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Abstract 

 The permanence and uniqueness of fingerprints and the analysis of physical characteristics 

associated with fingerprints have allowed for the identification of individuals in forensic 

investigations. However, there is additional information that may be obtained from latent 

fingerprints. Fingerprint residues are comprised of chemical components – those which are created 

and secreted from the body naturally (endogenous) and those from products outside the body that 

are ingested or applied on the skin (exogeneous) – that have previously been used by researchers 

to identify an individual’s age, gender, and even lifestyle. This information may be useful for the 

inclusion and exclusion of suspects when physical fingerprint characteristics may be unidentifiable 

or may be a means of adding additional information to preexisting physical characteristic analyses. 

However, there is currently no scientific literature regarding the ability to identify an individual’s 

geographic and cultural ancestry through analysis of latent fingerprint residues. The purpose of 

this study was to identify a chemical pattern which might allow investigators to identify an 

individual’s geographic and cultural ancestry through the analysis of latent fingerprint residues 

using Mass Spectrometry – specifically Desorption Electrospray Ionization - Mass Spectrometry 

– as a medium for analysis. Individuals from varying racial backgrounds (Hispanic, Asian, 

European, African, and Middle Eastern) were asked to deposit a single right index print onto a 

piece of Mylar film. Following collection of prints, samples were analyzed using the DESI Synapt 

G2 instrument. Results of the study indicated that identification of geographic and cultural ancestry 

based on latent fingerprint residues may be possible, but further study is needed. In most cases, it 

was seen that an individual has significant agreement of chemical residues within their 

fingerprints. However, for individuals of the same or even different geographic and cultural 

ancestries, there are less definitive results as to if the chemistry of their latent print residues is 
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similar or significantly different. In total, no distinct observations can be made from the data 

obtained, and further investigation is required to establish any relationships between geographic 

and cultural ancestries and the chemistry of fingerprint residues. 
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Introduction 

 Latent fingerprints are a type of identifiable information which are often left by criminals 

when they are committing crimes. Latent fingerprints are typically used for the identification or 

exclusion of a known print to an unknown print. However, with proper application of other 

technologies, it may be possible to obtain additional information about a suspect. 

Some research has been done in the application of chemical instrumentation as a method 

of characteristic identification, such as age, gender, or lifestyle traits (Hinners et al., 2018, 2020; 

O’Neill et al., 2020; Zhou & Zare, 2017). However, no research has been conducted on the 

application of these techniques for the identification of an individual’s geographic and cultural 

ancestry.  

 The use of mass spectrometry has been proven to be useful in identifying other 

characteristics of an individual (Huynh et al., 2015; O’Neill et al., 2020; Popa et al., 2010). As a 

result, the application of this type of instrumentation may prove useful in the identification of 

geographic and cultural ancestry from latent fingerprint residues. Specifically, the application of 

imaging mass spectrometry (such as MALDI-MS or DESI-MS) or traditional chromatographic 

mass spectrometry (such as GC-MS) has proven to provide the most information in regard to 

analysis of latent fingerprint residues (Hinners et al., 2018, 2020; Huynh et al., 2015; O’Neill et 

al., 2020; Popa et al., 2010; Zhou & Zare, 2017). 

While methodologies for determining geographic and cultural ancestry have been 

scrutinized in the past, this type of identification may provide information that is useful for 

inclusions and exclusions - to aid investigators when trying to narrow down a list of suspects. The 

identification of geographic and cultural ancestry through latent fingerprint residues has not been 

researched previously and thus has the potential to be of benefit to the field of forensic science. 
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Literature Review 

Fingerprint History  

Fingerprints have long been used in forensic investigations as a way of individualization. 

Friction ridge skin is a type of skin that is made up of a series of ridges and furrows that can leave 

behind a unique impression. It appears on different areas of the body, including fingers, toes, palms 

of the hands, and soles of the feet (Houck & Siegel, 2010). The use of friction ridge skin, 

specifically fingerprints, as a means of identification dates to around 221 B.C. when patterns were 

used for identification by the Chinese community (Holder & Laub, 2012). Based on artifacts that 

have been found from this time period, it is known that the Chinese recognized the uniqueness of 

fingerprints to an individual as they would often use them as a way to show authorship or sign 

contracts (Holder & Laub, 2012). 

Some of the first recorded observations about friction ridge skin were made by a European 

scientist named Dr. Nehemiah Grew (Holder & Laub, 2012). In 1788, J. C. A. Mayer would be the 

first individual to record the uniqueness of friction ridge skin, quoting that “arrangement…is never 

duplicated in two persons” (Holder & Laub, 2012). Although the study of friction ridge skin 

continued after 1788, only a few observations led to major developments in forensic science. Dr. 

Johannes Purkinje classified a series of nine categories that fingerprints could fall into and later, 

Sir William James Herschel was cited as being the first person to note the permanence of latent 

fingerprints (Holder & Laub, 2012). One of the most well-known names in friction ridge analysis 

and latent fingerprint research is Sir Francis Galton. Galton is known as having written the first 

book on fingerprints, published in 1892 (Holder & Laub, 2012). He further established the case 

for friction ridge skin’s uniqueness and persistence – the eventual basis for use of friction ridge 

skin for forensic identification (Holder & Laub, 2012). Additionally, Galton established a series 
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of markings to individualize a fingerprint, called Galton details. Galton details include specific 

fingerprint characteristics such as bifurcations, ending ridges, short ridges, and enclosures (Holder 

& Laub, 2012). Galton was the first individual to conduct statistical studies on fingerprints and 

was therefore able to establish their uniqueness. The first use of fingerprints in any type of law 

enforcement setting was in 1891 by statistician named Juan Vucetich who was employed by police 

in Argentina (Holder & Laub, 2012). He studied what Galton had previously researched and 

created his own classification system and used it as a way to individualize prisoners (Holder & 

Laub, 2012). In 1898, Bengali would become the first country to rely on fingerprints as a method 

of individualization during a criminal trial and to secure a conviction using fingerprints (Holder & 

Laub, 2012).  

 

Figure 1 Galton Details (Dwairi et al., 2020). 

In addition to Galton details, there have been various systems of fingerprint classification 

which have been developed over time. One of the most popular systems is that developed by Henry 

Battley and Fredrick Cherrill (Holder & Laub, 2012). Their classification allowed individual 

fingerprints to be classified into categories. These categories fall into three broad groups: loops, 

whorls, and arches (Houck & Siegel, 2010). Within these categories, there are further 
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classifications: ulnar loop (left and right), radial loop (left and right), plain whorl, central pocket 

loop whorl, double loop whorl, accidental whorl, plain arch, and tented arch (Houck & Siegel, 

2010). The classifications of ulnar and radial loop are less commonly used today and are often 

designated as just left or right loops. Figure 2 shows examples of these pattern classifications. 

 

Figure 2 Fingerprint Classifications and Sub-Types (Thakkar, 2007) 

Characteristics and Processing of Friction Ridge Skin 

Impressions of friction ridge skin patterns at crime scenes can be found in multiple forms, 

including patent, plastic, or latent. Patent prints are fingerprints that are immediately visible and 

are left behind in some type of substrate, such as paint or blood (Houck & Siegel, 2010). Plastic 

prints are true impressions which are 3-dimensional and left behind in a soft, malleable material 

such as clay or putty (Croxton et al., 2010). Finally, there are latent prints. Latent prints are ridge 

patterns that are deposited in sweat and are not visible to the naked eye, requiring additional 

processing to be visible (Holder & Laub, 2012) Latent fingerprints are the most common type of 

fingermark found at a crime scene (Croxton et al., 2010). 
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Many forms of development exist that can be used to visualize ridge patterns of latent 

fingerprints (Holder & Laub, 2012). Some of these detection methods include chemical methods, 

physical methods, optical techniques, photography, or the use of chemical instrumentation 

(Croxton et al., 2010). These development techniques are often based on the composition of latent 

fingerprint residues and the substrate the latent print is deposited on (Croxton et al., 2010). 

Latent fingerprint residues are made up of a series of exogenous and endogenous 

compounds (Hinners et al., 2018), as well as both water-soluble and water-insoluble compounds. 

