Composition of fingermark residue: a qualitative and quantitative review

Abstract

This article describes the composition of fingerknagsidue as being a complex system with
numerous compounds coming from different sourcek ewrolving over time from the initial
composition (corresponding to the composition rigfter deposition) to the aged composition
(corresponding to the evolution of the initial camsftion over time). This complex system will
additionally vary due to effects of numerous inflae factors grouped in five different classes:
the donor characteristics, the deposition condstidhe substrate nature, the environmental
conditions and the applied enhancement techniques.

The initial and aged compositions as well as tli@mce factors are thus considered in this
article to provide a qualitative and quantitativeview of all compounds identified in
fingermark residue up to now. The analytical teghes used to obtain these data are also
enumerated.

This review highlights the fact that despite thenewous analytical processes that have already
been proposed and tested to elucidate fingermamkposition, advanced knowledge is still
missing. Thus, there is a real need to conductdutesearch on the composition of fingermark
residue, focusing particularly on quantitative mgaments, aging kinetics and effects of
influence factors. The results of future research @articularly important for advances in
fingermark enhancement and dating technique dexedafs.
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1. INTRODUCTION

The composition of skin and perspiration origingtiinom the eccrine secretory glands has
already been studied extensively for medical andhd®logical purposes [1-6]. However, the
information provided in these studies is not sigfi¢ for the forensic scientist working in the
field of fingermarks. In fact, the chemical compmsi of fingermark residue differs
gualitatively and quantitatively from the generélemical composition of sweat, because it
contains a complex mixture of compounds coming fidifferent glands and not exclusively
from the eccrine ones. Numerous contaminants csm la¢ present such as cosmetics, food
residue or drugs and their metabolites. Furthermareractice, a forensic scientist will never
collect fingermarks right after deposition. Therefo chemical, physical and biological
alterations over time will also affect the fingemkhaesidue left on surfaces during a crime and
hence modify its initial composition.

Many forensic studies have thus been carried ootder to gain a better knowledge about the
precise nature of fingermark residue and its modiion over time. These studies concentrated
on the chemical characterization of fingermarks,fboaused on three distinct objectives:

1) The development and/or the improvement of enhancetaehniques [1,7-35]

2) The development of fingermark dating techniques]4,20-21,36-49]

3) The capacity to distinguish between people usir@r thersonal characteristics (e.g.,
age, gender) [8,50-52] as well as extrinsic compteound in their fingertip
secretions (e.g., drugs) [7,9,53-62]

Despite these numerous studies, there has beerceatroverview covering the chemical
composition of fingermarks since the last reviewswablished in 2001 [17]. Therefore, the
present article aims to provide an up-to-date vewé the literature regarding the qualitative
and quantitative analysis of compounds identifiedl fingermark residue. Recent

developments and improvements in analytical insémtation and increasing interest on this
topic during the last decade have lead to a betiderstanding of fingermark chemistry. This
paper will thus begin with a preliminary definitioof fingermark composition and then

continue with a detailed description of the compsuidentified in fresh fingermark residue
originating from different sources (initial comptisn). The aging of fingermarks will then be

considered (aged composition), as well as the bititiaof the composition due to influence

factors. Finally, perspectives in the field of cheah analysis of fingermark residue will be

outlined.



2. FINGERMARK COMPOSITION

Numerous analytical techniques have been proposed tested to elucidate fingermark
composition, resulting in an expensive and commembination of analytical procedures.
However, despite the large amount of researchechout on this topic, advanced knowledge
has not been achieved yet, mainly because of tmaial difficulty of the needed analyses. In
fact, determining the composition of fingermarkidesg is an analytical challenge because of its
complex and multifaceted nature, which can be dasdras a system gathering different states
over time as follows:

1) The initial composition: This corresponds to the transferred fingermarkidiee
immediately after the contact between the finget ansubstrate. All compounds having
been identified in fingermark residue are takeo gunsideration.

2) The aged composition: This corresponds to the evolution of the initaimposition over
time. Products emerging over time in fingermarkdas are also considered.

The two states of the chemical composition of finggrks are highly variable, because of
numerous influence factors. When considering fingermark composition, it iseréfore
necessary to take into account the combinatiomital and aged compositions, as well as the
role of influence factors (Figure 1).

(Figurel)

The complexity of the fingermark composition is Wwdlustrated by the difference in
effectiveness of fingermark enhancement technigpgdied on fresh or old fingermarks. For
example, the efficiency of physical developer i®Wwn to be higher on aged fingermarks than
on fresh ones [63]. While this observation highiggthe fact that the composition between
fresh and aged fingermarks significantly differe fundamental knowledge about specific
compounds responsible for this difference is ab#layet. Among other things, such
knowledge would help understand reaction pathwdyenmancement techniques, such as
physical developer.

Differences in the enhancement quality betweentaahd children’s fingermarks were also
observed. In fact, enhanced fingermarks of childmeem to be generally of poorer quality than
those of adults, due to chemical differences admmark residue [16,25,64-65]. The age of the
donor is thus one example of influence factors chifig the chemical composition of
fingermarks and making it complex (see sectionf@.3nore details).

The following sections describe the qualitative apntitative information available in the
literature regarding the initial and aged fingerkn@omposition as well as the different
influence factors affecting this composition.

21. INITIAL FINGERMARK COMPOSITION

The initial composition of fingermark secretions & mixture of numerous substances
originating from three sources: (1) epidermis, §&cretory glands in the dermis and (3)
extrinsic contaminants. The compounds that haven lpeeviously identified in fingermark
residue are described below and classified acogditheir origin.



2.1.1. Compounds from the epidermis

The epidermis is the outermost layer of the skihictv is made of epithelium (tissue formed
from cells very densely packed together), dividew idistinct strata (layers) (Figure 2). The
horny layer (stratum corneum) is the most extelagdr of the epidermis and is composed of
dead cells regularly eliminated through the cordimidesquamation process needed for skin
renewal [66-68]. During this process, cells migrdme@ugh the epidermis from the basal layer
(stratum basale) towards the surface in approxima@ days. Different proteins are expressed
during desquamation [31,67,69-74], which could thentransferred to fingermark residue
during contact between the horny layer and a satestr

(Figure 2)

Only one study identified proteins actually expegssiuring the desquamation process in
fingermark residue [31]: keratins 1 and 10 (56 8Ad&kDa) and cathepsin D (the 48 and 52 kDa
forms). This study used sodium-dodecyl-sulfate gotylamide gel electrophoresis (SDS-
PAGE) coupled with WESTERN blotting to identify petns and peptides. The overall protein
content was estimated at 384 pg per trace, but etailed quantitative information was
obtained for the specific proteins.

In addition to the desquamation process, the perpdghe horny layer is to form a barrier,
which protects the underlying tissue from infecipdehydration, chemicals and mechanical
stress. This protective role is mainly assuredughothe hydrolipidic film covering the horny
layer. The lipid compounds comprising this film agé/cerides and fatty acids (65%),
cholesterol (20%), and sterol esters (15%). Thesepounds are mainly synthesized by the
keratinocytes in the granular layer (stratum graswm), but can also come from the sebum
secreted by the sebaceous glands [66-68,75]. Betghrding these compounds are discussed
below in the section addressing compounds fronséib@ceous secretory glands.

21.2. Compounds from the dermis

The dermis is the bottom layer of the skin and amst — among others constituents — five
million secretory glands including apocrine, ecerand sebaceous, whose secretions reach the
skin surface through epidermal pores [76]:

* Apocrine glands are found in the genital, breasguinal and axillary regions. The
compounds emanating from these glands were thedubf only a few studies [22,77-78].
No study has directly discussed their contributtonfingermark secretions. This lack of
details may be due to the technical complicatiersegated through contamination emanating
from the eccrine and sebaceous glands and alsbetdatt that apocrine gland secretions
generally play a minor role in fingermark compamsitibecause of their localization. They
may however be significant in crimes of a sexualirea[17].

» Eccrine glands are present all over the body authany exceptions and thus play an
important role in fingermark composition. The mawnstituent of their secretions is water
(99%), but many other inorganic and organic compgumave also been identified.

» Sebaceous glands are found all over the bodypexae the hands and feet. These glands
secrete sebum, which is a major component of fingek composition. As hands and feet are
free from sebaceous glands, sebum is transferredfimgertips only after contact with other
parts of the body (e.g., face and hair).



Numerous publications have studied the compoundeetssl by the eccrine and sebaceous
glands for dermatological or medical purposes B8&,9-84], but only a few focused on the
ones generated by these glands and identifiechgefimark residue. Thus, the sections below
summarize relevant information about compoundsigiédentified in fingermark residue.

A.  Compounds from eccrine glands

(Table 1)

The proteins/polypeptides represent the most abrgtaup of compounds from eccrine origin

present in fingermark residue (Table 1). Howeveryoa small number of proteins were

actually identified in these residues until now. SPAGE was used to identify albumin,

keratines 1 and 10 and cathepsin D in fingermasidue [31,85]. The presence of dermcidin, a
peptide playing a protective antibacterial rolesatrine secretions, was additionally identified
in fingermark secretions through immunodetectioactiens [31]. Studies using Fourier

transform infrared (FTIR spectroscopy) and FTIRgmg also observed the presence of
proteins, but without identifying or quantifyingetim [8,10,27,50,54].

