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Abstract

Fingerprints are an important type of evidence within the criminal justice systadthese have been
usedfor multiple purposessincethe 19" century. Within forensic investigation these are primarily
used for identificationand/or elimination purposesNumerous methods and techniques, including
physical and chemical procedurese used to enhance and recovédingemarks from surfaces.
However, there are continuing surfaand exhibit typeswhich are considered to be problematiz

develop and recovewithin practice.

The purpose of this researclvas to overcomesome of these issues focusingpecifically on
fingerprints in/on anti-climb paint, leaves, and feathers. The effectiveness of cyanoacrylate ester
fuming (CERyas implemented for all exhibit types, with the addition of physical developer (magnetic
powder)on leaves and feather&hapter 4) The adhesion of the physicdéveloper was consistent
throughout feathers, and green leaves, but varying resuksevobtained from brown leaves. The
overall recovery types chosen were liftingdd tape lift and gel lift), and casting (Provil and resin)
with varying results beingbtainedboth in terms ofridge detail recoveredas wellasdamage caused

to the exhibit.

CEF development oanti-climb paint produced robust figermarls and was therefore suitable for
casting due to the presence of thredimensional featureg¢chapter 3. Casting methodsaptured a
good level ofridge detail, witha small number of limitationsprimarily caused by the quality of the
original fingerprint depositRecovery techniques proposed within this work allowgdceservation of

ridge detailon a suface previously considered difficult in practice.
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Chapter 1

Introductionand literature review

1.1ForensicScience
Forensicsciencecan be defined as the application of sciences to criminal investigations as well as court

proceedings (Forensic sciencestrategy, 201% There are manyspecialisms such aforensic
anthropology, toxicologyandbiology(Roux, Willis and Weyermann, 2024l) of which arémportant

in the reduction, detection, and investigation of crimesWithin forensic investigation and wa
enforcement, imovations ranging frondeoxyribonucleic acidDNA to fingerprints and even digital
evidenceare all continuing to providaew powerful pieces of evidence which can be used to identify

suspects angherpetrators (Forensic science strategy, 2016).

1.2Fingerprints

1.2.1Introduction to fingerprints/fingermarks
Friction ridges are unique patterns on the fingertips, palms, atessaf the fee{Lee and Gaensslen,

2001) There are two terms that are used, fingermarks and fingerprints. Fingermarks are the presence
of friction ridges from an unknown individu@.g. those found at a crime scenahd fingerprints are
the presence of friction ridges from a known soufeeg. those taken under controlled circumstances)

They are unique to the individual and can be used for identificdtiee and Gaensslen, 2001)

The first recorded use of fingerprint fatentificationwas ty J.C.A Mayer in 1788, where he stated no

two skin ridge pattern and arrangement have ever been found to be the same. In 1858 was then the

first use of fingerprint identification was used by Sir William James Herschel. He noticed that upon

closer examinadn of the similar fingerprints, there were small differences which can allow for
individualisation. Throughout 1880892, Dr Henry Faulds developed a method to ink fingerprints, Sir
CN}yOAa DIta2y WRSTAYSR (KS TFadRchaNIHens Sevise8thd A f &
method known as the Henry SystéKasper, 2016). He introduced the use of fingerprints in a criminal
investigation and created the fingerprint classification system that is still usealyt@tawthorne,

2009).

Fingerprints wee first used as personal identification in July 1901 indh&ed KingdomUK) andthe
first recorded use of these within the criminal justice system was in {9€adbetter, 2005)In this
case, bloody fingermaskwere found at the scene, which did not matchae of the victim. Two

suspectsvere identified, both brothers. It was shown thabloody fingermark was a match to one of
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the brothers, and even though fingerprint identification was still very new, this waaginéor the

jury to convict them (Leadbetter, 2005).

Fingerprintsare composedf ridges and furrowshat are reflected on the epidermis, whichwsethe

friction ridge skin\\Vertheim, 2011)When a superficial injury occurs, there will only be a temporary
change while the injury heals, going back to its original pattern. However, if injury reaches the original
layer of ridges and furrows (generating layer), scar tissue will form instead ofdties. This can be

an accidental injury but can also be done on purpose to hide identification, sligtbaming, cutting,

or using acidFeng, Jain and Ross, 2D0An example of fingerprirdalteration using acid is a 1930s
bank robber named John Diljer. However after his death, his fingerprints could still be used for

identification due to there still being significant characteristics pregknamverdiye\et al., 2008).

1.2.2Fingerprint reside
Based on these placements of glands, in every latent fingermark deposition (to some degree) there

will be a presence of eccrine secretion, as well as sebaceous secretion due to common activities such

as touching the face and hair.

Individuals have been tmd to have differing amounts of these residues on their ridges. For example,
children have been found to have a different chemical composition than adults, as well as less residue
on surfaces (Champod et al., 2004). Contaminants such as dust, bactedgs apd food can also be
found in fingermark resideGas ChromatograpmyMass spectroscop§GCMS)has been foundo be

useful for the identification ofome contaminants in the fingermark resid{@&irod, Ramotowski and
Weyermann, 2012) However, some anetics can contain similar residues that are naturally
occurring in fingermarks. There can be lipianpounds, this can make it hard to differentiate between
intrinsic fingermarks residue and cosmetics. The chemical composition of the residue causes the
fingermarks to be highly unstable, and vulnerable meaning they can be destroyed (&isig,

Ramotowski and Weyermann, 2012

1.3 Importance of fingerprints

1.3.1 Within forensics
Fingerprints and fingermarks became and are still a powerful piece of evidence as they are unique

(Kaushal and Kaushal, 2011). They can be used for manyoses such as dentification,
reconstructon of a scene, and linking an individual to a specifiation, scene,or object(Azman et
al., 2019).
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1.3.2 Other uses
Fingerprintsare alsaused in biometrics. Some countries have opted to use biometric systems in order

to strengthen the border and prevent attempts of identity fraud, by tracking and managing the flow
of people. Within consumer biometrics, there are many devices wihimrporate fingerprint sensors

for security reasons, such as phones, door locks and d$lane® systems, by providing secure
authentications Within finance, companies have adopted the use of cash machines with fingerprint
scanners. Within recent years Mastercard, have been devsiop cardthat includes a fingerprint

scanner as added authapétion for the paymentYang et al., 2019)

Continuing research has shown that fingermarks can also provide detail about the donor who left it

such as determining age, gender, race, drug detectiod health.

pu

When looking into the age, itisnoted thatR dzf G4 Q FAYISNILINAYyGa OFy oS
whereasOKA £t RNBy Qa FAYIASNLINAyidGa FNB KFENR G2 20!l
(Dam et al., 2016)

(p))

Research has shown that fingerprint ridges can determine the gender ofdngdual. This can be
done by examining various features such as ridge density, minutiae and fingertip size. For example, it

is found that ridge density is lower in males compared to fem@éshra and Jain, 2022)

Drug detection can be used in two v&yf the individual has come into contact with certainigl, or
if they have ingested them. Both can be investigated through the friction ridge detail. However, there

is still a need to distinguish the twdang et al., 2020).

Researcherbaveinvestigatal, the use of antibodynagnetic particle conjugatdsr the detection of

drug metabolites and narcotic drugs within sweat reside from fingermark deposits. Artibadgetic
particles is the use of magnetic microparticles that are functionakgéiia specific antibody. Within

the first study(Hazarika, Jickells and Russell, 2088j;cotinine antibody was used due to the chosen

drug being nicotine and cotinine is its metabolite. These fingermarks were deposited on glass surfaces
and the cotinne antigen was able to be detected using the magnetic particle with-catinine
antibodies. This also provided visibility for imaging of the fingerprints which were sufficient in clarity,

enabling identification to be made.

Within the second studyHazarikaet al., 2010) the chosen drugs were cocaine and hercoline
metabolites of these includebenzoylecgonine and morplen these were both looked at
simultaneously in one fingermark. It was shown that morphine and benzoylewgaran be
successfully detected within the fingermark residue. Additionally, mogtaboliteswere able to be

detected simultaneously within one fingermark with the use of fluorescence or white light sources.
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High resolution images were able to be captlinmeaning that identification can be established

(Hazarikaet al.,2010)

1.4 Methods for the recovery and preservation of fingermarks

1.4.1Physical developers
Physical and chemical developers are typically used to develop or enhance fingerRtayrkical

methods refer to powdering the fingermark to aid visibility nonporous surfaceslt is one otthe

oldest (Sodhi and Kaur, 200Bnd most commonly appliedleveloper type within crime scenes,
accounting for approximately 50% of all fingermark submisgiBasmbrah et al., 2022Yhe powder
particles will adhere tdahe oils, aqueous components, or amino acids within the latent fingermark
residue, depending on theghysical developaused. Some examples of these accepted powders within
the forensic field are aluminium powder, magnetic powders, and fluorescent powdese &re some
factorsthat can promote the adherence of particles, such as particle shape, sizkgelactrostatic
charge(Jakupi and Avziu, 2019)he suggestion for particle shape, is that flskaped powders are
more sensitive compared to granular shaped powders, due to this having an increased surface area,
GKAOK @gAftft OF dza$S the fingérBaik{R&malowsid, Y@l 8)WherQthe didgérgidint
powder contains small fine particles, it will adhere to the fingermark with ease compared to coarse
ones. Therefore, most of the fingerprint powders will be composed of rounded fine particles or flake
fine particlegSodhi and Kaug001) It is stated that electrostatic charge can have an effect by making
large contributions to the adhesion. When the particles are highly charged, it will cause the value of
the attraction, of the electrostatic charge to exceed other factors whichamanribute to adhesion

(Ramotowski, 2013)

The choice on which to use can depend on the surface colour as well as other fagtdras age,
surface type, surface colour, texture, contaminants, etc. It is important to carefully consider the
physical devioper used as this can lead to the destruction of the fingermark due to the fragility to the

type of fingermarkJakupi and Avziu, 2019)

1.4.2 Chemical developers
There are various chemical methods used for the enhancement of latent fingerprints, siochnas

fuming, ninhydrin, and cyanoacrylate ester fum{@EF)Each method will target various or specific
components within the fingermark residydakupi and Avziu, 201%or example, iodine fuming will
become absorbed by the latent fingerpriavirng a reaction with the unsaturated faggd rinhydrin

will target amino acidsThere are advantagesd disadvantaget® each technique. lodine fuming is
non-destructive, a simple process to carry out upon small exhibits, and cannot overdevelop the

fingermak. However, the fingermark will need to be fixed/taped or photographed immediately after
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development as it fades. It is also considered insensiiqgecially to fingerprintthat areaged(Home

office, Scientific Development Branch, 2005).

Ninhydrin can develop aged fingermarks from miraiteyears old,tiis effective and easy to carry out

and can be used on exhibits that have been soaked in substances such as paraffin diHoete|
office, Scientific Development Branc205) On the oher hand, it will not develop any fingerprints if

the exhibit has encountered water. Development time can be several weeks, and it can cause the

development of fingerprints when handled after treatment.

CEF will produce a solid white substance that ineesadurability, and it is easy to carry out. Some
disadvantages are its toxiames,so a ventilation system is heede@verdevelopment can be easy
which can potentially destroy evidence, and visualisation can be difficult without the use of

fluorescentdyes(Home office, Scientific Development Branch, 2005)

These methods sometimes can also cause destruction or damage to the material or exhibit, that the

fingermark is or{Jakupi and Avziu, 2019)

1.4.3Surface type
The surface type in which a fingermaik deposited on is an important consideration for the

development and recovery. There are thneain categories that surface types will fit into, these are:

porous, nonporous and semporous(National Institute of Justice (U.S.), 2011)

Porous surfacesllaw for absorption, which causes the watsoluble (WS) components of latent
fingermark deposits to be absorbed into the surface. Damage can still be caused to these fingermarks
but are less susceptible due to the absorption of the fingermark. Some egaroplthese include

paper, untreated wood and coifSeerat et al., 2015)

Non-porous surfaces repel moisture and liquids. This means that the components of the latent
fingermark deposits will sit on the top of the surface which will make them more subtepbd

damage. Some examples of these include glass, rubber and (Betat et al., 2015)

Semiporous surfaces have both repelling and absorption qualities, the wsaleible (WS)
components of the fingermark residue will absorb into the surface &tmdift rates. The nomvater-
soluble (NWS) components will settle the outer layer these will persist on the surface for a period
of timewhich is longer than porous surfaces but not longer thar-porous. Some examples of these

surfaces are polymer banknotes, waxed paper, and some painted sur@ltaspod et al., 2004)
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1.4.4 Other uses on ndmaditional surface types
These physicalnd chemical developmental technigues can also be used ortnagiitional exhibits.