Endogenous compounds are chemical compounds that come directly from the human body 

(Hinners et al., 2018). They are biological and include common compounds such as 

triacylglycerols, proteins, and amino acids (Hinners et al., 2018). Exogenous compounds, 

however, are chemical compounds that do not occur naturally in the human body (Hinners et al., 

2018). These compounds can come from many places, including things such as drug compounds 

and gunshot residue, as well as more common products such as soaps, lotions, and other cosmetics 

(Hinners et al., 2018). Many endogenous and exogenous compounds, as those described above, 

can be found in latent fingerprint residues due to the production of sweat and oils, or from the use 

of products (Holder & Laub, 2012). Components of the water-soluble portion of fingerprints 

include salts and amino acids, while the water-insoluble portion is often made of molecules (such 

as proteins) and nonpolar acids (such as fatty acids) (Hinners et al., 2018). 

In recent years, latent fingerprint research has shifted away from processing latent 

fingerprints and analyzing Galton features. Instead, many researchers have begun to look at the 

types of chemical information that can be obtained about an individual from the residues found in 

latent fingerprint secretions. Much of this research has utilized various forms of mass spectrometry 

to identify a variety of characteristics (Hinners et al., 2018, 2020; Huynh et al., 2015; O’Neill et 
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al., 2020; Zhou & Zare, 2017). Researchers so far have had some success in distinguishing gender, 

age, and even lifestyle (Hinners et al., 2018, 2020; Huynh et al., 2015; O’Neill et al., 2020; Zhou 

& Zare, 2017). 

Mass Spectrometry 

Mass spectrometry (MS) is a form of chemical instrumentation commonly used in 

analytical chemistry to determine the chemical composition of a substance by distinguishing the 

mass of molecules that make up the substance (Gross, 2017). The first mass spectrometer was 

developed by Joseph John Thomas in the early 1900s and helped lead to the discovery of atoms 

and isotopes (Gross, 2017). Mass spectrometry is founded on the basic principle that ions (protons 

and electrons) can be formed from organic compounds, allowing for the generation of a mass-to-

charge (m/z) ratio (Gross, 2017). This m/z ratio can then be detected and allows for the formation 

of a graph that can be interpreted to determine what molecules are contained within the analyzed 

substance, as well as the individual abundance of each ion (Gross, 2017). 

The types and numbers of mass spectrometry systems have grown over the years. In 

addition to standard mass spectrometry, various forms of mass spectrometry analysis have been 

introduced such as Secondary Ion Mass Spectrometry (SIMS), Matrix-Assisted Laser 

Desorption/Ionization (MALDI), Electron Ionization (EI), Inductively Coupled Plasma (ICP), and 

many others (Gross, 2017). Additionally, mass spectrometry has been partnered with other forms 

of chemical analysis, such as Gas or Liquid Chromatography, allowing for the GC-MS and LC-

MS analyses that are commonly used in the forensic field for drug analysis (Gross, 2017). While 

mass spectrometry technology gives the ability to identify components within a chemical mixture, 

it does not have the ability to separate the components (Jones, 2019). Addition of gas or liquid 

chromatography allows for the separation of components in chemical mixtures (Jones, 2019). 
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Together, the two instruments allow an analyst to separate and identify components of a chemical 

mixture in a single step (Jones, 2019). Some of these mass spectrometry systems have been used 

to determine important forensic information from the chemical residues of latent fingerprints such 

as allowing for the identification of age, lifestyle, and even gender (Hinners et al., 2018, 2020; 

Huynh et al., 2015; O’Neill et al., 2020; Popa et al., 2010; Zhou & Zare, 2017). 

Mass spectrometers are made up of a series of components that each serve a different 

purpose. The first is an ionization source that produces ions from the sample (de Hoffmann & 

Stroobant, 2007). An ion is an atom that has a different number of protons and electrons, giving 

the atom an overall net charge (Flowers et al., n.d.). The mass analyzer is then used to separate the 

ions by size before the ions move into the detector where they are counted (de Hoffmann & 

Stroobant, 2007). The final component is the processing system that produces a set of data that can 

be interpreted. Each of these general components can be further broken down into categories based 

on how they work – such as chemical ionization, field ionization, or desorption (de Hoffmann & 

Stroobant, 2007). Due to variations in the way that the different ion sources work, it is important 

to make sure that a mass spectrometer is equipped with the proper components prior to beginning 

any experimentation (de Hoffmann & Stroobant, 2007). 

Mass spectrometry can be used on latent fingerprints due to their chemical composition, 

specifically the components of sweat residues, which are primarily composed of proteins, amino 

acids, salts, and water-insoluble fatty acids (Hinners et al., 2018; Holder & Laub, 2012). Matrix-

Assisted Laser Desorption-Ionization Mass Spectrometry (MALDI-MS) or Desorption 

Electrospray Ionization (DESI) are two types of mass spectrometry that are often used to study 

proteins (de Hoffmann & Stroobant, 2007). One benefit of MALDI-MS is that these types of mass 

spectrometers have a limit of detection that is typically reported somewhere between femtomoles 
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(10-15) and picomoles (10-12)  (de Hoffmann & Stroobant, 2007). This exceedingly small limit of 

detection means that MALDI-MS has the potential to find micro molecules that other types of 

mass spectrometry may be unable to detect. 

Lipids can also be identified using mass spectrometry. These methods of detection are more 

often based on simple mass spectrometry or may be coupled with Gas Chromatography (GC) or 

High-Performance Liquid Chromatography (HPLC) (de Hoffmann & Stroobant, 2007). One 

downfall of the use of this form of mass spectrometry detection is that while general information 

can be obtained about the elemental composition, no other structural information can be obtained, 

thus leaving many gaps in assessing the chemical make-up (de Hoffmann & Stroobant, 2007). 

Desorption Electron Spray Ionization-Mass Spectrometry 

 Desorption electron spray ionization-mass spectrometry (DESI-MS) has recently had 

increased use in the world of Imaging Mass Spectrometry (IMS). IMS is a type of mass 

spectrometry in which a surface area of a sample is scanned and translated into a distribution 

pattern on the surface (Gross, 2017). The distribution pattern then correlates to an optical image 

which can be viewed as a picture (Gross, 2017). DESI-MS was first introduced in 2004, making it 

one of the newer forms of mass spectrometry (Gross, 2017). This type of mass spectrometry allows 

an examiner to produce not only a mass spectrum, but also an image which can be analyzed for 

additional information. DESI offers advantages over other types of mass spectrometry as it does 

not require any treatment of the sample prior to insertion into the instrument base and it 

additionally analyzes samples at atmospheric pressure, leading to a type of mass spectrometry 

known as ambient mass spectrometry (Gross, 2017). The general process of ambient mass 

spectrometry can be seen in Figure 3. 
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Figure 3 General Process for Ambient Mass Spectrometry (Gross, 2017) 

DESI is a relatively non-destructive technique which uses a stream of ions to desorb a 

sample. This process is based off the concept of electrospray ionization (ESI). In ESI and also 

DESI, a capillary set at a high voltage (in comparison to a counter electrode) releases a spray of 

sample ions contained in the sprayer solution (Gross, 2017). The main difference between ESI and 

DESI comes from the angle of the spray. While ESI is traditionally sprayed at a straight angle, 

parallel to the instrument stage, DESI shifts this to an angle of 45° toward the sample stage (Gross, 

2017). The 45° angle of the sprayer in relation to the sample and the mass spectrometer entrance 

creates an alignment which is shaped like a V (Gross, 2017). As the DESI instrument analyzes the 

sample, a carrier gas at a high velocity moves the charged aerosol droplets towards the sample 

surface, creating a buildup of charge on the sample (Gross, 2017). Ultimately, this creates a thin 
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layer of liquid film on the sample, which will dissolve and lift analyte ions from the sample (Gross, 

2017). The lifted ions then move toward the mass spectrometer inlet where they can be analyzed 

(Gross, 2017). This process is shown in Figure 4.  

 

Figure 4 Process of ionization by DESI-MS (de Hoffmann & Stroobant, 2007). 

