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PREFACE

Welcome to the 2nd International Science, Engineering and Technology Colloquium 2025 (ISETC 2025)!

It is with great pleasure that we present this year’s colloquium, a distinguished gathering of scholars,
researchers, and professionals dedicated to the advancement of applied sciences. Held virtually on 9th July
2025, ISETC 2025 serves as a platform to highlight cutting-edge research, foster meaningful networking,

encourage collaborations, and explore innovative solutions to global challenges.

This year's theme, “The Power of Scientific Innovation: Intelligent Solutions for a Sustainable World”
highlights our shared goal to solve global challenges through applied science. It celebrates innovation as a
key to building a more sustainable and resilient future. We're proud to feature keynote speakers and

presenters who bring fresh insights, bold ideas, and breakthroughs shaping tomorrow’s world.

We would like to extend our heartfelt appreciation to the Faculty of Applied Sciences, Universiti Teknologi
MARA, Perak Branch, Tapah Campus, for their outstanding support and assistance throughout the planning
and execution of the event. Their dedication has been instrumental to the success of this colloquium. We
would like to sincerely thank all participants and researchers for their valuable contributions. We also
appreciate the reviewers for their careful evaluations and helpful feedback. Your hard work and support mean

alot to us.

As editors, we are proud to present this collection of proceedings. It is an honour to bring together the
interesting and meaningful work of our speakers and authors. We hope the ideas shared will lead to new

discoveries, encourage more research, and help solve global challenges through science and innovation.

Warm regards,

Dr. Emi Norzehan Mohamad Mahbob
Dr. Saiyidah Nafisah Hashim

Ms. Lili Widarti Zainuddin

Ms. Nurul Nazwa Mohammad

Ms. Rozaina Saleh

ISETC 2025 Proceedings Editors
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QUALITY OF LATENT FINGERMARK ON CONTAMINATED POROUS
SURFACE OVER 1 MONTH EXPOSURE

Syarmilla Ezza Ismail, Ezlan Elias
Faculty of Applied Sciences, Universiti Teknologi MARA, 40450 Shah Alam, Selangor, Malaysia
*Corresponding authors: 2023185387 @student.uitm.edu.my, ezlan@uitm.edu.my

Abstract: Recovering latent fingerprints at crime scenes is essential for establishing links between suspects and crime
scenes. However, their quality and recoverability depend on various influencing factors, including sweat composition,
substrate type, and environmental conditions. While much research has focused on how environmental factors affect
fingermark aging, limited attention has been given to how pre-fingermark deposition substrate contaminants (hereafter
referred to as pre-deposition substrate contamination) influences degradation over time. This study aims to address
this gap by investigating the effect of pre-deposition soil contamination on porous substrates, specifically paper, and
how this influences fingermark quality over a 28-day aging period. Paper samples were buried in soil for varying
durations (1 day to 2 months) before fingermark deposition. All 90 fingermarks were developed with ninhydrin.
Fingermark quality was assessed using the Centre for Applied Science and Technology (CAST) scoring system. Non-
parametric statistical analyses, like Kruskal-Wallis and Friedman tests were performed to evaluate the significance of
overall differences in fingermark quality between different substrate conditions and across time, respectively. The
results show that while fingermarks on contaminated porous surfaces may initially appear of acceptable quality, their
quality declines more significantly over time compared to clean porous surfaces. This progressive degradation
suggests a synergistic effect between substrate contamination and fingermark aging, with the most severe quality loss
observed on surfaces heavily contaminated prior to deposition. In contrast, control samples showed minimal changes
throughout the aging period. These findings offer new insights into how a substrate’s history can influence fingermark
preservation, highlighting an often-overlooked factor in evidence interpretation. The study contributes to a more
detailed understanding of latent fingermark aging and has practical implications for crime scene recovery protocols
and future development of fingermark aging models.

Keywords: Latent Fingermarks, fingermark quality, contaminated porous surfaces, soil burial, degradation, forensic
evidence

INTRODUCTION

Recovering latent fingermarks at crime scenes is crucial for establishing links between individuals and locations, a
fundamental principle of forensic science, consistent with Locard’s Exchange Principle, which states that “every
contact leaves a trace.” However, the quality and recoverability of these trace marks are influenced by a complex
interplay of factors, including the composition of the fingermark residue, the nature of the substrate it is deposited on,
and the surrounding environmental conditions. This dynamic interaction between the three elements determines the
initial visibility, persistence, and ultimately, the successful recovery of latent fingermarks. While much research has
focused on how environmental factors affect fingermark recovery, less attention has been given to how contamination
of the substrate before deposition affects degradation over time. This overlooks a critical real-world scenario where
items of evidential value may have been exposed to contaminants prior to the transfer of a crucial fingermark. This
study investigates the impact of pre-deposition substrate contamination on the quality of latent fingermarks. The
objectives were to (i) determine the effect of varying durations of soil contamination on the subsequent quality of
latent fingermarks deposited on A4 paper and developed with ninhydrin, (ii) compare the degradation patterns of
fingermarks on contaminated versus clean paper substrates over a 28-day aging period, and (iii) assess time-dependent
changes in fingermark quality at specific post-deposition intervals (0, 7, 14, 21, and 28 days).
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MATERIALS AND METHODS