For example, researchefSingh, Sodhi and Jasuja, 2Q0&ve useaharcoal, and light grey powders,

and comparedthese with iodine fuming on the development of latent fingeints on fruits and
vegetables. These were also tested on the substrate over several days. Results showed that black
powder provided the best contrast, as well as being able to develop consistent, very clear

developments on apples, bananas, and oniorer dlve several day&Singh, Sodhi and Jasuja, 2006)

Further research(Rae, Gentles and Farrugia, 20a8}ypes of fruits and vegetables have been carried
out in relation toenhancemenbf fingermarks made in bloo&ome examples of the enhancement
techniquesused within this studynicludedprotein stains (acid black acid violet 17and acid yellow

7), ninhydrn and DFO.On exhibits such as cumbers and banatiees protein stains provided the
highest quality fingermi&s. Whereas the use of ninhydrin and DFO produced little to no results of
enhancement on these exhibits. It was theorised that this could be due tomterdeduse of them
being forporoussurfaces, and the exhibits used are ARuorous causing the amino acids present to

be washes away during the treatmefiRae, Gentles and Farrugia, 2Q13)

1.4.5 Ethical considerations
Within forensic sciencesome research isonducted on norhuman partigpantsdue to ethical reasons

restricting the use of human issue, meaning substitute material is required (Fenton, Horsfall and Carr,
2018).Porcine materials areonsidered to bea suitable alternative due to a number of anatomical
and physiological similarities to humans. Some examples include the epidermis thickness, blood
vessels and body haEpidermal thickness in human skin ranges frong 320 um, and pigs ranges

from 30- 140 um and is therefore considered similar. The blood vessels present in the dermis layer of
pig skin has similar shape, distribution, and orientation to that of human blood ved3eth skin
types(pig and humanhavesparse body hair in which follidgo through the hair cycle independently
from each other. However, there can be some differenbetween pig and human skin, such as
eccrine glands are not present in psffin, and instead distributed throughout apocrine glands.
Sructures between pig anttuman are similar but not enough to be considered the same, such as
subepidermal plexusyhichis consideredo be underdeveloped in pigs (Sullivan, Eaglstein, Davis and
Mertz, 2001).Other substitutes can includeatural products (example animal skin leather) or

synthetic products (example rubber or silicone) (Fenton, Horsfall and Carr, 2018).
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1.5 Expandindgnowledge in dvelopmentand recovenpf Fingermarks

1.5.1 Difficult surfaces
There are still some surfaces encountered within practice that can be difficult and problematic to

develop and recover fingermarks. Some examples of these surface are humdbeskiard, 2007)
metals and alloy¢§Thandauthapani et al., 2018abrics,(Fraser et al., 2011 ricks(Davis and Fisher,
2015, and painted walls(Dawkins et al., 2020} owever, as research continuesethods and

techniques are proposed and used to develop on these difficult surfaces

ResearchergDawkins et al., 2020have focused orpainted walls on thedevelopmentof latent
fingermarks They used a variety of paintndtte, silk,bathroom,and egshel) and development
techniques such asinhydrin, magneta flake and black magnetic granular powdkrsas found that
difference in matte and nomatte paints shows particle size variationghich could cause an effect
on the development ofingermarks however the greatest influenogasdetermined to be the texture
of the wall Black magnetiflake powder was found to the mosffective andninhydrin and magnta

flake were found to b¢he least effectivdDawkins et al., 2020). Wet paint was not looked at here.

Recovery on human skin has been of interest since 4960ere the earliest recovery attegoh was

made, with little success. A first conviction using fingermarks from a cadaver was made in 1978 (Singh,
2020).Progression from ther@n 1991,had researchrs looking into reliable and consistent ways to
develop andrecoverthese marks butesults filed to be cosistent (Futrell, 1996) Within the 21
century,various methods such as black powder, magnetic powcjemoacrylatduming, Kromekote
technique laser detection by inherent luminescence and RTX have all been investiBatadws
suggest that Swedish black and blatkgneticpowders gave positiveesultsfor deceased and living

skin. However,RTX providedhe overall best results on deceased skimd is suggested as the

appropriate method Singh, 2020)

Vertical surfacesre another surface typein which fingermarks are considered difficult to recover
from. Specificallf ¢ KSy L2 gRSNAY 3 { Kvagnetie powdsrblareOnidgly ustd 2 L) 2 T 7
the development of latent fingermarks on vertical surfacéswever literature regarding these

surfaces is limited(Lee and Gaensslen, 28Ad Ramotowski, 2013 )

Metal and alloys are another type of surface classetiffisult to develop fingermarks fron€EFalone
does not provide detail to develop the fingermarks on this surface type. This creates the need for
enhancement techniques such as powdering, vacuum metal deposition and fluorescent dyes.

However, there are aumber of factors which can influence teaccess bvisualising théingermarks
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such as environmental conditions, age of fingermark and how the reagents can react to the metal
surface.BY40 staining provided results on both brass and alumirdisosproducedclear quality
fingerprints after three days of depositiontthis quality steadilydecreass after eight days on these
surfacesOtherstainingenhancementsuch as &lan blackand QystalViolet on brass and aluminium
shows a significant decase on quality of the fingermarks compared to BYA@andauthapani et al.,
2018)

On gainless steel surfaceBY40 did not provide recognisable fingermarks after three .dHys use

of an imagingtechnique Ol f t SR WGAYS 27F Tt Achoscopy TGORMYviks NBE A 2 Y
implemented. Tt isa highlysensitive, nordestructivetechnique which has begpreviously used on

exhibits such as carrier bagewspapersand siliconwafers. On the use dftainlesssteelmetals it

was ableto produce high quality fingermarkeven up totwenty-six days of agd fingermarks
(Thandauthapani et al., 2018)

Varioustypes of metal surface arefrequently found inballistic evidencesuch as in bulletsThe
technique that is needed to recover these fingerprints, need to be highly sensitie to detect
degraded fingerprints on surfaces which have been potentialiyoded, andshould not be react with
contaminants.Other factors which can affect the cevery on bulletsinvolve the reactivity of the
metal, the smalkize and curvature of the bulleadditionally the loading process can mean partial or
overlapping fingermarks which withean less residupresent. There have been other methods (as
previowsly mentionedabove inrecoveringon metal surfaces. Another method whichwilely used

is known asracuummetal deposition (VMD)This process uses the evaporation and deposition of
metals such as gold or silver, which is followed by zinc to develop the fingermark, using a high vacuum
chamber.Research bZhristofidig2019 showedthat it waspossibleto develop fingerprint ridgesn

Wo I f £ A&l Aeden a@iteklfigng allavihg fr&econd level detail of fingerprint ridges be
identified. A study byPdlitt (2020) further supports the use o¥MD on brass ballistic evidence,
showing that using sliver/zinc or gold/zimas efective at developing fingermarkgPollitt, et al.,
2020).

Another use of VMDas been investigated on fabric surfaces which are also considered diffigsilt.
consideredproblematicdue to the openweaves type of fabric (hatural osynthetic)and absorbency
of the fabric having an effect on the adherence of fingermark residWéishin this study the use of
VMD showvedthat nylonconsistentlyproducedgoodridgedetail, compared to material such as cotton,

whereonlythe outline of fingerprint or palms could k#bserved(Fraser et al., 2011).

Types of crime scenes such as arson scemes|so considered to be difficult to recover fingermarks

from. This idue to the degradation ofthe chemicalcomponents within thdatent fingermarls, so
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attempts to develop then will give poor reactions, additionally creating difficultiesecoveranduse

for identificationpurposegBirnbaum, 2011)

It is possible tadevelopfingerprints from arson scenes but due to the unpredictability of fire and
variety of factors that can impact it, there is no sole technique that can be appropriate for every scene

in removal of soot, and development of fingermatk$r Q1 I Iy F3OR /I f RSNE Hn

Soot caradhereto fingermarks at the scene creatingpeotective layer However, due to the colour

and thickness of the soot, tHatent or patentfingermarks may not be visible even with the use of
light sourcesTherefore, techniques were develogpeo remove the soot, whiléimiting the damage

to the fingerprints.There is a need to select areas where it is believed the perpetrator touched, as
some of the techniques can be time consuming and costly. Within this tieaype of surface will

also tave an impact on the technique chosen. For example, bustnde used on both porous and
non-porous, whichs used as a quick efféot method.For porous surfaces, Mikrosil can be used, and
non-porous surfacesfting tape can be used followed by othenhancingechniquessuch asodium
hydroxide6 h Q1 F ALy YR /It RSNE HAHAO

When developing fingerprints from arson scenasny factors such as surface typegcumstances of

the scene/fire,and extinguish typ@eed to be assessed before deciding #dmpropriate technique.

For exampleporous surfacesjinhydrin,and physical developer will only workhereasnon-porous

will only work with vacuum metal deposition or cyanoacrylate fuming/hen considering
extingushingmethods, for example when water is used, small particle reagent will provide results,
whereasNinhydrinwillnoto h QI 31y | yR / Fft RSNE HAHANO®

1.5.2 New approaches
Within Forensic investigation, at crime scenes as well as within laboratories, there are standard

procedures used to locate and recover fingermarks.

In order to locate fingermarks, the use of alternative light sources is implemented. Alternative light
souces allow the use of filters with specific wavelengths such as infrared (IR) and ultraviolet (UV).
Accessories can be used alongside, such as coloured screens which will allow visualisation of the light's
fluorescence, as well as providing protection lte user. This technique will work on porous surfaces,

as well as textured, fragilesontaminated,and fluorescent surfaced\fter the use of chemical or

physical developers, alternative light sources can be used to enhance visualfsétien 2018).

To recover fingermarks, tapbfts, gellifts, and electrostatic lifters can be used, or the use
photography to capture the fingerprints. These are a standard method used to within the forensic

field to lift and recover powdered fingermariddarushBrosh et &, 2020)
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Routinely used powders pose a health hazards. Previous powders contained lead or mercury but have
been discontinued. However, to this day there are metal components with magnetic and carbon black
powder which can cause respiratory disea@€met al.,2019. The size of the powder particle plays

a role in the impact it can have on the body, such as finer particles can potentially enter the blood
stream as well as the respiratory tract. Even though some precautions are in place, such as personal
protective equpment (PPE) and ventilation, this issue is still a fa@fon et al., 2019 and Chen, Shi,

Ma and Zhang, 2020)

Within recent years, investigation into novel techniques have been developed to produce cheaper and
safer techniques for the development tatent fingermarks(Chen, Shi, Ma and Zhang, 2028pme
examples of these reagents include nanoparti¢@smbrah et al., 2022andfood (Vadivel, Nirmala

and Anbukumaran, 2021)

Nanoparticles are increasingly being used to develop latent fingermarksodiheit high resolution,

strong adherence and low background interference. They have been used on a wide variety of surfaces
and in some cases can be further enhanced with aByenbrah et al., 2092For example, aluminium

oxide nanoparticles that haveekn coated in Eosin Y dye can develop on paper, plastic and wood
(Saihi and Kaur, 2006When the aluminium oxide nanoparticles were coated in Lucifer Y, they were
able to develop on laminated sheets and postal starffdedhi and Kaur, 2008%old and silve
nanoparticles have been used to develop on aluminium (folloiet al., 2006) and copper oxide
nanoparticles have been able to develop on butter and sfBbhgatet al.,2021). Zinc oxide and tin

oxide nanoparticles have also been used to develop latent fingerprints on glass and glossy cardboard
Luthraand Kumar, 2018Arshadstudy (2015)were able to reach third level detail on metallic cans

and plastiqArshadet al.,2015).

Uses of foods and food additives have been investigated on development of latent fingermarks, due
them being easily available, cheap, and #ioxic properties. Turmeric powder is an example, which

is a yellowbrownish colour that adds flavour to food. @umin is the main component with turmeric

that is responsible for the aroma and colour observed. It is thought that the rapkef curcumin
containing carbonyl and hydroxyl groups, as well as the hydrogen bonds between the fatty acids and
glycerides presdrin the sebum of fingermark residue, causes the adherence of the powder. This has
been tested on a variety of surfaces, where both porous (such as ceramic tiles), ampormoos
surfaces (such as granite), performed well. Surfaces which did not workebetled human skin due

to contrast, and cardboard and rubber due to lack of sebum adherence from latent residues on these

types of surfaceévadivel, Nirmala and Anbukumaran, 2021)
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1.5.3 Physical and chemical on feathers and leaves
The need to protecwildlife is important, and the main reason there is a 60% decrease over the last

40 years in the population of birds, amphibians, mammals, and fish is due to human WIS
Endangered Species Conservation, J0RRasons for this include poaching, fbss of habitats and
climate change. In different areas of the world, the world wildlife organisation categorised certain
species as extinct, extinct in the wild, critically endangered, endangered, vulnerable, near threat or
least concern. For example, mp#as are mostly found in the southwest of China and they are
considered vulnerable, whereas Sunda tigers which can be found in Indonesia are considered to be

critically endangeredWWF- Endangered Species Conservation, 2022)

Wildlife forensics helps to enforce the regulation and laws in regard to wilgllifederkoffler and

Adams, 2021Within UK law, wild birds, their eggs, and nests are all protected. However, despite this

the Royal Society for the Protection of Birds (RSPB) cAlE OSA @S dzZld (2 pnn OF aSa
every year (REF). RSPB work with other organisations to investigate these crimes. In 2018 there was
only 87 confirmed prosecution cases of bird prey crime but only one conviction within 2017
(Birdcrime, 2022)The reasons for the lack of convictions are due to lack of evidence. There is test
such as toxicological test which can be carried out, but these will only provide evidence of poisoning,

not of any human involvement. There was an incident where a cadmat allow video evidence to

LINE #S (G KSaS WNI LI 2NJ LISNE S Odzil A 2 vy Q-adiniSshble. Yi8s pbsast A y a (i
the need to for DNA analysis or fingerprint development techniques to be carried out for these cases
(McMorris et al., 201

Research has previously been conducted to determine the use of physical developers for the recovery
of latent fingermarks from bird of prey feathers (sparrowhawk, red kite, buzzard, sdilesl eagle,

and buzzard) (McMorris, Farrugia afgkntles, 2015)Enhancement techniques included magneta
flake, red and green magnetic fluorescent, black magneticcgadoacrylate ester fuming which was
followed by basic yellow powder. The red magnetic gave the best results, followed by green magnetic.
Other developers showed good results; howewelow sample number was used, and this technique
could not be investigated further. Fingermarks in this study were not recovered, only developed

(McMorris, Farrugia and Gentles, 2015

The time between fingerark deposition and recovery has also been investigated (McMorris, Farrugia
and Gentles, 2015 arldcMorris et al., 2019) where a particular focus was placed @mironmental
conditions.Researcher#/cMorris, Farrugia and Gentles (201ve showrthat astime increass,

the number of positive enhancements decrease which is to be expected. This is due to components of

the fingermark residue being lost over time, as well as being lost because of exposure to the
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environmental conditions. Red and green fluorescdevelopersprovided consistent results up until
21 days period, whereas magnets flalevelopergprovided consistent results up to 7 days (McMorris,

Farrugia and Gentles, 2015).

