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Introduction 

From 1 t" to 14th November 2003 the Gcoanalytical Laboratories in Spišská Nová Ves organised 
an international conference „ANALYSIS IN GEOLOGY AND ENVIRONMENT 2003" on the occa­
sion of 50th anni versary of their establishment. 

The programme of the second international conference was focused on the presentation of analyti­
cal works in the scope of anorganic and organic analyses of geological and environmental materials, 
sampling methods and sample decompositions, processing and interpretation of analytical data, moni­
toring of the environment, quality control and quality assurance of analytical results. 

The conference was addressed to the wide range of speciali sts from analytical laboratories, re­
search institutes and uni versities. 

The Geoanal ytical Laboratories in Spišská Nová Ves during their fifty year existence underwent 
wide range of activi ties, from class ic chemical analytical methods of geological materials as rocks, 
minerals, ores, so lid fuel s and all kinds of waters to an application of the most modern analytical 
methodologies and methods providing analyses of inorganic and organic elements of trace and macro 
contents. Later the range of the analysed material included also environmental samples as sediments, 
soi ls, wastes and vegetal samples. The implementation of a new sequential sample extraction method 
(soil s and sediments) has enabled a new approach to environmental ri sk assessment of contaminated 
areas on human health . 

The quality of analytical results is guaranteed by an establi shed system of quality control. In 1996 
the Geoanalytical Laboratories proved their competence to perform analyses objectively and trust­
worthily by obtaining an accreditation from SNAS which performed audit according to the require­
ments of EN 45 OOO. In 2002 the laboratories were successfully reaccredited according to the 
European standard EN ISO/JEC 17025. 

The papers presented on the conference have been published in thi s issue of Slovak Geolog ical 
Magaz ine. Scientific, language and graphical content of the papers is in full responsibility of the indi­
vidua l authors. 



----------- --



Slovak Geol. Mag. , 9, 2- 3(2003) 

Contents 

Mackových, D.: Fifty Years of Geoanalytical Laboratories in a Service of Geology in Slovakia _____ 89 

Pl.fko, E.: Development, Present State and Possibilities of Chemical Analyses in Study of the 
Earth ___________________________________ 93 

Flórián, K. and Hassler, J.: The Past, Present and Future of Atomic Spectroscopy in Chemical 
Analyses _________________________________ 99 

Krakovská, E., Remeteiová, D., Tomko, J. and Macko vých, D.: Research Methods of Atmo-
spheric Solid Pollutants _____________________________ 105 

Hassler, J. and Perzl, P. R.: Electrothermal Evaporation in [CP-OES; lts Development and 
State-of-the-art Nowadays ____________________________ 109 

Miglierini, M.: Poss ibilities of Méissbauer Spectrometry in Geology and in Environmental 
Science ___________________________________ 115 

Beinrohr, E. and Manová, A.: Modem Electroanalytical Methods in the Analysis of En viron-
mental Samples ____ ________ ____________________ l 19 

Gál, T. and Hegedíísová, A.: The analysis of rare earth elements by mass spectrometry method 123 

Kubová. J., Streško, V. and Matú.f, P .: Analytical methodologies for Al uminium Speciation 
in Environmental Samples - a Review _______________________ _ 125 

Mackových, D., Jarmila Nováková, J. and Šoltýsová, H.: Optimalization of Sequential 
Extraction Method for Determination ofToxic Elements in Soils and in Stream Sediments _____ 129 

Vojteková, V. , Krakovská, E., Mackových, D., Nováková, J. and Šoltýsová, H.: Determination of 
Removable Portion of Some Elements in Stream Sediments of Spišsko-gemerské rudohorie 
Mountains __________________________________ l33 

Borošová, D., Vargicová, K. and Auxt, A.: Determinatíon of Arsenic in the Process of íts 
Drinking Water Removal ____________________________ 137 

Ďurža, O. : Utilization of the Soil Magnetometry for Environmental Geochemistry of Heavy 
Metals 141 

Luéivjanský, P .: Certification ofGeological Reference Materia1 ________________ 145 

Siman P., Kolláro vá V., Konečný P. and Holický, /. : Electron Microprobe Analyser (EPMA) -
the Principles and Applications in Modem Geology ___________________ 149 

Repková, R., Brundza, Ľ., Lučivjanská, V. and Lučivjanský, P.: Analytical, Organic, 
Microbiological , and Hydro-Biological Methods Used in Surface Water Quality Evaluation 
in Slovakia _________________________________ 153 

Dempírová, L. : The Evaluation of Precision and Trueness of Some Water Analysís Procedures 
in the Laboratories ofCzech Geological Survey ____________________ 157 

Tomko, J., Krakovská, E. and Remeteiová, D.: Fractionation analysís - SPE Study Application 161 

Marsina, K., Mackovych, D., Nováková, J. and Šoltýsová, H.: Toxic Elements in 
Anthropogeneous Sediments of the Banská Štiavnica/Hodruša Ore District - a Bio-
availabi lity Study _______________________________ 163 

Ružičková, S. and Matherny, M.: Quality of Some East-Slovakian Lake Sediments 167 

Šalgovičová, D., Sasková, Z. , Svétlíková, A. and Krížová, S.: Monitoring of Persistent Organic 
Pollutants in Environment of Slovak Republic __________________ ___ 171 

Petrík, J., Chovancová, J. and Kočan, A.: PCBs and Dioxins in Sediments and Surface Waters 
of the Michalovce Region ____________________________ 173 

Šalamon, ! .: The Environmental Risks in Regard to Production and Collection of Selected 
Medicinal Plants Species ____________________________ 177 



Slovak Geol. Mag., 9, 2 - 3( 2003) 

Uhrinová, K. , Flórián , K. and Matherny, M.: Quality of the Atmospherically Dustiness of the 
City Košice and Surrounding ___________________________ 18 1 

Suhaj. M., Koreňovská, M. and Da.vko, Ľ.: Monitoring of selected Elements in Wine and 
geochemical Characterization of Soil from Vineyards Regions in Slovakia __________ 189 

Olekšák, S.: Use of Chemical Analysis of Descending Spring Waters ťor Permeability and 
Transmissivity of the Rock Environment _______________________ 193 

Šoltés, S., Lintnerová, O. and Šottník, P.: Old Metallurgical Slag near the abandoned Smolník 
Mine (S lovakia) and its lmpact on the Environment __________________ 197 

Linmerová, O., Šottník, P. and Šoltés, S.: Stream Sediments and Soil Pollution in the Smolník 
Mining Area (Slovakia) _____________________________ 201 

; r 



Slovak Geol. Mag., 9, 2- 3 (2003), 89- 91 

Fifty Years of Geoanalytical Laboratories in a Service of Geology in Slovakia 

OA IELA MACKOVÝCH 

Geological Survey of Slovak Republic, Geoanal yti cal Laboratories, 
Markušovská cesta 1,052 40 Spišská Nová Ves 

The basis for the mínera! exploration and technolo­
gical treatment and evaluation are good analytical results. 
The hí story of geoanalyses in Spišská ová Ves began on 
1" December 1953. The Laboratory was established as a 
part of Geological Survey n. c . Its maín aím was to per­
form the analyses of Fe, Mn and magnezítes. At the be­
ginníng only classical analytical methods were used for 
the determinatíons. Later new and modem instrumental 
methods like Optical Emissíon Spectrometry (OES) and 
Polarography were introduced . At that tíme the Control­
ling and Applicatíon Department was establíshed in the 
laboratory. The maín goal was the app lication of new 
analytical methods as for example sílicate analyses in­
cludíng trace elements analyses. 

The capacíty and the extent of laboratory works were 
growíng until the first half of síxty years. Al thal tíme the 
laboratory had an i mportant role among a ll other labora­
tories in Czechoslovakia. A great development of analy­
tical works, which were focused on the analyses of trace 
e lements, took placc. Docimastic method for the determí­
nation oť Au and Ag aňd · Atomic Absorption Spectro­
metry - one of Lhe most progressive analytical method of 
raw materíals were introduced. The later mentioned 
method was applied as the first in the resort of geology in 
Czechoslovakía. The other methodologies as for example 
si nter and pressure sample decomposítíon and íonse lec­
tí ve electrodes for the determinatíon of F and Cl were 
establi shed. Semiquantítive methods OES were exlended 
of quantítatí ve determínatíon of Sn, Mo and W . The ana­
lyses ofall types oťwaler started in 1965. 

The cooperatíon with the laboratories of Centra! Geo­
logical Institute (ÚÚG), Geological Survey in Prague and 
in Brno and the Institute of Raw Material s (ÚNS) in Kut­
ná Hora was very important for the developing and va­
lidation of analytical methods for various types of geo­
logícal material s - si licate rocks, limestone, magnezite, 
dolomite, glass sand, ceramic raw material s, Au-Ag ores, 
polymetallic ores, Cu-Pb-Zn ores and Hg ores. Together 
with the development of methodologies, in house refer­
ence materials for analytica l quality control were al so 
prepared. The laboratories of ÚNS in Kutná Hora, ÚÚG 
in Prague, Geologícal Survey in Spišská Nová Ves par­
ticipated in analytical works. 

The development of geo logica l research at the end of 
70th unti l the first half of 80th requíred the extendíng of la­
boratory works accordíng to the amount and deve lopment 
of new analytical methods. A new and modem in-

strumental technique - Atomic Emission Spectrometry 
wíth Inductively Coupled Plas ma (AES-ICP) - ARL 33 
OOO was bought in 1976. lt was the fírst analyser of th ís 
kind in the resort of geology in Czechoslovakia. Thís 
techníque replaced classícal analytical methods and íl 
widened the range of determíned trace elemenls wí th a 
low limít oť detectíon . The modernization of ínstrumental 
park continued in the following years . Elemcntary ana­
lyser Carlo - Erba for the determinatíon of elementary C, 
H and in coal and organic materi als as we ll as Atomíc 
Absorption Spectrometer AAS-875 Varian were added 
ínto the laboratory facilíti es. Símultaneously AES-ICP­
ARL 34 OOO for the analysís of sí licatc and trace elements 
- Cu, Pb, Zn, Ni, Co and Cd and X-Ray diffractometer 
DRON were bought in 1981 . ext year Adíabatíc Calo­
rimeters IKA C-400 for the determínation of gross calo­
rifíc value, Gas Chromalograph - CHROM-4a and Deri­
vatograph - Q 1500 O werc purchased too. 

In the second half of 80th Lhe laboratory reached its 
largest qualitati ve and quantítatí ve ímprovement. The 
range of analytical and special geo logícal works covered 
all needs for geologíca l, hydro-geological , geological 
engineering and geochemical works. Due to the high le­
vel of laboratory works and new analytícal ínstruments 
the laboratory was included among Lhe best laboratories 
not only in Czechoslovakia but also in Lhe countries of 
Councíl of Mutua l Economic Assistance (Comecon). AII 
the followíng analyses were performed in the laboratory: 

• analyses of Fe - ores, 
• analyses of co loured meta ls ores, 
• analyses of glass sand for special purposes, 

• analyses of white salt, 
• analyses of sílicate and carbonate rocks, 

• ana lyses of soíls, 

• analyses of surface and underground water, 

• determinatíon of Ag, Al , As , Au, B, Ba, Be, Bi, Ca, 
C, Cd, Ce, Cl, Co, Cr, Cs, Cu, Eu, F, Fe, Ga, Ge , H, 
Hg, In , K, La, Li, Mg, Mn, Mo, N, Na, Nb, Ni , P, 
Pb, Pr, Rb, Sb, Sc, Se,Si , Sm, Sn , Sr, T a, Te, Ti, V, 
W,Y,Zn, Zr, 

• qualitalive spectral analyses 

• semiqualitative spectral analyses in SPD scale, 

• determination of free SiO2 and analysis of mining ai r 
- CO2. 0 2. CH4. Ar, H2. H2S, He, N2• Ne , 

• geotechnical tests of so il s, 
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• technological tests of brick raw materials, c lay, kao­
líne, bentonite for ceramic purposes, 

• technological tests of stone, sand, grave! for building, 
founding and glasswork purposes, 

• technical tests of solid fuels including the deter­
minations of C, H and , 

• technological tests of non-metallic materials, 
• chemical analyses of atypical samples, 

Gradually other modem equi pment was introduced 
into the laboratory: 
• Wavelength-dispersive X-ray fluorescence spectro­

meter PHILIPS PW 1404 for the analysis of geo logi­
cal materials with non-destructive techn ique from 
pressed pellets and glass bead, 

• a new model oť Atomic absorption spectrometer Var­
ian AA - 40 with electroterma l atomization - GT A 95 
and hydride generator - VGA - 76 in 1986, 

• Isotachophoretical anal yser for the determination of 
anions in water in 1987, 

• TMA analyzer fo r the determination of Hg, X-Ray 
diffractometer - URD-6 in 1989. 
Special geo logical, mineralogical , petrographical and 

geochemical works were perťormed in the laboratory. 
These works were oriented on genezis of material, setti ng 
up of the basis ťor prognosis of raw materials perspec­
tives and for the study of their structure and technological 
properties. Laboratory works were focused on the identi­
fication of minerals using X-Ray diffractometry and 
DTA, optical spectrometry and Rtg microanalyses, pre­
paration of mineralogical polished specimen with auto­
matíc technique Logitech. 

In 1991 the laboratory was again modernized. Se­
quential AES-ICP spectrometer Liberty 200 with ultraso­
nic nebuli ser and Atomic absorption spectrometer Varian 
AA-20 for the determination of major and trace elements 
with low li mits of detection and Gas chromatographs GC 
3400 with Flame Ionization Detector and Electron Cap­
ture Detector for the determination of organic pollutants 
were added. 

In 1992 the range of analysing organic compounds 
was extended of polycyclic aromatic hydrocarbons and 
the identification of unknown organic compounds with 
gas chromatograph Saturn II with Mass Detector. The 
laboratory was equipped with the most modem tech­
nology for the isolation of organic compounds from soil s 
and stream sedi ments with Supercritical Fluid Extraction 
and the technique of Purge and Trap with concentrator 
Tekmar for the isolation of volati le halogen hydrocarbons 
and volatile aromatic hydrocarbons. 

Infrared spectrometer Mattson for the determination 
of drinking and other types of water po llution as well as 
ťor the determination of soil pol lution by oil contami­
nation was bought in 1983. AMA automatic analyser for 
Lhe determination of Hg in water and solid materials with 
a very low limit of detection was introduced too . 

The department of sample preparation was very good 
equipped with jaw crushers, mills, vibratory ring pulve­
riser, pulveriser with crinding barrels from agate, auto­
matíc rotary divider al! made in Retsch and Fritsch 
company. 
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The largest extend of laboratory works was achieved 
in 1991 . After then the decrease and permanent reduction 
of state inves tmen t in Lhe area of geo logical and research 
works caused the change of analytical works from the 
analysis oť geological material s to the analysis of envi­
ronmental samples. 

1 n 1994 the laboratory started to pre pare for the accre­
ditation according to the requirement of EN 45001. After 
the fulfi lling of accreditation cri teria set by the European 
Technical Norm EN 45001 in 1996 the Geoanalytical La­
boratories became accredited by the Slovak National Ac­
creditation Service. 

Since 1996 The Geoanalytical Laboratories are a part 
of Geologica l Survey of Slovak Republ ic (GSS R). The 
GSSR was es tablished by the Decree of Minister of the 
Environment as a contributory organisation of the Mi ­
ni stry oť the Environment. The GSSR 's headquarters are 
in Bratislava, but its activities cover the whole S lovakia. 

Geoanalytical Laboratories of GSSR were established 
by the Decree of Mini ster of Environment on 251h March 
1997 as a Reference Laboratory of the Ministry of Envi­
ronment of SR (RL) ťor geology and ana lysis of geo lo­
gical materials and rock environment. The activities of 
RL are aiming main ly at: 
• reliabi li ty of analysis and test results ťor state admini­

stration, 
• monitoring and control measuring, 
• continual improving and ho lding high level of quality 

of environmental measuring, 
• harmonise conditions for input of Slovakia into mar­

ket of EU. 
Since 1996 the Geoanalytical Laboratories as a RL 

were an active partner in the project of bilateral coope­
ration between the Ministry of Environment of SR and 
Danish Environmental Agency entitled lmplementation of 
Laboratory Structure to Provide Adequate Analyses for 
the Environmental Management oj the SR. 

The GAL co-operated internationally wi th laboratories 
of geological surveys of Europe in testing and developing 
analytical methods in geochemical and environmental 
monitoring, in sample collection techniques and in puuing 
up systerns to support and to control qua lity of analytical 
data. GAL provided homogenisation serv ices for Clobal 
Ceochemical Baselines Project andfor the European Ceo­
chemical Atlas. 

The most significant event in the year 2002 was the 
re-accreditatíon of the laboratory accordíng to the Euro­
pean Technícal Norm EN ISO/IEC 17025. Geoanalytical 
Laboratories successfu ll y fínished the re-accredítation 
process and received certificate on accreditation ťor ana­
lyses of geologica l materials, mínerals, ores and non-me­
tallíc raw materíals, solid fuels and products of com­
bustíon, so il s, sediments, plant materials, food, waste, 
determination of physico-chemical, hydrobiologica l, mic­
robiological and ecotoxicologícal indicators in waters and 
taking off samples of coal, soils and sed iments. 

In 2003 the laboratory was again modernized . Se­
quential AES-ICP spectrometer VISTA -MPX with CCD 
was bought, which allows to determine trace elements 
with a very low limits of detectíon. 
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Geoanalytical Laboratories as a Reference Laboratory 
of the Ministry of Environment organise the inter-labora­
tory proficiency tests for Slovak laboratories. This pro­
gramme is a part of Quality Control Programme of the 
Ministry of Environment for Slovak environmenta l labo­
ratories . Proficiency test is an external control of ana-
1 ytical system, performance of laboratories, and enable 
the participants to detect unsuspected source of errors and 
subsequently made remedial actions. 

The Laboratories regularly take part in international 
interlaboratory tests and certilication programmes for 
geological and environmental samples. These program­
mes are useful source of reference samples which can be 
put to good use internally. In the last four years Geo-

91 

analytical Laboratories prepared through interlaboratory 
exchange programmes two certified reference materi als 
of chemical composition Zeolitel and Bentonitel. The 
both reference materials were certi fied by the Slovak 
Metrological lnstitute. 

The Geoanalytical Laboratories of Geological Survey 
of Slovak Republic have 50 - year experience in the per­
forming of the rock and metallic ore analyses. Nowadays 
they provide comprehensive laboratory analylical service 
for geological , geochemical, hydrogeological exploration 
and research, environmental monitoring according to the 
requirements of the Ministry of Environment and other 
state and pri vate organisations. 
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Development, Present State and Possibilities of Chemical Analyses 
in Study of the Earth 

EDUARD PLŠKO 

Donská 97, 84 106 Bratislava, Slovak Republic 

Nec tantum segetes alimentaque debila dives 
poscebatur humus, sed itum est in viscera tcrrac 

quasque recondiderat Stygiisquc admoverat umbris, 
effodiuntur opes, irritimanta malorum. 

Publius Ovidius Naso (43 - 18), 
Netamorphoseon libri 103. 49-52. 

Concerning the soil, it was not more expected only 
crop and ensuring uf rich food clai ms, but it was gone 

in the Earth bowels and wealth rcpresenting temptations 
of evil which had been hidden placed in the shades of 

the subterranean river Styx. werc unearthed. 
free tran slation by E. P. 

Abstract. The lecture presents first primiti ve attempts oť chemical characterisation. The very beginning of 
chemical analyses is connected mainly with mining collected with the need of geological prospection. First 
analyses of main components in ores were performed prefcrably by dry way. The necessity to quantificate 
present components inclusive trace elements lead to e laborat ion of more effective wet procedurcs. Becausc of 
laborious and tíme consuming dissolution con nected with danger of possible contamination, so lid sampling 
procedures gai n their revitalisation. 

Main persons who contributcd to the development and application of d ifferent new progrcssive analytical 
procedures in our country are remembered and their contribution presented. 

Some problems in the communi cation between geologist and analytical chemists are discussed and not 
sufficicnt citation of analytical publications giving necessary in format ion on the metrological parameters of 
the used analytical procedures describing the reliability of the gained rcsu lts and consequently of geological 
conclusions obtai ned by thcir usc is criticised. 

Recen t essential decay of min ing and conseq uentl y also of geological works suppl ying well equipped 
analytical laborato ries wi th samples bringing necessary fund s for their existence and growth caused that it had 
been necessary to seek new orientat ion wh ich has been fo und in the focusing of the original geological 
laboratories on so lving of environmen tal problems where apart from the o rig inal o rien tat ion the urganic 
analyses and speciation play a considerablc role, but only so further job for thcse laboratories performing now 
extremely important tasks for the sanation and revitalisation of our polluted environment cou ld bc ensurcd 
and so its prescrvation for futurc gcnerations achi cved. 

Key words: history of chemical analysis, gcological analysis, cnvironmental analysis, citation problems, 
analytical proccdures, Slovak analysts. 

Introduction 

The development of intelligent be ings represented by 
homo sapiens has led to the situat ion that already its 
ancient predecessors had startcd, namely with the use 
and later also with the production of their lirst primiti ve 
tools, to take notice of the ir surroundings and after the 
first recognising phases they began to categorize diffe­
rent objects accord ing to their characteristic properties 
and to di vide them in greater gro ups having common 
generali sed features. First primitive o ri g in of chemical 
charactcrisation of different matcria ls can be found long 
ago at the distinction whcther a given stone is by its hard­
ness, c leav ing abi lity and workability fit for the pro-

duction of different too ls, as primitive knives, axes, arrow 
points etc. or i f it can be used by mutual rubb ing for the 
prepara ti on of necessary fire , or it can serve by thermal 
treating as raw material e ither for glass, or some at that 
tíme known very useful meta ls serv ing for decorati ve 
purposes, for everyday aims and mainl y for the pro­
duction of more perfect weapons, if a given clay is 
suitable for the production of ceramics ľor everyday, cult 
or decorative use. 

As a matter of fact the cited and si milar knowledge 
represents the crad le of anal yti cal chemistry which very 
format ion was determined first after some thousand years 
late r by o ri gin and later deve lopment of di ffcrcnt handi­
crafts and by the perfcction of mining and metallurgy and 
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last but not least by introduction and bloom of alchemy 
which, it is true, has found neither the philosopher's stone 
enabling the gold preparation, nor the elixír vitae ensuring 
everlasting life, but it discovered a multitude oľ prccious 
knowledge on chemical propertics of difťerent materials. 

Origin oľ chemical analysis 

One of the most important milestones in the cultural 
development is represented by the transition from the 
stone age to the production and use of metals. In the 
nature one can find only very restricted number of metals 
in native elemental form (in particular gold and silver). 
The production of the majority of metals was so con­
ditioned by the finding and mining of appropriate ore and 
elaboration of a convenient, mostly complicated thermal 
metallurgical technology. The described situation, if one 
wanted to rich the corresponding aim required an as good 
as possible characterisation of al! used objects and tech­
nological steps. According to that the first attempts of a 
more serious chemical characterisation can be sought in 
connection with metal production. 

As it is written in some further lines of the Ovidius ' 
poem presented as the preamble, there was discovered 
iron and even more useful gold, and wars fighting with 
the both named metals started and the mentioned tem­
ptation of evil has been realised. How excel lent prophecy 
(!) in which, unfortunately a significant role was played ,if 
one wants or not, also by analytical chemists beginning 
thcir „handcraft" even in search of ore deposits (analytical 
chemistry enabling and significantly supporting geolo­
gical survey) and their following treatment inseparably 
connected with wastes (chemical analysis of environ­
mental pollution). Our conference is devoted to both 
named applications of analysis; in the fírst half aimed by 
elucidation and exploitation oť positive gifts devoted by 
our Earth and in the second half by elucidation and 
possible rcduction of negatí ve influences of the first 
named activities on our Earth. 1 therefore dared in the ti tle 
of my contribution to unify the both approaches of the 
conference in common study of the Earth which contains, 
as positive, as negatíve influences in question. 

First primitive tools for chemical analysis 

As the first aimed object of, one can say, chemical 
study of the Earth was beyond doubt in search for row 
matcrials usable in metal production, i. e. for ore deposits. 
In order to disti nguish between ore and gangue (vaste 
rock) the characterization of ores was performed origi­
nally by their visual (colour, shine, crystalline appearance 
etc.) and some physical properties (great weight, 
breakability, hardness etc.). This simple approach was, 
howcver, in many cases unsufficient, if one nccded to 
determinate the kind of metal obtained after the metallur­
gical treating (lead, cadmium, antimony, zinc, tin, copper, 
iron?). For to solve the mentioned problcm rapid and 
si mple analytica l procedures by dry way were worked out 
consisting according the literature (Treadwell, 1918) in 
the investigation of fusibility, colouring of colourless 

Slovak Cieo/. Mag., 9. 2 - 3(2003),93 - 98 

flame (fore - runner of spectral analysis), volatility, beha­
viour at reduction and oxidation, colour of sample-borax 
mixture pearl s prepared on platinum wire eye in oxidizing 
and/or reducti ve city gas tlame, (Mi nczewski et al., 
1975). 

The greatest role was, however, played by classical 
old special thermal treating of the investigated sample 
mixed with twoťold amount of waterless soda put in a 
small pit made on plane charcoal surface and heated by 
candle flame oriented using blow pipe on the sample 
mixture. The properties of small formed metali ie ball (so 
called regulus) or the colour of a deposit around the ther­
mally treated area indicated the presence of different 
elemcnts. The last, relatively powerťul method survived 
during very long Lime, since middle ages, practically till 
the middle of the last century. Practically myself I had yct 
an exercise in the mentioned procedure in the university 
practicum of mineralogy. The method enabled identifi­
cation of a lot of elements: Au, Ag, Cu, Pb, Sn, Sb, Zn, 
Cd, Co, Mn, Fe, Pt, As (Ormándy, 1904). To a similar 
kind of analytical procedures belongs also the so called 
cupellation enabling even quantitative determination of 
precious metals. Nowadays these methods have not been 
more described practically in any textbook on analytical 
chemistry and consequently almost forgotten. As it is 
clear from the explained exempla, the first attempts to 
perform a chemical characterisation of materials have 
been in a close alliance with the metallurgy. A more com­
prehensivc review of the deve lopment of metallurgical 
analyses is described in a separate work (Plško, 2000) 
where the crucial contributions achieved by Albertus 
Magnus ( 1193-1280) and Georg Bauer known as 
Agricola (1494- 1555) are discussed. I mention the classi­
cal simple analytical procedures only because of the 
recent revival of recent dry way methods known as solid 
sampling which will be dealt with in the chaptcr devoted 
to expected trends of chemical ana lysis for the study of 
the Earth. 

The birth and growth of quantification 

Successively growing demand for quantification, 
which could not be fulfilled with cxception of cupellation 
by the, in their principlc qua litative, introduccd simple 
procedures led to the development of mainly wet methods 
ensuring the claimed reliability (precision and accuracy) 
but for the price of the necessary, slow and expensive 
transfer oť the, in the greatesl deal solid samples into 
so lution, connected even with the contamination danger 
caused by the used chemicals, especially in the case of 
trace ana lys is. 

The quantification needs in mining and metallurgy led 
also to the description of content in the terms of 
concentration describing practically how much metal can 
be obtained from a given mass of the ore in question . 
This, otherwise, practical exprcssion which has been used 
till now has, however, no thermodynamic sense, it does 
not correspond to any thermodynamical state unit and 
apart from that is restricted by zero in the lower, and by e. 
g. 100% in the upper range. That is because il is not 
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avai lable for any serious statistical evaluation for the 
description of content or amount of the analyte (Plško, 
1998). 

