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Abstract—Fingerprint identification remains one of the 

most reliable and widely accepted methods in forensic 

science due to its uniqueness, permanence, and 

individuality. However, environmental factors—

particularly water exposure—pose significant challenges 

in the recovery and development of latent fingerprints. 

This study examines the comparative effectiveness of 

silver powder and fluorescent powder in developing 

latent fingerprints on wet non-porous surfaces such as 

glass, metal, and plastic. The research simulates real-life 

forensic conditions by exposing fingerprint-bearing 

surfaces to water and subsequently applying specialised 

powder techniques. The findings indicate that while 

water exposure affects the composition and clarity of 

fingerprint residues, it does not completely eliminate 

them. Both silver powder and fluorescent powder 

demonstrate varying degrees of effectiveness depending 

on surface type, duration of exposure, and environmental 

conditions. Fluorescent powder, when used under 

alternate light sources, shows superior visibility on 

multicoloured or reflective surfaces, whereas silver 

powder proves effective on darker or smooth substrates. 

The study highlights the importance of selecting 

appropriate development techniques to preserve and 

enhance fingerprint evidence. Ultimately, this research 

contributes to forensic practice by providing insights into 

efficient recovery methods for compromised evidence in 

water-related crime scenarios. 

 

Index Terms—Latent Fingerprints; Wet Surfaces; Silver 

Powder; Fluorescent Powder 

 

 

 

I. INTRODUCTION TO FINGERPRINT 

SCIENCE 

 

Fingerprint science stands as one of the foundational 

pillars of forensic identification, grounded in the 

principles of individuality, permanence, and 

universality. The patterns formed by friction ridges on 

human fingers develop during the early stages of fetal 

growth and remain unchanged throughout life, barring 

severe injury or decomposition. This inherent stability 

renders fingerprints an invaluable tool for personal 

identification in both civil and criminal contexts. In 

forensic investigations, fingerprints serve as direct 

physical evidence, establishing a tangible link between 

an individual and a crime scene. Unlike circumstantial 

evidence, fingerprint identification relies on scientific 

validation and reproducibility. Latent fingerprints, 

which are invisible to the naked eye, are the most 

commonly encountered type at crime scenes. These 

prints are composed of sweat and sebaceous secretions 

deposited when a finger comes into contact with a 

surface. 

The development of latent fingerprints requires 

specialised techniques, broadly categorised into 

physical and chemical methods. Among these, powder 

dusting remains one of the most widely used due to its 

simplicity, cost-effectiveness, and rapid results. 

Powders adhere to the moisture and oily components 

of fingerprint residues, making ridge patterns visible. 

The relevance of this study emerges from the 

challenges posed by environmental factors, 

particularly water exposure. In real-world scenarios, 



© April 2026 | IJIRT | Volume 12 Issue 11 | ISSN: 2349-6002 

IJIRT 197414 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 8282 

evidence is often subjected to rain, washing, or 

immersion, which can degrade fingerprint residues. 

This necessitates the exploration of advanced 

techniques capable of recovering prints under such 

adverse conditions. This research focuses on 

comparing silver powder and fluorescent powder in 

developing latent fingerprints on wet non-porous 

surfaces. By analysing their effectiveness, the study 

aims to enhance forensic methodologies and ensure 

that valuable evidence is not lost due to environmental 

factors. 

 

II. HISTORICAL DEVELOPMENT OF 

FINGERPRINT IDENTIFICATION 

 

The history of fingerprint identification reflects a 

gradual transition from empirical observation to 

scientific validation. Ancient civilisations such as 

Babylon, China, and India utilised fingerprints as a 

means of authentication in legal and commercial 

transactions. However, these practices lacked a 

systematic scientific framework. The modern study of 

fingerprints began in the nineteenth century with the 

contributions of Sir William Herschel, who recognised 

the permanence of fingerprint patterns while working 

in India. His observations laid the groundwork for the 

use of fingerprints in identification. Concurrently, 

Henry Faulds proposed the use of fingerprints in 

criminal investigations and developed early 

classification methods. 

