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TRACE ELEMENT ANALYSIS OF SOUND AND DECAYED NORWAY
SPRUCE (PICEA ABIES) BY XRF AND NAA METHODS
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SELOSTE:

TERVEEN JA LAHON KUUSEN HIVENAINEANALYYSEJA RONZ‘GENFLUO-
RESENSSI- JA NEUTRONIAKTIVOINTIMENETELMILLA

Saapunut toimitukselle 1978-12-20

Ashed tree samples from sound and decayed Norway spruce were studied by means of fast
neutron activation analysis (neutron energy 14 MeV) and, for comparison, also by X-ray
fluorescence analysis. In fast neutron activation analysis the following elements were detected:
(Na), Mg, Al, Si, K, Ca, Mn, Rb, Sr and Ba, and according to the results of the X-ray fluorescence
method the elements present in the wood samples were: K, Ca, Mn, Rb, Sr and Ba. A general
diminishing was revealed by both methods in most elemental concentrations, with the exceptions
of K and Rb, when going from a sound tree to a decayed one. The use of the ratio of the amounts
of potassium to calcium as an indicator of the degree of decayedness is therefore proposed.

1. INTRODUCTION

Internal decay in growing trees, at its
worst, can result in about one third of the
trees in spruce forests being discarded in
the timber industry. As this obviously
has unfavourable economic consequences,
an early indication of the presence and
extent of decay in growing trees is of
importance.

Of the devices which exist for measuring
the internal decay, only few are completely
nondestructive. Examples of the non-
destructive methods are those using ultra-
sonic equipment or X-ray photography.
These methods, however, have serious
disadvantages, as they are for instance not
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reliable and their sensitivity depends on the
thickness of the tree’s bark.

Other methods are therefore being looked
into for measuring the condition of trees.
A large selection of nuclear methods has
been utilized during recent years in the
investigation of various environmental
problems. Amongst the methods using
radiation is activation analysis by neutrons,
which is worth examining in the context
of tree inspection. In this method neutrons
are used to excite characteristic radioactivity
in the sample nuclei by nuclear reactions
and the radioactivity is measured by ra-
diation detectors. This radioactivity reveals
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the elements present in the sample. If the
chemical composition correlates with the
state of the tree, activation analysis by
neutrons could serve as a rapid inspection
method. Fast or thermal neutrons can
be employed for the activation; in this
work fast neutrons were employed.

In order to compare the effectiveness of
neutron activation in elemental analysis
another nuclear method was also checked.
Thus tree samples were studied using
the X-ray fluorescence method, whereby
characteristic X-rays of the elements in the
sample are excited by gamma radiation or
by energetic, charged particles. In the
excitation process vacancies in the inner
orbitals of the sample atoms are first
created, and as these vacancies are imme-
diately filled by a series of electron tran-
sitions, emission of X-ray photons follows.

These X-rays can be identified by suitable
radiation detectors. In this work gamma
and X-ray radiation from long lived radio-
isotopes were employed for to create the
excitation.

Technical details of these two independent
investigations and the results obtained for
elemental concentrations in sound and
decayed tree samples are presented herein.
The spruce samples for the examinations
were cut from spruce forests in Virrat,
Central Finland.

The authors wish to thank the Department of
Physics, University of Helsinki, and the Academy
of Finland for financial support. The English of
the Manuscript has been read by Dr. Lorna
Sundstréom, and the typing completed by Ms.
Tuula Gustafsson, for who we express our warm
thanks.

2. EXPERIMENTAL TECHNIQUES

2. 1. Sample characteristics

Samples of decayed and sound spruce
were burned to ash at low temperature
(about 200—300 C) and the cooled ash
strained with a 0.5 mm sieve.!) For usein
the neutron activation approximately half-
gram samples of ash were weighed accurately
and put in small polyethylene irradiation
boxes. The area of the prepared samples
was 3.61 cm? with a thickness of about 1
mm. As this sample thickness (~1 mm)
does not affect much the penetration of
energetic neutrons (in our case 14 MeV
energy) in the samples, no serious absorp-
tion problems arise. This makes the use of
neutrons in the decay studies favourable.