Extraordinary richess of metal ore deposits in the 
Slovak area ( Au, Ag, Cu, Fe etc.) and their exploitation 
even since some millenia caused also an intemationally 
signifícant high level of the corresponding analytical cha­
racterisation and quantifícation which is reflected also in 
thc foundation of the fírst technical University for mining 
of the World, the Mining Academy in Banská Štiavnica 
(Schemnitz) in 1762 where chemistry belonged to basic 
studied topics. 

In difference to the development of various analytical 
methods enabling the determination of metal content in 
corresponding ores and products of their technological 
treatment which can be followed since ancient ages, ana­
lytical information on the composition of waste and other 
rocks having practically nothing to do with metallurgy, as 
well as the analysis of water, even gas samples are of 
expressive later tíme beginning first only with the scien­
tifíc formation of analytical chemistry conditioned in 
eighteenth century by the refuting of the flogiston ideas 
by the french scientist Antoine Laurent de Lavoisier 
( 1743 and decapitated 1794) and realised, as generally 
accepted, by the work of the swedish chemist Jons Jacob 
Berzelius ( 1779 - 1848). 

Quantitative analytical procedures of the so called wet 
way began with gravimetrie procedures used mainly for 
the determination of main components as Si02, CaO, 
MgO, Fei03 .. Al 20 3 , etc. Among them the gravimetrie 
determination of Si02 has, as one of the most reliable, 
survived practically till now and is eventually replaced 
on ly by the X - ray fluorescence results. Volumetric 
methods completed in the middle of the last century by 
complexometric titrations and colorimetry developed in 
the UV-VlS spectrophotometry and some separati ng and 
electroanalytical methods inclusive the for Czechoslo­
vakia representative polarography have closed so the so 
called classical sphere of analytical methods used for the 
study of Earth . Not satisfactory detection power and 
rather poor se lecti vity of these methods required the 
application of more powerful procedures. 

Among the more recent analytical methods used for 
the study of Earth, metrological, as well as economical 
parameters of which had better fulfílled the demanded 
parameters, an extraordinary role has been played by X -
ray fluorescence, electron microprobe, optical emission 
spectroscopy with are and later with laser or ICP exci­
tation , equipped also with mass detection, atomic absorp­
tion spectrometry with flame, or electrothermal atomi­
zation, chromatographic, especially in our country com­
prehensively studied and improved isotachophoresis and 
in the last tíme it is possible to follow also a revival of 
progressive electrochemical methods represented mainly 
by new approaches based on coulombmetric principle 
when one mentions only the mostly applied . 

In accordance with the title of my lecture I originally 
intended to devote its content to the va luation the po­
ssibilities of the enumerated methods but when I obtained 
the 2nd circular with the program of the conference, I saw 
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that there would be presented about 15 contributions with 
this orientation. It is certainly not my attempt to take thc 
wind from the sails of other contributors and to repeat 
information which could be better presented by selected 
our best specialists in the fíeld in question, 1 decided 
therefore to focus my lecture preferably on task of ana­
lytical characterisation in geo logical sciences with special 
orientation on survey of usable row materials and on per­
sons who played in our country a signifícant ro le in the 
development and application of methods for the study of 
Earth, as well as on some problems of communication 
between geo logists and analytical chemists and of eva­
luation and presentation of analytical data. 

The role and tasks of chemical analysis in geology 

In spite of the meaning, unfortunately of some yet 
living geologists, their original exclusive tools i.e . the 
hammer and compass have become with the scientifíc 
progress not more satisfactory for to solve adequately the 
pretentious problems of recent tasks on the study of Earth 
and so a comprehens ive laboratory treatment (mineralo­
gical, petrographical, structural and last but not least 
chemical characterisation) of the investigated samples 
represents a requirement without which any serious con­
clusions can be achieved . 

The task of analytical chemical results for a success­
ful geological survey can be in principle summarised 
(Ostroumov, 1979) in the following items: 

1. Determination of concentrations for main and 
accompan ying useful and interfering elements in the in­
vestigated ore, as well as for element contents in the 
surrounding waste rocks for to preliminary determinations 
of the ore deposit contours. 

2. Determination of elemental composition for to de­
terminate genetic and economic evaluation of the in­
vestigated economica ll y perspective area. 

3. To ascertain elements serving as indicators of ore 
mineralization. 

4. Systematic geochemica l study of large areas wi thout 
any primary economical aim; basis for the formation of 
geochemical maps. 

5. Gathering data for the so lution of general genetic 
questions. 

6. Evaluation for some geological engineering tasks 
(construction of big buildings, roads, tunnels, barrages 
etc.) 

7. Water analyses, (drinking, mineral, mine water etc.) 
for finding new sources, evaluation of corrosion, or pre­
cious geochemical information . 

The presented list has no pretension to completeness 
but it clearly shows the signifícant necessity of analytical 
data for the development and even existence of modem 
geological science which signifícant role has unfortu­
nately very often had not the corresponding acknowled­
gement and sometimes has been even practically neg­
lected and put in a position of simple servant a lthough it 
is general ly c lear that without a reliable knowledge of 
chemical composition of geological objects no progress 
wou ld have been possible. 
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Analytical chemists thcrcfore studied the correspond­
ing literature and on the basis oť their experiences and 
knowledge worked out sometimes cons iderably compli­
cated exacting procedures in order to fulfil, as well as 
possible, the demanded parameters, val idated their relia­
bility using different ana lytical methods or expensive 
certified reference materials obtaining of which was 
owing to the known lack of corresponding funds some­
times exrremely complicated and in the majority oť cases 
was all the gained necessary information published. 
Analytical methods of the described high quality werc 
rhen applied on hundreds of delivered samples some­
times, alas, even wirhout the necessary characterisation 
or several times representing useless redundance coming 
from the same locality taken by different or even by the 
same person. The results were used by geo logists for 
publication in which plenty of citarions on possible and 
impossible geological works was presented bur almost in 
all cases without any citation oť the corresponding 
publication describing the used analytical method where 
one could find a complete information on the reliability of 
rhe gained results without which the presented geological 
conclus ions have nor been trustworthy at all. In some 
publicarions ís at most presented the name of the analyst, 
(e. g. Hovorka, 1972) what belongs more in the sphere of 
ethics but does nor gíve any metrologícal ínformatíon 
necessary for the acceptance of the presented results. 
There exists in fact only very restricted number maínly of 
older geologícal works where the analysts are included as 
co-authors. On the other hand, as a deterrent example of 
Slovak geological citatíon customs I dare to notífy that 
there exist basic works, e. g. a monograph on ultramafites, 
(Hovorka, 1978), where a detailed description of the 
applied analytical proccdurc worked out by other authors 
and later also published with the necessary checking of its 
metrological parameters (Medveď et al., 1979) is pre­
sented practically as own with great amount of results 
without any indication where and by whom they had been 
obtained and this in spite of the fact that a description of 
a method for spectrochemical determination of micro­
elements in silicate rocks containing also a comprehen­
sive study of reliability of obtained results f has already 
becn published long ago (Medveď et al., 1974). 

I am pleased to hear that in the last tíme this situation 
had becn cventually changed and in several cases ana­
lytical chemists have been incorporated in research group 
and conscquently in the list of authors of the corres­
ponding publication. One can only hope that this practice 
will improve also the citation of ana lytica l chemical pub­
lications in geo logical works and so help to the accep­
tability of their conclusions. 

Evolution oť chemical analyses oť geological materials 
in our country 

The necessity of characterisation and quantification 
for the geological survey of economically intercsting ore 
deposits forming supposition for mining enterprises, are­
dressing plants and consequently metallurgical plants 
forced to establish local ana lytical laboratories enable to 

Slovak Geol. Mag. , 9, 2 - 3( 2003 ), 93 - 98 

perform simple necessary determinations. I personally re­
member such laboratories e. g. at the copper mine in 
Slovinky having worked yet in the middle of the last 
century and of course in Rudňany. Systematic, more 
general ana lytical development and application was, 
however concentrated in state geo logical enterprises, Uni­
versities and later also in the Geological lnstitute of the 
Slovak Academy of Sciences. 

Originally, the so called c lassica l methods based on 
gravimetrie and volumetric determinations of main com­
ponents in minerals and rocks were performed. As 
important specialists in this field can be mentioned at 
least Doc. RNDr. Ján Jarkovský, DrSc. from the State 
Geological Institute in Bratislava, Ing. Jozefa Polako­
vičová, PhD. from the Geologícal lnstitute of the Come­
nius University in Bratislava and Jozef Ambruš from the 
Geological survey in Spišská Nová Ves. The gained in­
formation was gradually completed also by some data on 
the trace content of some elements using colorimetric and 
later also polarographic methods performed by Ing. 
Vladimír Streško, PhD. from the Geological Institute of 
Comenius University in Bratislava and Ing. Pavol Leštak 
in the State Geological lnstitute in Bratislava .. A great 
progressive break in the determination of trace elements 
was set in by the introduction of optical emission spec­
troscopy. First spectrochemical determinations of trace 
e lements in geological samples were performed in the 
middle of the last century in the State Geological Institute 
in Bratislava by RNDr. Gejza Kupčo, PhD. who can be so 
in our country named as ťather of this, later extremely 
important and wide-spread effective analytical method. 
Another pioneer of spectrochemical ana lysis in Slovakia, 
Prof. Ing. Mikuláš Matherny, DrSc. (who worked in the 
group of member of the Slovak Academy oť Sciences 
Dimitrij Andrusov in the Comenius University, perhaps 
the first among our leading geologists having recognizcd 
the role of analytical chcmistry in the study of the Earth) 
has to be prized al so as an indefatigable propagandist and 
organiser of numerous seminars, symposia and conferen­
ces with spectroscopic themes. In this connection I dare to 
mention also my modest contribution in having worked 
out a system of methods for quantitative spectrochemical 
analysis of trace elements in sulphide minerals, s ilicate, 
carbonate, weathered rocks, soils and water, supported 
by the validation on the basis of analyses performed with 
other independent procedures or if available on certi fied 
reference materials, beside several more general , theo­
retical contributions to the own technique (scatter dia­
grarns, distribution of results, handling results be low limit 
of detection etc.). 

At the begin of seventies a new powerful anal ytical 
rnethod represented by atomic absorption spectroscopy 
was introduccd also in our country in the common 
laboratories of the Slovak Acadcmy of Science and Co­
rnenius University by Ing. Eduard Martiny, PhD. and Ing. 
Vladimír Streško, PhD. In thi s connection I would likc to 
remember the unselfish aid of the world known expert 
RNDr. Ivan Rubeška, CSc. from the Geological lnstitute 
in Prague who helped to a fast and large application oľ 
this effective rnethod . Atomic absorption spectroscopy 
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was then employed also in lhc Dionyz Štúr Geological 
Jnslitule (recent name of the State Geological lnstitule) in 
Bratislava by Ing. Mária Klinčeková, as well as in the 
Geological Survey in Spišská Nová Ves by Ing. Eliáš 
Feriancík, PhD. 

Some years later the first spectrometer with excitation 
by inductively coupled plasma enabling multíelemental 
ana lysis with good detection power and reliability for a 
wide range of ana lysed geological materials was set in 
use in the Geological survey in Spišská Nová Ves by Ing. 
Ľuboslav Blahut, PhD. and in the Geological Institute of 
Comenius University in Bratislava, introduced and ope­
rated by myself and R Dr. Jana Kubová , PhD who 
belongs to the best experts of this method in our country. 
In the last years we lived to see also the first mass 
spectrometer with inductively coupled plasma ion source 
in the Research Institute for Water in Bratislava operated 
by Ing. Adriana Shearman, PhD. and representing one of 
the most effective tool s for the determination of trace 
e lements . At this occasion I consider as suitable to re­
member also, at least some, czech colleagues as RNDr. 
Zdenek Šulcek, CSc., from the Centra! Geological Insti­
tute in Prague, R DR. Jaromír Litomiský, CSc. and Ing. 
Josef Dempir, CSc. from the Institute of Mineral Raw 
Materials in Kutná Hora, R Dr. Jirí Toman, from Geo­
logical Survey in Brno. With these co ll eagues and others 
even ťrom different not only European countries we were 
in very close fruitful contacts and cooperation and also in 
good friendship for which I would like to express them 
our sincere thanks. 

Apart from ana lytical procedures based on spectro­
scopic principles enabling mainly the determination of 
cations of elements with metallic character, isotachopho­
resis which was in our country investigated and perfected 
by Prof. Ing. Samuel Stankoviansky, further developed 

- by Prof. RNDr. Dušan Kaniansky, DrSc. from the Come­
nius University in Bratislava and brought until the com­
mercial production of corresponding Slovak instrumen­
tation. This method enables also the determination of 
anions with a detection power needed by recent requi­
rements . Last but not least, in our country was developed 
by Doc. Ing. Ernest Beinrohr, PhD. from the Technical 
University in Bratislava. an e lectrochemical procedure 
based on coulombmetric principles enabling the determi­
nation of numerous cations and anions in a large con­
centration range. The corresponding instrurnentation 
equipped with the necessary automation and robotization 
is industrially produced in Slovakia and commercially 
avai lablc too. 

Past and contemporary objects of investigation, 
possible trends for future 

As it fo ll ows from the presented inťormation , ana­
lytical work oriented on the study of the Earth was in the 
past orientcd mainly on geo logica l materials. 

According to the model with enormous extent of 
gcological service which existed in the Soviet Union 
where immense huge geologically not yet surveyed 
territories had to be recognised and utilised for rnining of 
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different interesting raw materials, in soc iali st 
Czechoslovakia where mmmg has existed si nce severa l 
millennia and geological survey of the relative small area 
performed since some centuries possessed plenty of 
information, similar too large geological service was 
established. 

This situation concerned analytical chemical labora­
tories too and il was necessary to find corresponding 
occupation for their staff. As known, all activities were in 
that tíme organised and commanded by polilical bodies, 
represented in this case by the Geological bureau having 
the position of a ministry but obeying all fictions of the 
Council of mutual economical help (better known as 
COMECON). According to that, we survived besides our 
productive collaboration with geological colleagues diffe­
rent analytica l campaigns. I sha ll lry to list al least some 
most significant ones: 
,,Unified analytical methods" obligatory for all laborato­
ries of the Czechoslovak geological service which project 
should ensure the comparability of results gained in 
different laboratories. A great shortage of the project was 
that it restricted any research leading to new progressive, 
more effective analytica l procedures codified for longer 
time the present, not always the best state of art. This 
project should have been widened for the who le 
COMECON and we were forced to apply different soviet 
procedures like the blowing of powdered samples in are 
discharge. Fortunately it was not enough tíme for its 
reali sation . The only advantage of the project was the 
creation of an extensive set in that tíme practically 
inaccessible certified reference materials which were 
however analyzed in several different laboratories but in 
the fact with the same obligatory ana lytical methods so 
that the randomization of possible systematic errors of the 
prescribed method was impossib le and consequently the 
accuracy of certified values could be lower. 

Another analytical campaigns including practically all 
our geological laboratories was the determination of rare 
earth elements which should have been gained from 
Vietnamese ores and determination of gold which sudden­
ly became interesting in connection with the occurrence in 
Middle Bohemia, if to list on ly the most important. 

Political changes in 1989 in our society followed by 
great economical transformations caused also a deep up­
heaval in geo logical sphere. The majority of our mines 
has been closed, geological survey became eventually un­
necessary and the extensive system of well eq uipped ex­
pensive analyt ical laboratories remained practically 
without any fulure use in the original state. It was 
therefore necessary to decide between their liquidation or 
to seek new analytical programs which cou ld maintain 
their further existence. Growing interest of the new socie­
ty and strong pressure on our state management con­
cerning a wide monitoring and following improvement, 
or better said rescue of our considerably polluted envi­
ronment by insensitive activities of the previous mining 
and industry granted a grateful possibility to continue 
with analytical activities in a similar direction, perhaps 
after some cxtension on more organic materials by ana­
lyzing solid, liquid and gaseous samples as soils, dumps, 
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waste waters and gases. For this new purpose practically 
tota l equipment used for geolog ical analyses, as wel l as of 
ski II and experi ences of the ana lytical s taff having worked 
with geological samples can be well applied. 

What concerns future trends in the environmental 
chemical analysis one can observe eventual leavi ng wet 
procedures requ iring complicated, expensive, slow and 
environment load ing dissolving oť samples and return to 
direct analysis oť solid materials usi ng so called so lid 
sampling e. g. in e lectrothermal evaporation or atomiza­
tion with ťollowing application of atomic absorption, or 
optical emission spectroscopy with inductively coupled 
plasma. For to solve many environmental problems is in 
many cases a simple e lemental analysis not satisfactory 
and different appropriate spec iation procedures have to be 
elaborated and appl ied too. 

As conclusion it is possible to state that the chemical 
analysis has his significant role by fulfilling pretentious 
gaining of information also in the changed conditions 
oriented on a better knowledge and improvement of our 
iii environment, this position will be retained and I hope 
that also high ly prized till many coming years what is my 
cordial wish. 

Sfo,ok G,,1. Meg . 9, 2 - 3/.200.1 ). 93 - 98 ~ 
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Abstracr. The DC are exci tation has played an important role (as the well -known spectrographic analytical 
techn ique) in the analysis of solid samples, fi rst of all in specific area of geochemical analyses, fo r a long pe­
ri od . Unfo rtunately, in thi s tíme all possibili ties of the opti misati on of photographicall y registrated spectra 
were full y ex ploited and after the introduction of modem spectrometric techni ques based on ICP exci tation 
also in the fi e ld of solid sampling spectrometry the DC are method lost its importance. The necessi ty of new, 
qu ick and simple methods has Jed to the comeback of the old DC are spectroscopy. This situation was caused 
by some of their advantages, first of all the working temperature. The use of modem, computer-controlled 
equipment with exactly defined are current/time programme gives a new design. On the other hand the con­
nection of the spectro meter to the source by quartz-fibre optics is also a new instrumentation. In direct ana­
lys is of powder samples it is one of the successfu l ways for work without any additi ves in sample preparation. 
The electrothermal vapori zation (ETY) is a well-known and powerful device fo r the sample introduction in 
optical emission spectroscopy. Thi s timesaving, robust and precise method became more and more important 
in industri a) laboratories as well as in science and research. In the meantime a nearl y perfect commercial 
ETV-system is available and it represents in connection wi th an ICP-CID-spectrometer the future in the spec­
trochemical analysis of powders. 

Key words: atomic emission spectroscopy, solid sample analysis, old -fashioned and modem methods, come 
back of DC-ARC, ETV-ICP-OES. 

The past 

The hi story of atomic spectroscopy goes back to the 
spectroscope (Fi g.1 ), which has been used fo r first tíme 
by Bunsen and Kirchhoff in 1859 (Kirchhoff et a l., 1860). 
For a long period of spectroscopic history the direct -
current are exc itati on has been the leading technique of 
direct analysis of powdered samples, first of all in specific 
area of geoche mical analyses. This, first only semi ­
quantitative method , achieved after a long-year optimiza­
tion and quantification (Zimmer et al. , 1982) e. g. interna! 
standard method, Lomakin-Sche ibe equatati on, blacke­
ning-transformati on procedures, etc. the position of a 
quick, wide used multi -element quanti tati ve method. The 
last optimization in eva luation ·of photograph ically regis­
trated spectra using modem densitometers (Zimmer et 
al. , 1982), have led to average precision of about 15 % 
with re lati vely low detection limits. Some modifications 
of the D.C.arc i tself were also developed, at least the use 
of the stationary magnetic fie lds (Lummerzhei m et al. , 
1969), inhomogeneous magnetic fi e lds (ľodorovié et al. , 
1969), or the double-pl asma method (V ukanovié et al. , 
1977) should be mentioned. Also continuous sample in­
troduction techniques (Fig. 2) were successfully eva luated 
and used in thc practica l analysis of powdered samples. 

The intensive developmcnt o f new exciťat io n sources 
in atomic spectroscopy and commercial use of modem 
spectrometri c techniques. which began in the half of the 

last century, has stopped the whole evaluati on of mentio­
ned old spectrographic technique. The research was con­
sequentl y directed towa rds the use of solution methods, 
co nnected with the most successful exc itation source of 
thi s period , the ICP. 

The present 

The development of spectrochemica l methods is 
mainly prompted by three aims (Broeckaert et al.,1 987): 
the improvement of the limit of quantifi cati on, the in ­
crease o f the re liability of analyti cal in formati on and the 
cost reduc tion - economical aspects. In most typical 
analyses o f solid samples the direct analysis (solid sam­
pling - analys is) seems to be an advantageous alternatí ve 
to the usuall y preferred methods using wet digestion in 
sample preparation. The ad vantages are obvious, they are 
summari zcd (Bendicho e t al. , 1991 ; Schron et al. , J 997) as 
follows: 
• reduced sample pre-treatment and hence, an increase in 

the speed of the whole analytica l procedure, 
• low contamination ri sk, an essenti al requirement when 

trace leve ls of metals are to be dete rmined, 
• fewer poss ibi liti es o f analyte losses during the sample 

pre- treatment or retention o f inso luble res idues, 
• the use o f corros ivc and hazardous chemica ls is 

avoided 
• very small mate ri al consumption. 

Geologicol Survey of Slovak Republic. Dionýz Šttir Publishers, Bratislava 2003 ISSN l 335-096X 
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Fig. I The old-fashioned spektroscope 

On the other hand, there are many of disadvantages to 

mention, just the most important (Schron et al., 1997; 
Pauwels et al., 1991) of these: 

• small range of the suitable reference materials (CRM-s), 

• dosage problems caused by low sample weight (inho­

mogeneity ), 
• difficulty of independent and absolute calibration, 

• difficulty connected with the direct-weighing method 

(inability to dilute samples, having analyte concentra­

tions greater as the working range). 
In the development of modem spectrometric methods 

of direct analysis of solids the attention was logically fo­
cused on the most succesfull excitation source in optical 
emission spectrometry (OES), the inductively coupled 

plasma (ICP). Besides the methods of direct sample intro­

duction (Fíg. 3): DSI-ICP (Blain et al., 1992) and slurry 

technique (Dočekal et al., 1992), the main attention was 

paid to the electrothermal vaporization systems (ETV), si­

milarly to the technique applied in atomic absorption 

spectrometry (AAS), where many of alternatíve systems 

have been described and discussed in recent years (Kur­
filrst, 1998; Matusziewicz, 1986; Kántor et al., 1992; 

Golloch et al., 1995). lt was stated, that because of the 
maximum temperature level of ETV at about 2900°C ei­

ther the use of modifiers (Broeckaert et al., I 989; Nickel 

et al., 1995), or special working gas mixtures (Verrept et 
al., 1993; Kántor et al., 1992) is· needed for the successful 

analyses of such typical mate'fials, as advanced ceramic 

powders (e. g. SiC, B4C, Si 3 4 , etc.) or other materials 
containing refractory elements. 

On the other hand, the once successful solid-sampling 

technique - the D.C. are evaporation and excitation 

source with higher evaporation and excitation temperature 

Fíg. 2 Two typical continuous introduction systems of pow­
dered samples 

Slovak Geol. Mag .. 9, 2 - 3(2003) 99- 104 



K. F/óriá11 aru/ J. Hassler: The Past, Present and Fwure oj Atomic Spectroscopy ... 

N2 / Ar plosrna 

graphite cap 
with aperture 

~-----graphUe cruci tit 

~-ai..-- gtassy carbon rod 

_j_~ .-- glass rod 

quartz tube 

Ar 
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(about 4000°C) was totall y forgotten , first of all because 
of poor precision of old-fashioned spectrographic tech­
nique with photographic registration of spectra. In order 
to avoid the disadvantages of the old-fashioned DC-arc 
spectrography a new, electronically controlled DC are 
was connected with the quarz-fibre optics to a multi ­
channel spectrometer (Fí g. 4 - an overview on electrode 
profile and the double-optics signal process ing system) as 
a alternatí ve method to the ETY-ICP and/or SS-ETV­
AAS techniques in the routine analysis (Flóri án et 
al. , 1996). 

The precision, reproducibi li ty and long- time stability 
of rhe DC-ARC-OES method in SiC analysis should illus­
trate the data (Hass ler, 200 I) in the Table 1. 

The future 

Since many years a lot of effort has been taken to in­
troduce solid samples directly into an ICP without dilu­
tion . Electrothermal vaporisation of powdered samples in 
a graphite tube and graphite boat and transfer of the aero­
sol via a tube connection to the plasma is one of the most 
interesting methods because of its precision and good 
reproducibility, its robustness and its easy and fast han­
dling. lt should be menshioned, that the idea of such sam­
ple evaporation, separated from the excitation process 

101 

h, , -

hv 

l ___ ..... ruzz.' 

Fig. 4 Th e double optics signal processing system in connection 
with modernized DC-arc source 

(Fig.5) goes back to the 40-ties of last century (Preuss, 
1940). Following several laboratory concepts and own 
inputs a commerc ional state-of-the-art instrument has 
been developed (Hassler et al. , 2002). Meanwhile its has 
become an important too l in a lot of industria! and re­
search laboratories in both, routi ne analyses and research 
work. An integrated autosampler (Fig.6) with micro bal­
ance allows to work with excellent effi ciency especiall y in 
industria! applications. For the ETY furnace a special gas-
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Fíg . 5: The old;fashioned solid-sample evaporation and excitation system, proposed by Preuss 

Fíg. 6 The modern automatized ETV instrumentation 

guide was developed which allows very high transport 
efficiencies and minimum rnernory effects. This is -
arnong the robust, cornpact design and engineering - one 
of lhe main advantages against former concepts. Further­
more, the sample can be halogenised by a srna!! arnount 
of reaction gas in order to lransforrn also the refractory 
clemenls into vo latile halogenides. This lowers the vapo­
risation ternperature and surpresses the forrnation of car­
bides. An integrated online-pyrometer rneasures and 
controlls the boat temperature, which al lows the use of 
individual temperature prograrnms via microprocessor 
conlrol. 

Some results (Hassler, 2001) of SiC analysis 
using the above described ETV-ICP technique and their 
comparison with results of so lution ICP analysis as 
well as DC-ARC-OES analysis are summarized in lhe 
Table 2. 

The common problern of all solid sampling spectro­
chemical methods is the adequate calibration. Mostly 
only a limited number of adequate certified reference 
matcrials (CRM-s), or laboratory reference materials 

(LRM-s) is aviable. Therefore besides the use of solu­
tion standards some other calibration procedures were 
proposed as the so called one-standard method. Here the 
change of independent variable - concentration is 
achieved by applying different weights of one standard . 
The comparison of the efficiency of both above men­
tioned calibration methods enable the validation charac­
teristics of DC-ARC-OES analysis of B and 8 4C 
(Flórián et al., 2003) summarized in the Table 3. 

