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TRACER TECHNIQUE







Isotopes – equal Z [ atomic number of a chemical element (also known as its proton 
number) is the number of protons found in the nucleus of an atom of that element]

Isobars – equal A [The mass number (A), also called atomic mass number or nucleon 
number, is the total number of protons and neutrons (together known as nucleons) in 
an atomic nucleus.]

Isotones – equal N [The neutron number, symbol N, is the number of neutrons in 
a nuclide.]

carbon-12, carbon-13 and carbon-14 are three isotopes of the 

element carbon with mass numbers 12, 13 and 14 respectively. The atomic 

number of carbon is 6, which means that every carbon atom has 6 protons, so 

that the neutron numbers of these isotopes are 6, 7 and 8 respectively.
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RADIOACTIVE DECAY 

Radioactive decay is the process in which an unstable atomic nucleus 
loses energy by emitting ionizing particles and radiation transforming 
the parent nuclide atom into a different atom called daughter nuclide .



HALF-LIFE 

Half life of radio isotope  is the time period required for radionuclide to 
decay to one half the amount originally present .

t1/2 = 0.693/λ.

λ is decay constant , a characteristic of a given isotope decaying in unit time 

1 curie = 3.7x1010 radioactive decays per second [exactly].

In the International System of Units (SI) the curie has been replaced by the becquerel (Bq), where

1 becquerel = 1 radioactive decay per second = 2.703x10-11 Ci.

• Bequerel is the unit of radioactivity is defined as one disintegration per 
second (1 d. p. s. ).

• Frequently used units are curie , defined as the quantity of radioactive 
material in which the number of nuclear disintegrations per second is 
same as the 1gm of radium ( 3.7 X 10 10 Bq ).  

• Specific activity is defined as disintegration rate per unit mass of 
radioactive atoms.











PREPARATION OF LABELLED COMPOUND 



INTRODUCTION OF LABELLED COMPOUND 



SEPARATION OF DETECTED COMPOUND 















Detection & Measurement of Radioactivity 

Various methods for measuring radioactivity

1. Autoradiography 

2. Gas ionization detectors 
I. Geiger counter

II. Scintillation counter

III. Liquid scintillators

3. Fluorescent scintillation , are the basis to detect & measure 
radioactivity in clinical laboratory .

http://www-spof.gsfc.nasa.gov/Education/wgeiger.html
http://www.encyclopedia.com/doc/1E1-scintill.html
http://analytical.chem.wisc.edu/524class/Folders/Lois/overview.htm


AUTORADIOGRAPHY

• In autoradiography a photo graphic emulsion is used to visualize molecules labeled 
with a radioactive element .

• The emulsion consists of a large number of silver halide crystals embedded in a 
solid phase such as gelatin .

• As energy from radioactive material dissipated in the emulsion , the silver halide 
becomes negatively charged & is reduced to metallic silver.

• Photographic developers are designed to show these silver grains as blackening of 
the film , & fixers remove any remaining silver halide .

• Techniques of autoradiography have become more important in molecular biology .

• Weak β – emitting isotopes ( 3H ,14 C ,35 S) are most suitable for autoradiography , 
particularly for cell & tissue localization experiments .

• Low energy of negatrons & short ionizing track of isotope will result in discrete 
image .



• β emitting radioisotopes are used when radioactivity associated with subcellular 
organelles is being located .

• 3H is the best radioisotope , since it’s all energy will get dissipated in the emulsion .

• Electron microscopy can then be used to locate the image in the developed film .

• For location of DNA bands in electrophoretic gel, 32 P labeled nucleic acid probes are 
useful .

• After hybridization ,hydrolysis & separation of  DNA fragments by electrophoresis , a 
photographic plate is applied to to the covered gel & allowed to incubate .





Choice of emulsion & film

X ray films are generally suitable for macroscopic samples such as whole 
body, electrophoretographs , chromatographs .

When light (or) electron microscopic , detection of image ( cellular , 
subcellular localization of radioactivity ) very sensitive films are 
necessary .

Time of exposure & film processing depends upon the isotope , sample 
type , level of activity , film type & purpose of the experiment.