Further work byMcMorris (2019), specifically used red and green fluorescent powder andlts
showed that fingermarks were successful in development of up to sixty days with indoor feathers.
Alsq up to twenty-one days with outdoor feather which were exposed to the natural diombf the
environment. It was noted however, that the optimum period for best results for outdoor feathers
were fourteen days. The fingermarks in this study were also developed and not rec@Meigldrris

et al., 2019)

Literature regarding fingermarlecovery on leav&slimited, where a primary research focus has been
placed upon the recovery of DNBraft, Owens and Ashley, 20Q0Ih regard tdfingerprints on leaves,

two studies have been foundlhe first study(Hiroi, 2018)focused on development ofatent
fingermarks on leaves, but also fruits and vegetables. The development techniques used were
fingerprint powder (white fingerprint powder or black onyx), magnetic powderckBomatic) and
fluorescent superglue fuming (Lumicyano). Jasmine leavesjd@iendron leaves and Philodendron
leaves were chosen due to the n@orous waxy surface and being household (jasmine and
rhododendron) and outdoor plants (philodendron). Fingerprint powder gave the best results, followed
by magnetic however it was obser/¢hat magnetic would occasionally coat the ridges and furrows
(Hiroi, 2018)

The second studyUsmani and Albanese, 2021ooked specifically at different time intervals of
RSLI2aAAGAY3I FAYISNNINLA YR K2g f2ydHaAlQ BKEAENNIKSE
kept attached to the plant, however investigated dead leaves too which were broken off from the

plant. The first plant was smaller but had a smoother surface (less veins) compared to the second

LX Fylidd ¢2 RS@OSt 2LI NKBA FR yIISANXSNR a6 WDt dz2D§RE YR
was used. The results showed lifting was easier on plant one, and the visibility of the fingermarks were

Of SIF NBENJ O2YLI NBR (G2 LIyl (620 LG o6 & aRSOENMAYSF
the oil particles deposited by the fingermark to settle into them. It was also noted that the vein print

of the leave was picked up by the clear tape which caused difficulties to analyse the fingermarks. It

was concluded that fingermarks coule@ lbecovered from fresh and dead leaves weeks after the

deposit of the fingermark was madesmani and Albanese, 2021)
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154 Ageing fingermarks
Fingermarks age over time, which will change the composition of the residue compared to initial

deposition. Ty undergo alteration processes which can be evaporation, degradation, polymerisation

or oxidation (Girod, Ramotowski and Weyermann, 2012).

The key component that evaporatesviater, where astudy (Mong, Petersen, and Clauss, 1999)
showed that over a twaveek time frame, 85% of the fingermark weight was lost. It was suggested
that this was due to the water evaporatiofihe amino acids in the fingermark stay present for a long
time, allowing for fingermarks to still be recovered.tAdy showed that after 236 days, amino acid
specific agents such as ninhydrin, was able to still reveal the fingermark (Girod, Ramotowski and

Weyermann, 2012).

Degradation process beings after deposition, and over time it causes changes to the fingerprint
composition. Within lipids, the unsaturated compounds will undergo an oxidizing degradation
process, which will remove the unsaturated molecules. Research specifically looking at lipids shows
they degrade significantly in concentration over thirty daysdi Ramotowski and Weyermann,
2012).

Research has shown that cholesterol found in fingerprints is susceptible to oxidation, which causes
multiple products to be created. The identification of these can give an estimate of the age of the

fingerprint (Gira, Ramotowski and Weyermann, 2012).

Being able to determine the age of a fingermark increases the value of the evidence by creating a
timeline. In order to establish this timeline, many different methods and treatments have been
proposed over the last 49ears such as Gas Chromatography Mass Spectroscogy % ®aman
spectroscopy (reference) and Fourier transform infrared microscopy (reference). The chemical
composition degradation and visual physical characteristics changes have now been used teegenerat
a more precise age of fingermarks. Although there have been various attempts at determining the
age, it is still considered within the early stages due to fingerprint resides varying between individuals

as well as these being unstable and fra¢@@@en Shi, Ma and Zhang, 2020)

It is generally assumed that aged fingermarks are of poor quality compared to fresh ones (REF).
However, this is not always the correct assumption and was shown through a case within Australia.
Where a police officer had not beda the premises within two years, but a higjuality fingerprint

of theirs was found on an external window. Due to the quality and the placement (outside where
environmental factors can influence the fingerprint), it was assumed to be fresh. It was only
determined to be of over two years of age, due to further analysis on the window showing a presence

of a similar quality fingermark of another police officer who had also been on the premises two years
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prior. Due to this further analysis has been carriet] tmdetermine how long a fingermark can persist

on glass under enduring environmental conditions. From this, it was determined that oily fingermarks
ORSLIZaAGSR FNRY aldal3Sa FyR OKALMA | & -quilityf | &
fingermarks that persisted after 2 % years. This supports the hypothesis that fingerprint age cannot
be determined through quality alone, however, this was only tested with one individual, meaning it is

not sufficient enough as of yet to be conclus{@eHaga and Green, 2018)

A common component that is looked for within aging fingermarks are lipids due to them being more
durable compared to other components. ¢S is a highly sensitive technigue that is commonly used
for the detection for these lipid§Chen, Shi, Ma and Zhang, 2020)

Researchers have also investigated fotiemical methods for the determination of age, including
optical methods. Fingermarks can be two or three dimensional, therefore photos and scans have been
used to investigate the loss béight in ridges and if this correlates to agiBg. AlcaraFossou(2018),
investigated the use of optical profilometers (OP) for the detection of ratm@sions within surfaces.

It is nondestructive, contactless, prgeatment is not needed for the tant fingermarks to be
visualised, and reobservations can be made overtime until the fingermark will naturally disappear. It
works by recording images when the microscope moves vertically. Quantitative and qualitative data
was collected within this studyQuantitative data was regarding the height measurements of the
latent fingermark over a year. It was observed that the loss in height was considerably more noticeable
within sixty days (from deposition), after which it plateaus. However, qualitative ddteeianalysis

of these height variations from visual examination, and the OP is capable of producing images on both
fresh and ages latent fingermarks. The quality of the image would highly depend on the height of the
ridges, as higher contrast was foumdfiesh fingermarks. Within aged fingermarks, ridge quality was

much lower and, in some cases, could not be visibee S | f O Nflall,2018 & a 2 dzf

Overall, it was noted that as the fingermark ages, residues reduce in size, and it is assumed that the
sweat residues either evaporate or diffuse over the furrows which hide the height of the ridges causing
a plateau in height. This is where OP is limitesljt cannot pick up on the distinctions, as it can only
work above 0.02 um thicknegs5 S ! £ O Ntlall,2018R & a 2 dz

1.6 Fingerprint comparison and Fingerprint analysis
ACEV is the standard procedure in which fingerprint experts examine frictioresidd stands for

analysis, comparison, evaluation, and verification. Analysis is looking at the detail within the

fingerprint/fingermark, such as level one, two and three features. The quantity of these details needs

to be noted as well as the quality 6fK S WLINAY G Q G2 SyadsaNB Al A& adzdl
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unknown fingermark or poorest quality is always examined before the known fingerprint or best
lj dzi £ A ((BausHallhth Kaiis@al, 2011).

Comparison is using the information analysedfrthe unknown fingerprint (or poor quality) to the
known fingerprint (or better quality) and comparing them stoeside. The fingerprint examiner will
first look at the level one features from the unknown fingermark and will then compare this to the
knownfingerprint. If this matches, then the level two details will follow the same principle, assessing
the unknown fingermark information, then comparing to the known fingerprint. Level three details
are also noted in analysis and will also be compared @l levo details match (Kaushal and Kaushal,
2011).

Evaluation is concluding, based on all the information from analysis and comparison stages, if there is
an identification, an exclusion, or an inconclusive answer. Identification means that there is enough
matching information from the fingermark and the fingerprint to determine that they came from the
same individual. Exclusions means that there is enough information that does not match from the
fingermark and fingerprint to determine that they are not fraiime same individual. Inconclusive
means that a decision cannot be made between the fingermark and the fingerprint due which could

be due to quality or absence of an area (Kaushal and Kaushal, 2011).

Verification isa peer reviewingstageto ensure the reslts are accurate and reliable. If a conclusion is

deemed to be an identification, then a second qualified fingerprint examiner is needed to verify this.

When there is a conclusion of exclusion or inconclusive, it can also be verified but it not deemed
neSdalNE o6& (GKS W{OASYGATAO 22NJAy3a DNRdzZLJ 2y CNA
and Kaushal, 2011).

When there is a fingermark but no fingerprint twmpare to, it can be placed into fingerprint
databases such as Idehf to be comparedo fingerprints on the syster{Sutton, Glazzard, Riley and
Buckley, 2013)
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Chapter 2

Methodology

2.1¢ Introduction
As mentioned in chapter 1, fingaints are unige which make them an important piece of

evidence. There are various techniques in wiilcgermarks can be developed and enhanced. The
aimof this studyis to develop and recovery fingerprints on problematic surfaces;@imtib paint,
feathers,and leavesThis chaptefocuses on the methoddingerprint specific as well as non

fingerprint specific)and techniques eveloped inorderto achieve this aim

2.2 ¢ Fingerprints/fingermarks

The term fingermark refers to unknown ridge detail that can be found at a crime scene amd or
exhibits. The term fingerprint refers to the known (origin) ridge detail iagken in a controlled
environment. The fingerprint can be compared to the fimgark to include or eliminate a suspect
(Neumann et al., 2015).

When a surface is touched, it causes a fingermark to be left. This fingermark is made up of sweat,
sebaceous deposits, and other contaminai@®ampod et al., 2004This is a key piece ofidence as
it proves contact with that particular item or scene, as they cannot be transferred indifdetigonde,

Kokshoorn, de Popand de Puit, 2019).

Fingerprints(as mentioned previously) are taken within a controlled environment. This is normally
carried out within two ways, inking @ line-scan fingerprint. Inking is when the finger is rolled onto
an evenlayer of ink ensuring the roll is from one side of timail to the other capturing all of the
friction ridge skin. This inked finger will then produce the same rolling motion whtte paper, to

give the inked versiorThese cantten be scanned via optical scanners or canfeeg and Gaensslen,

2007).

Livescanning is the process of capturing the fingerprints without the need to the enhancement via
the inking procedurelnstead of a roll technique, a dab technique is implemented upon a device,

where the finger is simply placed upor{liee and Gaensslen, 20)0

Fingermarks are usually encountered at a crime scene or on an eXMdithitn Forensic Investigation,
there are three distinguishing types of fingermarks, these are plastic, patent and laemnfigure

2.9).
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Figure 2.1: Example of plastic fingermark (a), patent fingermark (b) and latent fingermark aided by
lighting (c)
(The Body Farm, n.d.;Sutori, n.d ; National Forensic Science Technology Center (NFSTC), 2013)

Plastic fingermarks alienpressions of fingerprint ridges in soft material such as wax or putty, creating
a threedimensional fingermark due to the malleable properties of the substrates (see figu(e)R.1

A patent fingermark are ridge impressiomaade in anon-solidresiduesuch as blood, paint, dirt or
grease, which causes contrast from the exhibit surface colour (see figu@)R Both of these types

of fingerprints are visible to the naked eye; therefore, no further enhancement is needed. However
latent fingermarks, dudo their composition are not visible to the naked eye and therefore need

further enhancement (see figure 2(d)) (Kaushal and Kaushal, 2011).

Latent fingermarks are made up of mixtures of secretions from glands, and impurities from the
environment. Thesesecretions from the skin originate from three glands: sudoriferous apocrine,

eccrine, and sebaceous glands (Champod et al., 2004).

The sudoriferous glands are long coiled tubes that produce sweat which is more than 98% water, and
they are distributed thoughout the body. They are situated in the hypodermis layer and traverse the

epidermal layers.

There are three principal layers of skin: hypodermis, dermis and epidermis. The hypodermis is the
inner layerthat insulates and cushions. The dermis is the radalyer that allows flexibility of the skin
and is the supportive layer for connective tissue. The epidermis is the outer layer that is made up of

stacked cells and is a rapidly regenerative layer (Kaushal and Kaushal, 2011).

