
element was released by heating, and its vapours were 
directed by an oxygen stream into the measuring cell. The 
absorption signal was evaluated with a calibration curve 
method. 

Quality assurance 

In total, 25,000 sampIes of all the area of the Slovak 
Republic were analysed. The processing of such a large of 
sampIes posed high demands on quality of analytical data. 
Certified reference materials (China - GBW), internal ref
erence materials analysed in 3 or 4laboratories, then internal 
and external control sampIes and repeated digestion of sam
pIes were used. The number of controlled analyses was 
ranged 15 to 20%. The reference material (RM) was analy
sed with every series of sampIes. Based on the result of RM 
analyses, regulation charts were constructed. With co-ope
ration of the Slovak Metrological Institute, the authors of the 
project prepared two reference materials of stream sedi
ments - Telgart and Voznica. They correspond to interna
tional standards. 

Based on the results of stream sediments analyses, a set 
of geochemical maps have been made. They will be used for 
assessment of environmental contamination in the future. 
They will surely have a significance from the international 
point of view, as they will allow us to assess the pollution of 
the area of Slovakia. 
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Conclusions 

Various optimal decomposition procedures for determi
nation of selected elements in stream sediment sampIes have 
be en applied. Both the conventional and the sintering de
composition procedures for determination of particular ele
ment groups have been presented in a detail. They provide 
reliable results, which has been confirmed by the analyses 
peńormed for certified reference materials. 

References 

BAKHTAR D., BRADFORD G.R. & LUND J.L. 1989 - Analyst, 114: 
901-909. 
BUTLER M.l & SMITH D.C. 1988J - Anal. Atom. Spectrom., 
3: 731. 
DERIE R. 1984 - Anal. Chim. Acta, 61 : 166-17l. 
DOLElAL J., VONDRA P.& SULCEK Z. 1966 - Rozklady 
zakladnich anaorganickych surovin. SNTL, Praha. 
JEFFER P.G. 1975 - Chemical Methods ofRock Ana1ysis . Pergamon 
Press. 
KRAKOVSKA E. & MACKOVYCH D. 1995 - Anarganic ana1ysis in 
Environmental. Komorni Lhotka: 80-96. 
KRAKOVSKA E. & MACKOVYCH D. 1996a - Proceedings of Canas 
95, Bodenseewerk Perkin Elmer: 199-504. 
KRAKOVSKA E. & MACKOVYCH D. 1996b - Chem. Papers, 3: 
121-124. 
MEDVED' J., STRESKO V., KUBOV A l, POLAKOVICOV AJ. & 
CURLfK J. 1992 - Mineralia Slovaca, 24: 305-311. 
WEISS D. at al. 1983 -Metódy chemickt~ analyzy nerostnych surovin. 
UUG,Praha. 

Energy-dispersive X-Ray fluorescence spectrometry as progressive 
technique for the determination of elements in stream sediments 

Augustin Majchrak*, L'udmila Pencakova* 

Intoduction 

In most environmentallabs inorganic analysis is divided 
into two areas - ICP analysis and AAS analysis. In this 
paper we will focus on the third possibility exploration of 
energy-dispersive X-ray fluorescence spectrometry for the 
determination of element s in stream sediments. Stream se
diment is a material which represents the accumulation of 
distributed elements from anthropological activities and mi
neral deposits. XRF instrument can be used to quantify most 
of the elements in the periodic table over a wide dynamic 
range. This technique was explored to this purpose. 

Energy-dispersive X-ray fluorescence analysis (ED 
XRF) is a non-destructive analytical technique for the deter
mination of chemical elements in solid, powders and liquids. 
The advantage of ED XRF inc1ude simple samIe prepara
tion, high reliability and excellent reproducibility of analy
tical results. !ts physical basi s is the use of X -rays to excite 
the elements in the material being tested, causing them to 
emit fluorescence radiation. Measuring the energy and in
tensity of these emissions allows the element s to be identi
fied and quantified. ED XRF analysis is ideal method for 

*Geological Survey of the Slovak Republic, Geoanalytical 
Laboratories, Markusovska cesta 1, 052 40 Spis ska Nova Ves, 
Slovakia 

determination of sampIes with variable composition, be
cause all elements from atomic number Z = 11 (Na) to Z = 92 
(U) are analysed simultaneously in whole concentration 
range and sampIes preparation is very simple. Polarised 
X -ray radiation significantly improves the detection limits 
of energy-dispersive X-ray spectrometry. 

Experimental 

ED XRF instrumental conditions were optimised for the 
determination of K, Ti, V, Cr, Mn, Fe, Ni, Cu, Zn, Ga, As, 
Rb, Sr, Y, Zr, Nb, Sn, Sb, Cs, Ba, Pb in stream sediments. 
Accuracy was evaluated by analysis of certified reference 
materials for stream sediments from USA, China, Canada, 
Slovakia etc. 

All measurements were peńormed on the SPECTRO 
X-Lab 2000 ED XRF spectrometer. The SPECTRO makes 
use of different analytical models using fluorescence lines 
and scattered radiation. Spectral processing is an automated 
and routine operation, the program selects the optimum 
evaluation procedures. An interactive processing procedure 
allows to influence the various evaluation steps and select 
their individually optimised parameters. For determination 
element s we used method prepared for geological materials 
by firm SPECTRO. To achieve more accurate results we 
modified this method and enhanced number of reference 
materials of stream sediments. 

