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“I believe in evidence. I believe in observation, measurement, and reasoning, 

confirmed by independent observers. I'll believe anything, no matter how wild and 

ridiculous, if there is evidence for it. The wilder and more ridiculous something is, 

however, the firmer and more solid the evidence will have to be.” 

 

Em tradução livre:  

“Eu acredito em evidências. Eu acredito em observação, em medição, em 

racionalização, confirmada por observadores independentes. Eu vou acreditar em 

qualquer coisa, não importa o quão selvagem e ridículo seja, se houver evidência 

para ela. Entretanto, quanto mais inacreditável e mais ridículo algo é, mais firme e 

mais sólida a evidência deverá ser.” 

Isaac Azimov - Trecho de The Roving Mind (1983) 

 

--- 

 

“O correr da vida embrulha tudo, 

a vida é assim: esquenta e esfria, 

aperta e daí afrouxa, sossega e depois desinquieta. 

O que ela quer da gente é coragem (...)” 

Guimarães Rosa - Trecho de Grande Sertão: Veredas (1956) 

 

 



  

 

  



  

RESUMO 

A Papiloscopia é uma área de Ciências Forenses que é responsável pela 

identificação humana, sendo as impressões digitais o elementos-chave, que são uma 

das principais e mais frequentes evidências físicas em investigações criminais. Um 

desafio para a análise das impressões digitais é o estabelecimento de sua datação 

(envelhecimento), ou seja, o período decorrido entre sua afixação na cena do crime e 

a análise do laboratório. O envelhecimento da impressão digital presente em uma 

cena de crime pode ser útil para discernir um evento ou situá-lo na linha temporal 

investigativa. No entanto, as impressões digitais são uma matriz biológica complexa 

com fatores de variabilidade intrínseca e extrínseca ao doador, sendo um desafio não 

apenas para identificar os componentes bioquímicos, mas também para entender 

seus padrões de envelhecimento. Para isso, os métodos analíticos guiaram esta tese 

em duas revisões: a primeira, foram selecionadas as classes de métodos mais 

utilizadas para análise de impressão digital e a segunda, quais componentes 

bioquímicos presentes nas amostras fornecem informações sobre a estimativa 

temporal das amostras. Em relação às classes de métodos, a espectrometria de 

massa provou ser a técnica promissora para análise de impressão digital, destacando 

a fonte de ionização/dessorção assistida por matriz (MALDI MS) como a mais usada. 

Com isso, um método MALDI MS foi desenvolvido com a aplicação de imagens 

químicas (IMS) que, a partir da seleção de íons dos componentes de maior 

intensidade nas amostras, permitiram a visualização de impressões digitais cinquenta 

dias após seu depoimento. A segunda classe de métodos mais utilizada foi a 

espectroscopia, na qual um método de Microespectroscopia de Infravermelho com 

Transformada de Fourier (µ-FTIR) foi desenvolvido para a análise de impressões 

digitais sebáceas monitoradas por uma semana, seguidas pelo uso do método não- 

supervisionado de análise linear discriminante (LDA). Observou -se que, apesar dos 

perfis do doador serem semelhantes, o método permitiu a elaboração de uma 

tendência de separação entre as amostras com base no tempo de deposição. E, além 

disso, foi possível separar as amostras por doador. Assim, este trabalho compõe um 

passo em direção à aplicação da ciência analítica à Papiloscopia como um recurso 

fundamental da justiça na geração de evidências robustas para a busca da verdade. 

Palavras -chave: ciências forenses; análise de impressão digital; impressões digitais 

latentes; MALDI MSI; FTIR; quimiometria.  



  

  



  

ABSTRACT 

Fingerprint Analysis is the area of Forensic Sciences that deals with human 

identification, having fingerprints as key elements, which are one of the main and most 

frequent physical evidences in criminal investigations. A challenge for the fingerprint 

analysis is the establishment of their aging, that is, the period elapsed between their 

affixation at the crime scene and the forensic analysis. The fingerprint aging estimation 

at a crime scene can be useful in discerning an event or placing it in time. However, 

fingerprints are a complex biological matrix with intrinsic and extrinsic variability factors 

to the donor, being a challenge not only to identify the biochemical components 

present, but also to understand their aging patterns. For this, the analytical methods 

guided this research in two reviews: the first selected the classes of methods most 

used for fingerprint analysis and the second, which biochemical components present 

in the samples can provide information on the temporal estimation. Regarding the 

methods classes, mass spectrometry proved to be the most promising technique for 

fingerprint analysis, highlighting the Matrix Assisted Ionization Desorption (MALDI MS) 

source as the most used. With this, a MALDI MS method was developed with the 

application of Chemical Imaging (IMS) which, from the component’s ions selection of 

major intensity in the spectra, allowed the fingerprints visualization fifty days after their 

deposition. The second most used methods class were spectroscopy, which are mostly 

low-cost and non-destructive – when compared to mass spectrometry and provide 

results in seconds. Thus, a Micro-Fourier Transform Infrared Spectroscopy (µ-FTIR) 

method was developed with sebaceous fingerprints were monitored and analyzed for 

one week followed by application of a supervised method of Linear Discriminant 

Analysis. It was seen that despite the donor profiles being similar, rich in fatty acids 

from contact contamination, the method allowed for the elaboration of a separation 

trend between the samples based on the time elapsed since the deposition of the 

fingerprints. And, additionally, it was possible to segregate the samples by donor. 

Thus, this work composes a step towards the application of analytical science to 

Fingerprint Analysis as a foundation resource of justice in the generation of reliable 

evidence for the search of truth of the facts.   

Keywords: forensic sciences; fingerprint analysis; latent fingermarks; MALDI MSI; 

FTIR; chemometrics. 
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As impressões digitais são o resultado do contato das cristas papilares 

presentes nas palmas das mãos e das solas dos pés com uma superfície (CHAMPOD 

et al., 2004). Durante este contato as secreções presentes na pele são transferidas, 

deixando uma marca ou um desenho único que compõem a evidência física mais 

comum em cenas de crime (BECUÉ, 2016). A Papiloscopia é a área das Ciências 

Forenses responsável pela identificação humana por meio do estudo dos relevos 

dermopapilares existentes nas extremidades digitais (CHAMPOD et al, 2004). Assim, 

estabelecer a identidade de um indivíduo por meio da Papiloscopia é tema de grande 

interesse em segurança pública, pois garante, de forma inequívoca, a correta 

aplicação de direitos e deveres individuais e sociais, na busca por um ideal de “justiça 

social”. Visto que um dos principais objetivos das Ciências Forenses é a coleta de 

evidências válidas em uma cena de crime com máxima objetividade e confiabilidade 

para apoiar o processo judicial (ALCRAZ-FOSSOUL et al., 2016ª; ALCRAZ-

FOSSOUL et al., 2016b), as impressões digitais contribuem de forma decisiva para a 

matéria criminal, trazendo informações acerca da presença de um indivíduo em uma 

cena de crime. 

Na Superintendência Regional da Polícia Federal do Rio Grande do Sul 

(SR/PF/RS), em 2019, a perícia papiloscópica foi responsável pela identificação de 

indivíduos em 55% dos locais de crime em que foram encontradas impressões 

papilares, resultando em 71% de hits – nomenclatura empregada quando é possível 

a vinculação entre a impressão digital e um determinado indivíduo -, positivando mais 

de um indivíduo por local periciado (PFRS, 2019). 

Por mais de um século, as impressões digitais auxiliam na identificação civil e 

criminal, igualando ou superando demais estudos de casos em Ciências Forenses, 

com cerca de dez vezes mais casos resolvidos em comparação com exames de DNA 

(CADD et al., 2013; ADEBSI et al., 2009; GARDNER et al., 2009). 

 As impressões digitais podem ser classificadas em dois principais grupos: (1) 

as visíveis, formadas quando há contato de contaminantes coloridos e/ou moldáveis 

com a superfície das extremidades de mãos e/ou de pés como, por exemplo, sangue, 

tintas e ceras; e (2) as latentes ou não visíveis a olho nu, são aquelas ocultas, sendo 

indetectáveis até a aplicação de processos químicos e/ou físicos para sua revelação 

ou desenvolvimento. Essas são as impressões digitais mais encontradas nas cenas 
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de crime e são também as mais complexas, pois requerem aplicação de métodos de 

revelação para visualização e registro (JELLY et al., 2009). 

A revelação de vestígios de impressões digitais, que alavancou e modificou 

completamente o cenário da justiça criminal no final do século XIX, de certo modo se 

estagnou ao longo do século XX. Mesmo que muitos métodos tenham sido 

desenvolvidos, as particularidades desses processos e a metodologia adotada para o 

exame pericial na cena do crime, com padronização e repetição de procedimentos, 

levaram as instituições de perícia criminal a adotar a rotina de aplicar técnicas de 

revelação que, em local, geralmente, limitam-se ao uso de pós. Já em laboratório as 

principais técnicas envolvem o uso de pós, lanternas, reagentes químicos e fumigação 

com cianoacrilato (FIGINI et al, 2012). 

Conceitualmente, a Papiloscopia leva em conta o estudo das impressões 

digitais pela forma e comparação do desenho papilar (FIGINI et al, 2012); no entanto, 

o aprimoramento da ciência levou a uma investigação microscópica e bioquímica mais 

apurada. Nos últimos anos, o estudo microscópico das impressões digitais com ênfase 

nos poros (poroscopia) e o estudo das substâncias formadoras das secreções estão 

elevando esta ciência a um patamar mais robusto, agregando elementos que podem 

reforçar o processo de identificação (WEYERMANN et al, 2011). O conhecimento da 

composição química das impressões papilares aliado à análise do substrato no qual 

se encontra a evidência são fatores determinantes para a escolha do reagente 

adequado a ser utilizado na etapa analítica de revelação/desenvolvimento do vestígio 

(WEYERMANN et al, 2011). 

 O material presente nas impressões digitais é composto por uma mistura de 

substâncias originadas a partir de diferentes fontes: (1) da epiderme; (2) de glândulas 

secretórias da derme e (3) de contaminantes extrínsecos. Nesse contexto, as 

glândulas écrinas, glândulas apócrinas, glândulas sebáceas secretam substâncias 

que se unem a componentes epidérmicos  intrínsecos – incluindo metabolitos e traços 

de medicamentos e drogas – e a contaminantes extrínsecos, como sujeira, gordura, 

dermocosméticos e outros contaminantes (HOLDER et al., 2011; WEYERMANN et 

al., 2011). 

Os eventos em Ciências Forenses estão sempre situados no passado; por isso, 

a temporalidade é o fator de influência atuante e trabalhar para minimizar a passagem 
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tempo após o fato ocorrido é um dos objetivos do emprego da ciência a serviço da 

justiça (ROUX et al., 2022). Com isso, a idade das impressões digitais latentes é um 

dos problemas mais desafiadores em criminalística. Devido a esses fatores, o 

desenvolvimento de métodos capazes de estimar a datação de impressões latentes 

pode representar uma melhoria em procedimentos forenses (BARROS et al., 2013). 

A datação de evidências pode ser definida como a atribuição relativa ou absoluta da 

sua idade, consistindo principalmente na determinação do intervalo de tempo que 

separa os elementos analisados até a data atual ou na determinação da ordem relativa 

dos elementos no passado, denominado cronologia dos eventos (WEYERMANN et 

al., 2012). 

A composição das secreções glandulares é de particular interesse para as 

investigações forenses (HAZARIKA e RUSSELL, 2012), e foi o principal foco de 

estudo nesta pesquisa. Situar eventos e evidências no tempo é fundamental nas 

investigações e, entre as questões típicas da Ciência Forense, o tempo geralmente 

não é explorado. Em muitos casos, essa pode ser uma informação valiosa, 

fornecedora de ferramentas que formem a convicção da corte quanto à participação 

ou quanto à eliminação de potenciais suspeitos, reduzindo o tempo gasto no processo 

investigativo, minimizando erros durante a persecução e permitindo a correta 

aplicação de deveres, direitos e sanções (ALCARAZ-FOSSOUL et al., 2016; 

WEYERMANN e RIBAUX, 2012; MERKEL et al., 2012ª; MERKEL et al., 2012b). 

Apesar da relevância da área, estudos nacionais sobre a determinação da 

idade de uma impressão digital são escassos e bastante pontuais, carecendo de 

recursos e incentivos. Soma-se a essa questão o fato de não haver um método 

analítico padronizado e validado totalmente aceito. De acordo com Girod et al. (2016), 

é necessário um roteiro de pesquisa para desenvolver métodos analíticos com 

aplicação prática voltada para a Papiloscopia tanto para identificação de componentes 

presentes em impressões digitais como também relacionados à cinética de 

envelhecimento das amostras. Isso compreende no desenvolvimento e otimização do 

método proposto, seguida da interpretação dos resultados para posterior validação, 

seguida do uso operacional (GIROD et al., 2016).  

Com isso, esta tese desenvolveu dois métodos para análise de estimativa 

temporal de impressões digitais: (1) o método de MALDI MS com monitoramento de 
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amostras de até 50 dias e com formação de imageamento químico (MSI) a partir dos 

íons de maior intensidade presentes nas amostras  e (2) a técnica de µ-FTIR, aliando 

a microscopia com a espectroscopia, seguido de análise multivariada de dados dos 

espectros que resultou, principalmente, na tendência de separação das amostras de 

impressões digitais de 3 doadores pelo período de uma semana.  

Nesse contexto, a presente pesquisa explorou um tema complexo, carente de 

dados, com foco na realidade da perícia papiloscópica e desenvolveu técnicas 

instrumentais que são primeiro passo para uso em amostras reais. Com isso, esse 

trabalho aproxima a pesquisa científica às instituições de segurança pública, 

promovendo avanço técnico-científico e formação de recursos humanos a serviço da 

justiça.  

 

 

 

 

 

 

 

 



  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. OBJETIVOS 
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2.1. Objetivo Geral 

 

Desenvolvimento de métodos instrumentais para análise dos componentes 

presentes em impressões digitais a fim de aprimorar e otimizar o emprego destas 

técnicas na rotina forense. 

 

2.2.Objetivos Específicos 

 

✓ Revisão a literatura a fim de verificar quais os principais métodos analíticos 

utilizados para avaliação de impressões digitais; 

 

✓ Revisão de literatura sobre as principais substâncias de origem endógena e 

exógena que atuam como marcadores para auxiliar o processo de 

identificação, degradação e datação de resíduos de impressões digitais;   

 

✓ Desenvolvimento de metodologia de análise de impressões digitais utilizando 

o método de Espectroscopia de Infravermelho (µ - FTIR); 

 
✓ Emprego de Análise Estatística Multivariada como ferramenta de otimização à 

degradação de componentes presentes nas impressões digitais; 

 

✓ Estabelecimento de metodologia de análise de impressões digitais utilizando o 

método de Espectrometria de Massas com fonte de Ionização e Dessorção 

Assistida por Matriz (MALDI MS); 

 

✓ Associação dos resultados do método de MALDI MS ao desenvolvimento de 

Imageamento Químico para acompanhamento da degradação dos 

componentes presentes nas impressões digitais. 
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3.1. Breve Histórico 
 
 Embora haja evidências do uso de impressões digitais há milhares de anos, 

como forma de identificação para cumprimento da lei, acredita-se que a sua origem 

foi na segunda metade do século X (KOBUS, et al. 2016). Entre os pesquisadores que 

contribuíram para as impressões digitais serem utilizadas como ciência de 

identificação destacam-se: Sir William Herschell e Sir Edward Richard Henry – 

trabalhando na Índia a serviço da coroa britânica, utilizaram as impressões digitais 

para firmar contratos e identificar criminosos sustentando a teoria de que elas não 

eram duplicadas entre os indivíduos. O médico escocês Henry Faulds, trabalhou como 

missionário no Japão e ficou intrigado ao participar de uma escavação arqueológica e 

observar os desenhos dos dedos deixados em cacos de cerâmica antigos. Especula-

se que foi esse fato que o fez estudar sobre impressões digitais, chegando a publicar 

uma carta na revista Nature (1880) sobre a possiblidade das impressões digitais 

“levarem à identificação científica de criminosos”.  O antropólogo inglês Sir Francis 

Galton que, em seu primeiro livro Finger Prints (figura 1), confirmou a teoria de 

Herschell que as impressões digitais permaneciam inalteradas e não se repetiam, 

descrevendo o primeiro sistema de classificação para impressões digitais 

(CLEMENTS, 1987). 

 

Figura 1. Primeira edição do livro Finger Prints de Sir Francis Galton. Fonte: archive.org 
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Então, o croata naturalizado argentino, Juan Vucetich, em posse dos estudos 

de Galton, idealizou um sistema baseado nos padrões tipificados por ele e começou, 

historicamente, o primeiro uso estabelecido de arquivos de impressões digitais. Em 

1892, Vucetich identificou Teresa Francisca Rojas como assassina dos seus próprios 

filhos, por conta de uma impressão digital em sangue deixada por ela na casa. Em 

1883, Vucetich publica o livro Dactiloscopia em que descreve um sistema de 

classificação de impressões digitais baseado em quatro tipos fundamentais (figura 2) 

(CHAMPOD et al, 2004). 

 

Figura 2: Tipos fundamentais de impressões digitais do Sistema Vucetich. Fonte: Adaptado de Figini, 

2012. 

Devido à proximidade com a Argentina, o sistema datiloscópico de Vucetich foi 

adotado logo a seguir no Brasil, pela iniciativa do Instituto Félix Pacheco pelo decreto 

nº 4764 de 5 de fevereiro de 1903. A instituição do uso das impressões digitais na 

identificação civil iniciou-se em 1920, pedindo a prova de identidade, mediante pedido 

formal, pois, até então não havia obrigatoriedade da Carteira de Identidade para 

identificação civil (FIGINI, 2012). Hoje, 102 anos depois do início do processo de 

identificação no Brasil, o país se encaminha para a unificação de registros dos 

cidadãos com a Lei 10.977 de 23 de fevereiro de 2022 que institui um número único 

de Registro Geral para todo país: o Cadastro de Pessoa Física, possibilitando ao 

cidadão, inclusive, validar a identificação na plataforma online do Governo Federal, 

sendo possível acessar o documento pelo aplicativo GOV.BR (BRASIL, 2022)  
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3.2. Embriologia, Citologia e Histologia dos Desenhos Dermopapilares 

 Durante o terceiro mês de gestação, as cristas de fricção começam a se formar 

por volta da décima quinta semana e até o final do terceiro mês de vida intrauterina, a 

epiderme do feto é plana e formada por apenas uma camada basal de células, 

denominada periderme. Entre o quarto e sexto mês gestacional formam-se as papilas 

dérmicas, a partir da proliferação de células da epiderme e de inserções do tecido 

conjuntivo. No segundo trimestre, as almofadas volares regridem e as cristas de 

fricção crescem até em torno de 16 semanas no período gestacional, quando as 

minúcias se tornam definidas (figura 3) (WERTHEIM, 2002). 

  

Figura 3. À esquerda a evolução dos coxins volares até estruturação das cristas de fricção que forma 

as papilas dérmicas e à direita microscopia de feto de 14 semanas, mostrando a crista primária e as 

origens de novas cristas (anlágena). Fonte: Adaptado de The Fingerprints sourcebook (HOLDER et 

al., 2011) e Human Fingerprints – a combination of nerves and skin (CHAMPOD et al, 2004). 

 Cada aspecto do crescimento e desenvolvimento do ser é iniciado por um 

aspecto genético. A capacidade de formar cristas de fricção é inerente ao embrião 

em desenvolvimento. Os padrões que essas cristas formam, no entanto, são 

limitadas pela natureza e são definidos pelos tipos fundamentais de presilha interna 

ou externa, arco, verticilo ou desenhos anômalos e combinações e transições desses 

padrões básicos, ou ainda pela falta de um padrão (HIRSCH, 1964). Embora a 

genética possa direcionar quando e onde as cristas se formarão ao fornecer o projeto 

para as proteínas, a natureza fornece os limites para a padronização por meio de 
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mecanismos físicos. Além das proteínas derivadas dos genes, componentes como 

açúcares, lipídios, hormônios, compostos inorgânicos e o ambiente físico e, ao redor 

deste processo de formação, no ambiente intrauterino, o líquido amniótico, a tensão 

superficial e a viscosidade do microambiente vão contribuir para moldagem das 

papilas dérmicas (BALL, 1999). 

Drapel e colaboradores (2009), realizaram uma pesquisa de componentes da 

epiderme presentes no material formador das impressões digitais. Durante o processo 

de descamação da pele determinadas proteínas podem estar presentes no resíduo 

de impressão digital como as queratinas 1 a 10 e a classe da catepsina D 

responsáveis por determinar a capacidade proteolítica dos lisossomos. A camada 

hidrolipídica presente na camada córnea da epiderme forma uma espécie de filme que 

contém glicerídeos e ácidos graxos (65%), colesterol (20%), ésteres de esterol (15%), 

sintetizados pelos queratinócitos e pelo tecido glândular (a seguir) também poderão 

estar presentes na composição de impressões digitais (DRAPEL et al, 2009). 

A derme é dividida em camada reticular e papilar e é composta por fibras 

elásticas de colágeno associadas a um substrato de base amorfa composta por 

proteoglicanos, água e íons que suportam a epiderme. Abriga cerca de 5 milhões de 

glândulas, incluindo as apócrinas, sebáceas e écrinas; os vasos sanguíneos; 

terminações nervosas e um componente celular formador de mastócitos, fibroblastos, 

miofibroblastos e macrófagos. Na derme também estão feixes de músculo liso 

eretores do pelo (figura 4) (BELDA JUNIOR, CHIACCHIO e CRIADO, 2014).  

A camada reticular é formada por tecido conjuntivo denso e não modelado, 

composto, sobretudo de feixes de colágeno. As células principais dessa camada são 

os fibroblastos e os histiócitos. Nas porções mais profundas, encontram-se glândulas 

sebáceas, sudoríparas, folículos pilosos e pequenos acúmulos celulares. Já a camada 

papilar é muito fina e mal delimitada, constituída de tecido conjuntivo frouxo, com 

numerosas eminências vasculares, as papilas. As papilas são responsáveis pelas 

cristas e sulcos papilares (BELDA JUNIOR, CHIACCHIO e CRIADO, 2014). 
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Figura 4. Divisões da derme. Fonte: Adaptado de JUNQUEIRA e CARNEIRO, 2008. 

 

 As estruturas anexas correspondem aos pelos, unhas, glândulas sudoríparas e 

glândulas sebáceas. Devido ao foco desta tese ser as impressões digitais e seus 

constituintes, estão sendo priorizados os anexos glandulares. A unidade pilossebácea 

é composta pelo folículo piloso, glândula sebácea, músculo eretor do pelo e em 

algumas regiões – axilas, virilha, mamilos – apresenta mais uma estrutura, a glândula 

sudorípara apócrina (BELDA JUNIOR, CHIACCHIO e CRIADO, 2014). 

 As glândulas sebáceas são uma estrutura exócrina e alveolar, de aspecto 

maciço e claro. Situam-se na derme e seus ductos geralmente desembocam na 

porção terminal dos folículos pilosos. Nos grandes e pequenos lábios da vagina os 

ductos abrem-se direto na superfície da pele. Na palma da mão e na sola do pé não 

há glândulas sebáceas, pois não apresentam pelos (BELDA JUNIOR, CHIACCHIO e 

CRIADO, 2014). 

 Seus alvéolos desembocam em um ducto curto e são formados por uma 

camada externa de células epiteliais achatadas. Secretam uma substância oleosa 

chamada sebo que recobre não só o pelo, mas também a superfície da pele, para a 

manutenção e sua textura. O sebo é produzido como uma secreção holócrina, onde o 

produto é liberado junto com os restos celulares. A atividade dessas glândulas é 

influenciada por hormônios sexuais (BELDA JUNIOR, CHIACCHIO e CRIADO, 2014). 



40  

As glândulas sudoríparas possuem estrutura tubular enovelada com apenas 

uma camada celular. Podem ser classificadas de acordo com o modelo de liberação 

da secreção em écrinas ou merócrinas, holócrinas, apócrinas ou holomerócrinas. Tais 

produtos de secreção possuem fundamental relevância durante o processo de 

revelação de fragmentos papilares e nos estudos de degradação e de perfil químico 

de impressões digitais (BELDA JUNIOR, CHIACCHIO e CRIADO, 2014). 

 As glândulas sudoríparas écrinas ou merócrinas estão presentes em toda 

superfície do corpo humano, são aquelas cujo produto de secreção é secretado 

isoladamente, sem partes da célula. São glândulas do tipo simples, tubulosa, 

enovelada. Sua porção secretora localiza-se profundamente na derme ou 

superiormente na hipoderme. O ducto da glândula abre-se na superfície da pele e 

segue um curso em hélice ao atravessar a epiderme. Distribuem-se por toda superfície 

do corpo, exceto em alguns locais com lábios e genitália externa, e não estão 

associadas a folículos pilosos. Essas glândulas produzem uma solução aquosa pobre 

em proteínas e rica em cloreto de sódio, uréia, ácido úrico e amônia em quantidades 

varáveis: o suor. Portanto, funcionam, em parte, como órgãos excretores. Também 

desempenham um importante papel na regulação da temperatura, pelo resfriamento 

resultante da evaporação do suor (BELDA JUNIOR, CHIACCHIO e CRIADO, 2014). 

As glândulas sudoríparas holócrinas são exócrinas e ocorrem quando a célula 

inteira morre e se destaca, sendo a própria secreção (BELDA JUNIOR, CHIACCHIO 

e CRIADO, 2014). 

Finalmente, as glândulas sudoríparas apócrinas ou holomerócrinas possuem 

produto de secreção é eliminado juntamente com porções do citoplasma apical das 

células que as constituem. Encontram-se na axila, aréola e mamilo da glândula 

mamária, na região perineal, em associação com a genitália externa, glândula 

ceruminosa do canal auditivo e glândula de Moll das pálpebras. Produzem uma 

secreção que contém proteína e sua composição varia com a localização anatômica, 

sendo ligeiramente viscosa e sem cheiro, mas que adquire um odor desagradável e 

característico pela ação de bactérias. Essas glândulas respondem aos hormônios 

sexuais e desenvolvem-se na puberdade. As glândulas axilares da mulher sofrem 

alterações cíclicas que acompanham o ciclo menstrual (BELDA JUNIOR, CHIACCHIO 

e CRIADO, 2014).  
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3.2.1. Papilas Dérmicas 

As papilas dérmicas surgem durante o desenvolvimento embrionário, como 

citado no tópico 3.2.1, a partir de ploriferação de células da epideme e inserções de 

tecido conjuntivo. São limitadas superiormente pela epiderme, lateralmente pelas 

cristas epidérmicas e inferiormente pelo plexo vascular superficial e pela derme 

reticular. A derme reticurar estende-se entre a derme papilar e a gordura subcutânea. 

(WERTHEIM, 2002). 

Os desenhos papilares seguem uma orientação genética e são condicionadas 

pelo ambiente intrauterino tanto de oferta de proteínas e demais substâncias 

presentes no líquido amniótico como pelo movimento fetal dentro do útero. Então, 

mesmo seguindo os desenhos descritos nos tipos fundamentais descritos na figura 2, 

ainda existem detalhes anatômicos importantes: a formação do delta, uma região de 

convergência das linhas dermopapilares da região nuclear, basilar e marginal do dedo 

e as minúcias, fundamentais durante o processo de individualização; ou seja na 

identificação de um ser humano (WERTHEIM, 2002; CLEMENTS, 1987).  

 

3.3. Composição das Impressões Digitais 

A composição das secreções glandulares é de particular interesse para as 

investigações forenses. Os métodos de revelação de impressões digitais latentes são 

normalmente baseados nas interações com substâncias presentes em sua 

composição, principalmente: produtos de excreção das glândulas sudoríparas 

(HAZARIKA e RUSSELL, 2012). 

A principal fonte que compõe as marcas papilares é o suor, o qual pode ser 

originado de glândulas écrinas, sebáceas e apócrinas. As glândulas écrinas estão 

localizadas na superfície de todo o corpo, porém, encontram-se em maior quantidade 

nas palmas das mãos e plantas dos pés e por isso são as maiores fornecedoras de 

compostos presentes em impressões papilares (GIROD et al., 2012; WEYERMANN 

et al., 2011). As secreções sebáceas são também bastante frequentes em uma 

impressão papilar, mas advém exclusivamente da contaminação por meio do contato 

com outras partes do corpo, como, por exemplo, o toque na face e nos cabelos, não 

estando presente nas linhas de fricção das palmas das mãos e plantas dos pés. 

Secreções apócrinas são menos frequentes em impressões digitais, contudo são 
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relevantes em crimes de natureza sexual, pois as glândulas estão presentes nas 

regiões genitais, mamária, inguinal e axilar (GIROD et al., 2012; WEYERMANN et al., 

2011). 

Secreções écrinas e apócrinas resultam em uma mistura de compostos 

inorgânicos e orgânicos hidrossolúveis, enquanto secreções sebáceas contribuem 

com a parte de lipossolúvel. Os componentes sebáceos estão muito presentes nos 

resíduos de impressões digitais, sendo o esqualeno, ésteres de ácidos graxos, 

triglicerídeos e fosfolipídeos os principais constituintes detectados (GIROD et al., 

2012; RAMOTOWSKI, 2001). 