The comparison of both studied calibration proce­
dures shows their matrix dependence. While the results 
of BN malrix illustrate a good agreement in calibration 
pararneters (a, b, r), in matrix B4C are these quite differ­
ent, in some cases more as one order of magnitude. 
Some further experiments with various matrices, more 
analytes and variable excitation conditions (lo avoid the 
intluence of excitation .p.rocess) are needed. At least it is 
possible to declare lhe one-standard rnethod as an pos­
sible alternative of calibration if none olher ways are 
disposable. 
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Table J: The RSD (%) - valu es oj 6 repeated measurements oj 5 analyte.ľ in 4 SiC standard.ľ and 12 repeated series 

Ele- Stan- Series 
ment dard 

1 2 3 4 5 6 7 8 9 IO II 12 
1 4.5 4.5 6.6 6.0 5.1 5.2 5.8 7.5 4.6 8.4 4.1 5.4 

Al 2 3.9 7.7 6.3 5.1 2.9 7.9 10.8 9.1 4.8 (,.1 7.7 6.6 
3 5.0 4.8 3.9 5.7 5.0 5.8 6.2 7.4 3.5 7.5. 5.7 5.7 
4 8.3 6.3 3.9 4.0 7.6 8.0 9.7 10.1 8.3 7.4 4.8 7.4 
1 2.5 2.0 4.8 4.0 4.4 4.2 4.2 5.6 3.5 7.5 5.0 5.1 

Fe 2 2.7 4.6 2.4 3.2 1.5 4.3 4.8 8.6 1.5 3.7 3.0 4.0 
3 2.7 3.6 2.4 7.0 2.6 3.4 6.4 2.9 3.2 3.6 6.0 2.8 
4 5.3 5.8 6.4 5.2 3.9 2.4 5.7 11.4 7.2 6.5 6.6 4.3 
1 4.7 2.5 10.8 6.1 6.4 5.4 6.4 8.1 8.5 13.2 7.7 7.9 

Ni 2 3.5 4.8 2.8 4.8 2.6 5.5 7.4 11.8 2.7 6.4 5.3 7.4 
3 4.6 3.2 5.6 8.4 4.6 4.5 9. 1 6.6 2.6 6.4 8.2 5.6 

4 8.8 10. 1 11.1 9.5 9.7 6.8 9.3 1 17.9 
1 

12.0 10.3 6.5 8.4 

1 4.4 5.4 6.9 5.5 6.4 9.5 5.5 s.o 5.1 8.6 7.0 4.8 
Ti 2 4.8 6.7 6.2 8.3 4.5 8.7 6.6 10.7 4.5 8.4 6.0 9.1 

3 3.5 7.9 6.6 8.0 6.5 10.6 7.6 9.2 8.9 8.8 7.6 4.0 
4 8.6 9.6 7.8 9.8 7.8 4.7 10.2 11.9 8.5 6.9 6.9 5.7 
1 5.0 5.7 7.3 10.1 7.1 8.1 6.3 10. l 6.5 8.9 4.0 6.4 

v 2 5.5 9.6 7.0 8.9 5. 1 10.9 8.7 6.7 8.0 9. 1 7.4 8.0 
3 7.8 7.8 8.8 9.1 7.0 10. 1 6.3 7.5 10.9 10.4 7.2 9.7 

4 8. 1 10.4 8.4 10.l 9.2 5.9 10.2 15.0 10.9 8.2 6.0 6.8 

Table 2: Comparison oj main validation characteristics oj some analytes in SiC obtained using 3 different methods of spec­
trochemical analysis 

Method RSD/ % Recovery / % 

Al Fe Ti v Zr Al Fe Ti v Zr 
solution ICP-OES 3.4 7.4 6.3 7.8 8.9 100 107 100 96 112 
DC-ARC-OES 2.0 2.8 4.6 9.2 107 105 IO! 78 
ETV-ICP-OES 3.4 1.9 3.0 11.5 3.4 107 100 J 19 101 99 

Table 3/a: The main characteristics of calibrationfunctions (y = a + b. c) oj Ca and Si in BN 

Cali bration parameter Element 

Ca Si 
5LRM single measur. 5 LRM single measur. 

n = 25 n = 25 
concentration 20 - 295 7 - 355 18 - 75 3 - 88 
range / µg.g· 1 

r 0.998 0.999 0.999 0.983 
RSDmc,hod / % 4.8 8.5 3.7 9.7 

a 6.44 ± 0.950 6.71 ± 0.896 5.55±0.180 5.63 + 0.299 
b 0. 166 ± 0.0056 0.163 ± 0.0056 0.220 ± 0.005 J 0.213 ± 0.0080 

Table 3/b: The main characteristics oj calibrationfunctions (y = a+ b . c) ofAl and Fe in 84C 

Cali bration parameter Element 

Al Fe 
4LRM single measur. 4LRM single measu r. 

n = 15 n = 15 
concentratio n 35 - 100 6.8 - 100 580 - 1200 108 - 1500 
range / ug.g· 1 

r 0.994 0.929 0.999 0.971 
RSDme,hod / % 5.7 17.8 1.3 14.3 

a 6.36 + 0.372 7.59 + 0.512 37.7+0. 167 19.2 + 2.98 
b 0.074 + 0.0047 0.140 + O.OJ 15 0.023 + 0.0005 0.055 ±0.0036 
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Abstract. Gravitation dust sediment, which surface of particles is enriched by volatile toxic elements in indu­
stria! sites, is created by particles, with diameter greater than IO µm . The studied samples of the gravitation 
dust were collection near U. S. Steel s. r. o., so they represent pollutants of a metallurgy industry. In thi s place 
it is assumption of maxi mum amount of collected samples. Characteristics of gravitation dust were studied by 
various analytical methods and after determination of particles size these were applied for study of original 
samples and size fracti ons. 

Phase composition of gravitation dust sediments was detected by three methods of qualitative analysis 
(thermal differential analysis, X-ray phase diffraction analysis and local electron microanalysis). The total 
content of major and trace elements was determined by methods of quantitative analysis after total decom­
position of samples. The content of major elemenls was determined by atomic emission spectrometry with 
inducti ve coupled plasma after decomposition by HF, HCIO4 and HNO3• The total content of matrix elements 
from this region decreases in the order Fe, Ca, Mg, Al , Mn. Other ri sk elements in samples occur on the trace 
level and their content decrease in the order Pb, Zn, Cu, Hg, Cd, Sb, Ni, Co. As and Sb was determined by 
atomic absorption spectrometry with hydride generation, Hg by atomic absorption spectrometry with thermal ­
ox idative generation and amalgamation after decomposi tion by aqua regia. Other elements by FAAS were de­
termined . 

Mobile and mobilizable element forms were determined by extraction with enable extraction agent. Ex­
traction conditions were specified on the Košice-city sample and these conditions were applied for single step 
extraction of gravitation dust samples from the U. S. Steel region . For determination of mobile form of risk 
element samples were ex tracted by 0.1 mol NH4NO3 and for determination of mobilizable element form s by 
0.1 mol.dm·3 EDT A. It was found , that in these samples elements in the dangers mobi Ie forms consist mainly 
ofZn, Cd, Cu and in the mobilizable form ofCd, Zn and Cu. 

The analyses of the acquired data from metallurgical industry region revealed that: applied research pro­
cedure enables to find complex data about characteristic of gravitation dust sediment; characteristic of gravi­
tation dust sediment are significantly changing with specific region and single step extraction of dust enough 
inform about soils contamination. 

Key words: gravitation dust sed iments, fractionation , single-step extraction 

Introduction 

Dust particles in atmosphere of industry regions con­
tain higher content of ri sk elements as dust particles of 
other regions. Toxic elements evaporated during high­
temperature processes (such are e. g. combustion or me­
tallurgical processes) have a trend to condense on surfa­
ces of solid pollutants. Dust particles have a variety range 
size and from their size depend not only rapidity and way 
their removal from atmosphere, but their ecological im­
pact to other environmental components too. 

Gravitation dust sediment is created by particles with 

diameter higher as IO µm , which are capable of sponta­
neous sedimentation. Its delay Lime in atmosphere is very 
short and its effect on li ving organisms is minimal. On 
this accounl the quantity of gravitation dust sediment is 
not able criteria for evaluation of situation of atmosphere 
pollution . The quantity of gravitation dust, whicb is ex­
pressed in g.m2 in 30 days is re lated on the area of sedi­
mentation and express of pollution extent of soi ls or 
vegetation. Particles , after its sedimentation , can eon-

taminate soils by those toxic element forms, which are 
able of transport to the soi l system. Consequently their 
biological mobility can enter from soil to food-chain a 
secondary contaminate li ving organisms. 

For completely study of gravitation dust sediment can 
app ly a Jot of analytica l methods, by help whom can 
study their physical and chemical properties . Our -re­
search program was concentrated on: 

• deterrnination of the particles size; 
• deterrnination of the major mineralogical compo­

sition in original samples and size fractions; 
• determination of the total content of major ele­

ments in original samples and size fractions; 
• determination of the total content of risk to,x ic 

elements in original samples and size fractions; 
• determination of the content of risk elements in 

various physical - chemical forms (fractionation 
analysis) in original samples and size fractions ; 

• study of the pre-concentralion method (SPE ana­
lysis) for directly risk elements determination .in 
sorbet or elements determination after e lution. 

Geological Survey oj Slovak Rep11b/ic, Dionýz Štúr Publisliers, Bratisla va 2003 ISSN 1335-096X 
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Research methods applied for study of atmospheric 
pollutants particles consisted especially from X-ray 
phase diffraction analysis, thermal differentia l analysis, 
loca l e lectron microarÍalysis, atomic absorption and 
emission spectrometry, roentgen íluorescence spec­
trometry and sing le step extraction by various extraction 
agents. By application of thi s methods were estimated 
necessary characterist ics of atmospheric so lid samples. 

Results and discussion 

The level of air pollution by solid parricles has been 
monitored through concentration of íly dust couched in 

µg .m·3• The overload of the highest admissible value of 
this concentration (60 µg.m -3) in Košice region were reg­
istered on the monitoring station "Veľká Ida". This sta­
tion occurs nearly of U. S. Steel s. r. o. (big metallurgical 
plant), which is thc significant polluter of atmosphere in 
this region . The íly dust is created by particles, which 

diameter is less than 1 µm, with very small sedimentation 
power. 

Gravitation dust sediment, which surface of particles 
is enriched by volatile toxic elements in industria! sites, 
which is created by particles, with diameter greater than 

1 O µm. The studied samples of the gravitation dust were 
collection near by U. S. Steel s. r. o., so that represented 
pollutants of a metallurgy industry. In this placc it is 
assumption of maximum amount of collected samples. 
An overload of the highest admissible quantity oľ dust 
sediment ( 12.5 g.m·2 for 30 days) it was registered here 
in each season oľ 2002 ycar. The total amount of col­
lected samples into 12 seltling glass vessels in tíme 3 
months was from 6 g to 14 g approximately. 

The phase composition of gravitation dust scdiments 
was detected by three method of qualitative analysis (ther­
mal differential analysis, X-ray phase diffraction analysis 
and local electron microanalysis). lt was detected , that the 
particles matrix is created mainly by CaC03, Si02, 

Fe3Ali(Si04h, Fe20 3 and Mg0. The Fe is presents in thc 
carbonate form too. From elements representative an envi­
ronmental risk was detccted presence of Cd in the car­
bonate form and Cu as malachite (CuC03.Cu(0H)2) and 
otavite (Cu3(OHh,(C0 3h). The presence of i, Co, Zn and 
Mg in carbonate forms was detected only partly. A part of 
elements is bound as oxides. The example of configuration 
and composition shows Fig. 1. 

The total content of major and trace elements was 
dctcrmined by methods of quantitative analysis after 
total decomposition of samples. Samples by HF, HCl04 

and H 0 3 were decomposed and content of major ele­
ments by atomic emission spectrometry with inductive 
coupled plasma was determined. The total content of 
matrix elements from thi s region decreases in the order 
Fe, Ca, Mg, Al, Mn. 0ther risk e lements in samples 
occur on the trace level and their content decrease in the 
order Zn, Pb, Cu, Hg, Cd, Sb, As, i, and Co. As and 
Sb was determined by atomic absorptio n spec tromctry 
with hydride gene ration , Hg by atomic absorption spec­
trometry with thermal-oxidative generation and amal­
gamation after decomposition by aqua regia . 0ther risk 
elemenls by method of F AAS were determined. 
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The fractionation is method used on the identification 
of element forms according to their various physical (so­
l ubili ty) or chemical (bondi ng) properties (Templeton et 
al., 2000). In the fractionation analysis of soils exist a lot 
of si ngle-steps and seq uential extraction proccdures on 
the isolation of mobile and mobilizable element forms . 
From the standpoin t of mobi li ty in so il , the mobile forms 
(water-soluble and ion-cxchangeable) constitutc the high­
est dangcr. These forms are mobile in norma! soil condi­
tions. The mobilizable forms (mobile, organic, and 
carbonate) are mobile in changed soil conditions. 

lt is possible to applied of extrac tion procedures on 
samples of gravitation dust sediment in order to iso la­
tion of risk element forms, which are mobile from dust 
particles to soi ls. Application of money wise and time­
consuming sequent ial extraction procedures for thc dust 
samples is not necessary because dust particles havc 
different matrix composition than so il particles. In thc 
case of appli cation of the singlc-step extraction is nec­
essary regard the difference in amount of collected sam­
ples. 



E. Krakovská, D. Remeteiová, J. ľomko and D. Mackových: Research Methods of Atmospheric . .. 

107 

Table / . Tlie contenl ofsefecled risk elements in gravitation dus/ sedimenl samplefrom locality Košice-Veľká Ida 

Element Zn Pb Cu He Cd Sb As 
original sample weight % 0.064 0.018 0.0063 0.002 1 0.0004 0.0006 0.00041 

d<36 um 0.079 0.0224 0.0089 0.0025 0.0006 0.0006 0.00048 

d>36 wn 0.053 0.0126 0.0056 0.0020 0.0004 0.00035 0.00037 
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Fig. 2. The optimalíwtion of ex1racting ratio for extraction by 0.05M EDTA . 

For single-step extraction procedures fol lowing ex­
tracting reagents were used: di still ed water, snow water, 
0.1 mol.dm-3 NaN03, 0.1 mol.dm-3 NH4N0 3, 0. 1 
mol.dm·3 CaCl 2 and 0.1 mol.dm-3 EDTA . By thi s re­
agents can extract mobile and mobilize e lement forms . 
In contrasl of soi l, we are applied the dust and the ex­
tracting ratio 1: 150 (lg dust and 75 cm3 extract agent). 
Other condition remained saved (Remeteiová el al. , 
2002). Extraction conditions were specified on the 
Košice-city sample and these conditions were applied 
for the single step extraction of gravitation dust samples 
from U. S. Steel region. For determination of mobile 
form of ri sk e lement sa mples were extracted by 0.1 mol 
NH4N03 and for determination of mobilizable element 
forms by 0.1 mol.dm-3 EDT A. lt was found, that from 
selected e lements in dangers mobile forms are binding 
mainly Zn and Cd, and in the mobilizable forms Cd, 
Pb, Zn , and Cu . 

Table 2. The percentage o.f selected risk elements in mobiliz­
ableforms. 

Percentae:e / % Zn Pb Cu Cd 

d<36 um 48.3 65.1 39.5 81.2 

d>36 um 61.8 82.4 48.9 76.1 

Because concentration of risk elements in extracts of­
ten is very low, we search possibility to find the ab le pre­
concentration method. We applied SPE extraction (solid 
phase extraction) and we are tested co lumn from two 
various producers. Pre-concentrated ri sk elements can 

determine directly of sorbets by roentgen fluorescence 
spectrometry, or by analysi s of pre-concentrated elute by 
other spectroscopic methods. 

Conclusion 

In consequence of acquired data from metallurgical 
industry region we can state that: 

• applied research procedure enables to find complex 
data about characteristic of gravitation dust sedi­
ment particles; 

• characteristic of grav itation dust sediment particles 
expressively changed with concrete region; 

• si ngle step extraction of dust sediments enough in­
form about soils contamination ; 

• spectroscopic methods provide re levant data infor­
mation. 
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Electrothermal Evaporation in ICP-OES; Its Development 
and State-of-the-art Nowadays 

JORGEN HASSLER and *P ETER R. PERZL 

Wacker Ceramics, D-87405 Kempten , P.O.BOX 1526 
*Spectral Systems, D-82256 FUrstenfeldbruck, Augsburger Strasse 37 

Absrrac1. ETV- ICP-OES is a well established method nowadays. lt is defined as a separate on- line tandem 
configuration for sample introduction. In graphite furnace a sample is being evaporated and transformed ínto 
a dry aerosol by gas phase condensation. Thi s aerosol is being transported to the ICP-torch. 
For to achieve satisľying results a lot of innovative research and development work on the fumace design it­
self, but also for modifier application and temperature control was necessary. Modem power-supply-elec­
tronics and mícrocomputer-control made compact ínstrumentation possible. 
ETV-ICP-OES combinations usi ng special resistancc hcated graphite ľurnaces turned out to be one of the best 
established and dominating method in so lid samplíng. Commercial solid-state automated systems are avail­
able and have proved their suitabílíty in industria! routine labs as well as in numerous research laboratories. 
In the meantime a fot of ínteresting applications have been carried out, one of them will be presented at the 
end of this artic le. 

Key words: Solid sarnplíng; electrothcrmal evaporation; ETV-furnace, ETY; ETY-ICP-OES; 

Introduction 

Electrothermal evaporation systems (ETY) have been 
object to research and develop-rnent for several decades. 
The idea always was fasc inating indeed to analyse solid 
samples directly without any dilution process with all its 
problems, possible contaminations and tíme consumption. 

The History of ETV 

The hi story of electrothermal vaporisation starts 
(Fig. 1) with the Lokye r-furnace in the 70th of the 19th 
century (Lokyer 1878). 
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Fig. 1. Lokyer-Jimwce 1878 

Lokyer observed phenomena of atomic absorption at 
his instrumcnt. The atomiser con-sistcd or a coal -heated 
iron-tube. Hydrogen was used as protection gas, gener­
ated by a Kipp generator. 

The first rea l application of an ETY was done by 
Preuss (E. Preuss 1940). He developed an ETY-device to 
vaporise easy vo lati le metals in geological samples to 
analyse these elements in a DC-Arc. The coupling was 
made by a tube connection directly to the upper arc-elect­
rode, shaped as a Graphite tube. 

Nurnerous ETY-designs were derived from develop­
rnents in AAS -furnace sys tems. So H. Mass mann 
(Massmann 1966) rnay be considered as the father of 
graphite-tube ETY-devices and T.S .West (West 1969) 
as thc one of the bridges- , filarnent- or coil- types. In the 
beginning of ICP-OES the ETY in first instance was 
meant as alternatíve to the sample introduction systems 
(nebulizers) working not satisfying at that tirne . By thi s 
point of view also the works of A. Fassel (Nixon at.al. 
1974) concerning the evaporation by a Tantalum­
filament and G. F. Kirkbright (Kirkbright at.al. 1979) 
concerning an ETY-device using a carbon-bridge were 
performed . As final stage of the graphite-bridge­
furnaces the ETY-system of A.Golloch and M. 
Haveresch-Kock (Golloch at.al. 1990) rnay be consid­
ered, an ETY using a graphite-br idge and graphite-boats 
for high weights. 

A parallel development of the graphite-bridgc-type 
was the direct connect ion of the furnace to the aerosol­
tube of the torch. 

It was started by K. Ohls and B. HUtsch (Ohls et al., 
1985) with their first experirnents with a direct coupling 
part ly by open funne l-shaped connecting parts. 

lt was continued by M. Reisch (Reisch et al., 1989) 
and for the tíme being finished in a technically advanced 
way by H. Nicke l and Z. Zadgorska (Nicke l et. al. , 1993) 
by a ETY-unit with pneumatically operated furnace and 
direct compound with the aerosol tube . 
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Fíg. 2: pneumatic ETV-device Nickel, 'Zadgorska 1993 

Fíg. 3: Kantor-'Zaray end on ETV-fumace 1992 

In later phases ETV-ICP-OES configurations with 
graphite tube fumaces mostly used converted AAS-gra­
phite-fumaces from Perkin Elmer for example HGA 74 
(Aziz et al., 1981). 

Less numerous but at least even successful were adap­
tations of the solid-sample-AAS-fumaces manufactured 
by Griin-Optik. (Schäffer et al., 1998). 

Decisive pre-works for the development of the com­
mercial ETV-System ETY 4000 (Spectral Systems) were 
done by T.Kantor and G.Zaray with their modified ETV­
fumace (Kantor et al., 1992). 

Based on this fumace in several stages of develop­
ment and by numerous improvements the most modem 
ETV-system today was created (Hassler et al., 1999). 

Development and state of the art of ETV-4000 

The fumace based on the Kantor/Zaray-design is a 
longitudinally resistance heated type in end-on configura­
tion. This means that a graphite tube of about 8mm di­
ameter and 41 mm length is heated by an electrical current 
of up to 400 Amps while a gas tlow is being guided 
through the tube from one end to the other. The sample, 
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that may be solid, dried liquid or dried slurry, is placed 
on a separate graphite support, a so called boat, in the hot 
centre of the heating graphite tube. The recleaned boat 
can be reused many times . 

Halogenation: For evaporation high-boiling or car­
bide forrning elements in many cases very high tempera­
tures of more than 2500 °C are necessary. However, for a 
reasonable life tíme of the graphite tube the maximum 
temperature is limited to 3000°C and heating cycles nor­
maily should not exceed much more than 2500°C. To 
overcome this problem in the literature the addition of 
modifiers like PTFE-powder, carbon tetrachloride vapor 
or halocarbons has been described. Oxides and carbides 
by this addition are being transformed into volatile hal­
ides (Kantor, 2001). In the described system Freon 12 
(CCl2F2) or Freon 22 (CHCIF2) are used. These gaseous 
modifiers are continuously Jed over the sample while the 
evaporating process together with the carrier-argon in a 
con-centration of about 0.5 to 1.5%. So they are present 
all the tíme of heating and especially at higher tempera­
tures, in contrary to solid or liquid modifiers, which 
evaporate and decompose ata certain temperature, mostly 
between 400 and 1000°C. 

Transport efficiency: A transport as complete as pos­
sible of the produced aerosol into the ICP-plasma is es­
sential for high efficiency of the process. It has been 
found that most of the transport losses occur in the first 
few rnillimetres downstream the end of the graphite tube. 
Also the end of the graphite tube itself that is hold by 
cooled graphite brackets and therefore cooler than the 
centre of the tube is affected by vapour losses. To over­
come this problems a special design of this area was nec­
essary. 

A tube in tube construction was developed which the 
smaller inner tube (nozzle) ends some millimetres outside 
the end of the heating tube. The evaporated sample flows 
together with the carrier gas through the nozzle which is 
hold and connected to the hottest area in the centre of the 
heating tube and thereby always keeps a relati vely high 
temperature. The end of this nozzle is separated from the 
end of the alumina transport tube by an alumina transition 
ring. A ring-shaped gap is formed between the end of the 
nozzle and the beginning of the transition ring. In this gap 
an additional argon stream is be-ing introduced (by-pass 
gas) that forms a boundary layer at the inside of the 
transport tube shielding it from the hot sample vapour. At 
the same time both streams are continuously being mixed 
and a supersaturated relatively cold aerosol is being 
formed. Additionally, the carbon particles originating 
from the decomposed Freon help to form condensed 
aerosol particles. This is an additional important benefit 
of the halogenation. The flow-relation between both ar­
gon streams is electronically controlled and adjustable by 
MFC's. So under optimised conditions transport efficien­
cies of 80% can be achieved. 

Temperature control: A graphite tube normally has a 
life tíme of several hundreds of cycles. It is clear that by 
sublimation losses, but also by an in-situ pyrolytic coat­
ing caused by the Freon the wall thickness and thereby 
the electrical resistance and the thermal behaviour of the 
tube are changing. To get reproducible temperatures a 
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Fig. 4: ETV - ICP - connection 
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Fíg. 5: Calibrationfunctions of Ca and Si for BN-routine analysis 

miniature pyrometer was developed to record the tempera­
ture of the sample-boat. lt was observed that the boat tem­
perature differs essentially from the temperature of the 
outside of the graphite tube (up to 500°C) so that it is nec­
essary that the pyrometer looks directly onto the boat. The 
pyrometer is integrated into the control-circuit of the elec­
trical power-supply of the fumace and therefore provides 
together with the PID-control not only constant tempera­
tures independent from the fumace conditions, but also a 
fast and precise setting of different temperature levels by 
the program controller without over-shootings. The tem­
peratures controlled by the pyrometer range between 20°C 
and 3000°C with a precision of 2%. The fumace thereby 
allows optimum and reproducible temperature steps for 
ashing and evaporation of low- and high-boiling elements, 
and even speciation analysis is possible. 

Automatisation: In industria) routine analysis today 
with hundreds of samples tíme becomes more and more 
precious. So the modem laboratory equipment needs to 
be as automated as possible. For this purpose the ETV­
system is equipped with an auto-sampler that is able to 
handle magazines with IO or 50 boats automaticaUy. An 
integrated microbalance is also available. The system is 
connected to the spectrometer by an interface, so that a 
stack of max. 50 sa rnples can be run fully automatic. 

Experimental results 

The experi mental results were found by routine analy­
sis of Boron Nitride. 

Hexagonal Boron Nitride is a white powder that be­
cause of its similarity with graphite in its crystal-structure 
and its characteristics of lubrication is also known as 
"white graphite". Boron Nitride is inert against water, 
doesn't react with acids and acid-mixtures and is not per­
fused by metals, metallic and non metallic slags. Boron 
Nitride has a very high temperature-stability in reducing 
gas-streams up to approximately 2400°C. Furthermore, it 
is resistant until 1800 °C against carbon and until 700°C 
against chlorine-gas. It is oxidation-resistant and has a 
good thermal conductivity. Boron Nitride is an electric 
insulator in eon trast to graphite. 

The shown calibration functions in figure 2 (concen­
trations see table 1) for Ca and Si demonstrate as an ex­
ample for al! other elements the simplicity and high 
quality of the calibration in the routine analysis of BN by 
ETY in a relatively large concentration range. 

For quality control and statistical evaluation for rou­
tine analysis of BN a special analytical procedure was 
established. 
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Table / : Concelltrations oj calibratio11 s,andards (BN-home 
standards) /µ glg / 

íluid std bn l 3 1 bn490 bn9 10 bnl 792 

Ca 40 145 732 55,5 127 

Si 30 56 49 6,2 19,5 

Table 3: statisrical resulrs 

Dried Standard solut ion 
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Table 2: Resrtlts of rhe evaluarion oj 85 runs 

Element se t point actual val ue s lµ g/gJ RSD 
[µ ~/.g] [µeh l 1%1 

Ca 145 148, 1 4,7 3,2 

Fe 17,5 16.4 1,3 7.5 

BN - horne Standard bn91 O 
element c ng!µl BM CCM RSDmc,h C µglg BM CCM RSDmc,h 

solut ion a=00 I a=00 I 

Al3082 1 0, 101 0,4 1,8 

Ca2112 2 3,005 2,728 4.9 

Cu3247 0,5 0,012 0 ,318 2,9 

Fe2338 2 0,427 0,67 1 1.5 

Mg2798 0,5 0,259 0,587 5,3 

Si2528 2 2,678 1,983 4,5 

Zr2734 1 0,166 0,778 3,5 

Y.) ' 
frequ n:y d1i;tribut.on 

quahty control measurin9 Ca (b 131) 
15 
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Fig. 6: Frequency distributions oj Ca and Fe far 85 single results 

For each analysis run oľ a completely provided 50-
boat-sampler 20 boats are used for standards: dried stan­
dard solution (6 x ) plus 4 BN home-standards (4 x 
bn 1792, 4 x bn490, 3 x bn9 IO, 3 x bn 131 ). The remaining 
positions normally are used for IO samples (3 x each). 

After the analysis run the measurements are evaluated 
with an excel-program. As results the calibration func­
tions (graphical and numerical) and statistical data (e.g. 
mean values, SD, RSD) of standards and samples are pre­
sented . 

The standard bnl31 which is included in the calibra­
tion is additionall y evaluated like an unknown sample. 
The resu lts of Ca and Fe (85 runs dated from O 1. 03 - 07 . 
03) are presented as freq uency distributions (concentra­
tion µglg). 

In table 3 are shown stati stical res ults of the method 
fo r some elements/lines like limits of detection (blane 
method, BM, ca li bration curve method, CCM , according 

BN-STO a=00 I a==00 1 

1,8 0,165 2, 13 1 12,2 

55 ,5 2,531 10, 102 1,9 

0, 1 0,049 0 ,399 41.2 

3,6 0.638 3,213 9.2 

8,2 0, 192 1,7 13 2,2 

6,2 4,622 3,526 5,9 

0,5 0, 185 0 ,4 8.3 
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to Dl 32645) and RSDmcihod· The values are very con­
venient for the demands of routine analys is of Boron 
Ni tri de. 