More exhaustive studies regarding proteins in fingek residue were never carried out until
now because of the difficulty of such analyses ttuéow sample concentration (fingermark

residue has a very low protein content) and higtk@wund interferences [91-92]. Advanced
mass spectrometry techniques with careful sam@pagpation may yield detailed results in the
future, but these techniques are particularly ttmesuming and costly [93-94].

On the contrary, amino acids in fingermark resittage been quite thoroughly studied using
several different analytical techniques, the oldest being thin-layer chromatography (TLC)
and the most recent being laser desorption iowizatchniques alone (LDI) or assisted by a
surface (surface assisted LDI, i.e., SALDI) couphath a time-of-flight mass analyzer (TOF)
and mass spectrometry (MS) or imaging mass speetrgniMS) (Table 1). This interest for
amino acids in forensic science is probably duthéofact that they are target compounds for
routine detection techniques used on porous sigfaceh as ninhydrin, 1,8-diazafluoren-9-one
(DFO) and indanedione [14].

Many of these amino acids were identified using tbowing protocol: extraction using
different solvent systems (e.g., sodium hydroxeldanol, and pyridine), derivatization (e.qg.,
with ethyl chloroformate) and analysis using gasostatography coupled with mass
spectrometry (GC/MS) [11-12,19,45]. Chemical imagiosing Raman, FTIR and mass
spectrometry (using laser desorption ionizatioe, LDI) was successfully used to identify
fingermark amino acid composition as well [8,33,36lowever, no gquantitative data are
available yet. Results were presented as serimgsréfable 2), with serine being the most
abundant amino acid in fingermark residue (Figyre 3

(Table 2)
(Figure 3)

Concerning lactic acid, this compound was iderdifend quantified in fingermark residue
through analysis conducted with GC/MS [12,17,45]d ahigh performance liquid
chromatography (HPLC) [86]. Infrared microspectayse [10] and Raman imaging [33] also
allowed for its identification. The sodium saltlattic acid was also identified through infrared
microspectroscopy, but without quantification [10].



Phenol, uric acid and creatinine were all identifie sweat and in fingermark residue through
flame photometry in the late 1960s and reportethénlast review of fingermark composition

[17]. No other studies seem to have focused orattaysis of phenol in fingermark residue,
probably because of its very low concentration.tf contrary, uric acid was also identified
and quantified using HPLC analysis [86] and creaéinwas identified through Raman

spectroscopy [33].

Concerning vitamins, a study using laser-assiskedl ayer chromatography identified B-

complex vitamins in fingermark residue, in partautiboflavin. This compound seems to be
responsible for the fluorescence observed in fimgek residue under laser illumination (argon
laser, 488-514.5 nm excitation wavelengths) [41jolihe, a water-soluble essential nutrient
usually grouped within the B-complex vitamins, vedso identified in fingermark residue using
flame photometry [17].

Urea was identified and quantified using GC/MS 48289]. This compound was also
identified using Raman imaging [33] and Fouriensfarm infrared (FTIR) spectroscopy using
the attenuated total reflection mode (ATR) [8].

Finally, the following inorganic compounds of eo®i origin were also identified and

guantified in fingermark residue: chloride, sodiupmatassium, ammonia, calcium, sulphide,
magnesium (Table 1). The chloride components gfefiimarks are targeted by the silver nitrate
method, which is a fingermark enhancement technicpeel for nearly 150 years especially on
paper and untreated wood [14]. The other inorgampounds identified in fingermark

residue are mostly inert compounds (low reactiatyd high stability over time) and are

therefore not typically targeted for forensic apations [17].

B. Compounds from sebaceous glands
(Table 3)

Many compounds of sebaceous origin were also ifiethtin fingermark residue (Table 3).
Squalene, wax esters, triglycerides and phosplisligire the main constituents of sebum
produced by the sebaceous glands. Other glyceratedesterol, cholesterol esters and free
fatty acids are also contained in sebum, but caigirmainly from the epidermis (hydrolipidic
film).

Free fatty acids represent the most abundant grblipid compounds identified in fingermark
residue using different analytical techniques, rtiere recent being laser desorption ionization
techniques (LDI) assisted by a matrix (matrix assisLDI, i.e. MALDI) or by a surface
(surface assisted LDI, i.e., SALDI) and desorpidectrospray ionization (DESI) coupled with
mass spectrometry (MS) or imaging mass spectron{dit$g) (Table 3). The identified fatty
acid species are enumerated in Table 4 and motestriacture examples are presented in
Figure 4 [11,15,25,37].

(Table 4)
(Figure 4)

Wax esters were also identified in fingermark rasidut have generally not been detailed.
Only one study identified specific wax esters ingkrmark residue but did not provide
guantitative data (Table 5) [46]. Wax esters aeerd#sult of an esterification between a fatty



acid and a fatty alcohol. The involved fatty acete linear and frequently contain double
bonds. On the contrary, the involved fatty alcoleoks mostly saturated. It is interesting to note
that these fatty alcohols were never identifiedhia lipids on the surface of the skin; this may
indicate that bacteria are unable to hydrolyze esters [95]. In fingermark residue, wax esters
composed of fatty acids and fatty alcohols contgjnl4 or 16 carbon atoms were the most
commonly encountered [4@Figure 5).

(Table 5)
(Figure5)

Triglycerides areestes derived fromglycerol and threefatty acids (Figure 6). These
compounds are also present in fingermark residue,hbve been the focus of only a few
studies (Table 3). Recently, a study using lasesogion/ionization time-of-flight mass
spectrometry (LDI/TOF-MS) established a list oflyceridesfound in fingermark residue [48]
(Table 6). However, as isomeric triglycerides h#ve same mass, exact identification could
not be determined based only on the m/z value wédathrough LDI/TOF-MS. Table 6 reports
the m/z of the molecules that were conclusivelynidied through further tandem MS/MS
experiments (fragmentation) [48].

(Figure 6)

(Table 6)

Squalene (Figure 7) is the precursor of many sleroicluding cholesterol and has been very
frequently identified in fingermark residue usingitg simple analytical techniques such as
thin-layer chromatography (TLC) as well as moreambed techniques such as electrospray
ionization ESI) and liquid chromatography atmospheric pressmemical ionization (LC-APCI)
coupled with mass spectrometry (M8)able 3). However, the absence of squalene frouoit ad
fingermark residue left on porous filter papers @B reported, even if this absence seems to
be an exception [25]. This compound contains sidbt bonds and is ramified, giving this
molecule a high capacity to react and degrade (€ig). This is the reason why oxidation
products of squalene were identified in fresh fingagrk residue using GC/MS [25], ESI/MS
and LC-APCI/MS [28] as well as FTIR spectroscopyl(B27]. These oxidation products are
mainly squalene (SQ) hydroperoxides, in particetfuralene monohydroperoxide (SQ-[OOH])
(main oxidation product) and SQ-[OOH]Squalene epoxides were also identified [28].

(Figure7)
Cholesterol (Figure 8) is the most abundant steroanimal tissues (Table 3). While the
sebaceous glands do not normally secrete it,doimgained in sebum. It seems that cholesterol
enters into the sebum through blood circulation #mmdugh the plasma. Cholesterol identified
in fingermark residue is probably from sebum anideymal origin [17].

(Figure 8)

2.1.3. Contaminants

In addition to compounds coming from the epideramd secretory glands, fingermark residue
also contains many contaminants, such as fooduesdiist and/or bacteria spores [17].

Cosmetics, like hair products, perfume residueg fac body creams were also quite often
identified in fingermark residue using GC/MS [1925K46]. It should be noted that cosmetics



can be difficult to differentiate from intrinsicnigermark residue, because they may contain
lipid compounds that are also naturally presentingermark secretions, for example, fatty
acids (e.g., palmitic acid) or wax esters (e.g.ristyl myristate).

Nicotine contamination was also identified in fing@ark residue through surface assisted laser
desorption ionization-time of flight (SALDI-TOF) rea spectrometry [96]. The aim of this
study was to evaluate if the presence of nicotninigermark residue could be used to assess
the donor’s smoking habits. It was observed thav@cross-contamination from a smoker to a
non-smoker could occur through handshakes andpdsdive cross-contamination was also
possible through contact with surfaces. Howevergerwbomparing the peak intensities, these
cross-contaminations occurred at lower levels thardirect contamination due to contact with
nicotine during smoking.

Different chemical imaging techniqgues were propoded the development of new
enhancement techniques for latent fingermarks basetthe detection of exogenous materials
(illicit drugs, explosives, gunshot residue, aspidiazepam and caffeine). FTIR and Raman
spectral imaging [53,59,62] as well as time-offiigsecondary ion (TOF-SI) [56] and
desorption electrospray ionization (DESI) mass spetetry (MS) were used to analyze these
exogenous substances [61]. However, such applisati@ave a limited usefulness in practice
because they do not correspond to routine casewnoffiact, cases where a suspect does have
enough of these contaminants on his hands areamnon and these circumstances are not
often known beforehand. Therefore, it is quite ahstic to propose such techniques to
visualize fingermarks in routine cases, even witltaking into account that such technologies
are not portable and quite expensive. Howevehoukl be noted that future developments of
these applications might to some extent have ratevéor terrorism investigations.

Finally, drugs (e.g., sulfonamides, L-dimethylamjgin@ne) have also been identified in
eccrine sweat with concentrations being propodiido plasma levels. Aided by their low
ionization processes, these drugs seem to enteedtrine glands through simple diffusion.
Furthermore, the metabolite of L-dimethylamphetamimas also found to be secreted in
eccrine sweat after consumption of L-dimethylamahehe [97-98]. Thus, the fingermark
residue can probably also contain drug traces dube consumption of such substances and
their integration into the metabolism.

