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ABSTRACT 

Radioisotope induced X-ray fluorescence anal>öis is a rather simple and 
easy to handle method for investigating ashed plant material. In order to 
reduce matrix effects thin samples 2 rog/cm2 are analysed to obtain a reason
able compromise between maximum sensitivity and the lowest possible absorp
tion effects. Concentrations are determined b} standard addition method. An 
accuracy of 6-8% can be achieved. As an application analytical results ?-e 
given for whole grains of several sorts of wheat. 

АННОТАЦИЯ 

Анализ, основанный на рентгеновской флюоресценции, генерированной ра
диоизотопами, является простым с точки зрения технического осуществления ме
тодом изучения образцов растений в форме пепла. С целью уменьшения матрично
го воздействия применялись тонкие образцы, толщина которых составляла 
~>2 мг/см , такое значение является компромиссным решением с точки зрения 
достижения максимальной точности и по возможности меньшего поглощения. Имеет
ся возможность уменьшения погрешности метода на 6-8%. Метод применялся для 
определения следовых количеств элементов в образцах нескольких сортов пшени
цы. 

KIVONAT 

Az izotóp gerjesztésű energiadiszperziv röntgenfluoreszcenciás analízis 
technikailag egyszerű eljárás hamvasztott növényi minták vizsgálatára. A 
mátrixhatások csökkentése érdekében vékony (2 mg/cm2) mintákat vizsgáltunk, 
amely vastagság egy ésszerű kompromisszum a maximális érzékenység és a 
lehetőleg kis abszorpció között. Az analitikai eljárás hibája 6-8%-ra csök
kenthető. A módszer alkalmazásaként megvizsgáltuk néhány buzafajta nyomelem
tartalmát. 



INTRODUCTION 

Among trace elements in foods a number - such as iron, copper, chromium, 
selenium and zinc - have been identified as essential to good nutrition where
as others, arsenic, mercury, lead, etc., are harmful. Values of food mineral 
content in published tables are still routinely used by nutritionists to 
estimate nutrient intakes of individuals surveyed in regard to dietary habits 
and to calculate menus for metabolic studies and for therapeutic diets. The 
composition - particularly of minerals - of foods may vary greatly among 
samples because of genetic differences, soil and atmospheric conditions, fer
tilizers, processing techniques, etc. [I]. Potentially some of the older va
lues in food tables may not reflect the usual content of these foods today 
because of changes in production und processing methods. It seems evident 
that some powerful and accurate analytical method has to be developed in or
der to determine their mineral content. 

During the last decade energy dispersive X-ray fluorescence (XRF) analy
sis has successfully been used in practice for the solution of numerivis analy
tical problems [2j. Nowadays computer controlled X-ray spectrometers with X-
ray tube excitation are fast becoming commonplace in analytical laboratories, 
it should be worth considering, however, that for special analytical purposes 
(as is the investigation of plant material or other agricultural products 
such as fodder, etc.) reliable analytical results can be achieved by less 
costly and more easy to handle isotope excited XRF spectrometers [3]. The 
purpose of our work here was to find an adequate system of sample prepara
tion and standardization of plant material for radioisotope excited XRF 
analysis. 

PRINCIPLES OF THE XRF METHOD 
Detailed discussions of the radioisotope induced XRF method are available 

in the literature, only the main features of the method are summarized here. 
The principle of the method is schematically Illustrated in Fig. 1. The mono
chromatic X- or y-rays of the radioactive source induce characteristic X-rays 
of the constituent atoms of the sample having absorption edges of lower energy 
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thin that of the radiation from the source. Since the energies of these sec
ondary X-ray radiations are characteristic of the atomic number of the el
ement, easy qualitative elemental analysis can be performed by precise measure
ments of the spectra. The intensities of the different characteristic X-rays, 
on the other hand are strongly correlated to the concentrations of tie el
ement of interest. In the simplest case when the sample is so thin that at
tenuation of both the primary and secondary radiations is negligible this 
correlation is a direct proportionalxity. The measured fluorescent intensity 
I_. from element i is related to the elemental concentration C, by the simple 
equation 

I F 1 - I oGe(E i)K iC i (1) 

where I is the exciting X-ray intensity, G a factor characteristic of the 
special geometry, e(Ei) the detection efficiency for the characteristic radi
ation of energy E. and К the fluorescence probability of the particular line 
due to the excitation with the primary source. If we wish to analyse thicker 
samples we can see that the so called matrix effects (absorption of the radi
ations and considerable enhancements in the sample) require mere complicated 
calculations [4]. When trace analysis is considered in organic matrices where 
the main components are of low atomic number elaments the enhancement effects 
are negligible and the absorption corrections can be calculated as 

t m l-exp(-(uB+pFl)m) { 2 ) 

where u_ and u p l are the mass absorption coefficient« of the matrix for the 
exciting and fluorescent radiations respectively and m is the thickness of 
the sample in mass per unit area. The absorption coefficients can be fourd 
in several tables [5] or can be determined experimentally. In any case however, 
the correction procedure decreases the accuracy of the analysis. 