As glândulas écrinas desempenham um importante papel na composição de 

impressões digitais, o principal constituinte secretado é a água (99%) (GIROD et al, 

2012). Mas um pequeno número de proteínas pode ser identificado como albumina, 

queratinas 1 a 10 e as catepsinas D. Existe uma dificuldade de análise deste material 

devido à baixa concentração presente nos resíduos de impressão digital e o alto custo 

do desenvolvimento dos métodos (GIROD et al., 2012; RAMOTOWSKI, 2001). Por 

outro lado, a análise de aminoácidos e resíduos de impressões digitais é muito 

estudada em virtude de o revelador químico ninhidrina tê-los como alvo na rotina de 

revelação da perícia papiloscópica (CHAMPOD et al, 2004). Serina, Glicina, Orninita 

e Alanina são os aminoácidos encontrados em maior percentagem nesse material 

(CROXTON et al, 2006; RAMOTOWSKI, 2001). 

Com isso, o resíduo formador de uma impressão digital é uma matriz biológica 

complexa contendo amônia, sódio, fosfato, cloreto, fluoreto, cálcio, magnésio 

proteínas, polipeptídeos, aminoácidos, vitaminas, fenol, ácido úrico, creatinina, ácidos 

graxos, glicerídeos, esteróis, esqualeno, fosfolipídeos, dentre outros (GIROD et al., 

2012; WEYERMANN et al., 2011; JELLY et al., 2009). 

Apesar de toda essa diversidade de elementos estruturantes e formadores, 

entre 98-99% da secreção écrina é formada por água e a composição quantitativa e 

qualitativa de um resíduo de impressão papilar irá depender de múltiplos fatores 

intrínsecos, como idade, dieta, condições físicas, patologias e sexo e, igualmente de 

fatores externos, aqueles em que o indivíduo teve conta to direto (JELLY et al., 2009). 

Existem fatores fisiológicos que podem interferir na quantidade de material 

encontrado nas impressões digitais. Por exemplo: o estresse gera um aumento da 
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liberação de adrenalina, resultando numa maior secreção de suor proveniente de 

glândulas sudoríparas écrinas (JELLY et al, 2009). O sexo também pode interferir, 

visto que a estimulação androgenética secreta mais produto das glândulas sebáceas 

(FRANCESE et al, 2013). A idade também é fator determinante, pois há uma 

considerável diferença da composição química de impressões digitais de crianças, 

adolescentes e adultos. Crianças tendem a ter maior abundância de compostos 

voláteis que não estão mais presentes em impressões digitais de adultos, 

evidenciando que impressões digitais de crianças desaparecem mais rapidamente 

(WEYERMANN et al., 2011). 

Entre os fatores externos, os hábitos pessoais e rotinas podem contribuir 

diretamente para a constituição dos resíduos e com o desenho papilar na pele. Por 

exemplo: a higiene e os cuidados com a pele, o uso diário de protetor solar, de 

sabonetes e de cremes ou uso de substâncias proscritas podem acusar os 

componentes ativos predominantes dessas formulações em análises por 

espectrometria de massas e cromatografia (HINNERS, et al. 2018; GROENEVELD, et 

al.2015). Ademais, quando da manipulação óleos e alimentos gordurosos podem 

acusar bandas de grupamentos químicos característicos de ácidos carboxílicos, 

ésteres e cetonas por espectroscopia de infravermelho. A ocupação do indivíduo pode 

influenciar na quantidade e na qualidade do resíduo digital: profissionais que fazem 

uso regular de luvas e lavagem excessiva das mãos têm a tendência de ter a pele das 

mãos mais secas, com pouco material de secreção. Já trabalhadores que têm contato 

com produtos químicos, altas temperaturas ou ferramentas cortantes podem ter um 

enfraquecimento da superfície da epiderme ou sofrer um acidente que altere o 

desenho dermopapilar (HINNERS, et al. 2018; LAUZON e CHAURAND, 2018). Em 

determinados tipos de crimes como delito de explosão (assaltos a banco, atentados 

terroristas etc.) o perpetrador pode ter o contato direto com os produtos químicos do 

explosivo (nitroglicerina, ácido pícrico, nitrato de amônio). Em crimes com uso de 

armas de fogo, após o disparo, pode-se encontrar resquícios de compostos 

inorgânicos como chumbo, bário e antimônio (KAPLAN-SANDQUIST, et al. 2014). 

Finalmente, em crimes natureza sexual, a análise das impressões digitais de um 

suspeito pode mostrar conteúdo apócrino da vítima e do agressor e ainda, resquícios 

de nonoxinol-9, lubrificante com propriedades espermicídas (BRADSHAW, et al. 2012) 
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3.4. A Relação Entre os Componentes e a Temporalidade  

O tempo decorrido entre a aposição/deposição da impressão digital em uma 

superfície e seu processamento pela perícia papiloscópica é chamado de datação. A 

datação de impressões digitais é fator importante no processo investigativo e 

representa um desafio para a Papiloscopia. Há uma relação direta entre os 

componentes bioquímicos presentes nessa matriz biológica, a superfície em que elas 

foram depositadas e as condições do ambiente no momento da deposição. Todas 

essas variáveis sofrem a ação do tempo e vão refletir na condição da impressão digital 

no momento do processamento papiloscópico (WEYERMANN e GIROD, 2021).  

As impressões papilares são evidências físicas que sofrem influência de três 

fatores principais quando se trata da análise temporal: (1) condições inerentes ao 

doador/apositor da impressão digital; (2) condições de transferência – de deposição e 

do substrato ou do suporte – e (3) as condições ambientais em a que a evidência está 

exposta (CADD et al., 2013). A técnica utilizada na revelação da impressão digital é 

mais um parâmetro que afeta a sua composição e, por consequência, o estágio de 

envelhecimento da amostra (GIROD et al., 2012; CADD et al., 2013). 

A estimativa temporal da evidência forense envolve um processo de tomada de 

decisão que engloba o conceito de Triângulo de Interação (figura 5) entre a superfície 

em que a impressão digital foi encontrada, a sua composição e a interação com o 

ambiente. Este conceito sugere uma forma de se obter o máximo de informações 

sobre esses três fatores que podem influenciar as decisões de procedimento e de 

manipulação da evidência para se tomar as melhores decisões no decorrer do 

processamento da prova (SEARS et al, 2012). 
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 Figura 5. Triângulo de Interação. Fonte: Adaptado de SEARS et al, 2012. 

 

 Os primeiros estudos acerca de datação das impressões digitais estão 

diretamente ligados às suas modificações visuais de enfraquecimento das linhas do 

desenho papilar em função da perda de água da matriz ao longo do tempo. Contudo, 

tais observações não foram consideradas confiáveis para propósitos operacionais na 

rotina forense, pois de acordo com estudo de Keisar e colaboradores (2019) o teor 

inicial de água variou significativamente minutos após a deposição. Dado o curto 

prazo, a perda de água pela matriz não é um componente interessante para estimativa 

de datação num cenário de rotina de análises para a perícia forense (KEISAR, et al. 

2019). 

 Parâmetros de modificação física ainda são sugeridos para vinculação de 

estudos de datação, mas são necessários aplicação de métodos multivariados para 

relacionar a certeza da modificação de um parâmetro com um fator de variabilidade 

em decorrência da passagem de tempo (DE ALCARAZ-FOSSOUL et al. 2019; DE 

ALCARAZ-FOSSOUL, et al. 2017; DE ALCARAZ-FOSSOUL, et al.  2016a,b;). 

 Os lipídios são uma das principais classes de compostos de interesse em 

estudos de envelhecimento. Ainda que vários estudos não indiquem uma tendência 
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clara de degradação dos componentes, ácidos graxos insaturados como o ácido Δ6-

hexadecenóico e o ácido Δ8-octadecenóico  foram monitorados juntamente com seus 

produtos de degradação provenientes de oxidação e foram relacionados, nas 

condições do estudo, a uma idade estimada de 14 dias (FRICK,  et al. 2020; CADD,  

et al. 2015; GIROD, et al. 2012).  

 O esqualeno (figura 6), precursor de esteroides, e o colesterol (figura 7) estão 

presentes em grande parte das amostras de impressões digitais e apresentam um 

decaimento relativamente rápido nos primeiros dias e seguem um padrão exponencial 

até em torno de 30 dias após a deposição. Porém, as diferenças importantes 

encontradas entre os doadores e até num mesmo doador (dependendo do momento 

da coleta), necessitam de uma normalização dos dados para o método se mostrar 

reprodutível (DORAKAMBURA, et al. 2020; DORAKAMBURA, et al. 2019; FRICK,  et 

al. 2016; GIROD,  et al. 2016;  ARCHER, 2005).  

 

 

 

 

Figura 6. Estrutura do Esqualeno. Fonte: Desenvolvido por ChemDraw Direct 

 

 

Figura 7. Estrutura do Colesterol. Fonte: Desenvolvido por ChemDraw Direct 

 

  Ésteres de ácidos graxos são detectados numa intensidade e/ou concentração 

relativamente menor se comparada aos ácidos graxos (GIROD e WEYERMANN, 2014) 

e igualmente, o mecanismo de degradação não está esclarecido. Nos estudos de Frick 

e colaboradores (2020) compostos di e triglicerídeos foram caracterizados 

demonstrando um rápido decaimento após a deposição. Tal fato é atribuído a reação 

de ozonólise (reação pela qual o ozônio – O3 - reage com as ligações duplas dos 

glicerídeos, formando ozonídeos e produtos de oxidação com uma cadeia carbônica 

menor) (FRICK, et al, 2020; FRICK, e WEYNERMANN, 2019).  
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  Os componentes écrinos são menos estudados que os componentes lipídicos 

e somente recentemente seus padrões de degradação foram relacionados a datação 

de impressões digitais (OONK, et al. 2018). As proteínas são formadas a partir de 

peptídeos e esses de aminoácidos. Os aminoácidos foram caracterizados em estudos 

de identificação de componentes, mas não relacionados aos estudos de tempo, pois 

suas condições degradação e condições ambientais não foram monitoradas, 

impossibilitando a relação com estudo de envelhecimento (CROXTON, et al. 2010). É 

importante lembrar que a degradação térmica é fator importante na em resíduos de 

impressões digitais contendo aminoácidos e proteínas; porém ainda presentes em 

impressões digitais mais antigas (DE PAOLI, et al, 2010). Proteínas e peptídeos, em 

espacial da classe das queratinas e dermicidina foram identificados e, ao longo do 

tempo de 16 dias, apresentam modificações significativas em acompanhamento por 

LC/MS/MS (OONK, et al. 2018). Ressalta-se que na degradação de proteínas, a própria 

preparação da amostra e o método usado para sua análise podem influenciar na sua 

degradação. Estudos de MS em tandem em períodos mais longos trariam uma melhor 

compreensão dos processos de envelhecimento (WEYERMANN e GIROD, 2021). 

 

3.4.1. Componentes Intrínsecos e Extrínsecos    

  Os componentes intrínsecos são aqueles produzidos e excretados pelo corpo; 

portanto, relacionados à amônia, sódio, fosfato, cloreto, fluoreto, cálcio, magnésio 

proteínas, polipeptídios, aminoácidos, vitaminas, fenol, ácido úrico, creatinina, ácidos 

graxos, glicerídeos, esteróis, esqualeno, fosfolipídios, metabólitos de medicamentos, 

álcool e drogas (GIROD et al., 2012; WEYERMANN et al., 2011; JELLY et al., 2009). 

  Já os componentes extrínsecos são os de contaminação por parte do toque de 

uma superfície, ou seja, relacionam-se com o substrato de deposição e o ambiente, 

podem ser resíduos de alimentos, cosméticos, substâncias ilícitas, lubrificantes, 

explosivos, etc (HINNERS, et al. 2018; LAUZON e  CHAURAND, 2018; KAPLAN-

SANDQUIST, et al. 2014; BRADSHAW et al. 2012) . 

  A principal dificuldade nos estudos de envelhecimento de impressões digitais é 

que tanto os fatores intrínsecos como os fatores extrínsecos influenciam na cinética de 

degradação dos componentes presentes nas amostras. Além disso, há uma variação 

significativa entre resíduos de impressão digital de diferentes doadores e até num 

mesmo doador, sendo fatores particulares como hábitos alimentares, sudorese, contato 
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com alimentos e com substâncias químicas, uso de medicamentos e de cosméticos e, 

até as condições metabólicas interferem na qualidade da matriz biológica presente 

(WEYERMANN e GIROD, 2021). 

  Em estudos de impressões digitais é comum pedir ao doador que passe o dedo 

na zona T do rosto ou da região da nuca, aumentando a quantidade de material 

presente na impressão digital depositada, este tipo de coleta é denominado groomed 

(= preparado) no sentido de ser uma amostra que é artificialmente coletada, rica em 

compostos sebáceos. Estes estudos são os mais comuns e representativos na 

literatura, sendo um ponto de partida para o desenvolvimento de métodos analíticos 

para análise de impressões digitais; porém, os estudos reportam uma quantidade 

superior de componentes lipídicos ao serem comparados com estudos de amostras 

naturais (WEYERMANN e GIROD, 2021). 

 De acordo com  Weynermann e Girod (2021), os fatores de influência que 

atuam nas impressões digitais podem ser divididos em três tempos: tempo menor que 

zero, compreendendo na etapa prévia da deposição da impressão digital sobre um 

substrato ou uma superfície em que os doadores estão realizando atividades que 

exijam contato, gerando a contaminação. O tempo igual a zero compreendendo a 

composição inicial formada dos componentes intrínsecos mais os componentes 

extrínsecos do contato somados a variabilidade do substrato. E, finalmente, o tempo 

maior que zero, em que o resíduo de impressão digital vai sofrer a passagem de 

tempo, influenciado por fatores ambientais como exposição à luz, umidade e 

temperatura. Para fins de pesquisa, é interessante que as amostras sofram o mínimo 

com essas condições ou que o modelo de envelhecimento proposto possa explicar o 

impacto dessas variáveis. Dessa forma, quando o protocolo proposto for aplicado em 

amostras reais será possível monitorar a ação da variável sobre a amostra, estimando 

sua idade (WEYNERMANN e GIROD, 2021).    

 

3.5. Métodos Instrumentais para Análise de Impressões Digitais 

 O uso de métodos analíticos para estudos de estimativas de tempo em Ciências 

Forenses é fundamental e aplicado em áreas como a Documentoscopia para 

estimativa de datação de tintas de caneta (GORZIZA, et al. 2019). Em um contexto 

um pouco diferente, mas ligado ao tempo, pode-se fazer referência à Toxicologia 

Forense, em situações de abuso de substâncias ilícitas que podem ser detectadas em 

diferentes matrizes biológicas. Cada matriz pode predizer o caminho da substância 
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pelo corpo até sua eliminação. De acordo com a substância, a sua concentração e a 

via de uso, o tempo de metabolização será diferente, podendo ser determinante para 

casuística; respondendo, assim, questionamentos de se o indivíduo estava sob efeito 

de determinada substância no da ocorrência de um delito (MALI, et al. 2011). O tempo 

atua nas amostras biológicas e em amostras brutas e a escolha do método analítico 

pode influenciar no resultado proposto para detecção e degradação de tal analito.  

 Para as áreas forenses citadas, como também para Química Forense, o uso de 

técnicas instrumentais é inerente ao processamento da prova. No que tange às 

impressões digitais, além de responsáveis pela identificação inequívoca, seu elevado 

potencial químico despertou a comunidade acadêmica analítica nos últimos anos para 

o desenvolvimento de métodos instrumentais para aprimorar o sistema pericial e de 

justiça  (MARIOTTI, 2020; CHAMPOD, et al. 2004) 

 O primeiro protocolo analítico para Papiloscopia foi publicado por Terry Kent 

em 2010, intitulado Standardizing Protocols for Fingerprint Reagent Testing, focado 

em amostras reais naturais e não em impressões digitais depositadas 

propositalmente, com excesso de secreções (KENT, 2010). A necessidade de 

padronização não apenas dos métodos, mas da coleta de amostras pode interferir nos 

resultados de desempenho dos reveladores usados em impressões latentes e dos 

limites de detecção instrumental. Ou seja, se uma impressão digital é coletada com 

excesso de material sebáceo, os reveladores podem parecer mais eficazes do que 

realmente são e métodos analíticos parecerão mais sensíveis por ter uma 

concentração mais elevada de material na amostra (KENT, 2010). Kent foi precursor 

em determinar como amostrar as impressões digitais (minimizando variabilidade 

intrínseca da amostra) para a pesquisa, dividindo uma mesma impressão digital e 

comparando em diferentes ambientes ou superfícies de deposição. Neste protocolo 

também está a fundamentação dos testes de depleção, com a aposição contínua e 

seriada de impressões digitais do mesmo dedo, para verificar quantidade a de 

secreção a cada deposição e avaliar a sensibilidade de cada reagente. Por fim, 

enfatizou a importância do tempo nas impressões digitais antes e depois das 

revelações. Em pesquisa direta, ainda considerou o número de doadores para 

representatividade de amostra (entre 30 e 40 doadores); os suportes de deposição 

mais relevantes e qual tipo de revelador aplicar em cada um deles, especialmente 

papel, vidro e metal e levou em conta as variações das condições de armazenamento 
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das amostras (KENT, 2010). 

 Em 2012, Sears e colaboradores, desenvolveram um estudo experimental que 

visava estabelecer os padrões mínimos para pesquisas de aprimoramento de 

revelação e de análise de impressões digitais (SEARS et al, 2012). O principal objetivo 

do estudo foi mapear as variáveis que mais interferem na revelação das amostras 

reais e apresentar as etapas de processamento com fluxogramas de análise, como 

procedimentos operacionais padrão de laboratório (SEARS et al, 2012). O trabalho 

faz uma classificação e validação de quatro fases de estudo.  Ainda, ressalta a 

importância dos estudos de envelhecimento, enfatizando fatores de influência que 

incluem: o tipo de superfície; o nível de exposição a luz solar direta, a temperatura 

ambiente, a umidade e o fluxo de ar através a superfície. Portanto, ressalta que as 

pesquisas devem cobrir do tempo zero a uma sucessão de tempos para ser 

considerado amplo e representativo (SEARS et al, 2012). 

 Finalmente, em 2014, o International Fingerprint Research Group (IFRG - 

https://ifrg.unil.ch/) compila os estudos de Kent e Sears em uma diretriz denomindada: 

Guidelines for the Assessement of Fingermark Detection. O guia faz a divisão de fases 

de estudo e elenca as variáveis e suas formas de manejo (IFGR, 2014).  O que chama 

atenção, nestes três protocolos, é que todos os autores abordavam a necessidade de 

estudos de datação de impressões digitais e a importância da consideração das 

variáveis que atuam nas amostras.  

 Para o uso de técnicas instrumentais, em 2014, o governo britânico publicou a 

primeira edição do The Fingermark Visualisation Manual, que substituiu outro manual 

para desenvolvimento e aplicação de técnicas para análise de impressões digitais. O 

manual dividiu a análise de impressões digitais em três categorias: A - para métodos 

consolidados; B - para métodos estabelecidos; C - para métodos promissores. Na 

categoria C, a técnica de espectrometria de massas, em especial o MALDI MS, é 

citada e, para o próximo volume do manual, passará para categoria B, como método 

que é aplicado em amostras reais (CAST, 2014).  

 Durante o desenvolvimento de métodos analíticos que implicam o uso de 

amostras biológicas, é requerida a autorização do Comitê de Ética em Pesquisa 

(CEP). Mesmo com a pequena quantidade de amostra coletada, este trabalho foi 

submetido e aprovado pelo CEP – UFRGS (CAAE nº - 06198919.9.0000.5347) e o 

parecer encontra-se no anexo (anexo 1) desta tese.  
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 Os métodos para análise de impressões digitais podem ser desenvolvidos e 

separados de acordo com a finalidade a que se destinam e de acordo com os 

equipamentos disponíveis nos institutos de perícias. De modo amplo, os métodos 

podem ser divididos pelo princípio da técnica em espectrometria de massas e 

espectroscopia. A Cromatografia Líquida ou a Gás também é aplicada, normalmente 

associada ao detector de massas. Nesta tese, os objetivos foram o desenvolvimento 

de métodos em que elevassem a impressão digital para uma fonte de inteligência 

química, mas conservando sua função ligada a forma e a identificação de indivíduos. 

Assim, o método espectroscópio de Infravermelho teve associação com as análises 

quimiométricas e a técnica de MALDI envolveu o desenvolvimento de imageamento 

químico das amostras.  

 

3.5.1 Métodos Espectroscópicos com Aplicação Quimiométrica 

 A espectroscopia é um método físico-químico que permite obter informações 

sobre a estrutura molecular de compostos por meio da interação da radiação 

eletromagnética com a matéria. Os espectros fornecem as transições (diferença de 

energia entre níveis) e a partir destas medidas determinam-se as posições relativas 

dos níveis energéticos. No caso de moléculas, a região espectral onde as transições 

são observadas estão na região do ultravioleta ou do visível; as vibracionais na região 

do infravermelho e as rotacionais na região das micro-ondas (figura 8) (SILVERSTEIN, 

2005). 

Figura 8.  Regiões espectrais do espectro eletromagnético. Fonte: LabCisco 
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A radiação eletromagnética é formada por campos elétricos e magnéticos 

oscilantes, perpendiculares entre si e perpendiculares em direção à propagação. 

Quando se fornece energia para uma amostra os elementos que a compõem saem 

de um estado neutro para um estado excitado, podendo absorver esta energia, 

permitindo uma observação do comportamento da amostra no que é chamado de 

espectro (SONG et al. 2017). 

De aplicabilidade diversificada para as Ciências Forenses, a espectroscopia 

pode ser utilizada para análise de fibras, impressões digitais, tintas, drogas, 

medicamentos e explosivos para identificação e, em certos casos, para  quantificação 

desses elementos; além de viabilizar a materialidade entre vestígios (JOHNSTON et 

al. 2018; FRITZ et al, 2013). Os métodos espectroscópicos incluem infravermelho 

próximo, infravermelho médio, infravermelho com transformada de Fourier (FTIR), 

Raman e da região do ultravioleta e visível (SONG et al, 2017; SILVERSTEIN, 2005). 

Especificamente para análise de impressões digitais a espectroscopia na 

região do infravermelho é a mais utilizada, permitindo: diferenciação de impressões 

digitais de adultos e crianças (ANTOINE et al. 2010); sobreposição de impressões 

digitais (BHARGAVA et al. 2009), caso extremamente comum na perícia 

papiloscópica; análise de perfil químico com Imageamento (CHEN et al. 2009); análise 

de substâncias exógenas presentes em impressões digitais (MOU et al. 2009) e, uso 

de métodos de microscopia acoplados ao equipamento de infravermelho (JOHNSTON 

et al, 2018; GIROD et al, 2015), que auxiliam a determinação e visualização da região 

de análise que podem ser usados para todas questões previamente citadas. 

A espectroscopia permite uso de uma ferramenta estatística muito importante 

que agrega sentido aos resultados, a quimiometria (MORAIS et al, 2020). O uso da 

Quimiometria nas Ciências Forenses tem potencializado a visualização dos resultados 

(MARIOTTI, 2020; BRITO et al, 2020). Assim, este método é de amplo emprego por 

ser (na maioria das técnicas) não destrutivo, ser de rápida execução, operação 

relativamente simples, exigindo pouco ou nenhum preparo de amostra, agredindo 

minimamente o meio ambiente e produzindo resultados confiáveis (MARIOTTI, 2020). 

A Quimiometria foi reconhecida como uma ferramenta poderosa dentro das 

Ciências Forenses para interpretação e otimização de procedimentos analíticos. No 
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entanto, uma consideração cuidadosa deve ser dada a fatores como amostragem, 

validação e design do estudo (SAUZIER et al, 2021). Para análise de impressões 

digitais, seu uso é aplicado em dados de espectrometria de massas, espectroscopia 

e cromatografia, fazendo a individuação e agrupamento de amostras de ordem 

química distinta e diferenciação por tempo e doadores (GIROD et al, 2015). 

De forma abrangente, a Quimiometria refere-se ao uso de ferramentas 

computacionais que envolvem as áreas da matemática e estatística que possibilitam 

maximizar informações extraídas de um conjunto de dados (FERREIRA, 2015). A 

exploração dos resultados obtidos por meio de análises químicas, a fim de verificar a 

existência de similaridades entre as amostras que, por sua vez, correspondem às 

semelhanças na composição química (BRERETON, 2014). A suas técnicas podem 

ser divididas em três categorias gerais: (i) Técnica de Reconhecimento de Padrões, 

orientadas para a automação de reconhecimento de similaridades dentro de um 

conjunto de dados. Essas técnicas podem ainda ser categorizadas como não 

supervisionadas (análise exploratória de dados) que visam identificar tendências; ou 

em supervisionadas, destinadas a modelar essas tendências para fins de classificação 

e previsão. Os (ii) Métodos de Regressão são projetados para a previsão quantitativa 

das propriedades da amostra, e em alguns casos podem ser usados como 

classificadores binários. Finalmente, as técnicas de (iii) Design Experimental são   

usadas para descobrir informações sobre processos químicos, facilitando o projeto e 

otimização de procedimentos analíticos (SAUZIER et al, 2021; KUMAR e HARMA, 

2018).  

Para fins de direcionamento relacionados a esta Tese, a ferramenta 

quimiométrica abordada será da Análise Linear Discriminante (LDA), um método 

supervisionado da categoria de Reconhecimento de Padrões.  

A LDA é uma combinação linear de características originais do conjunto 

amostral a qual se caracteriza por produzir a separação máxima entre duas 

populações. Têm como principais objetivos verificar se os grupos estão discriminados 

de modo correto, classificar observações desconhecidas e verificar quais são as 

variáveis mais importantes para a discriminação desses grupos.  A técnica considera 

a existência de classes para os dados; projetando a distribuição de probabilidade dos 

dados nos eixos, e por isso não somente mantém como destaca uma separação linear 
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dos dados, se ela existir (CASALE et al, 2020). Como o número de variáveis para essa 

técnica é alto, uma ferramenta de seleção de variáveis pode ser aplicada para 

restringir as variáveis que atuam de modo mais expressivo no conjunto amostral 

(CONSONI, et al, 2021). Neste trabalho foram aplicadas as ferramentas de Algoritmo 

Genético (GA) e Colônia de Formigas (AOC).  

A adaptação do uso de sistemas de computação com os princípios de 

adaptação natural, elaborados por Darwin, para solução de problemas fez o 

surgimento da ferramenta GA, considerada clássica. O princípio básico dos GA é criar 

um conjunto inicial com várias possíveis soluções do problema. Este conjunto é 

chamado de população inicial e cada solução pertencente a esta população é 

chamado de indivíduo (BALLABIO, 2015; HAUPT, 2004). Já a AOC é um algoritmo 

inspirado no comportamento cooperativo de formigas em colônias, que buscam o 

melhor caminho (menores distâncias e menos obstáculos) entre a colônia e uma fonte 

de alimento, coordenado por feromônios. Esta ferramenta tem sido empregada com 

sucesso como um poderoso recurso para seleção de variáveis de dados químicos em 

calibração multivariada, como a LDA (CONSONI, et al, 2021).    

 

3.5.2. O Imageamento Químico por Espectrometria de Massas 

 A Espectrometria de Massas (MS) é um método físico que somente analisa 

moléculas ionizadas. Trata-se de uma metodologia de análise em que as moléculas 

de interesse presentes em determinada amostra são ionizadas e sequencialmente os 

íons são separados conforme suas diferentes razões de massa/carga (m/z). Para 

ocorrer a separação dos íons é necessário primeiramente gerá-los por um sistema de 

ionização ou de fonte de íons (HOFFMANN e STROOBANT, 2007).  

 Cada fonte de ionização resulta em diferentes tipos de analitos, sendo 

necessário considerar a energia interna usada no processo de ionização e as 

propriedades físico-químicas da molécula ionizada. Técnicas de ionização muito 

enérgicas produzem grandes fragmentações moleculares e as mais suaves, apenas 

a sua ionização (BANERJEE E MAZUMDAR, 2012).  A MS pode ser utilizada como 

técnica unitária ou associada a outros métodos como a cromatografia. A possibilidade 

de analisar compostos não-voláteis (de maior peso molecular) e o desenvolvimento 

de fontes de ionização em elestrospray e ionização/dessorção assistida de matriz 
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(MALDI MS) ampliaram o caminho analítico da técnica (HOFFMANN e STROOBANT, 

2007). 

 Especificamente sobre MALDI MS, a ionização realizada permite analisar 

moléculas que variam de 100 a 500 kDa em peso molecular, possibilitando que uma 

ampla gama de componentes presentes em impressões digitais possam ser 

analisadas. Nesta técnica, de ionização mais branda, os íons são formados devido à 

transferência de energia de um disparo em laser mediada por um produto químico 

absorvente na região correspondente ao feixe incidido que foi previamente cristalizado 

na amostra, denominado matriz (figura 9). A dessorção/ionização das moléculas 

produz, em grande parte, íons carregados individualmente, cujo peso molecular 

correspondente pode ser inferido e, assim, auxiliar na identificação da molécula em si 

(HOSSAIN e LIMBACH, 2010).  