957 



Przegląd Geologiczny, vol. 46, nr 9/2, 1998 

We compared this method with AAS and AES-ICP Tab. 1 
methods and result were in good agreement. The precision 
of the measurement ranged from 1 to 3 % RSD. We can say 
that this method is comparable with the other methods for 
determining elements in stream sediments. 

Results of analyses for some elements in Buffalo river 
sediment by ED XRF method are presented in tab. 1. 

Conclusion 

By comparison, with AES-ICP, AAS methods, non-de
structive method X-ray energy-dispersive fluorescence 
spectrometry has, for some selected elements, the same 
detection limits, reliability and reproducibility as well. We 
can say that X-ray is less energy, material and time consu-

Element EDXRF Certified 
value [)lg.g -1] value [)lg.g -1] 

Cr 134 135±5 

V 94 95±4 

Sn 9.2 9.5±O.5 

Sb 3.9 3.79±O.15 

Cu 96.5 98.6±5.0 

Zn 437 438±12 

Ba 426 414+12 

ming method to destructive methods and thus is more pre
ferable. 

The geochemical atlas of the humus soil horizon in Estonia 

Valter Petersell*, Mare Kalkun* 

The geochemical atlas summarised the result of mapping 
of humus horizon in Estonia on scale 1 : 500,000. 

The atlas contains maps showing the concentrations of 
B, Ba, Be, Ca, Cd, Co, Cr, Cu, F, Fe, Hg, K, Mg, Mn, Mo, 
Na, Nb, Ni, P, Pb, Rb, Sc, Sn, Sr, Th, U, V, Y, Zn, Zr, and 
organie matter (OM) in humus soil horizon, soil types and 
their hostrock. The maps (scaled 1 : 1,200,000) were based 
on the chemie al results derived from about 1,550 sampies. 
Together with the explanatory text, the maps give a re vi ew 
of the concentration level of element s in the humus horizon 
of Estonian soils relative to the land soil concentration 
pattern. In addition, they include concentrations of elements 
in basic soil types, and their main distribution regularities, 
as well as differences in the chemical properties of various 
soil types. 

Furthermore, naturai and anthropogenic elemental ano
malies, the intensity and distribution of atmospheric pollu
tion are considered. 

Final processing of the information collected during 
geochemie al mapping and its preparation for publishing 
were carried out by a group ofEstonian and Swedish authors 
and was sponsored by Swedish organisation SIDA. 

Methodology 

The majority of the soil sampies used in the atlas were 
collected from humus horizon of all soil types distributed in 
Estonia. The den sit y of sampling network was 1 point per 
30-35 km2

• 

Sampies were taken using a furrow method from the 
excavation wall penetrating all soil horizons. The weight of 
sampies was 0.3-0.6 kg. 

The material collected was dried and fine fraction «2 
mm) separated for analyses. Sampies from the upper layer 
of peat were collected from central parts ofhigh bog areas. 
In lab, the sampies of humus horizon were crushed to the 
grain size of less than 0.074 mm; peat sampies were ashed 
at 450-500°C. 

*Geological Survey of Estonia, Kadakta tee 80/82, Tallinn, 
Estonia 

958 

For determining the concentration of element s in sam
pIes, XRF, AAS, flame photometry, gas-analyser, volume
tric analysis, coulorimetry, ionselective electrode and 
semiquantitative spectral analysis methods were used. 

The reliability of the laboratory data was checked using 
the several international and local reference sampies and by 
participating in intercalibration. Control analyses were ma
de at the Swedish laboratory Analytica AB. 

The geochemie al map is displayed on 31 main and 2 
auxiliary sheets. Each main sheet characterises the concen
tration of one element or OM content and its distribution in 
the section of main soil types. On the geochemical map 
sheets the size of the circle indicates the element' s concen
tration at a certain point, and it colour marks the most 
probabie soil type at the sampling point. All the maps show s 
the average element concentration of the humus horizon of 
Estonia soils (from x: 1.14 to x . 1.14) is denoted by a circle 
2 mm in diameter. The average of land soil is shown by 
yellow colour. 

Main results 

In the humus horizon of Estonian soils, the increased or 
high concentrations of microelements (Cd, F, Mo, P, Pb, U, 
Zn) are quite common. They results mostly from the occur
rence and heterogeneous distribution of Dictyonema shale, 
phosphorite, and crushed varieties of bedrock subjected to 
polymetallic mineralization, in the parent deposits of soil. 
High concentrations of microelements are partly related to 
the rocks dereved from the Fennoscandian Shield. 

The elements are provisionally divided into three groups, 
according to their average concentrations in the humus soil 
horizon. The first group includes B, Ca, Cu, K, Mg, Mn, Mo, 
Na, P and Zn. These element s concentrate in plants. Un
doubtedly, these elements serve as nutrients for plants. The 
humus horizon ofEstonian soils is poor in nutrient elements. 

The elements of the second gro up do not concentrate in 
plants. Such elements are Ba, Be, Cd, F, Fe, Hg, Nb, Sn, Sr, 
U and V. Their average concentrations in the humus horizon 
are low. OnI y the concentrations of uranium, and in many 
regions also fluorine generally exceed the soil clark. 




