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1. INTRODUCTION

The advent of high-resolution gamma spectroscopy has increased the need for
computer methods in spectrum analysis. High-resolution spectra such as
those obtained using lithium-drifted germanium (Ge(Li)) detectors contain
very sharp peaks, and with environmental samples there is usually little
peak overlap. Analysis of these spectra is therefore quite straightforward
except for the large amount of data (counts per channel) which must be
handled. In contrast, the more efficient but low resolution sodium iodide
(NaI(T1)) scintillation detectors are useful only for mixtures of a
relatively small number of radionuclides. NaI(Tl) spectra usually contain
only 2 - 4 peaks and relatively simple spectrum analysis procedures such as
the simultaneous equations method can be used, though where peak overlap
occurs computer analysis of data is preferable. Ge(Li) detectors may be
uéed for more complex radionuclide mixtures or for radionuclides with
miltiple gamma emissions, and the large number of channels (typically >2000)
and peaks in the spectrum require some type of computer data reduction

technique if accurate results are to be obtained in a reasonable time.

Most laboratories using high-resolution equipment will have access to
computer facilities and many published programmes for peak area
determination are available. Smaller laboratories, however, may be equipped
with only modest programmable desk-top calculators. This report has been
written for use in the smaller institutions and describes a method for
analysing spectra using a calculator such as the Hewlett-Packard 97.
Analyses performed on such calculators are inevitably very time-consuming
because of the bulk of»data that must be entered, but at least reliable

results are obtainable.

1.1 The baseline problem

A typical gamma spectrum of an environmental sample obtained using a Ge(Li)

detector is shown in Figure 1, where it can be seen that peaks are based on
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FIGURE 2

Demonstration of the "region of interest" concept. Any peak and surrounding
channels can be expanded by the operator before peak area calculation.



S ——— -

-2 -
a broad baseline continuum. The scatter of points making up this baseline
is often comparable with peak height, particularly for small peaks near the

low-energy end of the spectrum.

The problem confronting the analyst is the accurate determination of the
position of the base of a peak before estimating its area. Peak areas cannot
be determined accurately and repeatably unless some fixed procedure is used

for estimating this baseline position.

Area and baseline position are usually determined in one of two wayss

(a) using a multichannel analyser (MCA) subroutine which analyses individual

"regions of interest" (ROI), and

(b) Dby mathematically fitting a baseline using a least-squares technique.

This report presents a discussion of the relative merits of‘these methodg and
provides a users' guide for analysis by least-squares techniques using a
programmablé calculator. Examples of actual specfrum analyses are given to
demonstrate principles involved. The following major items of equipment were

used in collecting and analysing spectra:

Detector: Ge(Ii), CANBERRA model 7229, 65 cm?, rel. eff. 12.5%
Multichannel analyser: CANBERRA model 8180, 4096 channels

Calculator: Hewlett-Packard 97

The discussion will, however, apply equally to most other types of this

equipment.

2.  MCA SUBROUTINE METHOD

Many high quality, modern multichannel analysers such as the CANBERRA 8180
have built~in subroutines for calculating peak areas. This is usually
performed by the operator establishing a region of interest (ROI) around each
peak as shown in Figure 2. The MCA then computes the "integral" of the ROI
(the total number of counts in the region) and the net area of the ROI (the

sum of + differences between baseline and channel contents).









PROGRAM LISTING = Cubic Baseline.
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PROGRAM LISTING — Cubic Baseline

Peak Area
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