Conclusion 

A modem state-of-the-art ETY-sy tem enables the 
user to ach ieve very short analysis Limes, especially with 
solid samplcs, and thereby a significant reduction of 
analysis costs. Further a reduced calibration expenditure 
is possible (standards, SRM ·s or home-standards) . The 
method all ows good reproducibil ity depending on the 
sample with RS D values of 2-10%. The high transport 
efficiencies of up to 80% provide high limits oľ detection 
(5 - 0.005 ng abs.). Of course by the high sensitivity also 
clean room cond itions are essent ial for best rcsults. 

The highly automated sys tems (auto sampler) are 
also easy to handle (maintenance) and rather robust. The 
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field of applications is extremely wide. Some examples, 
where the authors have own experience with are: Si3N4, 

SiC, B , B4C, graphite, coa l, oxides (Al 20 3, Si02) , 

sed iments, sludges, plant ma teri al, apple leaves, ri ver­
cancer, green algae, milk powder (Jedine), hair samples, 
plastics (electric cables). Further appl ications are or­
gan ie and inorganic slurries, ti ssues, blood, environ­
mental samples, all kinds of biological samples or food, 
speciation ana lysis, vo lati le heavy metals , homogeneity 
tests. All these applications demonstrate the wide field 
for practica l ETV-ICP analysis. Today the method is 
well estab li shed in numerous industria ) as we ll as in 
research labs and continuously gets increasing impor­
tance in practica l analytic work. 
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Possibilities of Mossbauer Spectrometry in Geology 
and in Environmental Science 
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Department of Nuclear Ph ysics and Tech no logy Slovak Uni versity of Technology, ll kovičova 3, 
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Ab.ľ tracl . Basic principles o f Môssbauer spectrometry are briefly summarised wi th special emphasis put on 
hyperfi ne interactions and their re lation with spectral parameters. Qual itat ive and quantitative analysis en­
ables determination o f crystallographic phases present in the sample and determinati on of stochio metry. re­
spectively. Using the latter, ox idation states of iron via dcterminat ion oľ Fe( ll )/Fe( III ) ratio can be obtai ned. 
Unique ťeatures of Môssbauer effect technique which provide simu ltaneous information on structure and 
magnctic state of the resonant atoms are cffect ively applied fo r the usage of th is method in geo logy and also 
in envi ronmenta l science. Some ill ustrati ve examples are di scussed to more detai ls. An importance of Môss­
bauer spectrometry is underlined by its in volvement in extraterrestrial missions. 

Keyword.ľ: Môssbauer spectrometry, hyperfine interactions, phase composition 

Mossbauer spectrometry 

Môssbauer spec trometry provides si mul taneous infor­
mation about structural arrangement of the resonanl at­
oms and thei r magnetic states. Both can be un veiled from 
deviations in the positions of nuclear ene rgy levels which 
sensiti ve ly re tl ecl influence of hyperfi ne in teractions. The 
latter are governed by location of the resonant atoms in 
particular crystall ine sites, the ir oxidation state, coordina­
ti on number, site sy mmetry, etc . The type and the number 
of the nearest ne ighbours should they be constitution 
element, substitutiona l li gands or even impurities and/or 
lattice defects play a cruc ial ro le. As a result of the above 
mentioned effects, electric and magnetic moments are 
present and they cause spliuing oť nuclear energy leve ls. 
As demonstrated in Fí g. l , characteri stic types of Môss­
bauer spectra and their respecti ve spectra l parameters are 
observed which can be d irectly corre lated with particul ar 
hyperfine interactio ns. 

Môssbauer spectrum parameters o f crys ta lline sys­
tems are di screte values. They can be, similar as fin ger­
prints, unambiguously assigned to various structu ral 
positions of the resonant atoms. Positions of lines provide 
in formation on the intensity of hyperfine magneti c field B 
or on the tensor of e lectric fie ld (derived from the spectral 
parameters call ed quadrupole sp li tting - D) at the nuclei 
as we ll as on the density of electron cloud inside the nu­
cleus (isomer shi fl - d ). Li newidths are proportional to 
structure (defects, ordering) and line inte nsities (line ar­
eas) give the orientation of the net magnetizati on. Line 
area of the parti cul ar spectral component is directly pro­
portional to the re lative number of resonant a toms in that 
parti cul ar structural positions which g rants a quantitati ve 
analysis or determinati on of stochiometry of the inves ti ­
gated sa mple. 

Mossbauer Spectrometry in Geology 

At present, about 47 e lements featuring nearl y 11 0 
transitions can be used for the observati on of the Moss­
bauer effect and , in turn, for spectroscopic purposes. 
However, al most 65% of scienti fi c papers in thi s fie ld are 
devoted to the usage of the isotope of iron 57Fe (Moss­
bauer Data Center, 2003). Because iron is wide ly abun­
dant element in geological spec ies, too, applicati on o ľ 

Mossbauer spectro metry in geology is straightfo rward . 
The diagnostic potenti al of Mossbauer spectro metry 

can be effecti vely utili sed in the determinati on of nÍag­
ne tic and non-magneti c latti ces. Typica l material s in thi s 
respect are magnetic oxides and magneti c ťrac t ion s of 
mineral s, intermetall ic compounds and other materi als in ­
teresting fro m the technologica l viewpoint. Espec ia ll y in 
magneticall y ordered minera ls, Mossbauer parameters 
can be ascertained fo r each sublatti ce indi viduall y. Subse­
quentl y, indi vídua! mo ments, magnetic ordering te mpe­
rature as wť ll as magnetic structure can be identifi ed 
(Lipka, 1999). Typical example is shown in Fíg. 2 where 
a transmiss ion Mossbauer spectrum oť magnetite is di s­
played. It can be decomposed into two subspectra that 
be long to atoms positioned in tetrahedral and octahedral 
crystallographic sites. A compari son with a Mossbauer 
spec trum of metall ic iron points out significant quanti ­
tati ve di ffe rences betwecn these two examples as fa r as 
the hyperfine fie ld va lue is concerned even though the 
same type of hyperfine inte ractions (magnetic d ipole) 
applies. 

Mossbauer spectro metry prov ides a si mple means of 
quantitati ve measure ment o f the distribution o ľ iro n 
among its oxidati on s tates, e. g. Fe(II)/Fe( IJI ) rati o, based 
on the magnitude of iso mer shift and quadrupole split­
tin g. At the same ti me, quai itati ve analysis is also possi-
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Fíg. / . Hyperjine illlerac1io11.ľfor 57 Fe nuclei and 1heir injluence on !he shape of Mässbauer s peci ra. 
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Fig. 2. Room 1emperature 1rans111ission 57Fe Mässbauer spect­
ra of (a) magnetite (Fe3O4) decomposed into spec/ra/ compo­
nents: A - 1e1rahedra/ (BA= 49.4T) and 8- octahedral (811 = 
45.BT) si/es o.f iron iom; (b) na/Ural iron ( B = 33. I T). 
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Mossbauer Spectrometry in Environmental Science 

Crystalline a-Fe is a basic absorber for 57Fe Moss­
bauer spectrometry. Its hyperfine parameters are well 
known and some of them are used to calibrate the expe­
rimental apparatus. Consequently, such material can be 
e mployed for environmental studies. Changes in bulk and 
to higher extent those of surface sensitively reflect the 
effects of environmental conditions. 

Example of air monitoring with the help of Moss­
bauer spectroscopy is documented in Fíg. 3. Calibration 
a-Fe foil (thickness of 25 µm ) was exposed for 21 days 
to ambient atmosphere on a te rritory of a huge urban 
agglomeration. As a result, iron oxides were created. 

Classical transmission geometry experiment showed 
only minor perturbation of the resulting Mossbauer 
spectrum (Fíg. 3a) which was collected from a sample 
positioned in a vicinity of an industria) plant. l t consists 
of two components : sex tet of Lorentzian lines attributed 
to a-Fe substrate and a doublet which represents iron 
oxides induced by atmospheric conditions. Contribution 
of the latter is about 6%. Then we have applied conver­
sion electron Méissbauer spectrometry (Migli erini and 
Seberíni , 2000) which is sens iti ve to resonant ato ms 
located in surface regions to the depth of ca. 100 nm. 
Emiss ion Moss bauer spectrum of convers ion electrons 
in Fíg. 3b unveiled that surface regions consist to al most 
38% of oxides. Sextet of spectral lines belongs to the 
foil itself, i. e. a-Fe crystalline substrate. 

Evaluation of samples placed in industry free areas 
disclosed lower amount of oxides on their surface which 
suggests smaller impact of atmospheric conditions on 
their fonnation . 
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Conclusions 

Iron is one of key elements in the evolution of our 
pla net. The identification and determination of iron bea­
ring minerals, their weathering products, Fe(l l)/Fe(lll ) 
ratio, and properties of magnetic phases can contribute to 
the understanding of chemical and physica l processes in 
geology and environmental sc ience. In thi s respect, Méiss­
bauer spectrometry contributes significantly. lts unchan­
geable role is documented by the fact that Mossbauer 
spectrometers were mounted on board of space rovers 
which were launched in June 2003 for Mars missions 
(Mars exploration ro ver, 2003). lt is foreseen that iron­
bearing minerals such as carbonates, phyllosilicates, hy­
droxyoxides, phosphates, oxides, silicates, sulphides, sul ­
phates, etc. including those that are magnetically ordered 
could be identified. The obtained data would help in the 
characterisation of the present state of Martian surface. In 
this way the poss ibilities of Méissbauer spectrometry in 
geology are extended also to extraterrestrial applications. 
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Modern Electroanalytical Methods in the Analysis of Environmental Samples 
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i\bstract. The princ iples oť ílow-through coulometry wi th porous electrodes are listed in the paper. These 
electrodes enable a simple determinat ion both of extremely low and high concentrations of e lectrochemicall y 
acti ve species. Low analyte concentrations are mcasured by making use of stripping coulometry consisti ng oť 

two princ ipal steps: The analyte species are electrochemi call y deposited first and the galvanostatically strip­
ped whereas the stripping chronopotentiogram is obtai ned. Higher analyte concentrations can be measured by 
maki ng use o f in-electrode coulometri c titrati ons. 

Key words: flow-through coulometry, trace analysis, cou lometric titrati ons, porous electrodes 

Flow-through coulometry has becamc a useful tool not 
only for scientific research (Tab. 1) but has been intensely 
used for routine ana lysis for various samples as well. The 
principles and experimental backgro und of thi s method 
have been known since long but it was considered as 
a method for the measurement of main components in the 
samples which significantly hindcred its ut ilisation for 
trace analysis. Coulometric measurements possess a very 
hi gh sensiti vity which is due to the measurement of elec­
trical charge consumed during the electro lysis and the 
high value of the Faraday's constant: 

Q = z F n (l) 

Q electrical charge 
z charge number of the electrode reaction 
n amount of the species e lectrolysed . 

Notwithstanding the intrinsic high sensi tivity of cou­
lometry, it has rarely been used for trace analysis and in 
specialised laboratories only. 

The measure rnent of consumed e lcctrical charge dur­
ing clcctrolysis can easily and rel iab ly bc rncasurcd . 
Morcover, therc is no tcchnical problcm to mcasure char­
ges as srnall as µC and nC corrcsponding to amounts of 
nmol and pmol. Hence, coulometry is in princ iple suitable 
also for the measurement of extremely low analyte con­
centrations. The main limiting factor is, that we cannot 
measure directly the net Faradayic current corresponding 
to the electrochernical conversion of the species of inter­
e t just the tota l charge consisting afso frorn the back­
ground charges, capacitate charges. In the case that these 
cornponents wou ld be cornparable with thc net faradayic 
charge, the rcsults wou ld become unreliable due to the 
fact, that the net Faradayic chargc is obtained as the dif­
ference between the total charge and the sum of all back­
ground charges, which may be obtained for example frorn 
thc blank rneasurernent. 

The background signa l can be minimised by using 
suitab le e lectrode rnaterial s and optimum measure rnent 
pararneters. Po rous e lec trode materi a ls based on g lassy 
carbon and reticulated vitreous structure (reticulated 
vitreous carbon - R YC, Fig. 1) have proven their usc­
f ulness for thi s purpose [ f ]. The average diameter of the 
pores in the electrode should correspond to the thi ck­
ness of the diffusion layer (approximately 5 - 50 µm). 
Here, if applying a constant current, the concentration 
of the electrolysed species will be virtuall y the same in 
the bulk of the electrode and the po tential of the e lec­
trode will be governed by the ernst-Peters equat ion , at 
least for reversib le systems. Hence, the potential of the 
porous electrode wi ll be given by the ratio of the activi­
ties of the oxidised and reduced forms of the treated 
species. Actually, the electrochernical changes proceed 
in the diffusion layer only and therefore these processes 
will proceed fas t and exhausti vely. lrregular pores in the 
electrode facilitate the formation of turbulences in the 
flowing so lutions which enhances thc mass transfe r and 
correspondingly the effecti veness of the electrolysis 
frorn flo wing so lutions. 

Fíg. I The reticu/ated str11ct11re of the RVC electrode material 
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Table /. Elecrroanalytical methods based on porow; electrodes 

Method Signal Relationship Svmbols 
Hydrodynamic vo lLammetry I VS E 11,m = R z F c Vnow R: recovery 

Vnow: tlow rate 
Galvanostatic flow-through coulometry I VS t 1 = R Z F C Vnow V ,amplc: lnjected sample 

Q= f fdt = R Z F CV ,;;,mplc volume 

Potentiostatic stopped-flow coulometry I VS E e: poLential ramp 1 
Q = - f ldE = R z Fe Y e1cc1r.bolk Y e1cc1r. hulk: Effective elec-

e trode volumc 
Galvanostatic stopped-flow cou lomeLry dt/dE VS E Q = 1 J.E!._dE = R Z F C Yclcctr. bulk 

1: Current 
(in-electrode coulometric titration - dE E: Potential 
IECT) Q: Charge 

1 VS E z: Potentiostatic stripping 1 Charge number 
coulometry Q = - J f dE = R Z F C V samplc F: Faraday's constant 

e 
Galvanostatic stripping coulometry dt/dE VS E 

Q= l 
(IECT) 

Owing to the above properties of porous electrode 
materials, they seem to be suitable for the measurement of 
low as well as high concentrations of electrochemically 
active species and species which can be converted to an 
e lectrochemically active form. 

As the measurement mode for porous electrodes, the 
galvanostatic chronopotentiometry in coulometric mode 
has been found appropriate [2]. Here, the porous elec­
trode serves as a generator as wel l as indicator electrode. 
As mentioned above, the potential change of the electrode 
corresponds to the change of the oxidised and reduced 
forms of the treated species during the electrolysis. The 
total volumes of the pores in the electrode gives the vol­
ume of the electrolysed solution, which is in fact the vo l­
ume of the „titration vessel". The analyte species are 
titrated by constan t current and the end po int is indicated 
by a sudden change of the potential of the porous elec­
trodc. T he duration of the titration is in fact the chronopo­
tentiometric transition tíme -r. Knowing the void volume 
of the porous electrode V,1 , the analyte concentration c 
can easily be extracted from the Faraday's laws of elec­
trolysis: 

c = 1 -r /(z F V c1) (2) 

applied current 
-r chronopotentiometric transition Lime 

This method - ln-Electrode Coulometric Titration - is 
appropriate for measurement of analyte concentralions 
from about 10-5 

- 10-7 mol/1, which is given by the lowest 
electrical charge (about 1 µC) which can be di stinguished 
from the background charges of porous electrodes. 

The sensitivity can significanlly be enhanced by dcpo­
sition of the analyte species from the flowing sample solu­
tion [3, 4]. Here, the porous electrode will also serve as 
a preconcentration device. Of course, this approach can 
only be applied for species which form so lid deposits on 
thc electrode surface such as metals, non-soluble com­
pounds. The deposi t is then stripped by constant current 
and the corresponding chronopotentiogram is recorded. 
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f!!!_dE = R Z F C Y ,ample 
c: Concentration 

dE 

Again, a coulometric títration is taking place, for the de­
posit is in face titrated with electrical charge until oxidised 
or reduced quantitatively. The end oť the titration (strip­
ping) is indicated by a sudden change of the potential of 
the porous electrode. The concentration of the analyse can 
be obtained ľrom the following equation: 

c = 1 -r /(z F V vJ (3) 

where V vz denotcs the sample volume taken for the depo­
sition. Since this volume is usually IO to 200 ti mes largcr 
as the void volume of the porous electrode in Eq (2), che 
lowest attainable concentration will be correspondingly 
lowcr as well - down to 10-7 

- 10-9 mol/!. 

The typical applications of flow-through coulometry 
with porous electrodes can be listed as follows : 

Acid-base titrations 
Dctermination of acids 1hrough reduction of H+ ions to 

hydrogen 
Determination of bases through oxidation of Off ions 

to oxygen 

Redox 1i1ra1ions 
Measurement of Cr(Y 1) through reduction to Cr{ II I) 
Measurement of Fe(ll ), Fe(I II ) or total Fe 
Measurement of dissol ved ox ygen 
Dctermination of niLrates through catalysed reduc1ion 

to ammonia 
Determination of phosphates by making use of mo­

Iybdates 
Sulphate measurement through precipítation with bar­

ium chromate 

Precipilalion tÍlrations 
Determination of halogenides on silver coated elec­

trodes 

Complexometric 1i1ratio11.~ 
Measurement of complexation capacities of waters 

Trace and ultratrace analysis 
Flow-through st ripping coulometry for Lhe determina­

Lion of metals (As, Pb, Hg, Cd, Ni , etc .) 
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1 : blank 90000 

80000 

70000 

60000 

2,3 : 100 ul 0.01 M NaH2PO1/100 ml 
1: 200 
5: 100 
6 : 800 

50000 

-40000 

30000 

20000 

10000 
\1~-----

0 

-10000 
l'l'I~ 

- 380 - 360 -3-40 -320 -300 - 280 -260 -2-40 -220 -200 -180 -160 -1-40 -120 -100 

Fíg. 2 Chronopo1e111iogram of plwsphate in the presence ofmolybdate (obtained on EcaFlow Model 150, lstran, s. r.o., Bralislava). 

Unattended monitoring 
Monitoring of waters for metals 
Monitoring of tap water for Fe and Mn 

In Fig. 2 there is a chronopotentiogram obtained dur­
ing the in-electrode coulometric titration of phosphate 
ions in water after addition of molybdate solution . Here, 
the formed heteropoly acid is electrochemically reduced 
to the „molybdenium blue" form giving a typical reduc­
tion peak. Owing to the high charge number (up to 12) the 
measurement exerts a high sensitivity. Since not the col­
our is measured , turbid and/or coloured sample so lutions 
can be analysed without interferences. 
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The Analysis of Rare Earth Elements by Mass Spectrometry Method 
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Ab.vtracr. To perform a comprehen. ive analysis of the who le periodic system wi th low limits of proof, the 

spark source mass spectrometer has been used. 
After examination of lantanoid containing geological samples based on qualitative analysis we can con­

clude, that rare earth determination makes more difficult by the presence of clusters with weight number 

equivalent to some of lantanoid group elements. Such interference effects can be caused by barium oxide and 

carbide ions. which are o ften contained in geological materials. 
On the other hand, the presence of double ionified atorns of lantanoids is favourable, since it is a unique 

proof of the rare earth eon tent. 

Key word.ľ: rare earth elements, lantanoid, mass spectrometry 

In recent two decades, the interest in the rare earths 
has increased in both practica l life as well as in scien tific 
research. Their research is challenging and requires the 
use of appropriate analytical methods. From practical 
point of view the preferred methods are those based on 

the atom nucleus properties, as the mass spectroscopy and 
the neutron activation analysis ( AA). For general lanta­
noid analyses the mass spcctroscopy with spark ion 
source is applicable. In our research we so lve two main 
problems: superposition of cluster ions and concentration 
dependence of analyse results. 

According to the atomic mass number, various isoto­
pes of lantanoids are partially overlapping, but each of the 
clements has one or two isotopes which can not be con­
fused with any other element or isotope with the identical 
mass number. 

Some difficulties are caused merely by superposition 
of ion clusters, particularly oxides and carbidcs of barium 
(Cornides, 1982; Cornides, Gál, 1978). The occurrence of 
superposition is especially coun teracting the analysis, if it 
overlaps the bands of mono and polyisotopic elements, 
which are being analyzed (Tab. l ). 

Tab./ lons caused superposirion. 

Mass number Overlaped ion Overia in ion 

146 Nd+ 1348aLc+ 

147 sm+ 1. . BaLc+ 

151 Eu+ · 8a 1 o + 

159 Tb+ 1.. Ba 1-c/ 

161 Dy+ · Ba 12C/ 

166 Er+ 1. 48a 160/ 

167 Er+ 1. . Ba 1 O/ 

169 Tm+ 1
• Ba 1 O/ 

The possible method for elimination of quantitative 
errors is thc separation of bands (Dietre, Beckcr, 1982; 
Oláh, Cornides, 1986). To prevent superposition problems 
we utilized equipment with high differentiating ability 
(10000). ... 

The second approach is uses the doubly ionized at­
oms. In the case of lanlanoids our measurements (based 
on the mass spectra of six difťerent samples) showed that 
their occurrence is approximately the same as the occur­
rence of si ngle ionized atoms (Tab. 2). 

Tab. 2 The rario oj exposirion far single- and double ionifed 
atoms. 

Element La Ce Pn Nd Sm Eu Gd 
A+/A2+ 1.3 1.2 1.8 1.5 1.2 1.9 1.3 

0.3 0.6 0.5 0.7 0.6 0.9 0.4 

1.1 - 1.3 1.4 1.9 2.2 0.9 

0.8 - 1. 1 1 1.1 0.9 0.5 

1.4 - 1.8 1.5 1.4 1.2 0.8 

1.1 - 1.1 1.1 1.3 1.2 0.9 

averal!C 1 0.9 1.25 1.2 1.25 1.4 0.8 

Element Tb Dv Ho Er Tm Yb Lu 

A+/A2+ 1.3 1.4 1.4 1.5 0.5 0.6 1.2 

0.4 0.8 0.9 0.8 1 0.9 0.6 

1.2 2.4 1.1 1.2 1.6 1.6 0.8 

0.8 0.8 0.8 1.3 0.8 1.1 0.8 

0.7 1.3 1.1 1.5 0.5 1.2 1.1 

1.4 1 0.9 1.2 0.8 1.4 1.2 

avera2e 0.95 1.3 1.05 1.25 1.1 1.15 0.95 

The differences result from the fact that double ioni­
zation depends to the high extent on the spark plasma 
conditions. 

For one sample 20 - 30% differences for each element 
have been found and the average of averages is l. l. In the 
case of double ionized atoms the result is more con­
venient then in the case of single ionized atoms, where 3 
.... 30A+/A2

+ values have been found. Since the ratio from 
the ion cluster was min 100, the superposi tion in the spec­

Lra of doubly ionized rare earths can be eliminated by us­
ing the isotopes with the odd atomic mass number. ľhe 

effect of concentration on the results of analyze is sti ll not 

resolved. To somc extent our observations may be con­
sidered as model experiments. 
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The mass spectroscopy analysis was repeatedl y mea­
sured for samples of rare earth concentrations 500, 50, 5 
and 0.5 ppm. Indium was used as the interna) standard. 
According to our results, the relative sensitivity changes 
with different concentrations, but differences in concen­
tration area 5 ....:500 ppm have not exceed 25%. The varia­
tions of sensibility with respect to concentration were not 
proportional . 

The dispersion of the results is acceptable since it is 
known that the size of particles of rare earth in geologi-

Slovak Geol. Mog.,9, 2 - 3/2003), /23 - 124 

cal forma tions is ::= 1 O µm , and the homogene ity can not 
be increased according to ones needs. 
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Analytical methodologies for Aluminium Speciation 

in Environmental Samples - a Review 
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Abstract. In t~is paper the briefly overview on analytical methodologies for Al speciation in environmcntal 

samples are grven . The _advances of the diľťerent methods for quantitative determination of Al species during 

last decade are emphasrzed. Hyphenated techniques (coup ling of HPLC/ FPLC with fCP MS/ ETAAS/ ICP 

AES, etc. ) are currently the pri mary tool for species-selective analysis of Al. The advantages and límítatíons 

of tl~e _mo~t use~ methods and the state of the art are pointed . The principal problem connected with Al 

speciat1on rn en v1ronmental samples ís absence of suitablc certítied reference materials for validatíon of used 

methods and procedures. 

Key word.ľ: alumínium species, chemical and physícal speciation, fractionation, hybrid techniques 

Introduction 

Alumínium toxicity is recognized as a serious g lobal 

problem. umerous research papers are published every 

year on the environmental effects of this e lement. Al is 

the third most abundant metal in the earth, s crust, which 

comprises approximately 8% Al by weight. Because of its 

low solubi lity in so lu tion under neutra! conditions, Al 

was regarded as a non-toxic element. During the last two 

decades, however, it has been found that acid deposition 

leads to considerable increases of dissol ved Al concen­

trations in acidified soil and surface waters. Elevated 

concentrations of Al can result in foresL dedine, reduction 

of agricultural productivity, and the death of aquatic orga­

ni sms and fishes. Uptake of Al by man via different 

routes (food, tap water, water in Al utensils and dialysate) 

might cause serious neurotic diseases, e.g. Alzheimer's 

disease, Parkinson 's disease, dialysis encephalopathy, 

osteomalacia, and anaemia. AII of these make the 

determination of Al important. 

Determination of total dissolved Al has a little envi­

ronmental and biological relevance because the different 

Al species differ greatly in toxicity. lt has been ind icated 

by laboratory bioassay that monomeric inorganic Al3+, 

AIOH2+, Al(OH)2+ and probably AISO/ are the most 

toxic forms, whereas AI-F and Al-Org can reduce or di­

minish toxicity. lt is well known that free Al3
+ occurs 

mainly below f➔H 4, labilc complexed Al, e.g. AIOH2+, 
Al(OH)/, AIF +, AIF/ , and AISO/ are dominant in the 

narow pH range between 4 and 5, the amount of A l(OH)4" 

increases rapidly from pH 5 to 8 (Spos ito, 1996). The 

purpose of this paper is to review advances in analytical 

methodologies for Al speciation in environmental samples. 

Analytical methods for the determination of 

alumínium species 

The existing methods can be class ified e.g. according 

to the principles used : 

1. Methods based on size exclusion 

Filtration, ultrafiltration and dialysis can be used to 

physica ll y separate so luble alumínium from fine co lloidal 

polymeric alumínium and alumínium bound to the mac­

romolecular structures of humic and fu lvic acids . Dialysis 

membranes commonly have pore diameters of I to 55 

nm, ultrafiltration membranes have pore diameters 

ranging from I to 15 nm, filtration from 0 .1 to 0.45 µm. 

Speciation usi ng dialysis and ultrafi ltration must be done 

very carefully to avoid the potential problems which are 

connected with possible contamination from material of 

membranes, potential problem of changes in pH value 

during dia lysis or reduction the quantity of dialyzed Al 

from so lution of high organic matter content. 

2. Application of single and sequential extraction 

The uti lization a number of single extractants (e.g. 

KCl , CaCl 2, EDTA, K4P2P7, CuCl2, LaCl3) for determina­

tion of different forms of Al e.g. in agriculture, soil 

science etc., is known many years (Beckett, 1989). 

Sequential extraction procedures are wide ly applied 

to soils and aquatic sediments to characteri ze their chemi­

cal phase associations but a little is known their appli­

cation for Al. Determination of Al and other elements in 

certified reference materials using the optimized BCR 

sequential extraction procedure is publicated in Suther­

land et al. , 2002 and Kubova et al. , 2003. 