22. AGED FINGERMARK COMPOSITION

Like all materials, fingermarks undergo modificasoover time (i.e., they age). Thus, the aged
composition of fingermarks can be defined as rasulfrom the chemical, biological and
physical processes occurring over time on thealhttbmposition of fingermarks.

Aging can follow many different pathways at varyimgtes [99]. Alteration and/or
disappearance of the initial compounds will ocougrdime in a continuous process involving a
large number of phenomena such as degradationpaolista, drying, evaporation, migration,
oxidation or polymerization.

Several studies on the aging of the initial comgpmsiof fingermarks were carried out to gain a
better understanding of those mechanisms andkimatics. These studies mainly concentrated
on the aging of amino acids, proteins, fatty acsdgialene, cholesterol and wax esters but were
carried out with the following different practicabjectives:



1) The development and/or improvement of enhancemerthntques [8,10,13-
17,25,29,34,50]
2) The development of fingermark dating techniques143.7,36-37,49]

The general effect of aging on eccrine fingermadidue is the loss of water, with water being
the main constituent of palmar eccrine sudationd&p In fact, a study reported a loss of 85%
of the fingermark weight over a two-week timefraamel presumed that it was primarily due to
the loss of water [25].

Concerning the effect of aging on amino acids, wyston the development of ninhydrin
analogues for the visualization of fingermarks hgjtted the general stability of amino acids
over time. In fact, this study showed that old &mgarks could still be developed on paper with
amino acid visualizing reagents [100]; the givemplaration is that the amino acids have an
affinity for cellulose and can thus remain stalde Ibng periods of time, principally on paper
substrates. However, Cuthbertson observed that aveeriod of 236 days, the amino acid
content of a fingermark left on paper decreasenh f80083ug/cnt to 0.046ug/cnt [87]. These
results tend to suggest that the amino acids atefutly stable over time, but that their
concentration still remains high enough to be detewith amino acid visualizing reagents.
Similar observations were also made for proteimsgmt in fingermark residue. A study on the
enhancement of fingermarks using antibody reactwitis aloumin showed that good quality
enhancement was obtained on both fresh and oleriimgrks (up to 130 days) [85]. These
observations were explained by the stability ofdalm®imin on paper. Another study using FTIR
also observed the stability of certain acidic sdike lactic acid [10].

Concerning chloride and urea concentration in fingek residue over time, Cuthbertson
observed that, over a period of 236 days, the mdarontent was constant (change from 0.223
ng/cnfto 0.217pglcnt observed, but not significant) and the urea cdrfrem 0.083ug/cn?

to 0.028ug/cnt (significant) [87].

However, only limited data exists at present regaythe general behavior of other fingermark
eccrine compounds over time, such as phenol, aaalinc acid, vitamins and creatinine.

The aging of sebaceous compounds is mainly illtedrdy their qualitative and quantitative
decrease over time, principally squalene, cholektaend fatty acids [13,15,25,37]. These
compounds undergo significant degradation as aifumof time, resulting in the production of
new constituents, mostly small oxidized moleculEs;25,37]. Squalene, being the precursor of
steroids, can degrade through microbial procesessjting in degradation products such as
epoxide, ketones, alcohols and hydroperoxides gtraeaction with oxygen. These reactions
end with the formation of molecules in fully oxiéd forms (hexadioic and pentadioic acids).
Short fatty acids were mostly observed in old fimgarks and long fatty acids mainly in fresh
fingermarks; the authors thus concluded that dlatiry acids were derived from the long ones
[15]. Cholesterol also degrades upon aging. Chedigste or cholestenones are possible
degradation products, but were not clearly idesdiin aged fingermark residue [25].

Another project (never published) was undertakethat Savannah River Technical Center
(SRTC) in cooperation with the United State Se@etvice (USSS) to study fingermark
compounds and their changes over time [17]. Effedse directed at on the characterization of
the degradation products formed over time (prinbypaydroperoxides) to determine if any of
these compounds could be targeted by enhancenwmtiqees. Standard lipids were used as
samples (not natural fingermarks) and they werevaized before being analyzed by GC/MS.
Hydroperoxydes were measured using iodine/stastmgeand chemiluminescence. The SRTC
found that unsaturated compounds are rapidly degraeven under cool, dark storage
conditions. Concerning the aging of squalene sasnjilevas observed that after one month of
exposure to ambient conditions, 10% of each samatcomposed of hydroperoxides.



The hardening of fingermarks over time was alsceplexl. This phenomenon seems mainly
due to the loss of moisture and to the transfoimnatf unsaturated moieties to saturated
molecules. These saturated molecules have a mdeglprcrystal structure, which leads to a
more crystalline surface in older fingermarks. Thansolidation process of the surface of
fingermark residue is similar to that of “dryingsiiobserved in many natural products. This
process causes the materials to darken and thickeexposure to air, which results in the
emergence of a type of varnish [25].

Concerning the aging of inorganic compounds, it vadiserved that the silver nitrate
enhancement technique based on the chloride iomrslable in fingermark residue is
considerably less effective on old fingermarks. sThbservation is due to the diffusion of
chloride through the substrate over time [14,3%]e Bhape and size of this diffusion pattern
was studied by Angst and proposed as a fingermatikgl parameter in the early 1960s [39].
However, this technique is highly dependent onstioeage conditions of the substrate and the
conclusions are mainly subjective and based omxheniner's experience. This is probably the
reason why this dating technique was not studiethéu.

Additional data in the literature regarding theragof fingermark residue was generally linked

to environmental conditions, particularly with resp to sebaceous components. This
information is thus presented in the next sectidmere the discussion focuses more particularly
on the influence factors causing the greatest biitiain fingermark residue composition.

23. VARIABILITY OF FINGERMARK COMPOSITION: INFLUENCE
FACTORS

As described in the preceding sections, fingernagikg occurs over time and this modifies the
initial composition to give a subsequent state referred to aadgbe composition. Additionally,
many influence factors affect the initial and agsamposition of fingermark residue, thus
resulting in a very complex and variable matrix.

The variability of fingermark composition is thesudt of two major successive stages leading
to the initial and aged composition (Figure 9):

1) Transfer leads to the creation of the initial composititmough the deposition of a
fingermark on a surface. The residue transferrgubilds on different influence factors,
which can be classified into three categories:dbror characteristics (e.g., diet, age,
gender), thaleposition conditions (e.g., deposition pressure, contact duration) taed
substrate nature (porous, semi-porous and non-porous). These factoay be
significantly different from fingermark to fingerm@ and thus lead to variability in
initial composition.

2) The elapsing time between the transfer of a fingermark on a surféodial
composition) and its discovery results in the erarcg of the aged composition.
During this elapsed time, three types of factoftiénce the aging process, leading to
variability among the aged composition: tlsgbstrate nature, the environmental
conditions and theenhancement techniques used to visualize latent marks. Thus, the
variability of the aged composition is the additioh the variability of the initial
composition (starting point of the aged composjtwith the variability of the influence
factors occurring over time.

10



(Figure9)

The influence factors are particularly important égplain the complexity of fingermark
composition. More information is given in the follmg sub-sections, based on research that
mentions the extent of influence of different fastmn the initial and aged fingermark
composition [8,10,14-17,25,29,32,34,36-37,46,4%526,100-112].

2.3.1. Donor characteristics

The donor characteristics include age, ethnic wyigiedication, psychological state, health,
metabolism and diet as well as external paramsters as contact with other products such as
drugs, food or cosmetics [17,25,37,46,96,109,105411D-112].

Studies showed that thage of the donor influences fingermark residue [1®H0-
51,64,110-111]. Secretions from children were oleito disappear much more rapidly after
deposition on a surface than those of adults. phemomenon was explained in the literature
by the fact that residue from children mainly caméaagqueous saline compounds and fewer free
fatty acids. These compounds are very volatile wd disappear quickly. The residue from
adults, on the contrary, includes squalene, cherelstlarge fatty acid esters, wax esters and
glycerides. These compounds are far less volatiel ahus persist on substrates
[10,16,25,50,64-65]. Interestingly, residue fromoladcents show a very inhomogeneous
pattern: some adolescents yielded fingermarks #nat only composed of eccrine related
compounds, others appeared to secrete sebaceopsmemts in the same way as adults, while
some others showed a high amount of cholesterein énvgher than in adult residue. These
variations were explained by the maturation processurring in adolescent metabolism
[25,82,84]. In fact, the so-called “puberty” begiat different ages for each adolescent —
sometimes with several years’ difference betweelividuals — what may explain the large
variability observed in their secretions. Basedilogse observations, it is probably possible to
predict the onset of “puberty” based on the analgdithe lipid compounds secreted from an
individual.

Concerning the inorganic compounds available igdimmark residue, it is interesting to note
that the chloride amount in fingermark residuenigersely proportional to the age of the donor:
the chloride amount decreases as the age of arperseases [34].

The differences in fingermark composition due te@ agere investigated in studies aimed at
determining the age of a person based on the chéoomposition of their fingermark residue
as analyzed by FTIR [50-51]. These studies highdighhat the spectra of children and adults’
fingermarks differed when considering the lipid gmsition. It was thus proposed to construct
calibration curves with combinations of lipid conymals to then infer the age of a person
(within 4 years) [51].

