to the Forensic Sil lifting method. The UC (University of Canberra) comparative
scale is set up to assess the relative perfance of method A compared to method®nce this scale can
only be used in case of split fingerprints, it is only performethemmain research split alginate and Forensic
Sil fingerprints. Comparative grading is set up with score®, ef, 0, +1 and-2. With score2 meaning that
method B provides far greater ridge detail and/or contrast than method A and score +2 the otiger wa
around. Score 0 means no difference between the methods is obsdB4dased on the data gadd from

the fingerprint gradingan intraclasscorrelation coefficients calculated forinter-rater reliability. T-tests

are performed tadeterminewhether a significant difference between the three stages and the two lifting
methods is presentA conclusion can be drawn about alginate and Forensic Sil as lifting methods.

Human skin is imitated usinmg skin, since they show high similaritj2§]. The skin is vacuum packed and
stored in the freeze defrosting is done by leaving it at room temperatuiighe bloody fingerprints are
imitated with blood of mammal origin (cowMammal blood is chosen since it comes from one donor, can

be stored in the freezer for a long time and remaicenstant. The oo blood contains EDTA, an
anticoagulant preventing clot formation. Cellular components and the morphology of blood cells lare we
preserved.[26] Prior to using the blood in the experiments, it is sieved and centrifuged taecrea
homogenous substance of blood cells and plasma and remove possible clots formed by defrosting. The
blood is stored in théreezer. During the experiments, the blood will be brought to room temperature (~20

°Q) and used directly after.

Before startingthe study, various experimesivere carried out to gain insight in alginate andlifsng
abilities These experiments showdkat alginate does not always provide a sufficient, high quality lift as
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stated in literature. Due to these findings, gpossible better method was sought. Based on small
experiments this seemedto be Forensic Sik product available at Loci Forensicé Bhis gave rise to
including Forensic Sil in the study, a new method that will be compared to the previously researched
alginate

Prior to the main study, a total of four preliminary studies are carried out. The results from these
experimens help proviee a narrowed method for the main studyhe preliminary studies are focused on
determining the optimal conditions of alginate, reasic Sil and skin. Alginate and Forensic Sil lifts are
performed on garbagdags to take away the possible deviant resultasesl by the relatively variable
surface of the skin. Results from the preliminary studies are used to provide a specific, opthad for

the main research. Here, the alginate and Forensic Sil lifts are performed on skin under optimal conditions
and inlarger sample sizes.

Throughout the main study, the bloody fingerprints will be placed as depletion series on the skin by four
individuals; two male and two female donors. This way, the variation that can exist between donors is
included in the result. D@ant results cannot be distinguished when only one donor is included in the study.
Depletion series are placddith right thumb, medium pressureon the skinn a series of nine, containing
three triplicateswith relatively constant volumes of blood. This prevents placing thick bloody fingerprints
with high volumes of blood. Based on the properties of blood, the high volumeweiload the fingerprint

and thus close theepidermal ridgesAlso, no latent fingerprints with low volumes of blood are placed.
When the blood volume is too low, blood enhancement will not occur. Therefore the fingerjufigs
remain latent. Both thickrd latent bloody fingerprintsan give deviant results and thus will not contribute

to gaining insight in the lifting abilities of Forensic Sil and algifbdeiever, he depletion seriedo contain

small variations in volume, since it is not possibledsalexact amounts of blood dhe fingerprint.

Only undiluted blood is used throughout the study. In practice, fingerprints placed with diluted blood can
be found on skin. They can either be visible (due to low dilution factor) or invisible (due toihitiind
factor). When thdingerprint is invisible to the human eye, it is not recognized and therefore not recovered.
Hence why high dilutions factors are not taken into consideration. When a fingerprint is visible to the human
eye, it is recognized antheérefore must be recoveredegardless of the dilution factor. Therefore no low
dilution factors are taken into consideration.

The alginate selected for this study is Aroma Fine Plus (normal set) provided by GC Corfeatoal.
studies regarding algit@ brand comparison condlie that GC Aroma Fine provides optimal resyltg]

[19] Hence why this brand of alginate was chosen to be used throughout the $tadgnhancement, three
blood reagentsare used: Amido Black, Hgarian Red and ALCV. All blood enhancement techniques are
water-based and available at Loci ForensigsBBood reagents were applied lopymersingthe samples for

an even application and constant stainifidne preparation and spdications are presenteih appendix |.

In conclusion, the results of Forensic Sil lifts are compared to the results of the aldtsat@omparing the

two methods shows the difference in lifting abilities, whether Forensic Sil is suitable fordiftthd so, to

what extentForensic Sil is more suitable than alginate. All variables per sub question are listed & table
Constant factors are also taken into consideration to lower variability and maximize the reproducibility (see
appendix ).

Table2 Selected variables, their description and correspondingjgabtion

Variable Description Sub question
Donor fingerprints Donor 1 female)¢ donor 2 (maley, donor 3 (male) 1-4
¢ donor 4 (female)
Blood enhancement technique ALG/¢ Hungarian Red Amido Black 1&3
Lifting method Forensic Si Alginate lift 2&4
Timestamps (post lifting) Oh¢2h¢4hg12h 5
16
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4. Methodology

Prior to the main research, multiple preliminary experiments were performed. These experiments were se
up to provide ingiht in the optimal conditions of alginate, Forensic Sil and the skin. The set optimal
conditionswere used throughout the main researetith larger samplesizes.

Optimal conditions of alginate

First, the optimal conditions of alginateere determined.This includes the mixing ratio, water temperature
and mixing in blood reagent3he experimentvas performed on black garbage bags to create a stable
surfacethat does not influence the alginate lifting abilities.

Five mixing ratiosf alginate GC Aroma Fine Plusormal sef to waterwere selected based on the ratios
described in literature and provided by the manufacturer. The ratios include; 1:3, 1:2.7, 1:2.5, 1:2.3 and 1.2
(seetable 3). Mixingwas donewith 21°Cwater. Fivedepletion series of six fingerprintsave placed on the
garbage bg and left to dryAlginate was applied to the depletion series with a spatula. Once applied, a
plastic plate was used to lightly press the alginate (for good contact and a flatAlgstatewas Eft to set

and dry (35 minutes). Subsequentlyepmixing ratio a depletion series was lifted and enhanced with ALCV
(1% hydrogen peroxide solution, Loci Forensigs ®My ALCV was used to maintain a constant staining
throughout every cast and viable. The alginate mixtures, fingerprints on the garbage bags, lifted
fingerprints prior to blood enhancement and lifted fingerprints after blood enhancement were all
photographed individuallyThe optimal mixing ratio is used to determine the optimalevaémperature.

Table3 Optimal conditions of alginatimcluded in sub study 1.

Mix ratio Water temperature Blood reagents

1:2 21°C ALCV

1:2.4 30°C Hungarian Red
1:25 40°C Amido Black
1:2.7 15°C

1:3 10°C

The experimentvas repeted for the variable water temperature. Alginate mixtures were prepared using
five different water temperatures, namely 2%, 30C, 40C, 18C and 1€C. Starting with 2’C, the other

water temperatures were altered based on the résuEach depletion sirs (six fingerprints) was lifted

using another water temperature mixture. ALCV was used to enhance the alginate casts. Results were
photographed.

Lastly, the mixing of blood reagents with alginate was researched. This experimgmerformed based
on the findings of multiple research articles regarding alginate. ALCV, HungariéfuRlesine solution, Loci
Forensics Bvand Amido BlacklLoci Forensics BWere mixed with alginate in a 1:2.5 ratio. In addition,
Amido Black was prepared without citric @qi2 gram AB in 1000 ml distilled water), since the acid
component may interfere with the alginate propertiedl results were photographed.

Optimal conditons of Forensic Sil

Forensic Sil is, as mentioned earlier, provided in both a winter and summ&pweThis experiment
determined which version provides an optimal lift of bloody fingerprints from garbage bags.

Three depletion series of fiingerprints were placed on garbage bags. One depletion series was lifted
using the summer version, one deptat series was lifted with the winter version. The last depletion series
were split fingerprints in which one hédihgerprint was lifted with thesummer version and the other half
fingerprint with the winter version. The Forensic Sil lifts were enhansgtguALCV. The experiment was
performed at room temperatur@nd all results were photographed.
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Optimal conditions of skin

For the optimal skin aaditions, washing the skin and the impact of time were included. Skin was either
unwashed or washed with greesoap and ethanol, only green soap or only ethanol. For every washing
condition a lift was performed 20 minutes and 2 hours after placing thedyldimgerprint. This was done

to gain insight in the possible effects of skin conditions (oiliness, dryriesgm the lifting mechanism.