EXPERIMENTAL 

The layout of the spectrometer is shown in Fig. 1. Characteristic x-rays 
were excited by Fe and Cd annular radioisotope sources (New England 
Nuclear Co.) placed 5 mm from the detector. The X-rays emitted from the sample 
located 17 mm from the detector passed through the 25 inn beryllium window 

2 
of the Canberra 7300 Type Si(Li) detector of 30 mm active area. The pulses 
of the preamplifier (model 1708) were amplified by a spectroscopy amplifier 
(model 1713). Pile-up was eliminated by a spectrum enhancer (model 1764). The 
analog signals were converted and stored in an ICA 70 multichannel analyser 
and evaluated by an off line TPA-L microcomputer (KFKI, Budapest). To obtain 
net peak area a least squares fit of "•-<! ynominl background and simple Gaussian 
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peaks seemed to be sufficient. For the unfolding of strongly overlapping 
peaks such as Cu K. and Zn К the SANPO 80 program [6] was used. Í11 spectra 
were stored on floppy discs. 

SAMPLE PREPARATION 

With regard to plant samples, cereal grains (especially flour) have very 

low mineral content in their carbohydrate bulk. This fact is highly inconveni

ent for energy dispersieve X-ray analysis. The bulk is composed of the very 

low atomic number elements H, C, 0, which have large inelastic scattering 

cross-suctions for the exciting radiation. The incomplete charge collection 

of these inelastically scattered photons constitutes the main background con

tribution. To reduce this background the elimination of the organic bulk is 

desirable. Of the various destruction methods dry ashing was chosen. Samples 

were combusted inside a muffle oven. A temperature cf about 50O°c was the 

minimum at which the plant material could be completely dry ashed so that no 

inclusions were left. Even at this temperature v -latile elements such as 

arsenic, selenium, cadnium, mercury and lead may totally or partly be lost. 

If the investigation of this elements is intended low temperature plasma ashing 

is recommended [7]. At higher temperatures ashing in platinum crucible may 

cause serious Ir and Pt contamination r>£ the sample. Taking into account the 

above facts approximately 1 g plant material was ashed at 500°C in a quartz 

crucible. In order to check the possible losses of trace elements flour samples 

were irradiated for 30 hours in a reactor by the use of a pneumatec tube system 

and of a neutron flux of 3x10 n/cm2.s. Zn content v/as checked before and 

after ashing. No significant losses were observed. 

Figure 2 shows X-ray fluorescence spectra of flour and its ash for 

10 OOO s counting time. The ash contains Sc and Co as internal standard. The 

drastic change in the peak-to-background ratio is clearly seen. The figure 

also demonstrates the disappearance of the volatile lead. 

Further the ash was homogenized in an agate mortar and put on a Mylar 

foil of 2.5 pm thickness (Chemplex Industries, N.Y.) mounted on the teflon 

sample holder. The sample diameter was 23 mm. A suspender was prepared from 

double distilled water to which 0.2 mg/ml Sc and 50 ug/ml Co were added. 

For the multible standard addition method different quantities of Zn, Fe 

were diluted. One ml of the suspender was added to each sample in the sample 

holder. No grains of diameter exceeding 10 urn were observed by optical mic

roscope. In order to get targets as homogeneous as possible samples were 

carefully shaken and dried at 20°C. Inhomogeneity of the samples was checked 

by densitometer. 
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RESULTS AND DISCUSSION 

For routine analysis the reduction of counting time is of great import
ance. For this reason optisial sample thickness was determined. Because the 
exciting radiation (having the largest energy in the XRF process) is more 
penetrating the background increases more rapidly with increasing sample 
thickness than the analyte line intensity itself. This means that the detec
tion limit will increase above a certain thickness. Figure 3 shows minimum 
detection limits as a function of sample thickness for some elements in the 
ash at the geometrical arrangement used. The minimum detection limit was con
sidered as element mass per unit are« giving a net X-ray intensity of at 
least three times the square root of background intensity under the peak. In 

109 these measurements the counting time was 500 s, the exciter Cd source had 
a 

7x10 Bq activity and the measurements took place in air. It can be seen from 
the figure that maximum sensitivity for elements 25 < Z < 30 is around 2 lO mg/cm . For this thickness however, a big portion of the characteristic 
X-rays is absorbed, this means that when calculating absorption correction 
factors the uncertainty of the mass attenuation coefficients is to a large 
extent reflected in the final results. This is a similar disadvantage even 
when the internal standard method is considered because there might be a big 
difference in the absorption of the characteristic radiation of the standard 
and the analytee. 

Table I presents typical absorption correction factors for different el
ements calculated from the known concentration of IAEA flour ash using the 
cross-section data of McMaster et al. [5]. 