The influence ofgender has also been studied. However, contradictorylteestere obtained.
In fact, Asano [52] and Cuthbertson [34] concludkdt no significant differences can be
identified in fingermark residue between males terdales (concerning respectively the lipid
compounds and the chloride ions), while Buchan&h §hd Hartzell-Baguley [89] highlighted
that some compounds (e.g. urea, fatty acids) maysbetul to differentiate between genders. In
her article, Buchanan explains that differenceslccdae due to the different metabolism
processes concerning glands and hormones, whichmairdy illustrated by differences in the
position of double bonds in the unsaturated fattgsa
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It has also been observed ttditeases and medications may significantly influence the
recovered fingermark residue. For example, conogrttie lipid composition, a person affected
by acne has a higher amount of fatty acids andlegedhan an otherwise healthy person [17] .
However, when this hormonal disorder was treated. (&ith an anti-acne cream), these
compounds were observed to decrease dramaticélly [4

Contact with different products, for example drugs or cosmetics, can affect thgeimark
composition, as these products have been identifi¢étigermark residue [53,56,59,61-62,96].
Donor habits (e.g., drug consumption) thus infleettte composition of fingermark residue.
Contact with food will also influence the compasitiof the fingermark residue. No precise
study on this influence was reported in the literat but this parameter was taken into account
in published casework [109,112]. Concerning costsgsome lipid constituents of commonly
encountered products (e.g., face creams and h&) gave been identified in fingermark
residue [15,17,19,25,46].

Finally, no study has focused on the effect ofdtmmic origin, psychological state or diet on

the composition of fingermark residue. However,edomentions these parameters as factors to
be considered when preparing fingermark samplegdarparative chemical studies, because
they can affect the fingermark composition [106].

The above subsection describes the different doharacteristics influencing the fingermark
composition and causing large qualitative and qtaivie variability. However, it is unclear if
this variability is sufficiently large and reprodble so that the composition can be considered
unique, i.e., that each person has their own dpeaiid unique fingermark composition.
However, the study of human body odors and theaiypaf dogs to recognize these scents
give some indications about this question.

Some very interesting studies highlight the facatthuman scent is so variable among
individuals, that each human has specific sweat patterns that animals such as dogs can
detect and even individualize and that can als@rmdytically differentiated [113-117]. The
body odors of humans have been classified in teeature into the three following groups:
“primary odor” (genetically based constituents stgystable), “secondary odor” (endogenous
constituents influenced by diet and environment) dertiary odor” (exogenous constituents,
e.g., soaps and perfumes) [113-114]. It seemsdibgd principally base their individualization
of humans on the “primary odor”. However, testsvebo that properly trained dogs are also
able to discriminate correctly scents of monozyguiiins, i.e., individuals who are genetically
the same, using secondary and tertiary odors [Ilg.compounds detected and used by dogs
to individualize humans have yet to be clearly tdemal. Research on human odor composition
concluded that human scents are mainly compriset@ine and sebaceous secretions as well
as scents coming from the microbial degradatiothese secretions [113]. One study on the
identification of the compounds emanating from honh@ands has resulted in a list of more
than 300 compounds using thermo-desorption (TDpleabwith a GC/MS analysis [117,116].
A more recent study focused on the volatile semnstcoming from human hands identified 63
different compounds using solid-phase microextoac{SPME) coupled with GC/MS analysis
[113-114]. The compounds identified in these steidere: carboxylic acids, alcohols,
aldehydes, hydrocarbons, amides/amines, esteligesaheterocyclics, ketones, sulfides and
thiol/thioesters/sulfonyls.

Numerous compounds have thus already been idehiifieuman body odors. The capacity of
dogs to differentiate between individuals basedh®mse compounds supports the hypothesis
that human scents are individual, as analyticadilgied in the publications of Curran [113-
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114]. As the compounds identified in human scemssamilar to those found in fingermark
residue, it may be hypothesized that the compasdidingermark residue is also individual.

2.3.2. Deposition conditions

The deposition conditions refer to the pressure, dbntact duration, the time of day (e.g.,
morning, afternoon, night), the dimension of thegértip area in contact with the substrate, the
finger itself and the washing of the hands [11,483,106-107].

Thepressure and thecontact duration between the fingertip and a surface influence ritel
composition of fingermarks [106-107]. In fact, aidy revealed that the greater the pressure
exerted, the stronger the coloration of fingermavkh ninhydrin [107]. The authors concluded
that this increase in coloration may be due togadr amount of transferred compounds.

The influence of théime of the day on fingermark composition was also studied (magnin
versus afternoon), but this factor seemed to havesignificant influence over the initial
chemical composition [52]. However, the time of th@y could have an influence on the
composition of fingermark residue because of sora@holism aspects. In fact, as mammaliam
metabolism is mainly regulated through circadiamtod, i.e., clock-controlled processes
roughly corresponding to 24-hour cycles, and thes thythmic expression and activity of
different compounds can differ during the day [1I8jese differences could thus be observed
in compounds forming the fingermark residue.

The dimension of the fingertip area being in contact with the substrate could alstuerice
the composition of the fingermark residue. Howewaty one study seems to have studied this
parameter and concluded that the differences betwiggertip dimensions were not
significantly correlated with the amounts of squal@nd cholesterol measured [37].

One study on the chloride amount found in fingekn@sidue showed that tHenger itself
seems also to be a parameter influencing the fmngdr composition [34]. Two main
observations were made: (1) the fingers of theHaftd left fingermark residue that contained
larger amount of chloride than the fingers of tightrhand and (2) the thumb, index and middle
fingers gave fingermarks containing significantigadler amount of chloride than the ring and
little fingers. The author suggests that these miasiens can be explained by the fact that most
people are right handed and thus use this hand tharethe left one and that they use their
thumb, index and middle fingers more than the ramgl little fingers. Therefore, the most
commonly used fingers lose their secretions becatisequent contact with different surfaces,
while the less used fingers can build up and keegel amount of secretions before coming
into contact with a surface.

Thewashing of the hands was not precisely reported in the literature, isutowever listed as

a possible influence factor when preparing fingekmsamples for comparative chemical
studies [106]. In fact, emulsification of the lipmbmpounds can occur when washing hands
with soap and water. A decrease of the concentratfothese compounds on the fingertip
surface will then occur and thus modify the fingarkncomposition.

2.3.3. Substrate nature
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The influence of the substrate on the fingermarkpasition is dependent upon the porosity of
the substrate and its capacity to retain compoumds will in turn be dependant upon its
texture, physico-chemical structure, curvature,gerature, electrostatic forces and surface free
energy (related to surface tension). The physi@¥tbal processes occurring on the surface
and inside the substrate are thus of great impoetaand a study concluded that the more
porous the surface was, the higher the adhesi@medarere and thus the more the fingermark
compounds migrated into the substrate [101]. It alas observed that the depth of penetration
of the residue in the substrate was proportionah& support porosity; the more porous the
substrate was, the more significant the penetratidre same study measured the mean
penetration depth as being between 40-60um [108. @aper surface free energy is another
factor influencing the penetration depth of fingarkiresidue into paper. In fact, while paper
with low surface free energy reacts rather in tame way than non-porous surfaces (good
enhancement quality with cyanoacrylate fuming, l@sidue penetration), paper with higher
surface free energy shows the same behavior thanupsurfaces (good enhancement quality
with amino acid visualizing reagents, significaesidue penetration) [124].

The different types of substrates are summarizedahle 7.

(Table 7)

The initial amount of squalene and cholesterol ifiergnt substrates was studied [37]. It was
observed that these amounts were higher for bothpoands on microfilter paper, normal
paper and polyvinylidene difluoride (PVDF) papearthon glass surfaces. The behavior of
some lipids in fingermark residue was also reporntethe same study. The concentration of
squalene decreased very rapidly over the firstasycould not be detected after seven days on
glass (non-porous). On the contrary, its diminutwas significantly slower on filter paper
(porous) because squalene was still detectable 8fedays. The same tendencies were
observed for cholesterol; its diminution was slowetfilter paper than on glass. Another study
on the chloride available in fingermark residueontgd the same observations; fingermarks left
on a non-porous surface (aluminium foil) contaisslehloride than fingermarks left on a
porous surface (filter paper) [34].

These results support the observations describeeedh01].

Finally, it is also important to note théte adhesive forces are inversely proportional to
temperature. In fact, when touching or holding etéint objects, the lipid fingermark
compounds stick to the surfaces because, in megiscdhose objects are cooler than the
human fingertig101].

2.34. Environmental conditions

The relevant environmental conditions include hutyjdight exposure, temperature, dust,
rain, condensation, friction, air circulation anohtaminants present in the atmosphere or on
adjacent materials or surfaces [36].

Exposure to hightemperatures was tested and FTIR analyses showed that the miblee
temperature, the more rapid the ester degraddfanhermore, small molecules appeared and
were identified as volatile degradation productsl(8 High temperatures also have a
significant influence on amino acids in fingermaekidue [29,32]. Degradation of amino acids
into smaller molecules was observed to occur fagteen the temperature increased than at a
stable room temperature. The degradation processiréa in fingermark residue was also
found to accelerate through exposure to high teatpes [8]. On the contrary, acid salts were
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much more resistant to high temperature; afterimgait 70°C for 72 hours, their presence
could still be observed through FTIR analysis [10].

Exposure tolight is another factor that was observed to influente ¢omposition of
fingermarks. Squalene, for example, was observetisappear much faster when exposed to
light than in the dark. On the contrary, for satedafatty acids, an increase was observed up
to 20 days followed by a decrease below the ingrabunts for fingermarks exposed to light
as well as stored in the dark [15,32]. These olagienvs can probably be explained by the
breakdown of triglycerides into fatty acids by @@ causing first an increase in fatty acids
followed then by a decrease when triglycerides hmaen completely broken down.