Table4 Optimal conditions of the skin per depletion series: unwashed or washed skim ¢gegeand ethanol, green soap
or ethanol) at two time stamps (20 minutes or 2 hours).

Skin condition Time samp

1 Unwashed 20 minutes

2 Unwashed 2 hours

3 Washed 20 minutes
Green soap + ethanol

4 Washed 2 hours
Green soap + ethanol

5 Washed 20 minutes
Green soap

6 Washed 2 hours
Green soap

7 Washed 20 minutes
Ethanol

8 Washed 2 hours
Ethanol

A total of eight depletion series were set up with varying skin conditions and time stamps (sed)table
First, the skin was either left unwashed or washed according to the corresponding method. Once the skin
was dry, the depletion series of six fingans were placed on the skin with blood. 20 minutes after the
blood was dried, the fingerprints of depletion series 1, 3, 5 and 7 were lifted using Forensic Sil. Enhancement
of the Forensic Sil lift was done with ALCV. After two hours, the remaining ide@eties were lifted using
Forensic Sil followed by ALCV enhancement. All results were photographed.

In addition, the direct application of blood enhancement to bloody fingerprints placed on skin was
researched. Depletion series of six fingerprints werale on both unwashed and washed (green soap +
ethanol) skin. Three blood enhancement technigues (ALCV, Hungarian Red and Amido Black) were applied
to each depletion series dygnmersingthe skin in the reagent. No lift was performed, the condition of the

skin was photographed.

The experimentwascompletedwith researching the sequence of blood enhancement and lifting on skin.

The methodology was set up based on previously obtained results. Both alginate and Forensic Sil were used
in a split fingeprint, to enable comparison of the two lifting methods. First, the sequence of lifting followed

by blood enhancement was performed. One depletion series of 8 fingerprints was placed on washed skin
(green soap + ethanol). Each Kiatigerprint was lifted sing alginate and the other haffngerprint using
Forensic Sil. This was followed by ALCV enhancement. The other sequence regards blood enhancement
followed by lifting. ALCV was applied directly to the depletion series of fingerprints on the skin. Witier w

each fingerprint was lifted with alginate and Forensic Sil. Both sequences were photographed.

Lifting abilities of alginate and Forensic Sil

To complete the preliminary studies, the lifting abilities of alginate and Forensic Sil under optim&bendi
were researchedlnstead of using skin as the substrate, garbage bags were Tlednethodology of this
experiment is based on all previously gained results.
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Starting with alginate, a total of six depletion series containing six fingerprints Waeserpn garbage bags.
Three of the depletion series are set up for the sequence alginate followed by blood enhancement, the
three other depletion series are set up for the sequence blood enhancement followed by alginate. For
enhancement, ALCV, HungariaadRand Amido Black were used (see taB)e Alginate was prepared
according to the optimal conditions obtained from sub study 1.

Alginate was applied to the first three depletion series. Once lifted, the first alginate lift of the depletion
series was endnced using ALCV. The other two alginate lifts were enhanced with Hungarian Red and Amido
Black. Results were photographed. For the other sequence, three depletion series were enhanced prior to
the alginate lift. Each series was enhanced using a diffélent reagent; ALCV, Hungarian Red and Amido
Black. Each depletion series was then lifted using alginate. Results were photographed.

The same steps were repeated but with replacement of the alginate lift by a Forensic Sil lift (as shown in
table5). Again dl results were photographed.

Table5 Overview of sub study 4: the lifting abilities of alginate BorknsicS| on garbage bags at different sequences of lift
and blood enhancement.

Sequence: lift > enhancement Sequence: enhanceent > lift

Lifting method Reagent Reagent Lifting method
Alginate ALCV ALCV Alginate
Alginate Hungarian Red Hungarian Red Alginate
Alginate Amido Black Amido Black Alginate
Forensic Sil ALCV ALCV Forensic Sil
Forensic Sil Hungarian Red Hungarian Red Forensic Sil
Forensic Sil Amido Black Amido Black Forensic Sil

Main Research: liftindbloody fingerprints from skin using alginate & Forensic Sil

The main research foses on lifting fingerprints placed with blood from the skin using alginatd-anehsic
Sil. This is performed under the optimal conditions of alginate, Forensic Sil and skin as determined in the
preliminary research.

Per lifting mehod and blood enhancement technique a grid is set up. This grid contains nine samples
(fingerprints paced with blood) per donor. Three donors are included in the alginate grids, four donors in
the Forensic Sil grids. A schematic overview of the mairarebesetup is shown in tabk

Table6 Main research overview: lifting metts (alginate/Forensic Sil) with corresponding grids and blood reagents. Per
grid; 9 samples per donor; 3 donors for alginate, 4 donors for Forensic Sil.

Alginate Forensic Sil

Grid A Grid B Grid C Grid D Grid E GridF

ALCV HR AB ALCV HR AB
Donorl 9 9 9 9 9 9
Donor2 9 9 9 9 9 9
Donor3 9 9 9 9 9 9
Donor4 x 9 9 9
Total 3 gridsg 81 samples 4 gridsg 108 samples

To compare both lifting methods, twaepletion serie®f fingerprints were lifted with alginate and Forensic
Sil. This created a Epfingerprint thatenablesdirect comparison. Botkerieswere placed by donor 1 and
lifted with a halfimpression of alginate and a hathpression of Forensic Sil. Oserieswas enhanced with
ALCV, the other withrAido Black
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Main research: impact btime

Multiple alginate and Forensic Sil casts from the first part of the main research are subjected to an
experiment regarding the impact of time. The casts are left at nogoadlitions (room temperature, 50%

air humidity, away from direct sunlight) fa maximum of 24 hours. At time stamps of 0 hours, 2 haurs,
hours and 12 hours the casts are photographed. Camera settings and light sources remain constant
throughout the tinme stamps. The photographs of all time stamps are compared to each other dhe to
other lifting method.

Photography

Throughout all experiments, results were captured with a NiR&100digital camera. The preliminary
research results were photographed using a5BBnm DXlens in RAW+FINE form@do fixed setup was
used, since vargg surfaces, colos and methods were captured. However, within an experiment fixed
camera settings were used perrface and phase to prevent obtaining deviant results

Table7 Camera settings of the main research:-\&Mue, apentire and shutter time per phase of the research.

Surface ISO Aperture Shutter
Skin 800 F16 1/125
Alginate 800 F16 1/100
Alginateenhanced 800 F16 1/80-1/50
Forensic Sil 800 F16 1/100
Forensic Sénhanced 800 F16 1/80

Results of the main researahere captured with a macrens AF Micro Nikkor, 55mm, 1:3,8also in
RAW+FINE formalhis was done to capture optimal detdilere, a fixed setup was used; fixed distance
betweencameraand surface, fixed position of studio lamps and fixed camerangsitisshown in tabler.
Depending on the surface typthe shutter time and/or aperturevere altered.Additional light sources
were used to maintain a constant lighting in all photographs. Two studio |@absonEyes ®200 kelvin,
white light) shone orthe surface from left and right. lumatec®Superlite 40Ppwas used to create another
light sourceof white light(400-700 nanometer1/3 light intensity. The room was free of daylight and other
sources of lightAppendix shows this fixed photo setupf the main research.

Fingerprint grading & identification

A selection of results from the main reseasgbre graded and identifiedThis regards fingerprints derived

from donor 1 and 2Five students with similar backgrounds (bachelor forensic scieves) selected as a

test panel Grading forms were put togedn, containing photographs of 21 fingerprints: 4 original
fingerprints (on skin), 8 alginate fingerprints (of which 6 enhanced) and 8 Forensic Sil fingerprints (of which
6 enhanced)One fingerpnit is a split fingerprint lifted withboth alginate and Fomsic SilTheraterswere

asked to grade the fingerprinfellowing two score systemd-ingerprint 1220 were graded following the
CAST grading syste(see table8). A score ranging from 0 to 4 wasanted based orthe amount of
continuous ridges aridr contrast. The split fingerprint was graded following the UC grading system with a
comparative scalésee table). Here, a score?,-1, 0, 1 or 2 was granted based on the difference of method

A versis method BThegrading formsare shown in appendi¥/|

Table8 CAST Grading Syst¢pd]

Score Details

No evidence of fingerprint

Fingerprint recognizable, less than 1/3 of continuous ridgesr pontrast

1/3 to 2/3 of continuous ridgegdequate contrast

More than 2/3 of continuous ridges but not quite a perfect fingerprint, good contrast
Complete fingerprint, continuous ridges and excellent contrast

AlIWIN|FRL|O
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Table9 UCGrading Systemcomparative scal§4]

Score Details

+2 Haltimpression developed by ethod A exhibits far greater ridge detail and/or contre
than the corresponding halfnpression developed by method B

+1 Haltimpressiondeveloped by rathod A exhibits slightly greater ridge detail and/c
contrast than the corresponding hathpression developed by method B

0 No significant difference betweeté corresponding halimpressions

-1 Haltimpression developed by @thod B exibits slightly greateridge detail and/or
contrast than the corresponding hathpression developed by method A

-2 Haltimpression developed by @thod B exhibits far greater ridge detail and/or contre

than the corresponding halinpression developed byethod A

Data wasanalysed and processed in Excel. The frequency of the granted scores per fingerprimaterall
wereput together in a stackedar graph A twowayrandomintraclass correlation coefficiemtith absolute
agreementwas calculated irsPSB (BM®SPSS Statiss) to gain insight in the interater reliability. In
addition, t-tests were performed to determine if there is a statistically significant difference between two
groups (originafingerprint versuslifted fingerprinf). AppendixV provides further details regaling the
methodology of statistical calculations.

