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A method of simply and quickly determining a-ray
releasing nuclides having long half-life without carrying
out a chemical separation is provided.

By inputting a data of pulses incident to an a-ray
detector in a computer, obtaining time distribution of the
incident pulses by using a very short time measuring timer
and plotting, and fitting the linear originated in a random
event corresponding to the background and the non-linear
originated in the cofrelated events of parent nuclides-
progenies by using the least squares method, the whole
generatihg prpbability P (t) from the parent nuclide to the
progeny thereof is obtained. By subtracting the random
events portion from the P(t), the correlated events portion
is extracted. The radioactivity per unit can be obtained by
dividing the extracted correlated events portion by the
measured time, the amount of the supplied sample and the
counting efficiency. Also, by determining nuclides
unnecessary for the measurement by this method and removing
the determined nuclides from the energy spectra of objective
nuclides to thereby lower the background, the objective
nuclides can be determined by using pulse-height

discrimination.
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METHOD OF DETERMINING RADIOACTIVE NUCLIDES

SACKGROUND _C HE INVENTION

The present invention relates to a method of
determining radioactive nuclides by obtaining time interval
of pulses incident to an a-ray detector and analyzing it.

In the measurement of radioactivity, pulse-height
discrimination of radiations (the energy incident to a
radiation detector) is carried out and, by the comparison
with a previously prepared energy library, the
ldentification of a radioactive nuclide is carried out.
However, under the environment wherein plural radioactive
nuclides exist and when the energies of the nuclides are
closed to each other, they cannot be discriminated, whereby
it 1s necessary to carry out a chemical separation.

For example, when an abnormal leakage accident occurs
in nuclear facilities, there is a possibility that an a-ray
releasing nuclide having a long half-life, such as
plutonium, etc., contained in the nuclear fuel is released
in the environment. Thus, it is necessary to quickly
determine plutonium in the suspended dust in the atmosphere.
Practically, by sucking the air by a pump, the suspended
dust in the air is collected on a filter and after

recovering the dust filter, the dust is measured by an o-ray

detector (for example, a silicon surface barrier
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semiconductor detector) and a pulse-height discrimination is
carried out.

However, in this case, radon (Rn), polonium (Po), lead
(Pb), bismuth (Bi), etc., which are the disintegrated
products of uranium (U) and thorium (Th) largely existing in
nature are detected as the predominant nuclides and
plutonium (Pu) and the like are concealed in the background.
Accordingly, it is necessary that, prior to the a-ray
measurement by a silicon semiconductor detector, the
recovered dust filter is subjected to a pre-treatment in
which the dust filter is wholly decomposed with nitric acid
and hydrofluoric acid and then plutonium is isolated by an
anionic exchange method.

Because such a chemical separation is indispensable in
the prior art techniques, a complicated operation is
required, and a quick determination cannot be carried out.
Incidentally, for the analysis of plutonium in the suspended
dust in the atmosphere described above, the time of about

one week is required for the determination thereof.

IMMARY G ’ LINV I I\
An object of the invention is to provide a method
capable of determining radioactive nuclides having the

approximate energies without carrying out a chemical

separation.
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Another object of the invention 1is to provide a method
capable of simply and quickly determining at a high

sensitivity even an a-ray releasing nuclide having a long

half-1life contained in an environmental sample.
As is conventionally well known, a radioactive nuclide
has the half-l1life specific to the nuclide and, while

releasing o-rays and the like, is disintegrated to another

nuclide according to the following equation.
A=A exp (-A t) = A, exp (-1In (2)/t,, ) t)
wherein,
A: present radioactivity,

A ,: initial radioactivity,

A: disintegration constant, A = 1n (2)/t,,,,.

t,,: half-life,

t: elapsed time.

This shows that, paying attention to the half-life, a
half of the parent nuclide A becomes a progeny B within t
hours. The invention is directed to a method of identifying
and determining an objective nuclide without carrying out a

chemical separation, by utilizing the principle described

above, that is, by detecting the a-rays released at the
disintegration of the nuclide by a detector and matching the
time distribution thereof with the half-l1life of the

objective nuclide.

According to the present invention, there is provided a
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method of determining the presence of radioactive nuclides

having a long half-life in a sample, without chemical

separation of radioactive nuclides having a short half-life

from the sample, comprising a) detecting a-rays released
from radioactive nuclides in a sample using an o-ray
detector over a predetermined time period, b) analyzing the
detected ao-rays by time interval analysis to identify a
portion of oa-rays released from radiocactive nuclides having
a short half-life, c) subtracting the portion of a-rays
released from radioactive nuclides having a short half-life
from the detected a-rays to remove background a-rays from
the detected a-rays, and d) analyzing the remaining oa-rays
by pulse-height discrimination to determine the presence of

ﬁ

radioactlive nuclides having a long half-life.