 

 

 

 

 

 

 

Figura 9. Processo de Ionização de analitos por MALDI MS. Adaptado de creativeproteomics.com  

  A importância da matriz na técnica de MALDI MS dá-se para isolar as 

moléculas de analito umas das outras. Isso ocorre durante a evaporação do solvente 

e a concomitante formação de uma solução sólida. Então, após a irradiação do laser, 

a matriz serve de mediador na absorção de energia. Em geral, a regra de polaridade 

aplica-se na escolha da matriz; ou seja, analitos altamente apolares são 

preferivelmente combinados com matrizes não polares. Atualmente, as matrizes mais 

utilizadas são o ácido α-ciano-4-hidroxicinâmico (CHCA), ácido 2,5-dihidroxibenzóico 

(DHB), ácido 3,5-dimetoxi-4-hidroxicinâmico (ácido sinapínico) e 2,6-

dihidroxiacetofenona (DHAP) (ROMÃO, 2010).  
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 Além de melhorar o processo de ionização, particularmente para análise de 

impressões digitais, o uso da matriz possibilita a visualização das cristas de fricção 

presentes nas amostras durante a realização do imageamento químico (JAKSOLLA, 

et al. 2008). De fato, a pesquisa na área de novos reveladores de impressões digitais 

busca usar reveladores que em in loco possibilitem a revelação da impressão digital 

e, em laboratório, a análise e/ou imageamento químico (FRANCESE, et al. 2013).  

 A Espectrometria de Massas por Imageamento Químico (MSI) representou um 

marco na MS. Por meio dela, é possível obter-se uma imagem bidimensional, 

chamada de fotografia química das moléculas presentes na superfície da amostra. O 

MSI consiste na combinação de análises de massa molecular e informação espacial, 

fornecendo a visualização em superfícies complexas a partir dos íons selecionados 

para fazer esse monitoramento. A MSI é muito usada em análises histológicas e em 

fins diagnósticos, para visualização espacial de proteínas, peptídeos, lipídios, 

marcadores tumorais e outras moléculas presentes nos tecidos (MACDONNELL e 

HEEREN, 2007). Para as Ciências Forenses, pode ser aplicada para visualização da 

distribuição espacial de canabinoides na folha de Cannabis sativa L. (ARAÚJO, et al. 

2019), descrição da incorporação de substâncias ilícitas no cabelo (KAMATA et al., 

2015) e notoriamente para análise de impressões digitais.  

 Simona Francese, química pesquisadora da Sheffield Hallam University (Reino 

Unido), possui um grupo de pesquisa avançado de métodos para análise de 

impressões digitais por MS e MSI. Em 2018, ela compilou os resultados das pesquisas 

do seu grupo em uma narrativa forense científica fictícia e a apresentou no Technology 

Entertainment Design Talks (TED Talks), uma série europeia de conferências sem fins 

lucrativos destinada à disseminação de ideias e da ciência. Na apresentação, ela 

explicou um caso em que foram achados resíduos de impressões digitais sobrepostos 

de quatro suspeitos em diferentes condições de deposição. Devido às particularidades 

de cada amostra, relacionando os achados de análise por MALDI MS, foi possível 

revelar substâncias endógenas e exógenas que discriminaram os suspeitos e o MSI 

separou o desenho da impressão digital de acordo com a intensidade dos íons usados 

para monitorar as amostras. Desse modo, o autor do delito foi identificado usando a 

impressão digital tanto pelo desenho, mas principalmente pela informação química 

presente na amostra (FRANCESE, et al. 2019; FRANCESE, et al. 2013; BRADSHAW, 

et al. 2013).   



  

  

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. CAPÍTULO I: Methodologies Applied to Fingerprint Analysis 
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4.1. Artigo I 
 

 A seguir encontra-se disposto o artigo intitulado Methodologies Applied to 

Fingerprint Analysis publicado no periódico Journal of Forensic Sciences 

(https://doi.org/10.1111/1556-4029.14313). Este artigo apresenta uma revisão 

sistemática da última década elencando as principais classes de métodos utilizados 

para análise de impressões digitais: espectrometria de massas, espectroscopia e 

novas tecnologias. 
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METHODOLOGIES APPLIED TO FINGERPRINT ANALYSIS: A REVIEW. 

 

Marina González,1 M.Sc.; Roberta Petry Gorziza,1 M.Sc.; Kristiane de Cássia Mariotti,2,3 Ph.D. and 
Renata Pereira Limberger,1,3 Ph.D. 

 

 

ABSTRACT 

This systematic review deals with the last 10 years of research in analytical 

methodologies for the analysis of fingerprints, regarding their chemical and biological 

constituents. 123 manuscripts, which fit the search criteria defined using the descriptor 

"latent fingermarks analysis", were selected. Its main instrumental areas (mass 

spectrometry, spectroscopy and innovative methods) were analyzed and summarized 

in a specific table, highlighting its main analytical parameters. The results show that 

most studies in this field use mass spectrometry to identify the constituents of 

fingerprints, both to determine the chemical profile and for aging. There is also a 

marked use of mass spectrometry coupled with chromatographic methods and it 

provides accurate results for a fatty acid profile. Additional significant results are 

achieved by spectroscopic methods, mainly Raman and Infrared. It is noteworthy that 

spectroscopic methods using microscopy assist in the accuracy of the analyzed region 

of the fingerprint, contributing to more robust results. There was also a significant 

increase in studies using methods focused on finding new developers or identifying 

components present in fingerprints by rapid tests. This systematic review of analytical 

techniques applied to the detection of fingerprints explores different approaches to 

contribute to future studies in forensic identification, verifying new demands in the 

forensic sciences and assisting in the selection of studies for the progress of research.  

KEYWORDS:  latent fingermarks, latent fingerprints, spectroscopy, mass 

spectrometry, nanoparticles, forensic identification, forensic science.  

 

Introduction 

 Fingerprints are among the greatest discoveries of forensic sciences and they 

represent one of the most important changes in the area, so that a clear connection 

can be established to a specific identity that can lead to the crime’s perpetrator (1). 

Even after the advent of DNA fingerprints are still the most powerful tool available for 

personal identification, used by the police and the courts (2, 3). Fingerprinting usually 

equals or surpasses all other forensic science disciplines, helping to solve about ten 
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times more cases than DNA tests, for example (2, 3, 4). For more than a century, 

research efforts have been made to optimize techniques or to develop new detection 

mechanisms to increase efficiency, sensitivity and selectivity in the field of 

fingerprinting (5).  

 Fingerprints are the product of the contact of papillary ridges – present on 

human beings’ fingertips, palms and soles – with a surface; this interaction transfers 

sweat and skin components to the material, leaving a particular mark (6). Many studies 

describe the composition of such residues as a complex mixture of numerous fatty 

acids, inorganic compounds, aminoacids and over 400 polypeptides (6, 7, 8, 9). From 

the chemical point of view, a fingerprint is a complex emulsion composed by water 

(generally between 20 and 70% in freshly deposited fingermarks), endogenous organic 

and inorganic compounds secreted by the eccrine glands, sebaceous components 

(mostly lipids excreted from sebaceous glands, incorporated into the mixture by 

touching face, hair and neck) and several exogenous contaminants that adhere to the 

surface of skin, such as blood, cosmetics, drugs and food fats (10; 11). 

Although fingerprints from different people have the same components, there are 

differences between age, gender, diet, habits and other factors that alter its chemical 

contents, both in quality and quantity (6). In addition, after being deposited on a 

surface, fingerprints are degraded by environmental factors over time (11). The major 

changes occur from the first two weeks to one month, with substantial water loss and 

degradation of some lipid components (11). Considering these variations in the 

chemical components and their changes over time, fingerprint identification can 

provide further information, besides the morphological comparison of detected ridge 

patterns. The aforementioned components can be used as a tool for assisting and 

enhancing the identification of a suspect or a victim, since their detection, 

concentration and surface distribution on a fingerprint vary in each individual, as well 

as with the aging process (12).  

 Due to the continuous growth of this research area, the term "metadetection" 

was proposed by Becué aiming to obtain additional information from detected friction 

ridge patterns, combining conventional research with new analytical methodologies 

that reinforce the identification result (13). This kind of study ranged from 70 published 

articles, in the period between 1998-2001, to 280 in the three-year period from 2013 

to 2016 (13). These numbers highlight the importance of this topic in the forensic 

sciences. Considering this, a systematic review was done to gather information from 
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the main scientific studies published in the last 10 years, to help fingerprint experts to 

improve their identification process and their forensic reports, as well as to support new 

research in this field. 

 

Method 

 This review was performed from 2008 to 2019, using the following databases: 

Google Scholar, PubMed, Science Direct and Science.gov. The research strategy is 

presented in Figure 1. The descriptor used was “latent fingermarks analysis” only 

because when the term “fingerprint analysis” is used, the results demonstrate studies 

that are not of fingerprints, referring to studies of chemical profile of substances. If we 

use “fingerprint” or “fingerprinting”, we are referring to the process of intentional 

collection of fingerprints and the human identification term using fingerprints. We chose 

to use “fingermarks” because it is the accidental and involuntary result of depositing 

the fingerprint on a surface. The inclusion criteria were: fingerprint analysis using 

analytical or instrumental methodology; reviews and protocols that included fingerprint 

analysis using analytical methods; papers that were published in the period. The 

exclusion criteria were: papers outside the research period and studies without 

exemplification of analytical methods. These criteria were chosen to show the most 

recent and most used methods for analyzing latent fingerprints. The initial research 

identified 179 non-redundant papers published, and 123 of these fit the inclusion 

criteria.  

 

FIGURE 1: Selection process of the articles. 

The results were organized in three tables based on the preliminary screening that 

showed the prevalent instrumental methods applied to fingerprint analysis: (i) mass 

spectrometry; (ii) spectroscopy; (iii) other methods.  

 

Results and Discussion 

 The last decade of fingerprint analysis went beyond the comparison of a 

questioned fingerprint and a pattern. New techniques in forensic identification involve 

instrumental methods in which it is possible to identify the substances that form 

fingerprints. Figure 2 shows the growing number of analytical studies over this period.  

 FIGURE 2: Percentage of instrumental methods found in the selected articles.  

 Those publications analyzed the fingerprint components with more than thirty 
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different combination of methodologies; some studies used more than one method for 

identification and quantification of endogenous and exogenous substances, and aging 

research.  

 Until 2010, there were no analytical protocols for fingerprint analysis, making it 

very difficult to standardize and design scientific research.  In 2010, Terry Kent 

published a protocol entitled “Standardizing Protocols for Fingerprint Reagent Testing” 

(14). He was the first to address the need to unify the analytical routines, given the 

amount of studies that were going in forensic identification. It was necessary to select 

those with operational potential, that could be adapted to routine forensics. In the 

following year, Sears presented an experimental methodology to establish minimum 

standards for conducting research with fingerprints and provide resources for protocols 

used in laboratory routines (15). Later, the International Fingerprint Research Group 

(IFRG) unified these two protocols and a guideline was published for best laboratory 

practices for evaluation and development of fingerprint research methods. This 

protocol validates and standardizes methods for fingerprint development and analysis. 

It also promotes rigorous and objective assessments of this science, standing out as 

the main reference in the field (16). 

 

Mass Spectrometry (MS) applied to fingerprint analysis  

 MS is the most prevalent method for the studied period; it is an indispensable 

tool in forensic sciences and it provides information about the elemental composition 

of samples: the molecular structure, the qualitative and quantitative composition of 

complex mixtures, the structure and the composition of isotopic proportions of atoms 

in samples (17). MS is an analytical method in which atoms or molecules are ionized, 

separated according to their mass-to-charge ratio (m/z), and then recorded (18).  

MS can be used both as a direct method for instrumental analysis and associated with 

chromatographic methods, which revolutionized volatile compound analysis in the late 

1950s. After the 1980s, new findings changed the direction of MS analysis: the 

possibility of analyzing nonvolatile compounds (peptides, oligosaccharides, 

acylglycerols, phospholipid and bile salts) and the development of electrospray and 

matrix assisted laser desorption. These techniques have the capability of analyzing 

compounds of huge molecular weight (hundred thousand of Dalton), such as synthetic 

polymers, proteins, glycans and polynucletotides (18).    

Currently, there are many ionization methods that could analyze practically all types of 
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analytes (18). The most prevalent forms of ionization are: a) Electron Impact (EI), which 

provides an extensive fragmentation for structure determination, and is widely coupled 

with chromatographic methods; b) Chemical Ionization (CI), a method that uses 

gaseous ions and also can be coupled with chromatographic techniques and c) 

Desorption Ionization (DI), a source that is used to determine molecular weight and 

structures for nonvolatile compounds of higher mass, in condensed phase (18).    

 

Table 1 (view supplementary material) shows the main MS techniques, applied to 

fingerprint analysis. As demonstrated, Laser Desorption Ionization Mass Spectroscopy 

(LDI-MS), Matrix assisted Desorption Ionization Mass Spectroscopy (MALDI-MS), 

Surface Assisted Laser Desorption Ionization Mass Spectroscopy (SALDI-MS) and 

Electron Impact Mass Spectroscopy (EI-MS) are the main forms of ionization, studied 

in the past eleven years. Those methods were applied, mainly, to the following 

subjects: a) degradation and fingerprint age studies; b) chemical profiles of latent 

fingerprints; c) nanoparticles; d) search for new MALDI-MS matrices; e) use of new MS 

techniques. 

 

 Mass Spectrometry Imaging (MSI), also called chemical imaging, is another 

area of significant growth. The first publication using MSI for fingerprint analysis was 

in 2008, using Desorption Electrospray Ionization (DESI) as a form of ionization; it 

enabled the identification of Δ9-tetrahydrocannabinol, cocaine, trinitrohexahydro-

1,3,5-triazine (an explosive) and endogenous components (such as cis-hexadec-6-

enoic acid, stearic acid, cis-octadec-8-enoic acid, palmitic acid, pentadecylic acid, 

myristic acid, and triacylglycerols) (19). In 2009, another study used MSI to establish 

the chemical profile of different substances in fingerprints. After that, for the first time, 

the potential and viability of MALDI - MSI were demonstrated in groomed and 

ungroomed fingermarks, including a study with aging fingerprint samples (7 days) and 

the fingermark patterns were reconstructed by retrieving the m/z values of oleic acid 

and its degradation products (20). Bradshaw et al used MSI to separate overlapping 

fingerprints using ion signals that are characteristic of each fingermark and that may 

be endogenous or exogenous in nature (21). The same research group published a 

study demonstrating that MSI is a good method to identify peculiar substances that 

could link a suspect to a certain type of crime, such as the detection of different condom 

lubricants in fingerprints (22). 
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 Francese et al. explored fingerprint chemical profiles, detection and 

quantification of exogenous substances, analysis of real samples and researchfor 

sustainable alternatives (20, 22, 23, 24, 25). Those studies added many contributions 

within the fingerprint analysis, such as:  the identification of blood in fingerprint samples 

with the differentiation of α-hemoglobin from β-hemoglobin (26), the design of a 

fingerprint degradation profile on samples aged for 421 days (27) and the use of 

fingerprints as an alternative matrix in toxicological tests, comparing them with 

previously established matrices (blood, urine and oral fluid)  

(28, 29). 

 Some studies attempt to evaluate the influence of environmental factors on 

deposition surface; intra and inter donor and the fingerprint developers. Bradshaw et 

al. investigated, the effect on fingerprint analysis when it is on a lifting tape or on 

deposition surface. Using MALDI-MS, they have found that it is preferable to prioritize 

printing on the deposition surface, even though it is possible to do analysis in both 

cases (30, 31, 32, 33).  

 Latent fingerprint powdering is one of the most common techniques used in a 

fingerprinting routine; however, one disadvantage of this method is the possibility of 

cross-contamination by substances that could be brush-dragged. Using SALDI TOF 

MS, Sundar and Rowell investigated this possibility with five drugs that were present 

on the latent fingerprint surface and proved that if the powdering is performed using a 

magnetic wand it does not occur because the bristles are formed from the powder itself 

(34).     

 Another widely used developmental technique is cyanoacrylate fuming. 

According to O'Neill et al., there is a compatibility, which has not been clearly 

elucidated, between cyanoacrylate and the MALDI MSI method. This compatibility, 

which facilitates chemical imaging and does not suppress signals from endogenous 

components present in fingerprints, inhibits signals from quaternary amines that are 

normally surfactants present in personal care products and become very intense, 

inhibiting signals from endogenous components (35). 

 In many cases it is common to observe overlapping fingerprints, and it could be 

difficult to analyze them using different techniques. The use of chemical imaging, with 

individualization of signals for each fingerprint in the overprinting, is an alternative to 

handle this situation (21). Another option is the association of nanoparticles with MS, 

which is a way of increasing the method sensitivity and it also allows clearer chemical 
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imaging (37). Gold nanoparticles are often used because of their stability and 

sensitivity (38). In a study performed by Tang et al., it allowed the differentiation of 

overlapping fingerprints, which may not only improve the identification, but also the 

individualization of each fingerprint (37, 38). Nanoparticles can also be used to 

differentiate the components in the same fingerprint, like distinguishing amino acids 

from apolar components such as squalene and fatty acids, for example (31). 

 Of all the MS methods, MALDI is undoubtedly the most employed (table 1). This 

technique requires requires spraying a matrix on the sample, so that ionization can 

occur. Research in this field is important not only for not only for an efficient technique 

but also for matrix efficiency and the search for sustainable and cheaper materials (20, 

24, 39, 40, 41). A good matrix is essential for MALDI MS / MSI analysis, since the 

matrix will support the ionization of the analytes in the sample. The most commom 

matrices are α-Cyano-4-hydroxycinnamic acid (CHCA) and 2,5-dihydroxybenzoic acid 

(DHB). However, researchers have been looking for cheaper and less toxic 

alternatives (25). Rowell et al. proposed the use of hydrophobic silica powder, that 

adheres to the sebaceous part of latent fingerprints, proving its effectiveness for 

ionization (42). Submicron-sized hydrophobic silica was used as a nanocapsule for the 

black powder developer, to detect latent fingerprints, and it was also analyzed by 

SALDI-TOF-MS to detect nicotine and cotinine in smokers’ fingerprints (43). 

 There are two forms of matrix deposition: the dry and the wet deposit, and the 

latter is the most used. However, for certain samples it would be interesting to use the 

dry tank, because of the type of surface on which the fingerprint deposition occurred. 

Different types of matrix deposition were tested by Fergusson et al., and the use of a 

dry deposit matrix was more efficient in terms of ion intensity, ion abundance and ionic 

images, allowing the visualization of low molecular weight substances such as amino 

acids (44).  

 In the search for new and more efficient MALDI MS matrices, curcumin proves 

curcumin proves versatile. The use of curcumin has been shown to promote analyte 

ionization very efficiently, and also has excellent spectral mass image quality (25).  

Some fingerprint components, such as amino acids, electrolytes, and metabolites, are 

able to ionize without the assistance of a matrix, which is perhaps more interesting. It 

expresses the actual condition of the sample, and the LDI method is a good option for 

this analysis (45). When the analysis is performed by LDI, there is no matrix for 

ionization. This could be helpful for degradation studies, as no influence factor of the 
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matrix is present on the sample, but it could also have an impact on the compound 

visualization, by different ionization. Components, such as triacylglycerols, can be 

screened without the matrix ionization, but some markers, like the ones used for 

gender differentiation, are not sensitive (46).  

 For over 10 years, MALDI has been considered the main methodology for the 

detection of the eccrine, sebaceous components and exogenous components present 

in specific crimes, like condoms lubricants, explosive residues, drugs and firearm 

residue (47, 48). In addition, MALDI has gained several sub-techniques, such as 

SALDI for the possibility of analysis without matrix, LDI and Silver Laser Desorption / 

Ionization (AgLDI), for metal nanoparticles or fingerprint powder as matrix (49).  

MS provides fast results, with minimal sample preparation, good sensitivity and 

robustness, but it generates thousands of signals at different intensities, which will not 

always be identified, making it hard to interpret. It is also an expensive technology that 

is not available to many forensic research centers and police departments (18). 

Secondary Ion Mass Spectrometry (SIMS) methodology has been used in recent work 

to improve the recovery and the quality of fingerprints. Improved fingerprint images 

have been recovered from aluminum foil, glass and even from a hand grenade handle. 

The results of the SIMS methodology were superior to the conventional techniques 

employed (50). Applications of SIMS include the detection of epithelial cells from both 

eccrine and sebaceous sweat, and the chemical mapping of ions on different surfaces 

where the fingerprint was deposited (50, 51). 

 The abovementioned studies are summarized in Table 1 (1 (view 

supplementary material), emphasizing that these papers use only MS as an analytical 

tool. No separation technique was employed. 

When adding separation methods to MS, chromatography is probably the most 

laborious. Many steps are needed to prepare the sample, to develop and to optimize 

a method. Both Gas Chromatography (GC) and Liquid Chromatography (LC) require 

an expensive apparatus and inputs, but they are established techniques in many areas 

and considered a standard in forensic analysis, when coupled to the mass detector 

(see table 1) (52).  

 A challenge for fingerprint analysis by chromatography is the reproducibility, 

since the matrix has a small amount of sample and there are inter-donor and intra-

donor variables. The Koening study aimed to define a less variable parameter between 

same-donor fingerprints using the area ratio of a target compost that degrades over 
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time divided by the summed area of the most stable compound found on the 

fingerprints. Thus, it was possible to divide the samples into four classes for a pattern 

of aging parameters: fatty acids, sterols, sterol precursors and wax esters (WEs) (53). 

 Their results showed that it was necessary to extract the components of the 

fingerprints from the surface on which they were deposited and, for this, several 

solvents must be tested. In addition, many fatty acids may come out at a similar 

retention time, requiring the analyst to modify the method for separating components: 

fingerprint aging by chromatography; first, they looked for target compounds with a 

lower variability, and then squalene and cholesterol fit these criteria and it was 

observed that samples of latent fingerprints developed with cyanoacrylate have good 

reproducibility in the method (53). 

 Weynermann et al. also used squalene as a marker, testing it for a 30-day period 

aging on porous and nonporous surfaces, and concluding that squalene decreased 

concentration at a faster rate on non-porous surfaces (54). To reduce the impact of 

variability in the method, the authors suggested the use of the relative area of 

cholesterol peak and squalene. However, samples from the same donor, collected on 

different days, still showed high variability (54).  

 Studies involving chromatography mostly focus on the fingerprint chemical 

profile, mainly analyzing fatty acids and lipids that make up the fingerprints. Girod et 

al. performed a qualitative and a quantitative analysis of the initial lipid fingerprint 

composition of 25 donors. Of the 104 identified lipids, 43 were reported for the first time 

in the literature (52). Frick et al. conducted an analysis of the lipid fraction from 

fingerprints of 116 donors with multivariate analysis (55). 

 Other types of chromatography, such as capillary-scale anion exchange 

chromatography, proved to be suitable for the detection of low molecular weight anions 

(56). Liquid chromatography is less used for fingerprint analysis, but it provides 

important results, such as a low limit of detection and quantification, so it can be used 

for trace analysis of metabolites in fingerprints. The work of Zhang et al. was able to 

detect methamphetamine and its metabolites, with a detection limit of 1.5 ng per cotton 

swab in samples collected with the same device. (57).  

 There are a variety of statistical tools available for MS data analysis, and 

multivariate statistical analysis is a good option because, unlike the univariate 

methods, it allows the analysis of several samples with numerous different parameters 

and it establishes relations of similarities and differences that are often not even 
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considered in the research. Multivariate analysis was used to determine the gender by 

fingerprints, in a study conducted by Girod et al., and it presented 85% of similarity in 

the evaluated cases, showing it may also be possible to evaluate nutritional habits, 

hormonal status and drug use monitoring (58, 59).  

 Previously discussed studies of the association of mass spectrometry with 

chromatographic methods are shown next in table 2. 

 

Spectroscopy applied to fingerprint analysis  

 Spectroscopic methods are the second most employed analytical tool in 

fingerprint analysis. All these techniques are based on the principle of absorption of 

electromagnetic radiation to transform the molecule from a ground-state energy level 

to an excited-state one. The molecule will eventually return to its ground- state level, 

and thus these methods can be non-destructive, and are useful for forensic analysis 

(90). The sample remains intact after analysis. Spectroscopic analysis is less 

expensive, compared to MS, and it provides the results from signals of functional 

groups of the molecules present in the sample. The main types of Spectroscopy 

methods are: Infrared (Near Infrared – NIR - or Mid Infrared - MIR), Raman, 

Ultraviolet/Visible (UV) and Nuclear Magnetic Resonance Spectroscopy (90).  

 Vibrational spectroscopy techniques provide rapid measurements of the 

samples. This is particularly attractive for forensic scientific evidence since, after 

analyzing the chemical content within the samples, it may be possible to use additional 

methods that reveal further information. Vibrational spectroscopic methods, like 

Raman, NIR and Fourier Transform Infrared (FT-IR) spectroscopy have all 

demonstrated a good potential for forensic science applications (see table 2 in 

supplementary material)) (90). 

 Spectroscopy studies for fingerprint analysis mainly involve the chemical profile 

of components present in fingerprint composition (91, 92, 93, 94, 95, 96, 97, 98, 99); 

the degradation of these components over time (100, 101); the differentiation of age 

among donors by the identification of the nature of the components (102; 103; 104) 

and the use of multivariate statistical analysis to verify these differences (92, 94, 98, 

102). 

 Spectroscopy also allows the use of chemical imaging with infrared vibration. 

One of the first researchers to work with infrared microspectrocopy was Hemmila et al; 

the group was able to differentiate the fingerprints of adults and children by the fatty 
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acids present in greater quantity in adult fingerprints. As Williams et al. showed, the 

differentiation between children and adults is due to bands of eccrine and sebaceous 

sweat rich in carboxylic acids in the specific bands (C – H 3000 cm-1; C = O 1713 cm-

1; CH3 1463 cm-1) present in adults (102, 104). Spectroscopy permits the evaluation of 

endogenous and exogenous components of the fingerprints, and it can be an important 

tool in kinetic studies such as the one performed by Andersson et al., which showed 

the kinetic decay of substances that compose fingerprints (carotenoids> squalene> 

unsaturated fatty acids> proteins) by Raman analysis (100). 

 These techniques generate data that can be analyzed with multivariate 

statistical analysis. Chemometrics are not exclusive to spectroscopic methods, but 

their results are better suited for this statistical analysis. The Hemmila study has shown 

differences in fingerprint composition, differentiating them by age with Partial Least 

Squares (PLS) regression [102]. Similarly, Fritz et al. performed chemical imaging and 

applied the Principal Component Analysis (PCA) and significant differences could be 

seen in the intensity of lipid components showing the loss of material during the first 3 

months after deposition (97). Also, Chen et al. differentiated fragments of skin, sour 

eccrine and explosive substances by PCA (94). Maynard and colleagues performed 

NIR analyses and separated the fingerprints according to the PCA disclosure method 

(105).  

 Two major challenges in the analysis of fingerprints by spectroscopic methods 

are: (1) to cancel or minimize the effect caused by the substrate in which the fingerprint 

was deposited, and (2) as the fingerprint is not a sample with continuous material, the 

laser beam cannot perform an equal reading of the entire surface (24). As a result, 

many studies use the FT-IR methodology with Attenuated Total Reflectance (ATR), an 

accessory that allows the laser to be launched in a single beam. An ATR accessory 

operates by measuring the changes that occur in an internally reflected IR beam when 

the beam comes into contact with a sample. An IR beam is directed onto an optically 

dense crystal with a high refractive index at a certain angle. This internal reflectance 

creates an evanescent wave that extends beyond the surface of the crystal into the 

sample held in contact with the crystal (90). This feature was used in Bradshaw and 

collaborators, to analyze different lubricant residues of condoms found in fingerprints, 

and it was also used by Mou and collaborators to differentiate residues of explosives 

in print impressions (95, 24, 106). The spectroscopic studies cited in the text were 

compiled in table 3(view supplementary material). 
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Other Methods 

 According to Becuè, the use of nanoparticles and immunoassays fits into a 

phase of forensic identification that goes beyond the detection because it is like 

customizing the analysis according to the type of sample. The use of nanoparticles, for 

example, allows the interactions of the secretion contained in the sample to be adapted 

to a type of target-specific nanoparticle. Typically, nanoparticles are contained in 

fingerprint-releasing powders. Around 40% of publications on new developers 

encompass some form of nanotechnology (see table 4 in supplementary material)) 

(13). In addition to these methods, studies such as Alcaraz-Fossoul allow the study of 

aging using three-dimensional images by optical prophylometry, a non-destructive 

method that enables the visualization and acquisition of latent and revealed fingerprints 

and evaluation of the minutiae over time (119). 

 These methods are very promising and offer new ways for fingerprint 

development and / or revealing which exogenous or endogenous components may be 

present in its constitution. Many nanoparticles are being developed to improve 

ionization in analytical methods, such as MALDI MSI, and there are already specific 

immunoassay devices for analyzing illicit drug metabolites in secretions present in 

fingerprints (13).   