In addition to the fingerprint gradingwo fingerprints underwent professional identificatidy a fingerprint
examiner (Police Amsterdain One fingerprint is lifted with alginatand enhanced witiAmido Black, the

other fingerprint is lifted with Forensic Sil and enhanced with ALCV. A reference fingerprint of the donor
was used by the fingerprintkaminerfor comparison and matching minutiae
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5. Results

In order toachieve thegoal of the research, a total abdir preliminaryexperimentsand a mairresearch
wereexecuted Thepreliminary research waset up to provide insight irhe optimal conditions of alginate,
Forensic Sil and the skin. The messearchwasperformed undertheseoptimal conditions and contains
large sample sizes of both lifting methods; alginate and ForensiReSililts of the maimesearchwere
graded by a test panel based on a fingerprint grading systeraddition, an experimentegarding he
impact oftime on the casts was executed.

The results of the research are presented in this chapter. Additional results, images and data can be found
in appendixl.

Optimal conditions of alginate

The lifting abilities of alginate can be influenceddoyh the mixing ratio of water to alginate and the water
temperature. Therefore, both variables were testedafmtain an optimal lift.

The alginate to water mixing ratios range from 1:2 to 1:3. A mixing ratio of 1:2.5 results in a smooth mixture
with sufficient mixing time. An image of the alginate lift enhanced with ALCV is shown in Sguke
comparison to the other mixing ratios,ithcast shows the least amount of air bubbles and faditogind

the fingerprint ridgesWater temperatures of the algine mixture range from 4%C to 10C.When using a
mixing ratio of 1:2.5, the optimal water temperature appears to be 21°C or bgdew fgure 8b) Water
temperatures of 21°C, 15°C and 10°C obtain the same consistency and lifting abilities. Howeveinthe set
time elongates when the temperature decreases. This provides more time for mixing and application, hence
why cold water of approxiately 15°C is used in the rest of the research.

LLLOLLLLLULLELE TR

Figure 8 Bloody fingerprint lifted with aligate from a garbage bag, enhanced with ALCV (a) alginate mixture with 1:2.5
powder to water mixing ratio, (b) alginate mixture wal.:2.5 mixing ratio and 21°C water temperature.

Previous studies demonstrate that algiaacan be mixed with blood reagesinstead of water However,

the acidic component®f blood reagentseither made the cast dry and crumbly or wet and viscous.
Therefore the blood reagenfmido Black waprepared without sulfosalicylic acid and mixed wallyinate
powderin al:1 andl:25 ratio. The 1:1 mixing ratio of alginate aAthidoBlack (without acidic component)

is described in literature as a good alternative preparation of algifa#@In this study, these experimés

were reproduced. This showethdt mixing alginate in a 1:1 ratio withmido Black creates a crumbly
consistency. Alginate is not mixed well enough and remains to be a powder. Therefore, the mixing ratio was
altered to 1:2.5This results in a thick, blbery mixture that sets within 1 imute. Results show thatdespite
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the lower contrast due to the staininge fingerprints are well lifted and remain highly detailgsthown in
figure9).

4 y 4 -
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Figure9 Alternativepreparation of alginate: mixing in Amido Black witlyinate in a 1:2.5 mixing ratio. Subsequently the
bloody fingerprint is lifted and enhanced.

Optimal conditions of Forensic Sil

Forensic Sil is provided in both a winter and summer version. The liftitigea of the two versions were
compared to eachther. Results show that the winter version provides optimal liftisgong adhesion to

the surface ensures a strong lift. Compared to the summer version, more blood is lifted from the surface.
Blood enhacement shows a evidentdifference in these liftingbilities and is shown in figurE. Since

the winter version lifts more blooftom the surface, morblood enhancement occurBue to theseoptimal

lifting abilities, the winter version of Forensic Sil is used throughout the rest of the study.

© Loci Forensics B.V.

Figure10 Forensic Sil winter version (left hfilfgerprint) versus summer version (right Kafigerprint).
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Optimal conditons of skin

To gain insight in the conditions of the skilgody fingerprints were recovered from washed and ushed
skin. This was done 20 minutes or 2 hours past placenteiriclude the impacbf time. Subsequently,
three different blood enhancemeréechniques were applied to the skin directly.

Washing & impact of time

Results show that unwashed skin leaveayeelt of faton the surface When the fingerprint is lifted using
Forensic Sil, there is less adhesion to skidue to this fat layerresulting in a minor liftin addition the
bloody fingerprint does not dry properly due to this fay layer. This can be adxden both the skin and
the lift: the blood and fat form an emulsion that causes the blood to deftmaugh coheion (shown in
figure 11).

Figure11 in conditions of unwashed skin (a) original fingerprint on skin (b) Biar&il lift of the fingerprint, 20 minutes
past placement (c) Forensic Sildifthanced with ALCV.

Washing the skin takes away the fat layer, leaving a more dry suftfzaeis more likely to be found on
human skin)The blood of the fingerprint is abte dry and the Forensic Sil lift has stronger adhesion to the
skin. When enhancd with ALCV, the lifted fingerprint is more evident, higher in contrast and more
continuous ridging can be observed (see figuze Therefore washed skimprovides optimal sk conditions

and is used throughout the rest of the study

Figure12 Xin conditions of washed skfa) original fingerprint on skin (b) Forensic Sil lift of the fingerp2idtminutes past
placement(c) Forensic Sil lifnbanced with ALCV.
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In addition to studying unwashed amdashed skin, the impact of time on the skin conditions was also
researched. Time stamps of 20 minutes and 2 hours were taken between placing the fingerprint and
recovery. This was done to observe wher variations in lifting quality are observed as tinmereases.
Figure Bashows the condition of the skin at the 20 minute time stamp, figlBbat 2 hoursNo changes
appear to be presenin the quality of the fingerprint on skin: both show contingordges (on the same
spots). Looking at the Forensic il shown in figurel3c sufficient continuous ridgingeems to be
obtained. The low impact of time provides a 2 hour time frame to place and recover the fingerprints in
further experiments.

Figure13Impact of time on skin conditions (a) original fingerprint on skin, 20 minutes past placement (b) original fingerprint
on skin, 2 hours past placement (c) Forensic Sil lift of fingerprint enhanced with ALCV, 2 hplaisqrasit.

Blood enhancement directly on skin

Blood reagents were directly applied to unwashed and washed skin. Differences in the amount of staining
and fats were observed. A better contrasblstainedwhen the skin is washed with green soap and ethia

and thus has less of a fat layer on the surfadee unwashed skin shows that the blood reagents clot onto
the fat layer, which influences the staining of the fingerp(see figure 14)

ST T T T T ™ Ty
Figurel4 Fingerprints placed withlood on skin, enhanced with ALCV (a) onashed skin, (b) on washed skin.

Hungarian Red and Amido Blaé&ldlow contrast between the fingerprint and the skin. Since these blood
reagents are based on protein staining, they react with both the protieined in blood and the proteins
present on sk (see appendix). On the other hand, ALGes provide good contrast. This ikely due

to the properties of ALCV in staining ongemoglobin, not proteinsBoth on washed and unwashed skin a
good contrat is observed, with optimal contrast on washed skin.the unwashed skin, more continuous
ridging is observedn conclusion, only ALCV can be directly applied to the skin for blood enhancement.

Sequence of lifting and blood enhancement on skin
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Resultsndicate that the sequence of lifting followed by enhancement provides a stronger lifting mechanism
and is more detailed (see figur&d) than lifting an enhanced fingerprint (see figugg). Figue 15b shows

the skin surface after the alginateorensic $lift was performed. It can be observed that less blood is left
on the skin, mainly with the haffngerprint that was lifted with alginate. This can be caused bytssible

lifting mechanism o&lginate, in which blood is partly dissolved and encagkiil8] Forensic Sil seems to

lift only athin upper layer of the bloody fingerprint, explaining why sufficient blood remains on the skin.
The other sequence (enhancemt followed by lift) leaves higher amounts of blood oe #kin surface, as
shown in figurel6b. Figurel6ashows that the obtained lift is minimal; low contrast with partial ridging.