Mass Spectrometry for Latent Fingerprint Development 

Authors Hinners, Thomas, and Lee used mass spectrometry as a way to determine the age 

of latent fingerprints (2020). In their work, they stated that this type of analysis could potentially 

be beneficial in determining the time since deposition occurred (Hinners et al., 2020). They stated 

additionally that there have been various prior investigations into this same type of analysis using 

fatty acid diffusion with time-of-flight secondary ion mass spectrometry as well as with MALDI-

MSI (Matrix Assisted Laser Desorption Ionization – Mass Spectrometry Imaging) (Hinners et al., 

2020). GC/MS has also been shown to be useful in determining fingerprint age into two broad 

categories – less than or greater than 8 days - however, this depended on the substrate on which 

the latent was deposited and the environment in which the fingerprint was left (Hinners et al., 

2020). Hinners, et al. (2020), looked specifically at the use of MALDI analysis for determining 

the age of fingerprints through the ozonolysis of triacylglycerols found in latent fingerprint 

residues. Through their analysis, they determined that unsaturated triacylglycerols tend to be more 

abundant than saturated triacylglycerols when a fingerprint is fresh (Hinners et al., 2020). They 
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also reported that these unsaturated compounds decreased over time and that at seven days, the 

amounts of saturated triacylglycerols became higher than the number of unsaturated 

triacylglycerols (Hinners et al., 2020). One important impact that the authors noted was that in 

addition to the standard application of MALDI-MS to determine fingerprint age, when forensic 

development techniques were applied to the prints, triacylglycerols and their products could still 

be detected (Hinners et al., 2020). This is important as it allows for further analysis of latent prints, 

despite the application of development powders or chemicals.  

Triacylglycerols have also been used to determine information regarding diet, exercise, and 

health in individuals (O’Neill et al., 2020). A study conducted by O’Neill et al. (2020) employed 

the use of MALDI-MSI to analyze triacylglycerols found in the latent fingerprint residues and see 

how they related to lifestyle (O’Neill et al., 2020). The researchers determined that there is much 

variability in triacylglycerol levels among individuals of different lifestyles (O’Neill et al., 2020). 

For example, vegetarian diets were shown to increase the amounts of saturated triacylglycerol 

levels when compared to those with standard diets (O’Neill et al., 2020). Researchers also noted 

that the amount of exercise affected triacylglycerol levels in males (O’Neill et. al., 2020). Their 

conclusions showed that while female triacylglycerol levels were not particularly impacted by 

exercise, male participants were shown to have lower saturated triacylglycerol levels if they were 

more active (O’Neill et. al, 2020).  

In some cases, in this experiment, individuals had compounding lifestyle factors which 

prevented the identification of the contributing factor. For example, while the authors noted that 

there was a general trend suggesting individuals with type 2 diabetes had a higher level of saturated 

triacylglycerols, they also stated that some of these individuals did not exercise regularly, or at all 

(O’Neill et. al., 2020). This potentially impacted the results as it is difficult to determine what is 
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the true cause of the differences in triacylglycerol levels (O’Neill et. al., 2020). O’Neill et. al. also 

noted that due to a small sample size used during experimentation, further research would be 

needed regarding their results.  

These same researchers also used MALDI-MS and Tandem Mass Spectrometry to 

determine lifestyle by looking for chemical compounds in latent fingerprints (Hinners et al., 2018). 

In this experiment, the authors looked for chemicals commonly found in various bug sprays, 

sunscreens, as well as other compounds such as oils, alcohols, and citrus (Hinners et al., 2018). 

Through their analysis, they investigated how different consumer products would produce an 

exogenous compound composition in latent fingerprints and how this could be utilized as a method 

for determining lifestyle (Hinners et al., 2018). For example, the presence of bug spray and 

sunscreen reflected the idea that the user would have a lifestyle where they spent a lot of time 

outdoors (Hinners et al., 2018). The idea behind this analysis was that if a fingerprint was deposited 

at a crime scene, and contained components of a certain product, investigators could look for that 

same brand of product in the belongings of a suspect (Hinners et al., 2018). Similar investigations 

were done with oils, alcohol, and citrus fruits (Hinners et al., 2018).  

One final important characteristic which was investigated by Huynh et. al. (2015) was 

determining gender from latent fingerprint residues. This method is slightly different from those 

previously discussed as it does not employ the use of mass spectrometry. This method instead 

looked at the use of a bioassay as a method for distinguishing gender (Huynh et al., 2015). The 

researchers found that they were able to extract and separate amino acids from the lipid-based 

components of volunteers’ latent fingerprint residues (Huynh et al., 2015). Results indicated that 

when using mimicked fingerprint samples created based on a randomized concentration of amino 

acids, researchers were able to correctly determine gender with a 99% chance of accuracy (2015). 
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This, as with other methods, would allow for valuable information to be determined from the 

chemical analysis of latent fingerprint residues. 

Zhou and Zare (2017) investigated the idea of pulling personal information from latent 

fingerprints using desorption electrospray ionization mass spectrometry (DESI-MS). In their work, 

they stated that previous research showed that there were very few differences found in the sebum 

composition of individuals of different gender and age; however, there was a difference in the lipid 

concentrations in serum in blood (Zhou & Zare, 2017). They selected eight individuals to provide 

fingerprints for their study who were considered to be racially diverse and covered a span of ages 

(Zhou & Zare, 2017). In addition to the samples of latent fingerprints collected from the eight 

participants, lipid samples were obtained by swiping a glass slide across the forehead of a separate 

sample group of 203 individuals (Zhou & Zare, 2017). The collected fingerprints and forehead 

swipes were analyzed using DESI-MS, and a lipid profile was created from the mass spectrometry 

data (Zhou & Zare, 2017). The first significant finding was that lipid profiles taken from separate 

places on an individual’s body were consistent but may differ from one individual to another (Zhou 

& Zare, 2017). When these samples were run under DESI-MS it was found that gender, age, and 

ethnicity could be determined to a relatively high degree of certainty (Zhou & Zare, 2017). 

Additionally, they were able to identify overlapping fingerprints by analyzing the lipid profiles of 

individuals and noting the differences which existed (Zhou & Zare, 2017). The research they 

conducted showed that it was possible to determine gender and age using an individual’s 

fingerprint, however ethnicity was only identified in lipid profiles obtained from forehead swipes 

(Zhou & Zare, 2017). 
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Principal Component Analysis and Its Applications in Forensic Science 

 Principal component analysis, or PCA, is a type of statistical analysis which applies 

machine learning to large data sets in order to make it easier for patterns to be identified in the 

dataset. This is completed by reducing a large dataset into a smaller one which still possesses the 

majority of the information of the original data. While this process of principal component analysis 

can be performed by hand, it is often easier to perform by computer learning. When the data is re-

graphed using the newly reduced points, it makes it possible to easily view any patterns that exist 

within the dataset. Within principal component analysis, multiple new variables (known as 

Principal Components) are identified by reducing the number of dependent variables in the original 

data and replacing them with the new intercorrelated variables. Each of these principal components 

are identified by using PC (meaning principal component) as well as a number. These numbers are 

given in order of decreasing variance - that is to say that PC1 will explain the most variance, PC2 

the second most, and so on. These PCs are a measure of variance within a sample and do not 

represent any one specific compound or variable. The goal of principal component analysis is to 

be able to quickly scan a dataset to identify correlations or lack there of in a large dataset. 

 Several forensic researchers have applied principal component analysis as a means of 

analyzing their data during research. Authors Riva and Champod applied principal component 

analysis to view impressions made by various firearms from the manufacturer Sig Sauer. Their 

PCA plot (shown in Figure 5) shows the distribution of firearms impressions made by the same 

firearm (shown in gray) and different firearms (depicted in black) (Riva & Champod, 2014). It can 

be seen that for the two firearms depicted (W1 on the left and W2 on the right) the breech face 

impressions have a fairly good separation (Riva & Champod, 2014). For both of these firearms, 

there is a good separation, meaning that it would be easy to distinguish the impressions from these 
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firearms. Additionally, PCA was performed on the firing pin impressions. The firing pin 

impressions were less distinct, and thus did not have as much separation in the PCA (Riva & 

Champod, 2014). This means that on their own, it would be easier to distinguish the firearms in 

the study based on breech face impressions, rather than firing pin impressions. The researchers 

then examined the PCA for both the breech face and firing pin impressions together. The PCA for 

the combined data was even more distinct than the separated data. The authors determined that 

based on this, using both firing pin impressions and breech face impressions together, it is much 

easier to distinguish between firearms manufactured by the same company (Riva & Champod, 

2014). 

