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Abstract: Latent fingerprints on wet paper cannot be developed using amino acid reaction reagents. Therefore,
physical developer (PD) or lipid staining reagents like oil red O (ORO) should be utilized. However, ORO
is not very effective in developing fingerprints that are older than approximately 4 weeks. On the other hand,
PD performs well in developing older fingerprints, but it cannot do so for relatively fresh fingerprints. Additionally,
PD has the disadvantage of taking a long time to develop fingerprints. In this study, in order to overcome the limitations
of PD, we attempted to increase its reactivity by applying Ag-PD, which involves depositing silver onto paper using
vacuum metal deposition (VMD), and compared this with fingerprints developed using ORO and PD. As a result,
Ag-PD showed superior fingerprint development compared to ORO and PD on wet paper stored for 2~8 weeks,
and the fingerprint development time for PD was significantly reduced to 90~150 seconds.
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drate, iron (II) nitrate nonahydrate, citric acid anhydrous
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Table 1. Standards for examining fingerprints recommended
by SWGFAST!

Grade Comments
0 No visible print;
| Level 1 may not be distinct;
(Low) Most of the Leye.l 2 details are in(?istinct;
There are no distinct Level 3 details
5 Level 1 is distinct;

Few of the Level 2 details are distinct;
There are minimal distinct Level 3 details
Level 1 is distinct;

Most of the level 2 details are distinct;
There are minimal distinct Level 3 details
Level 1 is distinct;

Level 2 details are distinct;

There are abundant distinct Level 3 details

(Medium low)

3
(Medium high)

4
(High)
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Fig. 1. Fingerprints left on wet paper developed by Ag-PD
(left: 0.5 mg of silver deposited, right: 1.0 mg of
silver deposited.).
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Fig. 2. Schematic representation of the development of
fingerprints on wet paper using Ag-PD.
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Fig. 3. Changes in the quality of fingerprints on wet paper developed with increasing PD processing time in Ag-PD. The
fingerprints were treated for different durations (90 seconds, 150 seconds, 300 seconds, and 450 seconds from the left).
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Fig. 4. Average quality scores evaluated after developing Ag-
PD, ORO, and PD for fingerprints left on wet paper.

Yafr= ok 17 °C o)) r|esE g = g} 1920
B AT 717k Bok AR R L£EE 15 °C, A

FEE 20% WAt meks PD7} FH3] u-a)7]
93 xol mgelr] Eajo] B &S B3l A
o7 ZZ=gth ulH, AgPDE 5% PD §9S A}
2351980 % B3ty o] £ dEHS By} o
£ 53 28 T2 A5 PDO wkgAdo] mobA W

Mean total fingerprint quality

Fingerprint depletion

—=—AgPD -+~ ORO  -aPD

Fig. 5. The mean quality score of fingerprints on wet paper
developed using different techniques was analyzed
and classified based on their respective depletion
numbers. The analysis excluded fingerprint age as
a variable to see only the effect on the amount of
fingerprint residue.

Fig. 6. Fingerprints aged for 8 weeks on wet paper were split into three part and developed by ORO, PD, and Ag-PD. #number

means depletion number.

Table 2. After categorizing the fingerprints as depletions, the quality of fingerprints obtained by different techniques was
statistically analyzed within each depletion. ANOVA analysis showed that the results were all significant with a p-
value of less than 0.05, and the equal variance test also showed a p-value of less than 0.05. Therefore, Dunnett T3

post hoc analysis was conducted

Mean Difference (I-J)

Depletion

Method (- G5 #1 #2 #3 #4 #5 #6
Ag-PD - ORO -.186 876" 1.062" 943" 805" 619"
Ag-PD - PD 1.790° 1.895" 1.652" 1.390" 1.100" 867"
ORO - PD 1.976" 1.019" 590" 448" 295" 248"

*. The mean difference is significant at the 0.05 level.
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o2 Fo3t 2ol E BHATHp<0.05). AHH 22 Ag-
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EL FH AEL dEsh= AL ERIEIsT

Mean total fingerprint quality
&~

4 weeks

Fresh 2 weeks 6 weeks

Fingerprint age
—=— Ag-PD

Fig. 7. The mean quality score of fingerprints on wet paper
developed by different techniques was analyzed and
classified based on their aging. The analysis excluded
depletion number as a variable to see only the effect
on the aging of fingerprints.
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Fig. 8. Fresh fingerprints (A) and fingerprints aged for 8
weeks (B) left on wet paper were split into three parts
and developed by ORO, PD and Ag-PD. The
fingerprint shown above was selected from one of
the samples classified with 3™ depletion.

Table 3. After categorizing the fingerprints as aging, the quality of fingerprints obtained by different techniques was statistically
analyzed within each depletion. ANOVA analysis showed that the results were all significant with a p-value of less
than 0.05, and the equal variance test also showed a p-value of less than 0.05. Therefore, Dunnett T3 post hoc analysis

was conducted.

Mean Difference (I-J)

Fingermark age

Method (1) - (J) Fresh 2 weeks 4 weeks 6 weeks 8 weeks
Ag-PD - ORO -1.222° 1.375" .503" 778" .806"
Ag-PD - PD 1.463" 2.056" 1.090" 1.292° 1.354"
ORO - PD 2.685" 681" 587" 514" 549"

*. The mean difference is significant at the 0.05 level.
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Newsprint paper

Vellum paper

Kraft paper

Fig. 9. Fingerprints immersed in water left on different type of wet papers were split into three parts and developed by ORO,
PD, and Ag-PD. The fingerprint shown above was selected from one of the samples that had been aged for one

week and classified with 3" depletion.
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