M i

Figurel5 (a) Split fingerprint lifted with alginate (right halinpression) and Forensic Sil (ledif-impression), enhanced with
ALC\b) remaining fingerprint on skin surface post lifting with alginate (left fraffression) and Forensic Sil (right half
impression)enhanced with ALCV (mirror image).

Figure16 (a) Splitfingerprint enhanced with ALCV and lifted with alginate (right-tmfiression) and Forensic Sil (left half
impression) (b) remaining fingerprint on skin aue post lifting with alginate (left halimpression) and Forensic Sil (right half
impression) (mmior image).
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Lifting abilities of alginate and Forensic Sil

The sequence of lifting and blood enhancement was determined for alginate and Forendiat Sil
performed on garbage bag®ptimal conditions of alginate and Forensic Sil obtaiffech the previous
experiments were used.

Alginate

First, alginate was applied after which the alginate cast was enhanced using ALCV, Hungarian Red or Amido
Black. Theesults of this sequence are shown in figuie Alginate casts enhanced with Hungarian Red and
Amido Black show dark staining over the whole cast, not only the fingerprint is stéfigede 17bc).

Because of this, less contrast is observed. Howeveramsgment with ALCV shows clear contrast, no
background staining is observéiijure 17a) All fingeprints have smudged edgesd the cast remaied

wet for a long time.

L A

Figurel7 Fingerprints placed witblood lifted with alginate followed by blood enhancement (a) ALCV (b) Hungarian Red (c)
Amido Black.

Changing the sequencehanges the liftingmechanismof alginate. The fingerprints enhanced with
Hungarian Red and Amido Blagkld a minimal lift(figure 18bc) Faint fingerprints are observed with no
continuous ridges antbw contrast. On the other hand, the fingerprint enlead with ALCV shows more
continuous ridges and contrast when liftddee figure 18a)The fingerprint appears to be more fixed
compaed to the other sequence (lift followed by enhancemenit®ss blurring is observed andtbast is

less wet. This might bdue to not adding the blood reagent directly to the cast.

(b)

(o
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Figure 18 Fingerprints placed with blood enhanced with blood reagents followed by an alginate lift (a) ALCV (b) Hungarian
Red (c) Amido Black.
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Forensic Sil

The fingerpint was lifted from the surface after which it was enhanced using ALCV, Hungarian Red and
Amido Black (see figur@) This sequence provides a good lift: all fingerprints of the depletion series are
properly lifted with good ridge detailing and contraktainly ALCV and Hungarian Red gave good contrast,
as shown in figure%a-b.

»

T

Figure19 Fingerprints placed with blood lifted with Forensic Sil followed by blood enhancement (a) ALCV (b) Hungarian Red
(c) Amido Black.

Altering the sequence seems to not change the lifting abilities of For&ikiEqual amounts of continuous
ridges and a good contrast can be obser{gae figure 2Q)All of the fingerprints within the depletion series
are lifted properly, providing high qualitynfierprints. Results show that both sequences (lifting followed
by enhancement and enhancement followed by lifting) provide high qufitigerprints with the Forensic
Sil lift.

Figure20 Fingerprints placed with blood enhatkeith blood reagents followed byrorensic Siift (a) ALCV (b) Hungarian
Red (c) Amido Black.
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Main research: Lifting fingerprints from skin with alginate & Forensic Sil

Based on the results of the preliminary research, the main reseaeshexecutedThe lifting abilities of
alginateand Forensic Sil were tested specifically on skin, in larger sampleTdieaias done to reach the
goal of the study; determine whether Forensic Sil is more suitable than alginate for the lifting of fingerprints
placad with blood from the skinA seleton of all fingerprints is shown in this chapter. The other
fingerprints have been omitted for the overview and can be found in appehdike fingerprint selections
includedin this chapter are representative ftine other obtained results.

Alginate

Three grids were set up, each grid containing nine samples of three donors and enhanced with a different
blood reagent (ALCV, Hungarian Red or Amido Black). The results wereugangtke following optimal
conditions; vashed skin (green soap and ethanal 1:2.5 alginate mixing ratio with G water, performed

in the sequence of alginate lifting followed by blood enhancem@he fingerprints were recovered within

2 hours after placement.

The results obtained by liftghthe fingerprints of donor With alginate are shown in figurglac. Figure
21a shows the alginate cast enhanced with ALidAfe, blurred edges and faded epidermal ridging can be
observed. The alginate cast remains wetusinga shiny surface that comtues to blur out the lifted
fingemrint. Essentiafingerprint detaiing seems to be lost when using ALCV. Hungarian Red prowides |
contrast, buthas a lower amount of blurrin¢see figure21b). Partial epidermal ridging can be observed.
The third fingeprint, as shown in figur@lc, isenhanced with Amido BlacKhis fingerprint also shows
partial epidermal ridges and has good contrdste fingerprints obtained from donor 2 and 3 are presented
in appendixll

Figure21 Alginate cass ofthreelifted fingerprints, enhanced with three different blood reagents (a) ALCV (b) Hungarian Red
(c) Amido Black

These observations can be substantiated with the data gained of the fingerprint gr&aioly.fingerprint

was graded with a sce from 0 to4 by fiveraters based on the amount of continuous ridges and contrast
observed Fingerprint a (see figurgla) is gradedvith score 1 by altaters (n=5. This indicates that the
fingerprint is recognizable, but less than 1/3 of the fingarpcontainscontinuous ridging and the contrast

is poor. Fingerprint b (see figugdb) is graded most with a scorer2=)). Score 2 describes the fingerprint

as recognizable, with 1/3 to 2/3 of continuous ridges and adequate contrastr&der grantedscore 3
(n=1); more than 2/3 of continuous ridges with good contrast. The third fingerprint (see f&u)ds graded

with a score 2r{=2) and score 3n=3). The complete data set is presented in appendix |
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To gain insight in the lifting altiés of dginate for recovering bloody fingerprints from skin, three phases
were compared. Figurg2 shows the phases; the original fingerprint placed with blood on skin, the lifted
fingerprint with alginate and the enhanced alginate cast with Amido Black.

Figure 22 Main research: three phases of alginate lifting (a) original fingerprint placed with blood on skin (b) lifted fingerprint
with alginate (mirror image) (c) lifted fingerprint with alginaemhanced with Amido Black (mirroragpe)

Fingerprint gradinglataof the three fingerprints (figur@2a-c) are shown itable 10. The amount of times

a score was granted to the fingerprint per phase is given. This data is convertestaitkad bar graphas
shown in graph 1.

Table 10 Fingerprint grading data: frequency of the granted scorel)(@er phase (originaklginate lift, alginate lift
enhancedl

Alginate¢ Frequency of granted scores per phase

Phase Score 0 Score 1 Score 2 Score 3 Score 4
Original 0 0 1 3 1
Alginate 2 3 0 0 0
Alginateenhanced 0 0 2 3 0

The graph below shows the amount of times a score was granted to the fingerprint per phase (based on
the test panel). Each score is represented giferent colaur; score 0 (red), score 1 (orangegose 3
(yellow), score 4 (light green) and score 5 (dark gre®myve the bars, the average score is displayidu:
original fingerprint, as shown in figug2a, is graded most with score Bingerprint2 (alginate) is graded

most with £ore 1.The liftedand enhanced fingerprint, shown in figu?@c, is gradednost with scores 2

and 3. According to these results, theappears to be ndmprovement between the original fingerprint

and the fingerprint lifed with alginate. Besides, the original fingerpfirgts overall higher scores (average

3.0) than the lifted and enhanced fingerprint (average 2T®).determine whether there is a significant
difference between the original fingerprint and the alginatg Bf t-test is performed. This allows possible
negaive, positive or neutral effects of the alginate lift to be detected.
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Alginate donor & fingerprint at three phases
3 0,6 2,6
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Frequency of granted score
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FP 1 (original) FP 2 (alginate) FP 5 (alginate enhanced)

B Score 0 mScore 1l = Score 2 mScore 3 B Score 4

Graph1 Fingerprint grading data converted to a stacked bar graph: fingerprints (FP1, FP2, FP5) at #se (phiginal,
alginate, alginate enhanced) with cespondingrequency ofyranted scores ranging from4

It is calculated whether there is a significant differenceneragescores of the original fingerprifEP1)
and the enhanced fingerprint lifted with alginaeP5) This was done usinghandeperdent samples-test
with assumed unequal variances. The results of ttesst are shown in tablél. According to the ralue,
no statistically significant difference found between the two groupslhis can be interpreted as the
alginate lift not havin@ negative or positive effeabn the original fingerprint.