 

Figure 5 PCA plot of breech face impressions from Riva and Champod (2014). 

 Additionally, authors Gal, Oravec, Gemeiner, and Ceppan use PCA to compare various 

inks from three different types of inkjet printers. The PCA they obtained is shown in Figure 6. 
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Figure 6 PCA for various inks and printers (Gal, Oravec, Gemeiner, and Ceppan, (2015)). 

 For these authors, inks represented by C were from a Cannon printer, H represented HP 

printers, and E denoted Epson. The authors analyzed the first 10 principal components but found 

that the first 3 accounted for 99.76% of the variability in the spectral data which was analyzed (Gál 

et al., 2015). The principal components shown in Figure 6 denoted wavelengths between 500-700 

and 750-1000 nm. The authors note that using Figure 6 it can be possible to determine similarities 

and differences in samples based on clustering. Clusters found closer together are more similar 

than those which are further apart. From this graphic, we can see that there was a cluster (Group 

B) which contained inks from Cannon printers only, while the Epson and HP printers were more 

spread out within Group A (Gál et al., 2015). They note that the inks found in Group B may contain 

mostly carbon black as a colorant. Additionally, it can be seen that Groups C, D, and E each form 

their own smaller clusters containing distinct samples E2, H2, and E3 respectively. Based on this 

PCA, as well as additional study performed by the authors, they determined that the use of PCA 

in conjunction with Vis-NIR fibre optics reflection spectra (FORS) of inkjet inks, it would be 

possible to create a classification of these inks which could be used to distinguish inks for forensic 

use. 
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Geographic and Cultural Ancestry Based Metabolism 

As previously shown, there are many differences in the chemistry of an individual’s latent 

fingerprints. There are also other chemical differences in individuals of varying geographic and 

cultural ancestries. Metabolism is one of the biological processes which have been shown to differ 

based on an individual’s racial background. One of the most documented is the concept of 

“blushing” in individuals of Asian descent. Studies have shown in general that persons of Asian 

descent are less likely to experience alcoholism and are also more likely to be abstinent compared 

to individuals of other racial backgrounds (Wall & Ehlers, 1995). One reason is believed to be 

related to physiological reasons known as flushing or “blushing (Wall & Ehlers, 1995). This 

reaction has been shown to be experienced by about half of individuals of Asian descent, 

specifically those with Chinese, Japanese, and Korean backgrounds (Wall & Ehlers, 1995). This 

reaction is specifically caused by an increase in blood flow to the skin of the upper body, 

specifically the face, chest, and neck (Wall & Ehlers, 1995). Additional symptoms may include 

tachycardia, hypertension, headache, nausea, and vomiting (Wall & Ehlers, 1995). This flushing 

response has been shown to be related to the alcohol metabolism pathway (shown in Figure 5) 

(Wall & Ehlers, 1995). Specifically, researchers believe that elevated levels of acetaldehyde are 

responsible for the flushing reaction (Wall & Ehlers, 1995).  

 

Figure 7 Pathway for Alcohol Metabolism (Wall & Ehlers, 1995) 

This so called “Asian Glow” results due to an inherited deficiency related to aldehyde 

dehydrogenase 2 (Brooks et al., 2009). This enzyme is responsible for converting the acetaldehyde 

metabolism product into acetate (Wall & Ehlers, 1995).  
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 Another example of metabolism which differs based on geographic and cultural ancestry 

is the breakdown of lactose from dairy products. A study was performed in 1980, in which 

adolescents from ages 14 to 19 were given lactose and studied to determine intolerance or non-

persistence. The studies showed that 83% of black, 62% of Hispanic and 32% of white subjects 

were determined to be lactose non-persistent (Lapides & Savaiano, 2018). This means that even 

when consuming something with low lactose, such as skim milk, individuals that are lactose non-

persistent will have symptoms such as bloating, flatulence, cramps, or laxative effects as early as 

1 to 2 hours following consumption (Lapides & Savaiano, 2018). Another study released in a 1966 

article in the Journal of American Medical Association stated that 70% of African Americans 

experienced lactose and milk intolerances in comparison to about 5% of White individuals (Wall 

& Ehlers, 1995).  

Identification of Geographic and Cultural Ancestry in Forensic Science 

 Identification of perpetrators involved in crimes is one of the major goals of forensic 

science. Over the years, many methods have evolved which allow for the identification of key 

characteristics of those committing crimes, such as the use of security cameras and facial 

recognition, as well as DNA analysis. Methods like DNA analysis and fingerprint examination 

have become valuable for identifying a suspect related to a crime. 

 However, in some cases, there is no primary suspect or suspects. These are the cases that 

end up going unsolved for years or are perhaps never solved. While an exact identification is 

desired, it may not be feasible. Instead, it may be possible to identify characteristics and obtain a 

starting place for investigators to narrow down a list of potential suspects. One form of preliminary 

identification would be the identification of geographic and cultural ancestry. 
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 Identification of geographic and cultural ancestry is different from racial profiling in that 

it uses some type of measurement to identify the geographic and cultural ancestry of an individual 

– a more scientific form of behavioral analysis. It should be noted that this type of identification 

can very easily slip into racial profiling, and it should not always be taken as a 100% fact. Instead, 

this form of analysis should be used as a tool to aid investigators in identifying the characteristics 

of a suspect. While it may be a useful tool during the investigation stage of forensic science, this 

type of identification should not be admissible in a court of law. 

Current Use of Geographic and Cultural Ancestry Identification in Forensic Science 

 One of the most widely recognized forms of geographic and cultural ancestry identification 

is in the form of eyewitness testimony (Nayak & Khajuria, 2019). In these cases, an individual 

who either witnesses the crime or the victim themselves tries to recall any information that they 

can remember about the perpetrator – to include geographic and cultural ancestry (Nayak & 

Khajuria, 2019). While it seems that this would be a rather straightforward way of identifying an 

individual’s geographic and cultural ancestry, it can often prove to be inaccurate. According to the 

Constitutional Rights Foundation, a wrong eyewitness testimony will lead to a wrongful conviction 

in about half of the cases where it is presented in court (Constitutional Rights Foundation, n.d.) 

Additionally, there is the issue of the Cross-Race Effect in eyewitness testimony (Wilson et al., 

2013) This is a psychological phenomenon that occurs when the eyewitness and the identified 

suspect are of two different geographic and cultural ancestries (Wilson et al., 2013). The Cross-

Race Effect shows that when individuals are of the same geographic and cultural ancestry, an 

individual’s face is much more easily recognized than when individuals are of two different 

ancestries (Wilson et al., 2013). This can be a major issue as misidentification may lead to an 

individual being wrongly convicted and imprisoned. 
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 Another form of geographic and cultural ancestry identification is done through DNA 

analysis. DNA is a fairly accurate method of identification, and it is also a very commonly 

encountered type of evidence at crime scenes, due to the type of samples which contain DNA 

(Houck & Siegel, 2010). Research has shown that using the Y-chromosome it may be possible to 

establish a male lineage and an individual’s ethnicity (M’charek et al., 2020) While this can be 

helpful, it does have a small downfall due to the use of the Y-chromosome. The Y-chromosome is 

only found in male individuals; thus, this type of identification is useless when the perpetrator is 

female (National Human Genome Research Institute, 2021). Mitochondrial DNA (also known as 

mtDNA) is another form of DNA which can provide information about an individual’s geographic 

and cultural background. This type of DNA traces the female lineage and provides information 

about an individual’s family history as it is passed down from the mother. 

