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Abstract 

The absorption and subsequent re-radiation of light by organic and inorganic specimens is 

typically the result of well-established physical phenomena described as being 

either fluorescence or phosphorescence. The emission of light through the fluorescence process 

is nearly simultaneous with the absorption of the excitation light due to a relatively short time 

delay between photon absorption and emission, ranging usually less than a microsecond in 

duration. When emission persists longer after the excitation light has been extinguished, the 

phenomenon is referred to as phosphorescence. Fluorescence microscopy can be applied to 

detect particles below the resolution of a light microscope, and in histochemistry to visualize 

substances which cannot be seen by conventional microscopy – e.g. neurotransmitter amines. 

Biological material is commonly stained in some manner with a fluorescent stain. 

Introduction: 

A fluorescence microscope is an optical microscope that uses fluorescence and  

phosphorescence instead of, or in addition to, scattering, reflection, and attenuation  

or absorption, to study properties of organic or inorganic substances.[1,2] The "fluorescence 

microscope" refers to any microscope that uses fluorescence to generate an image, whether it is a 

more simple set up like an epifluorescence microscope, or a more complicated design such as 

CIKITUSI JOURNAL FOR MULTIDISCIPLINARY RESEARCH

Volume 5, Issue 8, August 2018

ISSN NO: 0975-6876

http://cikitusi.com/67

https://en.wikipedia.org/wiki/Optical_microscope
https://en.wikipedia.org/wiki/Fluorescence
https://en.wikipedia.org/wiki/Phosphorescence
https://en.wikipedia.org/wiki/Scattering
https://en.wikipedia.org/wiki/Reflection_(physics)
https://en.wikipedia.org/wiki/Attenuation
https://en.wikipedia.org/wiki/Absorption_(electromagnetic_radiation)
https://en.wikipedia.org/wiki/Inorganic


a confocal microscope, which uses optical sectioning to get better resolution of the fluorescent 

image. 

Principle working   

The specimen is illuminated with light of a specific wavelength (or wavelengths) which is 

absorbed by the fluorophores, causing them to emit light of longer wavelengths (i.e., of a 

different color than the absorbed light). The illumination light is separated from the much weaker 

emitted fluorescence through the use of a spectral emission filter. Typical components of a 

fluorescence microscope are a light source (xenon arc lamp or mercury-vapor lamp are common; 

more advanced forms are high-power LEDs and lasers), the excitation filter, the dichroic 

mirror (or dichroic beamsplitter), and the emission filter(see figure below). The filters and the 

dichroic beamsplitter are chosen to match the spectral excitation and emission characteristics of 

the fluorophore used to label the specimen.[1] In this manner, the distribution of a single 

fluorophore (color) is imaged at a time. Multi-color images of several types of fluorophores must 

be composed by combining several single-color images.[1]  

Most fluorescence microscopes in use are epifluorescence microscopes, where excitation of the 

fluorophore and detection of the fluorescence are done through the same light path (i.e. through 

the objective). These microscopes are widely used in biology and are the basis for more 

advanced microscope designs, such as the confocal microscope and the total internal reflection 

fluorescence microscope (TIRF).[2] 
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Epifluorescence microscopy 

 

 

Schematic of a fluorescence microscope 

The majority of fluorescence microscopes, especially those used in the life sciences, are of the 

epifluorescence design shown in the diagram. Light of the excitation wavelength illuminates the 

specimen through the objective lens. The fluorescence emitted by the specimen is focused to the 

detector by the same objective that is used for the excitation which for greater resolution will 

need objective lens with higher numerical aperture. Since most of the excitation light is 

transmitted through the specimen, only reflected excitatory light reaches the objective together 

with the emitted light and the epifluorescence method therefore gives a high signal-to-noise ratio. 

The dichroic beamsplitter acts as a wavelength specific filter, transmitting fluoresced light 

through to the eyepiece or detector, but reflecting any remaining excitation light back towards 

the source.[2,3] 

Applications of fluorescence microscopy  

An analysis of Blue, Red, and Black Cotton Fibers are studied in Forensic Science investigation: 

color is the primary characteristic used for comparing cotton fibers. Problems arising because of 

considerable intrasample variation may cause difficulty in assessing the matching of cotton fibers 

in a casework situation. Because of the number of dye classes used on cotton fibers, dye 
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extraction and examination by thin-layer chromatography are more problematical than with other 

fiber types. This necessitates greater reliance on micro-spectrophotometry and fluorescence 

microscopy for dye comparison. Fibers from blue denim cannot generally be discriminated and 

are regarded as having little evidential value. Little or no published data exist on the evidential 

value of cotton fibers of other colors. This study was designed to assess the value of nondenim 

blue, red, and black cotton fibers as evidence. Of each color 46 samples were chosen at random 

(giving a total of 1035 comparisons per color). The number of matching pairs was established 

after using comparison microscopy, microspectrophotometry, and fluorescence microscopy. 