This study employed a controlled experimental design using paper substrates that were buried in soil for varying
durations (1 day, 3 days, 1 week, 1 month, and 2 months) prior to fingermark deposition. A single donor deposited
natural latent fingermarks under standardized conditions, with controlled pressure and contact time to minimize
variability. After deposition, 90 fingermark samples were aged under laboratory conditions for up to 28 days.
Fingermarks were developed at five post-deposition intervals (Day 0, Day 7, Day 14, Day 21, and Day 28) using
ninhydrin via the dipping method, followed by oven heat treatment at 100 °C to accelerate development. The quality
of each fingermark was then evaluated using the CAST (Centre for Applied Science and Technology) scoring system,
and images were captured for documentation. After the final development interval (Day 28), all data were compiled
and analysed using non-parametric statistical tests, including the Kruskal-Wallis and Friedman tests, to assess
differences in fingermark quality across substrate contamination levels and aging times.

RESULTS AND DISCUSSION

Non-parametric statistical analysis showed that both pre-deposition substrate contamination and aging time had a
significant effect on latent fingermark quality. Interestingly, the initial quality of fingermarks on contaminated paper
often appeared similar to those on clean (control) surfaces, challenging the assumption that degradation begins
immediately. However, over time, fingermarks on contaminated substrates showed a clear pattern of increasing
degradation, which was not observed in the control samples. This suggests that the negative effect of substrate
contamination does not happen right away but builds up and worsens over time, working together with natural aging.
The level of contamination also played a key role. Substrates buried for 3 days or 1 week showed the most noticeable
and rapid drop in fingermark quality. This indicates that the interaction between the fingermark residue and the
contaminated substrate possibly involving changes in moisture, pH, or microbial growth can become a major factor
in how much the fingermark degrades over time. These findings are important for forensic practice. They show that a
fingermark on a contaminated surface may look usable at first but can quickly deteriorate, making recovery more
difficult. Therefore, forensic protocols should consider the pre-deposition condition of the substrate, as it plays a
critical role in fingermark degradation. Additionally, fingermark aging models may require revision to incorporate
pre-existing surface contamination as a key variable in estimating the time since deposition.
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Figure 1. Median CAST Scores of Latent Fingermarks on Various Substrates Over a 28-Day Aging Period

This line plot illustrates the time-dependent degradation of fingermark quality on clean paper (Control) compared to
paper pre-contaminated by soil for different durations (1-Day, 3-Day, 1-Week, 1-Month, 2-Month burial). CAST
scores range from O (undetectable) to 4 (excellent quality).
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Table 1. Kruskal-Wallis H Test Statistics for Differences in Overall Latent Fingermark Quality Between Substrate
Conditions at Specific Time Points

Isn at':rsz Statistic (H) p-value S&;’;Tg.c;;t
Day 0 9.444 0.093 False
Day 7 7.886 0.163 False
Day 14 12.719 0.026 True
Day 21 13.437 0.02 True
Day 28 14.45 0.013 True

This table summarizes the Kruskal-Wallis H-statistics and p-values for comparisons of median CAST scores between
the Control and various pre-contaminated paper substrates (1-Day, 3-Day, 1-Week, 1-Month, 2-Month burial) at each
post-deposition aging interval (Day 0, Day 7, Day 14, Day 21, Day 28). A p-value less than 0.05 indicates a significant
difference between groups at that time point.

Table 2. Friedman Test Statistics for the Effect of Aging Time on Latent Fingermark Quality Across Different
Substrate Conditions

Substrate Statistic value Significant (p
Condition P <0.05)
Control 8.5 0.075 False
1D 10.087 0.039 True
3D 9.959 0.041 True
W 10 0.04 True
IM 8.5 0.075 False
2M 6.519 0.164 False

This table presents the chi-squared (%*) and p-values from Friedman tests conducted for each substrate condition
(Control, 1-Day, 3-Day, 1-Week, 1-Month, 2-Month pre-contaminated paper). Significant p-values (p <0.05) indicate
a statistically significant change in fingermark quality over the 28-day aging period within that specific substrate

group.
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CONCLUSIONS

This study clearly demonstrates that pre-deposition substrate contamination has a significant and progressive impact
on the quality of latent fingermarks, with the negative effects becoming more pronounced over time. These findings
highlight the importance of considering the environmental history of the substrate when evaluating fingermark
evidence, especially in cases involving buried or exposed items. To build upon these findings, future research should
consider extending the aging period to observe fingermark degradation over longer durations, beyond the current 28-
day timeframe, to gain a clearer understanding of long-term persistence. Additionally, studies should investigate a
broader range of environmental contaminants, including various soil types and chemical compositions, while also
varying key contamination parameters such as burial depth, exposure duration, and moisture content. Expanding the
scope to include a wider variety of porous substrates, such as different paper types, textures, and thicknesses would
further reflect the diversity of materials encountered in real forensic scenarios and help determine how substrate
properties influence degradation patterns. These future directions will aid in the development of more robust and
realistic fingermark aging models and contribute to the refinement of forensic recovery protocols, leading to more
accurate evidence interpretation in complex or environmentally compromised conditions.
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