 The microscopic examination of hair can provide some racial characteristics of hair, 

although this is not a definitive approach. Using microscopic analysis, specific characteristics such 

as color, density, and the form of the shaft can be used to identify ancestry (M’charek et al., 2020) 

This type of identification typically allows individuals to fall into one of three subgroups – African, 

Asian, or European (de la, 2007). The problem with this type of identification is the fact that these 

three categories are overly broad (de la, 2007). Additionally, there is some problem with this type 

of identification due to unnatural application of products such as hair dye or chemical curling or 

straightening which change the characteristics of the hair (M’charek et al., 2020). In addition to 

problems created by unnatural products used on hair, there are also identification concerns when 

it comes to mixed-race individuals (Takahashi, 2019). Individuals of mixed race may have 

different hair characteristics on different strands of hair or have a combination of hair types on a 

single hair and their hair type may not fall within a distinct category (Takahashi, 2019). 
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 The identification of dental morphology has also been used as a method of identifying 

geographic and cultural ancestry. These types of identification are common in cases of mass 

disasters or the discovery of bodies that have been decomposing for some time (Krishan et al., 

2015). The use of dental characteristics has shown a few characteristics which seem to be present 

in individuals of different ancestries  (Krishan et al., 2015). For example, Aboriginal people, 

American Indians, and Eskimos tend to have teeth that are larger in scale and have a wider crown 

than races such as Lapps or Bushmen (Krishan et al., 2015). Additionally, there may be cultural 

practices or jobs which result in distinct wear and tear that may be able to help identify the ancestry 

or ethnicity of an individual (Krishan et al., 2015). Dental identification may have some downfall 

as there is not an exact science to bite mark/dental analysis (Krishan et al., 2015).  

 Finally, there has been some research indicating that geographic and cultural ancestry can 

be determined by the morphology of latent fingerprints. It has been shown that African ancestral 

groups have more bifurcations and fewer ridge endings when compared to individuals of European 

or Asian descent (Ford, 2020). It has also been shown that Asian and African groups have lower 

averages of short ridges, while Native American and Hispanic groups have higher averages of dots 

than their African and European counterparts (Ford, 2020).  

Gaps in the Research 

The chemical composition of latent prints has been investigated as a means to determine 

gender, age, and lifestyle. However, no research to date has explored the chemical analysis of 

latent fingerprint residues for assessing geographic and cultural ancestry. Based on current 

research models, there is potential for mass spectrometry to be a method for determining 

geographic and cultural ancestry based on fingerprint residue composition. The idea that 

geographic and cultural ancestry can be determined from latent fingerprint residues may 
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potentially be a helpful starting place for investigators as a means of inclusion and exclusion of 

suspects. The use of mass spectrometry in the analysis of latent prints may be able to help forensic 

investigators by creating a potential profile (gender, geographic and cultural ancestry, lifestyle), 

much like criminal profiling.  
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Methodology 

Sampling 

This study utilized purposeful sampling (Bui, 2009). Latent fingerprint samples used in 

this study were obtained from individuals at the University of Central Oklahoma and Oklahoma 

City University due to the need to control for age – all participants were ages 18-28. All 

participation was voluntary, and no incentive was given for participation. Any personal and/or 

identifiable information (other than gender and geographic and cultural ancestry) was excluded 

from the study to protect the privacy of the participants. Due to the nature of human involvement 

in this experiment, approval from the Institutional Review Board at the University of Central 

Oklahoma was received. The goal of this research was to collect 20 right index fingerprints (10 

males and 10 females) from each defined ancestry category: 

- 10 Hispanic descent males, 10 Hispanic descent females 

- 10 Asian descent males, 10 Asian descent females 

- 10 Native American descent males, 10 Native American descent females 

- 10 African descent males, 10 African descent females 

- 10 European descent males, 10 European descent females 

While these were the desired numbers, due to cost and time constraints on testing, a total of 15 

individuals provided samples as follows: 

- 1 Asian Male (A) 

- 1 Black Female* (B) 

- 7 European Females* (E) 

- 5 Hispanic Females* (H) 

- 1 Middle Eastern Female (ME) 
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Geographic and cultural ancestry was self-identified and defined by the individual 

participant’s responses to a questionnaire prior to fingerprint collection. Self-identification may 

result in some error in the study based on the survey shown in Appendix A. Future research could 

benefit from genealogical measures. 

Methods 

 The methodology for this study was based on several similar studies that utilized DESI-

mass spectrometry imaging. Individuals were asked to clean their hands to remove any outside 

chemicals that may be present and dry using chemical-free, unbleached paper towels. Participants 

were then asked to put a pair of polyethylene gloves on for 30 minutes to allow for sweat 

accumulation (in case of allergy, other types of gloves were provided). After the allotted time had 

passed, participants deposited an impression of their right index finger onto a glass microscope 

slide. Participants pressed prints onto the glass slide for a total of 10 seconds. Prints were analyzed 

the day following sample collection. Additionally, a mid-course change was made in the number 

of prints taken from each individual in order to increase the statistical significance. Therefore, the 

first five individuals B1, E1, E2, H1, and H2 provided only one right index fingerprint, while all 

other participants provided a total of 3 prints from the right index finger on the same slide.  

 The print impressions were then analyzed by the Waters Synapt G2-Si coupled with DESI 

XS stage. This instrumentation was used in collaboration with the University of Oklahoma Mass 

Spectrometry, Proteomics & Metabolomics (MSPM) Core Facility. The samples were analyzed 

using standard protocol for the OU MSPM as follows: a solvent of 98:2 (%v/v) methanol:water 

with 1% formic acid was employed as the solvent mixture and dispensed at a flow rate of 1 µL 

min-1. Samples were analyzed using a full scan mode (m/z 100 to 1200). Positive ion mode was 

used with a 0.75 KV voltage capacity and a capillary temperature of 150°C. The scan was set at 
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150 µm x 150 µm, and resolution of 300 µm/s was used during scans. The resolution is the 

movement speed of the DESI stage, meaning 2 spectra can be obtained in 1 second. To reduce 

scan time, only a portion of the prints were analyzed, focusing on the core and area in the center 

of the fingerprint. This ensured that the primary location for sweat was analyzed, and an optimal 

sample could be obtained. Average analysis time for each individual slide was about 4 hours per 

scan. During preliminary analysis to determine the optimal instrument settings, it was determined 

that an untargeted study would be applied meaning that no particular compound or molecule would 

be targeted for detection. Initially it was planned to focus analysis on lipid profiles. However, it 

was observed that degradation of the samples occurred due to temperature during transport from 

the IRB site at the University of Central Oklahoma to the analysis site at University of Oklahoma. 

Lipid profiles were deemed to be unsatisfactory for experimentation; instead, the totality of the 

sample was analyzed, and no specific chemical profiles were targeted. 

 Following the acquisition of mass spectrometry data, four regions of interest (ROIs) were 

chosen per print and the individual and group data was analyzed using the MetaboAnalyst website, 

focusing on principal component analysis (PCA). PCA is a type of statistical analysis which makes 

it possible to easily analyze a large data set by performing a linear transformation into a new set 

of variables and simplifying the data set (Sewell, 2007). In this type of analysis, the characteristic 

with the greatest variance is assigned as the first principal, the second greatest variance as the 

second principal, and so on (Sewell, 2007). The principal components are a combination of 

variables that are produced through the process of machine learning. This means that thousands of 

datapoints entered into the machine learning system are condensed into a series of variables that 

are easier to analyze for patterns. In the case of mass spectra, the variables are intensities at defined 

masses. Geena 2 was used to align data from different scans, as each scan had slightly different 
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scan times. Geena 2 is a tool for filtering, averaging, and aligning mass spectra and is designed to 

assist in the analysis of high volumes of data and support them for comparative studies (Romano 

et. al., 2018). Following analysis using PCA, additional analysis was performed using 

MetaboAnalyst in the ANOVA function. The ANOVA is a statistical comparison which uses the 

variance of data groups and compares them. This comparison is then defined as either significant 

(p<0.05) or nonsignificant. The values can be viewed graphically or by written table and allows 

the analyst to determine the most significant contributing values in a dataset. 
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Data 

Individual Data 

The first stage of data analysis focused on PCA for each individual. Each print had four 

ROIs which were chosen and analyzed. For each print, the ROIs were placed as close to the core 

of the print as possible. The data obtained was input into Microsoft Excel, before being analyzed 

using the MetaboAnalyst website. PCA graphs for each individual were obtained. Note that each 

figure represents data for the three prints collected from a single individual. 

