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Abstract 
The contribution of biological trace detection has been 

fundamental in forensic cases. This paper describes a method for 
the rapid and non-destructive method for latent biological trace 
detection on the surface of the non-porous substrates by laser 
reflection. The absorption and emission of the biological trace 
from the spectrophotometer and fluorophotometer are analyzed. 
Visualization of latent biological traces is realized by  
femtosecond laser and its parametric amplification system. 
Applicability of the ultraviolet (UV) from femtosecond laser to 
latent blood fingerprints detection  has rarely been reported, 
especially in the range of multi-wavelengths laser. Results 
demonstrated that the latent blood fingerprints can be visualized 
through UV imaging system instruments. 

Introduction 

In forensic science, trace analysis of biology residues on non-
porous surfaces is a critical aspect, they are an essential piece of 
forensic evidence. Biological traces provide valuable 
information to, for example, link a suspect to a crime. Several 
analytical techniques try to confirm the presence of biological 
traces by chemical reaction [1], hyperspectral methods [2-9], 
infrared spectromicroscopy [10-12], multiband Techniques [13], 
using laser [14-23], inherent luminescence [24] and chemical 
treatments [25-27]. Analysis of genomic extracted DNA seems 
to be an effective method for discriminating the source of 
biological traces to a specific individual. Body fluids such as 
blood, semen, saliva, urine and sweat all contain DNA evidence. 
However, DNA analysis is a costly and time-consuming process 
and does not provide immediate feedback to the forensic 
investigators. The laser light act as a simple screening technique 
in identifying stains of body fluids .  

Laser technology in the application of forensic science has 
been studied since the late 70's, and has become one of the 
leading techniques for non-destructive fingerprint detection. 
Since the discovery of Menzel et al., in 1977, that latent 
fingermarks could be detected by argon-ion laser due to their 
inherent luminescence. With the development of laser 
techniques, laser exhibits properties of monochromaticity, 
coherence and directivity. Due to the limit of gain medium, 
intensity and the wavelength of  laser, very little effect on the 
visualization of latent body fluids. The femtosecond laser has 
the short pulse, high intensity and ultrabroad bandwidth. 
Application of femtosecond laser to latent blood fingerprints 
detection  has rarely been reported, especially in the range of 
multi-wavelengths laser.  

 
 

Experimental 

Sample preparation 

All experiments with human subjects were carried out in 
accordance with the guidelines of the National Institute of 
Health, Shanghai, China and approved by the Ethical Committee 
of Shanghai Jiao Tong University. All participants provided 
their written informed consent for the collection of biological 
samples. Five types of samples were obtained in liquid form 
from anonymous volunteers. Body fluids (blood, semen, saliva, 
sweat, urine) were diluted to 300 times with deionized water and 
injected into quartz cuvettes for testing. 

 
Instruments  

The absorption and emission wavelengths of body fluids 
were detected by spectrophotometer and fluorophotometer 
respectively. Femtosecond and its optical parametric amplifier 
were adopted for laser source. Images were recorded by CCD.  

Results and discussion 

 
Figure 1. Absorbance spectra of body fluids (sweat, urine, semen, saliva, 
blood).  

The experiment demonstrated the absorption and emission 
wavelengths discrimination of body fluids. Fig. 1 illustrates the 
absorption characteristics of body fluids. The spectrum analysis 
is as follows: blood shows absorbance band at 250nm-300nm, 
310nm-360nm, 370nm-450nm, 520nm-560nm and 570nm-
590nm. Absorbance band of urine lies in the  range of 266 nm-
320nm. 
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Semen, sweat and saliva show absorbance band at 250nm-
320nm, 250nm-320 nm and 260nm-320nm respectively.  The 
absorbance spectra of body fluids are overlapped and mainly 
exists in ultraviolet (UV) band.  