Almost all yp-rays used in identification

1) As it was considered possible that quantities
of chemical compounds of some elements might
have been evaporated during the ashing process,
which could lead to erroneous conclusion as to the
mineral contents, the melting and boiling points of
the most probable mineral compounds were
checked. Those were found to be too high to
allow vaporisation at the low burning tempera-
tures used.

of elements in neutron activation analysis
appear at energies above 200 keV (in this
study all of them), which also means that
y-ray absorption is negligible. The maximum
attenuation of y-rays of 100 keV and 500
keV energy would in 1 mm of carbon
(Z = 6) sample be 3 per cent and 2 per cent,
respectively. In a sample consisting pre-
dominantly of potassium (Z = 19) the
maximum attenuation would be 2 and 0.7
per cent, respectively. In our case then,
about 97 per cent of the y-radiation is left
unabsorbed in the sample material.

For the analysis by X-ray fluorescence,
thin pellets of 1 mm - 3.14 cm? size were
prepared from the ash by using a pressure
of 4500 kg/cm2. In X-ray fluorescence
analysis the sample thickness (~ 1 mm)
has a more pronounced effect, the extent
of which depends on the energy utilised
for excitation as well as on the energy of
the radiation excited. The attenuation of
5.9 keV X-rays (i.e. the exiting radiation
from a Fe-55 source) is 91 per cent and
that of 59.6 keV y-rays (the exciting ra-
diation from an Am-241 source) is 3 per
cent in 1 mm of carbon sample. Respec-
tively, ~ 100 and 5.5 per cent attenu-
ation would result in 1 mm thick samples
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of potassium. Absorption effects must
therefore be carefully taken into account
when X-rays are used for identification.
Only in the case of thin samples, such as
air particulate matter with a few tenths
of milligrams per square centimeter on
thin filters, can the absorption be almost
negligible. Even then other factors such as
particle size effects might be seriously
involved (RAISANEN et al. 1978), and the
sample composition should be equally accu-
rately known.

2.2. Sample analysis

2.2.1. Neutron aetivation

In neutron activation analysis the samples
were irradiated for 15 min with 14—15
MeV neutrons from a SAMES T 400 neutron
generator at the Department of Physics,
University of Helsinki. The average neutron
flux used was 5-10° n/cm?-s. Shorter
irradiations were performed in identifying
short lived activities. After irradiation the
samples were removed from the irradiation
position and transported manuaily to the
measuring apparatus. The transport time
from irradiation to measurement was about
one minute. According to the present results
a 5 minute irradiation should be enough to
enable the same identification procedure as
employed here. Four to five samples could
be irradiated simultaneously, but usually
limitations in detecting capacity make this
impracticable.

The gamma spectra were measured by
using a coaxial 43 cm? Ge(Li) semiconductor
detector and a 4 K ADC connected to the
PDP 9/L computer of the Department of
Physics, University of Helsinki. An ex-
perimentally determined response curve for
the efficiency to detect y-rays of different
energy was used. The experimental detector
resolution was 3 keV for 1333 keV ¢Co
y-rays. Standard IAEA sources and a
152Eu source were used for energy calibration.
Measuring times were 5 and 15 minutes,
the former starting about one minute after
irradiation, and the latter one minute after
the first measurement.

In routine work only one measurement
per sample is needed and can be performed
during the first five minutes. Sample
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measurements can thus be performed in
a 7—10 minute sequence, which means
that approximately 50 samples can be
investigated in one day.

2.2.2. X-ray fluorescence

In the X-ray fluorescence method the
sample measurements each took 4 minutes
in the XRF spectrometer facility at the
Department of Physics, University of Hel-
sinki. Characteristically for this method,
excitation and detection were made simul-
taneously. As no separate irradiation and
detection periods are needed, noticeable
reduction in the investigation time results.

Each sample pellet to be analysed was
placed on thin mylar foil supported by a
metal ring. X-ray spectra of the samples
were measured using a 5 mm thick intrinsic
germanium X-ray detector with 25 mm?
sensitive area. The energy resolution of this
detector for Mn KX-rays was 150 eV.
A module based pulse processing system
and a 4 096 channel pulse height analyser
with paper and magnetic tape registration
devices were used in data collection. These
instruments are routinely employed in
nuclear spectroscopy. When using the Fe-
55 excitation, the low energy X-radiation
can best be detected in vacuo. A brief
description of the spectrometer charac-
teristics is given below with a more detailed
account reported elsewhere (RAUNEMAA et
al. 1978).