As seen in Figures 10 and 15, DESI allows for the creation of a visual image in addition to 

collecting chemical data. This image collection is beneficial in the field of fingerprint analysis 

because it allows for the physical analysis of latent fingerprints (e.g., analyzing pattern type and 

Galton details) as well as providing chemical information. The chemical data was analyzed using 

machine learning software. The obtained data was placed into Microsoft Excel and the prints of 

each individual were analyzed. Principal component analysis condenses the large data set obtained 

from each scan into a format that allows patterns in data to be easily identified. Substantial overlap 

in the obtained data indicates similarities between the latent fingerprints of an individual, meaning 

that there is a similar chemical profile every time an individual leaves their fingerprint. As seen in 

Figure 8, there is a high degree of overlap between the three prints from European female 4 (Group 

1 corresponding to Print 1, Group 2 corresponding to Print 2, and Group 3 corresponding to Print 

3). A high variance is observed in PC 1 (82.9%) and a lower variance in PC 2 (16.2%). Though 

these two numbers are very different, they are still closer than the variances shown in Figure 11 

(97.3% for PC 1 and 2.4% for PC 2). From this, it can be seen that the principal components 

account for 99.1% and 99.7% of the total variance, respectively. In most cases the total variance 

is expected to be 70-80% when viewing all the principal components. In this case, we are getting 
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a higher value for the variance for just the first two principal components when looking at overall 

accepted criteria. We can see in our loading plot for European Female 4 (Figure 9) that the m/z 

values of 304.2941 and 332.3244 had the highest influence on the variability of PC 1, while PC 2 

was most influenced by 284.3257 and 304.2941. This loading plot represents the values which 

give the most influence on each principal component, thus influencing the graphical principal 

component representation. These values can be selected as the most prominent as they are located 

to the far sides of the X-axis and Y-axis, rather than being found near the more clustered center. 

Principal components 1 and 2 in Hispanic Female 6 was most influenced by 200.2361 and 

301.2824 respectively as seen in Figure 12. The ANOVA for European Female 4 returned that 

there were no significant m/z points and thus is not shown, while Hispanic Female 6 had a most 

significant m/z of 673.3442. The ANOVA represents a statistical analysis of the data. The top 

value found in Figure 14 for the Hispanic individual is the most significant for that data. This 

means that machine learning identifies it as the species which most influences the overall data. 

Additional analysis could be performed on this species to potentially determine its structure. These 

individuals were chosen for discussion as their graphical representations show the two different 

extremes found in the data. The European Female 4 shows a great degree of overlap, while 

Hispanic Female 6 shows almost no overlap. All other individuals analyzed using these methods 

have graphics which fall somewhere between these two discussed individuals. Individuals B1, E1, 

E2, H1, and H2 only deposited one print each. This means that there was not enough data provided 

by these individuals to perform an analysis on them alone. Overall results for all individuals are 

discussed in the conclusion section and additional graphics for each individual can be found in 

Appendix A. 
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Figure 8 European Female 4. From the graphic representing this European Female, it can be seen that there is a high degree of 

overlap between the three prints. It can be determined that there is a great deal of similarity in this individual’s prints. A total 

variance of 99.1% is shown between these two principal components.  
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Figure 9 Loading Plot for European Female 4. From these loadings it can be determined that the values of 304.2941 and 

332.3244 had the highest influence on the variability of PC 1 (shown on the X-axis), while PC 2 (shown on the Y-axis) was most 

influenced by 284.3257 and 304.2941. 

 

 

Figure 10 European Female 4 HDI Image. This shows a general idea of what fingerprints analyzed using MSI will look like. The 

ridges are not well defined, and their precise endings are unclear using these specific parameters for analysis. Increasing the 

sharpness of the image is possible by increasing the number of pixels at each scan point, at the cost of an increased scan time. 

The brighter the color of the print, the greater the concentration at that specific M/Z. 
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Figure 11 Hispanic Female 6. From the clusters in this group, it can be seen that there is no overlap between these three prints. 

The variance is totaled at 99.7%. From this graphic alone, it would not be possible to determine if these three prints came from 

the same individual. 
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Figure 12 Loading Plot for Hispanic Female 6. Principal components 1 and 2 in Hispanic Female 6 was most influenced by 

200.2361 and 301.2824, respectively. 
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Figure 13 ANOVA for Hispanic Female 6. This depicts the most significant m/z value as determined by machine learning. This 

graphic shows a visual representation of the data found in Figure 14. No values can be assigned directly from this graphic, but a 

general understanding of the number of significant vs non-significant values can be observed. The darker the blue-purple color 

appearing in each dot, the more significant the value, while values shown in gray are nonsignificant for this dataset. 

 

 

Figure 14 Hispanic Female 6 ANOVA Values Chart. M/Z can be viewed in the far-left hand column in order of decreasing 

significance. From this chart, it can be seen that the M/Z represented by 673.3442 is the most significant in this data set. 
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Figure 15 Hispanic Female 6 HDI Image. This shows a general idea of what fingerprints analyzed using MSI will look like. The 

ridges are not well defined, and their precise endings are unclear using these specific parameters for analysis. Increasing the 

sharpness of the image is possible by increasing the number of pixels at each scan point, at the cost of an increased scan time. 

The brighter the color of the print, the greater the concentration at that specific M/Z. 

Data for Individuals with the same Geographic and Cultural Ancestry 

 Following the analysis of individual data, individuals from the same geographic and 

cultural ancestry were analyzed as a group. In order to make this data into a usable format, the data 

had to be aligned using Geena 2 technology. For this stage of the analysis, only one print from 

each individual was used, meaning only 4 ROIs of the obtained 12 for each individual were present 

during each analysis. PCA graphs for each set of prints were obtained. 

Again, the principal components account for a high degree of variability in both of these 

graphs. When looking at the data in Figure 16, a cluster can be viewed in the lower left area, as 

well as two data sets that appear to be outliers in comparison to the other data. In this graphic, the 

principal components account for about 71.7% of the variance. In Figure 20, the data is much more 

clustered in the center, though most individuals have their own area in which their data can be 

found. In this graphic, it can be seen that 80.3% of the variance data is explained by the principal 

components. When we view these total variances, we see that they are lower than those discussed 

for the single individuals discussed previously (Hispanic Female 6 and European Female 4). This 

is somewhat expected as we are now viewing different individuals rather than the same individual. 

However, while these total variances are lower than those of the single individual, they are still 
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within an acceptable range. In this case, it would just take more principal components to account 

for more variance. The loading plots for European Print 1 show that the m/z values of 284.326, 

200.234, and 368.417 had the most influence on the principal components while the Hispanic Print 

1’s principal components were most influenced by 200.234, 284.327, and 385.390. These values 

for the loading plots are the data points which have the most influence on the Principal Component 

Analysis and most contribute to the variance. ANOVA was used to show the most significant m/z 

for each PCA plot. For the individuals of European descent, the most significant m/z was 892.809 

while for individuals of Hispanic descent, the most significant m/z was 960.83. If desired, these 

M/Z values could be analyzed further to determine the contributing species which is present and 

eventually allow for potential identification of an individual’s background as this is the most 

prevalent species. The first print only was selected for analysis here as it allows for the greatest 

number of individuals to be represented as some participants only provided a single fingerprint. 

Additionally, some groups, such as Asian and African American descent individuals were not 

analyzed as there was only one participant for each of these categories. Graphics depicting this 

phenomenon can be found in Appendix A along with other data graphs for European and Hispanic 

Prints 2 and 3. Additional data for each print is discussed in the conclusion. 
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Figure 16 PCA for the first fingerprint taken from each European participant. Here there are not as tight of clusters as compared 

to other groups. There is a cluster in the lower left side of the graph, containing individuals 1, 2, 3, 5, and 6. Meanwhile 

individuals 4 and 7 are further out from this cluster. This means these two latter individuals are noted as being more variable 

when compared to the other individuals. The total variance is 71.1% for these two principal components. 
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Figure 17 Loading Plot for European Print 1. The values 284.326, 200.234, and 368.417 had the most influence on the Principal 

Components for the European individuals. These values are identified as they are found at the far sides of the X-axis and Y-axis. 
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Figure 18 ANOVA For the first fingerprint taken from each European participant. This graphic shows a visual representation of 

the data found in Figure 19. No values can be assigned directly from this graphic, but a general understanding of the number of 

significant vs non-significant values can be observed. The darker the blue-purple color appearing in each dot, the more 

significant the value, while values shown in gray are nonsignificant for this dataset. 