 

Nanoparticles 

 Nanocomposites are hybrid materials, in which at least one of the components 

has nano dimensions. There is a difference in behavior between composite materials 

and nanocomposites, which is related to a high surface in the nanoparticles, resulting 

in an intense interaction with the matrix in which they are inserted (10). For fingerprint 

analysis, nanoparticles offer the advantage of small surface size and functionalization 

and luminescence properties that can lead to better resolution and greater selectivity 

and sensitivity in analysis. (123). In addition, the use of nanoparticles is mainly related 

to the elaboration of new latent fingerprint developers. The number of publications 

using nanoparticles has increased in the last decade, due to the versatility of the 

structures and numerous properties offered. This is less safe from the toxicological 

point of view because the suspension of the particles in the air is smaller compared to 

the conventional powders (13). Kanodarwala et al made an extensive review of the 

types of nanoparticles used in the last three decades and their application in fingerprint 



73  

analysis, classifying them into seven categories: namely metal, metal oxide, quantum 

dots (QDs), carbon dots (C-dots), silica (SiO2), and upconverting NPs (UCNPs) as well 

as a miscellaneous section (123). Alloy nanoparticles offer a new combination of 

unique physicochemical properties based on their pure counterparts, which may 

facilitate the development of new analytical methods (110). Ten years ago Hazarika et 

al proposed a gold nanoparticle that works as an anti-cotinine antibody for the detection 

of cotinine in fingerprints of smokers (110). Gold nanoparticles were proposed by the 

US Secret Service, because of their properties of making multi-metal deposition, being 

stable and having simple synthetic protocols for the development of latent fingerprints 

(110).  

 Moreover, analytical methodologies such as MALDI MS and MSI require a 

matrix that adheres to the sample in order to better ionize the analytes and optimize 

detection and quantification (13). When nanoparticles are used in spectroscopic 

analysis, they may have luminescent activity and they can be excited using a specific 

wavelength (usually ultraviolet to blue-green) (13, 110). When excited at wavelengths 

close to the near infrared, it is possible to decrease the unwanted luminescence of the 

background with the capacity of upconversion. Upconverters could consequently mark 

their difference by drastically improving the contrast of the fingerprints detected on 

illustrated items (13, 38).  Ag-Au alloy (silver-gold) nanoparticles can be used for optical 

and MS imaging in latent fingerprints with improved image contrast, stability and 

sensitivity detection (38).  

 The surface on which the latent fingerprint is deposited is often the limiting step 

of its development. Thinking about these situations, Kumar et al demonstrated the 

synthesis of a nanoparticle upconversion, Gd2O3:Ho3+/Yb3+, that can be applied on 

glass, aluminum, wood and plastic surfaces (11). 

Despite the large number of studies for nanoparticle imaging in developing latent 

fingerprints, very few actually are used in forensic routine. This is due to the 

questionable toxicity of some components and the lack of studies reporting their 

interaction with fingerprint components, which could be a further topic in research 

considering its importance (13). 

 

Immunoassays 

Immunodetection describes specific target recognition (i.e., antigens) using antibodies 

through physico-chemical interactions. When considering the use of antibodies to 
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detect tags it is necessary to choose endogenous molecular targets that are most likely 

to be found in secretion residues (13, 113). There are two main immunodetection 

strategies: “bulk targeting” or “specific targeting”; the first is broader, identifying the 

components common to a sample that will not necessarily individualize an analysis 

such as blood and amino acids. The second one identifies components rarely present 

in a sample, such as illicit drugs, explosives and chemical substances (13, 114, 116).  

Dermicin is currently the most widely used antigen since its presence is reported as a 

natural antimicrobial along with albumin which is also present in the constitution of 

fingerprints. Antibodies can be linked to nanoparticles to increase the immunodetection 

signal (113). 

 Although it seems practical, immunodetection requires many steps, that do not 

make it a fully feasible option for forensic operational routines; the high cost of the 

antibodies, the fragility of their stability and controlled forms of storage are also limiting 

steps of this technique (13, 113). 

Conclusions 

 This systematic review proposed an overview of methodologies used for the 

analysis of latent fingerprints. 123 articles were selected from four databases and then 

separated into three major areas: mass spectrometry, spectroscopy and other 

methods. The main conclusions of this review were: (i) there is a growing mass 

analysis by mass spectrometry, and the main method is MALDI-MS and its variants. 

MALDI is a methodology capable of analyzing fingerprints on different surfaces, and it 

is possible to establish a chemical profile, analysis of aging and the possibility of 

chemical imaging as a main tool that shows the substances’ concentration in the 

regions of the fingerprint; (ii) chemical imaging as a tool is rising and is a useful and 

attractive analysis; (iii) fingerprint aging analyses are the source of numerous research 

studies, but there is no established protocol due to difficult variables to control in those 

studies; (iv) although they are work-intensive, the chromatographic methodologies are 

consolidated and provide important results on the fingerprint lipid profiles; (v) 

spectroscopic methods are cheaper than spectrometric methods and can provide 

information capable of separating sample groups from different donors, establishing a 

degradation profile of aging markers, and being able to differentiate adult donors from 

children. The use of chemometric tools combined with these methods refines the 

results. Kinetic studies can be conducted suggesting a decay of components in the 

following order: carotenoids> squalene> unsaturated fatty acids> proteins. (vi) there 
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are many research studies for the development of new developers with 

nanotechnology; (vii) established protocols do not have an analytical gait for analysis 

of fingerprint constituents and do not have an analysis rule for fingerprint dating.  

 It is very important to know the fingerprint constituents and investigate those 

that could be used as markers to answer central questions in fingerprint research, like 

kinetic studies, aging studies and chemical fingerprint individualization. Many studies 

are being developed and these fields of knowledge are growing due to forensic 

demand. The improvements seen in research may be transferred to laboratory 

practicioners and in the end to concrete results for results to be used in court. 

 

References 

Peterson J, Sommers I, Baskin D, Johnson D. The Role and Impact of Forensic 

Evidence in the Criminal Justice Process. US Department of Justice, 2010. 

Adebsi S. Fingerprint Studies — the Recent Challenges and Advancements: a Literary 

View. Internet J Biol Anthropol 2009 Jan; 2 (2): 1- 9. doi :10.5580/18f3. 

Cadd S, Bleay S, Sears V. Evaluation of the Solvent Black 3 Fingermark Enhancement 

Reagent: part 2 — Investigation of the Optimum Formulation and Application 

Parameters. Sci. Justice 2013 June; 53 (2): 131–143. doi 

10.1016/j.scijus.2012.11.007. 

Gardner T, Anderson T. Criminal Evidence: Principles and Cases, 7th ed. Belmont, 

CA: Cengage Learning,  2009. 

Girod A, Ramotowski R. Composition of fingermark residue: A qualitative and 

quantitative review. Forensic Sci Int 2012 Nov 30; 223 (1-3): 10–24. doi: 

10.1016/j.forsciint.2012.05.018. 

Cadd S, Islam M, Manson P, Bleay S. Fingerprint composition and aging: A literature 

review. Sci Justice 2015 Jul; 55 (4): 219–238. doi 10.1016/j.scijus.2015.02.004. 

Cramer, R. Advances in MALDI and Laser-Induced Soft Ionization Mass Spectrometry. 

1st ed. Cham, Switzerland: Springer, 2016. doi 10.1007/978-3-319-04819-2. 

Castillo-Peinado LS, Castro MDL. An Overview on Forensic Analysis Devoted to 

Analytical Chemists. Talanta 2017 May 15; 167: 181–192. doi 

10.1016/j.talanta.2017.01.087. 

Deininger L. Multi-Informative and Specific Detection of Blood in Fingermarks via 

MALDI-MS Based Strategies [thesis]. Sheffield, UK:  Sheffield Hallam University, 2017. 

doi 0.7190/shu-thesis-00096.  

https://doi.org/10.7190/shu-thesis-00096


76  

Keisar O, Cohen Y, Finkelstein Y, Kostirya N, Ben-David R, Danon A, Almog J. 

Measuring the Water Content in Freshly-deposited Fingermarks. Forensic Sci Int 2019 

Jan; 294: 204-210. doi:10.1016/j.forsciint.2018.11.017.  

Kent T. Water Content of Latent Fingerprints – Dispelling the Myth. Forensic Sci Int. 

2016 Sep; 266: 134–138. doi 10.1016/j.forsciint.2016.05.016. 

Francese S, Bradshaw R, Ferguson LS, Wolstenholme R, Clench MR, Bleay S. 

Beyond the ridge pattern: multi-informative analysis of latent fingermarks by MALDI 

mass spectrometry. Analyst 2013 Aug 7;138(15): 4215-28. doi: 10.1039/c3an36896c. 

Becué A. Emerging Field in Fingermark (meta)Detection – a Critical Review. Anal 

Methods 2016 Dec; 8 (45): 7975 – 8110. doi 10.1039/C6AY02496C. 

Kent T. Standardizing Protocols for Fingerprint Reagent Testing. J Forensic Ident 2010 

June, 60 (3), p. 371 - 379. 

Sears VG, Bleay HL, Bowman VJ.  A Methodology for Finger Mark Research. Sci 

Justice. 2012 Sep; 52 (3):145–160. doi 10.1016/j.scijus.2011.10.006. 

Among J, Cantu AA, Champod A, Kent T. Guidelines For The Assessment Of 

Fingermark Detection Techniques. International Fingerprint Research Group (IFRG).J 

Forensic Ident 2014 Jan; 64(2): 174 - 197. 

We Q, Zhang M, Ogorevc B, Zhang X. Recent Advances in the Chemical Imaging of 

Human Fingermarks (a review). Analyst 2016 Sep 16; 141: 6172 – 6189 doi 

10.1039/C6AN01121G 

Hoffman E, Stroobant V. Mass spectrometry: Principles and Applications. 3rd ed. 

Chichester, England: John Wiley and sons Ltd. 2007. 

Francese, S.; Bradshaw, R.; Denison, N. An update on MALDI mass spectrometry 

based technology for the analysis of fingermarks –stepping into operational 

deployment. Analyst, v. 142 p. 2518 – 2546, 2017. doi: 10.1039/c7an00569e 

Wolstenholme R, Bradshaw R, Clench MR, Francese S. Study of Latent Fingermarks 

by Matrix-assisted laser desorption/ionisation Mass Spectrometry Imaging of 

Endogenous Lipids. Rapid Commun Mass Spectrom 2009 Oct; 23 (19): 3031–3039. 

doi 10.1002/rcm.4218 

Bradshaw R, Rao W, Wolstenholme R, Clench MR, Bleay S, Francese S. Separation 

of Overlapping Fingermarks by Matrix Assisted Laser Desorption Ionisation Mass 

Spectrometry Imaging. Forensic Sci Int 2012 Oct 10; 222 (1-3): 318–326. doi 

10.1016/j.forsciint.2012.07.009 

Bradshaw R, Wolstenholme R, Blackledge RD, Clench MR, Ferguson LS, Francese 

https://doi.org/10.1039/C6AY02496C


77  

S. A Novel Matrix-assisted Laser Desorption/ionisation Mass Spectrometry Imaging 

Based Methodology for the Identification of Sexual Assault Suspects. Rapid Commun 

Mass Spectrom 2011 Feb 15; 25(3): 415-22. doi: 10.1002/rcm.4858. 

Ferguson L, Bradshaw R, Wolstenholme R, Clench M, Francese S. Two-Step Matrix 

Application for the Enhancement and Imaging of Latent Fingermarks. Anal Chem 2011 

June 13; 83 (14): 5585–5591. doi 10.1021/ac200619f  

Bradshaw R, Bleay S, Wolstenholme R, Clench M, Francese S. Towards the 

Integration of Matrix Assisted Laser Desorption Ionisation Mass Spectrometry Imaging 

into the Current Fingermark Examination Workflow. Forensic Sci Int 2013 Oct 13; 232 

(1-3): 111–124. doi 10.1016/j.forsciint.2013.07.013. 

Francese S, Bradshaw R,  Flinders B, Mitchell C, Cicero L, Clench M. Curcumin: A 

Multipurpose Matrix for MALDI Mass Spectrometry Imaging Applications. Anal Chem 

2013 Apr 26; 85(10): 5240−5248. doi 10.1021/ac4007396. 

Bradshaw R, Bleay S, Clench M, Francese S. Direct Detection of Blood in Fingermarks 

by MALDI MS Profiling and Imaging. Sci Justice 2014 Mar; 54 (2): 110–117. doi 

10.1016/j.scijus.2013.12.004. 

Attard-Montalto N, Jesus JO, Reynold A, Mahado I, Bayley M, Dookorte L, Puit M, 

Jones BJ. Determining the Chronology of Deposition of Natural Fingermarks and Inks 

on Paper using Secondary Ion Mass Spectrometry. Analyst 2014 Jul 22; 139 (18): 

4641–4653. doi 10.1039/c4an00811a. 

Bailey MJ, Bradshaw R, Francese S, Salter TL, Costa C, Mahado I, Webb RP, Bosman 

I, Wolff K, Puit M. Rapid Detection of Cocaine, Benzoylecgonine and Methylecgonine 

in Fingerprints using Surface Mass Spectrometry. Analyst 2015 May 01; 140 (18): 

6254–6259. doi 10.1039/c5an00112a. 

Amin MO, Madkour M, Al-Hetlani E. Metal Oxide Nanoparticles for Latent Fingerprint 

Visualization and Analysis of Small Drug Molecules using Surface-Assisted Laser 

Desorption/ionization Mass Spectrometry. Anal Bioanal Chem 2018 Aug; 410 (20), p. 

4815–4827. doi 10.1007/s00216-018-1119-2. 

Bradshaw R, Francese S, Denison N. Development of Operational Protocols for the 

Analysis of Primary and Secondary Fingermark Lifts by MALDI-MS Imaging. Anal 

Methods 2016 Sep 07; 8 (37): 6795–6804. doi 10.1039/C6AY01406B  

Ferguson LS, Wulfert F, Wolstenholme R, Fonville JM, Clench MR, Carolan VA, 

Francese S. Direct Detection of Peptides and Small Proteins in Fingermarks and 

Determination of Sex by MALDI Mass Spectrometry Profiling. Analyst 2012 Aug 22; 37 



78  

(20): 4686 – 4692. doi 10.1039/c2an36074h. 

 Lim AY, Rowell F, Elumbaring-Salazar CG, Loke J, Ma J. Detection of Drugs in Latent 

Fingermarks by Mass Spectrometric Methods. Anal Methods 2013 Jun 13; 5 (17): 

4378–4385. doi 10.1039/C3AY40538A. 

Attard-Montalto N, Jesus J, Jones BJ. Determining the Order of Deposition of Natural 

Latent Fingerprints and Laser Printedink using Chemical Mapping with Secondary Ion 

Mass Spectrometry. Sci Justice 2013 Mar; 53 (1): 2–7. Doi 

10.1016/j.scijus.2012.05.007. 

Sundar L, Rowell F. Drug Cross-contamination of Latent Fingermarks during Routine 

Powder Dusting Detected by SALDI TOF MS. Anal Methods 2015 Mar 24; 7 (9): 3757–

3763. doi 10.1039/C5AY00598A. 

O’Neill KC, Hinners P, Lee YJ. Chemical Imaging of Cyanoacrylate-Fumed 

Fingerprints by Matrix-assisted Laser Desorption/Ionization Mass Spectrometry 

Imaging. J Forensic Sci 2018 Nov, 63 (6): 1854 – 1857. doi 10.1111/1556-4029.13773. 

Tang X, Huang L, Zhang W, Zhong H. Chemical Imaging of Latent Fingerprints by 

Mass Spectrometry Based on Laser Activated Electron Tunneling. Anal Chem 2015 

Mar 3; 87 (5) 2693−2701. doi 10.1021/ac504693v. 

Tang H, Lu W, Che C, Ng K. Gold Nanoparticles and Imaging Mass Spectrometry: 

Double Imaging of Latent Fingerprints. Anal Chem 2010 Feb 3; 82 (5): 1589–1593. doi 

10.1021/ac9026077. 

Liu YC, Zhang Y, Chau S, Lai SK, Tang H, Ng K. Enhancement of Image Contrast, 

Stability, and SALDI-MS Detection Sensitivity for Latent Fingerprint Analysis by Tuning 

the Composition of Silver−Gold Nanoalloys. ACS Appl. Mater. Interfaces 2016 Nov 2; 

8 (43): 29668−29675. doi 10.3390/nano9081078. 

 Skriba A, Havlicek V. Mass spectrometry Imaging of Illicit Drugs in Latent Fingerprints 

by Matrix-free and Matrix-assisted Desorption/Ionization Techniques. Eur J Mass 

Spectrom (Chichester) 2018 Feb; 24(1): 124-128. doi: 10.1177/1469066717728007. 

Walton BL, Verbeck GF. Soft-Landing Ion Mobility of Silver Clusters for Small-Molecule 

Matrix-Assisted Laser Desorption Ionization Mass Spectrometry and Imaging of Latent 

Fingerprints Anal Chem 2014 Jul 10, 86 (16): 8114−8120.  doi: 10.1021/ac5010822 

Kaplan-Sandquist AK, Lebeau MAB, Miller ML.  Chemical Analysis of Pharmaceuticals 

and Explosives in Fingermarks using Matrix-assisted Laser Desorption ionization/time-

of-flight Mass Spectrometry. Forensic Sci Int 2014 Feb; 235: 68–77. doi 

10.1016/j.forsciint.2013.11.016. 

https://doi.org/10.1021/ac9026077


79  

Frederick Rowell F, Hudson K, Seviou J. Detection of Drugs and their Metabolites in 

Dusted Latent Fingermarks by Mass Spectrometry. Analyst 2009 Apr; 134 (4): 701–

707. doi 10.1039/b813957c. 

Benton M, Frederick Rowell F, Sundard L, Janc M. Direct Detection of Nicotine and 

Cotinine in Dusted Latent Fingermarks of Smokers by using Hydrophobic Silica 

Particles and MS. Surf Interface Anal 2010 May; 42 (5):  378–385. doi: 

10.1002/sia.3112. 

Ferguson LS, Creasey S, Wolstenholme R, Clencha MR, Francese S. Efficiency of the 

dry–wet Method for the MALDI-MSI Analysis of Latent Fingermarks. J Mass Spectrom 

2013 May 22; 48 (6): 677–684. doi 10.1002/jms.3216. 

Elsner C, Abel B. Ultrafast High-Resolution Mass Spectrometric Finger Pore Imaging 

in Latent Finger Prints. Sci Rep 2014 Nov 4; 4: 6905. doi 10.1038/srep06905. 

Emerson BMS, Gidden J, Lay JO, Durham B. Laser Desorption⁄Ionization Time-of-

Flight Mass Spectrometry of Triacylglycerols and Other Components in Fingermark 

Samples. J Forensic Sci 2011 Mar; 56 (2): 381 – 389.  doi 10.1111/j.1556-

4029.2010.01655.x. 

Bradshaw B, Wolstenholme R, Ferguson LS, Sammon C, Mader K, Claude E, et al.  

Spectroscopic Imaging Based Approach for Condom Identification in Condom 

Contaminated Fingermarks. Analyst 2013 May 7; 138 (9): 2546–2557. doi 

10.1039/C3AN00195D. 

Coon AM, Beyramysoltan S, Musah RA.  A Chemometric Strategy for Forensic 

Analysis of Condom Residues: Identification and Marker Profiling of Condom Brands 

from Direct Analysis in Real Time-high Resolution Mass Spectrometric Chemical 

Signatures. Talanta 2019 Mar 01; 194: 563–575. doi 10.1016/j.talanta.2018.09.101. 

Lauzon N, Dufresne M, Beaudoinb A, Chaurand P. Forensic Analysis of Latent 

Fingermarks by Silver-assisted LDI Imaging MS on Nonconductive Surfaces. J Mass 

Spectrom. v. 52, p.  397–404, 2017. doi 10.1002/jms.3938. 

Sisco E, Demoranville LT, Gillen G. Evaluation of C60 Secondary Ion Mass 

Spectrometry for the Chemical Analysis and Imaging of Fingerprints. Forensic Sci Int 

2013 Sep; 231 (1-3): 263–269. doi 10.1016/j.forsciint.2013.05.026. 

Sisco E, Staymates J, Schilling K. A Chemically Relevant Artificial Fingerprint Material 

for the Cross-comparison of Mass Spectrometry Techniques. Can Soc Forensic Sci J 

2015 Sep 14; 48 (4): 200-214. doi 10.1080/00085030.2015.1083167. 

Girod A, Weyermann C.  Lipid Composition of Fingermark Residue and Donor 



80  

Classification using GC/MS. Forensic Sci Int 2014 May; 238: 68–82. doi 

10.1016/j.forsciint.2014.02.020. 

Koenig A, Girod A, Weyermann C. Identification of Wax Esters in Fingermark Residues 

by GC/MS and their Potential Use as Aging Parameters. J Forensic Ident 2011 Nov; 

61 (6): 652-676.  

Weyermann C, Roux C, Champod C. Initial Results on the Composition of Fingerprints 

and its Evolution as a Function of Time by GC⁄MS Analysis. J Forensic Sci 56 (1):  102–

108. doi 10.1111/j.1556-4029.2010.01523.x.  

 Frick AA, Chidlow G, Lewis SW, Van Bronswijk B. Investigations into the Initial 

Composition of Latent Fingermark Lipids by Gas Chromatography–Mass 

Spectrometry.  Forensic Sci Int 2015 Sep;  254: 133–147. doi 

10.1016/j.forsciint.2015.06.032. 

 Gilchrist E, Smith N, Barron L. Probing Gunshot Residue, Sweat and Latent Human 

Fingerprints with Capillary-scale Ion Chromatography and Suppressed Conductivity 

Detection. Analyst 2012 Ja; 137: 1576–1583.  doi 10.1039/c2an16126e. 

Zhang T, Chen X, Yang R, Yingjian X. Detection of Methamphetamine and its Main 

Metabolite in Fingermarks by Liquid Chromatography–Mass Spectrometry. Forensic 

Sci Int 2015 Mar; 248: 10–14. doi 10.1016/j.forsciint.2014.12.013. 

Girod A, Spyratou A, Holmes D, Weyermann C. Aging of Target Lipid Parameters in 

Fingermark Residue using GC/MS: Effects of Influence Factors and Perspectives for 

Dating Purposes. Sci Justice 2016 May; 56(3): 165–180. doi 

10.1016/j.scijus.2015.12.004. 

Pleik, S, Spengler B, Schäfer T, Urbach D, Luhn S, Kirsch D. Fatty Acid Structure and 

Degradation Analysis in Fingerprint Residues. J Am Soc Mass Spectrom 2016 Sep; 

27 (9): 1565-1574. doi: 10.1007/s13361-016-1429-6. 

Ifa DR, Manicke NE, Dill AL.  Latent Fingerprint Chemical Imaging by Mass 

Spectrometry. Science Aug 8, 321 (5890): 805. doi 10.1126/science.1157199. 

Arakawa R, Kawasaki H.  Functionalized Nanoparticles and Nanostructured Surfaces 

for Surface-Assisted Laser Desorption/Ionization Mass Spectrometry.  Anal Sci 2010; 

26 (12): 1229 -1240. doi 10.2116/analsci.26.1229. 

Lima AY, Mab Z, Maa J, Rowell F. Separation of Fingerprint Constituents using 

Magnetic Silica Nanoparticles and Direct on-particle SALDI-TOF-mass Spectrometry. 

J Chromatogr B Analyt Technol Biomed Life Sci 2011 Aug 1; 879 (23): 2244-50. doi: 

10.1016/j.jchromb.2011.06.009. 



81  

Bailey MJ, Ismail M, Bleay S, Bright N, Elad LM, Cohen Y, et al.  Enhanced Imaging 

of Developed Fingerprints using Mass Spectrometry Imaging. Analyst 2019 Aug 19; 

138 (21): 6246–6250. doi 10.1039/c3an01204b. 

Clemons K, Dake J, Sisco E, Verbeck GF. Trace Analysis of Energetic Materials via 

Direct Analyte-probed Nanoextraction Coupled to Direct Analysis in Real Time Mass 

Spectrometry.  Forensic Sci Int 2017 Sep 10; 231 (1-3): 98–101. doi 10.1111/1556-

4029.12141. 

Yagnik GB, Kortea AR, Lee YJ. Multiplex Mass Spectrometry Imaging for Latent 

Fingerprints. J Mass Spectrom 2013 Jan 09; 48 (1): 100–104. doi: 10.1002/jms.3134. 

Staymates JL, Orandi S, Staymates ME, Gillen G. Method for Combined Biometric and 

Chemical Analysis of Human Fingerprints. Int J Ion Mobil Spectrom 2014 June; 17 (2): 

69–72. doi 10.1007/s12127-014-0148-6. 

Sundar L, Rowell F. Drug Cross-contamination of Latent Fingermarks during Routine 

Powder Dusting Detected by SALDI TOF MS. Anal Methods 2015 Mar 24; 7 (9): 3757–

3763. doi 10.1039/C5AY00598A. 

Walton BL, Verbeck GF.  Soft-Landing Ion Mobility of Silver Clusters for Small-

Molecule Matrix-Assisted Laser Desorption Ionization Mass Spectrometry and Imaging 

of Latent Fingerprints. Anal Chem 2014 Jul 10; 86 (16): 8114−8120. doi 

10.1021/ac5010822. 

Groeneveld G, Puit M, Bleay S, Bradshaw R, Francese S. Detection and Mapping of 

Illicit Drugs and their Metabolites in Fingermarks by MALDI MS and Compatibility with 

Forensic Techniques. Sci Rep 2015 Jun 29; 5: 1-13. doi 10.1038/srep11716  

Kimberly A, Kaplan-Sandquist KA, Lebeau MA, Miller ML. Evaluation of Four 

Fingerprint Development Methods for Touch Chemistry Using Matrix- Assisted Laser 

Desorption Ionization/Time-of-Flight Mass Spectrometry. J Forensic Sci 2015 Feb 24; 

60 (3): 611 – 618. doi  10.1111/1556-4029.12718. 

Bailey M, Randall EC,  Costa C, Salter TL, Race AM,  Puit M, et al. Analysis of Urine, 

Oral fluid and Fingerprints by Liquid Extraction Surface Analysis Coupled to High 

Resolution MS and MS/MS – Opportunities for Forensic and Biomedical Science. Anal 

Methods 2016 Mar 24; 28(16): 3373–3382. doi 10.1039/C6AY00782A. 

Comi TJ, Ryu SW, Perry RH. Synchronized Desorption Electrospray Ionization Mass 

Spectrometry Imaging.  Anal Chem 2016 Nov 16; 88 (2): 1169−1175. doi 

10.1021/acs.analchem.5b03010. 

Bradshaw R, Denison N, Francese S. Implementation of MALDI MS Profiling and 

https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1111%2F1556-4029.12718


82  

Imaging Methods for the Analysis of Real Crime Scene Fingermarks. Analyst 2017 Apr 

7; 142 (9): 1581–1590. doi 10.1039/c7an00218a. 

 Cai L, Xia MC, Wang Z, Zhao YB, Li Z, Zhang S, Zhang X. Chemical Visualization of 

Sweat Pores in Fingerprints Using GO Enhanced TOF-SIMS.  Anal Chem 2017 Jul 12; 

89 (16): 8372−8376. doi 10.1021/acs.analchem.7b01629. 

Costa C, Webb R, Palitsin V, Ismail M, Puit M, Atkinson S, Bailey MJ. Rapid, Secure 

Drug Testing Using Fingerprint Development and Paper Spray Mass Spectrometry. 

Clin Chem 2017 Nov 01; 63 (11): 1745–1752. doi 10.1373/clinchem.2017.275578. 

Kamanna S, Henry J, Voelcker NH, Linacre A, Kirkbride KP.  A Mass Spectrometry-

based Forensic Toolbox for Imaging and Detecting Biological Fluid Evidence in Finger 

Marks and Fingernail Scrapings. Int J Legal Med 2017 Apr 27; 131(5): 1413–1422. doi 

10.1007/s00414-017-1587-5. 

Al-Obaidi Z, Francese S. The Employment of MALDI-ToF in the Chemical Analysis of 

Fingermarks. Karbala J Pharm Sci 2017; 13: 79 – 105. 

 Zhou Z, Zare RN. Personal Information from Latent Fingerprints Using Desorption 

Electrospray Ionization Mass Spectrometry and Machine Learning.  Anal Chem 2017 

Jan 5; 89(2): 1369−1372. doi 10.1021/acs.analchem.6b04498. 

Barros RM, Clemente MCH, Martins GAV, Silva LP. Application of Mesocellular 

Siliceous Foams (MCF) for Surface-assisted Laser Desorption Ionization Mass 

Spectrometry (SALDI-MS) Analysis of Fingermarks. Sci Justice 2018 Jul; 58(4): 264–

270. doi 10.1016/j.scijus.2018.03.005. 