Fig. 2 shows the fluorescent emission bands of body fluids 
at different excitation wavelengths which are detected by 
fluorophotometer. The results shows that the strongest emission 
wavelengths of blood, semen, saliva, sweat and urine are 330nm, 
345nm, 343nm, 350nm and 406nm respectively under the 
excitation of 280nm. When the excitation wavelength is set at 
375nm, the corresponding emission wavelengths of blood, 
semen, saliva, sweat and urine are 485nm, 432nm-577nm, 
430nm, 430nm and 446nm respectively. Emission wavelength of 
blood is 447nm under the excitation of 415nm. Strongest 
emission wavelengths of semen, saliva, sweat and urine are 
577nm- 626nm, 460nm, 460nm and 515nm respectively under 
the excitation of 400nm. When the excitation wavelength is set 
at 530nm, the corresponding emission wavelengths of semen 
and urine are 575nm-629nm and 595nm.  
 

 
Figure 2. Fluorescent emission bands of body fluids under excitation 
wavelengths of (a)280nm (b) 375nm (c)400-415nm (d)530nm 
 

Fig. 3 describes the layout of optical path for visualization 
of diluted blood stains with femtosecond laser at 415nm by 
reflection. In recent years the applied technology of UV 
reflection photography has shown great potential as a feasible 
technique for the enhancement of latent biological stains. The 
imaging of the system comprises of femtosecond regenerative 
amplifier system, optical parametic amplifier (OPA), prism, 
broad band filter (375-425nm), impervious objects, plate clamp, 
computer and ultraviolet CCD. A femtosecond laser controlled 
by the OPA was used. Measurements were taken using a laser 
emitting at absorbance peaks. CCD was set for acquiring images. 

The initialized wavelength of femtosecond laser is 800nm, 
and it can be tuned to 415nm by optical parametric amplifier. 
Prism is introduced to eliminate the stray light from the laser. A 
laser beam incidents on the non-porous surface with diluted 
blood, and reflection light is received by UV-CCD for imaging. 

Fig. 4 (A) and (C) shows the images under the natural light with 
diluted blood on slides and food package respectively. (B) and 
(D) presents the visualization images by UV laser. 
 

 
Figure 3. The layout of optical path for visualization of diluted blood stains 
with femtosecond laser at 415nm by reflection 

 

 
Figure 4. (A) and (C) images under the natural light with diluted blood on 
slides and food package respectively. (B) and (D) presents the 
corresponding visualization images by UV laser.  
 

In our opinion, the extensive use of UV laser technology in 
the examination of latent evidence, in the laboratory or even at 
crime scenes, can help investigators obtain evidence and clues 
more quickly and accurately. 

It is noteworthy that illuminating body fluid residues with 
shortwave UV radiation can have consequences in terms of 
affecting subsequent DNA typing results. It was found that 
treating latent stains with shortwave UV more than 5 min will 
precluded the acquisition of results from polymerase chain 
reaction (PCR) testing. PCR testing results can also be 
influenced by the power intensity and exposure dose from the 
shortwave UV laser. 

Compared to chemical methods, this visualization 
technique is non-contact, free of reagents and interference from 
background. Recently, the application of visible absorption and 
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luminescence spectroscopic imaging studies on latent stains 
detection has produced promising results. 

Conclusion  

      The absorption and emission of the biological trace from 
the spectrophotometer and fluorophotometer are analyzed. 
Visualization of latent biological traces is realized by  
femtosecond laser and its parametric amplification system. The 
Main advantage to using the laser or UV over chemical 
screening techniques is the fact that they are simple, 
nondestructive. The spectrofluorimetric analysis investigated in 
this study appears to be more utility than other techniques, 
which are based on fluorescence detection of body fluids. 
Diluted  blood stains were detected with a high-intensity laser. 
UV illumination was used for detection of diluted blood stains 
invisible to the naked eye using femtosecond laser at 415nm by 
reflection. The spectroscopic method described has good 
sensitivity in detecting blood on non-porous surface.  
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