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Abstract

Currently, the crime rate in Thailand is rising, and forensic evidence plays an increasingly important
role in the justice process. Latent fingerprints are a crucial piece of forensic evidence often found at crime
scenes. This research aims to detect latent fingerprints on dark-colored metal surfaces using Electrolyte Gel
(PCS Gel) and to study the use of multi-wavelength flashlights to enhance the clarity of fingerprint images. In
this study, dark-colored metal surfaces, specifically taupe-colored aluminum sheets and black aluminum
sheets, were used for experiments. Various formulations of electrolyte gel were prepared and used, including
potassium permanganate, calcium chloride, and silica powder (PCS gel), to detect latent fingerprints on both
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colors of aluminum surfaces. The results showed that good-quality fingerprints were obtained using the PCS
gel, which consisted of 2.5 % w/v potassium permanganate, 0.5% w/v calcium chloride, and 5 grams of silica
powder in the total volume of 10 ml solution, with an optimal development time of 25 minutes. For capturing
images of latent fingerprints on dark-colored surfaces, the use of multi-wavelength flashlights emitting blue
light (A = 450 nm) significantly improved the visibility of latent fingerprints and the identification of key minutiae
features in low-light conditions. The findings from this research can be applied to forensic science, especially

for objects with dark metal surfaces in real-life cases.

Keywords: Forensic science, Latent fingermarks, Metal surfaces, Gel-based aqueous Electrolytes, Personal

identification
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Table 1 The ratio of the solutions of KMnQO,: CaCl,: silica powder used in the experiment

KMnO, (w/v) CaCl, (w/v) Silica powder (g)
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Table 2 Chemical reagents used in the experiment and evaluation of fingerprint

impressions on brown aluminum surfaces

KMnQ, (%6w/v) CaCl, (%9ow/v) Silica Powder (g) in 10 ml solution Quiality Score
2.5 0.5 5 4
2.5 1 5 a
2.5 1,5 5 4
2.5 2 5 a
2.5 2.5 5 3
2.5 3 5 2
2.5 3.5 5 3
2.5 4 5 3
2.5 4.5 5 3
2.5 5 5 3
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Figure 1 A graph illustrating the correlation between fingerprint impression quality, represented

by scoring levels, and the application time of PCS Gel on black aluminum surfaces
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Figure 2 A graph illustrating the correlation between the quality of fingerprint impressions,

represented by scoring levels, and the application time of PCS gel on brown aluminum surfaces
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3.3 nansAnwnsldinatevaneaanud
nmsAnsmslalnaevasarudlunsmenmsesansiafioussuuiiuiiogfilends (Figure 3)
uazogiidendni (Figure ) Taglyanusmnduuasiiunnanaiu laun uaswn wasmas (415 uilumms) wasidu (450
uluns) waaden (505 wilums) uaawdes (530 wilumms) wasau (590 wiluins) karuauna (650 wluwns) wa
msUssifivangdeamamua uadtiiniu A = 450 wiluwaes) nadfiaalunafisnnudnauressesansiiafiouss

vuiiuieglilendiwunsaesila Awandy Table 3

Figure 3 Latent fingerprint impressions on black aluminum surfaces developed
using the optimized PCS gel formula, scoring 4, observed under: (a) white light,
(b) violet light (415 nm), (c) blue light (450 nm), (d) green light (505 nm),
(e) yellow light (530 nm), (f) orange light (590 nm), and (g) red light (650 nm).
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Figure 4 Latent fingerprint impressions on brown aluminum surfaces developed
using the optimized PCS gel formula, scoring 4, observed under: (a) white light,
(b) violet light (415 nm), (c) blue light (450 nm), (d) green light (505 nm),
(e) yellow light (530 nm), (f) orange light (590 nm), and (g) red light (650 nm).

Table 3 Summary of latent fingerprint quality scores using different flashlight frequencies

on black anodized aluminum and bronze anodized aluminum surfaces

Wavelength Black Anodized Aluminum Bronze Anodized Aluminum
Surface (Mean Score) Surface (Mean Score)

White Light a 1
Violet (415 nm) a .
Blue (450 nm) 5 .
Green (505 nm) a .
Yellow (530 nm) 3 3
Orange (590 nm) 3 3
Red (650 nm) 3 3
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. a a a0 ) a a = = ~ = o ' ¥ S XA
wainsly Figure 5 (egdillondan) wag Figure 6 (egiliflondvn) WallTeuifiguiunisneamniglauasid nitillesan
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Figure 5 Key features of latent fingerprint impressions on black aluminum surfaces,

compared under (a) white light and (b) blue light (450 nm).

Figure 6 Key features of latent fingerprint impressions on brown aluminum surfaces,

compared under (a) white light and (b) blue light (450 nm).

Figure 7 Latent fingerprint impressions on brown aluminum surfaces, compared between

(a) the black powder method and (b) the PCS gel method.
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Table 4 Comparison of latent fingerprint quality scores between the PCS gel method and

the black powder dusting method on bronze anodized aluminum surfaces.

Method Expert 1 Expert 2 Expert 3 Mean Score Interpretation
PCS Gel + Blue Light (450 nm) 5 5 4 4.67 Excellent Quality
Black Powder Dusting 0 0 0 0 No Ridge Detail
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