Hinners P, O’Neill KC, Lee YJ. Revealing Individual Lifestyles through Mass 

Spectrometry Imaging of Chemical Compounds in Fingerprints. Sci Rep 2018 Mar 26; 

8: 5149. doi 10.1038/s41598-018-23544-7. 

 O’Neill KC, Lee YJ. Effect of Aging and Surface Interactions on the Diffusion of 

Endogenous Compounds in Latent Fingerprints Studied by Mass Spectrometry 

Imaging. J Forensic Sci 2018 Jul 10; 63 (3): 718-713. doi 10.1111/1556-4029.13591. 

Pluhacek T, Svidrnoch M, Maier V, Havlícek V, Lemr K. Laser Ablation Inductively 

Coupled Plasma Mass Spectrometry Imaging: A Personal Identification based on a 

Gunshot Residue Analysis on Latent Fingerprints. Anal Chim Acta 2018 Nov; 1030: 

25-32. doi 10.1016/j.aca.2018.05.074. 

Scotcher K, Bradshaw R. The Analysis of Latent Fingermarks on Polymer Banknotes 

using MALDI-MS. Sci Rep 2018 Jun 8; 8(1): 8765. doi 10.1038/s41598-018-27004-0. 

 King S, Benson S, Kelly T, Lennard C. Determining the Effects of Routine Fingermark 



83  

Detection Techniques on the Subsequent Recovery and Analysis of Explosive 

Residues on Various Substrates. Forensic Sci Int 2013 Dec 10; 233 (1-3): 257–264. 

doi 10.1016/j.forsciint.2013.09.018. 

Michalski S, Shaler R, Dorman FL. The Evaluation of Fatty Acid Ratios in Latent 

Fingermarks by Gas Chromatography/MassSpectrometry (GC/MS) Analysis. J 

Forensic Sci 2013 Oct 19; 58(s1): 215 -220. doi 10.1111/1556-4029.12010. 

Puit M, Ismail M, Xu X. LC/MS Analysis of Fingerprints, the Amino Acid Profile of 20 

Donors. J Forensic Sci 2013 Nov 21; 59 (2): 364 – 370. doi 10.1111/1556-4029.12327. 

Cadd SJ, Mota L, Werkman D, Islam M, Zuidberga M, Puit M. Extraction of Fatty 

Compounds from Fingerprints for GC/MS Analysis. Anal Methods 2014 Dec 5; 7 (3): 

1123–1132. doi 10.1039/C4AY02434F. 

Zapata F, Ossa MF, Gilchrist E, Barron L, García-Ruiz C. Progressing the Analysis of 

Improvised Explosive Devices: Comparative Study for Trace Detection of Explosive 

Residues in Hand Prints by Raman spectroscopy and Liquid Chromatography. Talanta 

2016 Dec 1; 161: 219–227. doi 10.1016/j.talanta.2016.05.057. 

 Dorakumbura BN. Fundamental Studies into the Chemical and Physical Properties of 

Latent Fingermarks [thesis]. Perth, Australia: Curtin University, 2017. doi 

20.500.11937/69365. 

Pavia DL. Introduction of Spectroscopy.  4 ed. California, US: Cengage Learning, 

2010. 

West MJ, Went MJ. The Spectroscopic Detection of Exogenous Material in 

Fingerprints after Development with Powders and Recovery with Adhesive Lifters.  

Spectrochim Acta A Mol Biomol Spectrosc 2009 Jan; 71(5): 1984-1988. doi 

10.1016/j.saa.2008.07.024. 

 Widjaja E. Latent Fingerprints Analysis using Tape-lift, Raman Microscopy, and 

Multivariate Data Analysis Methods. Analyst 2009 Apr; 134(4): 769–775. doi 

10.1039/B808259F. 

Bhargava R, Perlman RS, Fernandez DC, Levin IW, Bartick EG. Non-invasive 

Detection of Superimposed Latent Fingerprints and Inter-ridge Trace Evidence by 

Infrared Spectroscopic Imaging.  Anal Bioanal Chem 2009 Aug; 394 (8): 2069–2075. 

doi 10.1007/s00216-009-2817-6. 

Chen T, Schultz ZD, Levin IW.  Infrared Spectroscopic Imaging of Latent Fingerprints 

and Associated Forensic Evidence.  Analyst 2009 Sep; 134(9): 1902–1904, 2009. doi 

10.1039/b908228j. 

https://doi.org/10.1111/1556-4029.12010
http://hdl.handle.net/20.500.11937/69365
https://doi.org/10.1016/j.saa.2008.07.024


84  

Mou Y, Rabalais JW. Detection and Identification of Explosive Particles in Fingerprints 

Using Attenuated Total Reflection-Fourier Transform Infrared Spectromicroscopy. J 

Forensic Sci 2009 June 23; 54(4): 1902-1904. doi 10.1111/j.1556-4029.2009.01060.x. 

Abdelhamid M, Fortes FJ, Harithb MA, Laserna JJ. Analysis of Explosive Residues in 

Human Fingerprints using Optical Catapulting–laser-induced Breakdown 

Spectroscopy.  J Anal Atom Spectrom 2011 Apr 8; 26(7): 1445–1450. 

doi 10.1039/C0JA00188K. 

Fritz P, Van Bronswjik W, Lepkova K, Lewis SW, Lim KF, Martin DE, Puskar, L. Infrared 

Microscopy Studies of the Chemical Composition of Latent Fingermark Residues. 

Microchem J 2013; 111: 40–46, 2013. doi 10.1016/j.microc.2012.08.005. 

Girod A, Xiao L, Reedy B, Roux C, Weyermann C. Fingermark Initial Composition and 

Aging using Fourier Transform Infrared Microscopy (µ-FTIR). Forensic Sci Int 2015 

Sep; 254: 185–196. doi 0.1016/j.microc.2012.08.005. 

Yang JH, Yoh JJ. Reconstruction of Chemical Fingerprints from an Individual's 

Timedelayed, Overlapped Fingerprints via Laser-induced Breakdown Spectrometry 

(LIBS) and Raman spectroscopy. Microchem J 2018 June; 139: 386 -393. doi 

10.1016/j.microc.2018.03.027. 

Andersson PO, Lejon C, Mikaelsson T, Landström L. Towards Fingermark Dating: A 

Raman Spectroscopy Proof of - Concept Study. Chemistry Open 2017 Oct 18; 6(6): 

706–709. doi 10.1002/open.201700129. 

Rosa R, Giovanardi R, Bozza A, Veronesi P, Leonelli C. Electrochemical Impedance 

Spectroscopy: A Deeper and Quantitative Insight into the Fingermarks Physical 

Modifications Over Time. Forensic Sci Int 2017 Apr; 273: 144–152. doi 

10.1016/j.forsciint.2017.02.016. 

 Hemmila A, Mcgill J, Ritter D. Fourier Transform Infrared Reflectance Spectra of 

Latent Fingerprints: A Biometric Gauge for the Age of an Individual. J Forensic Sci 

2008 Feb 19; 53(2): 369 – 376. doi 10.1111/j.1556-4029.2007.00649.x. 

Antoine KM, Mortazavi S, Miller AD, Miller LD. Chemical Differences Are Observed in 

Children’s Versus Adults’ Latent Fingerprints as a Function of Time.  J Forensic Sci 

2010 Mar 10; 55(2): 513 -518. doi 10.1111/j.1556-4029.2009.01262.x. 

Williams DK, Corrie J, Brown CJ, Bruker J. Characterization of Children’s Latent 

Fingerprint Residues by Infrared Microspectroscopy: Forensic implications. Forensic 

Sci Int 2011 Mar 20; 206 (1-3): 161–165. 10.1016/j.forsciint.2010.07.033. 

Maynard P, Jenkins J, Edey C, Payne G, Lennard C, Mcdonagh A, Roux C. Near 

https://doi.org/10.1039/C0JA00188K


85  

Infrared Imaging for the Improved Detection of Fingermarks on Difficult Surfaces. Aus 

J Forensic Sci 2009 Jun 10; 41(1): 43–62. doi 10.1080/00450610802172248. 

Bradshaw R, Wolstenholme R, Ferguson LS, Sammon C, Mader K, Claude E, et al. 

Spectroscopic Imaging Based Approach for Condom Identification in Condom 

Contaminated Fingermarks. Analyst 2013 /may 7; 138(9): 2546–2557. doi 

10.1039/C3AN00195D. 

Schuler RL, Gardner CW, Lewis SA, Lewis LA. Toward Surface-Enhanced Raman 

Imaging of Latent Fingerprints. J Forensic Sci 2010 Nov 2; 55(6): 1462 -1470. doi 

10.1111/j.1556-4029.2010.01484.x. 

Tahtouh M, Scott SA, Kalman JR, Reedy BJ.  Four Novel Alkyl 2-cyanoacylate 

Monomers and Their Use in Latent Fingermark Detection by Mid-infrared Spectral 

Imaging. Forensic Sci Int 2011 Apr 15; 207(1-3): 223–238. doi 

10.1016/j.forsciint.2010.10.012. 

Drapel VR, Becue A, Champod C, Margot P. Identification of Promising Antigenic 

Components in Latent Fingermark Residues. Forensic Sci Int 2009 Jan 30; 184(1-3): 

47–53. doi 10.1016/j.forsciint.2008.11.017. 

Hazarika P, Jickell SM, Russell DA. Rapid Detection of Drug Metabolites in Latent 

Fingermarks.  Analyst 2008 Nov 25; 134(1): 93–96. doi 10.1039/b816273e. 

Kumar A, Tiwari SP, Singh AK, Kumar K. Synthesis of Gd2O3:Ho3+/Yb3+ Up 

Conversion Nanoparticles for Latent Fingermark Detection on Difficult Surfaces. Appl 

Phys B; 122(7): 190. doi 10.1007/s00340-016-6468-y. 

Hazarika P, Jickells SM, Wolff K, Russell DA. Multiplexed Detection of Metabolites of 

Narcotic Drugs from a Single Latent Fingermark. Anal Chem 2010 Nov 15; 82(22): 

9150–9154. doi 10.1021/ac1023205. 

Xu L, Zhou Z, Zhang C, He Y, Su B. Electrochemiluminescence Imaging of Latent 

Fingermarks through the Immunodetection of Secretions in Human Perspiration.  

Chem Commun (Camb) 2014 Aug 21; 50(65): 9097–9100. doi 10.1039/c4cc03466j. 

 Van Der Heide S, Calavia PG, Hardwick S, Hudson S, Wolff K, Russell DA. A 

Competitive Enzyme Immunoassay for the Quantitative Detection of Cocaine from 

Banknotes and Latent Fingermarks. Forensic Sci Int 2015 May; 250: 1–7. doi 

10.1016/j.forsciint.2015.02.008. 

Deininger L, Francese S, Clencha MR, Langenburgb G, Sears V, Sammond S. 

Investigation of Infinite Focus Microscopy for the Determination of the Association of 

Blood with Fingermarks. Sci Justice 2018 Nov, 58(6): 397–404. doi 

https://doi.org/10.1016/j.forsciint.2015.02.008


86  

10.1016/j.scijus.2018.07.001. 

Hudson M, Stuchinskaya T,  Ramma S, Patel J, Sievers C, Goetz S, et al.  Drug 

Screening using the Sweat of a Fingerprint: Lateral Flow Detection of Δ9-

tetrahydrocannabinol, Cocaine, Opiates and Amphetamine. J Anal Toxicol 2019 Mar; 

43(2): 88-95. doi 10.1093/jat/bky068. 

Keisara O, Cohenb Y, Finkelsteinb Y, Kostiryab N, Ben-Davida R, Danonb A, et al. 

Measuring the Water Content in Freshly-deposited Fingermarks. Forensic Sci Int 2019 

Jan; 294: 204–210. doi 10.1016/j.forsciint.2018.11.017. 

Youngmin K, Won-Sil C, Byoungjun J, Tae Hyun C. The Effect of Temperature and 

Exposure Timeon Stability of Cholesterol and Squalene in Latent Fingermarks 

Deposited on PVDF Membrane. J Forensic Sci, 2019 Oct 28; online version of record. 

doi 10.1111/1556-4029.14209. 

 Alcaraz-Fossoul J, Mancenido M, Soignard E, Silverman N. Application of 3D Imaging 

Technology to Latent Fingermark Aging Studies. J Forensic Sci 2019 Mar; 64(2): 570 

-576. doi 10.1111/1556-4029.13891. 

Dorakumbura NB, Busetti F, Lewis SW. Analysis of Squalene and its Transformation 

by-products in Latent Fingermarks by Ultrahigh-performance Liquid Chromatography-

high Resolution Accurate Mass Orbitrap™ Mass Spectrometry. Forensic Chem 2020 

Mar; 17, 100193. doi 10.1016/j.forc.2019.100193. 

Flowble KL, Musah RA. Simultaneous Imaging of Latent Fingermarks and Detection of 

Analytes of Forensic Relevance by Laser Ablation Direct Analysis in Real Time 

Imaging-Mass Spectrometry (LADI-MS). Forensic Chem 2019 Aug, 100173. doi 

10.1016/j.forc.2019.100173. 

Gorka M, Augsbirger M, Thomas A, Bécue A. Molecular Composition of Fingermarks: 

Assessment of the Intra- and Inter-variability in a Small Group of Donors using MALDI-

MSI. Forensic Chem, 2019 Mar; 12: 99-106. doi 10.1016/j.forc.2018.12.002. 

Moret FK, Spindler SX. Nanoparticles Used for Fingermark Detection—A 

Comprehensive Review. Wires Forensic Scienc 2019 Jun 7, 1(5): 1-41. doi 

10.1002/wfs2.1341. 

 

SUPPLEME 

NTAL TABLE 1—Spectrometry methods described in the articles included in this 

systematic review. 

https://doi.org/10.1002/wfs2.1341


87  

MS AS UNIQUE METHOD 

Method Imaging Main Results Reference 

LADI-MS Yes 

Analysis of small forensic molecules present on the 

fingerprint surface. The method does not require use of 

matrix or solvent for analysis. 

Fowble, 2019 

(118) 

SALDI – 

MS 

MALDI – 

MS 

Yes 
Use of nanoparticles to detect substances on 

fingerprints for up to a week. 
Amin, 2018 (29) 

MALDI-MSI Yes 

Search  the intra- and intervariability of the secretion 

residue composition,  with chemometrics tools 

permitted to sort fingermarks according to their type ( 

eccrine, sebum-rich, or natural). 

Gorka, 2019 (119) 

SALDI – 

MS 
None 

Use of the mesocellular silica foam (MCF) as an 

ionizing agent. The results showed less intense peaks 

but identified residues of cosmetics. 

Barros, 2018 (99) 

DART-

HRMS17 
None Condom waste analysis with DART and chemometrics. Coon, 2018 (47) 

MALDI – 

MSI 
Yes 

Differentiation of substances that may be present in the 

hands of food waste to cosmetics. 

Hinners, 2018 

(100) 

MALDI – 

MS 

MALDI – 

MSI 

Yes 
Compatibility of prior cyanoacrylate analyzes in the 

development of latent fingerprints. 

O’Neill, 2018a 

(35) 

MALDI – 

MS 

MALDI – 

MSI 

Yes 
Analysis of fatty acids and triacylglycerols was studied 

in recent fingerprints and aged on four surfaces. 

O’Neill, 2018b 

(101) 

LA – ICP –

MSI18 
Yes Analysis of gunshot residues present in fingerprints. 

Pluhacek, 2018  

(102) 

MALDI-MS Yes Disclosure of fingerprints on polymer of banknotes. 
Scotcher, 2018 

(103) 

MALDI – 

MS 

NALDI 

MALDI – 

MSI 

Yes 
Compared sensitivity in the use of matrices and 

nanostructures in fingerprint analysis. 
Skriba, 2018 (38) 

MALDI-MS 

MALDI-MSI 
Yes Analysis in real samples of crime scene. 

Bradshaw, 2017 

(93) 

TOF – Yes Use of graphene oxide to identify endogenous Cai, 2017 (94) 
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SIMS substances. 

PS-MS15 None 
Use of fingerprints as alternative matrix in paper spray 

method. 
Costa, 2017 (95) 

MALDI None 
Use of 3 methods: chromatographic, spectroscopic and 

spectrometric to correlate results. 

Donnarumma, 

2017 (122) 

 

MALDI – 

TOF - MS 
Yes 

Simulation analysis of sexual crime. Correlation of 

MALDI and nLC. 

Kamanna, 2017 

(96) 

AgLDI – 

IMS16 
Yes 

Use of silver sputtering to improve the quality of 

imaging. 
Lauzon, 2017 (48) 

MALDI – 

TOF 
None Peptide analysis on fingerprints. 

Al-Obaidi, 2017 

(97) 

DESI – MSI Yes 
Differentiation of genres, ethnicities and ages by the 

content of fingerprints. 
Zhou, 2017 (98) 

LESA13 - 

MS MS/MS 
None 

Chemical profiles of different types of dies for rapid 

diagnosis 
Bailey, 2016 (91) 

MALDI – 

MSP 

MALDI – 

MSI 

Yes 

How to improve the treatment of the sample for 

analysis. Establishes relationship between primary and 

secondary support. 

Bradshaw, 2016 

(30) 

SALDI – 

MS 
Yes 

Gold nanoparticles used to give better contrast, stability 

and sensitivity to detection. 
Cheng, 2016 (37) 

sDESI – 

MSI14 
Yes 

Use of two methods to improve sample stability 

conditions in analyzes. 
Comi, 2016 (92) 

SALDI-

TOF-MS 
Yes 

Detection of drugs on cyanoacrylate fuming fingerprint 

samples. 
Sundar, 2015 (34) 

DESI 

MALDI-

IMS-

MS/MS 

SIMS10 

None 

Analysis, comparison and correlation of samples of 

fingerprints and oral fluids for the detection of drugs of 

abuse. 

Bailey, 2015 (28) 

SIMS 

DESI-MS 

LDI – MS 

Yes 

Development of artificial eccrine sweat for comparison 

of methods of analysis. Difficult study with real samples 

by sample heterogeneity. 

Sisco, 2015 (50) 

MALDI – 

MS 

MALDI - 

MSI 

Yes Detection of previously developed cyanoacrylate drugs. 
Groeneveld, 2015 

(89) 

LAET12– 

MALDI 
Yes 

Use of a semiconductor film developed for the collection 

of fingerprints. Analyzes allowed the imaging and 
Tang, 2015 (81) 
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detection of exogenous and endogenous substances. 

MALDI- MS Yes Blood detection on fingerprints. 
Bradshaw, 2014 

(26) 

TOF-SIMS Yes 
Fingerprints deposited on ink layer. Depletion with 

samples aged for up to 421 days. 

Attard-Montalto, 

2014 (27) 

MALDI-

TOF-MS 
Yes Identification of drug and explosive residues. 

Kaplan-

Sandquist, 2014 

(40) 

MSI9 None Explosives detection. 
Staymates, 2014 

(88) 

MALDI-MSI Yes 

Exchange of the traditional matrix by particles capable 

of absorbing energy from the laser photons, and it is 

beneficial to analyze compounds of low molecular 

weight. 

Walton, 2014 (39) 

LD-MSI11 Yes Analyzes without matrix. Elsner, 2014 (44) 

TOF-SIMS5 Yes 
The TOF-SIMS method was used to improve recovery 

and poor fingerprint quality. 
Bailey, 2013 (85) 

MALDI-MSI Yes 
Spectroscopic and spectrometric approach applied to a 

variety of brands / types of condoms. 

Bradshaw, 2013 

(46) 

MALDI-MSI Yes 
Use of developers in latent fingerprints followed by 

MALDI-MSI analysis 

Bradshaw, 2013 

(24) 

DART – 

MS6 
None 

Use of nanoextraction and analysis by DART-MS 

increased the sensitivity and repeatability of the 

analyzes. 

Clemons, 2013 

(86) 

MALDI - 

MSI 
Yes 

Deposition of dry-wet matrix higher than spray 

deposition. 

Ferguson, 2013 

(43) 

MALDI 

MALDI - 

MSI 

Yes 
Curcumin use as matrix has been shown to be versatile 

and polivalent. 

Francese, 2013 

(25) 

SALDI - MS 

DART - MS 
None 

Good sensitivity of both methods in the detection of illicit 

drugs. 
Lim, 2013 (32) 

TOF - SIMS None Chemical mapping of ions on paint surfaces. 
Attard-Montalto, 

2013 (33) 

C60+ 

SIMS7 
Yes 

Detection of epithelial cells from eccrine and sebaceous 

sweat. 
Sisco, 2013 (49) 

Multiplex 

MALDI 

MSI8 

Yes 
Confirms the utility of MSI multiplex to exploit chemical 

markers when the sample is very limited. 
Yagnik, 2013 (87) 

MALDI-MSI Yes 
Differentiation of overlapping fingerprints on different 

surfaces. 

Bradshaw, 2012 

(21) 
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1 

Desorption Electrospray Ionization Mass Spectrometry; 2 Surface Assisted Laser Desorption/Ionization 

Time-of-Flight Mass Spectrometry; 3 Matrix-Assisted Laser Desorption/Solvent on Mass Spectrometry 

Imaging; 4 Mass Spectrometry Imaging; 5 Laser Desorption ⁄ Ionization Time-of-Flight Mass 

Spectrometry 6 Direct analysis in real time mass spectrometry mass spectrometry imaging; 7 C60 + 

cluster primary ion bombardment secondary ion mass spectrometry; 8 Hybrid MS System Matrix-

Assisted Laser Desorption/Solvent on Mass Spectrometry Imaging; 9 Mass Spectrometry Imaging; 10 

Secondary-ion mass spectrometry; 11 laser desorption mass spectrometry imaging; 12 Laser Activated 

Electron Tunneling - Matrix-Assisted Laser Desorption/Solvent on Mass Spectrometry; 13 Liquid 

extraction surface analysis mass spectrometry; 14 Synchronized Desorption Electrospray Ionization 

Mass Spectrometry Imaging; 15 Paper Spray Mass Spectrometry; 16 Silver-assisted laser desorption 

ionization imaging mass spectrometry; 17 Direct analysis in real time High Resolution Mass 

spectrometry; 18 Laser Ablation Inductively Coupled Plasma Mass Spectrometry Imaging; 

 

 

SUPPLEMENTAL TABLE 2—Spectrometry methods associated with chromatography 

described in the articles included in this systematic review.  

MALDI None 
Use of Multivariate Statistical Analysis to determine the 

sex from fingerprint samples. 

Ferguson, 2012 

(31) 

MALDI - 

MSI 
Yes Chemical imaging for analysis of condom lubricant. 

Bradshaw, 2011 

(22) 

LDI-TOF-

MS5 
None 

Analyzes by LDI were efficient for the detection of 

triacylglycerols but were not good for markers of gender 

differentiation. 

Emerson, 2011 

(45) 

MALDI-MSI Yes 
Comparison of matrix deposition by dry deposit and wet 

deposit. 

Ferguson, 2011 

(23) 

SALDI-

TOF-MS 
None 

Use of nanoparticles for differentiation of amino acids 

and fatty acids. 
Lim, 2011 (121) 

SALDI-

TOF-MS 
None 

Comparation MALDI MS and SALDI MS for fingerprint 

analysis. 

Arakawa, 2010 

(83) 

SALDI-

TOF-MS 
Yes 

Use of hydrophobic silica nanocapsules in latent 

impressions for the detection of nicotine and cotinine. 
Benton, 2010 (42) 

MSI4 Yes 

Use of gold nanoparticles to differentiate overlapping 

fingerprints. 

 

Tang, 2010 (36) 

SALDI-

TOF-MS2 
None 

Use of hydrophobic silica powder as the ionization 

matrix. 
Rowell, 2009 (41) 

MALDI-

MSI3 
Yes Frist aging study with chemical imaging using MALDI. 

Wolstenholme, 

2009 (20) 

DESI -MS1 Yes 
Frist study about using chemical imaging for fingerprint 

analysis. 
Ifa, 2008 (82) 
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CHROMATOGRAPHIC METHODS COUPLED TO MS 

Cromatography 

Technique 
Main Results Reference 

GC 

Quantitative analysis of cholesterol and squalene in natural 

fingermark residue with 100 degrees of difference of 

temperature of 100 degrees for 4 and 8 hours using 

polyvinylidene difluoride membrane.  

Youngmin, 2019 

(116) 

LC 

Using LC and Orbitrap it was possible to evaluate the 

transformation of squalene and its byproducts as a marker 

for fingerprint aging. .  

Dorakumbura, 

2019 (117) 

GC 

Comparison of methods between MALDI MS and GC-MS 

for the detection of caffeine and condom lubricant in 

fingerprints, the differential of the technique is the use of 

infrared laser ablation coupled to the vacuum capture. 

Donnarumma, 

2017 (120) 

nLC24 

Analysis of blood and vaginal fluid present in fingerprints 

with the idea of imitating a sexual crime. Analyzes were 

performed by MALDI MS and LC-MS / MS. 

Kamanna, 2017 

(96) 

GC 

Aging study using multivariate statistical analysis to 

recognize patterns of aging, either by the environmental 

factors or the chemical changes that the samples had over 

time. 

Girod, 2016 (57) 

GC 

A new method of sample preparation allowed to elucidate 

the degradation pathway of unsaturated fatty acids. The 

main result reveals that the decanal is the main degradation 

product of the unsaturated fatty acids observed. 

Pleik, 2016 (58) 

RP-HPLC23 
Comparison between m-Raman and RP-HPLC methods for 

detecting traces of explosive traces on fingerprints. 

Zapata, 2016 

(108) 

GC 
Analysis of the lipid fraction of fingerprints of more than 100 

donors with multivariate analysis. 
Frick, 2015 (54) 

LC 

Detection of methamphetamine and its metabolites on 

different surfaces of fingerprint deposition. The results 

showed that good recovery rates can be obtained on painted 

wood surfaces and smooth surfaces. 

Zhang, 2015 

(56) 

GC 

Two-step method for to obtain a broad spectrum of 

sebaceous materials from fingerprints with high yield and 

good reproducibility. 

Cadd, 2014 

(107) 

GC Qualitative and quantitative analysis of the initial lipid Girod, 2014 (51) 

https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Kim%2C+Youngmin
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19 

Gas 

chromatography; 20 Ion Chromatography; 21 High Performance Liquid Chromatography; 22 Liquid 

Cromatography; 23 Reverse Phase - High Performance Liquid Chromatography. 

 

SUPPLEMENTAL TABLE 3—Spectroscopy methods described in the articles included 

in this systemac review. 

composition of fingerprints of 25 donors. Of the 104 

identified lipids, 43 were reported for the first time in the 

literature. 

LC22 Amino acid analysis with derivatization . Puit, 2014 (106) 

HPLC21 Explosive residues analysis. King, 2013 (104) 

GC 
Identification of fatty acids for the chemical profile of the 

sample. 

Michalski, 2013 

(105) 

IC20 
Identification of low molecular weight ions, the method 

allows the separation of organic and inorganic ions. 

Gilchrist, 2012 

(55) 

GC19 

Identification of four classes of compounds that can be used 

in the definition of an aging parameter: fatty acids, sterols, 

sterol precursors and wax esters. 

Koenig, 2011 

(52) 

GC 

A 30-day agting study taking into account the deposition 

surface and the variability between sample and between 

donors. 

Weyermann, 

2011 (53) 

SPECTROSCOPY METHODS 

Method Multivariate 

Analysis 

Main Results Reference 

FTIR HCA Waste analysis on powdered and decalked 

fingerprints. 

Johnston, 

2018 (84) 

Raman / 

LIBS11 

None Estimation of the time sequence in which a 

fingerprint was collected. 

Yang, 2018 

(68) 

RAMAN None Degradation analysis. Decay kinetics: 

carotenoids> squalene> unsaturated fatty 

acids> proteins. 

Andersson, 

2017 (69) 

EIS9 None Degradation analysis on non-porous 

substrates. 

Rosa, 2017 

(70) 

m -RAMAN None  Traces of explosives analysis. Zapata, 2016 

(1088) 

m-FTIR PCA Study of composition and aging kinetics. 

Chemometric analyzes showed that 

fingerprints can be grouped according to age, 

regardless of the substrate. 

Girod, 2015 

(67) 

Raman None Multianalytical analysis to characterize types of Bradshaw, 
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1 

FT-

IR : 

Fourrier Transform Infrared; 2 principal component analysis; 3 partial least squares; 4 root mean square 

error of calibra ; 5 band-target entropy minimization; 6 Near Infrared spectroscopy; 7 Mid Infrared; 8 

Synchrotron-infrared microscopy;  

 

9 electrochemical impedance spectroscopy; 10 Laser-induced breakdown spectroscopy. 

 

SUPPLEMENTAL TABLE 4—Alternative methods used in fingerprint analysis. 

ATR-FTIR condoms. 2013 (46) 

IRM8 PCA Study of degradation of lipid residues. The 

largest loss of material appeared to occur 

during the first 3 months after deposition. 

However, no significant variation in lipid 

composition was detected over a period of 9 

months. 

Fritz, 2013 

(66) 

OC-LIBS6 None Analysis of explosive residues in fingerprints. Abdelhamid, 

2011 (65) 

MIR7 Imaging 

Raman Mapping 

None Four cyanoacrylate monomers were tested 

with the ability to reveal fragments of latent 

fingerprints by the MIR technique. 

