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Fluorescence Spectra and Images of Latent
Fingerprints Excited with a Tunable Laser in

the Ultraviolet Region

ABSTRACT: Fluorescence spectra of sebum-rich latent fingerprints were studied with a tunable laser for non-destructive fingerprint detection
without chemical treatment. The tunable laser consists of a nanosecond pulsed Nd-YAG laser and an optical parametric oscillator (OPO) crystal. The
fluorescence spectra and images were measured at various excitation wavelengths in the ultraviolet region by the time-resolved fluorescence method.
We have previously reported that a typical fluorescence spectrum of fingerprints consists of two peaks located at ¢. 330 and 440 nm. In order to
determine the wavelength of optimal excitation, excitation spectra were measured at wavelengths ranging from 220 to 310 nm. The fluorescence
intensity of the 330 nm peak became maximal with excitation at 280 nm. The images of latent fingerprints on white papers were also measured and
the clearest image was obtained with excitation at 280 nm. The influence of continuous irradiation on the fluorescence of fingerprints was measured
at the optimal excitation wavelengths. The 330 nm peak was strong at first and decreased with continuous irradiation, whereas the 440 nm peak,

which was weak at first, increased gradually.
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Fingerprints provide important information during criminal
investigations. Many reports on fingerprint detection have been
published. Most have focused on experiments using chemicals,
such as ninhydrin; in addition, many studies using a laser have
also been reported. Dalrymple et al. first demonstrated the detec-
tion of fingerprints using inherent fluorescence with a laser, in
1976 (1). Subsequently, many reports have been published on
fingerprint detection using lasers (2,3). Most of the earlier studies
on the detection of fingerprints with a laser were done using
pre-processing procedures with various chemicals before detection
to enhance sensitivity because the fluorescence of fingerprints
was very weak. Bramble et al. performed nondestructive inherent
fluorescence visualization of latent fingerprints on white paper
without chemical treatment using a Nd-YAG laser in 1993 (4.5).
They took photographs of fingerprints using a bandpass filter in
the ultraviolet region. The forensic detection of untreated body
fluid using short wavelength UV luminescence was also per-
formed by Springer et al. in 1994 (6).

Time-resolved spectroscopy is a method which utilizes the differ-
ence in fluorescence lifetime between a substrate and a sample.
Fluorescence from a sample was selectively observed by time-
resolved spectroscopy. This method was useful for laser fingerprint
development on strongly luminescent substrates. A time-resolved
luminescence imaging system was suggested by Murdock and
Menzel (7). However, time resolution in their experiment was
millisecond or microsecond with a mechanical chopper. Seah et al.
demonstrated the nano-second time-resolved imaging technique for
latent fingerprints in 2004 (8). However, they used fluorescent
powders to enhance sensitivity, and observed fingerprints using an
Ar-ion laser in the visible region. We previously reported the
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fluorescence  spectra  of  fingerprints using  nano-second
time-resolved spectroscopy with 266 nm UV irradiation using a
Nd-YAG laser without chemical treatment in 2000 (9). However,
the excitation wavelength was fixed to 266 nm in 9. In this paper,
we studied the spectra of fingerprints and the dependence of
fluorescence on the excitation wavelength (excitation spectrum) by
using a tunable laser. The aim of this study was to clarify the
optimal excitation wavelength for detecting fluorescence of finger-
prints in the ultraviolet region and to obtain fluorescence images of
fingerprint with the optimal excitation wavelength. We also studied
the influence of continuous irradiation on the fluorescence of
fingerprints at the optimal excitation.

Methods

Experiments were done using the following system. The tunable
laser system consists of a pulsed Nd-YAG laser (Continuum, Power-
lite Precision II 8010), OPO (Optical Parametric Oscillator) with
a Doubler (Continuum, Panther EXST-1), a cooled CCD camera
with an image intensifier ICCD, Roper Scientific, PI-MAX 1K-RB-
FG-43) and a spectrometer (Acton Research Corporation, Spectra-
Pro-300i). Details of the experimental setup are described in 8.
Nano-second time-resolved fluorescence spectra can be measured
with this system. The gating control of the exposure time of the
ICCD camera and the delay time of observation were done by a pro-
grammable timing generator (PTG) through a personal computer.
Fluorescence was collected with a UV lens (UV-Nikkor 105 mm)
and put into the spectrometer with a grating monochrometer. Spectra
were measured by the ICCD camera attached to the spectrometer
with the gating control. The spectra obtained were digitized in 16 bit.
In order to suppress noise, the ICCD was cooled to —20°C. In addi-
tion, the background spectrum was subtracted at each measurement.
In case of observation of fingerprint fluorescence, it was necessary to
accumulate many spectra as the fluorescence intensity is weak. As
shortwave UV is hazardous to the eyes and skin, and as shortware
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UV has been reported to damage DNA evidence (10), care must be
taken when using shortwave UV systems.

In our experiments we used excitation wavelengths from 220 to
310 nm, as the laser power is very weak in the wavelength ranges
of 220 nm, or less, and from 310 to 400 nm. The repetition rate of
the laser pulse was 10 Hz and the time width of the individual
pulses was c. 5 nsec. The intensity of each fluorescence spectrum
was normalized by an averaged power value acquired from a laser
power meter. The delay time was from 4 to 10 nsec. Samples were
prepared as follows. A fingerprint was pressed on a nonfluorescent
quartz slide glass or on high-grade white paper of 64 mg/cm? in
weight after wiping the forehead or nose with fingers. Before
impression, the finger was washed with soap and dried in the air.