Some blue denim cotton fibers were also examined. Complementary chromaticity coordinates 

were computed for all samples. The results show that, provided adequate techniques are used to 

compare nondenim blue, red, and black cotton fibers, the chance of finding pairs with matching 

dyes by coincidence is low despite considerable color overlap. Black cotton fibers represent 

poorer value as evidence than either nondenim blue or red cotton fibers.[1,2] 

Time resolved fluorescence microscopy of gunshot residue: an relevance to forensic science: 

time resolved fluorescence microscopy has quickly emerged when the method of preference for 

many researchers aim to gain exact insights into the dynamics of intricate biological systems. 

Although the unique advantages the method provides over other methods have proven to be 

particularly useful in the biosciences, to date they have been largely unexploited by other 

research disciplines. In this paper, we display the capacity of time determined fluorescence 

microscopy as a practical analytical means in the forensic through the imaging of gunshot 

residues that are expelled when a firearm is discharged. This information may prove to be useful 

for determination of the true sequence of proceedings that took place in a firearm linked 

crime.[3] 

Flouresence microscopy in the study of nucleic acids : histo-chemical explanation on cellular and 

virus nucleic acids: when tissue sections are stained with acridine orange and activated with 

blue-violet light, the distribution of nucleic acids can be seen; DNA emits a greenish-yellow, and 

RNA a flame-red, fluorescence. Sections of larval fat body of Tipula paludosainfected with 
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iridescent virus stained in this way showed DNA fluorescence in the cytoplasm. Similarly 

haemo-cytes infected with Tipula polyhedrosis, a virus known from electron micrographs to 

infect the nucleus, showed a network of DNA fluorescence in the nucleus. Mouse liver 

cells infected with ectromelia showed DNA fluorescence in the cytoplasm, while liver cells 

infected by mouse hepatitis (an RNA virus) showed RNA fluorescence in the cytoplasm.  

Since changes in the amount and distribution of host nucleic acids may accompany virus 

multiplication, interpretation of these results must depend upon evidence obtained in other ways. 

It was found, for example, that treatment with DNase [de-oxyribonuclease] did not destroy the 

DNA seen in the cytoplasm of Tipula fat-body cells infected with iridescent virus, or mouse liver 

cells infected with ectromelia. (DNase-treated un-infected cells gave no greenish-yellow 

fluorescence on staining.) When uninfected cells were digested with pepsin before DNase 

[deoxyribonuclease], the DNA disappeared. These findings agree with observations on influenza 

virus which was found to resist the action of nuclease unless previously treated with a proteolytic 

enzyme (VALENTINE and ISAACS, J. General Microbiol., 1957, v. 16, 195). However, cells 

infected with Tipula polyhedrosis and digested with pepsin still resisted the action of DNase 

[deoxyribonuclease]. The authors suggest that it is possible that this virus is protected from 

DNase [deoxyribonuclease] because it multiplies within the cell nucleus.[4] 

Revelation of vitamin A in rat organs by fluoresecence microscope: the presence of vitamin A in 

those organs which showed a green fading fluorescence was confirmed by use of the SbCL3 test. 

The intensity of fluorescence in ratsfirst depleted of vitamin A and then dosed with the vitamin 

was related to the amount of vitamin given, and to the amount found chemically in the liver. The 

administration of substances other than vitamin A and carotene did not affect the fluorescence. In 

normally nourished rats fluorescence was observed in epithelial and Kupffer cells of  liver, the 

fascicular layer of the adrenal glands, the interstitium of the kidney and, lungs, the interstitial cell 

cords and the corpora lutea of the ovary, the pleura, peri cardium and peritoneum, the meninges, 

the retina and pigment layer of the eye, the fat cells, and the upper parts of the small 

intestine during the absorption of the vitamin. In hypervitaminosis A all these sites, and 

especially the Kupffer cells, showed much more intense fluorescence. Only traces of 
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fluorescence were seen in newborn rats, and the intensity was low in young animals. Even in 

severe deficiency the light adapted eye retained some vitamin A. Fluorescence was affected less 

rapidly by subcutaneous than by oral administration of the vitamin. Absorption by the lymphatics 

was indicated. Administration of carotene restored fluorescence in depleted rats less rapidly than 

vitamin A; fluorescence re appeared first in the lamina propria of the in testine, the Kupffer 

cells, the adrenal cortex, and the endothelial cells of the renal cortex and lung.[5] 