In  Direct autoradiography , the X ray film or emulsion is placed as close 
as possible to the sample .





Inert Gas (Principle gas) Bromine Dead time Gaseous Ionization Detector Hance
Geiger and W. Muller- 1928

Principle: Avalanche : Free electron cause electrical conduction by causing more 
ionization  + ions massive _ Dead time (10-4 s), Secondary electron emitted: 
further count wrong: quenching gas = bromine gas

The Geiger counter is an 

instrument used for 

measuring ionizing 

radiation used widely in such 

applications as radiation 

dosimetry,radiological

protection, experimental 

physics and the nuclear 

industry.

Geiger Counter

https://en.wikipedia.org/wiki/Ionizing_radiation
https://en.wikipedia.org/wiki/Dosimetry
https://en.wikipedia.org/wiki/Radiological_protection
https://en.wikipedia.org/wiki/Experimental_physics
https://en.wikipedia.org/wiki/Nuclear_industry


1.The tube contains argon gas at low pressure.

2.The end of the tube is sealed by a mica 'window' thin enough to allow alpha particles 

to pass into the tube as well as beta and gamma radiation.

3.When a charged particle or gamma-radiation enters the tube, the argon gas becomes 

ionized. This triggers a whole avalanche of ions between the electrodes.

4.For a brief moment, the gas conducts and a pulse of current flows in the circuit.

5.The circuit includes either a scaler or a ratemeter. A scaler counts the pulses and 

shows the total on a display.

6.A ratemeter indicates the number of pulses or counts per second. The complete 

apparatus is often called a Geiger counter.



Scintillator are material that produces light when ionizing radiation passes 
through it. Can be solid liquid and gas. Eg. NaI, CsI etc.

Operation :
1. Absorption of incident radiation raising electron to excited state 
2. After subsequent de excitation the scintillator emits a photons in the 

visible light range 
3. The light emitted from the scintillator interacts with the photot cathods of 

a photomultiplier tube releasing the electrons 
4. Electron are guided with the help of an electric field toward the first 

dynode: dynode is coated with the a substance which emits secondary 
electrons 

5. Secondary electrons from the first dynode to another dynode and so on 
6. Final amplification of about 106 of higher. 

Scintillation energy Resolution : 
1- large amplification needed because primary signal is low
2- large amplification leads to poor energy resolution 

SCINTILLATION COUNTING



SCINTILLATION COUNTING





LIQUID SCINTILLATION COUNTING

Liquid scintillation counting is the measurement of activity of a 

sample of radioactive material which uses the technique of mixing the 

active material with a liquid scintillator, and counting the resultant 

photon emissions. The purpose is to allow more efficient counting 

due to the intimate contact of the activity with the scintillator. It is 

generally used for alpha and beta particle detection.

Samples are dissolved or suspended in a "cocktail" containing 

a solvent (historically aromatic organics such as benzene or toluene, 

but more recently less hazardous solvents are used), typically some 

form of a surfactant, and small amounts of other additives known as 

"fluors" orscintillators. Scintillators can be divided into primary and 

secondary phosphors, differing in their luminescence properties

https://en.wikipedia.org/wiki/Solvent
https://en.wikipedia.org/wiki/Aromatic
https://en.wikipedia.org/wiki/Benzene
https://en.wikipedia.org/wiki/Toluene
https://en.wikipedia.org/wiki/Surfactant
https://en.wikipedia.org/wiki/Scintillator
https://en.wikipedia.org/wiki/Phosphor


Liquid scintillation process is the conversion of the energy of a radioactive decay 

event into photons of light in a liquid. Photomultipliers (PM-tubes) detect the 

emission of light and convert the light pulse into an electrical signal. The intensity of 

the light pulse (number of photons emitted) is proportional to the energy of the 

radioactive decay event. Further, the size (height) of the electrical pulse is 

proportional to the intensity of the light and, accordingly, also proportional to the 

energy of the decay event.



The electrical pulse can be handled in an electronic system, which measures 

its height and stores the events in an intensity-energy array, a so-called 

multichannel analyzer (MCA) system. Thus, an energy spectrum can be 

recorded of the decaying radionuclide

In this way liquid scintillation counting (LSC) is a detection technique for 

radioactivity. Normally, the radioactive substance is intimately mixed with the 

detector which is the liquid scintillator cocktail. The radioactive substance 

should then, preferably, be in liquid form.