Tahtouh, 

2011 (111) 

FT –IR 

Microspectroscopy 

None Characterization of children's fingerprints. The 

results revealed that there are three major 

classes of compounds present in children's 

latent fingerprints: carboxylic acid salts, 

proteins and esters. 

Williams, 

2011 (73) 

FT- IR None Differentiation of overlapping latent 

fingerprints. 

Bhargava, 

2009 (62) 

FT – IR Imaging PCA, BTEM Differentiation of overlapping latent 

fingerprints. 

Chen, 2009 

(63) 

NIR6 

chemical imaging 

PCA Effect of the use of developer powders on 

spectroscopic analyzes.  

Maynard, 

2009 (74) 

ATR-FTIR None Composition of explosive residues present in 

fingerprints. 

Mou, 2009 

(64) 

Raman None Fingerprints contaminated with medicines. West, 2009 

(60) 

Raman BTEM5 Differentiation of two sets of samples per 

BTEM. 

Widjaja, 2009 

(61) 

FT-IR1 PCA2, 

PLS13, 

RMSEC4 

Determined if there are changes in the 

composition of fingerprints at different ages.  

Hemmila, 

2008 (71) 

ALTERNATIVE METHODS 
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1Sodium-Dodecyl-Sulfate PolyAcrylamide Gel Electrophoresis.  

 
 

 

 

 

 

 

 

 

 

 

 

Method Principal Results Reference 

Infinite Focus Microscopy 
Analysis of forms of deposition of fingerprints 
impregnated with blood. 

Deininger, 
2018 (115) 

Drug Screening Cartridge 
Device specially developed for analysis of fourth 
classes of drugs from the collection of fingerprints. 

Hudson, 
2018 (80) 

Silver−Gold Nanoalloys 

Use of nanoparticles of Ag-Au alloys were used for 
optical spectrometric imaging of latent fingerprints 
with improved image contrast, stability and 
sensitivity. 

Cheng, 
2016 (37) 

Gd2O3:Ho3+/Yb3+ 
upconversion nanoparticles 

Use of upconversion nanoparticles for analysis of 
fingerprints on different surfaces. 

Kumar, 
2016 (113) 

Enzyme immunoassay (cEIA) 

Using cEIA, it has been shown for the first time that 
endogenous cocaine excreted can be detected and 
quantified and can be correlated with oral fluid 
concentration. 

Van Der 
Heide, 2015 
(79) 

Electrochemiluminescence 
(ECL) 

Use of electrochemiluminescence with enzyme 
immunoassay for the highly sensitive detection of 
protein / polypeptide residues in latent finger tags. 

Xu, 2014 
(78) 

Antibody – Magnetic Particles 

Antimorphine and antibiozolecgonine antibodies 
were used for the detection of a heroin metabolite 
(morphine) and a cocaine metabolite 
(benzolecarbonine) and light field microscopy 
allowed the identification of the user. 

Hazarika, 
2010 (114) 

Western blotting 
SDS – PAGE1 

Detection of two proteins: keratin and cathepsin-D 
using silver stanning. 

Drapel, 
2009 (112) 

Antibody– Gold Nanoparticle 
Conjugates 

Anti-cotinine antibody used for cotinine detector in 
fingerprints of smokers 

Hazarika, 
2008 (77) 



  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5. CAPÍTULO II: Main Compounds in Latent Fingerprint Aging Analysis: a 

Pontual and Integrative Review  
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5.1. Manuscrito I 

 

 A seguir encontra-se o manuscrito intitulado Main Compounds in Latent 

Fingerprint Aging Analysis: a Pontual and Integrative Review a ser submetido no 

periódico Science and Justice - Journal of the Forensic Science Society. O trabalho é 

uma revisão de literatura integrativa e propõe uma classificação dos estudos sobre 

degradação de  impressões digitais baseado nos tipos de componentes exógenos e 

endógenos presentes nas amostras.  
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Abstract 
 
Fingermarks are a complex biological matrix with variability factors that change in the 

same donor, depending on the moment of collection; in different donors, according to 

age, sex and routine; and still suffer with the alterations related to the deposition 

surface; the environmental actions and the variable that connects all those mentioned: 

the action of time. In Forensic Sciences, time is a quite important variable to situate 

the events of a crime. This review proposes a classification in the temporal estimation 

research of fingermarks, dividing them into: Temporal Preservation Analysis (TPA) and 

Temporal Aging Analysis (TAA). In TPA studies, the present components in fingermark 

residues undergo few changes over time, tending to stability after a certain period, 

being interesting targets for the exogenous components identification, such as firearm 

residues, illegal substances and contaminants related to particularity of forensic cases. 

TAA studies, it can establish a time estimation related to the fingermarks age. That is, 

the time elapsed from its deposition to the forensic processing according to the 

component classes degradation. Endogenous substances and exogenous substances 

that are demonstrably present in the donor and that undergo changes over time, 

resulting in a decrease in intensity and/or formation of other substances are good 

targets for this type of study. The same analysis can have both proposals and the 

instrumental method available will enable the extraction of information relevant to the 

sample. The purpose of this classification is to establish the importance of any 

components present related to the fingermarks as evidence beyond the ridge pattern.  

Keywords: forensic sciences; aging fingermarks, eccrine fingermarks, groomed 

fingermarks; fingermarks residue. 
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1. Introduction 

 The fingermarks analytical study is extremely complex. The factors that act on 

the sample provide considerable variability and are also directly affected by time. 

Studying the fingermarks aging for later application of a method that estimates the 

fingermarks age requires, above all, understanding the nature of the components that 

make up the samples. 

 The biological sample present in fingermarks is composed of a mixture of 

substances originating from different sources: (1) the epidermis; (2) from dermal 

secretory glands and (3) from extrinsic contaminants. In this context, eccrine glands, 

apocrine glands, sebaceous glands secrete substances that bind to intrinsic epidermal 

components – including metabolites and traces of drugs and drugs – and to extrinsic 

contaminants such as dirt, grease, dermocosmetics and other contaminants.  

 Time is the universal variable acting in fingermark detection studies and 

obviously in fingermark aging studies and will act more on certain components than on 

others. Based on this, a review was carried out proposing a classification of temporality 

studies into two types of components. The first one acts in the alteration of the sample 

but expresses the possibility of detecting the fingermark with ridges that can be 

identified after time passes. That is, components that have relative degradation, but 

that tend to a certain stability after suffering with time effects. And the second, 

components that undergo degradation, passing through reaction intermediates until 

(almost) extinction, preventing their detection due to the passage of time. 

 The objective of the study is not to segregate samples, types of methods or 

research, because in a fingermark sample the two types of components coexist 

together with many others. But to establish the importance that classes of components 

present in the samples can contribute to raise this biological matrix as a source of 

chemical intelligence. 

 

2. Method 

  

 Aged fingermarks and fingermark age estimation were the descriptors chosen 

into a time interval between 2006 to 2022 of two databases (Google Scholar and 

Science Direct). The inclusion criteria were articles that identified components in 

fingermarks aging studies using some analytical method. Exclusion criteria were 

applied to articles outside the researched period and repeated selection. 
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3. Results and Discussion 

  

 Degradation research has a prevalence due to the importance of time in forensic 

cases. After all, the understanding of placing events in time indicates the improvement 

of forensic procedures. In addition, the search for detection of components present in 

fingermarks considers this sample capable of identifying certain elements that may be 

important in crime investigation. 

 Understanding the environment and time variations that act in the of fingermarks 

detection, as well as identifying stable products that act as targets in the detection of 

components are ways to model and plan a degradation research with these samples 

towards a reliable model.  

 Thus, the results were compiled by the class of endogenous (ecrine and 

sebaceous) and exogenous (external contaminants) components to better understand 

the studies that explore the time variable. The classification of the samples was 

performed in two ways: Temporal Aging Analysis (TAA) for components that suffer 

degradation to the point of not being identified by the proposed methods, being targets 

for fingermark aging estimation. And Temporal Preservation Analysis (TPA) for 

components that suffer the action of some other variable that delays their degradation 

or that are less reactive species by nature, being considered good targets to detect a 

fingermark after a time of deposition.  

 

Endogenous compounds    

 Ecrine sweat. Eccrine sweat is important in the fingermark components 

research, as it is the content secreted from the fingers, but it presents a lot of variability 

in detection and tends to lose a large amount of the material present after a short 

period. It is the primarily agents that suffers the effects of degradation and it is 

responsible for the significant losses of material present in the fingermarks in the first 

48 hours. 

 Main representatives are: water, which is not a good parameter to evaluate TAA 

or TPA, as it undergoes almost immediate volatilization after deposition and which lasts 

for an uncertain period within days, according to other variables such as ambient 

temperature, surface and humidity. What can be suggested, evaluating the general 

conditions, is that if water is present, for example H-O broadening in the region of 3000 
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in an infrared spectrum, it can suggest that the fingermarks fresh, freshly deposited. 

Overall, 99% of eccrine sweat is made up of water, but this percentage varies from 20 

to 70% depending on the sample because of the other constituents and even whether 

the sample donor washed their hands. 

 Amino acids, peptides and proteins, in general, can be considered TAA and 

TPA, but the age estimation is not clear in the studies. Some researchers show that 

the variation in the concentration of nitrogenous components is variable in fingermark 

samples, remembering that these components can also be degraded by bacteria. As 

it is large organic molecules, it undergoes transformation over time, but tend to have a 

stability that can be detected in months or years. Ninhydrin, a latent fingermark 

developer, applied mainly to deposited fingermarks on paper, is good at detecting 

fingermarks as the protein components are trapped in the cellulose fibers. Thus, 

cellulose, which is present on the deposition surface, acts as a factor that alters the 

degradation of the sample. One study detected proteins in fingermarks after 236 days 

of deposition, but without explaining the mechanisms behind it. Protein components 

are susceptible to thermolabile variations that can completely degrade their 

constituents. However, there is a study in which tryptophan forms a complex with 

proteins that result in autofluorescent compounds such as indoleacetic acid, making it 

possible to estimate the age of the sample. In a protomic study, Oonk et al. measured 

an estimate of 16 days for dermicin, while some keratins generate fewer stable 

products, not being detected throughout the evaluated period. Other components such 

as lactic acid, which is the target of cyanoacrylate fumigation, undergo photooxidation 

to pyruvate at 50 ºC, which makes it difficult for the cyanoacrylate to adhere, 

suggesting that samples in which adherence does not occur so well have already 

undergone lactic acid degradation. 

 Sebaceous components. Sebaceous components are present in fingermarks 

samples from touch contamination in other regions of the body. These researchers 

play an important role in the fingermarks detection in situations where the sample has 

been wet or when the eccrine components have already degraded. 

 In general, it fits as TAA and TPA. Sebum present in humans is rich in 

unsaturated lipids and undergoes successive modifications in reaction intermediates, 

being attractive for aging studies. It is also largely responsible for the variability of intra 

and inter donor fingermarks samples, due to widespread contamination. Over time, it 

may have viscosity changes, becoming more solid due to progressive oxidation, 



103  

making the use of some dyes and developers difficult. 

 Weyermann et al. (2011) detected more free fatty acids in over one month of 

analysis by GC-MS, with the components undergoing degradation. Pleik et al. had 

similar results, with 14 days of degradation. This can classify free fatty acids into TAA. 

Oleic acid by ozonolysis forms reaction intermediates that can be detected over time, 

also fitting the TAA classification. 

 The ozonolysis reaction appears to be important in the aging process because 

it occurs in many unsaturated triglycerides. From this reaction, mono- and di-ozonide 

intermediates arise and are detected in fingermarks residues. It is evident that, over 

time, the unsaturated lipid fraction undergoes changes due to degradation to become 

increasingly saturated, depleting glycerides and free fatty acids by the ozonolysis 

reaction. These changes occur shortly after the fingermarks is deposited and last for 

unclear periods. Thus, when some components undergo successive oxidations, it can 

be classified as TAA and, when generating a stable final product (waxy and viscous), 

it can be classified as TPA. 

 Squalene and cholesterol need special considerations. Squalene has many 

unsaturations and is considered the most reactive surface lipid on the skin surface. In 

contrast, cholesterol is more stable. However, both undergo similar degradation 

processes by singlet oxygen, ozonolysis and UV light. Squalene degradation is one of 

the most reported in fingermarks aging estimation studies, resulting in volatile 

intermediates that can be detected up to one month of analysis (according to what is 

reported in the literature until now), being classified as TAA. After the oxidation of 

squalene to short-chain degradation products that can be detected 5 to 10 minutes 

after deposition in a chromatographic method (GC-MS) as epoxides and 

hydroperoxides that are already formed soon after the deposition of the fingermarks. 

The oxidation reactions continue to occur in second and third intermediates that form 

ketones and aldehydes (volatile compounds). In a study using the methodology of 

UHPLC-HRAM OrbitrapTM MS showed that the degradation reactions occur in the 

skin, even before the deposition of the fingermarks on surface. Thus, it was possible 

to see that the oxidation reactions occur previously and simultaneously during aging. 

 Cholesterol and its sterol esters are on average present in almost 5% of human 

sebum and there is little research on their degradation. However, its stability reported 

by Weyermann et al. (2011) may give it a relevant component for TPA studies. 

 Wax esters are present in fresh and aged fingermarks, however there is no 
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clarity on the mechanisms that lead to the degradation of these components, it is 

suggested that their degradation occurs more slowly, being a potential TPA. 

 In general, in lipid and glycid components, when it has an unsaturated chain, it 

undergoes ozonolysis and other reactions in order to become stable, that is, saturated. 

Thus, it can be classified as TAA. The lipid and glycid components of the saturated 

chain are almost inert and can be classified as TPA. 

 

Exogenous compounds 

 Degradation research of external contaminating components of fingermarks are 

rarer, being mainly used for detection in the methods for a specific casuistry. These 

components are sometimes overlooked in age studies, but if it is detected at a crime 

scene after considerable time has passed, it can place events in time, aiding 

investigations. 

 In general, these components were classified as TPA, as it helps in the 

preservation and identification of the sample and, even if their degradation products 

are present, it will bind to the base component. 

 Examples of these components are: unaltered illicit drugs and drugs such as 

cocaine, phenacetin, acetaminophen, levamisole, cannabinoids, heroin, 

amphetamines; explosive residues and gunshot residue such as lead, barium, 

antimony, RDX, TNT; dermocosmetics with moisturizing compounds, acids and active 

ingredients of sunscreens; paints and dyes from makeup; lubricants such as the 

nonoxynol line, common in condoms with spermicidal action; fatty acids present in 

foods and chemicals. 

   

4. Conclusions 

 A fingermark components review was proposed based on the classification of 

temporality studies of these samples. Endogenous samples can be useful for 

fingermark aging studies. Although it is impossible to predict a date, it is possible to 

make an estimate according to the monitoring of the degradation intermediates of 

some components. As there is considerable variation in triglyceride concentration in 

human secretions with a high content of unsaturated components, degradation 

processes can be used to estimate the age of a fingermark, such as squalene. 

Exogenous components, on the other hand, have a strong classification potential in 

the preservation of fingermarks over time, which can provide relevant information for 
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investigation intelligence.  
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6. CAPÍTULO III - Fingermark Analysis by Fourier Transform Infrared 
Microscopy (µ-FTIR) Using Chemometric Tools
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6.1. Artigo II 
 

 A seguir encontra-se disposto o artigo intitulado Fingermark Analysis by Fourier 

Transform Infrared Microscopy (µ-FTIR) Using Chemometric Tools, publicado no 

periódico Brazilian Journal of Analytical Chemistry (doi: 10.30744/brjac.2179-

3425.AR-25-2021). Este artigo apresenta o desenvolvimento de um método de 

espectroscopia no infravermelho para o monitoramento temporal de impressões 

digitais no período de uma semana. 
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GRAPHICAL ABSTRACT 

 

ABSTRACT  

The temporal estimation of the fingermarks deposition at crime scenes is a recurring 

issue in forensic identification. To study this challenging topic, a preliminary study was 

proposed to develop a method of fingermark analysis by Fourier Transform Infrared 

Microscopy (µ-FTIR), using chemometric tools for time separation in a six-day aging 

study. The samples were collected and analyzed at hour zero, 3 days (72 hours), 4 

days (96 hours), 5 days (120 hours) and 6 days (144 hours). The samples were 

separated into a calibration set and a test set, using Kennard Stone. Following, a 

comparison between variable selection tools was made of the Ant of Colony (AOC) 

and the Genetic Algorithm (GA) were used with subsequent application of the Linear 

Discriminant Analysis (LDA). The results showed that in the analyzed samples there 

was a predominance of sebaceous material because of the presence of saturated 

esters signals, with two regions of interest in the infrared spectra, the first being 1800 

- 1100 cm-1 and the second region being 3000 - 2800 cm-1. The statistical tools could 

group the fingermarks by donors and by age, emphasizing the separation within the 

tested period. More studies need to be carried out, but this work provide that µ-FTIR 

https://orcid.org/0000-0002-8795-5795
https://orcid.org/0000-0003-2561-2647
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associated with chemometric analysis was able to separate fingermarks samples aged 

for up to a week.  

Keywords: forensic chemistry, latent fingerprints, aging. FTIR, chemometrics.  

 

INTRODUCTION  

 Fingermarks are the most common vestiges in crime scenes, bringing 

information about an individual present who may or may not be responsible for the 

commission of a crime [1]. For criminal investigation, the fingermark identification 

remains the most widely used [2]. One of the great challenges in the fingermark 

analysis is the aging establishment, that is, the period elapsed between the trace 

deposition by the donor and the analysis or development by forensic expertise. 

Questions about this subject have been the object of investigation by the academy and 

expert forces [1 – 7]. Placing events and evidence in time is an essential issue in 

investigations and, among the typical issues of forensic science, time is generally not 

explored. The reason for this can be attributed to the issue complexity [4]. The latent 

fingermarks aging is one of the most challenging problems in criminalistics. In many 

cases, it can be unbelievably valuable information, providing tools that will nourish the 

court's conviction regarding participation or elimination of potential suspects, reducing 

the time spent in the investigative process, minimizing errors during the prosecution 

and allowing the correct application of duties, rights and sanctions [5,6,8]. Therefore, 

the methods development that can estimate latent fingermark aging may represent an 

improvement in forensic procedures [9].  

 Specifically to fingermarks, which are physical evidence formed by biological 

materials, there are three main factors that influence the temporal analysis: (1) 

conditions inherent to the donor of the fingermark; (2) transfer conditions (deposition 

and the substrate or support); (3) environmental conditions in which the evidence is 

exposed. The time lapse determination between the deposition of the fingermark and 

its analysis will be the result of the complex and dynamic interaction of all these 

variables [7].  

 Different analytical methods have been employed to aging and chemical profile 

studies, such as gas chromatography, mass spectrometry and spectroscopy methods 

- Infrared and Raman. [5 - 8]. Among these, spectroscopy methods are mostly non-

destructive, low cost and quick analysis time (seconds) [10] and when it is combined 

with microscopy can provide good results in fingermark studies [9,10]. Spectroscopic 
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methods, especially infrared, have been applied to characterize the composition of 

fingermarks, specifically the lipid components [11]. The Fourier Transform Infrared 

Microscopy (µ-FTIR) method is portrayed in the literature as the most common 

spectroscopic technique for fingermark analysis [12]. The operation of the µ-FTIR in 

atmospheric conditions is a significant attribute for the study of latent fingermarks, 

since compositional or morphological changes can be observed on different surfaces 

both as a function of the time elapsed after deposition and according to the 

environmental conditions [11,12]. 

 The practical implementation in the forensic routine of aging fingermark studies 

is still put to the test. For forensic practices, the time estimation of fingermarks can 

change the course of an investigation. Weynermann et al, (2011), developed as the 

main strategy for the improvement of fingermark aging methods, the selection of a 

chemical target present in the sample that changes over time, but being reproducible 

and measurable [5]. Focusing on the analysis of lipids, one of the principal classes of 

compounds of interest in aging studies, the characterization of di- and triglycerides 

demonstrated rapid degradation over time and are frequently present in this type of 

sample [13,14, 15].  

 Spectroscopic methods are intrinsic to the subsequent use of chemometrics, 

generating results that can increase the correlation between samples [11]. Multivariate 

data analysis (MDA) involves many tools, like variables selection using the ant of 

colony algorithm (AOC) genetic algorithm (GA) and one of the supervised methods of 

pattern recognition, like Linear Discriminant Analysis (LDA), that select the information 

on infrared spectra and describing relationships between samples and variables.

 Therefore, this work developed a preliminary study for aged fingermarks 

analysis using µ-FTIR and chemometric tools for analysis optimization and pattern 

recognition between samples. 

 

MATERIALS AND METHODS 

 

Latent Fingermarks Deposition and Development 

  

 Latent fingermarks were collected from three Caucasian female donors, aged 

30-34 years with a typical diet and without using cosmetics to minimizes the chance of 

anomalous results [16] Donors performed their daily activities, the only condition where 
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they did not wash their hands 45 minutes before collection. In moments before the 

collection, donors were asked to rub their fingers on the forehead and nose [7, 16]. 

The deposition protocol comprised the collection of the fingermark of the right thumb 

on a reflective microscope slide provided by Agilent Technologies, previously cleaned 

with ethanol, exerting a force between 1.0 and 1.5 kg for 15 seconds. Two samples 

were collected, one from the right thumb and other from the right index finger.  

 To simulate real materials that are collected at crime scenes, different 

deposition surfaces was tested like: soda can; glass slide covered with self-adhesive 

film; candy packaging; silver tape; stiletto blade; aluminum foil; Tetra Pak® box.  

 

Kinetic Conditions 

 

 The monitored times in the analysis were: hour zero, 3 days (72 hours), 4 days 

(96 hours), 5 days (120 hours) and 6 days (144 hours). It is described in the literature 

that the most significant chemical changes in fingermarks occur in the first week after 

deposition. The choice of short intervals was made to observe these changes [12, 16]. 

The samples were kept at room temperature with daily monitoring and exposed to light. 

All analyzes were performed in the morning, five spectra were collected per donor and 

three spectra were selected, considering the best quality of the collection, with less 

external interferences and noise. Zero-time analyzes were performed up to one hour 

after the first collection. The analysis region was observed in the microscope 

connected to the equipment, choosing five random points on the fingermark ridges as 

shown at figure 1.  
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Figure 1. Visualization of fingerprint ridge details with naked eye and with microscopy 

(1:500 µm). 

 

Equipment and Method Conditions  

 

 The analyzes were performed on the Cary 630 FTIR Spectrometer (Agilent 

Technologies - Santa Clara, CA - USA) with Survey IRTM Infrared Microspectroscopy 

Accessory (Czitek-Danbury, CT - USA). 320 scans were collected per sample at a 

resolution of 16 cm-1 with a spectral range of 4000 - 650 cm-1. The aperture of the 

accessory lens was 200 µm and infrared mode in reflection and Y-Axis unit in 

absorbance. All samples were visualized, the analysis points were photographed, and 

the infrared spectra were collected using MicroLab FTIR Software (Agilent 

Technologies - Santa Clara, CA - USA). Background collection was carried out at each 

analysis to minimize external influences and level the conditions of each sample. 

 

Chemometric Tools  

 

 The Matlab Version 7.10.0.499 software (R2010a - MathWorks Inc. Natick, MT, 

USA) [17] was used with the Kennard-Stone algorithm [18]; the routines of:  PCA 

Toolbox 1.5 (Milano Chemometrics and QSAR research Group) [19]; Ant of Colony 

(AOC); Genetic Algorithm (GA) and Linear Discriminant Analysis (LDA) Variable 

Selection Toolbox [20].  

 The Kennard-Stone algorithm selects samples with a uniform distribution, 

starting with a selection of two samples with large Euclidean distance in a sample 

space. For each of the remaining samples, the lower distance is calculated with respect 

to the samples already selected. Then, the sample with the smaller distance is 

retained, and the procedure is repeated until a certain number of samples is selected 

[18].  

 It was used a supervised method to perform the samples classification. Due to 

the large number of spectral variables, it was necessary to apply a variable selection 

tool. Among the available resources in the software, the GA was chosen for being a 

classic tool while the AOC is an emerging tool, both consolidated in chemometrics 

studies [21]. 

 The GA is an adaptation of the evolutionary systems of natural selection 
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developed by Darwin applied as a resource in mathematical and computational tools. 

The principle of GA is to create a primordial set with several possible solutions to the 

problem. This set is called the initial population and each solution belonging to this 

population is called an individual. In this case, the genetic material is a chromosome, 

and this is an individual itself. This codification of individuals aims to enable the 

application of genetic operators and the concept of natural selection on existing 

solutions, thus being able to combine their genetic materials, searching for more and 

more adapted individuals over several generations, that is, solutions with a lower 

degree of error for the problem addressed [21]. The AOC is an algorithm inspired by 

the cooperative behavior of real ant of colonies, which search for the best path (shorter 

distances and fewer obstacles) between the colony and a food source, coordinated by 

pheromones. This tool has been successfully employed as a powerful resource for 

selecting variables from chemical data in multivariate calibration, with linear 

discriminant analysis (LDA) [21]. 

  The LDA is a linear combination of original characteristics of the sample set 

which is characterized by producing the maximum separation between two 

populations. And its main objectives are to verify if the groups are correctly 

discriminated, to classify unknown observations and to verify which are the most 

important variables for the discrimination of these groups [19, 21]. This tool takes a 

different approach in that it considers the existence of classes for the data; projecting 

the probability distribution of the data on the axes, and therefore not only maintains but 

highlights a linear separation of the data if it exists [19, 21].  

  

RESULTS AND DISCUSSION 

 

Spectroscopy Findings 

 

 First, it was select the spectra region of analysis choosing the region between 

1749 and 649 cm-1 totalizing 150 variables. This region was selected because it 

contains characteristic information about the sample, called fingerprint region, and 

other relevant signals for this study. The region selection is also necessary for limiting 

variables during the process of understanding the results, focusing on the recognition 

of patterns in the sample [22] The spectra were normalized between 0 and 1 (figure 2). 

 The normalization pre-processing step was used to transform the original data 
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into an appropriate model for dataset processing, performed by scaling values in the 

indicated range [23,24]. 

 It should be noted some limitations of the analytical tool, only fingermarks 

deposited on the company's microscopy slide showed spectra with adequate 

resolution for identifying bands. There was also a limitation regarding the image 

resolution, not being possible to observe the entire fingermark in a widefield 

microscopy. Therefore, it was not possible to view a complete fingermark image or 

make an  automatic point selection for spectral analysis.  

 

Figure 2. Normalized spectra with the selected fingerprint region. 

 

 Studies show that the infrared bands of fingermarks are similar between donors 

[5 – 7, 25 – 28] as can be seen in figure 3, corresponding to the overlay spectra of the 

three donors and their microscopic images.  
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Figure 3. Comparison of spectra of the three donors with visualization of the 

microscopic region with an increase of 200 µm of selected analysis. 

 

 The signals correspond mainly to the major functional groups that form wax 

esters and fatty acids. Figure 4 summarizes the main signs observed in the standard 

spectrum. In the samples collected from the three donors, it was not possible to 

evidence eccrine secretions, as there are no signs that indicate vibrations of secondary 

amides, coming from proteins. According to Girod et al (2015), eccrine secretions are 

represented by N-H stretches in the regions of 3200 and 1500 cm-1 [16], which is not 

reported in our study. In fact, it is more common to find patterns of spectra 

corresponding only to sebaceous secretions [12, 16], as evidenced in our samples. In 

all samples collected, it was possible to see a pattern in the spectrum in which there 

are two more informative absorbance regions, with characteristic vibrations indicative 

of the presence of lipids because they have signs of saturated esters. The first region 

being 1800 - 1100 cm-1 and the second region being 3000 - 2800 cm-1.  
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Figure 4. Fresh fingermark sample spectrum containing sebaceous material with main 

vibrational bands identified in table. Adapted from Girod et al, 2015 and Johnston et 

al, 2018. 

  

 The tests carried out on the materials to simulate different surfaces was 

inconclusive. All materials allowed the equipment to focus on the sample, making a 

clear image and allowing the colection of the background stage prior to each analysis. 

However, the materials had different roughness, making it difficult to locate the region 

of interest for analysis; thus, the infrared spectrum was full of noise, with baseline 

elevation and overlapping signals. Therefore, only the reflective slide provided by the 

equipment company resulted in a possible image to identify the fingermarks and the 

region of interest for analysis. Despite differences in the amount of material deposited 

by the 3 donors, it is possible to see characteristic signs pattern among the donor’s 

samples. 
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Chemometric Findings 

 

 The Kennard-Stone algorithm was applied to divide the samples into the training 

and test sets in order to assess whether variable selection models would be applicable 

to the samples. Then, each variable selection model was tested five times in which the 

test set was tested against the model. Figures 5 show the regions of the spectrum 

selected by AOC and GA algorithms for donor and sample separation, respectively. It 

was acchieve better separation of the sample set in relation to the test set. Some 

regions chosen in the two models are similar, however, it was observed that the region 

with less intense signals is not chosen by the AOC model, which may suggest a 

performance slightly lower than the GA. The results were organized below according 

to the sample separation between time and donors.  