With respect to the analysis of a-rays, the invention

provides a method of determining radioactive nuclides

comprising:

3a
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inputting a data of pulses incident to an o-ray
detector-in'a computer;

obtaining and plotting a time distribution of the
incident pulses by using a very short time measuring timer;

obtaining from the plotted time distribution of the"
incident pulses, the following whole generating probability
P{t)dt from a parenf nuclide to a disihtegrated product
‘thereof by fitting the linear originated in a random event
corresponding to the background and the non-linear
originated in correlated event of the parent nuclide-
disintegrated product by using least squares method
Ptidt = {ar - exp (-At) - A + C} dt
wherein,

P(t)dt: the probability of starting from an optional

pulse and expiring at the event within a very short

time dt after t milliseconds,

A dt: the probability of generating the correlated

events within a very shoxrt time dt after t
milliseconds,

C dt: the probability of generating the random events
within a very short time dt after t milliseconds,

0y: the probability that the events are caused by the
correlated events;

subtracting the random events portion from the P(t) to

4
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thereby extract the correlated events portion; and

dividing the extracted correlated events portion by the
measured time, the amount of supplied sample and the
counting efficiency to thereby obtain the radioactivity per
unit.

The invention also provides a method of determining
radioactive nuclides comprising:

determining nuclides, which are unnecessary for the
measurement by the method described in claim 1, on the basis
of the half-l1life thereof and the time intervals of the
incident pulses;

removing the thus determined nuclides from the energy
spectra of objective nuclides to thereby lower the
background and reduce the detection limit wvalue of the
objective nuclides; and

detecting the objective nuclides by using pulse-height
discrimination (energy discrimination).

As described above, by analyzing the time interval of
the incident pulses, and extracting the disintegration
events, it becomes possible to determine natural radioactive
nuclides such as radon, etc. Also, by extracting and
subtracting the disintegrated progenies of radon and radium
existing in nature from the whole pulses, a background in
the analysis of plutonium can be removed. Thus plutonium

contained in a suspended dust in the atmosphere can be
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determined without carrying out a chemical separation.

=] b} 8L L LON gk DRAWILD
Fig. 1 shows a view explaining the relation of the
incident pulses and the fixed time.
Fig. 2 shows a view showing the pattern of the existing
states of the incident pulses in the fixed time.

Fig. 3 shows a graph showing the relation of the time

interval and counts.

i 1A, 2 DEOCRIPITION O 1 EMBOD LMEDN

Pulses incident iln an oa-ray detector such as a liquid
scintillation detector, a silicon surface barrier detector,
etc., are amplified and inputted in a computer through a
multi-channel analyzer, and the time distribution of the
incident pulses is obtained by using a very short time
measuring timer and plotted. Also, a fixed time as shown in
Fig. 1 1s established and how the incident pulses (shown by
a reference number 10) exist in the fixed time is analyzed.
The pulses incident in the oa-ray detector are classified
into those originated in the background and those originated
in the correlated event of parent nuclide-disintegrated
progenies.

These pulses are classified into various combinations

shown in Fig. 2. In the figure, the pulses (shown by a

.......
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reference number 12) shown by white show the correlated
events and the pulses (shown by a reference number 14) shown
by black show the non-correlated (random) events. The

~probability of each combination is as follows.

Pr (t) dt

1

2 oy - Py (t) - exp (-At) - A dt

Pg (t)dt = 2. Oy * Py (t) - {1 - €XD (")\t)} - C dt

Pe (t) dt 2 oy - Py (t) - exp (-At) - C dt

Pp (t) dt = (1 - @) - Py (t) - C dt

wherein

P (t) dt: the probability of starting from an optional pulse
and expiring at the events within a very short time dt after
T milliseconds,

P, (t): the probability of starting from an optional pulse
and enfering N random pulses after t milliseconds,

A dt: the probability of generating the correlated events
within a very short time dt after t milliseconds,

C dt: the probability of generating the random events within

a very short time dt after t milliseconds, and

O0+: the probability that the events are caused by the

correlated events.

Now, the whole generating probability P(t)Jdt becomes as

follows:

= 2 (C't)N/N! exp (-Ct) - [or exp (-At) - A + C] dt

and, since the following equation
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(C-t)"/N! = exp(Ct)
is obtained by the Maclaurin's expansion, the probability of

the correlated events from the whole parent nuclides to the

disintegrated progenies thereof becomes as follows:

Ptidt = {ay - exp (-At) - A + C} dt.

The above equation means that the correlated event

portion a: - exp (-At) - A dt to be extracted exists on the
random events portion (background) of C dt@ 'This state 1is
shown in Fig; 3.

Conversely speaking, as being understood from the

foregoing, the P(t)dt is obtained from the time distribution

of the piotted incident pulses, by fitting the linear
originated in the random events corresponding to the
background and the non-linear originated in the correlated
events of parent nuclide-disintegrated progenies by using
least squares method:

Pt)dt = {or - exp (-At) . A+ C} dt.
The random events bortion is then subtracted from the P(t)at
to thereby extract the correlated events portion from the
parent nuclide to the disintegrated products thereof.