Hair

Sweat Pore
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—_—= @ Nerve
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N Artery
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Adipose tissue

Hypodermis [

Subcutaneous [
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Figure 2.2: Skin layers (a) and (b) highlights the glands contributing to the latent
fingermark production (Jack Wesin, n.d. and Mayo Clinic, 2022)
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There are twadifferent sudoriferous glands; apocrine and eccr{gee figure 2.2 (b))Apocrine are

located in the armpits, groins and areas of female and male external sex organs (e.g. perianal regions,

lips of the vagina, mammary areolae and glands of the pefi®eccrinegland can be found in the

palms of the hands as well as the soles of the feet. These will only produce the secretion of eccrine
JflyRad . 20K 2F (KSasS 3t yRA& LINE RdzSdubleacgganicB (i A 2 y &
O2YLRYSY(aMyRdzOKOARA 6 ILINRPGSAya yR fFOGAO | OARO
phosphate and water). This mixture causes the deposit wedduble (Champod et al., 2004) and is

given the term water soluble (WS) deposit.

Sebaceous glands produce oil and avend throughout the body with the exception of hands and

soles of the feet. These are found in areas which have hair roots, such as chest and back, with a large
ydzY o SNJ F2dzyR Ay (KS FT2NBKSIR® ¢KAa ASONBdAZ2Y Aa
long-chain alcohols (such as fatty acids, glycerides and wax esters) that cause the deposition to be
non-water-soluble deposit (Champod et al., 2004). These components are termed/aten soluble

(NWS) deposits.

The epidermis contains ridges and fuu®that alternate, these are known as friction ridges (Kaushal
and Kaushal, 2011). These are rooted in the dermis, which are known as primary and secondary ridges.
Primary ridges are the ridges present in this underlayer, and secondary ridges are the/fuatiews.

These are reflected in the epidermis layer, giving it the friction ridge gkantheim, 2011).

Friction ridge is described #se flow of ridges on the hands and feet that form friction ridge detail.
Friction ridge detail is described the cbmation of friction ridge characteristics, friction ridge
structure and friction ridge flowEriction ridge flow is the path and the arrangement of these friction
ridges on those area¥hese are known asJel one characteristic§Forensic science primers: codes

of practice and conduct, 2020)

2.2.1Fngerprintclassification
The first level detail characteristics of a fingerprint is the overall friction ridge pattern. Trese

classified eitheldoops, whorls or archeffigure 2.2) These first level detalhave several features
which are present and common on all fingerpsnsuch as a core and deltas (Azman et al., 2019). A
core is the central innermost area of the pattefsee figure 2.3)and it is a fixed point. For each
pattern, the core is different, for example within a whorl, the core will appear as a dot or carnhm a
start of a spiral. Deltas within patterns are the outermost point of the Id€igsre 2.3) Itiscomprised

of three ridges, which are at an angle of 289 one another(Sudha, Singh an8odhi, 2021)
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Figure 2.3: Showing the cores (highlighted in the red circles) and deltas
(highlighted in the red triangles) in loops, whorls and arches (Bayometric, 2022).

A looppattern (see figure 2) is when ridges enter from one side of the finger, curve and terminate
on the same side in which it started, and these tend to have only one déiigse can be further

classified into radial and ulnar loops depending ugmndirection of flow.

Radialdopsoccur wherthe overall ridge flow is moving towards the thurabradusbone (figure2.4

(a)), and ulnar loops are when the overall ridge flow is towards the little fingrear bone(Rao, and
Balck, 1980).

Figure 2.4: Radial loop shown on the left, and ulnar loop
shown in the right image (Bayometric, 2022)
An arch is made up of ridges that enter on one side, raise a small amount towards the middle and flow
out on the other side, antend not to have any deltagsee figure 2.5)A tented arch has the same

ridge flow as the plain arch, but the rise in the mis a higher peak compared to the plain arch

%
N\
o’“-'\ \
Figure 2.5: Plain arch shown on the left, and a tented
arch shown on the right (Bayometric, 2022)
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A whorl in general isomposedf two deltas and will have a recurving ridge that flows into a spiral or

circle pattern. (Rao, and Balck, 1980). There are four different types tinderategory, there are:

Plain whorl

Central pocket loop

1
1
1 Double loop
1

Accidental whorl

In a plain whorl when an imaginary line is drawn between the two deltas, at least one of the inner
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2.6 (b)).A double loop (also known as twin loop pattern) is made up of two loop formatiaisare

distinctivelyseparate from each otheffigure 26 (c)) An accidental whorl pattern will focus on the
pattern made by the two deltaffigure 26 (d)). The first delta is related to the reurve in the ridges,

and the other is related to the upthrust of the ridges. Tihipacts the pattern of the accidental pattern
(Bhargaveet al.,2012)

\
X\

//’ f { '\\\\% AN
7\

\\\\

N

\

ﬁ@gé@§§ﬁ§
.-@.\\_L\\\:

Figure 2.6: Showing a plain whorl (a), Central pocket whorl (b), Double loop whorl (¢ ) and
Accidental whorl (d) (Bayometric, 2022).

On averaggloop patternsmake up 66870% of the populatiomith ulnar loop pattens being the most

common (Win et al., 2020Wwhereas30%of the population have whorl patterns and 5% make up

arches (Bhargawet al,2012).
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The unique features which individualise the patterns are called minutiae, and this is the second level

detail of a fingerprint. Some examples of these are bifurcations, ridge endings, lakes, amd ridg

crossing (see figure D.(Krishna Prasad and Aithal, 2017).
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Bifurcation Ridge crossing

,“
\‘\ Opposed

\v bifurcation/ridge
ending

Lake

2t

Figure 2.7: Examples of minutiae highlighted in red circles; ridge ending, bifurcation, lake, dot, ridge
crossing, opposed bifurcation/ridge ending, hook (spur), island and trifurcation

Figure 27 highlights some examples of minutiavhich are used within level 2 classification. A ridge
ending is when there is a termination of a ridge, leaving an end. A bifurcation is when a ridge splits
into two, and a Lake is when ridges form an enclosure, giving the appearance of a lake. Aidgeis a
that is in the shape of a full stop, it is not connected to any other ridges. Ridge crossing is when two
ridges areconnectedtogether making it look like an X or a chromosoititaul, Oladipo and
Oghenemavwe, 20197 hook or spur is described asidge that splits into twpwhere one ridge is

short branching off from the other one which is log®ingh et al., 2018). The island is a short ridge
whichis not connected to others, standing alone. And a trifurcation is where one ridge splits into three

separate ridges (Paul, Oladipo and Oghenemavwe, 2019).

Level 3 detail is described as dimensional features and are only used for comparison when the
fingemark and fingerprint are of sufficient qualitgl{ao, Feng, and Jain, 201Dhese includereases

(see figure 2. %)), dimension of ridgegpores (see figure 2, (b)), scars and warts. Distributed along

the ridges are sweat pores, which range in sizegtion,frequency and shape from person to person.

Pore shape can be round, oval, square or tridagand normally range from 50 pm in diameter.

Figure 2.8: Showing fingerprint creasing (a) magnification in red box, and fingerprint pores (b) magnification in red box. Black boxes are void areas.
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2.2.2Formation
Asdiscussed previouslfingerprints are unique to an individualhere are different theories and

hypotheses summarising the formation of the fingerprint ridges and why these are unique. However,
the most commonly accepted hypothesis famiqueness relates to the formation of friction ridges
during the embryological delgpment (National Institute of Justice (U.S.), 2011phis theory is

supported within the field particularly as identical twins do not have the sadge characteristics.

Figure 2.9: Showing the hand

morphology, (a) 0-6 weeks EGA, (b) 6-
7 weeks EGA, (c ) showing 7-8 weeks
EGA and (d) showing 8-9 weeks EGA

This theory suggests that the flow of amniotic fluidweell as the fetus position (within the uterus)

will change the growth cepatternson the fingertips, which will determine fingerprint structure. It
also states that there are microenvironments between each finger, which are all slightly and subtly
different. However, this difference is amplified due to the variation of the cells. This creates a
macroscopic difference, that shows not even identical twins have the same fingergiatset al.,
2004).

The biological processes involva@ complex howevadt is generally thought thahe developmental
timeline has an overall effeabn the ridge patternscreated. These processes begin during the early
stages(4 weekspf gestdion whenlimbsand finger developmenbegins (56 weeks)figure 29 (a))
assmallprotrusionsas the handshape issmall and paddkike (figure 29 (b)). Aroundthis time a
series of volar padsppearsequentiallyon fingertipswith muscle and cartilage beginning to forirhis
leads to the separation of fingers ¢B weeks)andfurther development of volar pads occurs (figure
2.9 (c)).At approximately & 9 weeks, the jointeindthenar crease begin to form the morphology of
the hand whichcan be recognised as arfit §han@. During this periodapprox. 9 weeksfiexion
occurs where creases develop within the fingéiigure 29 (d)) (Champod et al, 2004 Further

developmentaprocesse®ccur during the second and thitdmesters(detailed in appendiA.1).
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2.23 Angerprintclassification
Between 1952001, fingerprint experts irthe United KingdomK) usad a sixteenpoint standard

when comparing fingerprints and fingermarks. Meanimgninimum ofsixteen characteristica/ere
requiredto match from the unknown to the knowrinigerprintfor a positive matcho be concluded.
However, this was not a legal requirement, and there were numerous cases where there were less
than sixteen characteristics matched for fingerprint evideiceadbetter, 2005)Since 2001, this
requirement ras beensupersededoy the use of AGE (as mentioned in sectioh.6). A fingerprint
expert will use their training and expertise to carry out this method, with verificatipa second
expert. (Fingerprint Specialist, 202)hisprocess relies on the competency of the fingerprint experts,
and their findings as evidence are considereéham, not a fact(Friction Ridge Detail (Fingerprint)

Comparison, n.d.)

However within forensic science research, fingerprint grading systemstillgenerally accepted as
a form of comparisonHerguson et al., 2013; Hiroi, 2021; Pulsifer et all,32®Rajaret al.,2018; Yadav,
2019

2.23.1. Experimental detaitsf fingerprint classification
Fingermark analysis is qualitative data, and in ordeuta it into quantitative, a grading system was

created(table 2.1), similarlyto previous researclFerguson et al., 2013; Hiroi, 2021; Pulsifer et al.,

2013; Rajaret al.,2018; Yadav, 20)9

Table2.1: Grading table created for analysing the fingerprints collected

Grade Description / ridge count
0 No evidence or fully smudged mark. O ridd®racteristicpresent
1 Several ridges are present but cannot lead to examination. O tHgeacteristics
present
2 1-5 ridge characteristics present
3 6-12 ridge characteristics present
4 13-17 ridge characteristics present
5 18-21 ridge characteristics present

LG ol a RS@St2LISR dzaAy 3 (KS 3IMtkenRikgémarkidevelbpenk y Wb I
I IANBSYy OKSY RaaneNad., 2018)J:nBapp@ridiRn. 20 Rajanet al., grading scale uses
descriptions for each grade. That was used as a guide for the number of ridge characteristics that
should be present ithe fingerprint for each sample. This was done due to Rejfaah.,grading table

being subjective. A way to reduce the subjectivity was to look at specific ridge characteriseosy
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oneridge characteristics were chosen from thd NJi A Orfdéxifinger @ee figurz10), whichare
to be looked for each time for comparison. Degarg on how many of those can be seen, will depend

on which grade it will fit into.

2.23.2. Experimental detailsf fingerprint analysiand consistency
Theright forefingerof a single participanvas used throughout the research and for the comparisons

(see figure2.10below).

Bifurcation
Ridge ending
Lake

Delta

e SN

Figure 2.10: Showing participants right index fingerprint. The 21 characteristics
highlighted, the colour showing the type of minutiae it is. Yellow = bifurcation, green =
ridge ending, purple = lake and blue = delta. Black box are void areas.

The highlighted characteristiad the fingerprint are thetwenty-one key characteristics that were
looked for each time when analysing the fingerprints recovered from the sar(gdese examples see
appendixA.3

To ensure that the characteristics were present and not due to smudge or too much or too little
pressure, multife inked versions of the same fingerprint were compared.

Each of the key characteristics are numbered, this can be found in appeadix

Force/pressure is one of a few factors which can affect the degree of clarity of friction ridges in a

fingermark/fingerprint. As more pressure is applied between the fingertip and the surface, the friction
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ridges become flattened which causes them to broaden out creating less distance between them. In
previousresearch(Fieldhouse, 201dnd Fieldhouse, 201 pprticipants have been asked to provide a
moderate amount of presure, but this would be very subjective to human error. From using
Fieldhouse (2011¥4-55¢ RSaA 3y FAYISNLINAY (G &b YLIX SN | a
this research{Fieldhouse, 2001

The pressure device was made of an A5 sized notebook and fishing line weights tapped on to one side

(see figure2.11)

Figure 2.11: Pressure device that was created

A notebook was used due it being able to open and close, as well as having a flat suppé/ to
weights. Fishing line weights were used, asrttveight can be built upon, or can beducedif needed.

The fishing weights were positioned in a certain way, hafiwmgifferent areas (see figurg.12).

Figure 2.12: Areas on the pressure device. Area
1, 2, 3, 4 and 5, highlighted by the numbers
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Area one, two, three, and foarecalcdated as all weighing 12 g each. Area five which is in tdleni
was made up of seven pieces, five small pieces weighing 7 g each, one piece weighizgd2he

last piece weighing 11 g. Giving the weight of area five as 68 g.