A significant advancement was made by Sir Francis 

Galton, who established the scientific basis of 

fingerprint individuality and categorised patterns into 

loops, whorls, and arches. His work provided the 

empirical foundation necessary for the acceptance of 

fingerprinting as a reliable identification method. The 

development of the Henry Classification System by 

Sir Edward Henry further revolutionised fingerprint 

identification by enabling systematic filing and 

retrieval. This system was widely adopted by law 

enforcement agencies, particularly in colonial India 

and Britain. 

In the twentieth century, technological advancements 

enhanced fingerprint detection and analysis. The 

introduction of photography and chemical 

development techniques improved the recovery of 

latent prints. In contemporary times, Automated 

Fingerprint Identification Systems (AFIS) have 

transformed forensic investigations by enabling rapid 

comparison of fingerprints across extensive databases. 

Despite the emergence of other biometric technologies 

such as DNA profiling, fingerprint identification 

remains indispensable due to its efficiency, cost-

effectiveness, and long-standing legal acceptance. 

 

III. TYPES OF FINGERPRINT PATTERNS AND 

RIDGE CHARACTERISTICS 

 

Fingerprint patterns are broadly classified into arches, 

loops, and whorls, each characterised by distinct ridge 

formations. Arches represent the simplest pattern, with 

ridges entering from one side and exiting the other 

without forming a delta. Loops, the most common 

pattern, exhibit a curved ridge flow with a single delta. 

Whorls are characterised by circular or spiral 

formations and possess two or more deltas. While 

these patterns aid in classification, the true basis of 

identification lies in ridge characteristics, also known 

as minutiae. These include features such as ridge 

endings, bifurcations, dots, islands, and enclosures. 

The arrangement and distribution of these 

characteristics are unique to each individual, making 

them crucial for forensic comparison. 

During analysis, fingerprint experts examine the 

number, type, and spatial relationship of minutiae 

points between questioned and known prints. A 

sufficient degree of similarity, without discrepancies, 

establishes identity. The study of ridge characteristics 

underscores the scientific reliability of fingerprint 

identification. Even partial or fragmented prints can 

provide valuable information if sufficient minutiae are 

present. 

 

IV. ANATOMY AND CHEMICAL 

COMPOSITION OF FINGERPRINTS 

 

The anatomical basis of fingerprints lies in friction 

ridge skin, found on the palms and soles. This 

specialised skin consists of three layers: the epidermis, 

dermis, and hypodermis. The dermal papillae, located 

at the junction of the epidermis and dermis, are 

responsible for the formation of ridge patterns. Latent 

fingerprints are composed primarily of secretions from 

eccrine and sebaceous glands. Eccrine secretions 

contain water, salts, amino acids, and proteins, while 

sebaceous secretions include lipids, fatty acids, and 

waxes. These components play a crucial role in the 

adherence of fingerprint powders during development. 
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Environmental factors, such as temperature, humidity, 

and water exposure, can alter the chemical 

composition of fingerprints. Water, in particular, 

dissolves water-soluble components and disperses 

residues, complicating recovery. Understanding the 

anatomical and chemical aspects of fingerprints is 

essential for selecting appropriate development 

techniques and ensuring accurate analysis. 

 

V. EFFECT OF WATER ON LATENT 

FINGERPRINTS 

 

Water exposure significantly impacts the quality and 

recoverability of latent fingerprints. On porous 

surfaces, water penetrates the material, causing the 

diffusion and loss of fingerprint residues. On non-

porous surfaces, prints remain on the surface but may 

become blurred or partially degraded. The extent of 

damage depends on factors such as duration of 

exposure, type of water, and surface characteristics. 

Despite these challenges, certain components of the 

fingerprint, particularly lipids, may persist, allowing 

for recovery through specialised techniques. 

Physical methods, such as powder dusting, rely on the 

adhesion of particles to residual oils. Chemical 

methods, including ninhydrin and iodine fuming, 

target specific components of the residue. The study 

demonstrates that water exposure does not necessarily 

result in the complete loss of fingerprint evidence, 

highlighting the importance of appropriate recovery 

techniques. 