The XRF spectrometer employed in
this study had been constructed specially
for measuring environmental samples. The
radiations used for the excitation of X-rays
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Figure 1. An overview of the spectrometer.
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Figure 2. The fluorescence chamber characteristics.
The dimensions are given in mm.

Kuva 2. Mittauskammion rakenne ylhddltd ja
sivulta.

originate from radioisotopes of Fe-55, Cd-
109 and Am-241. In this study only the
Fe-55 and Am-241 sources were used. The

sources, which have annular shape, have
an activity level of 1—4 GBq, i.e. they
show about 10° decays/s.

Figure 1 presents an overview of the
experimental arrangement of the spectro-
meter with the sample, radioisotopic source
and radiation detector.

The samples, the sources and the detector
are enclosed in a »fluorescence» chamber
shown in Figure 2. The chamber is vacuum-
tight and can be evacuated or filled with a
chosen gas. The chamber material is
aluminum, as this material does not cause
interferences in the measurements.

An efficiency calibration of the detector,
which is usually necessary, can be avoided
by using single element standards (GIAUQUE
et al. 1975).

2.2.3. Data manipulation

Data manipulation was carried out using
the computer program VIPUNEN (PAATERO
1977) in a Burroughs 6 700 computer.
A least-squares fit of a polynomial to
calibration points yields in this program
the energy-channel response, which is used
to calculate the needed information i.e. the
energies and intensities. The program is
constructed useroriented and can very well
be adapted to analysis of any spectroscopic
data.

3. RESULTS
3.1. Neutron activation analysis AN s 4 ey
Nj=———0'® l—e H  1—e ™
Characteristic gamma spectra resulting
from neutron activation of sound and 4 = radioactive decay constant = en 2/tj
decayed tree ash samples, respectively, AN = intensity of the gamma peak
prepared as described above, are reproduced @ = neutron flux
in Figure 3. Reaction channels, reaction ¢ = reaction cross section

cross sections and characteristics of the
reaction products used in elemental iden-
tification are presented in Table 1.

To determine the relative abundances of
different elements in the samples one has
to calculate normalised intensities for peaks
in the spectra. The number of atoms Nj
of element j in the sample is then

ty)e = radioactive half-life of the reaction product
= waiting time

t, = activation time

t, = measuring time

The photopeak efficiency of the gamma

detector, the variation of the neutron flux
and the differences in dry weights of the sam-
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Figure 3. Gamma spectra from fast neutron activation of the ash of
sound and decayed spruce samples. Gamma-ray energy and/or the ele-
ment in question are shown by the keV value and/or the chemical sym-
bol, respectively, in each relevant case.

Kuva 3. Gammaspektrit terveesti (ylla) ja lahosta (alla) kuusindytteesti neut-
roniaktivointimenetelmilli. Gammasiteilyn energia-arvot ja piikkien alkuperi

on merkitty kuvioon.

ples were taken into account via correction
factors. By using the reaction cross sections
(LeppAMAkI and KANTELE 1970) and half-
lives of the reaction products (TANNILA
and KANTELE 1969), the relative abun-
dances of the elements were finally found.
The results presented in Table 2 correspond
to the data collected in the 15 min measure-
ment periods. The values obtained are
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compatible as between sound and decayed
trees and within the two groupings.

In calculating the errors of relative
abundances, two main error sources should
be mentioned: the errors in peak areas, as
given by the error analysis of the computer
program VIPUNEN, and the uncertainties
in the timing. For the waiting time a
rather large uncertainty of -+0.5 min

Table 1. Identification data used in neutron activation analysis.
Taulukko 1. Tunnistukseen kaytetty aineisto neutroniaktivointianalyysissd.