The way in which it wied wasby lifting the top cover (the side with the weights) open and resting it
on the finger(see figure2.13(a)). The participant will then slowly ¥eer the finger and the weight of
the top cover and weights will provide the appropriate pressure neddaedake thefingerprint (see
figure2.13(b)).

Figure 2.13: Pressure device process. (a) showing the cover resting on the
forefinger, (b) showing the cover closed on the finger, providing the
pressure

2.3 Fingerprint Development Methods

2.3.1. Physical developeMagnetic powder
As mentioned in section 4.1, there are many differentypes of physical developers used within the

forensic fieldMagnetic developers are a type of physical developleich can beategorized ito two

different variations of magnetic powder, Magneta flake and standardised magnetic poMdgnetic

powders ae made up of iron particles, iron oxide and fine raagnetic particlesThe nommagnetic

particles then adhere to the aqueous and oily componevith the ridges, enhancing visibilifiiu et

al., 2019)Thisdeveloper can be applied to a varietypgafrous and norporous surfaces with a variety

of textures such aBuman skin (live and deceas€rapecar and Balazic, 200ffjits, vegetablesand

plant leavegHiroi, 202). Using a magnetic applica®r G SNXY SR WY, thapbdériat@acts | y R Q
to it making the brush head at the efffigure2.14). This causes the powder to be the oobmponent

that comesinto contact with the latent fingermarkeExcesspowder can be removed by hoovering a

WOt Sy Q | LILX A @Thongldw argl @Badim{i Z08Thisrévddval of excess powder is

recommendedor textured surfacego limit the risks of overdevelopment.
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Figure 2.14: Applicator for magnetic fingerprint
powder, adhering to the end making the brush head
(Arrowhead forensics, 2022)

2.3.1.1 Experimental detailsagnetic powder
Black and whitemagnetic powdes were used with a clean magnetic applicator, to dust over the

exhibits (feathers and leaves) to revéatent fingerprints.

2.32 Chemical developeyOyanoacrylate Ester Fuming
A chemical developer methddhown as Cyanoacrylate ester fuming (CEF) is uselé¥etopingatent

fingermarks. This method wimarilyused on norporous surfaces such as plastic, finished weod
glass(Bumbrah, 2017).

Cyanoacrylate is a specific type of acrylate reaimd cyanoacrylate esters are monomers that are
colourless liquids. Alkyl@anoacylate is an acrylate estdfigure 215), which contains tripldond
carbonnitrogen, which is bonded inside an est€lyanoacrylate has a relatively low boiling point
(approx.80-100°C) meaning that lowtemperaturesare needed for a change phase fromliquid to
gas.This property is exploited fahe development of fingermarkas n vapour form, it interacts with
the eccrine components within the latent fingermark. Timigeraction causepolymerization wich

imparts a white hard substance known as polycyanoacrylate on the finge Bankbrah, 2017).

C
O CH
Hzc//iﬁ( Mg
0

Figure 2.15: Chemical composition of
Alkyl 2-cyanoacrylate (Bumbrah,
2017)
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The standard way in which this method works is by placing exhibits into a secure fuming chamber. A
few drops ofcyanoacrylatén liquid formare placed into a suitable containatongsidea container of

water. These are placed into the secure fuming chamber with a heat spsurck as a hotplateThe
cyanoacrylate estevapour will thendevelopthe latent fingermark asa white hard substanceThis
development will continuas long as there is a presence of cyanoacrylate ester within the chamber

If not checked regularly or stopped at the appropriate times, then overdevelopment of the ridges can
occur(Bumbrah, 2017)

This chemical developdrasbeen used orvarioussurfacesand exlibits such a polymer banknotes,
bullet cases, inside vehicleend adhesive and neadhesive tape¢Bumbrah, 201} Pretreatments
such as réhydrating the fingermark, and posteatments such as powdering, can both be done to

enhance the development and effectiveness of this method.

2.32.1 Experimental detaitsf Cyanoacrylate Ester Fuming
A CEF chamber wéabricaed for this research, and consisted of two boxes (see figut6, 2a)), one

on top of the other. The box on the bottom has a hot plate, with foil draping over it. This was to
prevent the hot plate from getting damagdyy superglue. The wire of the hot plate was covered with
tape to also prevent damage. The top box has & lhokhe side/edge so the wire of the hot plate can

fit through. There ardéwelve holes at the top (see figure I6 (b)), which have a treasury tag in, with

a crocodile clip attached (see figurelg, (c)). These were also hot glued to the holes, making su
there is nospacefor vapour to be released, and to secure the clips. When operational, the hot plate
was set to the desired temperaturand a beaker of water was placento the chamberalong with

two tin cases containing the superglue. Tihelve sanples are clipped to the top, and the boxes are

taped together around the edges with masking tape (see figuré @ - e)).
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Figure 2.16: Showing the stages of making the CEF chamber. (a) showing the boxes when arrived, (b) showing the markings on the top box, (c )
Showing the tags put in place, (d) showing it finished with the hot plate in it, and (e) showing while in fuming process

2.4 Fingermark Reeery methods
Once fingermarks haveeen enhancedthese need tdoe recoveredas it is the key to identification.

Fingerprint experts typically compatkee originallycovered fingermarks with controllednfjerprints
taken from the suspect. Variounethods and techniques are available to recover thpgzes of
evidence from a scené&imilarlyto developers, great care is needed whaeciding upon the most
appropriate recovery metho¢Shalhoub et al., 20087\ summanpf those used within this researgh

summarisedelow.

2.4.1 Recovery using.ar
Jar is a type of tapdift that is usedby forensic practitionersn the UK It is a comprised of

polypropylene tape and acrylic adhesive which makes it stronger than acetate or standard cellotape.
It is widely used within practice due to the versatibiyd flexibility of the materia{J Lar Lifting Tape
50mm, n.d.)
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J-LAR®

Clear ¢

to the core

Figure 2.17: J-lar tape rolls (PNTA, 2022)

2.4.1.1 Experimental detailsing dar tape
Jar tape was used throughout this researcfhese were cut into sectisnwhere the size was

dependent upon the exhibi slight excess was allowed for remaaatimanoeuvringourposesOnce

removedfrom exhibits, these werplaced onto acetate shest

Additionally, }ar tape was used in the inking process of Provil, toaeenexcess ink as well as

highlighting a presence of ridge detail.

2.42 Recovery using Gel lifts
Gelatine lifters (termed gdift) is made up of a woven flexible surface, with a thick layer of gelatine

on top. When a piee of gellift is placed onto a m& (gelatine side down) the powders or dust particles
will adhere to the gelatine side, which will then allow it to be liffeain the surface(Wiesner, Shor
and Tsach, 2013)

J—

Figure 2.18: Gel lifters, black and white colours (Lynn Peavey Company,
2022)
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Gellifters are more frequently used on surfaces that are considered tiiffieult e.g. curvedurfaces
The advantagesf this techniqueare numerous some examples include the preservation of the
recovered fingermarkand therecovery oftrace evidenceAn added advantage is that this material
can cover large surface areds, relatively cheapand availablein different colours for contrast
(HarushBrosh et al., 2020).

2.42.1Experimental detailgsing Gelift
White gellifts were used withirthis research. Theewere used in the standard wayaq described

above).

2.43. Recovery using imaging
Photography is an important consideration within Forensic Investigation for the documentation of

evidence. Howevemn occasionsthe recovery of fingamarks is not possiblesuch as in the case of
bitemarks. In thesecircumstancesphotographyplays an additional rolas a fingermark recovery

method.

Photographsieed tomaximise the perspective of the primary subjetiect and minimise the view

of badkground itemsthat are not associated. Different angles, posisand distance from the
primary subjecibobjects are neededo provide the besiguality of imagry allowing for comparison.

Other factors such as exposure, composition and focus all need to be considered each time a photo is

taken(Robinson, 2010)

Lighting, including amount and quality gissentialwhen photographingexhibits andor crime scenes

as it will provide the corm exposure neede(Robinson, 2010)

Ambient lighting is the presence of existing lighting at the scene or in the lab, haowthigis
sometimes not adequate as it does natlow the correct exposureWhen ambient lighting $
insufficient,alternative lghtingis used, this can includgde lightingelectronic flashand alterrative

light sources (ALS}ide lighting/ oblique is necessary when encountering Huiegnsional patterns

or textures within the piece of evidence, such g®tracts, bite marlk, and indentation from writing.

For example, if direct lighting is uséal photograph a shoeprininade in dust, the flash wiflll the
texture of the patterneffectively causing the loss of detail, depth, and pattern of the shoeprint. When
side lighting/oblique lighting is used instead, it provides better visualisation by creating shedaws

will capture the threedimensional pattern, detail, and depth of tls&oe print(Robinson, 2010)
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2.4.3.1Experimental detailsf imagery
Within this research, there were two different types of lightemmployed. The first is by using a light

box (see figure2.19 (a) and (B) This wasa portable Samtaian photographigtit boxthat contains

2200 lumens and provided three times brighter lighting compares to ambient lighting.

Figure 2.19: The light box, (a) showing the front of the light box. The openings, grey circles, allow visibility to exhibit inside
to capture images. (b) showing the aerial view of light box, grey circle is the opening at the top, and yellow tangles are the
detachable LED lights across the top

The second lighting method was a la@@p0W), which was a standard type with a bendable arm used

for changingangleg(figure 220).

Exhibit

Figure 2.20: Lamp side lighting, with benable arm to change
angles (Robert Dyas, 2022)

The camera used to capture the photographs was a Nikon DSS00, withz51Brm lens model.

24.4 Recovery using resin
Epoxy resin has been used for multipfgplicationsboth outside and withirthe forensic fieldOutside

of forensic investigation, epoxy resisused in paints and coatings, as an adhesive, in electronic
materials(Jin, Li and Park, 2015),for creative usagesind for casts. Withithe forenst field,the uses

of epoxy resirare limited. This is primarily used for the analysis of trace evidence such as to embed
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tissues(Dittmar, Errickson and Caffell, 201&)d paint chipgFlynn et al., 200%llowingfor further
analysisSome research has also shown h@sin can be usedsa skull stimulanfFallandCheung et
al., 2017.

Epoxy resins are composed of two liquids, the reaimd hardener which when mixedgsults in a
chemical reactiothat isexothermic.lt starts with oth substances being a liquid, passes over a curing

time in which its state is a gel, and ends with it being a gBlgbxy Chemistry, 2022)

2.4A.1 Experimental detailssing rain

Ly (GKA& NBASINDK SLREBNEABEAYWSANY QR2Y.ITEE St DRRE 4 !
that was used was the recommended from the box, 2:1 rbsimtner. It was poured over the samples
andallowed to cure/harden foR4 hours, as per the instructiog§EDEO KIT CRYSTAL RESIN 300 ML

| Gédéo resin | Pebeo, 2022)

RESINE
CRISTAL

Figure 2.21: Resin ‘Gedeo Crystal Resin’
that was used in this study (Model shop,
n.d.)

2.45 Recovery using silicdrased casting material
Siliconebased casting materials have been used within forensic investigation such as casting

toolmarks, and outside of forenssciencesuch asn dentistry.

Tools can be used bgdividualsto gain access to premiseghesecan leave behintbol orinstrument
markscaused byevering, drilling, or cutting. Tise marks are photographed and can be cast using
commercially produced materials such as Xantropen, ddikrand Provil. The chosenaterial is
applied to the area liberally which willow for the recovery ofmacro and micro detail within the
mark(Pepper, 2010)These materialare made of two parts, an activat@nd the main putty material.
When they ae mixed together causes the mixture to harden which will create a cast of what it has

been placed on/into.
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2.45.1 Experimental detailgsingProvil
The siliconebased material useth this research waPBrovil novg also known as Proyfigure 222. It

is composedof a base and a catalyst, whichquires mking for activation to occurlt comes in
different viscosities which are light, medium, mepbase, putty, and soft putty. There are two
different settimes, regular set or fast set. It is classedsilicone, which means that water cannot be
absorbed by it. (Provil Novo: Medium Fast (2x50ml), 2022his materialwas chosen due taits
sensitivity allowing it to capture microscopic details within striation marks within forestence

impression.(McKenna and Butler, 2016)

Provil'no & N\ — p—

Medium fast set

Cartridge Refill
L3 n Prazisionsabformmatenial
e precrsion impression

® KULZER

Figure 2.22: Showing the Provil novo medium fast set cartridges and the Provil
dispense gun (Crime scene investigation equipment, n.d.; DD group, 2022)

Provil was chosen due the use of this material iprevious research where the material was applied
directly over a fingerprinthat had been powdered prior with Magenta FlakglcKenna and Butler,
2016 as wellas usinglsomark to make a cast of fingermarks, which were tkheweloped using

cyanoacrylateesterfuming(Shalhoub et al., 2008)

Within this research, Provil was used in two different ways. The first was applying directly over a
fingerprint, whether it had been powdered before with magnetic powder or not. The second way was
by making Provil rings which resin could be contained fpreventleakage When using the Provil,

the dispensing gun (as seen in figure_) was used. This made an easier application, asliwefings

for componentmixingin the correct ratios

2.5. Exhibit type

2.5.1 Anticlimb paint
Anti-climb paint is a an-drying, solvent based paint that can be applied to numerous outdoor

materials, such a pipes, fences, wood and brickwork, and comes in multiple colours such as black, brick
red, dark green, white and grey. The chemical makeup ofdintb paint is noteadily available. Its
purpose is to deter possible intruders from entering a property as it can be slippery and will mark/stain

anything that comes into contact with it. It is legal in the UK as long apipied to materials/surfaces
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two metres or ab@e from the ground and has a warning sign neapgti-Climb Paint Blackfriar

Paints, 2013; (Anti Climb Paint (AWtindal Paint), n.d.)