3, Methods based on kinetic or binding strength 

discriminatio n 

One of the most frequently used strategies for Al 

fractionation is based on the different reaction kinetics of 

Al species with select ive complexing agents, such as 

8-hydroxyquinoline, pyrocatechol vio let, aluminon , 

fcrron, etc. (Clarke et a l. , 1996). By using short reaction 

times we can discriminate between „free" and complexcd 
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alumínium. The chelants react more rapidly with toxic Al 
species as Al3

+, and Al(OH)2
+ than with other species as 

labile Al complexed by weak inorganic and/ or organic 
ligands and non-labile Al complexed by strong organic 
ligands. Reactive Al species in acidic so il s from localities 
Nálepkovo and Banská Štiavnica (S lovakia) by kinetic 
di scrimination were determined using „oxin" rcaction 
with subsequent MIBK extraction (Dlapa et al. , 2002). 

Separation of different Al species can be realized by 
re-equilibration in the presence of chelants where the 
reaction time or contact time between chelants and Al is 
not deliberately contro lled. Thi s method is denoted the 
thermodynamic method . It is widely applied to the diffe­
rentiation of Al species because many chelants are avai t­
able and the equilibrium constants of the reaction 
between chelants and Al3

+ are readily obtai ned by 
potentiometric titration (Clarke et al., 1996). The 
disadvantages of these methods are that the all these 
chelants can complex with many cations e.g. the 
coex istence of those ca ti ons (especiall y Fe3+) wi th Al can 
also lead to an overestimation of toxic Al. 

During the last decade increasing attention has been 
devoted to kinetic and thermodynamic differentiation of 
Al species by flow-injection analysis, which has distinct 
advantages, e. g. high reproduc ibility and accurate reac­
tion-time control , can be coupled with many used detec­
tors. Its very grea t importance is a reduced human 
participation in tíme -consuming operation such as 
sample conditioning, reagent manipulation and 
calibration of measuring system (Pyrzynska et al., 2000) 

4. Methods based on ion-exchange 

Reac ti ve Al species can be separated from less reac­
ti ve species by using cation-exchange or chelat in g resins. 
This can be accompl ished either by short-term batch reac­
tion with a resin or by using column techniques. The 
batch technique determines reactive monomeric Al by 
difference in solution alumín ium before and after reaction 
with the resin . This technique was applied for chemical 
partitioning of Al in soils contaminated by mining 
activi ty - Šobov, Slovakia (Matúš et al., 2003). The 
column techniques can be separated into two types. The 
earliest and most commonly used method was developed 
by Driscoll in 1984. With this method a s mali column of 
commercialy available, strong acid cation-exchange resin 
is used to remove reactive monomeric alumínium which 
is subsequent determined as a difference between Al con­
centrations in the influent sample and in the effl uent 
so lution. 

5. Ion chromatographic separations 

Ion chromatography with low capacity columns can 
be used directly to determine Al 3

+ plus hydroxy and 
sulphato monomers. Ion chromatography coupled wi th 
post column reaction with ei ther tiron, pyrocatechol 
violet or 8-hydroxyquinoline-5-sulphonate, and 
fluorescence detection for very low Al concentrations and 
UV detection to higher ones is used (Willet, 1989). The 
ion-pair chromatography with a stationary phase of 
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unpolar polystyrene-di vi nylbenzene res in and a mobile 
phase of lipophilic ions can be used to determination o ť 

Al complexes with fluoride and several organic ligands 
(Michalas et al., 1992). 

Among the advantages of ion chromatography it is 
worth mentioning Lhe very small sample volumes used, 
thc speed of analys is and the possibility of making 
a direct measurements of indi vídua! monomeric forms of 
Al. It also be possible to determine some fluoride com­
plexes separately, which is difficult with most other 
methods. 

6. Methods based on ion mobility in an electric fieúl 

The diťferenti a l mobility of ions in an elcctric fie ld as 
a basis for separation has been used for many decades, 
primarily for the separation of macromolecules. The first 
to use it for fractionation of Al wcrc Schmidt et al., 1989. 
They used isotachophoresis for separation and specific 
measurement off Al(H 20 )6 J

3
+ with cond uctometri c detec­

tion. The capillary zone electrophoresis was used for 
separations of AIF i+ and AIFt from „free'· Al from its 
oxalate complex (Wu el al. , 1993) 

Compared with other methods, electrochemical 
approaches are more sensitive, easy to perform, less time­
consuming and require cheaper instrumentation but it can 
be realized by regulating· the pH of the solutions 
investigated and using high ly se lective organic chelants 
targeting each Al fraction . The utilization of these 
properties for choice of opti mum experimental conditions 
means that different laboratories in which different 
chelants have been used in adsorption complexing 
vo ltammetry for Al speciati on in a variety of rea l samples 
give the reliable results (Bi et al. , 200 l ) 

7. 17 Al nuclear magnetic resonance (17 Al NMR) 

Alumínium - 27 is a nucleus with high intrinsic MR 
sensiti vity. Its natu ral abundance is 100% and it has 
a small quadrupole moment and a high resonance fre­
quency. As a rapid , direct, and non-destructive analytical 
tool, Al MR has been widely used to in vestigate the 
hydrolysis of Al in the presence and absence of organic 
and inorganic ligands, to study the structure and reacti vity 
of Al3+ complexes with env ironmentall y important li­
gands, and for quantitative determination of differen t Al 3

+ 

species present in environmental samples (Kot et al., 
2000; Miyazaki et al. , 1999). 

The main disadvantage of 27 Al MR in practical ana­
lysis is its limited sensiti vity. Most studies have been 
conducted on total Al concentrations in the mmol L-1 

range. These concentrations are far beyond the 
concentration range found in natural soil s and aqueous 
systems (total Al3+:::; 1 0µmol L-1 

). 

8. Hybrid techniques 

Coupled techniques have played an importan t ro le in 
Al speciaton anal ys is during the last five years (Kot et al. , 
2000). The combination of techniques of chromatogra­
phic separation , e. g. high-performance liquid chromato-
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graphy (HPLC), or fast proteín liquid chromatography 
(FPLC) coupled with a specific element detection tech­
nique such as ET AAS, ICP MS, ICP AES forms an 
extremely powerful analytica l system for the direct 
speciation of Al. These techniques have severa l distinct 
advantages: very low detection limits for Al, rapid sepa­
ration procedures, closed instrumental system effective ly 
minimizes trace contamination and losses of analyte . 

9. Computer simulation 

Computer simulation models based on chemical equi­
li brium calculations are very useful tool s for investigation 
of metal speciation in the environment. Development and 
app lication of a variety of computer models for predicting 
Al speciation in practice under different conditions have 
been reported, for example general implications of Al 
speciation-dependent kinetic dissolution rate law in 
water-rock modeling, speciation and solubility relation­
ships of Al in solutions assoc iated with sulphuric acid 
leached mine waste rock, etc. These have been essentia l 
in increasing our understanding of the interactions bet­
ween hydrological and geochemical processes. Many 
models have been developed on the speciation of Al, for 
example MINEQL, GEOCHEM, WHAM, ALCHEMI, 
ALSCM (Bi et al., 2001) 

Conclusion 

The state of the art and the applicability of the 
different methodologies ťor quantitative determination of 
Al species are limited by three problems: 

1. unsatisfactory detection limits for practical use in 
environmental samples, 

2. operational definition of Al fractions causes 
problematic app li cation to real samples and difficult 
comparisons among diťferent laboratories, 

3. absence of suitable certified reference materials 
wh ich do not permit the procedures to be validated . 
Hyphenated techniques (coupling of HPLC/ FPLC with 

ICP MS/ ET AAS/ ICP AES, etc.) are currently the 
primary tool for species-selec tive analysis of Al. Simpli­
fication, reduction in cost, and increasing the robustness 
of the techniques are, however, still necessary. 

The advantages of 27 Al NMR are its speed, its res­
ponse to different kinds of coexisting species, no 
alteration of the sample, and provision of both quanti­
tative and structural information. The application of this 
method to natural samples is still scarce, because of its 
limited sensi ti vity. 

On the basis of the thermodynamic and kinetic cha­
racteristics of complexing che lants reacting with Al, the 
toxic forms of Al and total monomeric Al can be satis-
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factorily determined by FIA and electrochemical analysis. 
The distinct advantage of these methods are higher sensi­
tivity, high speed, no separation step, and cheaper 
instrumentation . 

Al speciation by computer models plays an important 
role in evaluating Al species in environment and 
assessing its ecological ri sk. 
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Optimalization of Sequential Extraction Method for Determination of Toxic 
Elements in Soils and in Stream Sediments 

DANfELA M ACKOVÝCH, JARMILA NOVÁKOVÁ and HENRIETA ŠOLTÝSOVÁ 

Geological Survey of Slovak Rcpublic, Geoanalytical Laboratories, Spišská ová Ves 

Abstract. TI1is study concerns the optimalizat ion of scquential extraction method for the detcrmination of Al, 
As, Cd, Cu , Cr, Hg, Pb and Sb in soils and stream scdimcnts. These toxic elements wcre di vidcd into five 
fractiuns: water soluble fraction , ion -· exchange and carbonatc fracti on, reducible fraction, organ ie - sulphide 
fractio n and residual fraction . Experimental results demonstrate that the precision of the detcrminat ion was 
between 10 and 20 %. The quality was tested on a r.ediment reference material CRM 601. Experimental and 
certificated results show a good agreement. The tíme of extraction and tested stability of extracti on solutions 
werc optimalized for cach step of sequential extraction. Scquential extractio n procedure g ives uscfu l infor­
mation about geochemical forms of trace to.xic elements in stream sed iments and soi ls. 

Key words: sequential extracti on, stream s¼diment, soil , tox ic element 

Introduction 

Recently geochemical research has changd jts aim 
from the monitoring of total concentrations of elements into 
s tudying of its forms in a given system. The total content of 
element in a sample is not an appropriate indicator of its 
biological avai lability. The toxicity of the element depends 
on its chemical form, mobility, transformation and biologi­
cal ly availablc for plants. Toxicologists' knowletlge of a 
different sca le of toxic effects of compounds of heavy met­
als and metaloids on living organisms led to efforts to ana­
lytica l resolution of different forms of elements' bonds in 
the envimmental samples and in biological materials. The 
ciuantilication of chemical forms of elements in soils and 
sediment<; forms the basis for monitoring of bioavailibility 
and mobility in the environment. 

Method selection and its optimalization 

The method of the sequential extraction was chosen 
on the basis of results to the recommendation of Com­
rnun ity Bureau of Reference ( BRC) according to the 
methotlology of Fiedler, H. D. and all , (1994). This meth­
odology was tested and accepted by several European 
laboratories. It is a three-step sequential analys is. Certi­
fied reference material , which was prepared through the 
intemational laboratory test, is used to check accuracy 
and precision oť analyses. 

Except for the suggested ste ps of extraction we also 
added first step for extractible e lements in water phase 
and last fifth step for the determination of element content 
in the residual bonded on silicate mineral s. 

The scheme of sequential extraction used in this study 
class ifies metals into the following fractions: 

a) water soluble fraction (1) - characterises trace 
e lements di sso llublc in water phase in the form of mostly 
inorganic salts, 

b) ion - exchange and carbonatc fraction (2) - cha­
racteri ses trace elements adsorhed on anorganic salts and 
carbonates, whic h are released into water iť neutra! condi · 
tions change into slightl y acid conditions, 

c) reducible fraction (3) - characterises elements 
associated with oxides of Fe and Mn, wh ich are the rmo­
dynamically unstable and they release trace elements into 
water with a change of redox potcntial , 

d) organic - sulphide fraction (4) - characterises tbc 
fractions of elements bonded in organic substancc and in 
sulphides. These elements are released into water as the 
result of oxidation and a scquential degradation of orga­
nic substances and a decomposition of sulphides by the 
change of physical and chemical conditions, 

e) residual fraction (5) - determines a fraction of ele­
ments bonded on primary and sccondary minerals, which 
do not commonly release inlo water surroundings in nature. 

Extraction method 

One gram of sample was used for the determination of 
extractible specific forms of e lements - Al, As, Cd, Cu, 
Cr, Hg, Pb and Sb. The extraction was carried out in 
every step in a laboratory shaker tluring 16 hours, at 200 
counts per one minute and at a temperature of 20 :!: 2 °C. 
The sample was kept in suspens ion during the extraction. 
T he extract was separated from the solid residue by cen­
trifugation and decantation of the supematant liquid into 
polyethylene container and stored at 4 °C prior to analy­
sis . The optimali zation of thi s method was performed on 
five stream sediments and five soil samples. According to 
the concentrations of determined elements upper mentio­
ned samples were chosen. 

The following analytical methods were used for the 
determination of the tested e lements: 

Al, Cr, Cu, Pb atomic emission spectrometry with in­
ductively coupled plasma 
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Cd atomic absortion spectrornetry with e lectrotermic 

atomization 
As, Sb atomic absorption spectrometry with hydride 

generation 
Hg atomic absorption spectrometry 
The total rnineralogical composition of soils and sedi­

ments was measured by X-ray difraction. 

The tota l content of Cr in the sample was measured 

by the method of X - ray spectrometry (XRFS) on a spec­

trometer Spectro X - LAB 2000. The content of Cr was 

measured directly in extraction solutions (except in frac­

tion 5). The content of Cr in fraction 5 was delíned by 

subtracting frorn the total content of Cr in all four frac­

tions rneasured by the rnethod of XRFS. 
Because of signal depression thc method of calibra­

tion curve could not be used to rneasure As and Sb by 

hydride generation and Al, Cr, Cu, Pb by atomic ernis­

sion spectrornetry with inductively coupled plasma. The 

technique of spiked sample was used to determine and to 

eliminate interferences of matrix elements. Predetermined 

amounts of analyt were added into the sample solutions. 

The additions contained frorn J 00% to 200% of the analyt 

in each sample. On the basis of experimental results of in­

terferential intluences during the determination of As and 

Sb in the environmental sarnples (Mackových, 1987), the 

intluence of elements in solutions was monitored. Maxi­

mum acceptable concentrations of interferential elements 

are introduced in the table below. 

The pilot samples of stream sediments and soils were 

used to test the technique of evaluation of an analytic signal 

by the method of a calibration curve or by the procedure of 

a standard addition. It was proved that extraction test solu­

tions of the fractions did not have any influencc on the in­

tensity of the signal and on the effectiveness of a hydride 

generation. The results obtained by the method of a calibra­

tion curve and by the technique of a standard addition were 

identical. Therefore the method of a calibration curve was 

chosen for the evaluation of the signal. 

Hg was measured by the method of AAS. The resul ts 

of sequen ti al extraction on standard sarnples show that the 

largest quantity of Hg was extracted in organic - sulphide 

fraction and that the residue left in the fraction 5. The 

oxidizing of Hg in organic - sulphide fraction (step 4) 

was performed by the influence of H20 2• By heating of 

the sample on approximately 85 °C Hg became a sol ution 

but with the !oss of Hg in a form of vaporizable com­

pounds. For this reason the content of Hg was extractible 

in the organic - sulphidc fraction and it was determined in 

a solid residue after the extraction in step 4. The ex­

tractible arnount of Hg in step 4 was deterrnined by the 

formula introduced below: 

CHg(4) = CHg(D - Ct1g(J J - Ct1g(2) - Ct1g(3) - C1·1g(5) 

c1-1g<Tl = total content of Hg 
C1-1gci , ....... ,5, = content of Hg in the fractions l - 5 

Extracrion rime optimaliwtion 

Extraction ti me was an irnportant indicator ťor sug­

gesting an optima! rnethod of sequential extraction not 

only for analytical but also for economical aspccts. Pro-
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posed extraction tíme was 16 hours. Extraction ti mes of 6, 

8 and 16 hours were chosen for this resea rch. Thc cx­

periments werc done on two pilot stream sedi ments. After 

the extraction the so lutions were separated and the trace 

elements were determined. T he recovery of thc cxtraction 

was evaluated on the basis of recovery. The value of ana­

lyt after sixteen - hour extraction in al! steps was chosen 

as l00 % recovery. The recovery of extraction in second 

step for Cd was lowered. After s ix / eight hour about 70 

% of Cd was extracted. The recovery of extraction was 

higher in step 3 oť the value which had not cxtracted in 

step 2. For Cu the recovery of extraction was lower oť 30 

% in step 2 and Jower of IO % in step 3. Six - hour ex­

traction was convenient ťor the other elernents. On the 

basis of upper mentioned results 16 - hour extraction was 

used for al! other experimcnts. 

Precision 

The precision was evaluated from the measured rc­

sults of a monitoring sample 4Sp - 2364. This sample 

was analyzed 18 tirnes. The precision of determination 

was calculated for each element in al! fivc fractions. Thc 

results are introduced in table 2. The precision of deter­

rnination is in a range of IO - 20 %. The values of RSD 

Accuracy 

Certified reference material of the stream sed iment 

CRM 601 which was prepared by the Community Bureau 

of Refcrence was used for accuracy testing. This certificd 

reference material was analyzed by 3 - step sequenti al 

extraction. The second, third and fourth steps of the ex­

traction used in thi s study are identical with upper men­

tioned extraction. 

Certificd elcments: 2nd step - Cd, Cr, i, Pb, Zn 
3rd step - Cd, Ni, Zn 
4th step - Cd, i, Pb 

The rccovcry was evaluated for the following e le­

ments Cr, Cu, Pb and Cd whose content in reference ma­

terial had been ccrtilícated. According to Lhe rcsults oľ Lhe 

BCR comission of interlaboratory compari sons, the 

agreement among determined results is satisfactory if thc 

difference of results is < 30 %, which was approached in 

all determinations except Cd . The content of Cd was de­

termincd 36 % higher in step 3 and 33 % lower in step 4. 

However it is not an irnportant difference because of low 

contents of Cd. The results of determinations and reco­

very are introduced in table 3. 
Analytical quality of elements determination in batch 

analyses was checked by a chosen monitoring sample -

interna! reference material which was analysed with every 

series of samples. 

Stability testing oť extraction solutions 

Thc so lutions obtained by 5 - step ext ract ion werc 

after the separation frorn solid residuc kept in a re frigator 

at approximately 4 °C. The stabil ity oť solutions was 

tested during two months. The so lutions were analyzed 
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Table I: Maximum acceptable conce11tratio11:, of inte,ferential elements 

Analyt Maximum concentration oľ interferent in a mcasured solution (ui;,/mJ) 
Fe Ca Co Ni Cu Pb Zn As Bi Sb 

As 1000 5000 1.0 1.0 5.0 1.0 7.5 - 1.0 0.2 

Sb 1000 5000 1.0 1.0 5.0 1.0 2.0 0.2 0.5 -

Table 2: Precision of determination of elements in fractions I - 5 

Fraction Cu Pb Cr As 

Average SD RSD Average SD RSD Average SD RSD Averaee SD RSD 

µg/g ug/g % Uft/o µg/e % ug/e µg/g % U!!./g µg/g % 

1 5 0.7 14 <2 <l 1.4 0.5 36 

2 37 1.7 5 4 0.4 IO < l <0.1 

3 137 11.7 9 85 6.4 8 4 0.5 13 22 2.4 11 

4 120 7.9 7 8 1.9 21 6 0.9 15 4.8 1 21 

5 46 3.4 7 13 1.8 14 101 5.5 5 50 3.1 6 

1: 344 111 78.2 

TOTAL 376 116 111 77 

Fraction Sb Cd Hg Al 

Average SD RSD Average SD RSD Average SD RSD Average SD RSD 

µgf.g µg/g % µg/g µg/g % µg/g µg/g % µg/g µg/g % 

1 1.5 0.3 20 <O.O J 0.003 0.002 67 21 6 29 

2 0 .5 0.2 40 1.63 0.44 27 0.009 0.002 22 82 12 15 

3 1.5 0.2 13 0.38 0.12 32 O.OJ 1 0.002 18 1131 155 14 

4 0.5 0.07 14 0.11 0.03 27 5.73 0 . 15 3 468 42 9 

5 41.5 2.2 5 <0.5 2. 12 0.13 6 56850 850 1 

1: 45.7 2.11 58552 

TOTAL 46 2 7.86 62600 

Table 3: Comparison of mea.rnred and certified valuesfor e/ements in CRM 60 I 

Frac- Cr Cu 
tion 

A B R A B 
(mg/gj jm!!./!!.] 1%1 (m11/!!.] [mg/gj 

2 <I 0.39 98 7.6 8.3 

3 10.4 10.6 86 7 1 72.8 

4 17.3 20. 1 93 78.6 

5 128 64 
L 156 235 .6 

Total 151 148 102 246 

A-measured value 8-certified value R-recovery 

straight after extraction, after one week, after one month 
and finally after two months. Any change of the concen­
trations of solutions were not observed during the whole 
period of our testing. The solu ti ons are stable for at least 
2 rnonths if thcy a re stored al temperature of 4 °C. 

Conclusion 

The aim of thi s study was to test the new analytical 
methodology of determination of chosen toxic e le rnents 
by 5 - step scq uential extraction. The rnethodology of 
ex traction was chosen on thc basis of the recommen­
dati ons of Community Bureau of Reference BCR. Se­
quential extraction does not on ly have analytical import­
ance - it offers ability to compare results among labo­
ratories and the use of reference materials, but the main 
reason of its importance is in comparing leve l s of conta­

mination of di fťerent areas. 

Pb Cd 

R A B R A B R 

(%1 (mg/g] fmg/gj (%1 (mele] fmg/gj [%] 

92 <2 2.28 4 . 1 4.14 99 

98 199 205 97 4 .2 3.08 136 

118 25 19.7 127 1.4 1.83 77 

37 
261 9.7 

264 231 114 12.4 

The optimalization of analytic method was done on 
pilot samples of strearn sediments and so il s. Our attention 
was directed to the method of extraction, tíme stability 
of extracted so lu tions, precision, accuracy, recovery, fre­
quency testing and long - term stability of analytical 

process. 
On the basis of experimenta l results it can be stated 

that 5 - step sequenti a l extraction is suitable for study of 
batch ana lyses of distribution of chosen toxic e lements in 

stream sed irnents and in soil s. 
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Abstrakr.Th e single ex traction with 0,05 mo l dm·3 EDTA recommended for leaching ofso il s was modi fied 

for this study. Information capacity (removal ability) of this single ex traction was compared with opera­

tionally used sequenti al extraction procedure. Single and sequenti al extraction procedures were appľied on 

ľour sediment samples co ming from industrially polluted region of the Eastern Slovakia. Thi s paper de­

scribes the preparation of sa mples, gives anal ytical rcsu lts in each extracti on step for Cd, Pb, Cu, Cr and 

i and brings compari son of these results with total e lement content anal yses rea li zed by independent 

spectral method . 

Key words: fractionati on anal ysis, sediments, environmental protection, single-step extracti on, sequential ex­

traction, AAS, ICP OES, XRF 

lntroduction 

Actual geochemical research has skipped from total 

element contents observation to the study of elements 

forms in chosen systems of environment /water, soil s, 

sediments/. Information about different degree of toxic 

effects of several element compounds on biological sys­

lems, gave birth to the effort of analytical resolution -

fractionation of several element-binding forms in envi­

ronmenta l and biological material s (Templeton, 2000). 

The observation of chemical composition of stream 

sediments and phase distribution of element binding 

forms is useful in geological prospecting and environ­

mental protection. Their influence on the environment is 

not limited on the stream bed. Quantification of chemi­

cal and binding forms of elements in sediments has 

given the basi s for monitoring of bioavai lability and 

mobility of contaminants in environment (Batley, 1990). 

ln comparison with a water analys is, "stream sediment 

sa mples" are more suited for a geochemica l and envi­

ronmenta l evaluation thanks to their good accumulative 

properties. 
Fractionation ana lysis using sequentiaJ extraction 

like a method brings comprehensive information about 

potential mobility of metal contaminants but it is tíme 

consuming. Application of uniformed sequential extrac­

tion advances is necessary because of significance and 

comparabi lity of extrac tion results. 
In thi s work normative "soil ex tractiorí procedure" 

into 0,05 mol dm-3 EDT A (Ure, 1995) for sediments was 

modified and compared with the results of operationally 

used sequential ex trac ti on proced ure. Applied sequential 

ex traction is a mod ification of BCR (Community Bu­

rea u of Refcrence) recommended extraction (Mack­

ových et al., 2000) In this paper the results of this 

comparison is prcsented. The sediment samples from 

industriall y stressed area of Spi šsko-Gemerské rudo­

horie Mountains were studied and spectral methods like 

element detection are used. 

Theoretical 

The natural sediment is a full mixture of several 

phases, especially of weathering and erosion rests of clay 

materials, al uminosilicates, iron and manganese hydrox­

ides, sulphides, carbonates, and particles coming from 

biological and industria) activities, which are trans­

ported through liquid phase. River sediment is a com­

plicated dynamical system, which is chemicall y and 

biologica ll y reactive. Tíme of element abidance in exist­

ing form is different, depends on element character, on 

physicochemical form, kind of chemical binding, mobil ­

ity, and exte rnal conditions of systems. Precipitation 

and adsorption of metals from aquatic phase on sedi­

ment surface are seJdom controlled by the formation of 

well-defined poorly soluble complexes (Hakansson, 

1989). 
For fractionation study of so il s, sediments, and 

sludge many selec ti ve extractive advances were devel­

oped, which consist in consecutive-sequential leaching 

of element portion bound on main components of solid 

sediment phase. The most frequen ll y used leaching ad­

vance was the method developed by Tessier (Tess ier, 

1988). It was appJied and seriously tested by a grea t 

number of authors and the above-mentioned "BCR ex­

traction" is a modification of Tess ier scheme too (Fied­

ler et al., l 994 ). l t deals with three-step sequenli al 

ex traction . 
In modified and here used extraction procedurc ex­

cept of the proposed ex traction steps the first step for 

elements ex tractable at water phase and the fi fth step for 

determination of element contents in sedi ment rest werc 

Geo/ogica/ Survey o/Slovak Repuh/ic, Dionýz .foír Publishers, /Jratislam 200.1 ISSN 133.5-096X 
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added. Detailed description of distribution of sediment 
fractions, formed during appl ied five-step extraction is 
li sted in Reference (Vojteková et al., 2002) and final se­
quential extraction scheme is listed in Fig. 1. 

Fig. / . Description oj the applied sequential extraction scheme 
(Mackových et al., 2000). 

0,5 g of sediment 

distilled water, pH:=:::6.7; 50 cm3 

sediment rest 

0.11 mol dm-3 acetic acid, 40 

sediment rest 

sediment rest 

8.8 mol dm3 hydrogen 
peroxide, 

2 x 10 cm3 

1 mol dm-3ammonium acetate, 
50 cm3 

toLal decomposition - H 0 3, 
HF, HCI04 

Experimental 

solution 
Fraction l 

so lution 
Fraction 2 

solution 
Fraction 3 

solution 

► Fraction 4 

solution ► F . 
5 ract1on 

l '1 ľ fluvial sediment samples were taken in industri­
all) ,trcssed region Spisško-Gemerské Rudohorie Moun­
tains (Method. Instr.), four sampling places were chosen 
ffable 1/. Samples were dried at temperatures to 40 °C, 
then sieved and milled in agate planetary treadmill on 
fineness under 0.09 mm. For assessment of extractable 
element share of Cd, Cu, Cr, Pb and i 0,5 g of homoge­
nized sample was weighted. 

The original protocol for 0,05 mol dm-3 EDT A extrac­
tion of soils for sediments of chosen region was opti­
mised. During opt1m1sation were · changed some 
conditions li sted in table 2. Extrac ti on ratio 1 :50 means 
0,5g of sample: 25 cm3 of 0,05 mol dm·3 a2EDT A; 
1: 100 means 0,5g of sample: 50 cm3 of 0,05 mol dm·3 

a2EDTA and 1: 150 means 0,5g of sample: 75 cm3 of 
0,05 mol dm-3 a2EDTA. Optimisation is shown for most 
contaminated sediment 3. 