Main y-ray
Product Half-life Energies Intensities Reaction Abundance [Cross Section
nucleus . . y-siteilyn .
Tuoteydin  |PUOWMIUMIS-| g iat Intensiteetit | Ydinveaktio | R¥nsaus | Vaikutusala
aika keV % mb
23Ne 376 s 440 0.33 23Na(n,p) 100 40
24Na 15.03 h 1368.5 1.00 24Mg(n, p) 79 170
2753.9 1.00 27Al(n,a) 100 114
27Mg 9.45 m 843.8 0.72 27Al(n,p) 100 83
1014.4 0.28 30Si(n,a) 3 86
28A1 2.24 m 1778.9 1.00 28Si(n,p) 92 250
. 31P(n,a) 100 125
29A1 6.52 m 12733 0.94 29Si(n,p) 5 92
35Cl1 37.18 m 2167.5 0.55 4K(n,a) 7 35
1642.4 0.40 .
41Ar 1.82 h 1293.6 0.99 44Ca(n,a) 2 35
41K (n,p) 7 74
SSK 7.71 m 2166.8 1.00 39K (n,2n) 93 5.1
UK 22.15 m 1156.9 0.58 44Ca(n,p) 2 42
2151.3 0.23
82y 3.76 m 1433.9 1.00 55Mn(n,a) 100 39
52Cr(n,p) 84 110
84mRb 20.40 m 247.9 0.65 85Rb(n,2n) 72 640
215.4 0.37
463.7 0.32
86mRb 1.02 m 556.1 0.98 87Rb(n,2n) 28 930
87mGy 281 h 388.4 0.89 88Sr(n,2n) 83 200
13TmBa 2.55 m 661.6 0.85 138Ba(n,2n) 72 1250

(i.e. 8 per cent) was taken, as this time was
not regularly checked. Fairly large errors
therefore result in the abundances when
short lived reaction products (eg. 137Ba)
are considered. In the analysis based
on very long lived activities (eg. $mSr)
rather large errors are due to the short
irradiation-measurement sequence.

The following elements were detected in
fast neutron activation analysis (NAA):
(Na), Mg, Al, Si, K, Ca, Mn, Rb, Sr and Ba.
Furthermore the presence of P is probable,
but due to interfering activities was dif-
ficult to resolve unambiguously.

3.2. X-ray fluorescence analysis

X-ray spectra resulting from excitation
using Fe-55 and Am-241 sources are pre-
sented in Figures 4 and 5.

In calculating the abundances of dif-
ferent elements in the samples the KX-line
intensity was wused. This intensity de-
pends on the flux of the exciting radiation
(Io), the cross section for production of
photoelectrons (t), the probability for de-
excitation by X-rays (o = wg) and on the
weight fraction (W) of the fluorescent
elements in the sample. The exciting as
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Table 2. Relative number of atoms of elements and their ratios in sound tree ash sample (1) and decayed
tree ash sample (5) normalised to equivalent dry weight.
Taulukko 2. Samaan kuivapainoon normitetut alkuaineiden suhteelliset madrdt ja niiden suhde terveessd

ja lahossa puussa.

Relative number of atoms of elements
Stable Reaction used in Alkuaineatomien mdadri Ratio
isotope X T
Alhuaine- identification Sound tree Decayed tree Suhde
isotooppi Ydinreaktio Terve puu Laho puu N(D)/N(S)
N(S) N(D)

24Mg (n,p) 183 4 0.9 16.0 4+ 04 0.87 -+ 0.07
27A1 (n,a) 3.61 4 0.16 0.155 4+ 0.003 0.043 4 0.003
27A1 (n,p) 35 +02 0.16 -+ 0.02 1.146 + 0.008
28Gj, 31p (n,p), (n,a) 21 + 4 1.8 +04 0.09 4+ 0.04
205i (n,p) 1.8 +0.2 0.05 4 0.02 0.030 <4 0.016
3051 (n,a) 1.20 + 0.07 0.032 4 0.005 0.027 + 0.006
IK (n,2n) 111 + 1.0 219 413 20 403
ag (n,a) 0.84 4 0.20 1.75 4 0.09 21 +0.6
44Ca (n,p) 1.25 4+ 0.16 0.35 4 0.04 0.28 + 0.07
55Mn (n,a) 78 413 1.8 +03 0.23 4+ 0.08
85Rb (n,2n) 0.022 4+ 0.007 0.040 + 0.006 1.8 4+ 05
88Gr (n,2n) 0.18 4+ 0.05 0.076 + 0.012 0.42 4+ 0.20
138B4, (n,2n) 0.27 + 0.06 0.08 4 0.02 0.29 4+ 0.13

Note: Reaction 23Na(n,p)23Ne is not included here because of the short half-life of the reaction product.
Error values shown are due to statistical and systematic errors in the measurements of only one sample,
the sound tree sample (1) and the decayed tree sample (5), respectively.

