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Abstract

Detection and quantification of emitted radioactive particles such as alpha, beta or high energy gamma and X-
rays from a contaminated sample or source can easily be achieved by using different qualitative and quantitative
approaches. In contrast to qualitative approach, quantitative methods of radioactivity detection are widely used
because of their potential to identify and detect high as well as low radioactivity levels with increased sensitivity and
counting accuracy. Gamma /X-Ray spectroscopy, Alpha /r Beta counters, Scintillation detectors including GM
counter and LSC detectors are the well-recognized quantitative methods employed for this purpose.
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Introduction
Qualitative and quantitative methods are used for the identification

of radioactive elements and measurement of their radioactivity.

Qualitative methods
Such approaches detect the presence or absence of radioactive

emissions. Although, detectability of very low levels of radioactivity is
still a challenge [1].

Quantitative methods
Since radioactive particles such as alpha and beta are short range

radiations easily affected by minute amounts of dust or precipitation?
Therefore, quantitative measurements of such radiations in the field
are not that easy to achieve only simple identification is possible. 

Though high energy X-rays and gamma particles are less affected by
field environment still exact estimate of radioisotopes is not
accomplished. Scintillation detectors, gamma and X-ray spectroscopy
and alpha-beta counting are lab based quantitative methods for
radioactivity measurement [2,3].

Gamma and X-ray spectroscopy

Spectroscopy involves the use of high-resolution gamma or X-ray
detector and a multi-channel analyzer to precisely estimate the
energies of the gamma and X-rays emitted by a contaminated sample
[4]. 

Such techniques are mostly not recommended for exact
quantification of radioactivity. However, by regulating the detection
efficiencies and by using standard spectral unfolding techniques,
relative concentration of various isotopes present in the contaminant
sample may be determined accurately. For example, FIDLER
spectroscopy techniques estimates relative abundance of Am-241 to
Pu-239 [5,6].  

Alpha and/or beta counting

Another quantitative technique for accurate quantification of
contamination in a sample. Alpha and/or beta counting apparatus
consists of a thin ZnS layer coupled to a photomultiplier tube which is
positioned in a shielded vacuum chamber to remove background
radiation and radiation absorption by air [7]. 

A thin sample is placed into the chamber under the detector to
measure the count rate which is then interpreted to an absolute
evaluation of sample activity, depending on the geometry of the
experiment. Besides gas-flow proportional counters are also used in
which sample is placed into the chamber of a proportional counter. 
Any emitted radiation causes gas ionization that is automatically
amplified and counted. One common problem of both the counters
that extremely thin sample preparation is required to reduce self
absorbtion, preparation of which is time consuming. It often involves
dissolving the sample onto a sample holder then evaporation of the
solvent leaving a very thin, negligibly absorbing sample. For example,
Ludlum Model 3 with a Ludlum 44-9 “pancake” (GM) probe is a
typical beta and/or gamma detector which is sensitive to gamma
particles and detects field radiations that produces readings two to
three times greater than the background reading [8,9].

Scintillation detectors

Scintillation detectors are basically gamma detectors or gas
ionization detectors which consist of ionization chamber, proportional
counters, or GM counters.

Geiger-Mueller (GM) counter: One of the first and most sensitive
devices employed to detect and measure low levels of ionizing
radiation. The underlying principle is based on the emission of
radiations that remove electrons from the atoms it strikes producing
ions which passes through the oppositely charged plates resulting in a
flow of current which is read on a meter. Geiger counter apparatus
consists of Argon and Neon gas filled metal tube. A thin wire acts as a
metal conductor with applied voltage of 500 volts, runs inside the tube
to a connector on the tube body [10]. Charged particles when enters
the GM counter tube, knock off electron (ionization) from gaseous
atoms upon collision. The ionized gas produces current which is
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further amplified to be measured. Geiger counter also contains a
quenching agent to stop current flow after few microseconds. Older
GM tubes used methane gas which upon each detection break downs
resulting in a limited tube lifetime. In contrast, modern GM tubes uses
gases that does not break increasing tube dependability and reliability.
Each gas discharge incident is measured in counts per minute (CPM)
in GM counter with the capability to detect even a single emitted
particle. However, ionization chambers cannot detect a single particle
emission but requires high levels of radiations to be detected. GM
counters are smaller in size with nearly 100% efficiency for measuring
alpha and beta particles but only 1 to 2% efficiency is reported in case
of gamma and X-ray’s detection [11,12].

Liquid scintillation counting: A standard laboratory approach for
radioactivity quantification of low energy radioisotopes emitting either
alpha or beta particles or both. It requires specific combinations of
compounds i.e., LSC aqueous-based cocktails to transform the energy
into measureable light pulses [13]. LSC cocktails comprised of
aromatic organic solvent, scintillator (fluors) and the surfactants. The
underlying principle behind LSC detection involves the excitation of
aromatic solvent through the energy emitted from a radioactive
isotope. This energy is then absorbed through the scintillator causing
electrons to be excited which subsequently decays to a ground state
and produces a light pulse which is detected by the photomultiplier
tube (PMT) of the Sp. In liquid scintillation detection method,
background counting (radiations from external sources recorded as
counts) is mostly low but background counts can contribute to
experimental error if the number of actual counts is low. Currently
used scintillation counters have a conveyor system that automatically
introduces samples into the counter chamber for counting to reveal the
measured output in printed form.

Uses   of scintillation detectors: It is an important component of
imaging and non-imaging devices such as scintillation well counters
and thyroid probes. Thyroid probe is used in iodine bioassay to
measure thyroid 131I uptake [14,15].

Conclusion
Both the qualitative and quantitative approaches are used for the

identification and quantification of high and low levels of radioactivity.

Each of these methods has their own benefits with recognizable
drawbacks. Choice of radioactivity detection method entirely depends
on the type of particle being emitted from the contaminated sample.
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