 

 

DONORS 

 

AOC 
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GA 

TIME 

 

AOC 
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GA 

 

Figure 5. Regions of interest responsible for sample separation scores. 

 

Donor Separarion Results 

   

 Comparing the results of AOC and GA with subsequent application of the LDA 

(figure 6) it is possible to observe a clear sampling separation of both the training set 

and the test set for the three different donors. Thus, with these tools, it was possible to 

see that even with a small amount of samples the differentiation of classes (donors 

and time) could be performed. With regard specifically to fingermark samples, it is 

considered impossible to conduct an aging model that works for all types of fingerprints 

because of the great variability between different donors and the same donor 

[5,6,11,16]. Thus, Girod et al (2015) suggested the construction of a new model in 

order to study from the initial composition to the aging of the sample from a single 

donor [16]. Based on this idea, we use only three female donors, because female 

samples tend to have greater intra and inter donor variation (make up and cosmetics 

uses and hormonal differences). It can be seen in figure 6 that the test set (stars) 

samples are slightly apart compared to the test set in figure 6 b. In both results only a 

sample of the test group is shifted in the graphs, this shows that in terms of responses 

the methods are equivalent. In addition, GA is a slightly better model, but there is no 

greater representativeness than the point of discarding the AOC model. 



127  

 

 

 

GA 

 

AO

C 

Figure 6. Results of sample separation by GA and AOC models. 

 

Time Separation Results 

 

 One of the forms to see fingermarks aging is to follow the time evolution of the 
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sample. According to the number of samples available, only four of the six times 

analyzed were used to create the test set and training set. The result was similar for 

both GA and AOC, in which, even with a small number of samples, it was possible to 

observe a trend of separation, as shown in figure 7. Thus the application of this model 

can provide consistent results if applied to a larger number of samples. 

 

GA 

 

AOC 

 

Figure 7. Samples separation in four days. 
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 The spectra of aged fingermarks originally containing mainly lipid compounds 

(i.e., sebaceous secretions) showed a decrease in the intensity of all vibrational bands. 

According to Girod et al. (2015) study, fingermarks could be grouped by age, but the 

aging profile was significantly influenced by storage conditions and also by substrate 

when specimens were stored in the dark [16].  

 Table 1 shows the performance of the models for the separation between 

donors and the analysis times. The classes are the sample categories, being three 

donors and four times evaluated, excluding the test set. Precision expresses the 

agreement degree between the results of a series of measurements carried out for the 

same homogeneous sample under determined conditions [29 -31] and it was 

calculated according the eqn (1), for each class. The sensitivity, samples belonging to 

the class and classified correctly in this class, were considered for the evaluation of 

the classification achieved with the multivariate methods and was calculated to eqn 

(2). The specificity, samples not belonging to the modeled class and correctly classified 

as not belonging, was calculated according to eqn (3):  

𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 =
𝑇𝑃

𝑇𝑃+𝐹𝑃
𝑥100 (1) 

𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 =  
𝑇𝑃

𝑇𝑃+𝐹𝑁
 𝑥 100  (2) 

𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐𝑖𝑡𝑦 =
𝑇𝑁

𝑇𝑁+𝐹𝑃
 𝑥 100  (3) 

where TP is the number of true positives; TN is true negatives; FP is false positives 

and FN is false negatives [29 - 31].  It is possible to observe the performance of the 

models proved to be superior for sample separation by donor, due to greater accuracy 

and less errors. However, although there is no clear division as to the analysis times, 

it is possible to see a homogeneity of the classes in the samples for time analysis. 
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Table I. Performance of selected models for separating samples into donors and time. 

 

Samples Donors Time 

Variable Selection 

 
GA AOC GA AOC 

Accuracy rate (%) 

 
93.98 91.67 65.97 77.43 

Misclassification rate (%) 

 
6.01 6.02 34.02 22.56 

Total errors 

 
1 1 6 4 

Class 

 
1 2 3 1 2 3 1 2 3 4 1 2 3 4 

Precision 

 
1 0.75 1 1 0.75 1 0.5 0.5 0.33 0.5 0.5 0.66 1 0.5 

Sensitivity 

 
1 1 0.75 1 1 0.5 0.33 0.33 0.33 1 0.33 0.66 0.66 1 

Specificity 

 
1 0.88 1 1 0.88 1 0.87 0.87 0.75 0.77 0.87 0.87 1 0.77 

   

 The fingermarks samples have great variability between donors [4 -7], so, it was 

decided to carry out the pilot study with a small number of donors in order to establish 

a method that could be reproduced in the forensic routine. Thus, a preliminary aging 

model was built with 3 donors of the same sex to verify whether samples would be 

separated without directly considering gender as a variant. The use of the µ-FTIR 

method provided comparable spectra in a short period of analysis. The chemometric 

tools allowed to see that in a single infrared spectrum collected in the described 

parameters it contains thousands of variables that, although correlated, much 

information does not necessarily explain a significant variance related to differentiation 

by time, environmental exposure or effects of the sample itself. Therefore, the selection 

of variables performed by chemometrics was important [30].  

 The use of AOC and GA reduced the data set, selecting the relevant variables 

and the LDA allowed the separation of samples by time. Even for a period of six days, 

it was possible to observe that the most important transformations occurred in the 

samples from time zero to 72h, 120h and 144h, as observed in Figure 8. This opens 

the possibility of sparing the analyzes for the next studies. 
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Figure 8. Overlaid samples of donor 2 in aging parameters. The inversion of bands 

shown in the middle of the spectrum, between 2300 - 200 cm -1, corresponds to CO2. 

These changes can occur in the spectrum because the sample is not subjected to 

vacuum during an analysis, thus, the spectrum can undergo changes according to the 

instability of the environment. 

 

 The limiting steps of the study are: (i) it was not possible adapted the method 

for other surfaces of sample collection; (ii) need to increase the number of the samples 

and expand to both genders to be more representative; (iii) need to adapted to be used 

in real cases.  

 In general, it was possible to observe a pattern in the fingerprint spectra 

analyzed by µ-FTIR corresponding to sebaceous components of the samples. For a 

period of six days it was possible to see an decreasing intensity of the compounds as 

the days passed, suggesting a characteristic degradation capable of being observed 

in studies related to fingermark aging analysis.  

 

CONCLUSIONS 

 

 A preliminary fingermark study was carried out with three donors in order to 

establish a sample aging profile to suggest a temporal estimate of the forensic 

evidence. The µ-FTIR method enabled a fast and non-destructive analysis, but with 

some but with some limitations concerning about the surface were fingermark can be 

analyzed. It was possible to verify the presence of sebaceous components that had 

degradation by decreasing the signal in the infrared spectrum in the period of six days 
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and also evidenced by the use of the GA and LDA chemometric tools. In addition, it 

was possible to separate donors, even with a small number of samples and a short 

study interval. The µ-FTIR method linked to the use of chemometrics is promising for 

the reality of the forensic expertise in Brazil and is already consolidated in other 

countries, but it needs more concrete studies to be placed in the forensic routine as an 

additional resource in the forensic identification protocols.  
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7. CAPÍTULO IV - Latent Fingermarks Preservation Analysis by Imaging Mass 
Spectrometry (MALDI – FT – ICR IMS) 
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7.1. Manuscrito II 
 

 A seguir, encontra-se o manuscrito intitulado Latent Fingermarks Preservation 

Analysis by Imaging Mass Spectrometry (MALDI – FT – ICR IMS), submetido no 

periódico Microchemical Journal). Este trabalho refere-se ao desenvolvimento de 

método para análise de degradação de impressões por MALDI IMS, com 

monitoramento  dos três íons mais abundantes e intensos presentes nas amostras 

que possibilitaram a formação de imagens químicas de impressões digitais após 

cinquenta dias de deposição.  
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GRAPHICAL ABSTRACT 

 

 

ABSTRACT   

Matrix Assisted Laser Desorption/Ionization Imaging Mass Spectrometry (MALDI IMS) 

technique has been reported in the literature for fingermark analysis and forensic 

purposes since 2009. In the last decade, one of the greatest challenges in this field 

involves the aging of fingermarks, which has an essential role in criminal investigation. 

Thus, this study presents an approach of preservation fingermarks analysis, obtained 

from different donors (male and female), and analyzed at eight different times. The 

efficiency of three MALDI matrices (α-cyano-4-hydroxycinnamic acid (CHCA), 2-

mercaptobenzothiazole (MBT) and 2,5-dihydroxybenzoic acid (DHB)) in the ionization 

process of monitored analytes was initially evaluated ( m/z 368.4, 522.6 and 550.6), 

as well as the spatial resolution (80 × 80 µm and 100 × 100 µm). The CHCA matrix 

and the resolution of 100 × 100 µm were chosen for the image analysis. 

Photochemical aging (from zero hours to five days) of fingermarks, performed by 

mailto:nina.gonzalez@gmail.com
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applying constant light for five days to three different samples from the same donor, 

resulted in loss of chemical material and deformation of the image obtained by MALDI 

FT-ICR IMS analysis. On the other hand, in natural aging (from zero hours to fifty 

days), the most expressive result showed that it is possible to visualize fingermarks of 

up to fifty days elapsed, which shows that the monitoring of exogenous components 

of fingermarks has application in forensic science because it can identify an individual 

even with a considerable passage of time.  

KEYWORDS: forensic science, fingerprints, aged prints, spectrometry, chemical 

imaging 

1. INTRODUCTION 

For over a century, fingermarks have helped civil and criminal identification, equaling 

or surpassing other case studies in forensic science, with about ten times more cases 

solved compared to DNA tests[1]. The traditional comparison of fingermarks 

recovered in crime scenes with a standard is a cornerstone of forensic investigation 

for individual identification[2]. One of the biggest challenges about this type of physical 

evidence is to determinate the age of a fingermark residue deposition in a criminal 

context.  

The concept of aging for forensic evidence can be defined as the relative or absolute 

attribution of its age, consisting mainly of determining the time interval that separates 

the elements analyzed to the current date or determining the relative order of elements 

in the past, called chronology of events[3]. Fingermark aging studies are particularly 

challenging, due to the sample complexity of its chemical and biological constitution, 

and the conditions for its deposition.  

Fingermarks are formed by (1) endogenous compounds, inherent to the print itself, 

such as water, amino acids, fats, cholesterol, and metabolites and of (2) exogenous 

compounds, which are often the majority and supplant endogenous materials when 

detected in analyses, such as cosmetic contaminants, food, drugs, explosives, 

gunshot residues[4-10]. Other factors like variation concerning the same donor, 

between different donors, and to the environmental conditions to which the sample 

was exposed add even more complexity to the aging study of these samples[11]. 

Due to the complexity of the biological matrix, fingermark aging can occur in different 
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types of components, whether endogenous or exogenous. There are components 

present in fingermarks that degrade quickly even before the fingermark is deposited 

on the surface (such as water), while others are degraded in reaction intermediates 

and can undergo two paths: the first, they almost become extinct (for example, the 

squalene), making detection a challenge after a while and the second, degrading until 

stabilization in a certain component (such as cholesterol)[12]. In this context, several 

instrumental techniques have been used to establish methods for fingermark analysis. 

In a systematic review published in 2020, González et al. pointed out three main 

classes of methods fingermark analysis: mass spectrometry, spectroscopy, and 

chromatography. Among them, mass spectrometry is the most explored, 

corresponding to 48% of the selected studies, and the matrix-assisted laser 

desorption/ionization (MALDI) method is the most used for fingerprint analysis[13]. 

MALDI MS was first reported in 1985. In this technique the analyte is co-crystallized 

with a chemical matrix, which absorbs the laser energy and releases the analytes into 

the gas-phase in a process leading to ionization[14]. The use of chemical imaging 

from the MALDI MS method has been reported since the 1990s in the biomedical and 

the pharmaceutical field, and only in 2009 it was possible to generate molecular 

images from fingerprint samples[15]. Lauzon et al. investigated the differences in 

performance of MALDI and laser desorption ionization (LDI) techniques for fingermark 

analysis and, despite differences regarding matrix deposition, the two methods have 

proven to be useful technologies to apply in Forensic Sciences[15].  Specifically, in 

MALDI source, sample preparation is simple, involving a matrix application in a 

solution that, after drying, crystallizes on the sample, improving the method sensitivity. 

This matrix absorbs light according to the laser wavelength, allowing the analyte to be 

desorbed and ionized without excessive fragmentation[16,17]. The combination of 

MALDI with imaging mass spectrometry (MALDI IMS) is considered effective in 

determining the special distribution of molecules in a sample. In MALDI MS, there is 

a correlation of mass to charge ratio (m/z) values (x-axis) with signal strength (y-axis), 

but, in IMS, chemical images are generated in color scale for a specific ion. In other 

words, each pixel in the image is associated with the original mass spectrum, acquired 

in a certain position[5,19].  
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The use of analytical methods in the fingermark analysis routine is recent. Only in 

2014 the MALDI IMS method was included in the Fingermark Visualization Manual 

(FVM) edited by Home Office UK which has three categories of methods for fingerprint 

processing: A - for consolidated methods, B - for established methods and C - for 

promising methods. MALDI IMS underwent a transition from category C to B, proving 

that research in the area could be directed towards real cases[18]. In this work, MALDI 

FT-ICR IMS technique was applied to develop and optimize the identification and 

distribution of different compounds in fingermarks, evaluating the efficiency of three 

MALDI matrices (α-cyano-4-hydroxycinnamic acid (CHCA), 2,5-dihydroxybenzoic 

acid (DHB), 2-mercaptobenzothiazole (MBT) in the ionization process; image 

resolution (80μm × 80μm and 100μm × 100μm); the influence of exposure to light (50 

w lamp); and under natural conditions over time (50 days).  

 

2. EXPERIMENTAL SECTION 

All experiments carried out in this research were conducted in accordance with the 

guidelines of the National Research Ethics Committee and the guidelines of the 

Research Ethics Committee of the Federal University of Rio Grande do Sul (Brazil). 

The research was approved, and the experiments were conducted using researchers' 

fingermarks, therefore, informed consent was not required. 

 

2.1.Samples Collection and Reagents 

For 50 days imaging aging study, the fingermark collection was performed with two 

donors, one female and one male. Donors did not use cosmetic products on their 

hands or face. The donors' hands were washed with water and soap, and after an 

interval of 30 minutes, the fingermark collection process was done. During the interval 

between hand washing and collections, donors developed office activities. At the time 

of collection, the donors passed the thumb of the dominant hand in the T zone face 

for 5 seconds and placed the finger with constant force (without checking the 

pressure) for 10 seconds on a Whatman 303® (Cytiva ™ Germany) filter paper. All 

the collections were performed on the same day, repeating the procedure 8 times for 

each donor, totaling 16 samples (referring to time analyses: 0 hour, 24h, 2 days, 7 
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days, 15 days, 21 days, 30 days and 50 days) with intervals of 30 minutes between 

each collection.  

For the collection of forced aging study with constant light exposition, only samples 

from the female donor were used, repeating the collection procedure as previously 

described for the collection of three samples (0 hour, 2 days and 5 days). The samples 

were subjected to constant lighting (24 hours per day) for 5 days with a 50 W lamp. 

 

2.2. Matrix and sample preparation 

The tested MALDI matrices were CHCA, DHB, and MBT. All of them were purchased 

from Sigma-Aldrich Chemicals, USA. Methanol and acetone were purchased from 

Vetec (Química Fina, Ltd., Brazil) and had an analytical purity of more than 99.5%. 

The matrices CHCA and DHB were solubilized in methanol, and MBT was solubilized 

in acetone. The solutions were prepared at the concentration of 2 mg mL-1. The All 

tested MALDI matrices  were added with using an ESI nebulizer capillary, with 

continuous flow, and a controlled time of 50 µL min-1 and 60 seconds, 

respectively[10,11]. The deposition of each matrix was carried out in triplicate for each 

sample, with a drying interval of 1 min between the steps. Each matrix was evaluated 

separately. 

 

2.3. MALDI MS and IMS Analysis 

The mass spectrometer, model 9.4 T Solarix, Bruker Daltonics, Bremen, Germany, 

equipped with a Smartbeam II® laser (355 nm), and with an LDI/MALDI source was 

used for the FT-ICR MS analysis. All FT-ICR mass spectra were externally calibrated 

using an arginine solution (0.05 mg mL−1), purchased by Sigma-Aldrich Chemicals, St. 

Louis, MO.  

The MALDI MS spectra were acquired in positive ionization mode by accumulating 16 

scans in 4 M, and a spectral range between m/z 150 to 1000, with resolving power, 

m/Δm50% ≅ 300 000 to 400 000, in which Δm50% is the full peak width at half-

maximum peak height, of m/z 401, and a mass accuracy of <5 ppm. The main 

experimental parameters used were: laser frequency, 200 Hz; plate offset, −100.0 V; 

deflector plate, −210.0 V; laser shots, 100; laser focus, “small”; and the random walk 
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was enabled with a spot diameter of 100 µm. The laser intensity was modified 

according to the threshold energy necessary for the ionization of each sample (15–

90%).  

For the MALDI IMS analyses, the mass spectra were accumulated by 100 laser shots 

per pixel, in 512 k time-domain, and the laser mode was automated with 100μm × 

100μm spatial resolution. The interference of the spatial resolutions (80 μm × 80 μm 

and 100 μm × 100μm) for image formation was studied. All IMS and MS data were 

processed by the FlexImaging 4.0 and DataAnalysis 4.0 software, respectively. 

 

3. RESULTS AND DISCUSSION   

The first step to develop the proposed method of this study was to find optimum 

matrices for the experimental purpose. The choice of matrices depends on the nature 

of the sample studied. As fingermarks are composed of miscellaneous compounds, 

three different types of MALDI matrix were tested. The organic matrices, CHCA, and 

DHB have been used as conventional matrices to date, particularly for analysis of 

peptides, and carbohydrates, respectively. CHCA is often used for endogenous and 

exogenous fingerprint analysis via MALDI-IMS and DHB has shown promise with 

triacylglycerols. MBT, whose thiol-group is only slightly acidic, was also tested, with 

aim to detect the lipidic content of the samples[21,22].  

The three matrices were applied to the fingermarks samples, and the ionization 

efficiency was evaluated monitoring the chemical imaging by the formation of ions 

corresponding to quaternary ammonium cations such dimethyldioctadecylammonium, 

m/z 550.6 ([C38H80N]+) in red; N-hexadecyl-N,N-dimethyl-1-octadecanaminium, m/z 

522.5 ([C36H76N]+) in green;  and trioctylmethylammonium cation, m/z 368.4 

([C25H54N]+), in yellow.  These compounds are recurrent contaminants, and their 

detection is often detected by mass spectrometry techniques. The most probable 

source of these ions in fingermarks are personal care products; it is a common and 

recurrent contaminant in this type of sample for analysis in positive-ion ionization 

mode, e.g., MALDI IMS2,3,5. CHCA matrix allowed the visualization of friction ridges 

in the chemical imaging due to a higher ionization efficiency of monitoring compounds, 

and better crystallization in the matrix deposition[21,22] (figure 1). 
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In addition, a similar result of efficiency of the CHCA matrix was observed in the 

MALDI-MS spectra when compared to the other two matrices, DHB and MBT, figure 

1Sa-c of the supplementary material, where it is possible to observe greater sensitivity 

of the response in monitoring the m/z 550.6285, using CHCA, total ion current (TIC) 

TICCHCA:[m/z 550.6285] = 6.2x107 compared to values using TICDHB:[m/z 

550.6285] = 2.6x107 and TICMBT:[m/z 550.6285] = 1.0x107, confirming the highest 

efficiency observed in chemical images, figure 1. 

 

Figure 1. Imaging formed from the monitoring of m/z 550.6, 522.5, 368.4, obtained 

from the MALDI FT-ICR IMS analysis of the dominant thumb of a male donor using 

three different matrices: a) MBT, b) DHB and c) CHCA.L. The spotted structures 

observed in the red and green image is just a collection artifact from the fibers of the 

filter paper.  

 

For each analysis, a new fingermark collection was performed. The fingermark was 

deposited on the filter paper, which is a rough surface, and the matrix was deposited 

on the fingermark. In the chemical imaging construction, it looks like that the structures 

are related to the sample, but in fact they are below the sample and do not appear in 

other images because it depends on the portion of the paper to which the fingermark 

was deposited.  

The identification of the compounds can be accessed by a match with a reference 

database in a probabilistic approach. Thus, the specificity of mass spectrometry is 
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preferred, as compounds are identified by their m/z values. So, the images formed in 

chemical imaging generate more confidence in the provision of evidence from a 

fingermark[25].  

To perform the chemical imaging, a region of interest is selected in which substances 

may be present. For the selection of the region of interest, it must be taken into 

account: (i) the size, amount pixels capable of revealing an image based on the 

selected ions; (ii) selection of ions, ions with a percentage of relative intensity capable 

of excelling in the image formation and (iii) the image acquisition time, this process 

takes considerable time, so it is necessary to choose a resolution that will allow 

viewing the fingermark ridges and that does not compromise time optimization of the 

technique[26].  

Thus, after evaluating the performance of the matrix in the process of desorption and 

ionization of the signals present in the fingermarks, the adequate spatial resolution for 

the identification and formation of an image of the crest pattern of the fingerprint was 

studied monitoring again the ions of m/z 550.6, 522.5 and 368.4 (see supplementary 

material). The two resolutions studied (80 × 80 µm and 100 × 100 µm), figure 2a-b, 

proved to be adequate for image formation. However, the resolution of 100 × 100 µm, 

figure 2b, allows analysis in approximately 15 h, that is, 7 hours faster, when compared 

to the resolution of 80 × 80 µm, which requires an analysis time of approximately 22 

h. Therefore, to obtain a faster analysis and without the loss of spatial information, the 

resolution of 100 µm is the most adequate, and approximate resolutions have already 

been used in the studies by Ferguson et. al (2011)[27] and Bradshaw et. al (2011)[28] 

in the identification of physical and chemical information in fingerprint marks. 

Furthermore, it is worth mentioning that for performing IMS analysis, the resolution of 

the mass analyzer is also changed from 4 M to 512 k in the time-domain (see 2.3. 

MALDI MS and IMS Analysis in section 2). However, mass accuracy (< 5ppm) is 

preserved in MALDI MS analyzes (4M). 
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Figure 2. MALDI imaging of fingermarks monitoring verified of m/z 550.6 (red), 522.5 

(green) and 368.4 (yellow): a) spatial resolution of 80 × 80 µm; b) spatial resolution of 

100 × 100 µm. 

 

One of the premises of forensic science is that every contact leaves a trace, and our 

hands are the direct accessory for manipulating what is around us. Therefore, there 

is a significant amount of fingerprint imaging studies focused on exogenous 

compounds that serve as a guide to personal habits or simply to link a fact to a material 

source in a suspect or victim of crime[28].  

Also, the variable nature of samples is present in their initial constitution, as well as in 

the constitution over time. Thus, the presence of numerous variables act in a complex 

way in the sample and can be divided into the topics that follow: (1) characteristics of 

substrate porosity, surface texture, and deposition curvature of the fingerprint are 

relevant; (2) the environmental conditions which the sample will be subjected, such as 

temperature, light/dark period and humidity, can contribute to the kinetic changes in 

the sample's constituents; (3) application of development techniques prior to chemical 

analysis can modify the method parameters, changing the results and the aged itself, 

which acts in a directly proportional way on the fingermark, the longer time deposition 

results in major components degradation[28,29].  

Therefore, to verify the feasibility of studying fingermarks over time and their aging 

process, samples collected from the dominant thumb of a female donor were exposed 
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to light (yellow lamp (50 W)) and evaluated at times 0h, 48h, and 5d to verify possible 

changes in the image, figure 3. This preliminary evaluation showed a loss of chemical 

material and deformation of the image obtained by the analysis by MALDI FT-ICR 

IMS, where the intensity of the most abundant exogenous compound, m/z 550.6, and 

its chemical image, were altered after the analysis of time 0h. This phenomenon 

occurs due to the aging process, potentiated by light, which involves the drying of the 

components, followed by the degradation of the residues, which visually results in a 

narrowing of the fingermark ridges in the image, with the migration of components of 

different molecular weights to the region of the fingermark valleys and loss of 

continuity of the ridges[8,24]. 

 

Figure 3. MALDI FT-ICR IMS imaging obtained from monitoring m/z 550.6, detected 

from female donor dominant thumb fingermarks, exposed to yellow lamp light (50 w)) 

at times 0h, 48h, and 5d. The continuous use of the lamp led to the migration of 

compounds and the disappearance of the fingermark ridges, accelerating their 

degradation process. 

 

According to the literature, the organic components and inorganic salts will last longer 

in the sample, but depending on the exposure temperature, over time, the organic 

components that degrade first are free fatty acids, followed by cholesterol and then 

squalene[29]. Saturated lipids appear to be relatively unaffected by degradation 

processes and appear to persist for longer periods than currently exploited[29]. If the 

contaminants present in the samples are of grease origin, after the drying period, the 

components will experience a progressive degradation[29]. It is important to point out 

that the lack of aging models that include the variables that act in the sample so far 

limits the use of reported results in the work of forensic cases. 

In this context, to investigate the natural degradation, profile of fingermarks 16 
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samples. from two donors, 8 female and 8 male, under normal conditions (temperature 

and exposure to natural light) at 8 different times (0h, 1d, 2d, 7d, 15d, 21d, 30d and 

50d) were analyzed by MALDI FT-ICR MS and IMS. 

The mass spectra obtained from the analysis of male fingermarks by MALDI FT-ICR 

MS (see supplementary material) showed m/z 368.4251, mass error less than 5 ppm, 

as the predominant signal, which remained at maximum intensity (100%) from zero to 

15 days (time 1 to time 5), with considerable intensity decrease recorded at 21 days 

(time 6), figure 4. Although, this component could be an appropriate marker for 

fingermark preservation over time, it is not a recommended marker to analyze the 

temporal evolution of sample degradation.  On the other hand, in the mass spectra of 

the analysis of the female samples, the signal m/z 368.4251 presented the lowest 

variable intensity, ranging from 18 to about 34% over the 50 days (time 1 to time 8), 

figure 5. 

 

Figure 4. (a-h) MALDI(+) mass spectra obtained of male fingermark samples. With the 

emphasis on the high-intensity component m/z 368.42512, mass error less than 5 

ppm, prevalent until 15 days of analysis.  
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Figure 5. (a-h) MALDI(+) mass spectra obtained of female fingermark samples. It is 

possible to visualize the predominant intensity of the components of m/z 522.5972 

and m/z 550.628, both with mass errors less than 5 ppm.  

 

Regarding the signals of m/z 522.5972 and 550.6285, both with mass errors less than 

5 ppm, the highest intensities that remain over time are observed in female samples. 

In the signal of m/z 522.5972, a variation of 30% was observed between the first 

analysis at time zero and the final analysis of 50 days (time 1 to time 8). As for the 

signal of m/z 550.6285, the variation in this same time interval is less than 20%.  

During sample collection, donors were asked to pass their thumb over the forehead, 

which enriches the sample with several components, such as fatty acids (FA), lipids, 

among others. Among the most abundant FA in fingermarks are: palmitic (C16:0), 

oleic (C18:1), myristic acid (C14:0), and stearic (C18:0) acids[31]. About lipids, they 

cooperate to determine the fingerprint age in fingerprint degradation studies, as they 

undergo oxidation (enzymatic or non-enzymatic). Furthermore, given that fingerprint 

residues age under ambient conditions, oxidation due to ozone (ozonolysis) should 

be considered[32]. On the other hand, although the possible factors that influence the 

chemical composition of the sample (fingerprint) are known, and due to the central 

objective of obtaining the fingerprint image even after a considerable number of days, 

in this work the m/z signals of the components that showed prevalence of detection in 

the spectra were highlighted throughout the analyses. 
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The spectra analysis of all tested times showed that many components are present in 

both donors, but their abundances change considerably. It is currently unclear whether 

target compounds for fingermark age studies comprise the initial composition that may 

persist over time in aged latent fingermarks, or whether some degradation products 

can act as targets for detection and dating methods. Thus, despite the various factors 

that could change the profile of chemical substances presents in a fingermark 

secretion, in this work it was possible to monitor the same compounds in the mass 

spectra obtained by MALDI FT-ICR IMS of fingerprint samples at different times (time 

1 to time 8) and genres (female and male). Particularly in figure 6, the chemical images 

formed when monitoring the spatial distribution of m/z 550.6 for the female fingermark 

samples (Fig. 6a), and at m/z 368.4 for the male samples (Fig. 6b), at times 0h, 15d, 

and 50d, the resulting images from the MALDI FT-ICR IMS analysis evidence the crest 

pattern of the fingermarks until the last time evaluated (50 d). 

 

Figure 6. MALDI IMS of fingermarks a) female, monitoring m/z 550.6 at 0h (time 1), 

15d (time 5) and 50d (time 8); and b) male monitoring m/z 368.4 at 0h (time 1), 15d 

(time 5) and 50d (time 8). 