Sequential extraction (detailed conditions in Fíg 1.) In 
each indivídua! step was performed in a mechanical 
shaker for 16 h (number of vibrations 200 min·1

, tempera­
Lure (20±2) 0 C). After fini shing the extraction the solu­
tion was centrifuged by 4000 rpm, for 20 min. Solutions 
obtained from indivídua! extraction steps were saved in 

Slovak Geol. Mog .. 9, 2 - 3 (200.1 ). 13.i - 1.16 

Table/. Samp/inf? Places oj Chosen Re,:ion 

Description of 
Place of sampling River / Stream 

sam Ie 

River Sediment 1 Rudňany - Marku šovce Hornád 

River Sediment 2 Slovinky Poráčsky jarok 

Ri ver Sediment 3 Richnava Ho rnád 

River Sediment 4 Jaklovce Hnilec 

polyethylene vessels at temperature 4 °C. From the so lu­
tion prepared in the described way, extractable shares of 
chosen elements were determined and results are average 
values of 5 repeated analyses. 

For determination of studied elements in each leached 
fraction the following analytical methods were applied : 
for Cr, Cu, Pb and Ni - atomic emission spectrometry 
with inductively coupled plasma and ultrasonic nebuliza­
tion of sample, for Cd - atomic absorption spectrometry 
with electrothermal atomization. AES measurements 
were carried out by spectrometer Liberty 200 (Vari an) 
with ultrasonic nebulizer (Cetac) and AAS measurements 
by atomic absorption spectrometer Spectr AA-400 with 
electrothermal atomizer GTA-96 (Varian). For the deter­
minations of total element contents in studied sedi ments 
roentgen-fluorescent spectrometry has been applied 
and measurements were realized by spectrometer Spectro 
X-LAB 2000. 

Results and discussion 

Optimisation of single-step "EDTA extracti on" is 
possible to discuss as follows: 

As shown in Fig. 2, 3, 4,5 and 6 the optimised extrac­
tion ratio for each sediment is 1: 150 , optimised tíme of 
single extraction is 6 hours and the highest recoveries are 
observed in extraction medium with pH = 3, but pH =3 is 
not probable in real conditions of water-sediment sys tem. 
There is more interesting optimise pH of "EDTA ex trac­
tion" according to acidity of top water. 

On the strength of comparison single and operationally 
used sequential extraction procedure about the removal 
ability of a2 EDT A is possible to state: Extraction into 
Na2EDT A is after optimisation in good accordance with 
sum oť ť\ 2"d

, 3rd and 41h slep oť sequential extraction pro­
cedure. From the sediment matrix of chosen sampling ar­
eas with 0.05 mol dm-3 a2EDT A it is poss ible to extract 
shares corresponding to the first three /Fíg. 7-- 10 for i, 
Cd, Pb, Cr, / or first four steps /Fíg. 11 for Cu/ of sequen­
tial extraction. lnto Na,EDT A extracted contents and sum 
of contents extracted d~ring 1" 2nd and 3rd step of sequen­
tial extraction procedure are practically identical for Cd, 
Pb, Cr and i and higher for Cu. Extraction efficiency is 
(for chosen sediment samples) element-spccilic and de­
pendent on Lhe composition of sed iment matrix. 

Conclusions 

Single-step leaching advance into Na2EDT A, or the 
other chelating agent, is ab lc /after optimisation of extrac­
tion conditions according to regional geological particula­
rities/ to release mobile and mobilizable metal forms 
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and mod(fied procedurejor ľingle extraClíon oji1110 0,05 mol dm·3 EDTA-saltjor the elements Cd, Pb, Cu, Cr, Ni and Zn 

Standard rocedure 
extraction 

tíme of extr action 1 hour 

temperat ure 20±2 °C 
extraction ratio 1:10 

acidity of extra ction agent pH=7(modified with NH40H) 

O timi satio n of standard rocedure 

1-6 hours, without pH modification, pH=4 ,7 
1 hour durin o timisat ion of H 

1:50, 1:100, 1:150 
pH = 3 -7 ( 1 hour- extraction during optimísation of pH, modified 

with HCl , H40H) 
Extraction wess el 250 ml PE (wa~hed b H20 4M H 0 3 and 0,05M EDTA-salt) 

Filtra ti on 

200 1 

180 

E 
160 

a. 140 
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third step of the Jive-step sequential extraction procedure, XRF •· to tal conte/11 analysis - eon tmi of accuracy of sequemia/ extraction 
procedure by independent analytical method (XRF 

retained in different modes and associated with specific 
sediment fractions. 

Because of them " a2EDT A extraction" could be a 
form of the screening control of the sediments pollution 
/in local tested conditions - e.g. polluted regions of Slo­
vakia/ and could be used likc economicall y interest ing 
and tíme savi ng supplementary test to recommended at­
tes!ed BCR sequential extraction procedures and fast 
alarm indication of element mobility changes in sedimen­
tary systems. 
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Determination of Arsenic in the Process of its Drinking Water Removal 
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Abstract. lnorganic arsenic is a multi-site human carcinogen getting into the body by drinking water route. 
The technology of As adsorption onto iron oxyhydroxide granules in the fluid bed reactor was applied to 
efficient arsenic removal from polluted drinking water below to accepted Slovak Standard. The technology 
was used in the middle Slovakia region. The As concentration decreased in Jasen ie from value 0.041mg/L 
(0.033-0.048mg/L) and in Pohronský Bukovec from value 0.089mg/L (0.062-0. l04mg/L) respective ly, 
both to value less then limit of determination (<0.006 mg/L-ETA AAS method, <0.0016 mg/L-FI HG AAS 
method). 

The addition of 5 - 6mg/L FeSO4 .7H2O.is adequate for As removal at the level of pH in the water 6.5-6.7. 
A Jiquid retention tíme by 15 minutes is needed for the process. The consumption of 0 2 during the reaction is 
approximately 2mg/L. The concentration of Fe does not exceed value 0.2mg/L (according to the Decree 
29/2002 by the Mini stry of Health) by treatment of water if all technological rul es are kept. 

The concentration of observed arsenic was measured by AAS method. The accuracy of analytical data 
was continuously secured by the system of analytical quality assurance and the princip les of good laboratory 
practice. 

The other water quality parameters in the treated water correspond to the requirements according to the 
Slovak Standard for drinking water. 

The waste product is a compact iron granulate with high density (approx. 3kg/L) and a low water content 
(approx. 10-20%). 

Key words: arsenic, removal, fluid bed reactor, AAS 

Introduction 

Arsenic is an element that occurs naturally in rocks, 
soil, water, air, plants, and animals. There are numerous 
natural sources as well as human activities that may 
bring arsenic into drinking water. lnorganic arsenic can 
exert toxic effects after acute (short-term) or chronic 
(long-term) exposure. The World Health Organisation 
guidelines the amount of arsenic in drinking water to 10 
µg/1 as the maximum contaminant level (MCL). The 
limit was based on the re-evaluation of the uncertainties 
in arsenic ri sk assessmenl due to recent epidemiological 
evidence when the ri sk of cancer is considered (Okoji et 
al. , l 999). 

The MCL for arsenic in drinking water was defined in 
a Slovak Standard STN 75 7111 mandatory in the Slovak 
Republic (July 1998) and next in the Decree by the Mini ­
stry of Health 29/2002 about drinking water requirements 
and quality control (91

h January 2002), as 0.01 mg/L. 
The arsenic distribution in Slovak groundwater shows 

that higher concentrations of thi s element occur rarely 
most analyses was below the detection limit of the ana­
Iytica l method ( 1 µg/1 ), (Rapant et al., 1996). Higher con­
tents have two sources: I sulphide deposits (Malé 
Karpaty, Nízke Tatry and Slovenské Rudohorie Mts.) and 
2. Human-caused contamination sporadically distributed 
throughout Slovak territory, sometimes reaching concen­
trations of 50-250 µg/L (Š ikulová, 2001). 

Arsenic removal 

The choice of a suitable treatment option for 
a specific water supply will depend on a number of fac­
tors, including the mandated arsenic concentration limit, 
the existing treatment system and the extent to which it 
can be modified to optimise arsenic removal , and other 
water quality parameters that must be met along with the 
arsenic standard. Different methods for arsenic r.emoval 
are known , such as nanofiltration, reverse osmosis and 
flocculation/precipitation. 

Materials and method 

Chemical composition of groundwater reflects the 
underlying geology of the region . The groundwater in 
the Low Tatras infiltrates through granite and a Meso­
zoic belt, accumulates and ri ses from the huge layers of 
limestone-dolomite complexes. It spends a significant 
tíme in contact with subsurface rock and this results in 
the di ssolution of minerals. The arsenopyrite Fe AsS is 
the accompanying mineral in the wide range of. rocks 
owing to increase the arsenic di stribution in grouodwa­
ter of the study region (Rapant et al., 1996). The;refore 
the higher concentration of As in drinking water is un­
desirable and has to be removed. Long-term values of 
arsenic concentration in the study region are given in 
the Table 1. 

Geo/ogica/ Survey of Slovak Re public, Dionýz .~/Lír Publishers, Bratislava 2003 ISSN 1335-096X 
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Table l . Lo11g-term values of arsenic co11centratio11 in the s1udy region 

Source 

Rastová 

Seče 1-4 

Vyvieračka 

Kráľ Matyáš 

Supplied village 
umber of inhabitants) 

Jasenie, Predajná, Nemecká, (approx. 5000) 

Pohronský Bukovec, (approx. 100) 

Brusno, (approx . 2000) 

Lopej, Podbrezová, (approx. 5000) 

Chemical principles oj applied technology (Nielsen, 
Christensen) 

The treatmenl process operales by continuous addi ­
tion of ferrous ions and an ox idation agent (02, H2O2, 

Cl2) to the polluted raw water. Addition and mixing Lake 
place in a fluid bed reactor containing a carrier malerial. 
By controlling the process conditions, the oxidation of 
ferrous ions will take place heterogeneously after they 
have been adsorbed to the carrier material. An adsorptive 
granu late of oxyhydroxide will then be generated as a 
coating reddish-brown layer ôn the surface of the carrier 
material. Hence, the adsorptive surťace is renewed per­
manently and the added iron is removed. Iron oxyhy­
droxide has significant adsorptive properties towards 
inorganic micopollutants, which are easily adsorbed onto 
surface of the carrier materi al. At Lhe pH<7 .8 it is capable 
to adsorb the ions and therefore to create the surface 
complexes, as follows: 

FeOOH + HAsO/ ➔ FeO(HAsO4r + OH" 

-FeOOH(s) + Fe2
+ + 1/402 + 2OH-➔ -FeOOH­

FeOOH(s) + ½ H2O 

In compari son to conventional chemical Lreatment 
with sludge production , no wash water is necessary; no 
sludge is created, waste product has the superb handling 
properties; the dens ity of granulate is approx . 3kg/L. 
The waste stream is reduced ; the water content is l0-
20%. The operating and personnel abi li ty costs are 
mini mal. 

Description o.f fluid reactor 

The main part of equipment is the fluid reactor. IL is a 
cylinder made of polypropylene, in dimensions according 
to the treated water output. lt is filled with Lhe quartz 
sand. The scheme of reactor is gi ven in the Figure 1. The 
reactor is di vided into four parts : 

In i,~flow part, water is pumped through a jet system 
located at the bottom of the reactor. Water is divided to 
flow permanent ly with controlled speed. lt provides the 
creation of sand fluid bed. Two jets add the chemicals. 
Reaction part is fil led by fine quartz sand. The sorption 
of formatted complexes is done on Lhe surface of carrier 
material covered by iron oxyhydroxide. 

The greater diameter of calming part, according to Lhe 
rcaction part, slows do wn Lhe speed of flowing water and 
the separation of turbulating sand covered wilh the ab­
sorbing layer from the treated water occurs. 
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Figure / . Scheme of fluíd reactor: I - ínjlow part.2 - reactíon 
part, 3 - c:alming part, 4 - outflow part. 

0,04 -- r o,3 

..J ..J 

ci l 0,2 ci 
E E 
vi Qi" 
< u. 
o o 
C: - 0,1 C: 
o o 
CJ 0,01 CJ 

f o 
2 4 6 

Conc. of ferrous sulphate, mg/L 

Figu re 2. The observed As and Fe conce11tratio11 in 1he treated 
water as afunction of added FeSO4. 7H2O 

In outjlow part, thc treated water flows oul gravita­
tionally from Lhe top of the reactor into accumulating tank 
and the sand returns back to the reaction part. 

Test result 

The recommendcd Lechnology was applied in ground­
water sources Jasenie and Pohronský Bukovec. Operating 
parameters: amount of FeSO4.7H2O added , the volume of 
treated waler and aeration was investi gated. The ob erved 
As and Fe conccntration in the treated water as a function 
of added FeSO4.7H2O is given in Figure 2. 
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Table 2. Review oj the analytical qualiry assurance 

Test sample Certified value µg/L Observed value 
L 

umber, 11 Method used 

MT-ŠAA-5/200031 14.0±2.lbl 14.50±0.44 24 FI-HG-AAS 

MT-SAA-9/2001"1 9.90±1.98b' l0.32±0.26 3 FI-HG-AAS 

1-S-R_M_1_6_43-d----;--_:5::_::6::.::.0:::2.:::.±0:::.:·..:.:73::___....L __ _.::__5::..:5·.:..96:.:±:..:l~.2~0---L----I-0 ___ .1....E_T_A_A_A_S ____ ___, 

a) Interna! standard materials . samples obtained from the Slovak Water Management in the inter-laboratory test 
b) values are based on the inter-laboratory tests 

Table 3. Results oj i11ter-/aborat ary tests 

Test samples Certified value Accepted value Observed value z-score 
L 

MT-ŠAA-5/2000•> 14 11.9-16.1 13.7 <-2, +2> 

M PS-ŠAA-9/2002"' 8 6.40-9.60 7.72 <-2, +2> 

IMEP 12b) 9.07 8. 17-9.96 l0.53±1.67 

a) The inter-laboratory tests of Slovak Water Management 
b) The lnternational Measurement Evaluation Programme (lMEP) was organised by the lnstitute for Reference Material and Meas­

urements (IRMM), Geel , Belgium 

Table 4. Spiked samples recove ry 

Test sample As, added Recovery umber,n Method used 
% 

Randomly selected 10 101,0±6,3 16 FI -HG-AAS 
sample IO 108,6±4,4 18 ETA AAS 

The As concentration decreased in Jasenie from value 
0.041 mg/L (0.033-0.048 mg/L) and in Pohronský 
Bukovec from va lue 0.089mg/L (0.062-0. l 04 mg/L) re­
spectively, both to value less then limit of determination 
(<0.006mg/L-ETA AAS method, <0.0016 mg/L-FI HG 
AAS method) . 

The optima! amounl of added iron depends on the 
original concentration of As in the water, the temperature 
of the water, the amount of 0 2, the ti me of the reaction 
and the amount of water to be treated. For monitored 
sources the addition 5 - 6mg/L FeSO4.7H2O is adequate 
for removal of As and it also decreases the level of pH in 
the water to the acceptable norm 6.5-6. 7. The greater 
amount of Fe does not cause an increased effectiveness of 
the treatment, but it decreases pH under the level of 6.5 . 
What is more, the concentration of Fe in outflow water is 
increased, what is undesirable. The interruption of dosing 
FeSO4 and the interruption of aeration causes the suspen­
sion of the technology, it follows that the activated sand 
is not able to catch As. 

The concentration of Fe does not exceed va lue 
0.2mg/L (according to the Decree 29/2002 by the Minis­
try of Health) by treatment of water if all technological 
rules are kept. A liquid retention tíme by 15 minutes is 
needed for the process. 

Water, that will be used, necds to be oxidised. The 
lowest necessary concentration of 0 2 is 5mg/L. The 
shortage of 0 2 does not influence removal of As, but it 
decreases the ability of creating and catching iron oxyhy­
droxide, that causes the increasing concentration of iron 
at the output of the reactor. The consumption of 0 2 dur­
ing the reaction is approximately 2mg/L. 

The monitored parameters (pH, the amount of 02, 
conductivity, temperature of water) in the lreated water 
correspond to the requirements according to the Slovak 
Standard for drinking water. 

Determination oj As by AAS method 

The arsenic concentration was measured by AAS 
method for the whole period. The Perkin-Elmer 4I00ZL 
atomic absorption spectrometer with the Zeeman back­
ground correction, THGA furnace and the pyrolytic 
graphite platform tubes with end caps were used to al! 
measurements. The lamp current 350 mA and the reso­
nance line of I 93,7 nm of arsenic electrodeless dis­
charge lamp was set. The addition of 5µL Pd/Mg matrix 
modifier to 20µL sample aliquots was applied to avoid 
Iosses of arsenic during the ashing stage. The optima! 
furnace conditions - as hing temperature l 300°C and 
atomisation temperature 2200°C were found . 

Nevertheless, the limit of determination (0.006mg/L) 
is not sufficient with respect to the 10% of MCL criteria 
for limit of detection defined in Decree 29/2002 by the 
Ministry of Health. 

Therefore, a flow injection hydride generation AAS 
method was used to achieve high sensitivity and more 
reduction of malrix interference in the drinking water 
(LOD, 0.0005mg/L). Volatile arsine was generated in 
flow injection system FIAS 100 and transported to 
a quartz cell heated to 900°C, where the ars ine was con­
verted to gaseous metal atoms and then absorb the light 
from the EDL As lamp. 
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Arsine is more easily formed ťrom As3
+. Samples to 

bc analysed for As should be prereduced by the Kl and 
ascorbic acid prior to analysis. 

The accuracy of analytical data was conti nuously as­
sured by the system of analytical quality assurance and 
the principles of good laboratory practice. The checks of 
ana lytical qualily assurance comp ri sed inter-laboratory 
analyscs of water samples, spiked samples (matri x spike 
- standard addi tion of I Oµg/L As is spiked to the ran­
domly selected sample in the batch of samples), ce1tified 
refercnce materials, para ll el samples. The rev iew of lhe 
items accomplished with in analytical measurements is 
given in Tables 2-4. 

Conclusion 

Presented results show cfficient applying oť arsenic 
removal from polluted drinking water below to accepted 
Slovak Standard value by adsorption onto iron oxyhy­
droxide granu les in lhe middle Slovakia region. The lech­
nology was operated in the fluid bcd reactor. The 

Slm«k Gwl. M"g, 9, 2 - 3(2003!, 1.17 :7 
concentratíon oľ observed arsenic was measurcd by AAS 
method. Thc other water quali ty parameters in the trcated 
water corrcspond to thc requirements accordíng to the 
Slovak Standard for drinking water. The waste product is 
a compact iron granulate with high densíty (approx. 
3kg/L) and a low water content (approx. l 0-20% ). 
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Ab.11ract . The origin o f magnetic particles in the soil and a no n-con ventional way of utilizing magnctic ~us­

ccptibili ty - soil magnetome try - was ~tudied in Malé Karpaty Mts. (West Slovakia). Magnetic susceptibility 

va lues above background in soil samplcs indicate higher concentrations o f heavy metals in soil, i. e. the soil 

magnetornetry can be used as a preliminary quick and inexpensivc method for dctection of highcr heavy 

metal contcnts in soil s. 

Keywords. Heavy rnetals, soil mag netomctry, Malé Karpaty Mts. 

Introduction 

Heavy mctals are important in several ways: many are 
uscd industrially in technologically advanced countries, 
some are physiologically essentia l for plants and animals -
and thus have a direct bearing on human health and agri­
cultural productivity - and many are significant as pollut­
ants in ecosystems throughout the world. 

Heavy metals in soi ls have received increasing aucn­
tion in recent years (Chan at al., 1998; Dlapa el al. 2000; 
Kapička at al., 2000; Magicra and Strzyszcz, 2000). 
Thcrc were recommended by Mikľajcv and Žogolcv 
( 1990) to use soi l magnctometry like a preli mi nary 
method that cnable to border zones „ increased geochemi­
cal activity", to bring down a bulk of works and to change 
flexibly the method of mapping but also in study of sur­
face sedimcn ts (Brandau and Urbat, 2000; Milička et al., 
2002) and pedological study oľ paleosols and loess 
(Vcrosub et al., 1993; Cocuaud at al., 1998). 

Detection oť enhanced heavy metals levels in soil using 
magnetic susceptibility 

A need for rapid and incxpensive methods of outlining 
areas exposcd to increased pollution by atmospheric par­
ticulates of industria! origin caused scientists in various 
fields to use and va lidate diľferent non-traditional (or non­
chemical) techniques. Among them, soil magnetometry 
seems to bc a sui table tool, at least in some cases. This 
method is based on the knowledge that detected higher 
values of magnetic susceptibility of soi ls' samples above 
background indicate higher concentration of heavy metal s 
in soil (Strzyszcz and Magiera, 1998; Ďurža , 1999; Pet­
rovský et al., 2000). 

Measurements of magnetic susceptibi lity of topsoil have 
been succcssfu lly applied for mapping oľ degree of 
anthropogenic pollution near power plants, cement and 
metallurgy industries. AII these studies demonstrate in­
crcased values of magnetic susceptibi lity oľ topsoi l in con­
taminated arcas compared to the signal of non-polluted 
soils. 

Magnetic susceptibility of soil. The humus hori zon is 
the most magnetic one. IL is interesting that the concen­
tration of heavy metals increases frequently with depth 
but thc magnetic properties of heavy metal compounds 
decrease. It is in consequencc of iron and other transient 
elements in a ťcn-omagnetic state occur in this horizon 
and al the same tíme this trend is connected to the elect­
ron structurc of non-ferromagnetic heavy mctals comple­
xes. These mctals are assumed to have the highes t 
concentration in the humus horizon whcre more kinds or 
organic ligands occur. Thcse ligands are from humic and 
fulvic acids but also from other nonspecific soil organic 
compounds. The dependcnce of magnetic properties of 
heavy metal compléxes on organic matters is explained by 
the ligand field theory, which was dcveloped during the 
I950s by the physicist J. H. van Vleck. Thi s ligand theory 
is defined by Cotton - Wilkinson ( 1973) like a theory of 
an origin and a consequence of splitting of ions' insidc 
orbits by their chemical surroundings. 

However, the magnetic susceptibility of soil espccially 
depends on thc shape, size and concentration of ľerri ­

magnetic minerals (maghemite, magnetite and the titano­
magnetitcs) as well as on the method of measuremcnt. 
Some non-ferromagnctic heavy metals also account for 
the increase of va lues oť magnetic susceptibility as a con­
sequence of the effect of humic and fulvic and nonspc­
cific organic compounds in the humus horizon. 

The origin of magnetic particles in the soil. Magnctic 
partie les in thc soi I may be derived geologically from at­
mospheric sources, anthropogenic, if they are derived 
from industria! emissions, or biogenic in nature. Thc 
strong correlation between magnetic susccptibility and 
several heavy metal conccntrations suggests a significant 
contribu tion to the magnetism from anthropogenic sour­
ces in the topsoil (Chan el al. , 1998). 

Ferrimagnetic iron oxide parlicles (mainly magnetite 
and maghemitc) in fly ashes, originating during high tcm­
perature combustion of íoss i I fuels, are potential ly the 
most significant source oľ anthropogcnic fcrrimagnetics 
found in the upper soil horizons (Flanders, 1994 ). Excepl 
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Figure J Comparison between absolute values (A) and RTE values (B) 

for small amounts of magnetite in coal, the main source of 
ferrimagnetics is pyrite, the concentration of which rea­
ches up to 15% of inorganic fraction in hard coal (Kuhl , 
I 96 I in Magiera and Strzyszcz, 2000). Pyri te and other 
iron sulphides are oxidized during the coal combustion 
process. The su lphur is liberated as gas, whereas iron is 
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converted into ferrimagnetic minerals, wh ich are emitted 
into the atmosphere together with other dusts. The anthro­
pogenic ferrimagneti cs are transported as dusts and aerosols 
over variable distances to settle on the soil surface. Deposi­
tion of atmospheric particulates represents one of 1he most 
important contributions to environmental stresses. 
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Fíg. 2. RTE values of Hg+Pb+As+Sb > 2.0 

The correlation between magnetic susceptibility and 
heavy metal content reveals a causal relatíon between 
ferric oxide and heavy metals. Previous studies have 
shown thal certain heavy metals, such as Pb, Cu and Zn, 
are preferenlially adsorbed onlo Lhe exterior surface of íly 
ash and aerosols from industria] emissions, which often 
contain significant amount of Fe and Mn oxides (Chan et 
al., 1998). 

A strong correlation of these metals with the magnetic 
susceptibi lity is therefore expected. The coefficients of 
correlation between the magnetic susceptibility and the 
heavy metals contents are higher for Pb, followed by Cu 
and Zn and are weakest for Cr and i. The relative order 
of correlation for these metals with magnetic suscepti­
bility can be explained in terms of the selectivity of clay 
minerals and hydrous oxide adsorbents for Lhe metal, 
which generall y follows the order Pb> Cu >Zn> Cr (Al­
loway and Ayres, 1993). 

Cement production can also be considered as a major 
source of ai r pollution. 

Another important source of atmospheric pollution, 
although limited in extent, is road traffic. In addition to 
Pb compounds, there are found hematite, magnetite and 
an iron alumínium silicate. As, Cd, Cr and Co are derived 
from the exhaust of automobi les and from tires as par­
ticles from Lire ware. Furthermore, road surface (asphalt 
additives) represents another significant source of pollu­
tants. 

Detection oj enhanced heavy metals levels in soil 
using magnetic susceptibility. It is known the measured 
va lues of soil magnetic susceptibility depend on parent 
rock of soil. ln case of the homogeneous one this de­
pendence does not cause the interpretation problems, e. g. 
magnetic susceptibi l_ity in soil around metallurgical plant 
U. S. Steel Košice (Durža, 1999). 

··-

~~ ) ~ 
. \_~~:~ 

~ 
~~ 

.. . ...... ..#..,. 

. . ........ 

Fíg. 3. RTE values oj magnetic susceptibility > 1.2 
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In case inhomogeneous ones these dependencies cause 
the interpretation problems, e.g. magnetic susceptibility in 
soils from Malé Karpaty Mts., because the measured val­
ues of soil magnetic susceptibility are higher above gran­
ites as carbonates and the highest are above ore 
mineralization. Since the aim was not to find the effect of 
substrata (geological) on soil magnetic susceptibi lity but 
the effect of topsoil contamination (anthropogenic), the 
relative topsoil enhancement (RTE) of elemental concen­
trations and values of magnetic susceptibi li ty were used. 
RTE was the ratio of element concentration in topsoil (0-
-15 cm) to that in subsoi l (30-45 cm) as an index of sur­
face contamination (Colbourn and Thoumton, 1978 in 
Alloway, 1990). In this manner the influence of parent 
rocks was taken off. 

Measurements were taken along lhree profiles situated 
in the southwest part of Malé Karpaty Mts . There was 
measured magnetic susceptibility in two horizons - at the 
land surface and at the deplh of 40 cm. There were meas­
ured and analysed 67 soil samples for these heavy metals 
contents : Pb, Hg, As, Sb, Cd, Fe, Ni, Co, Zn and Mn 
(Geological Institute, Faculty of Natural Sciences Brati­
slava, Slovak Republic). 