Table11 Twosided ttest independent samples, assumed unequal varianceginal ingerprint (FP1) versus alginate lift

enhanced with Amido Black (FP5), data derived fingerprint gradingusing the CAST scesgstem Rvalue < critical value
shows that there is no statistically significant difference between the average scoregpfligrod group falpha = 0.05/n=5).

Group 1 Group 2 P-value Critical value
Original ingerprint(FP1) Alginate lift (FP5) 0.346597 2.306
Forensic Sil

Three grids were set up with nine samples for each donor. The samples weranittteBorensic Sil. The
results were gained using the following optimal conditions; washed skin (greenasmhpthanol), the
Forensic Sil winter version and performed in tbequence of Forensic Sil lifting followed by blood
enhancementRecovery of thdéingerprintstook placewithin 2 hours past placement.

The results of lifting the fingerprints from donomiith Forensic Sil are shown in figu28a-c. Figure23a

shows the Brensic Sil cast enhanced with ALCV. Here, a good contrast is obtained with overall good
epidermal ridgesNo blurring or fading of the fingerprint is observed and the surface does natinewet.

The fingerprint seems to be fully lifted. However, the stanises the epidermal ridges to be interrupted,
creating less continuous ridgingungarian Red creates an overall lower contrast, but the full fingerprint
appears to be lifted with suffient epidermal ridging. Here, interruptions caused by the skin sedme less
evident(see figure23b). Lastly, the fingerprint enhanced with Amido Blaskshown in figur@3c. Good
epidermal ridging and contrast can be observed. Again, the skin causespidermal ridges to be less
continuous Overall, the lifting mecanisms appears to be relatively constant and accurBie. fingerprints
obtained from donor 2, 3 and 4 are presented in appendix |

To ensure these findings, all fingerprints were sulgdcto fingerprint grading. The fingerprints were
graded with scores ranging from 0 to 4 based on the amount of continuous ridges and contrast (as
previously explained}-ingerprint a (see figurg3a) s graded with scores 2£1), 3 =3 and 4 §=1). Scoe

3 meaning more than 2/3 of the fingerprint has continuous ridges and good contrast. Fingerprint b (see
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figure 23b) is graded most with score A3 and with score 3n=2). Score 4 is described az@amplete
fingerprint with continuous ridges and exceltecontrast. Fingerprint ¢ (see figu2&c) is graded most with
score 3 (=4). Onerater granted score 2n=1). These scores indicate that 1/3 to 2/3 of the fingerprint has
continuous ridges, with ademte to good contrastThe complete data set is preseatin appendix\l.

Figure23 Forensic Sil casts of three lifted fingerprints, enhanced with three different blood reagents (a) ALCV (b) Hungarian
Red (c) Amido Black.

To gain insight in the lifting abilities of Forensic Sd,ttiree phasesvere compared; original fingerprint on
skin, lifted fingerprint with Forensic Sil and the enhanced lift with ALCV (see fidai®).

Figure 24 Main research: three phases of Forensic Sil lifting (a) origingérfinint placed with blood on skin (b) lifted
fingerprint with Forensic Sil (mirror image) (c) lifted fingerprint with Forensic Sil, enhanced with ALCV (mirror image).

Thecomparison was done based on the fingerprint grading data. Per phase, a scoreawias do the
fingerprint (see table 2). The data is converted to a stacked bar graph, as shown in gaph

Table 12 Fingerprint grading datafrequency of the granted score-40 per phase (original, Forensic Sil lift, ForensiiftSi
enhancedl

Forensic Sit Frequency of granted scores per phase
Phase Score 0 Score 1 Score 2 Score 3 Score 4
Original 0 0 3 1 1
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Forensic Sil 1 3 1 0 0
Forensic Sil enhance 0 0 1 3 1

The frequency of the granted scores per phase is showmeigtaph. Above the bars, the average score is
displayed. Fingerprint 11 (original fingerprint on skin) is graded most with score 2. The Forensic Sil lift
without enhancement is graded most with score 1. However, when the Forensic Sil lift is enhanced with
ALCV, scores rise. Here, a score 3 is gramiagst. When comparing the original fingerprint (FP11) to the
Forensic Sil enhanced fingerprint (FP13), an increasement in scores can be observed. This indicates a
positive effect of Forensic Sil lifting whemgpared to the original fingerprint. To determg whether this
assumed differences statistically significant, atést is performed.

Forensic Sil donor-Ifingerprint at three phases
2,6 1 3
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0

FP 11 (original) FP 12 (Forensic Sil) FP 13 (Forensic Sil
enhanced)

mScore 0 mScore1l Score 2 mScore 3 mScore 4

Graph2 Fingerprint grading data converted to a stacked bar graph: fingerprints (FP11, FR3PaFtree phases (original,
Forensic Sil,dfensic Sil enhanced) with corresponding frequency of granted scores ranging4rom 0

It is calculated whether there is a significant difference in average scores of the original fingerprint (FP11)
and the enfanced fingerprint lifted with Forensic Sil (. This was done using an independent samples
t-test with assumed unequal variances. The results of {testtare shown in table 1. According to the p
value, no statistically significant difference is folraween the two groupsThis indicates that Fensic Sil

has a neutral effect on the lifting of the original fingerprint.

Table 13 Twosided ttest independent samples, assumed unequal varianegginal fingerprint (FP1) versusgaiate lift

enhanced with Amido Black (FP5), data derived from fingerprint grading the CAST scesgstem Rvalue < critical value
shows that there is no statistically significant difference between the averagessaiogroup 1 and group(2lpha =0.05/n=5).

Group 1 Group 2 P-value Critical value
Original fingerprin{FP11) Forensic Sil lift (FP13) 0.455366 2.306

Alginate & Forensic Sil

A series of nine fingerprints were lifted using both alginate and Forensic Sil-inpegksion lifted with
alginate and a haffmpression lifted with Forensic Sil. These split fingerprints make a comparison between
the two lifting methods possible. Figu25 shows one of the obtained split fingerprints, enhanced with
ALCV.
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Figure 25 Split fingerprint: half impression lifted by method A (lefiorensic Sil) and hafhpression lifted with method B
(right - alginate) enhanced with ALCV.

It can be observed that the Forensic Sil fialpression (left) shows clear continuous ridgingptighout the
fingerprint, it is highly detailedOn the other hand, the alginate hathpression (right) seems to have faded
ridges and remains to have a moist surface. To substantidte difference fingerprint grading was
performed. A new spliingerprint was made (lifted with both alginate and Forensic Sil) and enhanced with
Amido Black. This was done due to Amido Bideldingthe highest average scor@.6) in fingerprint
grading of the full fingerprints, and ALCV the lowest average gtdigfor donor 1).

In order to combine all previously obtained results, the methods were compared via fingerprint grading
with a comparative scale (UC score system). Figasthows the fingerprint that was submitted for grading

by the test panel. This fingerptiwas graded with a score ranging freito +2, based on the difference in
continuous ridges and contrast of the lifting methoB&sults show that athters(n=5) granted a score +2

to the split fingerprint. This indicates that the hadfipression lifed with method A (left, Forensic Sil)
exhibits far greater ridge detail and/or contrast than the corresponding-ingifession developed by
method B (right, alginate). According to the fingerprint grading, there is a significant difference between
lifting with alginate and Forensic Sil, in which Forensic Sil provideptanal lift compared to alginate.
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Figure26 Split fingerprint: haHmpression lifted with method A (lefForensic Sil) and héthpression lifted withmethodB
(right - alginate), enhanced with Amido Black.

Main research: impact of time

Subsequently, the split fingerprinsifown in figure26) was tested on the impact of time. This way, a direct
comparison between the impact of time on an alginate cast a Foensic Sil cast could be made. The
impact time makes on both cass tracked by focusing on the amount of shrinkage, the stability of the cast
and the amount of continuous ridges and contrast observed at every time stamp (0 hours, 2 hours, 4 hours
and 12hours).Results are shown in tablet.

Tablel1l4 Impact of time: split fingerprint lifted with alginate and Forensic Sil, eodd with Amido Black, at time stamps of
0 hours, 2 hours, 4 hours and 12 hours.

Ours 2 hours
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It can be observed that alginate is more likely to shrink and lose detail (continuous ridges) and contrast,
especially after 12 hours. Since alginate is wai@sed, it is prone to evaporate the water and thus be
dimensionally unstalkl The shrinkage issifble in figure 24; the gap between the alginate and Forensic Sil
casts grows and the width of the alginate cast decreases (right side of the image). On the contrary, Forensic
Sil is more stable and does not lose its detail and emhtiDue to this higdimensional stability, it could be
conserved and reassessed throughout the study (approximately 10 weeks).