 

 

 

Figure 19 European Print 1 ANOVA Values Chart. M/z can be viewed in the far-left hand column in order of decreasing 

significance. From this table, it can be determined that the chemical substance represented by M/Z valued at 892.809 is the most 

significant value in this data set. Further analysis could be performed to determine what this substance may be. 
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Figure 20 Principal Component Analysis for the first print obtained for all Hispanic individuals. This graphic allows for a quick 

overview of the data. It can be seen that some of the individuals (represented by a single-color circle) are more similar to certain 

individuals than others. For example, the tight blue cluster representing Hispanic Female 5, perfectly overlaps with Hispanic 

Female 2 (represented by green), while Hispanic Female 6 (shown in pink) does not overlap with the previously mentioned 

individuals at all. Additionally, the axis values for PC 1 and PC 2, show that overall, 80.3% of the overall variance in the data is 

represented. 
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Figure 21 Loading Plot for Hispanic Print 1. The values located at the far sides of the X-axis and Y-axis (200.234, 284.327, and 

385.390) contributed most to the Principal Component graphic. 
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Figure 22 ANOVA For Hispanic Print 1. This graphic shows a visual representation of the data found in Figure 23. No values 

can be assigned directly from this graphic, but a general understanding of the number of significant vs non-significant values can 

be observed. The darker the blue-purple color appearing in each dot, the more significant the value, while values shown in gray 

are nonsignificant for this dataset. 

 

 

Figure 23 Hispanic Print 1 ANOVA Values Chart. M/z can be viewed in the far-left hand column in order of decreasing 

significance. From this table it can be seen that the M/Z value of 960.83 has the most significance in this dataset for the first 

fingerprints of Hispanic individuals. 
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Comparing Different Geographic and Cultural Ancestries  

 The third and final stage of analysis focused on individuals of different geographic and 

cultural ancestries.  

 In this final data set, analysis included data from all individuals. It can be seen that Groups 

1, 2, 4, 5, 7, and 8 are all clustered closely together in the lower left corner. These groups represent 

the individuals A1, E4, E5, E6, H3, and H5. Groups 10, 2, and 6 also created a cluster, representing 

ME1, E3, and E7. Finally, Group 3 and Group 9 are shown as being apart from either cluster, 

representing E4 and H6. This shows that there is some agreement between individuals of the same 

geographic and cultural ancestry, while also showing that there are some similarities among 

individuals of different geographic and cultural ancestries. In this large data set, the principal 

components were most influenced by 284.236, 368.417, and 200.234. These values as previously 

stated are those which contribute most to the variance within the principal components. An attempt 

was made to reanalyze the data following initial analysis in order to obtain ANOVA information 

for the dataset, however, an error occurred with MetaboAnalyst, and the data could not be obtained. 

This data is discussed here as all participants are represented in this data due to some participants 

only providing one fingerprint for analysis. Additional graphics showing all of the participants in 

the study can be found in Appendix A, and all data is discussed in the conclusion section.  
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Figure 24 All Geographical and Cultural Ancestries Print 2. It can be observed that 1, 2, 4, 5, 7, and 8 are all clustered closely 

together in the lower left corner while Groups 10, 2, and 6 create a cluster in the upper left side. Groups 3 and 9 are not near the 

other clusters, but do not make a cluster of their own either. From this graphic, it is not possible to differentiate groups based on 

their ancestry completely. While some individuals such as Group 3, 4 and 5 (all individuals of European descent) occur within 

the same group, this cluster also contains individuals of Asian and Hispanic ancestry. 

Key: 

Group 1 – A1 

Group 10 – ME1 

Group 2 – E3 

Group 3 – E4 

Group 4 – E5 

Group 5 – E6 

Group 6 – E7 

Group 7 – H3 

Group 8 – H5 

Group 9 – H6 
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Figure 25 Loading Plot for All Geographical and Cultural Ancestries Print 2. From this graphic it can be seen that the values of 

284.236, 368.417, and 200.234 are contributing most to the values shown in the PCA. This can be determined as they are the 

values furthest to the outside of the X-axis and Y-axis in both the positive and negative directions. 
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Discussion 

 As this type of information has never been studied before, there are three separate types of 

criteria that must be evaluated in order to determine the validity of the work and the need for future 

studies. The first criteria that must be demonstrated is the correlation of fingerprints within a single 

individual. It can be seen in Figure 8, there is a great deal of chemical overlap in this European 

Female 4’s latent fingerprints. When looking at the first principal component, it can be seen that 

the variance is 82.9%, while the second principal component is 16.2%. The difference between 

these two principal components (66.7) contributes to the fact that these two principal components 

have a significant degree of overlap. In comparison, Figure 11 (the fingerprint of Hispanic female 

6) has significantly less overlap. As shown on the horizontal axis, the first principal component 

accounts for 97.3% of the variance of the sample. This means that it individually accounts for the 

greatest degree a single variable will provide. In comparison, the second principal component only 

contributes 2.4% to the overall variance. When comparing Figure 8 and Figure 11 directly, it can 

be determined that the more variance present in the first principal component, the less overlap will 

exist. As this was an untargeted study, a greater degree of variance is expected to exist. That is to 

say, if a specific component of study, such as lipids, would have been identified, a lesser degree 

of variability may exist. An untargeted study was conducted to identify if any broad chemical 

patterns existed between geographic and cultural ancestry and latent fingerprint chemistry. A 

targeted study would require the exact identification of a compound and require a control to 

compare an analyzed sample to. 

The second criteria that we must establish is a similarity in the chemical residues of 

individuals of the same ancestral background. When viewing the graphics containing the data for 

all European and Hispanic individuals, we can see that in some cases we have overlap, meaning 
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that similarities exist, while other graphics depict all the latent fingerprint residues to have 

chemistry that does not contain any similarities. In Figure 16, for example, it can be seen that each 

European individual has their own individual location which does not intersect with any of the 

other European descent participants. While a lower total variance exists (71.1%) it is still within 

an acceptable range. An addition of more of the principal components could provide a greater 

degree of overlap as the variance decreases with each subsequent principal component. In 

comparison, graphics like Figure 20, show a greater degree of overlap, though not a significant 

amount. While only a few of the individuals exist in the same space (such as H2 and H4), others 

differ greatly. Overall, the data for all the groups shown in Figure 20 exist in a similar space as 

none are significant outliers. Due to this, it cannot be ascertained if there are similarities when 

comparing individuals of the same ancestral background. Only the Hispanic and European 

individuals were analyzed at this stage as the other ancestral backgrounds (African American, 

Asian, and Middle Eastern) only contained one individual, meaning no comparisons could be 

made. Increasing the number of principal components could show a greater agreement between 

individuals of the same geographic and cultural ancestry, as well as increasing the number of 

participants in the study. 

The final criteria that is essential for this type of analysis is the existence of varying latent 

fingerprint chemistries among individuals of different ancestral backgrounds. As can be seen in 

the PCA graphs found above, as well as in Appendix A, it is not possible to determine if there are 

significant differences between individuals of different geographic and cultural ancestries. This is 

evident when viewing the PCA plots. If significant differences were to exist among individuals of 

different geographic and cultural ancestries clusters would be seen which would have all of the 

European individuals together as well as all the Hispanic individuals together while the outlier 
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geographic and cultural ancestries, African (represented by B), Asian (represented by A) and 

Middle Eastern (represented by ME) would exist separately from these clustered groups. Instead, 

it can be seen that some individuals of the same geographic and cultural ancestry exist clustered 

together while also being intermingled with individuals of different geographic and cultural 

ancestries. It can be seen in Figure 24 that the total variance of the two principal components 

represented in this graphic are only 67.5%, slightly lower than the accepted 70% variance. It is 

possible that part of this may be due to the small sample size. With an increase in the number of 

participants, it is possible that the corresponding ancestral groups would become more clustered 

and the expected differences among ancestral groups would become apparent. As mentioned 

previously, the use of a targeted study could produce a more reliable picture of the potential 

differences between these groups. From this particular study, there is not sufficient evidence to say 

that distinct differences exist among varying ancestral backgrounds.  