Xn practical X-ray spectroscopy the excitation-detection efficiency is 
not equal for every point in the sample plane. This will not cause too much 
of a problem when investigating layers of homogeneous thickness and composi
tion. However preparation of such thin targets of biological material is not 
simple. Several authors described the preparation of quite homogeneous thin 
samples by filtering off the suspension through membranes filters, see for 
example, ref. 8. It is even easier to permit a slightly changing target 
thickness and add an Internal standard that is similarly disturbed and has 
absorption characteristics similar to the analytes. It is not very troublesome 

2 to prepare samples of 2 mg/cm average sample thickness that are homogeneous 
within a factor of two [9]. It can be seen from Table I tha«. even for the 
worst case when the sample thickness reaches 4 rag/cm the maximum error in
duced by calculating with the correction factor for Co as internal standard 
is 7%. The standard deviation for repented target preparation from the same 
batch of homogenized samples without internal standard may amount to 12%. If 
Fe and Zn intensities are considered relative to the Co internal standard the 
above deviation decreases to 5-6%. For this reasons further samples were 

2 
prepared of 2 mg/cm sample thickness with the 1 ml suspender always contain
ing 50 wg Co. 
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In order to determine absolute concentrations two different methods 
were applied. First, in the so called internal standard method, known amounts 
of Sc an Co were added to the sample suspension. On adding these elements to 
a sample of known composition (IAEA wheat flour V-2/li the relative fluor
escence ratio factors can be measured; these are defined as 

С - CSt PA 
F l ' CA PSt 

where I_., I, are intensities and C„,_, C„ concentrations of the standard and St A St A 
the analyte respectively. In possession of these factors the concentration 
of different elements in the sample can be calculated. The multiple standard 
addition method, which generally gives more accurate analytical results, 
requires the preparation of a set of samples to which additional «mounts of 
the standard are mixed. Figure 4 shows such curves for the elements Fe and 
Zn. 

Both methods are very sensitive to possible changes in the absorption 
characteristics of the simples due to different elemental composition of the 
sanples. In the cast of whole fxour (not ashed) this problem is negligible 
because the organic bulk, which is the same for all samples, dominates in 
the absorption. When neasurii.q ash, however, care must be taken to ensure 
that there are no considerable differences in the absorption of the samples. 
Since the change of the mass attenuation coefficient is roughly proportional 
to the atomic number of the sample, these changes can be checked simply by 
controlling the average atomic number of the sample, fne fact, however, th&t 
the ratio of incoherently to the coherently scattered photon intensities is 
similarly sensitive to the atomic number of the scatterer [10J (see Fig. 5) 
offers a simple way to monitor possible changes in the average atomic number 
of samples. No significant changes were observed in the case of measured 
samples. 

In order to determine the overall accuracy a large quantity of flour 
(lOOO g) was rigorously homogenized and samples were prepared by the above 
described method. Table II shows XRF analytical data of ashed BL 55 flour: 
column A lists results obtained by the relative fluorescence ratio method; 
column В lists results obtained by the multiple standard addition method. 
The data are in good agreement within one standard deviation. The quoted 
errors correspond to the overall accuracy obtained by preparing 12 samples 
from the same ashing crucible taking sampling, target preparation! measure
ment and concentration determination into account. The relative statistical 
error of the measurement ic only a quarter of the total error. The greatest 
source of error is due to the fact that when drying the sample the distribu
tion of the diluted standard in the ash is not homogeneous enough. 

As an application of the method several sorts of whole wheat (Tr. 
aestivum) were analysed. All of these sorts were cultivated in Hungary. 
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Table III represents XJtt data for soa* elements, if Is remarkable that 
mineral data of cereals of different authors are contradictory and even 
handbooks [11] give a vide range of concentrations. 

Table I 
Absorption correction factors for some elenents in flour ash 

Target thickness 
1 mg/cm2 2 ag/cm2 4 mg/cm lO mg/cm 

Fe 1.043 1.09 1.19 1.63 

Co 1.041 1.08 1.17 1.125 

Cu 1.035 1.05 1.15 1.19 

Zn 1.02 1.08 1.09 1.12 

Mb 1.0O l.Ol 1.04 1.06 

Mo l.OO l.Ol 1.03 1.04 

Ag l.OO 1.01 1.02 1.03 
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Table II 
Trace element content of BL-55 flour ash (ug/g) 

Elements A В 

Mi 9SO+90 -

Pe 3870+260 365O+2O0 

Cu 450+35 -

Zn 1260+90 1085+70 

Hb 186+12 -

Table III 
Trace element content of several sorts of wheat (Tr.aestivum) 

cultivated in Hungary (wg/g dry weight) 

Elements Martonvmsár JUbilejnaja Nowmsarifca ОС Tiszataj Libelulla 

Mn 30+3,5 42+4 51+5 38+3 34+3 

F* 88+6 74+5 106+7 114+8 92+6 

Cu 14+2 11+2 19+2 15+3 16+2 

Zn 63+5 38+3 68+7 72+6 42+3 

Rb 6+0.5 7+1 8.8+0.5 5.5+O.S 4+C.5 
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