Fingerprint grading& identification
Fingerprint grading

A total of 2 fingerprints were graded by a group of fiveers. Each fingerprint was graded with a score
from 0 to 4, based on the amount of continuous ridges and contrast. Data obtained from the fingeigprints
shown in grapt8. The frequency of the granted scorergangerprint is processed in a stackedr graph,
with 5 being the maximum frequency. Every fingerprint is labelled with the corresponding phase.

The graph shows the average scores granted per fingerprint above theJsagisal fingerprints are graded

with average scores ranging from 1.8 to 3.0. The l¢wesres are granted to the lift without enhancement
(alginate and FS in graph), with scores from 0.0 to 1.0. This shows enhancement is a necessary step when
lifting fingerprints. Tie average scores atéghest for Forensic Sil enhanced fingerprints (raggiom1.4

to 3.6). On the other hand, alginate enhanced fingerprints have overall lower scores (ranging from 0.6 to
2.6).
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Graph3 Fingerprint grading data: frequency of tigeanted scores per fingerprint (n=5) with scores raggrom 0 to 4 (e =
enhanced, FS = Forensic Sil).

The fingerprints from grap8 are converted into categories per phase; original fingerprints, alginate lifted,
alginate enhanced, Forensic Sil lifted and Forensic Sil enhanced fingerprints. The total arhount
fingerprints per phase is given and the corresponding frequencies of storeddition the most frequent
score is mentioned to gain insight in the differences in scores per catéggmytable 15)

Table15Frequency table of scagranted in fingerprint grading per category (phase); original fingerpriginale, alginate

enhanced, Forensic Sil (FS), Forensic Sil enh&¥itedhe total amount of fingerprints per phase and the most frequent score
per phase.

FP nr. Score 0 Scae 1 Score 2 Score 3 Score 4 Most frequent
Original 4 0 1 13 4 2 score 2
Alginate 2 7 3 0 0 0 score 0
Alginate enhanced 6 3 12 9 6 0 score 1
Forensic Sil 2 6 3 1 0 0 score 0
FSenhanced 6 0 4 10 12 4 score 3

The data is conveet to a stacked bar graph (see graf)hHere, a clear overview is provided of the least

and best graded phases. Notable is that the alginate enhanced fingerprints are graded with scores ranging
from O to 3 (most frequent score 1), whilee Forensic Silrints are graded with scores ranging from 1 to

4 (with most frequent score 3)According to the databtained from fingerprint grading, Forensic Sil
enhanced fingerprints yield the overall highest scofalditional data from fingerpringrading is presesetd

in appendix V.
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Graph4 Stacked bar graph: frequencies of the granted scores per phase (original, alginate, alginate enhanced, Forensic Sil,
Forensic Sil enhanced), with scores ranging from 0 to 4

To determine if there is aoverall agreement between the raters, an intraclass correlati®xtwascarried

out. A high agreement ensures a higher reliability of the obtained data (within a 95% confidence interval).
The selected method for calculating thetraclass correlation coéi€ient (CQ is a twoway random
intraclass correlation with absolute agreement for multiple raters. Results ahtheclass correlationest

are shown in table 8. Single measures (comparing one measure to another measitajned an ICC

value of 0.74, which indicates a good absolute agreement between these values. Thall@CQhat is
important to determine intefrater reliability is that of average measurém IC@ralue of 0.935 (95%CI:
0.8680.972) was founfbr averag measuresThis means thers excellent agreement between thaters.

The high correlation ensures a high reliability of the data obtained fromatezs (averaged)

Table16 Output of the SPSS reliability analysis based on the fingerprint grading dattablé contains the corresponding

two-way random intraclass correlation coefficient with absolute agreement for multiple raters, for single and average
measures, with corrg®nding 95% confidence interval.

Intraclass correlation coefficient

Intraclasscorrelation 95% ClI
Lower bound Upper bound
Single measures 0.741 0.568 0.873
Average measures 0.935 0.868 0.972

Fingerprint identification

Two lifted fingerprints weresent in for professional fingerprint identification; one fingerprint lifted hwit
alginate (FP5), one fingerprint lifted with Forensic Sil (FP13). The lifted fingerprints were compared to a
reference fingerprint of the donor. Mehing the fingerprints is done based on (the amount of) minutiae.
When sufficient matching minutiae are fod (in fingerprint and reference), this can lead to fingerprint
identification. In the Netherlands, a minimal amount of 12 minutiae is requiredeatify a fingerprint.

When identification is not possibledue to insufficient minutiag it can still coftribute to exclusion.

Figure27 shows the matching of the fingerprint lifted with alginate (FP5) with the reference fingerprint.
According to theihgerprint examiner this fingerprint has the lowest quality (when compared to FP13).
Comparison leads to #otal of 7 matching minutiae. Due to disruptive factors in the fingerprint,
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identification is not possible. However, the fingerprint (FP5) can darier to exclusiorof an individual.
These matching minutiae are shown as blue dots and are numbered e #guBesides the matching
minutiae, a few other minutiae have been found that cannot be matched. This can be due to the disturbance
in the fingerpint or possible deformation of the surface (skin). When placing the fingerprints, softness of
the skin cardeform the fingerprint. A0, movement can cause deformation while placing or lifting the
fingerprint.

Figure27 Fingerprint identification othe alginate lift enhanced with Amido Black (FP13), compared to the reference

fingerprint (donor 1). A total of 7 minutiae are matched (blue dots).

Figure 8 shows the matching of the fingerprintted with Forensic Sil (FP13) with the reference fingerprint.
According to the findings of the fingerprint axiner, a total of 13 matching mutiae are found when

O2YLI NAYy3 GKS FAYISNILINAYyG G2 GKS NBEFSNEBYQSOAyADS
finding minutiae from the reference, in the fingerprint (tiébould typically be the other way around).

Again, the fingerprint hasistuptive factors. These disruptions can cause the minutiae to be relatively

further apart from each other therhiey originally were. This can also be caused by softness or resilience of

the surface (skin) while placing the fingerprint. Because of thepliems, epidermal ridges can translocate.

Three epidermal ridges can be observed between two minutiae in tigerfomint, while the reference only

has two epidermal ridges between those minutiae. Despite the 13 matching minytidech should be

sufficient for identification ¢ no identification can take placelhe disruptions and translocations of
epidermal ridgingcomplicates the process of identification. In a regular research, the fingerprint can only
contribute to exclusion. ThengerprintexamineraRRaY WiKS C2NByaAr O {Af YSGK2R
a lot better than the alginate method. The surffa@SYa (2 095 ( KSAd&todaNaalEiok 3S FI C
fingerprint identification and theaference fingerprints of all donoere presentedn appendix Il
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4 3 21 131211

Figure28 Fingerprint identification othe Forensic Slift enhanced with ALCV (FP13), compared to the reference fingerprint
(donor 1). A total of 13 minutiae are matched (blue dots).
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6. Discussion

The aim of the research was determine whether Forensic Sil is more suitable than alginate for the lifting

of fingerprints placed with blood on skifithis study originally started with researching further into the
lifting abilities of alginateBased on multiple scientific articledgemate was put out as a promising method

for lifting bloody fingerprintsand shoeprintdrom multiple surfaces[17][27] [19] The use of alginate on

skin had notbeen researched yet, even though it appeared to be a promising method for lifting bloody
fingerprints from skin. Hence why the study started with focus on alginate as a lifting mettdg Ehe
research it soon appeardd have multiple negative factorg.or example, the preparation and application

are not optimal. Relativelynuch material is needed and the process of application is messy, which can
cause deformation of the fingerprirgnd loss of detailAlso, alginateasts remained wet for a longrie
(sometimes up to 24 hours) due to it being wabersed and additionallypplyingblood reagents. This
causes the fingerprint taiffuse quite fast. So, when lifting with alginate, the process of recovery and
photographyhas to be done fast. All of the§actors can have a negative effect on the fingerprint evidence.
Hence why the study shifted towards a new lifting method; Forensic Sil. This method was never used before
for this purpose, but soon appeared to be yieldimgag results. Due to Forensic S#eming more optimal

than alginate, it was incorporated into the study. Positive sides to Forensic Sil were the dimensional
stability; the cast was not influenced by water, other liquids, time or temperature. But the rdetheded
further testing to subsintiate these findings. Therefore, the focus was on comparing the two lifting
methods and gain insight in their lifting abilities. Optimal conditions were established and the main research
contained larger sample sizes. Fhiay, a conclusion could be dmaabout the optimal lifting method.