Additionally, outside of the obtained chemical data and data analysis, it has been shown 

that imaging mass spectrometry, specifically DESI-MS could greatly benefit a latent fingerprint 

examiner. This type of data acquisition has shown to be beneficial when using a glass substrate as 

the instrument allows the analyst to obtain an image of the latent fingerprint without disturbing the 

print or requiring the addition of chemicals or powders in order to visualize the latent fingerprint. 

Using imaging mass spectrometry would allow an analyst to obtain a digital image of a latent 

fingerprint which can immediately be processed on a computer. Using DESI-MS can be beneficial 

as the non-destructive technique perimeters are set by the user. If an initial scan is performed and 

a sufficient scan is not obtained, a secondary scan can be performed in order to obtain a better 

image. The pixel rate is chosen as well. This allows the analyst to increase or decrease the 

sharpness of the image depending on the requirements. It should be noted that a sharper image 
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requires more pixels and will increase the scan time. However, if the goal of the analyst is to obtain 

chemical data, a lower pixel rate can be used. The scan rate is always set to be double that of the 

pixels, meaning that accurate data can be obtained as two scans are occurring at every pixel and 

being averaged together. Additionally, the HDI application allows the user to adjust the image in 

order to obtain the best image quality simply by sliding a digital scale.  

While it is not possible to determine from this study whether geographic and cultural 

ancestry can be determined from an individual’s latent fingerprint, a protocol for this type of study 

has been determined and has been found to be valid. Based on the results of this study no definitive 

conclusions can be made about an individual’s geographic and cultural ancestry based on the 

chemical information obtained from their fingerprints. However, the methodology established in 

this study does allow for chemical information to be obtained from an individual’s latent 

fingerprints. The potential for identification of an individual’s geographic and cultural ancestry 

background from latent fingerprints would allow for investigators to include or exclude individuals 

on a list of suspects and further research should be conducted. This would assist forensic scientists 

as it would assist in creating more evidence with which to identify an individual who may have 

committed a crime. 
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Limitations 

 There are several limitations in this study. The most important thing to note is the relatively 

small sample size. Due to the cost of performing a single scan, as well as time constraints, a small 

sample size was utilized. Further study would warrant a larger sample size in order to increase the 

significance of the study. As a result of the small sample size, there were other limitations in regard 

to the participants in the study. In most cases, the participants in this study were female, thereby 

only representing one gender within a geographic and cultural ancestry. While one participant was 

male, there is not enough gender diversity to represent the whole population.  

Limitations were also placed on the ancestral background of participants. The geographic 

and cultural ancestries were selected prior to sample collection, meaning that if individuals did not 

hear their background during recruitment, they may have not deemed themselves to be valid for 

the study. Further investigation would benefit from expanding the ancestral backgrounds which 

are studied. It may also be beneficial to study regionality as well. Since individuals who live in 

different areas may have different diets, it may be possible that an individual of African descent 

living on an African diet may have a different chemistry than an individual of African descent 

living in the United States. Additionally, participants were asked to self- identify their geographic 

and cultural background. While this information served the needs of the study, future studies would 

be aided by using ancestry testing to help increase accuracy of the information presented. 

Another major limitation of this study was the sample substrate. All prints analyzed in this 

study were taken on glass slides which were clean and completely sterile. In the world of forensics, 

glass is not often the only object which fingerprints are found upon. More research would be 

needed to identify whether other backgrounds, as well as additional chemical components from 
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that background, would have any effect on the chemical data obtained from an individual’s latent 

fingerprint chemistry.  

In this study, a specific chemical component in the latent prints was not focused on for 

detection. Initially it was planned to focus on lipids, however, sample degradation during 

transportation did not allow for a proper lipid profile to be obtained. The data obtained from the 

lipid profile was not at a high enough concentration to perform data analysis. Instead of focusing 

on a compound such as fats or lipids, an overall chemical profile was obtained. Future investigation 

could benefit from isolating specific compounds in order to increase the value of the data obtained. 

Finally, due to the time required to travel to use instrumentation, not all prints were scanned within 

the same amount of time following acquisition. This additionally would add to degradation as a 

freezer at a low enough temperature to properly store samples was not available during 

experimentation and transport. Due to this, it is possible that some differences in chemistry could 

be the result of evaporation of the sample as prints were stored at room temperature in containers 

with lids.  
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Future Research 

 There are multiple ways in which this study could be continued in the future. The first, and 

potentially most important, would be to have a larger sample size. This would help to establish the 

true connection between latent fingerprint chemistry and an individual’s geographic and cultural 

background. It is also recommended that some type of genealogical testing be utilized to increase 

the accuracy of results so the study would not be based on self-identification of geographic and 

cultural ancestry. This would also be helpful to gauge how individuals of mixed backgrounds fit 

into the overall study in comparison to those who are not of mixed backgrounds. If a difference in 

the chemical residues of individuals of different geographic and cultural ancestries could be 

established, it would be helpful to determine what chemicals in latent fingerprints are responsible 

for that difference. Additionally, a time-course study could help to establish if there is any change 

in fingerprint chemistry the longer a print remains on a surface. As of right now, DESI technology 

is only established to be performed on glass surfaces. In the future, it would be beneficial to 

develop a way for this technology to be performed on other types of surfaces, such as plastic or 

metals. If this type of technology were developed, all of the previously mentioned studies would 

need to be performed again on these new surfaces in order to establish whether or not the 

information previously discovered applied to all surfaces. Finally, it would be beneficial to 

investigate the ability to obtain all the characteristics of an individual from latent print residues 

(i.e., geographic, and cultural ancestry, gender, age, etc.) using a single methodology and 

instrumental analysis approach. This type of study, however, would require establishing the exact 

m/z at which these distinctive characteristics can be differentiated.  
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Appendix A 

Individual Data Graphs 

Asian Male 1 Data 
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European Female 3 Data 
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European Female 4 Data 
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European Female 5 Data 
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European Female 6 Data 
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European Female 7 Data 
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Hispanic Female 3 Data 
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Hispanic Female 5 Data 
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Hispanic Female 6 Data 
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Middle Eastern Female 1 Data 
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Same Geographical and Cultural Ancestry Data 

European Print 1 Data 
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European Print 2 Data 
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European Print 3 Data 
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Hispanic Print 1 Data 
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Hispanic Print 2 Data 
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Hispanic Print 3 Data 
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Different Geographical and Cultural Ancestry Data 

Print 1 Data 

 

Key: 

Group 1 – A1 

Group 10 – H1 

Group 11 – H2 

Group 12 – H3 

Group 13 – H5 

Group 14 – H6 

Group 15 – ME1 

Group 2 – B1 

Group 3 –  E1 

Group 4 – E2 

Group 5 –E3 

Group 6 – E4 

Group 7 – E5 

Group 8 – E6 

Group 9 – E7 
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Key: 

Group 1 – A1 

Group 10 – H1 

Group 11 – H2 

Group 12 – H3 

Group 13 – H5 

Group 14 – H6 

Group 15 – ME1 

Group 2 – B1 

Group 3 – E1 

Group 4 – E2 

Group 5 –E3 

Group 6 – E4 

Group 7 – E5 

Group 8 – E6 

Group 9 – E7 
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Print 2 Data 

 

 

Key: 

Group 1 – A1 

Group 10 – ME1 

Group 2 – E3 

Group 3 – E4 

Group 4 – E5 

Group 5 – E6 

Group 6 – E7 

Group 7 – H3 

Group 8 – H5 

Group 9 – H6 
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Print 3 Data 

 

 

Key: 

Group 1 – A1 

Group 10 – ME1 

Group 2 – E3 

Group 3 – E4 

Group 4 – E5 

Group 5 – E6 

Group 6 – E7 

Group 7 – H3 

Group 8 – H5 

Group 9 – H6 

Key: 

Group 1 – A1 

Group 10 – ME1 

Group 2 – E3 

Group 3 – E4 

Group 4 – E5 

Group 5 – E6 

Group 6 – E7 

Group 7 – H3 

Group 8 – H5 

Group 9 – H6 
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Participant Demographic Survey 

 