Results and Discussion

A typical fluorescence spectrum of a fingerprint has two main
peaks, when the excitation wavelength is 266 nm (11). One is
located at c. 320-340 nm (peak A) and the other at c. 430460 nm
(peak B). We first measured the fluorescence of fingerprint residue
on quartz glass, changing the excitation wavelength to find the opti-
mal excitation wavelength. The resultant fluorescence spectra of
peak A are shown in Fig. 1. The delay time was 4 nsec and five
spectra are shown out of ten spectra measured. The intensity of fluo-
rescence in a vertical axis was normalized for each laser power
value. The intensity of peak A becomes maximal with excitation at
280 nm. The excitation spectra of peak A are shown in Fig. 2.
Results for the delay time of 6 and 10 nsec are also shown in this
figure. As shown in Fig. 2, there are two peaks, at 230 and 280 nm,
in the excitation spectra for all delay times. The peak intensity at
280 nm is higher than that of the peak at 230 nm. This means that
the optimal excitation wavelength is c¢. 280 nm. The intensity of
fluorescence of peak A becomes minimal at 250 nm. Fluorescence
excited at 230 nm was slightly weaker than at 280 nm, but this does
not mean that the excitation at 230 nm is inappropriate. The excita-
tion spectra of peak B were measured but reproducible results were
not obtained, because the laser power at each excitation fluctuated
more than that of peak B. Therefore, the excitation spectra of peak B
did not show reproducibility in this experiment.

Next, fluorescence images of fingerprint on high quality white
paper were measured. As white paper has strong fluorescence
from 400 to 500 nm, which overlaps with peak B of finger-
prints, it is necessary to suppress fluorescence of paper to obtain
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FIG. 1—Fluorescence spectra of peak A. The intensity of peak A is the
maximum at 280 nm.
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FIG. 2—Excitation spectra of peak A.

fluorescence images of fingerprints, which leads to the reduced
intensity of peak B. Imaging was performed using peak A, as
peak A does not overlap with the fluorescence of paper. For
imaging, this is effective with the use of a band-pass filter. The
center wavelength of the band-pass filter is 360 nm, which has
a maximum transmittance of 70% and full width at half maxi-
mum (FWHM) of 60 nm. Moreover, remnant fluorescence of
paper is suppressed by the time-resolved spectroscopy which uti-
lizes the difference in fluorescence lifetime. Figures 3ab,c show
fluorescence images with excitation at 230, 280 and 300 nm,
respectively. The clearest fluorescence image of a fingerprint
was obtained with excitation at 280 nm, which agrees with
results obtained from the excitation spectra. For peak B, the
same experiments were performed with the time-resolved fluores-
cence method using a band-pass filter using a 440 nm center
wavelength, at 40% of the maximum transmittance and 70 nm
FWHM. However, in this case, no clear fluorescence images of
fingerprints were obtained. This is because fluorescence of paper
is stronger by three or four orders of magnitude than that of fin-
gerprints and, therefore, fluorescence of fingerprints was masked
by the fluorescence of the white paper.

The influence of continuous irradiation on fluorescence of finger-
prints was measured at the optimal excitation wavelengths. Figure 4
shows the time-lapse of peak A with excitation at 280 nm. The
time duration range is 0-240 min and the delay time is 10 nsec.
The laser power with excitation at 280 nm is ¢. 3 mJ per shot of
laser. The repetition rate of the laser pulse is 10 Hz. The emission
wavelength of spectra ranges from 290 to 430 nm. The intensity of
peak A is maximal at O min and then diminishes with continuous
irradiation. After a few hours irradiation, peak A seemed to disap-
pear. Figure 5 shows the time-lapse of fluorescence spectra of peak
B with excitation at 280 nm, from 0 to 210 min. The delay time is
10 nsec. The emission wavelength ranges from 370 to 510 nm.
When the fingerprint was examined just after being pressed, only a
part of the foot of peak A was observed in this wavelength region
and peak B was not observed. Peak B appeared with time and
its intensity increases slightly with continuous irradiation. The
influence of continuous irradiation on fluorescence of fingerprints
was also measured at 230 nm, which was another optimal excita-
tion wavelength. The result was similar to that of excitation at
280 nm.

Fingerprint samples in our experiment were sebum-rich prints,
which were obtained by wiping the forehead or nose. Ben-Yosef



AKIBA ET AL. « FLUORESCENCE SPECTRA AND IMAGES OF LATENT FINGERPRINTS

FIG. 3—Fluorescence images of fingerprints on white paper at peak A
with excitation at (a) 230 nm, (b) 280 nm, and (c) 300 nm.
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FIG. 4—Time-lapse of peak A. Peak A appears with time and its intensity
increases with irradiation.
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FIG. 5—Time-lapse of peak B. Peak B diminishes with continuous
irradiation.

et al. showed that much weaker results were obtained with eccrine
prints (12). We also performed experiment using eccrine prints, but
we were not obtained clear images in our experiments.

Summary

In the present study, we determined the fluorescence of latent
fingerprints using a tunable laser. Excitation spectra were measured
for two main peaks at c¢. 330 and 440 nm. For the 330 nm peak
component, the optimal wavelength for fluorescence spectrum was
¢. 280 nm in the excitation range of 220-310 nm. The images of
latent fingerprints on white paper were observed and the clearest
image was obtained with excitation at 280 nm. The influence of
continuous irradiation on the fluorescence of fingerprint was also
measured at the optimal excitation wavelengths. The 330 nm peak
was dominant at first, but its intensity reduced as the total irradia-
tion time increases. Although the 440 nm peak was weak at first,
its intensity increased after continuous laser irradiation.
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