In dark conditions with no airflow, a temperature20-25°C and a relative humidity of 40-
80%, the compounds containing double bonds (eggalene, palmitic and oleic acid) appeared
to substantially decrease both qualitatively andngjtatively over one month, the main loss
occurring during the first week. The saturated coomals (e.g., palmitic and stearic acid), the
wax esters and cholesterol decreased as well,ldurtys Moreover, saturated acids with low
molecular weight also appeared to increase oveg,toriginating from the oxidation products
of squalene and some fatty acids (e.g., nonaneiadioic and pentadioic acids) [37].

Other studies observed the negative influencedetron beam irradiation [103] and
formaldehyde (used for biological agent decontamination) [10ese studies were carried
out to assess the influence of these factors ornhancement of fingermarks using different
techniques. As low enhancement quality was obseilivedas concluded that the fingermark
residue was adversely affected by the treatments.

The effect olhhumidity on fingermark composition was not directly studied research on the
enhancement quality of fingermarks depending orhtimaidity level was conducted [34,119].
In fact, Cuthbertson observed that the higher thenitlity rate is, the worse the quality of
enhanced fingermarks using the silver nitrate teghen [34]. A more recent publication
concerning the effect of humidity on the effectigea of cyanoacrylate fuming for fingermark
development highlighted the fact that at high hutpjdeccrine fingermarks presented a higher
enhancement quality than sebaceous ones [119]adtthus been suggested that sodium
chloride salt crystals (comprised in the eccrineresgons) absorb more water into fingermark
ridges at higher humidity and that the water mdesuare then responsible for initiating
polymerization, thus resulting in a larger quantifycyanoacrylate deposited on the ridges (i.e.,
higher enhancement quality). On the contrary, ittheught that some specific proteins
(mucoproteins, the type of glycoproteins mainlyrfdwon the surface of the epidermis, in the
horny layer) protect lipid secretions by formingoarrier against humidity, thus resulting in
poorly enhanced sebaceous fingermarks at high hiymid therefore appears that eccrine
constituents of fingermarks are more affected bynidity changes than the sebaceous
compounds [119].

These results therefore support the hypothesis Huaidity influences the compounds
available in fingermark residue. However, as enbarent quality is assessed in a subjective
way and is largely dependent on the enhancemehhitge used, this parameter is probably
not the best adapted to reliably determine thecetiehumidity on the fingermark composition.
Precise qualitative and quantitative data on fingegk composition after exposure to different
humidity rates are thus missing.

The effects ofdust, friction andair circulation on fingermark composition have not been
precisely addressed in published studies, althtligbe parameters are generally considered as
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possible influence factors that should be contdolénen preparing fingermark samples for
chemical analysis [106].

2.35. Enhancement techniques

Enhancement techniques will also influence the amitjpn of fingermark residue in
operational cases. In fact, when a fingermark Isaaned for visualization purposes, different
solvents or compounds (e.g., powders) are apptiettis fingermark and hence influence its
composition. This influence will depend on when éimhancement techniques are applied; right
after deposition of the fingermark or later. Howewe practical cases, enhancement techniques
will mainly be applied when the fingermark is ablgaa few hours or even days old, because
crime scene technicians seldom encounter fingesnianknediately after they were deposited
by a perpetrator.

Only one study observed the effects of enhancemeehhiques on fingermark composition
and focused only on the initial composition [46heTfingermark lipid residue was analyzed
using GC/MS after the application of the followirpmmon enhancement techniques:
indanedione, aluminium fingermark powder (alsoezhlfargentoratum”; powder composed
of flat aluminium particles and 3-5% (w/w) steaad) [120-122] and cyanoacrylate fuming.
The results focused on three lipid compounds: smgalcholesterol and myristyl myristate. It
appeared that aluminium powder did not influenae dbalitative analysis but contaminated
the samples, thus affecting the resulting chronrarng. Contamination was also observed
after treatment with indanedione. Furthermore, #wvent used in the indanedione
formulation influenced the recovered amount of comums. For example, when
dichloromethane was used, significantly smaller anmt® of squalene, cholesterol and
myristyl myristate were found. This loss of quanttould be due to the capacity of the
solvent to extract the lipid compounds during thehancement protocol. Finally,
cyanoacrylate fuming did not significantly influendhe recovered amounts of the three
targeted lipids and no contaminants were founthénainalysis.
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24. SYNTHETIC FINGERMARK COMPOSITION

In order to improve and develop enhancement teclesignumerous fingermarks are generally
deposited on different surfaces before being deeslowith the tested techniques. The
composition of the fingermark residue will influenthe quality of the obtained results. Thus,
the variability in naturally deposited fingermarksn impact on the assessment of the
effectiveness of an enhancement method.

For this reason, attempts to produce syntheticefimgrk secretions have been made [17]. In
fact, sebaceous and eccrine synthetic secretiansi@w available on the market and aim to
help fingermark examiners to standardize fingernt@gosition. However, the composition of
these synthetic secretions remains confidential guektionable results have sometimes been
obtained using certain enhancement techniques édcpsncipally on sebaceous compounds.
For example, aged synthetic residue revealed wittsipal developer showed poorer quality in
comparison to naturally aged fingermarks. This olzg@n is contradictory to the fact that the
physical developer usually yields good results gedasamples (up to 50 years) [63,123]. This
difference in effectiveness between natural andh&fit fingermarks clearly indicates that the
constituents of these synthetic fingermark seanstao not correspond to the natural sebaceous
compounds found in fingermarks. The difficulty teproduce natural fingermark secretions
illustrates the lack of knowledge of fingermark quowition and highlights the necessity of
future research on the topic.

Thus, although studies to standardize fingermansosiéion could indeed be useful, more
precise knowledge about fingermark composition nsigk be obtained in order to create

synthetic secretions corresponding to real fingeknspecimens.

However, problems are still going to remain whemgssynthetic residue. For example,
improper storage may lead to degradation of thepoamds in solution, particularly for the

sebaceous residue (lipids being very sensible twarammental factors such as light or

temperature). Furthermore, the eccrine and sebacsalutions should be mixed in order to
obtain secretions corresponding to real fingermagidue. However, this mixture would

require emulsification to become a truly homogesesalution.

The behavior of synthetic solutions over time amgosure to different storage conditions
should also be further studied. Given limited cotrenowledge, it is thus recommended that
natural latent fingermarks continue to be usedidion any results obtained using commercial
synthetic solutions.
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3. CONCLUSION & PERSPECTIVES

Fingermark composition is a complex and variabktesy described by thaitial composition

(i.e., transferred fingermark residue right aftentact between a finger and a surface) and the
aged composition (i.e., evolution of the initial composition oveme). Moreover, five main
types of influence factors were identified as difegthis system: the donor characteristics, the
deposition conditions, the nature of the substrébe, environmental conditions and the
enhancement techniques.

Numerous compounds of eccrine and sebaceous dmmye been identified in fingermark
residue using many different analytical techniquiéswould be unrealistic to obtain a
comprehensive list of all compounds available ingérmark residue, particularly if the
fingermark composition is highly variable and ureqto an individual, as suggested in this
paper. However, more precise informationquantitative data, aging kinetics and effects of
influence factors could be obtained but remains generally unavailabhe lack of knowledge
regarding these three topics seems to be due tontuo causes:

1) Lack of utility in operational work: as the available enhancement techniques are
working relatively well, there is no urgent opeoaidl interest to know precisely what
happens to fingermark residue over time or whatetfiects of influence factors are.
While such information is important to improve otundamental knowledge of
fingermark residue, it is not the focus of currepéerational research programs.

2) Technical difficultiesinvolved with such studies: samples need to be prepared and stored
under controlled conditions to conduct aging stsidiaking into account influence
factors. Numerous samples are necessary to obgaificant quantitative results and
high performance analytical methods are often requiThese aspects thus complicate
and slow down research, resulting in a lack of dathis particular field.

However, a better in-depth fundamental knowledgdirmermark composition would prove to
be important foadvances in fingermark enhancement and for the development of reliable
fingermark dating methods.

In fact, it is necessary to possess qualitative guahtitative data concerning the compounds
available in fingermark residue to develop or iny@enhancement techniques, particularly
when focusing on target compounds that have redeiite attention to date. Moreover,
information on aging kinetics and effects of infhge factors on fingermark composition is
needed in order to understand the reaction pathfeaysxisting enhancement techniques (e.qg.,
physical developer).

Research concerning the dating of fingermark residould also take advantage of the
information gained through research efforts focusedthe initial and aged composition
(including the effect of influence factors). In fathe most promising dating approach relies on
the use of aging curves built by quantifying insig) fingermark compounds (or ratio of
compounds) over time [37]. Thus, the initial fingerk composition and its aging kinetics are
of primary importance for this particular applicati

Concerning the analytical techniques used to gawmreminformation about fingermark
composition, it was not the aim of this review tgegprecise directives because all analytical
techniques enumerated in this review could be @sethis purpose. However, the following
recommendations can be made:
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1) As shown in this reviewGGC/MS has often been used to study eccrine and sebaceous
fingermark residue, probably because it is a nehtisimple and inexpensive technique
to implement. Thus, GC/MS could be employed to gaore quantitative information
on the wide range of lipids and amino acids av&labfingermark residue.