The emission of light in the liquid scintillator is an isotropic process. By 

applying two PM-tubes instead of only one the noise in the detection process 

(background counts not due to the decay process) may then be reduced. Only 

those events that are recorded in both PM-tubes simultaneously (in 

coincidence within the required time window, often 10-30 ns width) are 

recorded as “true” counts. A principle sketch of the detection system is given in 

the figure above



CHERENKOV RADIATION

Cherenkov radiation, also known as Vavilov–Cherenkov radiation, 

is electromagnetic radiation emitted when a charged particle (such as 

an electron) passes through a dielectric medium at a speed greater than 

the phase velocity of light in that medium. 

The characteristic blue glow of an underwater nuclear reactor is due to 

Cherenkov radiation.

High-energy beta emitters, such as phosphorus-32, can also be counted in 

a scintillation counter without the cocktail, instead using an aqueous 

solution. This technique, known as Cherenkov counting, relies on 

the Cherenkov radiation being detected directly by the photomultiplier 

tubes. Cherenkov counting in this experimental context is normally used for 

quick, rough measurements, since the geometry of the sample can create 

variations in the output.

https://en.wikipedia.org/wiki/Electromagnetic_radiation
https://en.wikipedia.org/wiki/Electric_charge
https://en.wikipedia.org/wiki/Particle_physics
https://en.wikipedia.org/wiki/Electron
https://en.wikipedia.org/wiki/Dielectric
https://en.wikipedia.org/wiki/Speed
https://en.wikipedia.org/wiki/Phase_velocity
https://en.wikipedia.org/wiki/Speed_of_light
https://en.wikipedia.org/wiki/Nuclear_reactor
https://en.wikipedia.org/wiki/Phosphorus-32
https://en.wikipedia.org/wiki/Cherenkov_radiation


If a charged particle moves in a medium at a velocity v that is greater than the phase velocity of light      

waves in the medium the particle emits Cherenkov radiation.   

The phase velocity of light waves in a given medium =  c/n  

where n is therefractive index of the medium and c is the speed of light in vacuum.  

Cherenkov radiation is emitted in a specific direction and the angle θ between the direction of the 

radiation and the trajectory of the particle is related to v and n 





Schematic of a threshold gas Cherenkov counter used with the 70-GeV particle 
accelerator of the Institute of High Energy Physcis (USSR). 

The Cherenkov light iscollected at the cathode of the multiplier phototube by m
eans of an optical system consisting of a plane mirror and a quartz lens.



Three types of Cherenkov counters are distinguished:

1. THRESHOLD,

2. DIFFERENTIAL

3. TOTAL- ABSORPTION.

The main characteristic  

of threshold and differential Cherenkov counters are the detection effici

ency and the velocity resolution; the latter is ameasure of a counter’s a

bility to distinguish two particles moving with nearly the same velocity.

A threshold Cherenkovcounter should detect all particles with velocities

greater than some threshold value. Therefore, a threshold counter’s op

ticalsystem, which is a combination of lenses and mirrors, should—

if possible—

collect all the emitted light at the cathode of themultiplier phototube.



Differential Cherenkov counters detect particles whose velocity lies between certai

n limits v1 and v2. In conventionaldifferential Cherenkov counters, the desired parti

cles are detected by using the optical system to select the light that isemitted at an

angle lying between the corresponding limits θ1, and θ2. A lens or a spherical mirr

or placed in the path of theCherenkov light focuses the light that is emitted at an a

ngle θ into a ring of radius R = fθ where f is the focal length of thelens or mirror. If

an annular slit diaphragm is placed at the focus of the optical system and one or m

ore multiplier phototubesare placed behind the diaphragm, light will be detected on

ly for particles that radiate at an angle lying within certain limits. Adifferential Chere

nkov counter with a precision optical system makes it possible to single out particle

s whose velocity differsby just 10–

6 from the velocity of other particles. Such Cherenkov counters require special cont

rol over the gas pressure andthe formation of a parallel particle beam.
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