Huomautus: Natriumin tunnistamiseen on kaytetty reaktiota **Na(n,p)?3Ne.
Virhearviot sisdltdvat statistiset ja systemaattiset mittausvivheet.

well as the fluorescent radiation are in-
fluenced by the sample matter, due to
absorptive processes. The X-ray intensity
is therefore decreased by a factor F, the
attenuation factor, given by

-+ p)m
1—e

Fomt @—
(#+ p’)m

where x and p’ are the mass attenuation
coefficients for exciting and fluorescent
radiation, respectively, and m is the mass
of the sample (g/cm?).

Fluorescent intensity I; for a homo-
geneous sample can now be expressed in
the form (RAISANEN et al. 1978).

I = I°er‘fv(1 _ ¢-(#+p)m e,
btu

where the geometry factor G takes into
account the differences in experimental
arrangements. From this equation the amount

of an element j» Mj = W *M, in the sample
can be determined. The values of o, T for
different elements can be found in the
literature (BAMBYNEK et al. 1972, VEIGELE
1973, FreuND 1975).

If the factor (u + w)m is =4 in the
intensity equation, the sample is said to
be thick, and total absorption is at least
75 per cent. If, on the other hand, total
absorption is less than 5 per cent, the sample
is said to be thin with respect to that
radiation. The thin sample criterion is in
the present work true only for BaKX-rays
when using Am-241 excitation. The thick
sample criterion is correspondingly fulfilled
only for KX-rays of Mn or of any lighter
element. The elements in between Mn and
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Figure 4. X-ray spectra from the ash of sound and decayed spruce samples obtained by

XRF method. Fe-55 excitation.

Kuva 4. Rontgenspektrit terveestd (vasemmalla) ja lahosta (oikealla) kuusindaytteestd ronigen-

Sfluoresenssimenetelmalld. Fe-55 viritys.

Table 3. Attenuation factor F using Fe-55 excitation.
Taulukko 3. Vaimennuskertoimen F arvot Fe-55 virityksessa.

M Fluorescent radiation
Sample — Nayte ass Rontgensdteily
Origin — Alkuperd gssa Ca v
(mg/cm?)
EKX = 3.7 keV EKX = 4.8 keV
Sounid (1) — TePUE cuvicivsvessverssormasvssmsnsns 22.2 F=0.278 F = 0.402
Decayed. (5) — LBAD . .ccovseonssnssossonsnsnnsnss 147 .4 F = 0.043 F = 0.068

Ba fall within these extreme cases, and
must be considered with more care.

The attenuation factors F for Am-241
excitation, as applied to the samples studied
in this work, are illustrated in Figure 6 by
the solid curves drawn through the points
calculated for some elements. These calcu-

lations are based on the mass absorption
coefficients for the most probable tree ash
sample compositions.

When one uses the Fe-55 excitation, the
theoretical »thick sample» criterion is always
fulfilled. The wvalues of the attenuation
factors for the fluorescent radiations of Ca
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Figure 5. X-ray spectra from the ash of sound
and decayed spruce samples obtained by XRF
method. Am-241 excitation.

Kuva 5. Rontgenspektrit terveesti (alla) ja lahosta
(yllé)  kuusindytteesti  vontgenfluovesenssimenetel-
malla. Am-241 viritys.
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Figure 6. Attenuation factor using Am-241 ex-
citation.
Kuva 6. Vaimennuskerroin Am-241 viritystd kiy-
tettdessa.

Table 4. The amounts of different elements in sound (1) and decayed (5) tree ash samples.
Taulukko 4. Alkuaineiden pitoisuudet terveessi ja lahossa kuusindytteessi.