2) In order to explore the protein content of fingerksa more advanced mass
spectrometry techniques should be tested, comprising modern ion sources QESI,
MALDI, SALDI) and mass analyzers (e.g., TOF, Quauire, Orbitrap). However, it
has to be noted that such techniques are quiteei@e Furthermore, in order to obtain
guantitative data concerning proteins, high perboroe analytical methods and well
trained analysts are necessary because the taskngeparticularly challenging [93-94].

3) Chemical imaging techniques (FTIR, Raman, and mass spectrometry) should aso b
taken into consideration as exploratory technigoestudy fingermark composition. In
fact, such techniques have garnered much interdsteénsic science in general as well
as in the field of fingermarks because of theitighio identify and map the compounds
present in complex biological samples [35].

In conclusion, this review provides an update om tbhmpounds that have been studied in
fingermark residue and their variability. Furthemmoit highlights the missing fundamental

knowledge on fingermark composition and the neecbtauct future research on this topic to
help to develop the fingermark analysis field. Quative data should be collected on all

compounds identified in fingermark residue and gdimetics should also be studied in detalil,
in order to gain more information on the reacti@mteurring over time and how these are
affected by several types of influence factors.

4. ACKNOWLEDGEMENTS

The authors wish to thank Sarah Leake (from thetingle Police Scientifique) for providing
English advice during the writing of this manustrip

We also want to acknowledge the Swiss Nationalrfeid~oundation who kindly supported
this research (Fund no. PPOOP1_123358/1).

19



5. BIBLIOGRAPHY

[1]
[2]
[3]
[4]
[5]

[6]
[7]

[8]

[9]
[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

R.D. Olsen, The Chemical Composition of Palm&weat. Fingerprint and
Identification Magazine 53 (10) (1972) 3-23.

E. Fuchs, Epidermal Differentiation - the B&ssentials. Journal of Cell Biology 111
(6) (1990) 2807-2814.

P.M. Quinton, Sweating and its disorders. Arnkaview of Medicine 34 (429-452)
(1983).

K. Wilke, A. Martin, L. Terstegen, S.S. Biel, ghort history of sweat gland biology.
International Journal of Cosmetic Science 29 (8P 169-179.

M. Harker, H. Coulson, I. Fairweather, D. Tayl&€.A. Daykin, Study of metabolite
composition of eccrine sweat from healthy male #amdale human subjects by 1H
NMR spectroscopy. Metabolomics 2 (3) (2006) 105-112

G.E. Folk, A. Semken, The evolution of sweatrgls. International Journal of
Biometeorology 35 (3) (1991) 180-186.

H.W. Tang, W. Lu, C.M. Che, K.M. Ng, Gold naraficles and imaging mass
spectrometry: Double imaging of latent fingerprinfsnalytical Chemistry 82 (5)
(2010) 1589-1593.

C. Ricci, P. Phiriyavityopas, N. Curum, K.L.AChan, S. Jickells, S.G. Kazarian,
Chemical imaging of latent fingerprint residues.phgd Spectroscopy 61 (5) (2007)
514-522.

S.M. Jickells, Fingerprinting: Into the futur®easurement and Control 41 (8) (2008)
243-247.

D.K. Williams, C.J. Brown, J. Bruker, Charagzation of children's latent fingerprint
residues by infrared microspectroscopy: Forensiplications. Forensic Science
International 206 (1-3) (2011) 161-165

R.S. Croxton, M.G. Baron, D. Butler, T. Kem,G. Sears, Development of a GC-MS
method for the simultaneous analysis of latent dipgnt components. Journal of
Forensic Sciences 51 (6) (2006) 1329-1333.

F. Wehrli, Réactivitt¢ du Reévélateur Physique @omposition des Seécrétions
d'Empreintes Digitales. Master project, Institut Belice Scientifique, Lausanne
University (1998).

A. Jacquat, Evolution des substances grassssethpreintes digitales au cours du
temps: Analyse par TLC et GC-MS. Master projecstitat de Police Scientifique,
Lausanne University (1999).

C. Champod, C. Lennard, P. Margot, M. Stoitouringerprints and other ridge skin
impressions, 1 ed., CRC Press, 2004.

N.E. Archer, Y. Charles, J.A. Elliott, S. Jalls, Changes in the lipid composition of
latent fingerprint residue with time after depamition a surface. Forensic Science
International 154 (2-3) (2005) 224-239.

M.V. Buchanan, K. Asano, A. Bohanon, Chemicakracterization of fingerprints
from adults and children. Forensic Evidence Analymsd Crime Scene Investigation,
SPIE (International Society for Optical Engineejig§41 (1996) 89-95.

R.S. Ramotowski, Composition of Latent PrinédRlues, Advanced in Fingerprint
Technology, H.C. Lee and R.E. Gaensslen Eds, BatanRFI: CRC Press, 2001, pp.
63-104.

S. Jickells, N. Jones, Preliminary studies tve lipid chemistry of individual
fingerprints and changes with time. Forensic Saelmternational 136 (2003) 131-
131.

20



[19]

[20]

[21]

[22]
[23]
[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

R.S. Croxton, M.G. Baron, D. Butler, T. KeM,G. Sears, Variation in amino acid
and lipid composition of latent fingerprints. FosenScience International 199 (1-3)
(2010) 93-102.

R. Wolstenholme, R. Bradshaw, M.R. Clench, Bancese, Study of latent
fingermarks by matrix-assisted laser desorptiomgetion mass spectrometry imaging
of endogenous lipids. Rapid Communications in Magsctrometry 23 (2009) 3031—-
3039.

C. du Preez, L. Xiao, X. Spindler, P. Mayna@,Weyermann, C. Lennard, C. Roux,
A transfer study of fingermark material by GC-M30th International Symposium on
the Forensic Sciences, Sydney, Australia, 2010.

A.M. Knowles, Aspects of physicochemical methofor the detection of latent
fingerprints. Journal of Physics. E: Scientificthugnents 11 (1978) 713-721.

G.L. Thomas, The physics of fingerprints aheit detection. Journal of Physics. E:
Scientific Instruments 11 (1978) 722-731.

S. Bramble, Separation of Latent Fingermark siB@e by Thin-Layer
Chromatography. Journal of Forensic Sciences 401@)5) 969-975.

G.M. Mong, C.E. Petersen, T.R.W. Clauss, Adwh Fingerprint Analysis Project
Final Report — Fingerprint Constituents. Pacific ridavest National Laboratory
(1999).

N.E. Jones, L.M. Davies, J.S. Brennan, S.KarBble, Separation of visibly-excited
fluorescent components in fingerprint residue bip-thyer chromatography. Journal
of Forensic Sciences 45 (6) (2000) 1286-1293.

D.K. Williams, R.L. Schwartz, E.G. Bartick, Afysis of Latent Fingerprint Deposits
by Infrared Microspectroscopy. Applied Spectroscbpy3) (2004) 313-316.

K.A. Mountfort, H. Bronstein, N. Archer, S.Mlickells, ldentification of oxidation
products of squalene in solution and in latentdnpgints by ESI-MS and LC/APCI-
MS. Anal Chem 79 (7) (2007) 2650-2657.

A. Richmond-Aylor, S. Bell, P. Callery, K. Mas, Thermal Degradation Analysis of
Amino Acids in Fingerprint Residue by Pyrolysis Q@S to Develop New Latent
Fingerprint Developing Reagents. Journal of FoeBsiences 52 (2) (2007) 380-382.
M. Tahtouh, Reagents for infrared chemical gmg of fingerprints on difficult
surfaces, PhD Thesis, University of Technology,200

V. Drapel, A. Becue, C. Champod, P. Margogritification of Promising Antigenic
Component in Latent Fingermark Residues. ForensienSe International 184 (1-3)
(2009) 47-53.

G. De Paoli, S.A. Lewis Sr, E.L. Schuette, Lltewis, R.M. Connatser, T. Farkas,
Photo- and thermal-degradation studies of selectirex fingerprint constituents.
Journal of Forensic Sciences 55 (4) (2010) 962-9609.

R.M. Connatser, S.M. Prokes, O.J. GlembockLi.. RSchuler, C.W. Gardner, S.A.
Lewis, L.A. Lewis, Toward surface-enhanced ramamagmg of latent fingerprints.
Journal of Forensic Sciences 55 (6) (2010) 1462147

F. Cuthbertson, The chemistry of fingerprintdnited Kingdom Atomic Energy
Authority, Atomic Weapons Research EstablishmentWWRE) Report no. 013/69
(1969).

A.A. Frick, D. Berryman, S.W. Lewis, Mass spratimaging: a powerful new tool for
the study of latent fingermark chemistry. Idenafion Canada September (2011).

K. Wertheim, Fingerprint Age Determination: TEhere Any Hope? . Journal of
Forensic Identification 53 (1) (2003) 42-49.

21



[37]

[38]

[39]

[40]

[41]

[42]
[43]
[44]
[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

C. Weyermann, C. Roux, C. Champod, Initial &&s on the composition of
Fingerprints and its Evolution as a Function of &ilyy GC/MS Analysis. Journal of
Forensic Sciences 56 (1) (2011) 102-108.

J. Almog, Y. Sasson, A. Anati, Chemical Redgefor the Development of Latent
Fingerprint, 1I: Controlled Addition of Water Vapoo lodine Fumes - A Solution to
the Aging Problem. Journal of Forensic Sciencef241979) 431-436.