It is important to keep in mind that this regards a pilot study, since this is the first time Forensic Sil is
researched for lifting bloody fingerprints from skin. Because of this, marigbles are not yet researched.

These variables can be included in a foHgpvoptimisation study. In some ways this study already focuses

on optimisation; multiple donors, time stamps and the comparison between two methd@d] A
recommendation about furtr optimisk G A2y gAff 6S YIRS 6O0KILWGSNIy wwSO

Preliminary research

The preliminary research was focused on determining the optimal conditions of alginate, Forensic Sil and
skin. This way, the main researcmarowed down invariables Including too many variables might lead

to unambiguity in results or deviant results. Also, the-pe¢ optimal conditions make sure the focus lies
solely on determining the lifting abilities of alginate and Forensic Sil {th@&the research

The first preliminary experiment concerned the optimal conditions of alginate, including the mixing ratio,
water temperature and mixing in blood reagents. An optimal mixing ratio of 1:2.5 and water temperature
of <21°C were establishie When looking a& previous scientific article on alginate, theixing ratio used

was either that of the manufactureror an altered ratio around 1:2.$17] However the temperature of
water was not mentioned. This gave riseresearching thee factors for this study, since it can highly
influence the process of application and the obtained restlte results showed that the lifting abilities of
alginate are highly dependent on the water temperature used. Temperatures @f@eower the miing

and setting time of alginate. Because of this, there is less time for a good application and lift. It is considered
that the low setting time leaves insufficient time for the alginate to encapsulate blood of the fingerprint,
thus creating a minimal ft. On the contrary, a low water temperature gives a relatively long setting time.
This enables alginate to encapsulate and lift sufficient blood from the fingerprint. A water temperature
below 2TCis essential when lifting with alginate

Subsequentlythe optimal conditions of Forensic Sil were determined. Results showed that the winter
version of Forensic Sil provides an optimal lift compared to the summer version. The winter version had
stronger adhesion to the surface and thus cessd strong lift wih high contrast. However, the winter
version is made to be used at low ambient temperatures®@¥0When using this version at room
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temperature or higler temperatures, the setting time will decrease. At room temperature (used in this
study), the setting tine is approximately 15 second&hen ambient temperatures are higher than room
temperature, the setting time will be too short for good application. In this case, the summer version of
Forensic Sil is necessaurther work on the liftig abilities of thé=orensic Sil summer version is needed.

The preliminary experiment regarding optimal conditions of the skin showed that a layer of fat forms on

the surface of the pig skin. This caused the bloody fingerprint to lay on top of the skilefmmch. To obtain

optimal results, the skin was washed with green soap and ethanol, creating a more dry skin surface. This
was done to imitate the relatively dry human skin (under normal circumstanéés3hing the skigave a

stronger adhesion of ForensRil to the surfag and provided a stronger liftn addition findings of the

fingerprint examinerwere that no identification is possible for Forensic Sil, due to the skin surface creating
disturbances. When compared to human skin, the pig skin was more texéune flexible (sice it was not

present on a body). This might cause the disruptions in the Forensic Sil lift. Without these disruptive factors

in human skin, it is more likely that fingerprint identification is possible. This gives rise to researehing th

lifting abilited 2 F C2NByaA O {Af 2y KdzYty aiAy TFd2NIHKSN 6aSsSS$s

Main research

In the main researckhe lifting abilities of alginate and Forensic Sil are tested in larger sample sizes. For
alginate, three donors were include@hey each placed a triplicate of nine samples in a depletion series.
Each depletion series consisted of three fingerpriAtHingerprints were placed with the right hand thumb.

Per variable, nine samples were included9). In total, three grids witt81 samples were lifted using
alginate 6=81). Due to limited amounts of alginate present and the disadvantages of the liftingoaheto
further samplegfrom extra donorsjvere set up and recovered. For Forensic Sil, a total of four donors were
included.Again, depletion series of nine samples were placed per variab®. (In total, three grids with

108 samples were lifted usirigprensic SilnE109. The large sample sizes of alginate and mainly Forensic
Sil higher the reliability of the research. Thasistency of the obtained results is high. Within the depletion
series or within variables, no deviant results were found thaiglothe reliability of the research.

The positive control involved the depletion series placed with blood of nine fingertimee triplicates)

for each variable (donor, blood reagent, lifting method) on skin. Negative controls were considered, but
were believed to not be of any added value to the research. Since the fingerprints were placed on a clean
surface and photographsere taken at each stage, that was regarded as a negative co@ptimisation

studies might consider including a negative cohin the depletion series.

Statistically significant differences were not found betwethie original fingerprint and alginatand
Forensic Sil lifted fingerprin®©5% CI)This indicates that the data of the two groups is accuratéhW
alginate the orignal fingerprint had a higher average scoee/drage3.0) compared to the enhanced
alginate lift @verage2.6). On the contrarywith Forensic Sil the original fingerprint had a lower average
score @verage?.6) than the enhanced lifagerage3.0). Thougmo statistically significant difference was
determined, Forensic Si$ considered topositivdy enhancethe fingerprint. The calculated intraclass
correlation coefficient (ICC = 0.935) gave an excellent absolute agreement between ratersviEtirdg
95% confidence interval. Thisdicates a high interater reliability. Consistency is obtained by letting the
same group ofaters grade all fingerprint3.his allowed the comparison of fingerprints prior and post lifting
and enhancement.

Fingerprint gading on theresults of the main research showed that alginate combined with Amido Black
enhancementgave good continuous ridgewith the most detail (FP5, average score 2.6). ALCV showed
higher degree of diffusion (FP3, average score 1.0) and Hungaria(FRé, average score 2.2) provided
relatively low contrast. These findings correspond to the findings in literature. Mulipieles[17] [19]
regarding alginate research also find Amido Black to be superior to ALCV when enhancing alginate casts.
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Only results of donor 1 and 2 were included in fingerprint grading. Tdssawimebound limitation of the
study, the amount ofatersand the amounbf fingerprints could not be increased. Chappefw S & dzf (1 & Q
presents and describes the data obtained from donor 1, the fingerprint grading data obtained from donor
2 was omited for the overview (see append®)l Varying donors show varying resutise donor has more
defined epidermal ridges than the other. The bisgerprints were placed by donor 1 (female), hence why
they were included in chaptes Ww S a dzf & Q dided tBeysechidd best fidlg@prints with sufficient
epidermal ridges throughd the depletion series. Because of this, results from donor 1 and 2 were included
in the fingerprint grading. Donor 3 and 4 provided low quality fingerprints; epidermal ridgisglesa
defined and disruptive factors such as creasing were fo(8tHlevel feature). Because the original
fingerprints were already low in quality, the obtained lifts were not as suitable for further examination. The
results of donor 3 and 4 are presendté appendixll

Lastly, the impact of time on the alginate and Forensicests was tested. This showed that the alginate
cast is very prone to shrinkage and loss of detail. However, few afftiglH4 8] state that the alginate casts

are left to dry overnight, aftewhich they were enhanced and ansdy further. This study has found that

the alginate cast can best be applied, enhanced and photographed in a short period of time. Diffusion of
the fingerprint can occur within minutes. Time has a high influence on thlitgof the alginate lift, leaving

it overnight obtains deviant results. For Forensic Sil, time appears to not impact the cast. After 5 to 10
weeks, the casts can still be argggf and seem to not have lost any detail. Further work should be done to
gaininsight in the impact of time on Forensic Sil casts.

Hypotheses

A total of three hypotheses were set up;l(HForensic Sil is able to lift bloody fingerprints such that
continuousepidermal ridges can be identified, while alginate is not able to, (H2) Botensic Sil and
alginate are able to lift bloody fingerprints such that continuous epidermal ridges can be identified and (H3)
both Forensic Sil and alginate are not able tddliftody fingerprints such that continuous epidermal ridges
can be identifiedThese hypotheses were either accepted or rejected, based on the results of the research.

No significant difference was found between the original fingerprint and the algirfeed fingerprint.
However, the merage score of the originfihgerprint was higher than the average score of the alginate lift
indicating a negative effecThis was also calculatddr the original fingerprint versus thEorensic Sil lift.