Fe-55 Excitation
Fe-55 viritys

Am-241 Excitation
Am-241 viritys

Decayed — sound 2.040.3 0.364-0.05
Laho — Terve

Element K (%) Ca (%) n (%)  Rb (ppm) Sr (ppm)  Ba (ppm)
Alkuaine

Sound (1) 6.64+0.7 7.5 4-0.8 0.9 40.3 310450 9704120 37004-100
Terve

Decayed (5) 13.241.3 2.7 4+0.3 0.3 40.1 3504110 190475 7904 65
Laho

Element K Ca Mn Rb Sr Ba
Alkuaine

0.334-0.15 11404

0.204-0.08  0.214+0.02
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and V excited by the Fe-55 radiation are
given in Table 3.

The quantitative results of the X-ray
fluorescence analysis for the samples (1),
sound tree, and (5), decayed tree, are
presented in Table 4. The error limits were
calculated by taking into account uncer-
tainties in standardisation, in geometry
and in absorption correction. Statistical
errors of the peak areas, as given by the
computer program VIPUNEN, are included.
Differences in absorption correction as
various thicknesses and compositions of
sample (due to developments in the ashing
technique) were also considered.

The quantitative wvalues are based on
single element standards which are normally
used in our laboratory for thin sample
determinations. Systematic errors may thus
exist, but on the relative abundances (at
least of neigbouring elements) and on the
decayed to sound ratio this will have only
a minor effect.

The elements K, Ca, Mn, Rb, Sr, and Ba
were found to be present in the ashed tree
samples, according to the results of the
X-ray fluorescence analysis (XRF). In
addition, trace amounts of the elements Al,
Ti and probably Cr were seen. Short
investigation periods (4 min) and relatively
thick samples (tenths of mg/cm?) prevented
clear detection of other possible elements.

3. 3. Comparison of the results obtained
with NAA and XRF methods

The results obtained by NAA and XRF
are relatively consistent with each other
in that which concerns the number of ele-
ments found and their relative amounts.
Matrix effects which are of importance in
XRF applied on thick sample studies can
affect systematic differences between the
NAA and XRF results. Both methods
reveal a general diminishing in most elemental
concentrations in going from a sound tree
to a decayed one. The striking exceptions,
the elements K (potassium) and Rb
(rubidium), whose concentrations increase,
were also similarly obtained by both
methods.

In both investigations .roughly equal
time sequences were employed in the
analysis. Experimentally, routine analysis
is much faster and easier to accomplish
with XRF than with NAA. Other factors,
however, limit the usefulness of XRF.

Of the main elemental components in
Norway spruce (JALAva 1952), i.e. calcium,
manganese, potassium, magnesium, silicon,
sulphur, phosphorus, and sodium, the pres-
ence of all elements other than sulphur and
phosphorus was distinctly revealed in fast
neutron activation analysis. In X-ray
fluorescence analysis, the lightest elements

Table 5. Relative amounts of potassium and calcium in sound (1) and decayed (5) tree ash samples

by different methods.

Taulukko 5. Kaliumin ja kalsiumin suhteelliset madrdt terveessi ja lahossa Ruusindytteessa eri me-

netelmilla.

NAA
Sound (1) — T K 120 £ 14 K
ound (1) erve = ) _ 0194 004
Ca 63 +38 (Ca)
Decayed (5) — Laho K 243 £ 1.0 B _ 14102
Ca 17 +2 (Ca)
XRF
Sound (1) — Terve K 6.6 £0.7 & _ o0 +0.2
Ca 7.5+ 0.8 (Ca)
Decayed (5) — Laho K 132 4+ 1.3 &) =49 +1.0
Ca 27 4+03 (Ca)




sodium and magnesium cannot be observed
due to severe absorption effects, as men-
tioned earlier; the other elemental com-
ponents listed above are observable, but
only K and Ca were detected in greater
amounts.

Some elements not included in the main
list were also detected. For example, alu-
minum was observed with NAA and trace
elements rubidium, strontium and barium
were observed with both NAA and XRF.
The amounts of the other elements above
fluorine (Z = 9) except those mentioned
above seem to be low in the wood samples
reported in this work. This same feature
was found characteristic also in the samples

originating in southern Finland for which
only preliminary study was applied (JARTTI
1978).

The elements K (Z = 19) and Ca (Z = 20)
can be chosen to illustrate the drastic
differences in the amounts of some elements
observed in the samples studied here.
In sound tree samples the element Ca
dominates, whereas in decayed tree samples
the amount of K clearly exceeds that of Ca.
The ratio of the amounts of these elements,
i.e. the potassium to calcium ratio K/Ca,
is presented in Table 5. Both methods
clearly produce the apparent increase in this
ratio.