 

According to Francese et al (2013), an interesting application for MALDI IMS is the 

detection of exogenous substances such as drugs, lubricants, antibacterial and 

hygiene products which can make this method a way to recover the fingermarks image 

even after a considerable period. In addition, it provides information that can work as 

databases for substances[5].  
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It is currently unclear whether target compounds for fingermark age studies comprise 

the initial composition that may persist over time in aged latent fingermarks, or whether 

some degradation products can act as targets for detection and dating methods. Long-

term studies are needed to determine these processes and whether degradation 

products can act as targets for detection and aging[29, 30]. Considering this, it is 

possible to establish two different approaches for the temporal fingermark analysis. 

The first, we suggested called Temporal Preservation Analysis (TPA), in which the 

targets are exogenous substances, such as contaminants. These compounds enable 

the construction of chemical imaging even after a long period of time and provide 

additional information for a forensic database. The exogenous components used as 

markers in this study show the same behavior as TPA, as at the end of 50 days they 

could be detected with considerable intensity, which allowed the construction of the 

chemical image. 

The second approach refers to Temporal Aging Analysis (TAA), which aims to 

estimate the age of a fingermark from the time of deposition to its analysis. In this 

case, the target should be endogenous or exogenous substances that are 

demonstrably present in the donor and that undergo changes over time, resulting in a 

decrease in intensity and/or formation of other substances. Lipid components can be 

in this category, as many undergo lipid peroxidation and ozonolysis reactions, being 

degraded to reactive aldehydes that can interact with other classes of substances, like 

amino acids[12,32]. Hinners et al. (2020) showed that to date there is no method 

capable of reliably establishing the temporal passage that occurs in a fingerprint for 

forensic purposes. However, a study conducted on the environmental aging of 

triacylglycerols by the group demonstrated that ozonolysis is an important reaction 

linked to the degradation of this class of compounds and can be reproducibly detected 

in order to suggest age tracking of fingermarks[33]. In another study, Frick et al. (2020) 

also attributed the oxidation of unsaturated triglycerides by ozonolysis as an aging 

factor, noting that even though some reactions occurred immediately after deposition, 

it was possible to progressively follow the ozonolysis of diunsaturated triglycerides, 

being another step towards understanding the aging of fingermarks under operational 

conditions[34].  Amino acids are present in  smaller amount in sebaceous fingermarks, 
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as they are part of  eccrine sweat, whose components may disappear within 48 hours 

after deposition. Those are consider TPA, and not detected in this study. 

Despite no sample standard profile that could fit on all donors, it is possible to identify 

peculiar characteristics to a set of samples. The use of the MALDI method allied to 

chemical imaging provides information to enrich the understanding of the behavior of 

these samples. Although the presence of one component is not enough to provide 

individual information about a donor, the compilation of multiple components present 

in latent fingermarks can provide complementary information about individuals 

routine[22,37-39].  

Thus, in this preliminary study, it was possible to establish a method for future 

extrapolation in real forensic samples. The main understanding of technique 

application is the possibility of providing data that is not reached by other resources 

already established in forensic identification, mainly due to the sample conditions, like 

in chromatographic techniques. Although it is not possible to identify most of the 

signals involved in the spectra, this study demonstrates a real potential for applying 

MALDI MS and IMS within the routine of forensic workflow. 

 

4. CONCLUSION 

The 50-day temporal analysis of digital brands was proposed by the MALDI FT-ICR 

IMS method. The optimization showed that the CHCA matrix was more efficient in the 

desorption and ionization process of the monitored components, with a resolution of 

the chemical images of 100 x 100 µm, which resulted in less acquisition time and 

adequate visualization. The possibility of concomitant use of endogenous and 

exogenous or only exogenous substances does not weaken the study when it comes 

to temporal analysis. To this end, two forms of temporal analysis of the samples were 

proposed: TPA, when there is an intention to develop or visualize the digital brand 

pattern after a considerable period, and TAA, when the focus is on studies that want 

to show the temporal changes that occur in sample, for age estimation. Particularly in 

this work, classified as TPA, the signals chosen for the construction of chemical 

images according to their abundance in the spectra over time were m/z 368.4, 522.5 

and 550.6, quaternary ammonium cations. The monitoring of these exogenous 
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compounds and their distribution on the analyzed surface promoted the visualization 

of friction ridge patterns up to 50 days of age of the fingerprint, suggesting a promising 

possibility of study in the fingerprint examination area combined with mass 

spectrometry for future application in forensic routine. The use of chemical imaging of 

TPA compounds of fingermarks can be a useful tool in detecting and comparing 

evidence, even after a considerable time. Finally, given the number of compounds 

detected (see supplementary material), it is possible to start a fingerprint analysis 

database. 
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SUPPLEMENTARY MATERIAL  
 
 
Supplementary Material - List of components used for chemical imaging with their 
respective information. 

Donor Time Compound 
Molecular 
Formula 

m/z 
Teorical 
m/z 

Error 
(ppm) 

DBE RI (%) 

F 0h 
Dimethyldioctadecylam
monium33 C25H54N 368.42540 368.42508 -0.87 -0.5 18.24 

F 24h 
Dimethyldioctadecylam
monium33 

C25H54N 368.42568 368.42508 -1.63 -0.5 26.66 

F 48h 
Dimethyldioctadecylam
monium33 

C25H54N 368.42535 368.42508 -0.74 -0.5 25.75 

F 7d 
Dimethyldioctadecylam

monium33 
C25H54N 368.42524 368.42508 -0.44 -0.5 18.14 

F 15d 
Dimethyldioctadecylam
monium33 

C25H54N 368.42596 368.42508 -2.39 -0.5 19.68 

F 21d 
Dimethyldioctadecylam
monium33 

C25H54N 368.42520 368.42508 -0.33 -0.5 26.01 

F 30d 
Dimethyldioctadecylam

monium33 
C25H54N 368.42586 368.42508 -2.14 -0.5 33.54 

F 50d 
Dimethyldioctadecylam
monium33 

C25H54N 368.42621 368.42508 -3.07 -0.5 22.11 

M 0h 
Dimethyldioctadecylam
monium33 

C25H54N 368.42530 368.42508 -0.59 -0.5 100 

M 24h 
Dimethyldioctadecylam

monium33 
C25H54N 368.42511 368.42508 -0.09 -0.5 100 

M 48h 
Dimethyldioctadecylam
monium33 

C25H54N 368.42511 368.42508 -1.25 -0.5 100 

M 7d 
Dimethyldioctadecylam
monium33 

C25H54N 368.42536 368.42508 -0.76 -0.5 100 

M 15d 
Dimethyldioctadecylam

monium33 
C25H54N 368.42521 368.42508 -0.36 -0.5 100 

M 21d 
Dimethyldioctadecylam
monium33 

C25H54N 368.42608 368.42508 -2.72 -0.5 17.01 

M 30d 
Dimethyldioctadecylam
monium33 

C25H54N 368.42717 368.42508 -2.09 -0.5 6.95 

M 50d 
Dimethyldioctadecylam

monium33 
C25H54N 368.42595 368.42508 -2.37 -0.5 8.71 

F 0h 
Dimethyl-hexadecyl- 
octadecylammonium34 C36H76N 522.59797 522.59723 -1.42 -0.5 97.71 

F 24h 
Dimethyl-hexadecyl- 
octadecylammonium34 

C36H76N 522.59862 522.59723 -2.67 -0.5 100 

F 48h 
Dimethyl-hexadecyl- 

octadecylammonium34 
C36H76N 522.59787 522.59723 -1.23 -0.5 74.63 

F 7d 
Dimethyl-hexadecyl- 
octadecylammonium34 

C36H76N 522.59772 522.59723 -0.94 -0.5 73.41 

F 15d 
Dimethyl-hexadecyl- 
octadecylammonium34 

C36H76N 522.59919 522.59723 -3.75 -0.5 70.70 

F 21d 
Dimethyl-hexadecyl- 

octadecylammonium34 
C36H76N 522.59753 522.59723 -0.58 -0.5 84.52 

F 30d 
Dimethyl-hexadecyl- 
octadecylammonium34 

C36H76N 522.59893 522.59723 -3.25 -0.5 75.49 

F 50d 
Dimethyl-hexadecyl- 
octadecylammonium34- 

C36H76N 522.59993 522.59723 2.70 -0.5 70.36 

M 0h 
Dimethyl-hexadecyl- 

octadecylammonium34 
C36H76N 522.59773 522.59723 -0.97 -0.5 28.94 

M 24h 
Dimethyl-hexadecyl- 
octadecylammonium34 

C36H76N 522.59740 522.59723 -0.32 -0.5 56.39 

M 48h 
Dimethyl-hexadecyl- 
octadecylammonium34 

C36H76N 522.59829 522.59723 -2.03 -0.5 37.86 

M 7d 
Dimethyl-hexadecyl- 

octadecylammonium34 
C36H76N 522.59791 522.59723 -1.31 -0.5 45.74 

M 15d 
Dimethyl-hexadecyl- 
octadecylammonium34 

C36H76N 522.59768 522.59723 -0.87 -0.5 59.20 

M 21d 
Dimethyl-hexadecyl- 
octadecylammonium34 

C36H76N 522.59931 522.59723 -3.98 -0.5 19.42 

M 30d 
Dimethyl-hexadecyl- 

octadecylammonium34 
C36H76N 522.60109 522.59723 3.86 -0.5 9.70 
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M 50d 
Dimethyl-hexadecyl- 

octadecylammonium34 
C36H76N 522.59914 522.59723 -3.66 -0.5 36.25 

F 0h 
dimethyl-dioctadecyl- 
ammonium (or distearyl-

dimethyl-ammonium34 

C38H80N 550.62937 550.62853 -1.53 -0.5 100 

F 24h 
dimethyl-dioctadecyl- 
ammonium (or distearyl-

dimethyl-ammonium34 

C38H80N 550.63008 550.62853 -2.83 -0.5 95.78 

F 48h 
dimethyl-dioctadecyl- 
ammonium (or distearyl-

dimethyl-ammonium34 

C38H80N 550.62922 550.62853 -0.69 -0.5 100 

F 7d 
dimethyl-dioctadecyl- 
ammonium (or distearyl-

dimethyl-ammonium34 

C38H80N 550.62914 550.62853 -1.12 -0.5 81.85 

F 15d 
dimethyl-dioctadecyl- 
ammonium (or distearyl-

dimethyl-ammonium34 

C38H80N 550.63074 550.62853 -4.01 -0.5 100 

F 21d 
dimethyl-dioctadecyl- 
ammonium (or distearyl-

dimethyl-ammonium34 

C38H80N 550.63074 550.62891 -0.70 -0.5 100 

F 30d 
dimethyl-dioctadecyl- 
ammonium (or distearyl-

dimethyl-ammonium34 

C38H80N 550.63029 550.62891 -3.19 -0.5 100 

F 50d 
dimethyl-dioctadecyl- 
ammonium (or distearyl-

dimethyl-ammonium34 

C38H80N 550.63147 550.62891 2.65 -0.5 88.36 

M 0h 
dimethyl-dioctadecyl- 
ammonium (or distearyl-

dimethyl-ammonium34 

C38H80N 550.62915 550.62891 -1.14 -0.5 31.78 

M 24h 
dimethyl-dioctadecyl- 
ammonium (or distearyl-

dimethyl-ammonium34 

C38H80N 550.62872 550.62891 -0.36 -0.5 85.69 

M 48h 
dimethyl-dioctadecyl- 
ammonium (or distearyl-

dimethyl-ammonium34 

C38H80N 550.62956 550.62891 -1.88 -0.5 53.44 

M 7d 
dimethyl-dioctadecyl- 
ammonium (or distearyl-

dimethyl-ammonium34 

C38H80N 550.62933 550.62891 -1.45 -0.5 38.43 

M 15d 
dimethyl-dioctadecyl- 
ammonium (or distearyl-

dimethyl-ammonium34 

C38H80N 550.62911 550.62891 -1.06 -0.5 51.59 

M 21d 
dimethyl-dioctadecyl- 
ammonium (or distearyl-

dimethyl-ammonium34 

C38H80N 550.63099 550.62891 -4.47 -0.5 22.56 

M 30d 
dimethyl-dioctadecyl- 
ammonium (or distearyl-

dimethyl-ammonium34 

C38H80N 550.63298 550.62891 4.07 -0.5 7.66 

M 50d 
dimethyl-dioctadecyl- 
ammonium (or distearyl-

dimethyl-ammonium34 

C38H80N 550.63081 550.62891 -4.15 -0.5 53.30 

 M: Male 
 F: Female 
 DBE: Double Bond Equivalent 
 RI: Relative Intensity 
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Esta Tese teve como enfoque o desenvolvimento de métodos instrumentais 

para análise de impressões digitais, visando a estimar a idade desta evidência 

forense. A escolha do tema acompanha uma necessidade de melhoria de 

procedimentos forenses com técnicas robustas para o processamento da prova. Para 

tanto, extensiva revisão de literatura foi realizada (Capítulo I - Artigo I), comprovando 

que, apesar de inúmeras pesquisas acerca dos componentes presentes nas 

impressões digitais, não há, até a presente data, um protocolo analítico unificado de 

amplo uso para processamento dessa amostra.  

 A dificuldade de se estabelecer um protocolo unificado dá-se pela 

complexidade da amostra: pouco material para coleta, o que dificulta a busca por 

certos analitos, exigindo técnicas mais sensíveis. Mas, o que o torna a impressão 

digital uma matriz desafiadora é a variabilidade da amostra, seja ela coletada de um 

mesmo indivíduo ou de indivíduos diferentes. Visto que, as rotinas, os hábitos e as 

condições de vida são diversas. Seja pelas variações que atuam na amostra previa 

ou posterior à coleta como a superfície de deposição, as condições ambientais e a 

passagem do tempo sobre a mesma, até ela ser processada pelos papiloscopistas.  

 Na duas últimas décadas, diversos grupos de pesquisa têm se preocupado em 

analisar as impressões digitais como amostra biológica e não, apenas, como fonte de 

comparação para fins de identificação (FRANCESE, et al. 2020). Entre a seleção de 

métodos (Artigo I), fez-se uma divisão, de acordo com as classes das técnicas usadas 

para análise de impressões digitais, em: espectrometria de massas, espectroscopia e 

outros métodos. A espectrometria de massas possui maior volume de trabalhos e se 

destaca como possibilidade de uso individual com diferentes fontes de ionização, por 

exemplo: a dessorção/ionização (DI), o impacto eletrônico (EI) e a ionização química 

(CI); ou com a possibilidade de uso com outros métodos, como associados como 

detectores na cromatografia gasosa e líquida. As pesquisas com DI são as principais 

e estão presentes em estudos de degradação de impressões digitais, estudos de perfil 

químico, uso de nanoparticulas como reveladores de impressões latentes e busca de 

novas matrizes para aplicação nas amostras. A dessorção/ionização é uma fonte mais 

branda, chamando atenção para análise de impressões digitais. De modo geral, o 

preparo de amostra para uso dessas técnicas é pequeno; no entando, a etapa de 

otimização analítica e entendimento dos resultados é extremamente complexa.  

 Os estudos de MALDI MS e MALDI MSI são os mais utilizados e fornecem a 
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possibilidade de relacionar a informação visual, dada pelo desenho da impressão 

digital, com a informação química, seja nos espectros de massas ou pela seleção de 

íons para formação o imageamento. A técnica está estabelecida e a principal análise 

de componentes écrinos, sebáceos e exógenos (lubrificantes, drogas, explosivos, 

resíduos alimentares, dermocosméticos, corantes e afins) (GROENEVELD, et al. 

2015; FRANCESE,  et al. 2013; BRADSHAW, et al. 2012). Os estudos de estimativa 

temporal de impressões digitais são muito explorados dada a importância do tempo 

para as Ciências Forenses. De acordo com o delineamento do estudo de MALDI, as 

amostras são acompanhadas por um período para se verificar a degradação dos 

componentes presentes, sejam eles endógenos ou exógenos, e, nas condições 

estabelecidas do estudo, sugerir uma estimativa de idade das amostras.  

 Os métodos espectroscópicos ocupam o segundo lugar na quantidade de 

métodos desenvolvidos e envolve principalmente a aplicação de técnicas na região 

do espectro de Infravermelho (próximo ou médio), Ultravioleta/Visível (UV/Vis) e 

método de Raman. O preparo de amostra é ínfimo, possibilitando análise direta da 

superfície em que a impressão digital foi coletada. Porém, o espalhamento do laser 

que incide na amostra e na superfície onde a mesma está, é um dificultador da 

otimização da técnica. Isso ocorre porque a impressão digital é uma amostra não 

contínua, com espaços que compreendem em cristas – onde há o acúmulo de material 

– e vales, depressões que normalmente não há deposição de material. A superfície 

de deposição da impressão digital também vai influenciar na qualidade do resultado, 

pois certos materiais aumentam o espalhamento do feixe de laser, o que pode resultar 

num espectro com elevado sinal-ruído. O imageamento químico também pode ser 

realizado pela técnica de espectroscopia e será feito a partir dos sinais resultantes 

dos grupos funcionais presentes na amostra. A espectroscopia vibracional no 

Infravermelho é muito usada para análise de perfil químico de impressões digitais, 

degradação dos componentes ao longo do tempo e diferenciação de idade de 

doadores por conta das classes de componentes identificados nas amostras. Uma 

característica desses estudos é a necessidade de discriminação das amostras, o que 

pode ser feito com ferramentas de análise estatística multivariada (AMD).  

 Quando a ferramenta de AMD relaciona resultados químicos com uso de 

técnicas estatísticas e computacionais é denominada Quimiometria. Para as Ciências 

Forenses, a Quimiometria auxilia na visualização de padrões entre as amostras e faz 
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uma seleção de variáveis que auxilia na interpretação dos resultados. Para estudos 

de estimativa temporal de impressões digitais, a quimiometria ajuda a entender a 

diminuição da intensidade e/ou a formação de novos sinais nos espectros das 

amostras; separa as amostras por tempo de deposição e ainda observa 

comportamento de outliers, amostras anômalas, dentro de um conjunto amostral.  

 Os outros métodos selecionados no estudo de revisão de técnicas englobam o 

uso de nanopartículas e imunoensaios que oferecem um novo caminho para o 

processamento de impressões digitais de modo a aprimorar os já empregados. Por 

exemplo: o desenvolvimento de reveladores de baixo custo, menos tóxicos para os 

profissionais e para o ambiente e que possam ser empregados posteriormente para 

um método analítico, como servir de matriz para aplicação de MALDI MS.  

 Como o desenvolvimento de métodos instrumentais para análise temporal de 

impressões digitais é o principal objetivo dessa tese, fez-se uma proposta de 

classificação dos tipos de componentes presentes nessas amostras baseado no tipo 

de estudo de tempo que é empregado (Capítulo II - Manuscrito I).  

 Os componentes que estão presentes nas impressões digitais podem ser 

intrínsecos à amostra, relacionados aos componentes endógenos secretados pela 

pele ou de contaminação por contato em diferentes partes do corpo. Ou extrínsecos, 

relacionados ao toque e contaminação externos, de fontes variadas. Também é 

possível separar os componentes em endógenos, quando provenientes de secreção 

direta do corpo, ou exógenos quando não tem essa origem. Muitas vezes, devido às 

fontes de contaminação, fica difícil interpretar se, por exemplo, alguns ácidos graxos 

são de uma contaminação por dermocosméticos, por resíduos alimentares ou se 

foram secretados pelo organismo do indivíduo. Dadas as variáveis previamente 

mencionadas, é quase remota a possibilidade de um componente presente na 

impressão digital se manter inerte após a deposição. À medida que o tempo passa, 

alguns componentes degradam rapidamente e desaparecem (água), outros vão sendo 

transformados por reações químicas, podendo ser detectados ao longo do tempo, 

chegando ou não há uma estabilidade. Assim, surgiu a divisão entre os estudos de 

degradação, denominados de TAA, com finalidade de acompanhar a evolução 

temporal e estimar a idade da impressão digital. E os estudos de preservação, TPA, 

em que a impressão digital pode ser detectada e estar passível de identificação, sem 

se saber ao certo quanto tempo atuou na transformação da amostra. Detalhe: não 
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possível controlar quais componentes vão estar presentes na amostra para determinar 

uma classificação. Mas, de acordo com resultado o analítico,  pode-se estimar se a 

impressão está, ou não, na fase estável.  

 Componentes como esqualeno, colesterol, ácidos graxos e glicerídeos 

possuem uma cinética de degradação que pode ser acompanhada na formação de 

intermediários químicos e que, nas condições do estudo, podem monitorar o tempo 

desde a deposição da amostra. A água e os componentes de baixo peso molecular 

estão majoritariamente presentes no suor écrino, e o rápido decaimento instantes 

após a deposição de impressões digitais por conta da volatilização (mediada 

principalmente pela temperatura) fazem desses componentes marcadores ruins para 

estimar a idade de impressão digital. No entanto, a ausência de água pode indicar 

próximos estágios de degradação das amostras (KEISAR, et al, 2019; KENT, et al, 

2016). Proteínas e aminoácidos sofrem com as condições termolábeis, mas alguns 

estudos sugerem que em altas temperaturas (para simular explosões e incêndios), a 

pirólise de determinados aminoácidos forme componentes estáveis para detecção 

depois de certo tempo, enquadrando-se na classificação de TPA. A exemplo, tem-se 

o ácido aspártico, que decomposto, forma maleimida e 2,5 – furandiona (RICHMOND-

AILOR, et al, 2007).  

 Para fins de datação, os componentes sebáceos são o foco dos estudos e suas 

transformações são acompanhadas por períodos que variam de horas há meses em 

diferentes superfícies. Contudo, fica evidente a dificuldade de precisar a idade de uma 

impressão digital em condições que variam a cada amostra e a todo instante, tornando 

este tipo de estudo quase irreal. A linha da pesquisa sugere que um método seja 

testado com poucas amostras (estudo piloto) e depois seja extrapolado para um 

número maior de amostras para se encontrar um padrão amostral de comportamento 

de degradação de impressões digitais numa população. Entretanto, ainda que seja 

necessário um número de amostras considerável para a reprodutibilidade do método, 

na prática, sugere-se a análise de um perfil individual da impressão digital questionada 

para se construir a estimativa de idade da amostra, caso a caso (FRICK, et al, 2021).  

 Os estudos de revisão auxiliaram a triagem de métodos e quais componentes 

podem ser buscados para estimativas de datação de impressões digitais. Com isso, 

desenvolveram-se dois métodos: o de espectroscopia no Infravermelho (Capítulo III - 

Artigo II) associado à quimiometria e o de espectrometria de massas com fonte de 
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MALDI com formação de imagens químicas (Capítulo IV - Manuscrito II).  

 O método de µ-FTIR fez monitoramento de amostras de impressões digitais por 

período de uma semana, não exigiu preparo de amostra e não gerou resíduos prévios 

ou posteriores às análises. As modificações encontradas nas amostras corroboram 

com os achados em literatura de sinais de estiramentos C – H, C = O, condizentes 

para amostras ricas em material sebáceo (JOHNSTON, et al, 2018; GIROD, et al, 

20156. A quimiometria permitiu tendência de  separação das amostras por tempo e 

fez a separação de amostras por doador, mesmo todos sendo mesmo sexo. A 

limitação da técnica foi o suporte de deposição das amostras, pois o feixe de laser não 

permitiu análises em superfícies de espalhamento difuso. A associação do método de 

infravermelho com a quimiometria é uma forma de otimizar e economizar recursos 

analíticos. Ainda que sejam necessários estudos subsequentes, para utilização em 

um número maior de superfícies, a operação do equipamento é relativamente simples, 

podendo ser empregado em diferentes órgãos de perícia, mediante treinamento. O 

uso da quimiometria pode ser feito com softwares de uso livre e exige preparo para 

uso e interpretação, mas que produzem um resultado visual que proporciona um 

entendimento mais direto dos resultados.  

 O desenvolvimento do método de MALDI MS / MSI fez o monitoramento de 

impressões digitais num período de cinquenta dias. Não foi necessário preparo de 

amostra e os resíduos gerados foram os papéis com as amostras impregnadas com 

a matriz CHCA, descartadas seguindo protocolo da UFES (UFES, 2012), local no qual 

e o estudo foi realizado. 

 A seleção de sinais nos espectros de massas foi trabalhosa e complexa. A 

maioria dos sinais atribuídos foi de compostos exógenos, mas esse fator não limita o 

mérito do trabalho, pois foi possível fazer o acompanhamento temporal das amostras 

e, principalmente, realizar o imageamento químico a partir dos íons mais abundantes. 

Como um dos objetivos da formação de imagens químicas para análise de impressões 

digitais é a possibilidade de visualizar as cristas da impressão digital e relacionar o 

desenho com a informação química e posterior autoria por comparação de impressão 

digital padrão, pode-se dizer que, ao observar a figura 10, o mesmo foi atingido.  
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 Figura 10. Confronto papiloscópico entre impressão digital coletada em tinta (à esquerda – 

padrão) e a impressão digital proveniente de imageamento químico por MALDI MSI (à direita – 

questionada).  

 

 Ainda que não haja unanimidade nos estudos e na escolha de métodos 

instrumentais, todos os trabalhos convergem para um interesse comum: o de 

estabelecer mais um recurso robusto na produção da prova pericial. Os estudos de 

estimativa temporal de impressões digitais não têm a finalidade de dizer precisamente  

o momento de deposição de uma impressão digital num local de crime, mas sim a de 

estabelecer a possibilidade de presença de determinado indivíduo num local de crime 

em determinado momento na linha do tempo de investigação e, de repente, a ainda  

ter componentes químicos que liguem o suspeito à ocorrência do fato.  

 Assim, os métodos analíticos propostos inovam ao considerar as impressões 

digitais como matrizes biológicas fornecedoras de informações relevantes para 

inteligência forense. As informações reunidas nesse trabalho introduzem o interesse 

científico pelos estudos de estimativa temporal de impressões digitais como alicerce 

nas investigações, instigando a proposição de novos procedimentos na perícia 

brasileira.  
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Esta Tese elaborou duas metodologias capazes de auxiliar a transposição das 

impressões digitais de provas físicas para fontes de inteligência química com 

possibilidade de associação à estimativa temporal desta evidência. A pesquisa foi 

fundamentada em duas revisões bibliográficas, a primeira, já publicada, sobre os 

métodos instrumentais para análise de impressões digitais e a segunda, em fase de 

publicação, sobre os principais componentes que respondem pelo envelhecimento 

das impressões digitais.   

 A seleção analítica escolhida para o desenvolvimento de métodos 

instrumentais baseou-se nos resultados de revisão bibliográfica e foram escolhidos 

levando em conta: (i.) os equipamentos viáveis de serem encontrados nos institutos 

de perícia do Brasil e/ou que estivessem disponíveis à serviço desses órgãos; (ii.)  

pouco ou nenhum preparo de amostra, para facilitar a adaptação aos casos reais; (iii.) 

implementação de treinamento de recursos humanos para uso; (iv.) custos de 

elaboração e manutenção e (v.) pouca geração de resíduos.  

 O método de µ-FTIR (Artigo II) associado à ferramenta quimiométrica de LDA 

foi de baixo custo (não levando em conta a aquisição do equipamento), de geração 

nula de resíduos e de relativa facilidade na aquisição dos dados espectrais; no 

entanto, exigiu interpretação apurada das bandas na região de interpretação do 

espectro (região de identidade química) e, empenho nas análises multivariadas para 

seleção das ferramentas que levaram a diferenciação das amostras. Mesmo com o 

monitoramento de apenas uma semana em amostras de doadores do mesmo sexo, 

houve a tendência de separação temporal e a diferenciação de doadores. A técnica 

de MALDI MSI desenvolvida (Manuscrito II) não exigiu preparo de amostra, apenas a 

pulverização da matriz CHCA antes das análises. O método foi de fácil execução, mas 

exigiu muito conhecimento na aquisição de imagens químicas e na interpretação dos 

espectros de análise.  O método possibilitou o monitoramento de amostras de até 

cinquenta dias tanto nos espectros e, principalmente, pela formação de imagens 

digitais com as cristas fricção visíveis para confronto papiloscópico.  

 Os resultados adquiridos deste trabalho contribuirão para adaptação de 

protocolos para realidade pericial, sendo necessário, ainda, aumentar o número de 

amostras e extrapolar o método para superfícies de deposição condizentes com casos 

reais.  
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 As impressões digitais são a evidência forense mais presentes em locais de 

crime e a responsáveis pela identificação inequívoca dos indivíduos há mais de um 

século. Assim, essa Tese demonstrou relevância científica ao abordar o tema e 

ofereceu o desenvolvimento de métodos analíticos para a melhoria dos procedimentos 

periciais. Este trabalho contribui para o aprimoramento da Papiloscopia, apresentando 

possibilidades analíticas passíveis de serem adaptadas para rotina forense; eleva os 

resíduos de impressão digital a um patamar de vestígio bioquímico, fornecendo mais 

informações que podem servir de alicerce em investigações e oferece qualificação de 

recursos humanos, demonstrando aplicação prática da ciência para elucidação de 

crimes.  
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ANEXO 1 – Parecer de aprovação no Comitê de Ética em Pesquisa 
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ANEXO 2 – Fluxograma da Tese 
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