Dueto theseproperties, when aintruder does come into contact with itarks includindgingermarks

maybe captured.

2.5.1.1Experimental detailsf anticlimb paint
There are many different types of brands and colours of-eimib paint.Black anticlimb paint was

chosen for this research (figure 28). Manufacturer details and application instructions are

summarised in table 2.

CLIMB

"TERS VANDALS & mssm{ssiﬁs
\PPery non_drying finish fo
el

Figure 2.23: The anti-climb paint that was used in this research,
showing the back information and the front of the tin information

Table 22: Anticlimb paint information present on the tin

Description RapideAnti-climb paint is a quick to apply, ne
drying black paint which stays slippery mark
surfaces virtually unclimbable, whilst maki
hands and clothing to deter potential intruder
Ideal for use on drainpipes, fences, gutte
walls and window ledgesFor outdoor use only
Can be applied to concrete, metal, plastnd

wood.

Preparation Ensure the surface is clean, dry and free of lo
debris, oils, greaseand moisture. Seal porou
surfaces with multsurface primer and smoot
surfaces Bould be sanded to provide &lean

and smooth surfacéor the paint to adhere.
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Directions Stir well before use. Apply with a brush to giv
thick protective coating. In the event ¢
contamination, remove product with warn
soapy water.

Caution Warning gijns should be displayed to identi

the presence of anttlimb paint. Do not use i
areasrightfully used in daily use. Do not apf
below 2 metres height to avoid accident
contact. Do not use near ponds. Do 1

discharge into the environment.

Cleaning and storage

Clean brushes immediately with white spiri
rinse and dry thoroughly.

Storein a cool, dry, welventilated area.

Avoid direct sunlight and protect from frost
Dispose of contents/container to as per 1o(

and national regulations

Coverage

Up to 2 n¥ litre depending upon method an

rate of application. Read instructions befanise.

Contains

Alkanes, C147 Chloro, Quaternary ammoniu
compounds

This product contains max 25 g/l VOCs (Volg
Organic Compounds) which contribute

atmospheric pollution.

Warning

- May cause harm to brea$ed children.

- Very toxic to aquatic life with lon
lasting effects.

- Do not breathe dust / fumes / gas / mi
/vapours/spray

- Avoid contact during pregnancy/whil
nursing

- Wash hands thoroughly after handling

- Do not eat, drink osmoke when using
this product

- Avoid release to the environment.
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- If exposed or concerned: Get medig
advice / attention.
- Collect spillage

- Keep out of reach of children

For the purposes of this research, the agitmb paintwas applied to acetate skeés,and afingerprint
was made in it resembling primary transfer. This paint was kept on the finger and using fresh acetate
sheets, secondary and tertiary transfers were then made. A development technique was

implemented, and different recovery methods meeinvestigated.

25.2Leaves
In botany, the term leaf refers to a flattened outgrowth originating from the stem of a vascular plant.

These are th@rimary foodproducing organs of a plant. Thetructure and compositioaredesigned
to be efficient in collecting and using ligtwaldhoff and Parolin, 2011yhestructureof a leafcan be

seen infigure 2.24

cuticle [
upper epidermis
= - chloroplast

palisade

cytoplasm

mesophyll

spongy

lower epidermis
cuticle [

Figure 2.24: structure of leaf,
labelled (Boundless, n.d.)

Within the leaf (see figure 24) there are structures called chloroplasts, and within these structures

is chlorophyll. These are what give leaves their green pigment and are also needed in photosynthesis
to absorb sunlight energy and store it &Adenosine Triphosphaté&{Th. This ATP hen used within

the Calvin cycleThe main function of a leaf is a process called photosynthesis, where plants will take
in carbon dioxide (Cpand water (HO) and convertthem into sugars (glucose) and oxygern)(O
Leaves contain veins and venules whielp with the transportation of water, nutrients and energy
through the plant as well as providirsfructure and support (figure 25), and the waxy cuticlevill

also help in the loss of watéwWaldhoff and Parolin, 2011)

49| Page



Midrib Venules

Petiole

Leaf blade

Figure 2.25: Showing the different sections of the green leaf (reference)

2.5.2.1Experimental detailsf leaves
The leaves used for this research were those originating from the evergreen Manga Tree of the variety

Lippen(Mejora del Mango en Canariasd). This tress is cultivated in tropical environments close to

sea level. The leagaused for this study originated from Tenerife (Canary Islands).

Green leaves refer to fresh leaves which were pulled from the tree, and brown leavesoretiged
leavesthat had fallen from the tree. The time frame of how long the leaves had fallen fhe tree
to the collection for this studis unknown,however, only those on the top layer were selected for this

research.

25.3Feathers
Feathers are appendageslof 6 SKMUREk&e serve important functions for the animal as they allow

for flight and provide warmth and water repellenceThey are additionally involved in mating.
Depending on the species, a bird can have 20¢80,000 feathersthat vary widely in size, colour
and shapeThe main component of feathers is a protein called ker@fekahashi, Akahane and Arai,

2003) The basic componentsf feathers argachis, barbsand barbulegfigure 226).

Figure 2.26: Showing the different sections of a feather labelled (reference)
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Birds posses®mur main feather types listed below (see figur@d.(Yu et al., 2004)

- Downy feathers
- Contour feathers
- Tall feathers

- Wing feathers

IS
i

Il !

Tail \ Contour

Figure 2.27: Different types of feathers, wings, down, tail and contour
(Leach, Szuc and Thompson, 2014)

Downy feathers are mostly found in the ventral trunk, skare fluffy symmetrical feathers that aim

to keep the bird warm. Contour feathers are also found on the trunk, where it has two functions. The

distal part of the feather role is for communication and streamlining the body. The proximal part of
thefeathe®@NR f S A& G2 O2yGNRf GSYLISNI GdNBE® ¢KS GFAf ¥
feathers are for the purpose of flight. These feathers (wing feathers) vary within different species of

birds, due to their different flight modes, causing thémhave different desighand arrangemerd

(Yu et al., 2004)

Cere Head
Nostril ———

Eye

Position of external Upper beak - b - Nictitating membrane
ear opening Tongue \,A/‘ External ear opening
Neck Lower beak |
\ Neck
Throat \ ‘
j———————————— Back
Contour feathers Breast I ———fe .
Wi A ‘x
WL B R 7 ‘ Trunk ~— Preen gland
B Black bars regatagiom s |/ D i
) / ) 5; Cloacal
e oo Rl P -
/ A - [ 7 - Abdomen
Hand or - / Lower [ — ( |
manus I / am = \?7 Thigh
/ / Thorax Upper\ | Shank
1l Digit ——74/ am 1
Scales on 1l Digit —% Scales on leg —2))

legs

Clawed 2 Hind toe Hind toe or hallux
anterior or hallux

toes

Tail feathers
(rectrices)

1155
Clawed —{ Il /72
anterior toes |y

Foot or pes

Figure 2.28: Parts of feathered and defeathered pigeon with labels (BrainKart, n.d.& BrainKart, n.d)
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The colour of feathers can be vast, and formation can be due to physical colour, chemical colour or a
mixture of both. Colour is made up of pigments, which is defined as chemical compbanhdbsorb

light at specific wavelengths. Within birds, there are three major kinds of pigments: carotenoids,
porphyrins and melanins. Carotenoids and porphyrins pigmemggatefrom the diet of the bird and

are liquid soluble. Thesare deposited at dferent times, in different parts of the feather. These
pigments are bright red, magenta or yellow. Melanin as well as pigments called eumelein,
synthesised by melanocytes. These pigments are black or can be lighter. Other coloured sections on

the bird and feathers apply to their structure and iridescefite et al., 2004)

Within birds, there are uropygial glands that can be found in the integument (tough layer) within the
tail. The birds will carry out a process called preening, in which a birditvithe uropygial gland with

its beak. This will cause the emergce of secretiors, and the bird will then rub this all over their
plumage.This is amleaginous secretion referred to @seen oil. Its composition is complex, but the
main component is faned by lipids and waxes. There are many theories as to what this preening
process does, but one hypothesis is linked to waterproaofiigreno-Rueda, 201yas this substance

primarily containdipids/waxes

2.5.3.1Experimental details:
The type offeathers used in this study were pigeon tail feath@yse figure 2.29)obtained through

ebay.

Figure 2.29: Showing the average feather exhibits used within this
study. (a) is the front, and (b) is thee back of the feather
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They were used as a type of exhibit where fingerprints were deposited using either grease or
moisturiser. Half of the exhibits were developed using €BRysical developer, the other half were
developed with physical developer alone. Different recovery methods were then implemented to

determine the appropriate recovery method.

Chapter 3

Overcoming the difficulty in recoverifiggermarks
from anticlimb paint

3.1 Introduction

As discussed iohapter 1there is an absence of literature regarding the development and recovery
of fingerprints made in and from antlimb paint. Within this chapter, existing methods used for the
recovery and development of fingermarks as well those techniques intended for other uses were
investigated to determine if these would be appropriate for the recovery of fingerprints made in or

from anti-climb paint. Specifically looking at primary, secogdand tertiary transfers.
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Fingermark imagegresented in this chapter contain void areakhis is to comply witkethical

guidelines (applicatioETH21220064)

3.2 Development of an experimental procedure

Several different experiments were conducted tovd®p the overall methodology. These are

summarised below.

3.2.1. Tackiness

Due to the nature of anttlimb paint, various components are used to aid spread and prevent the
setting of thematerial (Section 5.1). Initialobservations noted that tackiness changed over time. To
investigate this further a series of tackiness tests were conducted. In this experiment, thatiraiti

paint was applied to three separate weighing boats using a paintbrush. These were denotedrtime
(immediate application), one day, and four days. At time zero, the index finger was placed into the
weighing boat, creating a fingerprint representing primary transfer. The index finger containing anti
climb paint was then used to make a fingerprimto a fresh clean weighing boat to resemble
secondary transfer, and this was repeated for tertiary transfer. This process was reproduced for time

one-day and fourday exhibits. These were then analysed (see table 3.1.).

Table 3.1: Tackiness of antimb paint, comparison between time zero, one day and four days, on primary,

secondaryand tertiary transfers

Time Transfer
Primary transfe(a) Secondary Transféb) Tertiary Transfe(c)

Zero days

54| Page



One day

Four days

Time zero was still tacky, which meant that there were no ridges that could be seen in primary (a) or
secondary (b) transfers and would both be graded as 0. However, there seemed to be some ridges
present in the tertiary transfer (c), and this would bedgd a 1 (see table 3.13ee section 2.3.1

and 2.2.3.Zor grading system).

TimeonedayLJt Ay G ¢l & adatt G O1& IyR LINAYINE GNIyaftsSnh
visible. However, some differences in tackiness were observed upon dbservation, where this

appears to show a greater adhesion of the alitnb paint compared to time zero. Ridges can be seen

Ay 020K aSO2yRIFEINE 00Q0 FYR GSNIAFNE o060Q0 (NI yaTs
Time fourdaysshowed the antclimb paint to have settled, meaning that the material showed greater

I RKSaA2y o6KAfald NBYFAYAY3d wsSGQ YR ALINBIFRIOE SO

I LINBaSyOS 2F NARISad { SO2yROMNBO (GMNZ defa R SaNz 06 QD
table 3.1).

These results show that the tackiness of the agiitinb paint reduces as time increases. Time zero gives
the poorest results for fingerprint quality, however, quality improves with increasing transfersg (tabl

3.1).This is due to theréeingless paint each time a transfer is made, showing that quantity is also a
factor. As a result of this preliminary data, the decision was made to leave the exhihitgithin the

controlled laboratory environmenftpr four days befordingerprints were applied.
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3.2.2 Pressure

Pressure was an important factor when considering reproducibility as this will affect the overall quality

of the fingerprints produced upon anexhibitK § RA FFSNB Yy OSING & & aBIBS N Wy RNIWISE
LINS&dadzaNBQ Oy 06S 4SSy Ay FAId2NBE odmod

Figure 3.1: Impact of pressure on fingerprint. In (a),
shows ‘normal’ pressure where the friction ridges can
be seen and (b) shows ‘excessive’ pressure, where
the friction ridges have been smudged/merged

To try and keep consistent pressure each time a fipget deposit was madghe pressure device, as

discussed isection 22.3.2wasused

3.2.3 Surface

Acetate sheets were chosen as thergde surface due to these being similar to many exhibit types

which can be found in practice. An additional advantage was the possibility of writing on these.

3.2.4 Cyanoacrylate Ester Fuming

A cyanoacrylate ester fuming chamber was fabricated for thisame which comprised of two boxes

on top of each other asummarised in section 2.2.1

Due to this chamber being larger than a standard size, soméeptielg was necessary to determine
the correct development conditions such as temperature, time, amount of superglueequired
The optimum conditions were found to be %) 80 minutes, and 105 drops of superglue for each

aluminium foil case.