4. DISCUSSION

The distribution of the elements found in
this investigation can be illustrated in
terms of the periodic table (Figure 7).

Although the results presented here are
based on studies on only few samples
preliminary investigation of samples from
other part of Finland showed quite similar
results. The results herein may thus be
used to point out some effects of more
general importance. Both elements found
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THE PERIODIC TABLE OF ELEMENTS

Fig. 7. The distribution of the elements found in
the investigations of the ash of sound and decayed
spruce samples by XRF and NAA methods.
Elements found are shown by thick frames.
Kuva 7. Terveen ja lahon kuusindytteen tutkimuk-
sissa havaittujen alkuaineiden sijainti jaksollisessa
Jarjestelmassa.
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here to be quantitatively increased as
comparing a sound tree to a decayed one,
namely, potassium and rubidium, belong
to the chemical group I in the periodic
system. Thus the increase of minerals
containing the group I alkali metals in
decaying tree might indicate the advance-
ment of the decay. This increase can hypo-
thetically be thought to arise from ionic
exchange processes which are correlated
with such other factors as temperature
and humidity. The enrichment of alkali
minerals in a tree may also be due to a
decrease of organic matter in the decayed
region of the tree, but then the noticeable
decrease of other minerals requires some
other explanation.

The results show, that the amounts of
potassium and calcium, or their ratio, might
serve as indication of whether the tree is
decaying or not. Besides the K/Ca ratio,
also other ratios might be considered for
this purpose. Adopting potassium for the
element of comparison and using the results
obtained with the NAA method the follow-
ing values can be found:

Ratio In sound tree In decayed tree
K/Ca .............. 0.19 1.4
KCTAL ¢ v onion simesiswn 34 154
K/Si ccovveverananns 3.2 22

If the largest possible change in going
from sound to decayed tree is preferred, the
K/Al ratio may thus be thought to be used
instead of the K/Ca ratio: the increase is
six times that obtained for the K/Ca ratio.
The chemical properties of aluminum and
silicon differ, however, from those of
calcium, which is moreover a more probable
element in respect of ionic exchange pro-
cesses.

If the internal decay of a spruce tree is
caused by Fomes Annosus, as is often the
case, the decay generally starts in the roots
and advances upwards through the trunk
even to the top of the tree. The final stage
is usually a hollow tree. If one wishes to
investigate the condition of a tree in situ,
the NAA method should be recommended,
because the attenuation of X-rays already
in the bark of the tree makes the XRF
method incapable of probing the centre of
the trunk, where the decay is actually taking
place.

Experiments were conducted during this
work also with unashed spruce wood
samples using the NAA method, and those
showed that e.g. potassium and calcium are
still detectable, which implies that the
results obtained in this work for tree ash
are to some extent applicable also to un-
burned dry treematter.

Inspection of the growing trees must be

carried out in field conditions, therefore a
small unit consisting of a miniature neutron
generator and field detecting instruments
should be employed. For gamma ray
counting, NalI(Tl) scintillator detectors
instead of semiconductor detectors can
then be employed, since these scintillators
are easier to handle, cheaper and more
field resistant. They are also very efficient
and selective enough to reveal the K and
Ca contents of a tree. For instance, the
determination of K is favoured by spec-
trosopic data of the spruce samples. The
most intense radioactivity produced in po-
tassium with short irradiation times is that
due to *K (and to #2K) with the intense
2167 keV gamma peak. If the energy
range in the data registering is biased to
1900 keV and above, the K-activity is
seen to form the main component. Small
interferences originating from Mg and Al
can, if necessary, be eliminated by other
discriminator settings. As the element Ca
can similarly be analysed, these delicate,
but simple, measurements could perhaps,
with appropriate calibrations, estimate the
advancement of decay in a tree in situ.
Serious problems, however, might be en-
countered due to the water content of a
growing tree, as water causes interfering
absorption.
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SELOSTE:

TERVEEN JA LAHON KUUSEN HIVENAINEANALYYSEJA RONTGEN-
FLUORESENSSI- JA NEUTRONIAKTIVOINTIMENETELMILLA

Tutkimuksessa on selvitetty neutroniaktivoin-
tianalyysin (NAA) ja rontgenfluoresenssianalyysin
(XRF) kayttod kuusipuun lahoisuuden mittaa-
miseen. Padosa tutkituista puuniytteisti oli
perdisin kuusimetsikéstd Virroilta, Keski-Suomesta.
Niaytteet poltettiin tuhkaksi ja tuhka jauhettiin.