E. Angst, Procédé pour la détermination dgel'd'empreintes dactyloscopique sur le
papier. Revue internationale de criminologie epdkce technique 16 (1962) 134-146.
Y.S. Dikshitulu, L. Prasad, J.N. Pal, C.V. R#&ging studies on fingerprint residues
using thin-layer and high performance liquid chréogaaphy. Forensic Science
International 31 (4) (1986) 261-266.

J.M. Duff, E.R. Menzel, Laser Assistedted Thewyer Chromatography and
Luminescence of Fingerprints: An Approach to Fipgert Age Determination.
Journal of Forensic Sciences 23 (1) (1978) 129-134.

B.E. Dalrymple, J.M. Duff, E.R. Menzel, Inhete Fingerprint Luminescence--
Detection by Laser. Journal of Forensic Science@ pp1977) 106-115.

E.R. Menzel, Fingerprint Age Determination Byuorescence. Journal of Forensic
Sciences 37 (5) (1992) 1212-1213.

R.D. Olsen, Chemical Dating Techniques for drdt Fingerprints: A Preliminary
Report. The Identification News (1987) 10-12.

N. Rosset, Aspects Divers de la Compositios deaces Digitales - Une Revue.
Bachelor Research, Institut de Police Scientifiquaisanne University (2000).

K. Koenig, A. Girod, C. Weyermann, ldentifica of wax esters in fingermark
residues by GC/MS and their potential use as agargmeters. Journal of Forensic
Identification 61 (6) (2011) 652-676.

M.J. Bailey, B.N. Jones, S. Hinder, J. WaBsBleay, R.P. Webb, Depth profiling of
fingerprint and ink signals by SIMS and MeV SIMSudiear Instruments and
Methods in Physics Research Section B: Beam Intterecwith Materials and Atoms
268 (11-12) (2010) 1929-1932.

B. Emerson, J. Gidden, J.O. Lay, B. DurhamgsdraDesorptiofionization Time-0f-
Flight Mass Spectrometry of Triacylglycerols anch@t Components in Fingermark
Samples. Journal of Forensic Sciences 56 (2) (2881)389

B. Holyst, Kriminalistische Abschatzung desu@mnalters bei Fingerpapillarlinien.
Archiv fir Kriminologie 179 (1987) 94-103.

K.M. Antoine, S. Mortazavi, A.D. Miller, L.MMiller, Chemical Differences Are
Observed in Children’s Versus Adults’ Latent Fingarts as a Function of Time.
Journal of Forensic Sciences 55 (2) (2010).

A. Hemmila, J. McGill, D. Ritter, Fourier traform infrared reflectance spectra of
latent fingerprints: a biometric gauge for the aj@an individual. Journal of Forensic
Sciences 53 (2) (2008) 369-376.

K.G. Asano, C.K. Bayne, K.M. Horsman, M.V. Buanan, Chemical composition of
fingerprints for gender determination. Journal ofdnsic Sciences 47 (4) (2002) 805-
807.

M.J. West, M.J. Went, The spectroscopic d&pactof exogenous material in
fingerprints after development with powders andowery with adhesive lifters.
Forensic Science International 174 (1) (2008) 1-5.

K.L.A. Chan, S.G. Kazarian, Detection of tran®aterials with Fourier transform
infrared spectroscopy using a multi-channel detectbhe Analyst, Vol. 131, 2006,
pp. 126-131.

22



[55]

[56]

[57]

[58]

[59]

[60]

[61]
[62]

[63]

[64]
[65]
[66]
[67]
[68]
[69]

[70]

[71]

[72]

[73]

T.J. Wilkinson, M.C. Martin, W.R. McKinney, D. Perry, Application of FTIR
spectromicroscopy to the analysis of latent hunagefprints, 22th National Meeting
of the American Chemical Society, Anaheim - Can2@84.

M.l. Szynkowska, K. Czerski, J. Rogowski, Tarfjczak, A. Parczewski, TOF-SIMS
application in the visualization and analysis ohgkrprints after contact with
amphetamine drugs. Forensic Science Internatidva(2009) e24—e26.

M.l. Szynkowska, K. Czerski, J. Rogowski, Tarfjczaka, A. Parczewski, Detection
of exogenous contaminants of fingerprints using -BdMS. Surface and Interface
Analysis 42 (5) (2010) 393-397.

M.l. Szynkowska, K. Czerski, J. Grams, T. Rexgk, A. Parczewski, Preliminary
studies using imaging mass spectrometry TOF-SIM3Jatection and analysis of
fingerprints. Imaging Science Journal 55 (3) (20080)-187.

M. West, M. Went, The spectroscopic detectidrrugs of abuse in fingerprints after
development with powders and recovery with adhebfters. Spectrochimica Acta
Part A: Molecular and Biomolecular Spectroscopy(209) 1984—-1988.

A. Grant, T.J. Wilkinson, D.R. Holman, M.C. M, Identification of Recently
Handled Materials by Analysis of Latent Human Fipgmts Using Infrared
Spectromicroscopy. Appl. Spectrosc. 59 (9) (20032:1187.

D.R. Ifa, N.E. Manicke, A.L. Dill, R.G. Cookg,atent fingerprint chemical imaging
by mass spectrometry. Science 321 (5890) (2008) 805

P.H. Ronnie, S. Walker, M. Tahtouh, B. Ree®gtection of illicit substances in
fingerprints by infrared spectral imaging. Anal Bi@al Chem 394 (2009) 2039-2048.
J. Salama, S. Aumeer-Donovan, C. Lennard, @uxRkR Evaluation of the fingermark
reagent oil red O as a possible replacement fosipalydeveloper. Journal of Forensic
Identification 58 (2) (2008) 203-237.

A.M. Bohanan, Latents from Pre-pubescent GhildVersus Latents from Adults.
Journal of Forensic Identification 48 (5) (1998D573.

D.R. Kimbrough, R. DelLorenzo, Solving the Mswst of Fading Fingerprints with
London Dispersion Forces. Journal of Chemical Etloc&5 (10) (1998) 1300-1301.
L.M. Milstone, Epidermal desquamation. Jouraailermatological science 36 (2004)
131-140.

E. Candi, Schmidt, R., Melino, G., The coredienveloppe: a model of cell deatch in
the skin. Nature review 6 (2005).

A. Claudy, Cutaneous lipids: From physiologydiinics. Pathologie Biologie 51 (5)
(2003) 260-263.

R. Moll, W.W. Franke, D.L. Schiller, The cabgl of human cytokeratins: Patterns of
expression in normal epithelia, tumors and cultwets. Cell 31 (1) (1982) 11-24.

L. Eckhart, W. Declercq, J. Ban, M. Rendl, IBengauer, C. Mayer, S. Lippens, P.
Vandenabeele, E. Tschachler, Terminal differemtratof human keratinocytes and
stratum corneum formation is associated with casfds activation. Journal of
Investigative Dermatology 115 (6) (2000) 1148-1151.

L. Alibardi, M. Dockal, C. Reinisch, E. Tschder, L. Eckhart, Ultrastructural
localization of caspase-14 in human epidermis. naluof Histochemistry and
Cytochemistry 52 (12) (2004) 1561-1574.

S. lgarashi, T. Takizawa, Y. Yasuda, H. Uchiwa Hayashi, H. Brysk, J.M.
Robinson, K. Yamamoto, M.M. Brysk, T. Horikoshi, t6@apsin D, but not cathepsin
E, degrades desmosomes during epidermal desquamaBotish Journal of
Dermatology 151 (2) (2004) 355-361.

R.L. Eckert, M.T. Sturniolo, A.M. Broome, M.URe, E.A. Rorke, Transglutaminase
function in epidermis. Journal of Investigative Batology 124 (3) (2005) 481-492.

23



[74]

[75]
[76]
[77]
[78]

[79]

[80]

[81]
[82]
[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

H. Bazzi, A. Getz, M.G. Mahoney, A. Ishida-Yamoto, L. Langbein, J.K. Wahl lii,
A.M. Christiano, Desmoglein 4 is expressed in hygtifferentiated keratinocytes and
trichocytes in human epidermis and hair follicleff&entiation 74 (2-3) (2006) 129-
140.

M. Haftek, Données structurales et ultrastuughes sur les lipides cutanés humains.
Pathologie Biologie 51 (2003) 264-266.

J.-C. Guimberteau, Delage, J.-P., Wong, JiteFaeau neuve. Annales de chirurgie
plastique esthétique 55 (2010) 255—266.

I. Toth, I. Faredin, Steroid excreted by huns&m. II. C19-steroid sulfates in human
axillary sweat. Acta Medica Hungarica 42 (1985)2&1-

J.N. Labows, G. Preti, E. Hoelzle, J. LeydanKligman, Steroid analysis of human
apocrine secretion. Steroids 34 (1979) 249-258.

A. Pappas, Anthonavage, M., Gordon, J. S.,adldelic Fate and Selective Utilization
of Major Fatty Acids in Human Sebaceous Gland. dalurof Investigative
Dermatology 118 (2002) 164-171.

R.S. Greene, D.T. Downing, P.E. Pochi, J.Sais, Anatomical variation in the
amount and composition of human skin surface lipldurnal of Investigative
Dermatology 54 (3) (1970) 240-247.

E. Haahti, Major Lipid Constituents of Humakis Surface - Gas-Chromatographic
Methods. Scandinavian Journal of Clinical & Laborgtinvestigation 13 (1961) 13.
P.E. Pochi, J.S. Strauss, D.T. Downing, Adeategl changes in sebaceous gland
activity. Journal of Investigative Dermatology 73 (1979) 108-111.