 

VI. METHODOLOGY AND EXPERIMENTAL 

DESIGN 

 

The study employs an experimental design to evaluate 

the effectiveness of silver powder and fluorescent 

powder in developing latent fingerprints on wet non-

porous surfaces. Fingerprints are deposited on 

materials such as glass, tiles, and metal, followed by 

controlled exposure to water. After exposure, the 

surfaces are treated with the respective powders. 

Silver powder is applied using standard dusting 

techniques, while fluorescent powder is examined 

under alternate light sources. The developed prints are 

documented using high-resolution imaging. 

The analysis focuses on parameters such as ridge 

clarity, contrast, and visibility of minutiae. 

Comparative evaluation is conducted to determine the 

relative effectiveness of each method. The 

methodology ensures reproducibility and simulates 

real-world forensic conditions, enhancing the practical 

relevance of the findings. 

 

VII. RESULTS AND COMPARATIVE ANALYSIS 

 

The findings indicate that both silver powder and 

fluorescent powder are effective in developing 

fingerprints on wet non-porous surfaces, albeit with 

varying degrees of success. Silver powder performs 

well on smooth, dark surfaces, providing clear ridge 

patterns. However, its effectiveness diminishes on 

multicoloured or reflective surfaces. Fluorescent 

powder, when used with alternate light sources, offers 

enhanced visibility and contrast, particularly on 

complex backgrounds. It proves to be more versatile 

and effective in challenging conditions. The results 

also reveal that the duration of water exposure affects 

print quality, with longer exposure leading to reduced 

clarity. Surface type plays a crucial role, with non-

porous surfaces yielding better results. 

 

VIII. CHALLENGES, LIMITATIONS, AND 

SAFETY MEASURES 

 

Fingerprint recovery from wet surfaces presents 

several challenges, including degradation of residues, 

selection of appropriate methods, and risk of 

contamination. Improper handling can further damage 

evidence. Safety measures are essential when using 

chemical and physical development techniques. The 

use of personal protective equipment, proper 

ventilation, and careful handling of evidence ensures 

both investigator safety and evidence integrity. 

Despite advancements, limitations such as incomplete 

prints and environmental variability persist. 

Continuous research is necessary to improve recovery 

techniques. 

 

IX. CONCLUSION 

 

The comparative evaluation of silver powder and 

fluorescent powder underscores the resilience of 

fingerprint evidence even under adverse conditions 

such as water exposure. The study demonstrates that 

while water significantly alters the composition and 

clarity of latent fingerprints, it does not render them 

entirely unrecoverable. This finding holds profound 
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implications for forensic science, particularly in cases 

involving submerged or water-exposed evidence. 

Silver powder, with its simplicity and effectiveness on 

certain surfaces, remains a valuable tool in forensic 

investigations. However, its limitations in handling 

complex backgrounds highlight the need for 

complementary techniques. Fluorescent powder 

emerges as a superior alternative in many scenarios, 

offering enhanced visibility and adaptability when 

used with alternate light sources. 

The study also emphasises the importance of 

understanding the interplay between environmental 

factors, surface characteristics, and fingerprint 

composition. Such knowledge enables forensic 

investigators to select the most appropriate 

development methods, thereby maximising evidence 

recovery. Furthermore, the research highlights the 

need for meticulous handling and adherence to safety 

protocols. The preservation of evidence integrity is 

paramount, as even minor errors can compromise the 

outcome of an investigation. 

In a broader context, the findings contribute to the 

ongoing evolution of forensic methodologies. As 

crime scenes become increasingly complex, the ability 

to recover evidence from challenging environments 

becomes crucial. This study reinforces the notion that 

scientific innovation and methodological refinement 

are essential for the advancement of forensic science. 

Ultimately, the successful recovery of fingerprints 

from wet surfaces not only aids in solving crimes but 

also strengthens the judicial process by providing 

reliable and admissible evidence. The study advocates 

for continued research and training to equip forensic 

professionals with the skills and knowledge necessary 

to modern investigative challenges. 
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