The indivídua! heavy metal is not possible to deter­
mine by soi l magnetometry but their sum (soiľs total bur­
den of heavy metals) correlates with magnetic sus­
ceptibility values. RTE of contents of Hg, and Pb show 
relatively the strongest relation with RTE of magnelic 
susceptibi lity (+0.55, +0.51 respectively) (Fíg. 2). Simi lar 
results were found in the surroundings of dry refuse heap 
of the U.S. Steel Košice and corresponded to Chan et al. 
results ( 1988), too. The highest va lues RTE of magnetic 
susceplibili ty and RTE of element contents occur in 
northwesL slopes of Malé Karpaty Mts. and in the profile 
near Bratislava (Fíg. 3 and 4). 
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Conclusion 

l. ľhe magnctic susceptib i lity valucs decrease with 
thci r distance from the source o ľ contamination. 

2. Enhanced magnetic suscept ibi lity va lues occur in 
the uppermost part (humus hori zon) of the soi l pro file and 
they decrease downward . 

3. Changes of heavy metal levels in so il s are accom­
panied with magnetic susceptib i lity values. 

4. Values of a magnetic suscepti bili ty of so ils samples 
above background indicate higher concentra tion of heavy 
metals in soíl , i. e. the soi l magnctometry can be used like 
a prel iminary quick and chcap method for the detec tion of 
a higher content of heavy metals in the soil. 
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Certification of Geological Reference Material 
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Abs1rac/: Thi s articel aims to provide a short information on the prcparation and certifk ati on of geolug ica l 
reference material s. lt summari ses the key íssues and the príncip les in area of planning oť the proje<.: t, proce­
dures for sa mple preparatíon, methods for homogeneíty and stability testing, certification exercise, assign ing 
of uncertainty and gives information for final form of cert ifi cate according to ISO Guide 31, 2000. 

Key words: certified reference material , homogeneity testing, stability testing 

Introduction 

Certified reference materials pl ay an important ro le in 
gco logical laboratories to he lp analysts monitor their la­
boratory performance, verify the quality of produced data, 
and thus improve the comparability of measurement re­
su lts. New analytical techniques with increased precision 
of measurement and legislatíve and trading requi rements 
have caused that laboratories are becoming increasingly 
interested for new reference materials of higher qua lity . 

Gu idance fo r the preparation of reference materials is 
given in ISO Guides (ISO Guide 3 1, 2000; ISO Guide 34, 
1996; and ISO Guide 35, J 989) and guidcs on the pre­
paration of reference material s are a lso avail ab le (Euro­
pcan Commiss ion Document, BCR/01/97, 1997; 8. 
Brookman et al., 1998 ). 

According to ISO Guides 35 Certified Reference 
Material (CRM) is Reťerence material , accompanied by 
a certificate, one or more of whose property values are 
ccrtified by a procedure which establishes its traceability 
to an accurate rea li sati on of the unit in which the property 
values are ex pressed, and for which each certified value is 
accompanied by an uncertainty at a stated level of con­
fidence . 

Preparation oť reťerence material 

Laboratory (producer) which intended to prepare 
CRM may submit a proposal for a project to Slovak In­
stitute of Metrology which according to the Law No. 
J 42/2000 for metro logy has responsib il ity as a certitication 
body for certification oť RMs. The proposer in proposal 
have to take into account for which purpose or use should 
be CRM prepared. In the planning and during the designing 
of the project the producer has to identify a kind of matrix 
material to be collected, identification of suitable source 
and procedure for sample preparation, amount of material 
needed, definition of pararneters, range to be certified, 
choice of the rnethods for hornogene ity, stability and char­
acterisation stud ies. The nex t part of the project is design-

ing ťor ensuring storage, label ling, packing of CRMs, 
transport arrangement, post distribution services and design 
of a certificate. 

After the identification of a suítab le source of material 
producer has to decide about the amount of the material 
which should be collected. The a rnounts of material de­
pend on the number of samples needed for commercia l 
use, homogenity, stability study and what arnount is 
needed for cenification exercisc. 

The producer should take care of selecti ng a sui tab le 
processing procedure in order to prevent any contamina­
tion of materi al, change or degradati on in the form, en­
sure that its final form achieve thc required homogeneity 
and is sufficient ly stab le. 

Typical procedures fo r process ing of geological re­
ference materi al are drying, crushing, grinding, quarte­
ring, siev ing, testing of grine size and bottl ing. Before 
processing of geological reťe rence rnate rial it is necessa ry 
to perform petrography - mineralogical characterisati on 
and pre liminary chemical analys is to obtain bas ic infor­
rnation abou t candidate RM . 

The meaningful aspect that should be considered in 
the process of certifica ti on of geo logical RMs is that in 
generaly, certified compounds are related to dry matter 
and therefore the dry sa rnple mass has also to be assessed. 
The rnoisture content has to be determined on a separate 
subsample to enable analytica l results to be expressed on 
a dry sample weight basis . Choice of several competen t 
and experienced laboratories which are ab le to perform 
the certifica tion measurements play important role in the 
process of characterisation oť RM . Performance of the 
participating laboratories is poss ible to assess through 
proficiency test on the samples which have approx imately 
the same chemical and mineralogical compos ition as tes­
ted candidate refcrence materi al. 

Homogeneity testing 

The first step in the preparation of gcologica l RMs is 
conducted with a homogenity test. The hornogeneity test 
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is performed prior to certification on a reasonable number 
un its (bottles) randomly selected from batch of bottles of 
candidate reference material that has been packed in its 
final form. There are two kinds of homogeneity study. 
Bctween unit variation (between - bottle homogcneily 
study) and within - bottl e homogenei ty study. From be­
tween - bottle homogeneity stud y is determined between 
- bottle variation as one important component of uncer­
tainty which must be included in the total uncertainty of 
CRM (Thomas P. J. Linsinger et a l. , 2001). Within - bot­
tle homogenei ty study is necessary to determine a mini­
mum representative sample portion which will be 
identical in terms of their certified properties and uncer­
taintics. 

The measuremcnts for both homogeneity study should 
be carried out under best repeatability conditions, in one 
laboratory, in such a way to minimise poss ible drift in 
measu rements. Applied measurement method should be 
selected for its good repeatibility. Recommended number 
of samples (depending on the type of material and repeat­
abi li ty of the method) is ťrom 8 to 30 (European Com­
mission Document, BCR/01/97, 1997). Analysis of va­
riance (A OV A) accord ing to ISO Guide 35 should be 
used for statistical evaluation of homogenity study. An 
example for between - bonle homogeneity study is 
showed in Fíg. !. Th is model is an idea! case where sub­
sampling from selected bottles and multiple measure­
ments after transformation is poss ible (Adriaan M. H. van 
der Veen et al., 200 1 ). 

Between bottle homogeneity testing 

~ G;J Q 
n-sub- n-sub- n-sub-

samples samples samples 

within n-lransfor- n-transfor- n-1ransfor-

groups ma1íon malíon matíon 

n-measu- n-measu- n-measu-

remeni remeni rcment 

among groups 

Fíg./ Between - boule homogeneity study 

Stability testing 

The stabi lity testíng is second crucial point in charac­
terisation of CRM. This testing can be performed when 
homogene ily of candidate reference material has been 
demonstrated. There are two types of stab ility testing, 
long term stabil ity and short term stabili ty. Long term 
stability gives an information about material that was ex­
posed storage conditions and short term stabili ty is asso­
ciated with realistic conditions of transport. 

----- ---
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The se lection of testing cond ition wi ll depend on the 
struclure of the geologica l material and knowledge of 
behaviour of components of interest. 

The frequency of testing fo r long term stabi lity Lri als 
is usually O, 3, 6 and 12 months and for a short term study 
is shorter period not longer Lhan 4 weeks. Stored tem­
peralure of samples for long term stabi lity is in gencral at 
room temperature and various temperatures (e.g., +4 °C, 
room temperature and 35 - 40 °C) are selected for short 

term study . 
The measurement method app li ed for stability study, 

where the samples are analysed at different limes should 
be choosen on the basis of its production of highly re­
peatable measurements. 

Certification excercise 

For the characterisation of geological matrix reference 
materia ls there are two approaches, first by a single method 
and second through the series of analysis carried out by 
multiple methods and laboratories. Second approach is 
mostly used through organized interlaboratory programme. 
The most imponant aspect for successfu l certification of 
candidate RM is that the organiser of interlaboratory pro­
gramme should check if a group of competenl and ex­
perienced laboratories in the area of analysis of geological 
materials is avai lable to perform the certification measu­

rements and if several independent methods are available. 
According to ISO Guide 35 the minimum number of par­
ticipating laboratories is 15 or more. 

The organiscr should send to each participanl one unit 
of RM with sufficient amount of material to allow the par­
ticipant carry out minimum two replicate determinations, 
which should bc made on separate test ponion for al! re­
quiered cenífied properties and to use method of iLs choice. 
If lhe results from interlaboratory programme are to serve 
as a final confirmation of the homogenity of an RM , two 
units shou ld be send to allow meaningful stalistical process­
ing of the resul ts. For statistical treatmenl of data there ex isl 
many programmes and ISO guides which offer assistance. 
The resul ts generated from lnlerlaboratory programme 
should be subjccted to careful cxamination, outl icrcs thor­
oughly in vestigated and ftnally from these data cenifi ed 
valuc and its uncertainty are estimated. 

The most importanL aspect in characterisation of RM is 

assigning fina l uncertainty of a CRM in which all sources 
of uncertainty should be considered. According to Guide to 

expression of uncertainty in measurement (GUM, 1993) the 
final uncertainty is exprcssed as: 

whcre: 
- Uctiar is unccrtainty of characterisation of the batch 

which was described in publication by Pauwcls el al., J 998 
and wh ich includes Standard uncertainlies which are exclu­
sivcly laboratory dependent, common to al I of laboratories, 
such as the effect of between-bottle variation or usc com­
mon calibrant and Standard uncenainty common to group 
of laboratories (Jabs using the same measurement pro­
ccdure), 
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- ubb is between-bottle unccrtai nty, 
- u115 is uncenainty for long term stability, 
- u,L, is uncertainty for short term stability. 
At the end of certification procedure the producer 

should prepare a report, which should include a full account 
of the procedures used for the preparation and certi/ication 
of the RM and prepare records for issue of certificate 
according to ISO Guide 31, 2000. The certiticate should 
include minimum following information: 

- name and address of the certifying organization, 
- ti tle of the document, 
- name of material, 
- sample number, 
- description of RM, 
- in tended use, 
- instruction for correct use of RM, 
- state of homogeneity, stabi lity, 
- certified property values and their uncertainties, 
- ucertified values, 
- values obtained by idividual laboratories or methods, 
- date of certification , 
- date of expiration, 
- signatures or names of certifying ofticers. 

Conclusion 

The preparation and certitication of reference material 
consists of several principal componets. The producer of 
RM should start with responsible planning of the project, 
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thorough knowledge mineralogical and chemical compo­
s1t1on of the material, methods used for sample 
preparatíon, homogenisation and bottling of the material. 
The choice of highly repeatible methods applicd for 
homogeneity and stability s tudy, se lection appropríate 
groups of competent laboratories for performing of the 
determination of properties of the interest, knowledge of 
the statistical methods which are used for assignment of 
the certified values and their uncertainties, all of this is 
needed for successful and complex realisation of the 
preparation and certification of RM . 
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Electron Microprobe Analyser (EPMA) 
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lntroduction 

The princip le of electron microprobe analysis was 
firstly described in 1947 by Hillier, (U.S. patent). He de­
fined it as a chemical analysis using characteristic X-ray 
spectra excited by a focussed e lectron beam. In 1951 R. 
Castaing, under the supervision of Professor A. Guinier at 
the University of Paris, wrote hi s Ph.D. thesis, where he 
presented the ťoundations of the theory and practice of 
quantitative electron microanalysis. He descri bed the suc­
cessful development of a new instru ment destined to have 
an impact in many fields oť science and technology. The 
instrument origínated by join of classical electron optics 
and electron microscope with fitted X-ray spectrometer. 
It was called the electron microprobe or the electron mi­
croprobe analyser (EPM - EPMA). The first commercial 
instrument was developed in Pari s, France by the Cameca 
Company, in 1958 (Reed, 1997). 

The methods of electron microprobe analysis ha ve its 
important place also in Slovak geo logy. The first EPMA 
JEOL - 733 Superprobe was bought in 1981. It was used 
20 years, si nce 1981 to 2001, at Geological Survey of 
Slovak Republic (GÚDŠ, GSSR) Bratislava. This instru­
ment was rebuilt and modernised in 1992 - 1995. 

JEOL JXA - 733 SUPERPROBE was the electron 
microanalyser with four WDS spectrometers with crystals 
T AP, PET and LIF, controll ed by KEVEX SESAME sys­
tem and KEVEX DELT A+ EDS spectrometer wi th soft­
ware package QUANTEX+. There were produced plenty 
ofWD and ED analyses, BEI and SEI images. 

In 2001, thi s old instrument was replaced by the 
CAMECA SX-100 e lectron microanal yser, which repre­
sents one of the most modem in struments used for the 
investigation of geologic , but not only geo logic materials . 
In almost two years of full service, it persuades about its 
impo1tant place in the Slovak geo logy. 

Principle of electron microprobe analysis 

Electron microprobe analys is is a non-destructive ana­
lyti ca l method for chemical analyses of small volumes of 
so lid samples. Accelerated electrons in the form of a 
finely focu sed e lectron beam (probc) bombard a polished 

sample. X-rays are excited by the interaction of thi s elec­
tron beam with a toms of the sample . The place of thi s 
interaction is very small (usuall y some µm ) so we can 
name it as the analysed point. 

The versatility of this method among material sc i­
ences is based on its simplici ty. X-ray spectrum is mostly 
independent on a physical and chemical state of studied 
material and it d irectly depends o nl y on the atomic num­
ber of the present elements. The X-ray spectrum contains 
Jines which are characteristic of the c lements present, 
hence an analysis is easy to obtain by identifyi ng the lines 
from their wavelengths or photon energies. 

Electron microanalysis can be performed wi th two 
systems. In Wavelength dispersive method (WD) X-ray 
of defi ned wavelength corresponds to certain e lement. 
Generated X-rays are di ffrac ted on crystals and then de­
tected by a detector. The position of crysta l and detector 
on Rowland circle follows Bragg's law. In Energy dis­
persive method (ED) X-ray with defined photon energy 
corresponding to certain e lement is detected by so called 
Si(Li) detector. Since 1968 the so lid-state Li-drifted sil í­
eon detector is known and widely used for detection of 
low energy X-rays. 

Qualitative analysis serves for identi fy ing of e lements 
present in the sample. In thi s case X-ray spectrometer 
records the whole spectrum over the range of wave­
lengths (WD method) or energies (ED method). Lines 
and energies of present e le ments in acquired spectrum are 
identifiable by the reference to tables. 

In quantitative analysis the intensities of X-rays cor­
respond to the concentrations of elemen ts present in 
studied material. In the case of WD method, the inten­
si ties are detected in counts per tíme. In ED method , the 
intensiti es are detected also in count per tíme, but for 
the certain energy window (in eY).These intensities are 
compared wi th intensities from standards of known 
composition (pu re e lements, natural and synthetic com­
po unds). According to known sta ndard composition we 
can calculate composition of the studied mate ri al. We 
need to make number of corrections to the measured 
dala to obtain a preci se anal ysis, e.g. substraction of 
background, "matri x co rrectio ns" . ZAF correction 
which takes into account correction factors depend on 
atomic number, absorbtion and fluorescence is wide ly 
used (Reed, 1997). 
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Other applications of EPMA 

EPMA yields not on ly information about the compo­
sition of samples but also image obscrvations. Images 
from EPMA are comparable with those acquired from 
clas ical scanning electron microscope, but with lcss 
magnification and resolution . l mages are created by the 
scanning electron beam in a television-like raster and 
displaying a co llected signal from the detector on the 
screen. Scanning electron beam interacts with sample 
s urťace to produce various types of signals (Fíg. 1 ). A 
specific type of image corresponds to specific type of 
signal (secondary electrons, back-scattered electrons, ca­
thodol uminescence). 

Secondary electron images (SEI) give us information 
about sample surface. Secondary clectrons are weak l y 
bounded electrons released from the surface of the sample. 
Back-scattered electron images (BEI) give us approximate 
information aboul the composition of the sample, darkcr 
places at these images contain elements with lower atomic 
number and vicc-versa. The back-scattered electrons are 
electrons of beam scattered out from the sample after inter­
action with atom core. The higher atomic number of ele­
ment, the more of interactions wh ich produce these 
electrons. Cathodolumi11escence is based on the detection 
of visible light wh ich is also generated by interaction of 
electron beam with the sample. Cathodoluminiscencc is 
observable only in some materials e.g. quartz. feldspars 
etc. Cathodoluminescence images are used for idcntifica­
tion of inner texture, small veins, cracks, growth zonation. 

Electron gun 

Alignment coils -. 

E íactron becrn 

Condenser lens . 

Aperture 

Faraday cup 
(open) 

Scanning coils 

Analyzing crystal 

X - roys 

DS spectrometer 

WDS detector 
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(CL) • 

BremsstraHung 

"'' 
X-rays 

(WDS. EDS analy sis,....­
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Eloctron boom ◄ Auger electrons 

~ Secondary elect rons 
/ (SEI) 

/ 

.- Back-scatta-ed electrors 
(BEI) 

Sample 

Figure l . /111eraction between electron beam and sample gives 
an origin to the various types oj signal.ľ, which ca11 be detected 
and used in electron microscopy and micromwlysis. Tlie space 
oj interaction has cm onion shape. (Compiled by V. Kol/áro vá 
according to Energy - Dispersive X-ray microa11aly.ľ i.\'. A11 /11 -
troduction. Kevex Instruments, lne. , 1989, 52 p. ) 

The main construction principles oť EPMA 

An electron microprobe (Fíg. 2) consists of the main 
frame with column and spectrometers, then of block of 
electron ics, cooling sys tem, vacuum system and con­
trolling computer. 

The electron beam is gcnerated and corrected in the 
vertical co lumn positioned on the main frame. It consists 
of clectron gun, alignment coi ls, condenser lens, probe 
current detector, aperture, scanning coils, stígmator and 
objective (final) lens. The electrons are produced thermo­
ionically from hcated tungsten filamcnt in the top of thc 
column. They pass through Wehnelt (focusation elcct-

E DS 

Dewar wíth 
liquid nitrogen 

EDS Si(Li) detector 

Optical microscope 

Objective lens 

Sample 

Sample stage 

Figure 2. Schematic diagram oj electron probe 111icroa11a/yser. Electron g1.111 consists ojfilament. Wehnelt and wwde. 
(Compiled by V. Kol/árová and P. Siman according to propagatio11 materials ojfy. JEOL). 
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C 

Figure 3. - lmages raken by electron microprobe CAMECA SX-100 at Slovak Ceolo1:ical Survey, Bratislava 
a - seco11dary e/ectron image, porphyric quartz diorite, Ja vorie Mts., b - back-scallered electron image, zoned clinopyroxe11e. basa/­
tie andesite, Kremnické vrchy Mts., c - carhodoluminescence image, zircon in stromatitic migmatite, Slovenské rudohorie Mts. d - X­
ray map, distribution of Ti in zoned clinopyroxene, a/kaline basalt, Banská Štiavnica 

rode) and gro unded anode. Electrons are speeded up by 
acceferating voltage 5 to 40 kV applied between a fifa­
ment and anode. The e lectron beam is then coflim ated 
and foc used by a sys tem of magne tic lenses, apertures 
and coi fs. Prepared e lectron beam with specific beam dia­
meter is used for analysing. Scanning coi ls are used for 
electron beam deffection to produce various types of im­
ages. The sample stage for fitting standards or sampfes is 
placed in the bottom of the cofumn . Up to 5 WD spec­
trometers can be attached to the column . Inside we find 
the moving ana lys ing crystals and detectors. Optionally 
we can add an ED detector. The sample inside in the col­
umn can be observed by optica l microscope, usually with 
CCD camera. The block of e lectron ics control the whole 
instrument including cooling system, vac uum system, 
electron optics etc. In advanced instrument a ll data are 
co llected in computer. 

EPMA in the laboratory of Geological Survey 
of Slovak Republic 

The Department of E lectron Microanalysis in the 
Geological Survey of Slovak Republic is equ ipped with 
electron microprobe analyser CAMECA SX-100. This in-

strument is a representa ti ve of the new generation of mi­
croprobe in the most modem and unique laboratory of 
thi s type in Slovakia. He re are some basic parameters: 

• three built-in vertical spectrometers with large ana­
lyzing crystals LUF, LPET, LPCO and TAP, PC2 

• energy-dispersive (ED) spectrometer KEVEX with 
ultra-thin window Moxtek AP 1.3 

• SEJ, BEI and cathodoluminescence detector for im­
ages 

• very stable e lectron beam (beam stability 0.3% in 
12 hours) 

• very precise syste m of movement of Lhe versatil e 
specimen stage 

• optoe lectronics, which control s stage, detector and 
crystal s 

• coaxial oplical zoom microscope with autofocusing 
cofour CCD camera, field o f view 0.25 - 1.7 mm, 
polari zed light 

• SUN microsystem operating bas is 

The analytical possibilities are summarised as fo llows: 

• wave le ngth -dispers ive (WD) a nalyses from boron 
to uranium with routi ne precis io n O.OJ wt. % 
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• semiquantitative and quantitative energy-dispersive 
(ED) ana lyses fromjluorine to uranium 

• line profi les with stage or beam movement 
• X-ray mapping 
• high-quality BEI and SEI images with resolution up 

to 2048x 1536 pixels 
• cathodolu minescence images 
• alt results avai lable in digital and printed form 

Geological applications of EPMA 

Methods of microanalysis and image analysis are 
commonly used in geology, basic and applied research. It 
is a non-destructive method for analysing samples of 
rocks and minerals with maximum spatial resolution of -
0.7 mm. Rock samples must be perfectly polished. We 
can mount thin sections (2.5 x 4.5 cm) and cross sections 
(diameter of the cylinder 2.5 cm) in the sample holder. 
The polished samples must be carbon coated under the 
high vacuum. Jndiv idual mínera! grains can be analysed 
in situ, with their structural and textural re lationships. 
Samples can be observed in an optical microscope as well 
as under scanning elec tron beam which enables us to lo­
ca1ise the mineral phases, relationships among them and 
finally, a position of the suitable place for the microprobe 
analysis. SEJ, BEI, CL, optical images (Fig. 3) and all 
measured data can be easi ly saved in computer in digital 
form or directly printed or sent by E-mail. 

The accuracy of analysis is routinely under -O.O J wt % 
depending on the concentration of the element in the 
sample. 1s error (wt %) is directly listed in the analysis 
report. In special cases the detection limit - 50 ppm (] 00-
- LO ppm) is possible to achieve. All elements wíth atomic 
number above 9 (F) can be determined with uniform ac­
curacy and sensitivity. Measurement of lighter elements 
requires a special care and conditions. 

Sample exchange is very easy and requires a rela­
tively short tíme. Also one sili cate ana lysis ( 1 O elements) 
is completed qu ite quickly, in - 3 min utes. It is enabled 
by special large analysíng crysta ls that are approximately 
8-times more sensiti ve then the classica l ones. 

AII above mentioned microprobe analyses and image 
pictures includíng X-ray maps are we ll usable in the min­
eralogy, for finding a mínera! composi tion, growth pro­
fi les, diffusion profiles, potentiall y for a fínding of new 
mi neral species, then in descriptive and experimental pe­
trology for the geothermobarometry calculations, rare 
phase location, investigations of mineral successions and 
re lations among minerals and approximate modal ana­
lysis. 

Our possibilities and experience with electron micro­
probe analysis 

During 20-year history of electron microanalysis 
methods usage in our lnstitute, we have attained many 
experiences with chemical ana lyses. Our possibilities and 
experiences can be summarised as: 

• basic chemical compositions of the rock-forming, 
clay and accessory minerals 

• ore and silicate deposit minerals, including com­
posite sulphosalts and sulphides 

• micro, trace and rare earths element measurcments 
• environmental problems - wastes, heavy metal and 

asbestos distríbution 
• different kinds of geological problems 
• analyses of the crushed stones, construction and de­

coration stones 
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Analytical, Organic, Microbiological, and Hydro-Biological Methods 
Used in Surface Water Quality Evaluation in Slovakia 
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Abstract. This artic le concerns the information about the monitoring of surface water of S lovak ia which is 
perfo rmed every month at I 57 p laces of four river basins. Analytical, organ ie, microbio logical and hydro­
biological determinations are perfo rmed in Geoanalytical Laboratories of Geological Survey of Slovak Re­
public, Spišská Nová Ves. AII the methods which are used for determi natio ns are validated, accredited and 
they are checked by the participation in the interlaboratory comparision. The results are provided for Slovak 
Hydro - Meteoro logical lnstitute in Bratislava which is by the Ministery of Environment in charge of setting 
- up the monitoring of surface water and of the evaluation of results. 

Key words: surface water, ri ver basin district, surface water qual ity, organic factors, bacteria, control of ana­
lytical <late 

Introduction 

Monitoring of Ecological and Chemical State 
of Surface Water 

The surface water quality of Slovakia has been moni­
tored systematically since 1963. 

In 1982 the Slovak Hydro-Meteorological Institute in 
Bratislava took the role of monitoring the quali ty óf sur­
face water in Slovakia. They set up a monitoring network 
that provides a complete and organized survey of eco­
logical and chemical state of every Ri ver Basin District, 
and they di vide water formations into five quality classes. 
Monitoring sites are se lected where a sample of water is 
representati ve for an entire basin . 

The main goals of this network are to determine the 
current state of surface water quality in Slovakia, to iden­
tify and to quantify the main sources of pollution , to 
evaluate the trends of surface water quality development 
in Slovakia, to provide information for The Ministry of 
Environment of Slovakia and water-economic offices for 
their decision process, and to use the analyses for expert 
research and reports. 

Monitoring Network 

The total length of rivers with basins over 5 sq kilo­
meters is 24.777 km. The monitoring of surface water qual­
ity is done in four basins - the Vah, the Hron, the Danube, 
and the Bodrog and the Homad. There are 157 tes ting loca­
tions in all. Since 2001, surface water analysis has been 
provided by Geonalytical Laboratories, accred ited testing 
Laboratories of Geological Survey of Slovak ia. 

The basic method of evaluating surface water qiíality 
is to class ify the surface water according to ST (S lovak 
Technical Norm) 75 7221 , which establi shes five classes 
of water quality: 

1. very clean water, 2. clean water, 3 . polluted water, 
4 . strongly polluted water, 5. very strongly polluted water. 
Monitoring parameters of surface water can be divided 
into two groups, tab. 1: 

Basic factors - which are determined in all testing 
locations twelve times a year. 

Addítional factors - which are determined only in 
specially selec ted river basin sources, and less frequently. 

Table 1. Monitoring parameters of surface water 

Basic factors Additional factors 
di ssolved oxygen, % dissolved total nitrogen 
oxygen 

BOD, COD PO/+, HCOľ, cot 
total dissolved solids, suspended phenol Index- FNI , anionic 
so lids(dried, ignition) surfactants, total cyanide 

Ch loride,sulfate, total alkalinity ch lorophyl "a" 

NH/, N03·, NOľ, total phos- Ca2
+, Mg2+, a+, K+ 

phor 

Saprobic index Fe, Mn, Cr, Cu, Zn, Cd, Pb, 
Ni 

Coliformn organism Hg, As, Al, 

total volumetric activity alpha 
and beta, Sr, Ba 

Organochloride Pesticíde 

Volatile Halocarbons 

Polyn uclear Aromatic Hydro-
carbons 

Polychlorinated Biphenyls 

Triazine Herbicides 

Cyclohexanol , Cyc lohexanone 

Formaldehyde 
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Analytical Methods Used in Evaluation of Surface 
Water Quali ty in Slovakia 

Basic Physical-Chemical Factors 

Proper sampling and storage oť water is essential for 
accurate results. AII water samples are evaluated accord­
ing to STN norms. Sample parameters (e lcments and 
properties) which could change during transportation 
have to be determined in situ (pH, water temperature, 
dissolved oxygen). Sample parameters which change have 
to be also preserved by adding special chemical reagents 
upon extractíon. Cyanids and feno l volatized with water 
steam are preserved with NaOH to pH 11 , to avoíd their 
Ioss. Ca, Mg, Na, K, Fe, Mn, Cu, Cr, Zn, Ni, Pb, Cd, Hg, 
As, AL, Ba are fixed after filtration by Sml/1 of H 0 3 to 
avoid their precipitation. P,0101 is preserved by adding 2 
ml/1 chlorophorm and has to be kept at temperature from 
3 to 4 °c till the expertise. On the day of sampling ie is 
necessary to measure ammon ium and nitrites to avoid 
their oxidation or reduction . 