Now, inithe measurement of a radioactive nuclide
(radioactivity). the number of incident radiations is

counted. For example, when 600 radiations enter during the
measuring time of 60 seconds, the number of the radiations

corresponds to 10 per second. However, the counting
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efficiency differs according to a detector (for example,
when 40 radiations can be counted in 100 radiations, the
counting efficiency becomes 40%). Accordingly, it is
necessary to divide the counted number by the counting
efficiency. For example, when a detector having the counting
efficiency of 40% counts 10 radiations per second, there are
25 radiations per second, in fact. Furthermore, they are the
radiations from a sample of 100 g, the number of the
radiations becomes 0.25 radiation per gram of the sample.

Therefore, by dividing the correlated events portion
extracted as described above by the measured time, the
amount of the.supplied sample and the counting efficiency,
the radioactivity per unit can be obtained (that is, the
radioactive nuclide can be determined). By such a time
interval analysis method, the radioactive nuclides having
half-1life of from millisecond to microsecond can be
selectively extracted. As the examples thereof, there are
22ppn — **¢*po —, *’Rn — *°Po —, **'Pr — ?At —, etc.

Further, by determining nuclides, which are unnecessary
for the measurement by the above-described method, on the
basis of the half-life thereof and the time interval
analysis method of the incident pulses, and by subtracting
the thus determined nuclides from the energy spectra of an
objective nuclide, the background can be lowered and the

detection limit value of the objective nuclide can be
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reduced. Thus, a nuclide having a long half-life, such as
plutonium, etc., can be determined without carrying out a
chemical separation.

As described hereinbefore, when an abnormal leakage
accldent occurs in nuclear facilities, there is a
possibility that an a-ray releasing nuclide having a long
half-life, such as plutonium, etc., contained in the nuclear
fuel is released in the environment. It is therefore
necessary to quilickly determine plutonium in the suspended
dust in the atmosphere. Practically, by sucking the air by a
pump, the suspended dust in the air is collected on a
filter, and after recovering the dust filter, the dust is
measured by an a-ray detector. In this case, Rn, Po, Pb, Bi,
etc., which are the progenies of U and Th largely existing
in nature are detected as the predominant nuclides and Pu,
etc., are concealed in the background. Accordingly, when the
time interval analysis is carried out and these natural
radioactive nuclides having short half-lives are subtracted,

an a-ray releasing nuclide only having a long half-life such

as plutonium, etc., can be pulse height-discriminated and
the determination of the a-ray releasing nuclide having a
long half-life can be carried out. The pulse-height
discrimination is conducted by matching the measured energy
with the energy library specific to the radioactive nuclide.

Thereby, at emergency, plutonium in the suspended dust in
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the atmosphere can be quickly measured without need of a
chemical separation. In addition, by this method, the
concentration of plutonium, etc., of a background level is
shown 1in an ordinary time.

Further, since radon, thoron and progenies thereof can
be extracted by using the method of the invention, it is
possible to prepare, e.g., a survey meter that is not
reactive with these nuclides by the application of the
invention.

As described above, because the invention utilizes a
method of analyzing the time interval of incident pulses
from oa-ray re;easing nuclides, even the nuclides having
approximate energies can be determined without carrying out
a chemical separation. Also, because in the invention,
natural short half-life nuclides can be extracted and
removed as backgrbund, even o-ray releasing long half-life
nuclides can be simply and, quickly determined at a high

sensitivity by combining the pulse- height discrimination.
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The embodiments of the invention in which an exclusive

property or privilege is claimed are defined as follows:

1. A method of determining the presence of radioactive
nuclides having a long half-life in a sample, without
chemical separation of radioactive nuclides having a short
half-life from the sample, comprising:

a) detecting ao-rays released from radiocactive nuclides in
the sample using an a-ray detector as incident\pulSes over a
predetermined timé period;

b) transmitting the incident pulses of the detected a-
rays as pulse data to a computer which analyzes the pulse

data and plots a time distribution of the pulse data and

analyzing the pulse data of the detected a-rays by time
interval analysis to identify the pulse data of a portion of
a-rays released from the radioactive nuclides having a short
half-1ife;

c) subtracting the pulse data of the portion of a-rays
released from the radioactive nuclides having a short half-
life from the pulse data of the detected o-rays to remove
the pulse data of background o-rays from the pulse data of
the detected oa-rays; and

d) analyzing pulse data of remainingfa—rays by pulse-
height discrimination using a previously defined enerqgy
library to determine the presence of the radioactive

nuclides having a long half-1life.

2. A method according to claim 1, wherein the radioactive

nuclides having a long half-life comprise Pu.

3. A method according to claim 1 or 2, wherein the
radiocactive nuclides having a short half-life comprise Rn,

Po, Pb, or Bi, or any combination thereof.
12
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FIG. 1
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FIG. 3
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