Examination for Tubercle Bacilli by Fluorescence Microscopy: this paper presents the results of 

a comparison between the use of the traditional Ziehl-Neelsen (ZN) staining method 

and fluorescence microscopy in the examination of sputum smears for the presence of acid-fast 

bacilli. The fluorochrome used was a mixture of auramine and rhodamine, and sulfuric acid was 

used as the decolorizer. The comparison was made on specimens received for routine diagnosis 

at the Statens Seruminstitut, Copenhagen.  In the first series examined, there were 663 specimens 

from 463 patients. 372 of these specimens were positive by culture and the remainder were 

positive by the ZN method. Slides were examined for 4 minutes when stained by the ZN method 

and for 1 minute when stained with the fluorochrome. 35 specimens were positive by 

fluorescence microscopy. Conversely, 17 specimens were negative by fluorescence microscopy 

and positive by the ZN method (positive was taken to mean 1 bacillus or more present). If a 

positive result depended on the presence of at least 10 bacilli then the two methods were about 

equal in efficiency but fluorescence microscopy was much speedier. The findings were 

confirmed by the examination of 23, 488 specimens by both methods.[6] 

Separate analysis of the .results with 22, 731 culture-negative specimens showed that both 

methods gave similar numbers of optimistic results. However, if patients who had had culture-

positive results on previous specimens within a given period of time were excluded, then 

fluorescence microscopy gave rise to fewer non-specific positive reactions than the ZN 

method. [6] 

Fingerprint's Third Dimension: the Depth and Shape of Fingerprints diffusion into Paper, 

Cross Section assessment by Fluorescence Microscopy, in an effort to make the most of the yield 
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of latent fingerprints from paper stuff, a study of a fundamental process is conducted between 

fingerprint deposits and paper. Fingerprint ridges were observed in the cross section of paper 

under fluorescence microscopy. It was possible to check now that, how residue from fingerprint 

ridges is embedded in paper. Undeveloped, latent fingerprints, as well as latent prints developed 

by the 2 fluorogenic reagents, DFO and 1,2-indanedione, examined. The shape and depth of 

distribution of fingerprints vary with different types of paper. An inverse relationship between 

the smoothness of the paper and the penetration depth was observed: high effortlessness values 

result in lower depths of dispersion High quality prints appear to correlate with an optimal 

penetration depth (between 40 and 60 microns). [7] 

Detection of early myocardial infarction by Fluorescence microscopy : fluorescent microscopy is 

amongst the several techniques devised for the post mortem detection of early myocardial 

infarction. The technique has the advantage of sensitivity, speed and simplicity, compared with 

more complex techniques such as enzyme histo-chemistry and electron microscopy. 

Disadvantages include the difficulty of enduring protection of the sections and lack of sharp 

differentiation flanked by normal and very early infarction — though the latter problem is 

ordinary to most other methods, except enzyme histo-chemistry. There are two main techniques 

in fluorescent microscopy: (a) The examination of sections specifically marked by fluorochrome 

dyes; (b) The re-examination of haematoxylin-eosin sections for ‘autofluorescence’.[8] 

The kinetics of color change in textiles and fibres treated with detergent solutions:  

Part I—Color perception and fluorescence microscopy analysis: the aim of this study was to 

review color changes that occur in several types of commonly available textiles as a result of the 

long-term effects of various popularly used laundry detergents. A 14 day experiment was 

conducted using blue, red and grey/black cotton, wool, acrylic and polyester textiles. Color 

changes were evaluated during the visual comparison of the color of the textile samples beside 

that of the untreated (control) material .The kinetics of the changes in the color of the fibres were 

monitored using fluorescence microscopy (UV excitation filter). The conclusions include an 
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assessment of the observed changes from a fibre analysis expert's point of view, as well as that of 

an average user/consumer of the products involved.[9] 

Imaging of Latent Fingerprints by the Detection of Drugs and Metabolites:  dusting for prints, 

Antibody–magnetic‐ particle conjugates include protein coated magnetic particles labeled with 

dye tagged fragments (see picture). These particles attach to drugs and drug metabolites such as 

methadone and benzoylecgonine that are deposited within a latent fingerprint. The conjugates 

give a means to image the fingerprint and facilitate the identification of an individual whilst at 

the same time providing evidence of drug usage. [7,8] 

Conclusion : 

The basic concept of this study was to investigate the utility of Fluorescence microscope in 

determination of trace elements concentration and distribution in Gun Shot Residue, Antiques, 

Museum objects, and Counterfeit Products. The advent of microscope for laboratory use presents 

new applications for the forensic scientists. This will impact the forensic community and/or 

humanity by providing practical insight into the application of Microscope in analysis of Gun 

Shot Residue, Fingerprints, Museum and Archeological objects, and Counterfeit products. The 

technology is a relatively recent introduction to the field of art conservation, archeology, boarder 

security, trace analysis and forensic science. Microscopic analysis gives a rapid, non-destructive 

reading of the elemental composition of any material for elements starting from Na till U in the 

periodic table. Horiba XGT-7000 XRF analytical microscope was used in this study. The several 

examples of using Fluorescence microscopy for:  

1) Analysis of Gun Shot Residue (GSR). In addition to the chemical images, micro transmission 

images will be presented. Chemical images will be compared with Fluorescence images;  

2) Fingerprints chemical images;  

3) Chemical images of original and counterfeit devices;  

4) Mapping of museum and archeological objects. 
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