Again, o sigiificant difference was found between the two phas&he aveage score of the Forensic Sil

lift was higher, indicating a positive effeth. addition,the graded splifingerprintshowed thatForensic Sil
exhibits far greater ridge detail and/or contrabian alginate ingerprint identificationmatched a total of

7 minutiae for the alginate liftthus insufficient for identification13 minutiae were matched for the
Forensic Sil lift. According to the fingerprinaexiner, Forensic Sprovided a higher gality fingerprintthan
alginate When the skinsurface causes less disruption, the Forensic Sil lift would be able to provide a
fingerprint that can be identified. Combining all obtained results, hypothesis 1 is accepted: Forensic Sil is
able to lift bloaly fingerprints such that continuous epidermalges can be identified, while alginate is not

able to. Hypothesis 3 is rejected. Hypothesis 2 is questionable, alginate is able to provide a fingerprint lift
with identifiable continuous ridges. However, ¢hs dependent on many factors (optimal circuarates,

good application, preparation et cetera). Forensic Sil is less variable in this manner, it has shown to provide
a constant lifting mechanism with constant results. Therefore, Forensic Sil is praveritooptimal lifting
method compared to alginat
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7. Conclusion

The case presented in the introduction, in which a woman was found dead with bloody fingerprints on her
skin, is an example of a case that can be solved through the findings of this Btuithys day, there is no
method for recoveringhese fingerprints, despite their high forensic relevance. Forensic Sil provides a
method that cannot only lift the bloody fingerprint from skin, but also positively enhance it.

Based on the preliminary resezn, the following conclusions can be drawn netjiag the subquestions and
optimal conditions of alginate and Forensic Sil;

- Optimal lifting conditions of alginate are a 1:2.5 mixing ratio with°’€2ap water,

- Forensic Sil provides an optimal lift witihag adhesion when the winter version is used,

- Alginate can best be enhanced with Amido Black. This provides the highest amount of ridge detail,
but low contrast between the cast and fingerprint,

- Forensic Sitan be enhanced with ALCV, Hungarian Red Amétlo Black. All blood reagents
provide high ridge detail, but optimal contrast is obtained with ALCV,

- When lifting bloody fingerprints with alginate, continuous ridges can be observed,

- Forensic Sil provides lhigr amounts of continuous ridges than algimand provides a stronger
lift,

- Based on fingerprint grading data, Forensic Sil yields higher average scores than alginate,

- Alginate casts are highly impacted by time. Within minutes, diffusion of the liftegbifprints
occurs. The casts are prone taiskage and loss of ridge detail,

- The dimensional stability of Forensic Sil is exceptionally high; there is no change in ridge detail
within 24 hours and the cast does not shrink.

In conclusion, the mainquesiio 2 F (G KS NB &SI NOK #tis FdreyisicSiSmoke Rutable' ¢ 2 g K
GKFEY FE3AYyFGS F2N G§KS f ATFaGAY 3 higstudyTound Bh& Ndidsid ignoa LI | O
as suitable as Forensic Sil for lifting bloody fingerprints friim. #lginate is not able to lift the finédge

detailing of fingerprints, providing a low quality lift with a high amount of diffusibraddition the lift is

highly impacted by timgnaking storage impossible. Forensic Sil has showave excellent liftingbilities

with high amounts of ridge detéilg; full fingerprints are lifted and enhanced. The only disruptive factor

remains to be the skin. However, when Forensic Sil is further researched on human skin, there is a high
chance the method will recoverdt quality fingerprintsuitable for fingerpint identification.
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8. Recommendations

In order to achieve improved results and ifgi@ased on this study, multiple recommendations are made.
In general, Forensic Sil provided a more promisifignd method than alginate. Therefore, is i
recommended that further work is focused on using Forensic Sil for lifting bloody fingerprints from skin.

The use of alginate for the lifting of bloody fingerprints from skin is not recommended to be researched
further. However, results of the prelimina research regarding mixing in blood reagents with alginate
obtained promising results when Amido Black waied with alginate instead of water. As another
scientific article statefl 7], the mixture can lift the fingerprinin a way that enhancement directly occurs

on the alginate cast. These results provide promising lifting abilities of alginate, compared to the water
based alginate mixture. Further work on this alternative alginatpprationcan be performedo gain

more insight inthe lifting abilities.

This study is considered a pistudyon Forensic Siafoundationalresearch that gives rise to a folleup

study. It is recommended that an optimisation study is performed thdher researches the lifting abilitse

of Forensic Sil. Here, more donors (5 to 15 good, average and poor fingerprint d@ddre)ore variables

and more samples are recommended to be included in the research. In addlitigerprint grading can be
performed ona larger scale to obtain more data. Expanding this study with these factors will provide more
insight in the lifting abilities of Forensic Sil for lifting bloody fingerprints from skin.

Subsequently, it is recommead that the lifting abilities of ForersSil are tested on human skin instead

of pig skin. Despite their high similarities, pig skin has shown to become more greasy and flexible than
human skin (under normal conditions). This can give deviant resultseHemy a followup study should
includehuman skin as a surface for lifting bloody fingerprints with Forensic Sil. In addition, Forensic Sil lifts
can be tested even further on multiple skin conditions. For exangieliving and deceased subijects,
different stages of decompositigrvarying loations and/or temperatures, et cetera. This can give insight
into the circumstances under which Forensic Sil can lift a bloody fingerprint from skin.

The optimisation studies on Forensic Sil should include expersmegarding the impact of time. Thisidy

has shown Forensic Sil casts to not be influenced by time within 24 hours. Even after 10 weeks the casts
seemed to not be impacted by time. It is recommended to research how long the Forensic Sil casts can be
storedfor and if time influences the quéafiof the lifted fingerprint. This is valuable information, for example

in cold cases in which evidence is usually and preferably stored for a long time. When time appears to have
no impact on the Forensic Sil casistiban enable fingerprint identificatip even years after recovery.
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Appendix

In this appendix, additional methods are given to substantiate the strategy of chaiptet methodology
presented in chapted. Materials, methods and variables that form the basis of this study are elaborated.

Constant factors

Besideshe variablesgiven in chapterd W{  NJ conStah&fartors are also taken into consideration to
lower the variability and thus maximize the reproducibilifyne constant factors are shown in table 17.

Tablel7 Selected constant factorith the correspondingescription and sub study.

Constant Description Substudy
Temperature 15

1 Environment ~20T

1 Blood ~20TC

1 Skin ~20CT
Time (post deposition) Maximum of 1 hour 1-5
Pressure (placing fingerprints) Medium 1-5
Humidity Average (50%) 1-5

Preparation and specifications of blood reagents

Table18Blood reagents and the correspondingterials andpreparation.

Preparation

Aqueous iikative solution 2% w/v aqueous-Sulfosalicyclic acid {8SA):

10 grams SSulfosalicyclic acid

500 mLDistilled water

(use when not incorporated in thood reagent

AgueouslLeuocrystal Violet (ALCV) Aqueous Leucocrystal Violet solution:

11 grams Ssulfosalicyclic acid

1 gram Leucocrystal Violet

3.7 grams Sodium acetate

Hydrogen (activation) tablets dissolved

distilled water 1 tablet in 30 ml for a 1% solutic
Hungarian RedAcidFuchsin) Acid Fuchsin dye solution (with fixative):

11 grams 5Sulfosalicyclic acid

11 mL Citric acid

1.5 grams Acid Fuchsin

489 mL Distilled water
Amido BlacKAcid Black 1) Amido Black dye solution (with fixative):

11 grams SSulfosilicyclic acid

11 mLGtric acid

1.5g Amido Black 10 or Acid Black 1

489 mLDistilled water
Aqueous rinse solution 0.5% v/v aqueous rinse solution:

2.5 mLGlacial acetic acid

497.5 mlDistilled water
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Materials and photo setup

Figure29 GC Aroma Fine Plus alginate (normal set, 1000 grams).

Figure30 Forensic Sil with the dispenser gun and mixing tip.

Figure31 Photo setup of the main research (left) general sgtwith additional light sources (2x studio lamp, 1x lumiscene
white light), captured with a Nikon D5100 with fixed settings anelipefright) detailed image of the sep with rulersand a
white background.
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Appendix Il

This appendix contains all phot@grhs taken during the preliminary research and main research, but have
been omitted for the overview in chapt&rWw S a dzf §aQd ¢ KS &St SOlAzy 27
only includes the lifted and enhanced fingems (last phase). Photographstbk original fingerprints and

the lifted fingerprints without blood enhancement are stored externally aa loe provided via request

LIK 2 {

Preliminary research

Mixing ratio of alginate
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Water temperature of alginate
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Alginate blood reagent mixture

Alginate + ALCYith acidic  Alginate + Hungarian Redv{th
component) acidic canponent)

© 2021, Loci Forensics B.V.

Alginate + Amido Black
(with acidic componen

Alginate + Amido Black
(1:2.5)

52



Forensic Sil summer and winter version

Summer Winter

[mm

NTm

|

il
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Summer | Winter
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Skin conditions

Unwashed skin Washed skir(green soap + ethanol)
20 minutes 2 hours 20 minutes 2 hours
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Washed skin (green soap) Washed skin (ethanol)
20 minutes 2 hours 20 minutes 2 hours
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