3.2.5 Amount of anttlimb paint

For reproducibility, a consistent amount of antimb paint was used fagach test A series of tests

were conducted, using various scoops of afithb paint on a microspatuld ¢ W = 2 x 2 mm
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3.3 Recovery of fingerprints

A summary of processes used in this research has been summarisettions (38.to 3.3.4.3). The

overall method that was used to produce and devetbp fingerprints idetailed in appendiB.1.

Different techniques were used to determine the most appropriate recovery method. These include

Provil, resin, andhotography

3.3.1- Recovery using Provil

Aspreviously discussedsection2.4.5) Provilis a substance usddr the recovery otoolmarks. This
material, as well as othesiliconebased materialshave been used for the recovery fiigermarls,

but to a lesser extentTherefore, thisresearch further investigated the use of this matériar

fingermark recovery.

A Provil cartridge (yellow) and the gun dispenser were used to apply the Provil directly onto the
fingerprints. A method similar to that of casting toolmarks was used, whendlRvas dispensed using

a sideto-side motion, ensuring a slight overlap of the Provil between strokes to prevent the formation
of air bubbles. This recovery was conducted on acetate sheets containing primary, secondary, and

tertiary transfers. The Prowin each sample was then left to dry and removed.

Postimages were captured of the Provil, as well as the surface/exhibit after fingerprint removal.

3.3.2- Recovery using Resin

Due to the liquid form ofesin(section 24.4), ringsof Provil were made to prevent the leakage of this
material. Two methods for making the rings were attempted. The first method was using Provil to
make a ring directly onto the exhibit and allowed to dry, multiple layers were applied before resin
applicaton. The second method was to make the Provil ring on a separate acetate sheet, then place

it on the exhibit.

The rings, surrounding the fingerprint, were then filled with the resin mixture and left to harden/cure

overnight.

3.3.3. Environmentsverview

As the intended use for antilimb paint is for outside surfaces, different tests were conducted to
resemble different conditions in the United Kingdom (UK). The main reasons for this were to

determine the effect of environments on artlimb paint, and als any difficulty in recovery.
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For each of the environments, the aftlimb paint was left out for four days before fingerprints were
deposited and the transfer fingerprints were made, as per findings summarizedction 3.2.1

Following thisthesewere placed into the relevant environments.

3.3.3.1 Controéxhibitinformation

Thefingerprintswerein a controlled environment (room temperature in theboratory)for 64 days.
Pre and postimages were taken for each exhibit. The exhibits were then plateca CEF chamber

and developed (summarised in section 3.2.4).

3.3.3.2 Overxhibitinformation
The fingerprints were placed into an oven for 24 hours &C3%reand postimages were taken for
each exhibit. The exhibits were then placed into a@&mber, and developed (summarised in section

3.2.4)

3.3.3.3 Fridgexhibitinformation
The fingeprints were placed in a fridge for 64 days &C4Pre- and postimages were taken for each
exhibit. The exhibits were then placed into a CEF chamber, areloged (summarised in section

3.2.4)

3.3.3.4 Freezeexhibit information

Thefingerprints were placed into a freezer for 64 days aPC8Preand postimages were taken for
each exhibit. The exhibits were then placed into a CEF chamber, and devidapethrised in section
3.2.4)

3.3.3.5 Weexhibit information
The fingerprintswere sprayed witta mist ofcold waterusingfive pumps of a spray bottlére- and
postimages were taken for each exhibit. The exhibits were then placed into a CEF chamber, and

developed (summarised section 3.2.4)

3.3.4- Recovery using imaging
Photographs were captured at each stdgection 24.3.1). Similar toother forensic procedures, light

positioning and angles needed to be considered to obtain-higdlity images.

3.3.4.1lmagery of exhibits

A Ightbox as detailed irsection 24.4 and 24.3.1, was usedor obtaining consistent images of the

exhibits.
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Primary transfer exhibits were placed into the lightbox parallel to the lights above in positijeeeA
figure 3.2 (A))and then turned 90in position B(see figure 2. (B). Photographs were captured in

both positions. Secondary and tertiary transfehibsits were captured in position B.

Exhibit in Opening of Exhibit in
iti the light box
- ' g ) -

Figure 3.2: Aerial view of light box, showing exhibit in position A on the left (a), and
exhibit in position B on the right (b)

Position Gsee figure 3 (C) has backlighting using theght emitting diode LED strips from the light

box, this was used for primary transfer samples. One light strip would be removed from the top and
placed at the bottom, the lights facing the front opening. The exhibit would be held up in front of the
strip to allow light to comehirough. Secondary and tertiary transfers would occasionally use position
C but mostly use position (3ee figure 3 (D). This would allow light behind the fingerprint but not

direct light. The exhibit would alselheld more angled towards the surface than the LEDs.

e

Exhibit in
position D

‘_______- Light strip 2
L new position

Exhibitin ]
position C —

Figure 3.3: Side view of the light box, showing position C on the left (C), and position D on the right (d)

3.3.4.2 Provil enhancement
Secondary processing was needed on thevPto improve the contrast of the fingerprint against the
yellow cast. This was done by inking thewl cast, applying-lar tape to remove excess inknd

repeating
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Those exhibits possessing a grade qf8Bwere imaged using a lamp liglnanging from60 ° - 165°)
which showed contrast. Allrévil casts (including grades 3 and 4) used this secondary enhancement

technique to inprove contrast Procedure for enhancing contrast using Provil as a developer

Provil (fingemrint side) pressed down firmly into an ink pad

This is taken out and placed under a Linen Tdsteimaging
- JLar tape is placed over the Provil to rem@seess ink

- Animage is taken

- Jar tapeis removed, andmimagetaken

- This is then repeated untihe removal of excessk or until nofurther changesare observed

As Provil is made of silicorfgee section 2.5), it causes the ink to agglomerate on the surface. The

application of dLar tape causes the ink to spread over the cast.

3.3.4.3 Resimagery

The resin exhibits were captured using the lightbox, as well as a linen tester.

3.4 Results and Discussion

3.4.1 R.Dfor development using CEF

Anti-climb paint is a commercial material designed to prevent an indiviffaai obtaining a good
graspof a surface or objecthereby acting as a theft deterrent. Due to the intended use, the material
NBYlIAya WgS le@velprgldhgedl hdNdad ($eé sedtiorb2l), causingignificant issues for

the recovery ofingerprints. When considering potential developers, CEF was deemed to be a possible
candidate for the recovery of thedimgerprints as this method of recoverykaown to produce robust

fingerprints (see section 2.2).

Due to CEF requiring a heatisgurce (see section 22), therewere concerns that this could affect
the anti-climb paint as well as the surface the fingerprint was deposited on (acetate shestjous
research has shown that the optimum conditions forgermark recovery using CE~80-100°C
(Bumbrah, 201yand due to this research being novel, the effect temperature on the@mib paint
was unknown. The boiling point of cyanoacrylate 568 (National Institute of Justice (U.S.), 2011)
and therefore the temperature required would need to be abovis tibut also needed to be low as

possible to avoid the risk of losing ridge detail within the fingerprint.

Preliminary tests were conducted to ascertain the optimum conditions needed feckmty paint, as
well as the superglue chamber, constructed foistesearch (section 3.2.1). Thetests were run at

100°C. This temperature did not causey distortion to the antclimb paint; therefore, this
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temperature was maintained. A development tiri€0time resultedin underdevelopedingerprints,
whereas atime of > 90 minutes resulted in overdevelopdihgerprints. The optimum operating

conditions were found to be 80 minutes at a temperature ofdDa@nd 1aL5 drops of superglue.

Deposition of primary, secondary, and tertiary transfers occurred as mention@@.1. There was

one key issue witlthe primary transfer which could, occasionally, affect the secondary transfer. As
seen in preCEFRsection of table 3.2, somanti-climb paint adhesion didccur (section 3.2.1yhich
causes the ridges to be masked, leading to these not being developed. This could be due to the
thickness of the anttlimb paint, which would then also affect the secondary transfer, which can also
mask the ridges. Other potential reasons could be tb the temperature of the finger used to make

the fingerprints, as well as the antlimb paint at the time of deposition. These were not controlled

and could have varied between exhibits.

Development was carried out using the process discussed iros&ci4 and appendiB.1. Results
(Table 3.2xhow that the development of fingerprints deposited in aclimb paint using CEF causes
the formation of a robust fingerprinhaving a hard coating and matt appearance.-Rued post
fingerprints were gradedsing the criteria specified in secti@m®.3.2 theresults of which are shown

in table 3.2. These results demonstrate that there is no effect on the quality of the fingerprint,
signifying that the CEF development method proposed within this reseandmidestructive for this
material. Therefore, the CEF method proposed results in an increase in the durability of the

fingerprint.

Table 3.2: Comparison of prend post CEF development on primary, secondary and tertiary transfers

Time Transfer

Primary transfer(a) _ Tertiary transfer(c)
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Pre CEF

development

Grades 0 2

Post CEF

development

Grades 0 2

In orderto ascertain the importance of the active component (cyanoacrylate ester) and humidity, a

series of experiments were conducted using the procedure describsettion3.24 where:

1. Test one was conducted with humidity and no cyanoacrylate ester

2. Test two was conducteih the absence of both humidity and cyanoacrylate ester

Table 3.3: Primariransferresults from test 1, test 2 and CEF development procedure

Test 1 Test 2 Developed CEF procedur

Primary
transfer

exhibits

Table (3.3shows that in both tests 1 and 2, the antimb paint remains shiny and upon physical
SEFYAYLFGA2YSY AG 6la y20SR (KFG GKS &adaNFI OS

signifies that the cyanoacrylate ester is the key component of therfgsdpresented above.
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3.4.2 R&D Recovery of fingerprints after CEF development

Section2.3.2 highlights the possibility of creating durable fingerprints from sotid material and
preserving them in a nedestructive way. However, within practicéis neels to go further, ashe
recovery of evidence is criticdlherefore, the research expanded upon the possibility to recover these

durable fingerprints.

3.4.2.1 Recovery using Provil

As discussed, the application of CEF for fingerprint development oiwlanii paint produces a hard
and robust fingerprint. This can be considered to be a 3D impresSieveraldifferent recovery
methods are available for 3D impressions such as dental stone, MikrosiRramd @.4.5 €ction).
Provil was chosen as this hasdispenser gurthat aided the application and is already used in

laboratories and at scenes.

Similarly, to previous resultghe quality of the developed fingerprint increases with increasing
transfers(section 3.2.}, where tertiary transfer showed the highest number of observable ridge
characteristics. This result also affected the grading of Provil casts. Lighting aidedisigglisation,
however, agliscussed aboveséction3.3.4.2), difficultieswere encountered when reproducing angles
between different exhibits. Thereforghe inking of the casts was considered to be a suitable
alternative.Figure 34 shows the differene obtained through this inking proce$sgure 34 (a) shows

a secondary transfer whereas figure43b) shows a tertiary transfer, where ridge characteristics
appear much clearer in imadb) compared to(a). This difference in quality also affected tm&ing

process as when there is a decreased gap between ridges, the ink tended to pool in one area. Increased
gaps between ridges led to the ink depositing on raised portions of the &astmples of thetep-by-

step process of inking procedure seeapperdix B.2
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Figure 3.4: Showing (a) cast being poor quality and inking process does not
improve it. The second cast (b) showing good quality cast which gives good
quality contrast in the inking process

Table 34 shows the results obtained from the application of Provil to &fithb paint. The robust
fingerprint deposit created by CEF development meant that dpglication of the Rovil did not
disrupt the fingerprint. This allowed for multiple lifts to be obtained from the same exhibit. On some
occasions, such as that for the secondary transfer, the grade of the cast improved with a second lift
which may be du¢o the removal of excess materials/contaminants. The grade of the fingerprint did
not decrease with multiple lifts which can be seen as an advantage of the technique. However, it was
noted that on exhibits presenting witlan increased amount of antilimb paint (e.g. primary
transfers), the Provil caused the appearance of tearif@ further investigate this occurrence, a

second experiment was conducted with increased amounts ofdintib paint. These results can be
seen intable 3.4.
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Table 3.4Showing original, exhibit surface pestcovery, Provil cast 1, grades for both control and exhibit 1. Exhibit 1 having Provil cast 2

Primary transfer(a) Tertiary transfer(c)

Control Exhibit Control Exhibit

Original

Grade 2 2

\'vV vy 17

Exhibit
surface
post-
recovery

i
Al

Wbl

Fo gt B SR
11

SOy

.....

Grade 2

PROVIL
Cast 1

4
:
L

i
78 1] I RV S

Grade 2

PROVIL
cast 2

L i . T

NEAELEY

Grade
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Table 3.5: Control 2(thin) and Exhibit 2 (thick) stages, original, exhibit surfaces post recovery, and Provil casto@raftasesith stage

Primary transfer(a)

Tertiary transfer(c)

Exhibit

Control Exhibit

Original

Grades

Exhibit
surface
post-
recovery

Grades

PROVIL
Cast 1

Grades

WHHHH
] i |
i
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Table3.5shows that increased quantities of aatimb paint resukedin the production of vid areas.

This effect is more pronounced within the primary transfer compared to secondary and tertiary which
may be due to the fingerprint being surrounded by the aditinb paint. This may act as an anchor for
Provil to adhere. This can be seen as aatigg, howeverit was noted thatin these areas there were

no ridgespresent.