NAA-analyysissa siteilytettiin n. 0,5 g:n tuhka-
ndytteitd nopeilla 14 MeV:n neutroneilla 15 mi-
nuutin ajan, minka jilkeen syntynyt gamma-
sdteily mitattiin koaksiaalisella 43 cm3n (GeLi)
puolijohdeilmaisimella. Siteilytykset suoritettiin
Helsingin yliopiston fysiikan laitoksen neutroni-
genaattorilaboratoriossa. Mittausajat vaihtelivat
5 ja 15 min vililld. Tyypilliset mittauksissa havai-
tut spektrit terveestd ja lahosta puuniytteesti on
esitetty kuvassa 3. Alkuaineiden tunnistamisessa
kiaytetyt tiedot on luetteloitu taulukossa I. Neut-
roniaktivointianalyysissi 16ydettiin  tutkittujen
puiden tuhkasta seuraavia alkuaineita: (Na), Mg,
Al Si, K, Ca, Mn, Rb, Sr ja Ba. Niiden alkuainei-
den suhteelliset osuudet terveesss ja lahossa puussa
on esitetty taulukossa II.

Rontgenfluorenssianalyysid varten puristettiin
jauhetusta tuhkasta n. 1 mm:n paksuisia tabletteja.
Analyysissi kaytetty energiadispersiivinen lait-
teisto, joka on rakennettu Helsingin yliopiston
fysiikan laitoksella, on esitetty kuvassa 2. Roént-
gensiteilyn virittimiseen kiytettiin radioaktiivisia
isotooppeja Fe-55, Cd-109 ja Am-241. Siteilyn
ilmaisu suoritettiin Ge-réntgenilmaisimella, jonka
energian erotuskyky oli noin 150 eV mangaanin
réntgenenergialle. Rontgenspektrit Fe-55 ja Am-
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241 virityksilld on esitetty kuvissa 4 ja 5. Ront-
genfluoresenssianalyysin tulosten perusteella puun
tuhkassa on seuraavia alkuaineita: K, Ca, Mn, Rb,
Sr ja Ba. Niiden alkuaineiden prosentuaaliset
osuudet terveessi ja lahessa puussa on esitetty
taulukossa IV.

Tuloksia vertailtaessa havaitaan eri menetelmilla
saatujen tulosten olevan sopusoinnussa keskeniin.
Molemmilla menetelmilli voitiin selvisti todeta
samansuuntaiset alkuainekonsentraatioiden muu-
tokset siirryttdessi terveesti puusta lahoon puu-
hun. Kun pitoisuudet yleensi pienenevit muille
alkuaineille, muodostavat jaksollisen jarjestelmin
ryhmén I alkuaineet K ja Rb poikkeuksen niiden
médrien lisidntyessi. Pitoisuuksien suhteellista
muutosta on pyritty selvittimidin vertaamalla
-suhdetta sekd terveessi ettd
lahossa puussa (taulukko V). K/Ca -suhteen voi-
daan todeta voimakkaasti suurenevan puun laho-
tessa. Ndiin ollen saattaisi olla mahdollista kiyt-
tid K/Ca-suhdetta puun lahonneisuusasteen mai-
rittimiseen.

Kun esimerkiksi tyvilahon eteneminen halutaan
médrittad kasvavasta puusta, on NAA-menetelma
suositeltavampi kuin XRF-menetelmi, silli ront-
gensdteily vaimenee jo puun kuorikerroksessa.
NAA-menetelmistd on mahdollista kehittia kent-
takdayttoon soveltuva versio; laitteiston muodos-
taisivat pienikokoinen kannettava neutronilihde
ja tuikeilmaisin lisilaitteineen. Ilmaisu olisi mah-
dollista  vilittomisti mittaushetkelld.

kalium/kalsium