D.T. Downing, J.S. Strauss, Synthesis and Gmition of Surfac lipids of Human
Skin. Journal of Investigative Dermatology 62 (B974) 228-244.

P. Ramasastry, Downing, D. T., Pochi, P. Era&s, J. S., Chemical composition of
human skin surface lipids from birth to pubertyud@l of Investigative Dermatology
54 (2) (1970) 139-144.

A.D. Reinholz, Albumin development method tsualize friction ridge detail on
porous surface. Journal of Forensic IdentificaB8n(5) (2008) 524-539.

S. Sugase, T. Tsuda, Determination of lacticl,auric acid, xanthine and tyrosine in
human sweat by HPLC, and the concentration vanabiblactic acid in it after the
intake of wine. Bunseki Kagaru - Japan societyafioalytical chemistry 51 (6) (2002)
429-435.

F. Cuthbertson, J.R. Morris, The chemistryfiaferprints. United Kingdom Atomic
Energy Authority, Atomic Weapons Research Estabisht (AWRE), SSCD,
Memorandum 332 (1972).

AY. Lim, Z. Mab, J. Ma, F. Rowell, Separatiarf fingerprint constituents using
magnetic silica nanoparticles and direct on-pa&ti8ALDI-TOF-mass spectrometry.
Journal of Chromatography B 879 (2011) 2244-2250.

B. Hartzell-Baguley, R.E. Hipp, N.R. MorganLSMorgan, Chemical Composition of
Latent Fingerprints by Gas Chromatography—Mass tgpeetry. Journal of Chemical
Education 84 (4) (2007) 689-691.

J. Terasawa, K. Mitsuya, A. Ishii, T. Tsudaja@titative determination of WK NH,",
Na’, Ca" and Mg cations in secreted human sweat by capillary sb@etrophoresis.
Bunseki Kagaru - Japan society for analytical clstmyis0 (12) (2001) 813-817.

B.O. Keller, J. Sui, A.B. Young, R.M. Whittalnterferences and contaminants
encountered in modern mass spectrometry. Anal@iienica Acta 627 (1) (2008) 71-
81.

24



[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

P.G. Riches, B. Polce, R. Hong, Contaminamidsaon SDS-polyacrylamide gel
electrophoresis are recognised by antibodies irmabthuman serum and saliva.
Journal of Immunological Methods 110 (1988) 117-121

K. Helsens, L. Martens, J. Vandekerckhove,Gévaert, Mass spectrometry-driven
proteomics: an introduction. Methods in moleculadygy (Clifton, N.J.) 753 (2011)
1-27.

M. Bantscheff, M. Schirle, G. Sweetman, J. IRiB. Kuster, Quantitative mass
spectrometry in proteomics: A critical review. Aytatal and Bioanalytical Chemistry
389 (4) (2007) 1017-1031.

F. Kanda, E. Yagi, M. Fukuda, K. Nakajima, @hta, O. Nakata, Elucidation of
chemical compounds responsible for foot malodouitigsh Journal of Dermatology
122 (1990) 771-776.

M. Benton, M.J. Chua, F. Gu, F. Rowell, J. NE@yvironmental nicotine contamination
in latent fingermarks from smoker contacts and igassmoking. Forensic Science
International 200 (1-3) (2010) 28-34.

H.L. Johnson, H.l. Maibach, Drug excretion lmuman eccrine sweat. Journal of
Investigative Dermatology 56 (3) (1971) 182-188.

M. Clubley, C.E. Bye, T. Henson, A technique tudying the effects of drugs on
human sweat gland activity. European Journal afiCil Pharmacology 14 (3) (1978)
221-226.

C. Weyermann, O. Ribaux, Situating forensecés in time. Science and Justice (in
press).

D.B. Hansen, M. Jouille, The development ok&l ninhydrin analogues. Chemical
Society Reviews 34 (2005) 408-417.

K. Bobev, Fingerprints and factors affectitigeir conditions. Journal of Forensic
Identification 45 (1995) 176-183.

J. Almog, M. Azoury, Y. Elmaliah, L. Berenste A. Zaban, Fingerprints' third
dimension: the depth and shape of fingerprints fpatien into paper--cross section
examination by fluorescence microscopy. Journdrarensic Sciences 49 (5) (2004)
981-985.

R.S. Ramotowski, E.M. Regen, The effect edfcion beam irradiation on forensic
evidence. 1. Latent print recovery on porous and-parous surfaces. Journal of
Forensic Sciences 50 (2) (2005) 298-306.

R. Hoile, S.J. Walsh, C. Roux, Bioterrorisprocessing contaminated evidence, the
effects of formaldehyde gas on the recovery ohlategermarks. Journal of Forensic
Sciences 52 (5) (2007) 1097-1102.

N. Jones, D. Mansour, M. Stoilovic, C. Lemha€. Roux, The influence of polymer
type, print donor and age on the quality of fingens developed on plastic substrates
using vacuum metal deposition. Forensic Sciencarnational 124 (2-3) (2001) 167-
177.

N. Jones, L. Davis, C. Russel, J. BrennanBi@mble, A Systematic Approach to
Latent Fingerprint Sample Preparation for Compaea€Ghemical Studies. Journal of
Forensic Identification 51 (5) (2001) 504-513.

O.P. Jasuja, M.A. Toofany, G. Singh, G.S.8pBynamics of latent fingerprints: The
effect of physical factors on quality of ninhydriteveloped prints - A preliminary
study. Science and Justice 49 (1) (2009) 8-11.

S. Fieldhouse, Consistency and reprodugyilit fingermark deposition. Forensic
Science International 207 (1-3) (2011) 96-100.

25



[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]
[121]

[122]
[123]

[124]

A.L. McRoberts, Kuhn, K. E., A Review of th@asereport — “Determining the
Evaporation Rate of Latent Impressions on the kxteBurfaces of Aluminium
Beverage Cans. Journal of Forensic Identificatidri3) (1992) 213-218.

E. Jacobsen, J.K. Billings, R.A. Frantz, CKinney, M.E. Stewart, D.T. Downing,
Age-related changes in sebaceous wax ester secredtes in men and women.
Journal of Investigative Dermatology 85 (5) (1988B-485.

M.E. Stewart, W.A. Steele, D.T. Downing, Chas in the relative amounts of
endogenous and exogenous fatty acids in sebacgids dluring early adolescence.
Journal of Investigative Dermatology 92 (3) (1989)-378.

J.F. Schwabenland, Case report - Determirtingg Evaporation Rate of Latent
Impressions on the Exterior Surfaces of Aluminiuev&age Cans. Journal of
Forensic Identification 42 (2) (1992) 84-90.

A.M. Curran, C.F. Ramirez, A.A. Schoon, K.Eurton, The frequency of occurrence
and discriminatory power of compounds found in honsaent across a population
determined by SPME-GC/MS. Journal of Chromatograpi®¢6 (2007) 86-97.

A.M. Curran, P.A. Prada, K.G. Furton, Thefeliéntiation of the volatile organic
signatures of individuals through SPME-GC/ms of rabteristic human scent
compounds. Journal of Forensic Sciences 55 (1)0)2B0-57.

L. Pinc, L. Bartos, A. Reslova, R. Kotrba, d@oDiscriminate ldentical Twins. PLoS
One 6 (6) (2011).

U.R. Bernier, D.L. Kline, D.R. Barnard, C.Echreck, R.A. Yost, Analysis of human
skin emanations by gas chromatography/mass spestinom2. Identification of
volatile compounds that are candidate attractamtthe yellow fever mosquito (Aedes
aegypti). Analytical Chemistry 72 (4) (2000) 747675

U.R. Bernier, M.M. Booth, R.A. Yost, Analysid human skin emanations by gas
chromatography/mass spectrometry. 1. Thermal deeorpf attractants for the
yellow fever mosquito (aedes aegypti) from handjleds beads. Analytical Chemistry
71 (1) (1999) 1-7.

F. Gachon, N. Leuenberger, T. Claudel, P.,GbsJouffe, F. Fleury Olela, X. de
Mollerat du Jeu, W. Wahli, U. Schibler, Proline-daacidic amino acid-rich basic
leucine zipper proteins modulate peroxisome pnaltferactivated recepter (PPARy)
activity. Proceedings of the National Academy ofeSces of the United States of
America (PNAS) 108 (12) (2011) 4794-4799

M. Paine, H.L. Bandey, S.M. Bleay, H. WillsoFhe effect of relative humidity on the
effectiveness of the cyanoacrylate fuming processifigermark development and on
the microstructure of the developed marks. Fore8sience International 212 (1-3)
(2011) 130-142.

G.L. Thomas, The physics of fingerprints.r@inology 8 (1973) 21-38.

G.L. Thomas, The resistivity of fingerprint®ournal of FForensic Science Society 15
(1975) 133-135.

A. Becue, S. Moret, C. Champod, P. Margote Wd stains to detect fingermarks.
Biotechnic & Histochemistry 86 (3) (2011) 140-160.

Fingerprint Development and Imaging Updatente¢ Office Scientific Development
Branch (HOSDB), Newsletter No. 26/2003 (Novemb2603).

M. Azoury, D. Cohen, K. Himberg, P. Qvintugiho, T. Saari, J. Almog, Fingerprint
detection on counterfeit US$ banknotes: The impaeaof preliminary paper
examination. Journal of Forensic Sciences 49 @0421015-1017.

26