To ascertain the importance of the CEF development procedure, an experiment was conducted using
the Provil recovery procedure summarised within this section with the absencEBfapplication, the

results of which can be seentable 3.6.

Table 3.6: Primary, secondary and tertiary transfer results, showing original (no CEF treatmemécqaesty,

and Provil cast

Primary transfer(a) Tertiary transfer (c)
Original
Grades — 0
Post recovery ,,
Grades 0
Provil Cast
Grades 0 1

Table 3.6shows that it is possible to recover fingerprint characteristics using this Provil recovery

methodin the absence of previous CEF development. However, during Provil application, great care
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was needed to minimise the possibility of smudging. This could bdginated from multiple sources

such as contact between the nozzle of the Provil dispenser gun as well as any movement of the exhibit.
Any errors at this stage would lead to the destruction of the fingerprint. Additionmdist application,
smudging vas still observeds well as a blotting pattern surrounding and connecting the ridges, this

is highlighted in figure 8. With this method, enhancement for contrast was not needed, howgever

this would causen issue with preservation as the asgiimb pairt remained wet on the surface of

the Provil cast. Further investigation of this preservation issue was not deemed necessary due to the

poor quality of fingerprints obtained.

Figure 3.5: Tertiary transfer Provil with no CEF. Area of
magnification shows the blotting pattern obtained from
this process, highlighted in the circles

An advantage of usingréVvil on the samples after they have been put through CEF is it does not
destroy the fingerprints and allowtkemto be recovered more than once. This also means that if the
Provil does not capture all the detail in the fingerprint, it can still be used foginta Povil is already

used within the forensic field for toolmark casts, so is already accepitbih practice.

A disadvantage of usingd¥il when not run through CEF meant that an incorrect application can

destruction of the fingerprint. However, thigould not be an issue if CEF was run beforehand. As there
was little contrast between the yellow®vil and the superglue (white), it caused issues, howgies

can be overcomedy either using the method stated above or applying stains during the CEF

development processThis could be investigated for future applications.

3.4.2.2 Recovery using resin

As summarized in sectioB3.2 methods for the containment of resin were required. The results
obtained by applying Provil directiynto the exhibit versuplacing a readynade Provil ring onto the

exhibit are showrin table4.7.
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Table 3.7: Resin applied to primary, secondary, and tertiary transfers. Comparison of Provil ring applied directly

to the exhibit, and readynade Provil ring applied aaxhibit

Primary transfer(a) Tertiary transfer(c)

3 )/
i ), 8

Provil ring _ 3 : P Y
applied i3 ] ‘
directly on to q \ ? e
exhibit . .

Readymade ' X

Provil ring

AVESSESSESR,
3

applied to
exhibit

0

/,
(

Results shown in tabl@.7 highlight that there are no significant differences between the Provil ring
applied directly to the exhibit or if it was made separate fréims and placed onto the exhib{see
section3.3.2) Some resin leakage on both methods occurred to differentréxtél his may éddue to
the presence of air bubbles in thed?il, the surface not being flat, or could be due to the curing time
of the resin. Laboratory temperature and humidity fluctuations occurred, whietewot possible to

control, therefore this mg have contributed to differing resin curing times.

The removal of resin from the acetate sheetwied considerably. On occasions, it was possible to
detach the ReskProvil complex from the acetate sheet (figlB, (a)), whereas at times it was not
possible to remove the resin and Provil complex (fighiz (b)). Some of the reasons for this mag

due to some resin leaking under the Provil rings which caused this to cure as one single piece. This
meant that the fingerprint preserved in resin could not be detached from the exhibit surface and was
then analysed as one complete exhibit. When thesswo leakage, this allowed the resin piece to be
removed which was then analysed separately from the exhibit surface. Thdaiaohment of Resin

Provil complex was not problematic within this reseaesha transparent acetate sheet was used,
which allowed for possible grading to be completed. However, this would be problematic if a dark
opaque surface was used in addition aodark colour of the antclimb paint. This should be an

important consideration for practitioner applications.
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Figure 3.6: Showing (a) where it is possible for the
Resin-Provil complex to be removed, and (b) showing
when it cannot be removed due to leaking

The applicatiorof resin at times resulted in the presence of air bubbles (refaatde 3.7, tertiary
transfer), but this did not affect the grading of the fingerprint. However, the application of Pirayil

did occasionallyobscure part of the fingerprint ridges, whiaffeced grading. Due to the nature of
resin, it waspossible to carry out analysis on the reverse side of the Hasimil complex, as the
fingerprint would be brought to the front plane and consequently, the air bubbles or parts of the
Provil, would mee to the backplane as can be seen in fig8ré This is similar to what may be
encountered within practice. For example, the presence of surface contaminants such as hair, fibres,

etc. would affect the overall quality of the developed (physical or chaindieveloper) fingermark.

Figure 3.7: The front of Resin-Provil complex (a) and the
back of the Resin-Provil complex (b)
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Table 3.8: Comparison of Control and exhibit, on Original, ®esgih Complex, and Exhibit surface pesbvery. Grades included

Primary transfer(a) Tertiary transfer(c)
Control Exhibit Control Exhibit
Original
Grades 3
— N —— ___
N\ /x' P © ‘. ‘.|\\|’||llll,
Provil¢ § ' ' \ .
Resin =2 1=
complex E :;3
= s N
SOOI
Grades
Exhibit =
surface —é
post- g
recovery 2\ \ T : b =Y
JHPEI I JU I HITPEITERNLY AL LT COATTINY)
Grades 1 1 3
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As can be seen imble 3.8 similarlyto CEF results presentgueviously (sectiol3.4.1and 3.42), the

guality of recovered fingerprints using resin improves as more transfers are made. It can be noted that
GAGKAY LINAYIFNE (GNIXYyAaTFTSNE (KS VYéwdlCSPlexFconypar€dNLINA v i
to secondary and tertiary transfers. In both resyitglid not affect the quality of the fingerprint, but

the reason this could have occurred is the resin using the surroundinglanb paint like an anchor.

No further enhancments were needed such as tirking method for contrast unlike Provil (section

3.4.2.1). The grade stayed the same for the original exhibit and the R&®inil complex, showing that

the resin does not affect the detail within the ridges. However, theseambservations of some issues

which did affect the quality and detail within the ridges. One of these issie& f  § SR G2 GKS
removing the Res#Provil complex, as sometimes it could potentially cause damagehown in

figure 3.8, removing he ResirProvil complex from the exhibit caused the loss and/or destruction of

a section of the fingerprint, similarly to the tearing observed when using the Provil recovery methods
(section3.4.2.1). Somepotential reasons this could have happened maydoe to a presence of
impuritieson the exhibit causing greater adhesiontloé resin to thefingerprint, the presence of air

bubbles leading to tearing once removed or the amount of-alithb paint present could be uneven

causing the resin to cure uneugn

Figure 3.8: Primary control transfer
(table 3.8), showing damage caused in
the red circle

Other damage which could have been caused was focused on the acetate sheet, it could sometimes

rip ashighlighted in figure3.9. This was not a trend and only rarely occurred.

72| Page



Figure 3.9: Two exhibits which when the Provil-
Resin complex was removed, caused the
acetate to rip (in the red circle)

There were a few samples where the fingerprint was not completely captured in the first resin lift, and
a second resin lift was done to make sure the full fingerprint was collected. An example of this can be

seen infigure 3.10 This is a procedure commonly employed in practice, particularly during the
recovery of fingerprints enhanced with physical developers.

—
—
-
—
—
p
-
—

Figure 3.10: A showing after CEF, B shows the first resin
piece, C is the surface after first removal, D shows the
second resin piece, and E shows the surface after the

removal
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As discussed igsection2.4.1, fingerprintrecovery is typically achieved by placing the lift on acetate
sheets. This allows for the possibility of multiple lifts to be done on the exhibit, which is common
practice within the field. An added advantagefimigerprint recovery using resin is the psibility of

replicating this overlapping procedure due to the transparent nature of the material.

In order to ascertain the importance of the CEF development procedure, an experiment was
conducted using the resin recovery procedure summarised within ¢loisos withthe absence of CEF

development The results of which can be seertable 39
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Table 3.9: Comparison of Control and Exhibit, on fingerghatshave not been through CEF. Re2invil complex, Exhibit after removal and the grade

Resin
Provil
Compl

ex

Wil

Grade
Exhibit
after
remov

al

ot

IR TRE Y

Grade
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The goplication directly onto thexhibit (sedaable 3.9), resultedin the resin leakindpr all exhibits As
seen previouslysee figure 3,6 (b) and table73, notrends could be determined as to why leakage

occurred.

Table 3.9shows that it is possible to recovéingerprint characteristics using this resin recovery
methodin the absence of previous CEF developmétdwever, it was noted that grades decreased

grealy if the ResiAProvil complex was removed from the surface. A disadvantage of this technique is
thatthe anttkOf A YO0 LI Ay G NBYFAYSR Wg S iPovil 2ofnplek KTBis chiSed S NBA S
issues as the paint would then transfer onto surfaceat ih came into contact with including the
examiners hands. This meant that greater care was needed when handling the exhibit to preserve the

fingerprint. This possibility was not investigated further.

Some advantages of resin include the fingerprint getontained in a resin complex, preserving it
extremely well, without damaging or changing the fingerprint. Due to resin being transparent, it allows
the fingerprint to be seen from both sides of the resin compléhe application of resin did not result

in any distortion of ridge characteristics.

There were a few issues/disadvantages of using resin, one examplakagye This did not cause
problems in this research due to the acetate sheet and resin being transparent, but if this occurred on
a fixed objet, or a darker object, this could be an issue when visualisindirtherprint Ways to
improve on this could be experimenting with other forms of materials instead@filRas a ring to

keep the resin secure.

Other issues occurred when the ReBirovilcomplex was hard to remove from the acetate sheet. This
in turn can cause the fingerprint to become damaged/ripped in the process. This is also a destructive

recovery method, which means the fingerprint present cannot be recovered again.

3.43 R&D for envbnment

Previous sections have shown the applicability of CEF for the development and recdiregggrpfints

in anticlimb paint. However, these were conducted under controlled conditions within a laboratory
environment. To show greater applicability fwactice/real world, a series of experiments were
conducted in various environment® replicate conditions in which aniclimb paint would be

encountered in UK weather.

Two scoopgsection 3.2.5pf anti-climb paint were usedok the freezer,fridge, andcontrol exhibits.
This was done tdetermineif there was a difference ifingerprint transfer andhickness andmprove
the applicability of the research in practical scenarié&t and oven were done with one scoop of

anti-climb paint After that, they were placed in therespectiveenvironments.
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3.4.3.1Development and recovery Gvenexhibits

One set of exhibits was used for ovg@nimary transfer, secondary transfeand tertiary transfer.

Table 3.10: Oven exhibits, showing-@€F, posCEF and grades

Primary transfefa)

Exhibits Pre
CEF

development

Grade 2

Exhibits
Post CEF

development

Grade 2

Oven exhibits

Tertiary transfei(c)

As seen irtable 3.1Q ridgecharacteristics are seen in all transfer types, howeyerlity improves

with subsequent transfers as observpikviously (sectioB.2.1). Therefore anti-climb paint does not

show any significant changes to its nature and retains the integrity ofintpgession created at
elevated temperatures» 35°C). Equally, the application of the CEF method developed within this

research does not affect the overall quality of the fingerprint in any of the transfer types, other than

an increase in the matt appearee.
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Table 3.11: Oven exhibits, pastovery using Provil, Provil cast and grades

Oven exhibits

-
-
p—

Exhibits

post-

Wi el
Wil

-
-
| =
—
—y
p—
| —
—
p—
—
—
e
—-—
—
=
—
—

recovery

Grades

A\

Provil Casts ,

Wil
SAAAVRRNRRRNNNITTTT

&N E - 4
//““Inl‘”“\““\ Illl“l(ll‘.‘.‘\\\‘\\\\\

Grades

Results shown itable 3.11 highlight thattemperaturex35°Cdid not affectthe anticlimb paint, or

the ability to recover the fingerprint using the proposed method.

3.43.2 Development and recovery Bfidgeexhibits

There were two sets of fridge exhibits, each set containing a primary, secondary, and tertiary transfer.
There were no differences between set one and set two, therefore only set twalexsdoped and

recovered. Set one can Iseen in appendiB.3.
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Table 312: Fridge exhibits, showing pBEF development, peSEF development and grades

Exhibits Pre
CEF

development

Primary transfefa)

Grades

Exhibits
post-CEF

development

Grades

Results showim table3.120 A f f dzAa G NI (G S

Fridge exhibits

Tertiary transfei(c)

0 K°E tas ho efiieft Wi tit: Ndvei ogeiest

of fingerprints using the CEF procedure proposed within this research.
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Table 3.13: Fridge exhibitshowing postecovery using Provil, Provil casts and grades

Fridge exhibits

Exhibits
post-

recovery

Grades

Provil

casts

Grades

Each stage of primary arsgtcondary transfer asgraded 0. Tertiary transfer was graded 2 for each

stage other than the PROVIL cast which was gradedétable 3.18

The reason these exhibits were not of better quality (grades 0), is due to thelenki paint being
thick, as @scussed withisection (setion 3.2.3. Additional reasons for the poor quality obtained may

be due to contraction/expansion factors, this should be investigated further within future research.
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