Biochemical oxygen demand must be determinated 
within 24 hours because the biggest reduction of oxygen 
occurs in the first 24 hours and the resu lts measured after 
thi s tíme will not be accurate. Within 24 hours of samp­
ling it is also necessary to measure e lectrical conductivity, 
phosphates, nitrates, total dissolved solids. lf chemical 
oxygen demand cannot be dete rminated within 24 hours, 
the sample water has to be conserved wíth 2 ml/1 oť 

H2S04, and kept at 3-4 °c. Within 48 hours after ex­
traction , it is possíblc to determinate ch loride and sulfate 
but the samples have to be kept at 3-4 °c. 

Analytical methods oť measurement can be divided 
into the following groups: 

I. spectrophotometric methods - determination of 
NH/, NOľ, PO/ , P,0 ,a., Nwia1., F 1, CN, COD, anionic 
surfactans, 

2. vo lumetric method - the determination oť total al­
kalinity, 

3. ion chromatography - the determination of Cľ, 

0 3·, so/·, 
4. gravimetrie method - the determination of so lids 

(dried and ign ited), 
5. oximetry - the determination of BOD, 
6. JCP-AES - inductively coupled plasma atomic 

emission spectrometry - the determination of Ca, Mg, Na, 
K, Fe, Mn, Cr, Cu, Zn, Cd, Pb, Ni, Al , Ba, Sr, 

-7. HG - AAS - hydride generation atomic absorption 
spectrometry - the determination of As, 

8. AAS - atomic absorption spectrometry - the de­
termination of Hg 

9. Counting - the determination of HC03-, CO/' 

Monitoring of Organic Compounds 

The amount of organic compounds in the hydrosphere 
is growing and so has their harm to the environment. The 
main cause of artificial organ ie pollution is chemical waste, 
due to human acti vity. Organic pollutants are harmful for 
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surface water quality, have the ability to remain in the envi ­
ronment for long periods of tíme, to di spersc widely, and to 
accumulate in tissues hurting the environment and its in­
habitants, even in small concentrations. 

Organochloride pesticíde (OCP) - chemica l substances 
or their mixtures used mostly in agriculture against organ­
isms that harm cu ltural plants or are harmfu l to humans. 

Volatile Organic Halocarbons (VOC) - chlorinated 
organic materials are used such as additives to colours or 
plastics, adhesives, for producing of plastic material s, for 
dcsinfection materia ls, bleach and solvents. 

Polynuclear Aromatic Hydrocarbons (PAH) - a group 
of materials with two or more bensen nuc leus. Basic Poly­
nuclear Aromatic Hydrocarbons are the ťollowi ng sixteen 
compounds: naftalene, acenaftylene, acenaftene, fluorene, 
pyrene, fenantrene, antracene, fluorantene, chryzene, benzo 
(a)antracene, benzo(b )fl uoranthene, benzo(k )íl uoranthene, 
benzo(a)pyrene, indeno( 1,2,3-cd)pyrene, dibenzo(a,h) an­
tracene and benzo(g,h,i)perylene. 

Polychlorinated biphenyls (PCB) - the complex ity oť 
PCB mixture and their thermal breakdown products are 
toxic for environment and people. PCB were added inco 
paints, transťormer and condenser oils, plastic matters and 
caoutchouc. 

Triazine herbicides - chemical mate ria ls used mostly 
in agriculture as OCP. 

Sampling 

The samples of water are taken into glass bottles and 
kept at 4 °c. 

They are not conserved. 

Determination of organic compounds 

Extraction methods, methods of anal yses and detec­
tion limits of monitored organic groups a re shown in the 
following table 2. 

Table 2. Analy1ícal melhods, extractíon melhods and detectíon 
/ímíls oj moníwred organic groups. 

Substance Type of Method Detection limit 
extraction (ugS1

) 

OCP Solid phase GC/ECD 0,003-0,03 
extraction 

voc Purge&Trap GC/FID 0,01-0,03 

PAH Solid phase GC/MSD 0,003-0,03 
extraction 

PCB Liquid liquid GC/ECD 0,003 
extraction 

Herbicides Solid phasc GC/MSD 0,02 
ex trac ti on 

Microbiological and Hydro-Biological Evaluation of 
Surface Water 

Microbiologica l analys is of surface water consists of 
Quality Classification, which rneans the identifi cation of 
harmful bacteria and Quan tity Class i fication , whi ch 
means the exact amount of bacteria. 
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FiJ?ure /: Tabelfaria flocculosa - bacillariophyceae, micro­
scopic, one-celled organism living in c/ea11 water. 
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how they interre la te. The results of microbiological ana­
lyses determine the cleanliness of surface rivers. By the ir 
regular monitoring we al so monitor the environment in 
which we li ve . 

Quality ControJ of Surface Water 

The goal of every analytical laboratory is to produce 
reliable experimental results which guarantee high qua­
litative level and which are comparable wi th other labo­
ratories. Providing such a level depends on all laboratory 
activities, starting with sample preparation , its analysis 
and finally making of a protocol. Each step could be a 
poss ible source of errors. Quality assurance and quality 
control must be elaborated to control each step of ana­
lytica l procedure and therefore minimalize producing oť 
random and systemetic errors. 

Quality control oť analytic dala is assured on two lev­
els: Interna! an Extemal control. 

Used analytical techniques are regularly verificated by 
meteorological characteristics such as precision and accu­
racy of measuríng, stability of signal , amount of noise e. 
g. Long term stability of analytícal signal is monitored 
and evaluated by a regulation diagram. 

1. Interna! control of quality (IK) is provided by ana­
lys is of reťerence materials, multiplying analysis of sam­
ple from the same location, analysis of sample that was 
sampled twice from the same place and analyzed s imulta­

~-----------------------' neously. 

Figure 2: Scenedesmus acuminatus - green, cenoby river weed 
with cel/s in two rows that lives in pla11kto11 and in river bank oj 
moderate/y c/ean water. 

In surface water were determined these groups of 
organisms: 

- Detection and enumeration of coliform organisms, 
thermotolerant coli form organisms. 

- Detection and enumeration of faecal streptococci . 
- Microbiological analysis of surface water. Total 

plate count at 37°C and at 20°C. 
Microbiological analyses identify the groups of bac­

teria that indicate the presence of faecal from both private 
homes and industria! complexes . The presence and con­
centration of these contaminants measure the degree of 
water pollution and their hygienic level. 

Hydro-Biological analysis consists of: 
- Determination of saprobic index . 
- Spectrometric determination of thc chlorophyl-a 

concentration. 
The content of organic saprogenic compounds, which 

are the nutritive source for other microscopic one-or­
more-celled organisms, is detcrmined by hydro-biological 
analysis of surface water. Microscopic identification and 
measurement of these agents is a bas ic step in the deter­
mination of water quality. 

The presence and concentration of particular groups 
of microorgani sms can indicatc the current stage of water 
pollution . By hydro-biological parameters we monitor the 
ecosystem - all the organisms in our environment and 

2. External control of quality is provided by the 
national and international interl aboratory comparisons 
tab. 3. 

Table 3. Extemal contro/ 

Matrix Measurements Organizer 

water drinking - basic physical and che-
surface mical anal ysis 
waste - trace elements 

- special organic analys is 

- ecotox icological tests 

- microbio logical tests 
- hvdrob io logical tests 

water drinking - trace elements PIG Varšava, 
Poľsko 

water drinking - !race elements VKJ Horns-

- basic physical and holm, Dánsko 

chemical analysis 

Tests are performed for bas ic physical-chemical ana­
lysis, the determination of metal and organic pararneters 
in surface water, and fo r the evaluation of hydro-bio­
log ical and microbiological analysis of surface water. 

The eva luation of results of TK control samples is per­
formed by statistical analysis of comparing files of dupli ­
cate analysis, for each parameter separately . The result of 
eva luation is provided in graphical form. An example of 
graph of comparing values of test and control samples for 
nitrate is showed in Figure 3. 
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7 Conclusion 
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Figure 3. Graph oj co111pari11g va/ues oj test and co11trol 
samples fo r nítrite 

Nowadays Slovakia is trying to becomc a member of 
European structures and thal is why it wil l be necessary to 
harmonize all used analyti cal methods applied in moni ­
toring oť surface and underground watcr to obtain com­
parable results. T o achieve this goal the system of quality 
and fu rther education of employecs are needcd to be im­
provecl . 
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The Evaluation of Precision and Trueness of Some W ater Analysis 
Procedures in the Laboratories of Czech Geological Survey 

L UDMILA D EMPÍROYÁ 

Czech Geological Survey, Klárov 3, 11 8 2 1 Prague 1 

Ab.ľrract . In 1he presenl con1ri bu1ion the practi se of CGS laborato ry in expressing precision and u·ueness oť 
so me water results is dea lt wi th . Precision and trueness represent basic metro logical parameters of an analy­
tical method. For thi s cvaluation, sets wi th QC samples o r C RMs are used. Precis ion is characteri zed by 
standard deviation and relati ve Standard deviation. Trueness is expressed by a diffcrence fro m a truc value 
and by recovery o f a C RM . 

The assessment stcps are shown on the alumínium results acquired by ato mic absorption spectrometry 

wi th e lectrotermic atomi zation, on pH measurement pcrfo rmed by a g lass electrode, on conducti vi ty measure­
ments, on analysis o f chloridcs, nitrates and sulphates, determined by ion chormatography and on ana lysis of 
flu orides, determined by ion . e lecti ve e lectrode. 

Precision of conducti vity measurements o f rain fa ll samples is evaluated also by standard deviati on and 
re lati ve Standard deviat ion ca lculated from duplicate samples rather than from QC sampl es. 

The values o f inner laborato ry precision are compared with the precision values publi shed in Standard 
methods, relating IO water quality in the Czech republic. 

Key words: An alyti cal method, assessment of precision and trucness, criteria o f an ana lytical method fit ľor 

purpose, suitability o f a method for appli cation. 

Quality sys te rns that are introduced in chernical labo­
rato ri es, demand permanent check of analytical results. 
Practi sing checks on the ca libration solutions and moni­
to ring an error-free operation o f an anal ytica l instrumen­
tation are desirable for an appropri ate method control. 
Good profíci ency information can be obta ined from 
quality control (QC) samples as well as from different 
sorts of reference material s (RMs). Repeated measure­
ments of samples (duplicates) bc long to valuable assuar­
ance outcornes, too. 

Auention of a laboratory, pa id to its controlling func­
tion , should lead to the declaration that the methods used 
by laboratory are of sati s factory accuracy. Quality assuar­
ance (QA) measurements o fťer many repeatedl y analysed 
QC samples that can be e ffecti vely eva luated and permit 
to make conclusions about trueness and precis ion of a 
method in use. 

Truencss of a resu lt can only be evaluated from a set 
of data with we ll defined mean va lue. Certified reference 
materials (CRMs) perfectl y fulfill thi s requirement. Their 
assigned values are confirmed by a certificate issued by 
the certiťying body. Reference va lues of QC samples can 
be deri ved from thc mass and the volume, in which QC 
samplc is di ssolved. 

An acceptable approach for assessing trueness is the 
express ing a difference o f the analytica l result and the 
certifí ed va lue of a CRM. Further information about true­
ness of the results provides thc value of recovcry that is 
achieved by a tested analytical rncthod on a CRM or a QC 
sa rnple as well. 

ľable 1: fllfo rmation data abolll QC samples used j é precision 
trueness evaluation oj some water analysis procedures 

Element/ Type of a Laboratory A~signcd 
quality samplc mean valuc value 

Al C RM BCR609 50.3 µg/L 47.7 µg/L 
natura l watcr 

pH C RM-buffer 6.86 pH 6.86 pH 

from Mcrck 

Conduc1ivity CRM-conduct. 725 µS/cm 7 18 µS/cm 
std.from Alfa 

Aesar 

cr Laboratory QC 2.66 mg/L 2.70 mg/L 

svnthcth ic 

NCY- Laboratory QC 6.55 mg/L 6.50 mg/L 

svnthethic 

so/ · Laboratory QC l 6.49 mg/L 16.30 mg/L 

svnthcthic 

F Laboralory QC 0.67 mg/L 0.70 mg/L 

svnthcth ic 

The following equations (Standard Methods, 1998) 
are used for calculation a difference (% D) 

% D = f ound value - true va/11e * 1 OO% (1 ) 
true value 

and recovery (% Recovery) frorn va lues give n by table 1 

01 
R fo und value 000 10 e cov ery = .:______ * 1 Yo 

rrue value 
(2) 

The results of calculation are given in table 2. 

Geological S111ve_v ofS/nw,k Hepu/Jlic, Dionýz ŠtlÍr l'ub/i.ľhen. Bratisla va 2003 ISS 1335-096X 



1581 

Table 2: Error assessmelll in rhe control samples 

Element /quality/ D Recovery 
Analytica 1 method % % 

Al/ET AAS + 5.5 105.5 
oH/Glass electrode ±O.O 100.0 
Conducti vit /CDM + 1.0 101.0 

Cľ/ IC - 1.5 98.5 
NO3 ·ne + 0.8 100.8 
SO42 ·ne + 1.2 101 .2 

Fil SE - 4.3 95 .7 

Legend: ET AAS - atomic absorption spectrometry with elect­
rotermic atomization; eDM - conductivity meter; re - ion 
chromatography; !SE - ion selective e lectrode. 

Difference D (%) was calculated according to the for­
mula (1 ), recovery according to (2) . 

The highest difference achieves +5.5% (determination 
of alumínium in water, see table 2), which at the same 
tíme corresponds to the recovery of 105.5% in the CRM 
BCR 609 . lf we regard ±5.0% difference as acceptable 
for good laboratory method performance then from this 
point of view the determination of Al by atomic absorp­
tion spectrometry with e lectrotermic atomization reaches 
the worse score. 

The number of control data, the mean Jaboratory va­
lues in table l are calculated from, is between 20-40 ele­
ments. For quantifying precision of indivídua! data sets, 
that contain repeated measurements of a specific QC 
sample, both standard deviation (3) or relative standard 
deviation (4) can be applied. 

II 2 I ( X; -x) 

s = ' 
i = I 

n-1 
(3) 

o/o RSD 
s 

* l00 o/o = x (4) 

Standard deviation s is calculated according to the 
equation (3), relative standard deviation RSD according 
to (4) . . 

The conclusions about laboratory methods precision 
that were used for the determination of Al , pH, conduc­
tivity, anions (Cľ, N03· , SO/ ) and fluorides (F) were 
drawn from the comparison with the data precision in­
formation of standard methods, that are valid in the Czech 
republic in the field of water analysi s now (see table 4). 
Water examination methods of a laboratory can be regar­
ded as standard methods suitably modified at laboratory 
conditions. 

The laboratories of Czech geological survey achieve 
an european standard in water analysi s in the determi­
nation of pH (method glass electrode) and in the deter­
mination of so/ · (method ion chromatography) - see 
tables 3 and 4. For the rest of the examined methods, their 
precision parametres are slightly worse, but nevertheless, 
these precision paramete rs still meet the laboratory' s re­
quirement on the declared quality. 
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Table 3: Precision assessmenr in rhe set s of conlrol .rnmp/es 

Elcment/quality Analytical Std . Rclati vc 
mcthod dcviation std . 

dcviation 
Al (50.3 u.e/L) ETAAS * 12.0 % 

pH (6.86) Glass 0.02 pH * 
electrode 

Conductivity (725 µS/cm ) CDM 9.4 µS /cm * 
Cľ (2.66 mg/L) JC * 2.6 % 

N03. (6.55 mg/L) IC * 2.4 % 

SO/· ( 16.49 mg/L) IC * 1.4 %, 

F (0.67 mg/L) !SE * 3.6 % 

Legend : ET AAS-atomic absorption spectrometry with electro­
termic atomization ; eDM-conductivity meter; IC - ion chroma­
tography; ISE - ion selecti ve e lectrode. Methods are used for 
water examination in ezech geological survey. 

Additional possibility how to get inťormation about 
method precision from routine analytical work, is from 
the analysis of duplicates rather then from repeatedl y 
reanalysed QC samples . Analysi s of duplicates suít best 
for matrix samples. From the results of duplicate 
analysis standard deviation (5) and relative standard 
deviation (6) are computed as (Uncertainty and 
traceability, 2001) 

II 

L ( X;1 - X;2 )
2 

s = í= I 

2n 
(5) 

II 

°" ( /x-,- )2 L, X;J -X;2 

RSD (%) = ;- 1 

2n 
* 100% (6) 

n is number of pairs, x; 1 , x ;2 the firi3ynd the second 

sample determination, X; arithmetic mean of duplicates. 
(4) . 

As a rule, the analysis of matríx samples gí ves 
results wíth worse precision. A good example of thi s 
effect is the conductivity measurement in rainfall water. 
The ionic strength of these samples is very small, which 
corresponds to the conductivity lower than 50 mS/cm. 
During the conductivity measurement, interfering 
effects, non removable by an operator, counteract. In 
table 5 the measurement results of these extremely low 
concentrated samples of 15 pairs of rainfall waters are 
presented. 

Mean samples conductivity 29.4 mS/cm is an arith ­
metic mean of data in column 4 . Standard devíation 1 .4 
mS/cm was computed after formula (5), relative standard 
deviation 7.1 % using formula (6). 

For comparison: Conductivíty remeasurements of QC 
sample (synthetically prepared from potassium chloride 
by company Alfa Aesar, molarity of KCl 0.005 mol.dm3

·) 

established mean va lue 725 mS/cm, s = 9.4 mS!cm. 

RSD = 1.3%. Sample matrix is a real cause of the Jar­
ger variation of conductivity data in the rainfall samples 
therefore. 
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Table 4: Precision details oj stllndard 111ethods corresponding to the 111ethods used in Czech geo /ogical survey fo r water analysis 

Standard method Element/standard analytical method Sample s/RSD (%) 
ČSN EN ISO 596 1 Cd - 0.9 1 uL/ ET AAS Waste water RSD: 4.2-8.5 % 
ČSN ISO IO 523 pH/range 3- 1 O pH / glass electrode Drink ing water s: O.O 1-0.05 pH 
ČSN EN 27 888 Conduc ti vi ty - 420 uS/cm / CDM Natural water s: 2.23 uS/cm 

ČS E ISO 10304- 1 Cľ - 1 1.04 mg/L / IC 
NOľ - 5.37 mg/L /JC 

SO4 
2

• - 20.02 mg/L /IC 
CSN ISO 10 359-1 F - 0.53 1 mg/L / JSE 

Table 5: The conduc1ivity measurement (duplicales) in rainfa/1 
water. U11i1: µSiem. 

n Xii Xj2 Arithmelic lxwx;2I 
mean 

1 69.4 73.2 71.3 3.8 
2 23.8 22.6 23.2 1.2 
3 50.5 49.2 49.85 1.3 
4 30.7 30.3 30.5 0.4 
5 27.5 27.2 27.35 0.3 
6 40.8 42.4 41.6 1.6 
7 21.3 20.6 20.95 0.7 
8 31.1 31.2 31.15 0.1 
9 27.1 27.9 27.5 0.8 
10 32.1 30.3 31.2 1.8 
II 21.3 15.9 18.6 5.4 
12 14.3 15.0 14.65 0.7 
13 6.0 7.5 6.75 1.5 
14 31.0 31.6 31.3 0.6 
15 15.0 14.6 14.8 0.4 

Summary 

Permanent monitoring of precision and trueness prac­
ti sed on QC samples or certi fied reference materials, 
makes laboratory poss ible to obtain high degree of eon-

Surface water RSD: 2.0 % 
Drink ing water RSD:2. 1 % 
Synthetic waler RSD: 2.0 % 
Synthetic water RSD: 2.2 % 

fidence and reliabil ity in routi ne measurements. As a con­
sequcnce of this finding, when carriyng out routi ne mea­
surements, onl y si ngle determination sati sfies. 

The size of precision and a d ifference from a true 
value of a CRM or a QC sample are parameters that 
decide about measurement accuracy. Both are inherem to 
measurement procedure in a full working range. For prac­
tical reasons it is desirable to determine them in separate 
experiments. Knowledge of both contributions to method 
accuracy is important and necessary in view of a labora­
tory and its cl ients, too. 

The assessment steps applied in the procedures of this 
contribution, retlect fi nal treatment of the resul ts from re­
analysed QC samples and CRMs. The steps chosen 
should be regarded as poss ib le ones fo r correct method 
validation. 
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Fractionation analysis - SPE Study Application 
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Abstrnct. Thc toxicity of metal elements, their mobility in the environment and abi lity to accu mulate in li ving 
and nonli ving systems nearly re late wi th their chemical fo rms. In fo rmation about thei r total concentration 
provides only a littlc information about their potential ri sk. In final period in the tie ld o f envíronmental sci­
ence is collect ing great respect at chemical speciation, which arise from requi sites to detennine conccntration 
especia lly species characterized wi th big toxici ty and mobil ity in the environment. Fractionation is process of 
classificati on of an analyte o r group of analytes from a certain sample accordi ng to phys ical (e.g., size. solu­
bility) o r chemical (e.g ., bonding, reactivity) properties. We have study the effi ciency of Cu , Pb, Cd and Zn 
extraction in dependence on co lumn type and condition ing style. By application both type col umns wi th de­
creasing concentration of e lements in model solutions the extraction eľficiency growth . Maximum extraction 
efficiency was achieved at element concentration in model so lution = I 00 ppm, another decreasing con­
centration makes efficiency invariable. Ad vanced extraction efficiency was achieved by using columns type 
Merck. 

Key words: ľractionation, solid phase extraction (SPE) 

Introduction 

The concept of using an adsorbent material to extract 
trace organic compounds from an aqueous sample was 
developed in the l 980s, and its application has been ex­
tensive ly reviewed (Dressler, 1979, Poole at a l. , 1983). 
Sorbents are now used to ex trac t organic compounds from 
various matrices including water, air and event soil. A sor­
bent with a strong affinity towards organic compounds 
will retain and concentrate those compounds from a ve ry 
diluted aqueous or gaseous sample. Many sorbents are 
spec ificall y suited for the extraction of different groups of 
organic compounds with various degrees of selecti vity. 
One widely used sorbent technique is so lid phase extrac­
tion (SPE). The first step of SPE is to pass a liquid matrix 
through a plastic cartridge or fl a t membrane containing 
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Fíg. 2: Th e e.fficiency of Pb extraction in dependence on column 
type and conditioning style. 
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Fii. 3: Th e efficiency oj Cd extraction in dependence on co­
lumn type and conditio11i11g style. 
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sorbent dispersed on a particulate support to extract ana­
lytes together with interfering compounds (Hagen at al., 
1990). Usually, a selective so lvent is used to remo ve in­
terferences first, and then another solvent is chosen to 
wash out target analytes . SPE has a number of altractive 
features compared to traditional solvent extraction. SPE is 
simple, inexpensive, and uses relatively little solvent 
(Pawliszyn, 1997). 

Experimental 

Model solutions relevant metallic cations were pre­
pared from hydrate their nitrates cleanness p.a. by melting 
in 2 times redi stilled water. Volume of model solutions 
was whenever 100 ml. On preconcentration they were em-

Slovak Geol. Mag„ 9. 2 - 3(2003.) /6/ - 162 

ployed colurnn Merck LiChrolut SCX 500 mg and Strata 
SCX 500 mg with volume 3 ml. Columns were condi­
tioning by two ways. By 2 ti mes redi stilled water with pH 
= 5,09 and by mixture of methano l and 2 ti mes redi sti lled 
water in the ratio of l : J with pH = 6,59 . Model solutions 
were preconcentrated behind tension eur-down at 20 kPa 
by water air pump. Tíme of preconcentration was about 
45 min. The deterrnination of analytes was ca1Tied out 
with flame atomic absorption spectrorneter, the Varian 
model A-20 plus equipped with deuterium lamp for back­
ground correction and air/acetylene flame . 

Results and discussion 

By application both type columns with decreas ing 
concentration of elements in model so lutions the extrac­
tion efficiency growth. Maximum extraction efficiency 
was achieved at element concentration in model solution 
= 100 ppm, another decreasing concentration makes effi­
ciency invari able. Advanced extraction efficiency was 
achieved by using columns type Merck. 
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Toxic Elements in Anthropogeneous Sediments 
of the Banská Štiavnica/Hodruša Ore District - a Bioavailability Study 
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Abstract. A bioavai labi lity study was done in the historical Banská Štiavn ica/Hodruša epithermal vein pre­
cious and base metal ore district on anthropogeneous sediment samples taken ľrorn selected sites (tai li ng 
ponds, durnps, strcarns. al lu vial plain ). 5-step sequential extraction technique was applíed to deterrn ine the bio­
availabili ty of Ag, As, Ba, Bi , Co, Cr, Cu, Hg, Mn, Ni, Pb, Sb, Zn and Cd in 1 1 sarnples. Bond of principal 
and associated ore elernents on the studied mineral fractions ( 1. water soluble. 2. ion-exchangeable and car­
bonate, 3. red uceable - Fe-Mn oxides, 4. sulphide and organic, 5. non soluble) and relative bioavailability 
was specified. According to the total and extractable contents of stud ied elernents the association o ť ri sk ele­
rnents was set for the Banská Štiavnica/Hodruša area: Pb, Zn, Cu, Ag, Mn ± Cd. 

Key words: anthropogeneous sedirnents, hístorical ore di stríct, bioavailab ili ty of toxic elernents, sequential 
ex traction. 

lntroduction 

Historical ore districts throughout the world are often 
affected by the acti vities connected wi th ore mining, 
processing and smelting. Highly anomalous total concen­
trations of potentially tox ic elements - major and minor 
ore constituents - are present in the weathered rocks, soi l 
and sedimenL<;. However, strongly enhanced total metal 
contents do not necessarily endanger the environment, if 
Lhey are not bioava ilable (e.g. sulph ide minera ls encapsu­
lated in quartz or other chemicall y inert minerals) . 

Bioavailability is the proportion of total metals, that 
are available íor incorporati on into biota (bioaccumul a­
tion - du Bray et al., 1995). 

In order to estimate potential ri sk elements associa­
tion , a bioavailability study on anthropogeneous sedi ­
ments of the Banská Štiavn ica/Hodruša ore district was 
done (Marsina et al. , 200 l ) in the frame of the project 
.,Metallogenic evaluation of the Slovak republic" (Lexa, 
1998). 

The study area 

Banská Štiavnica precious and base metal ore district is 
one of the largest in the Carpathian are. It is situated in the 
centra) zone of the biggest andesite stratovolcano in the 
whole Carpatho-Pannonian area (diameter almost 50 km), 
inc luding a caldera (20 km in diameter), resurgent horst and 
an extensive subvo lcanic intrusive complex. Extensive and 
long li ving hydrothermal systems gave ri se to one of the 
richest mining districts in Europe. There are about 120 
veins at the area of 100 km2 bearing low sulphidation epi­
thermal precious and base metal mineralisation . Quartz 
veins are up to several km long, with carbonates and K­
feldspars as gangue minerals and predominantly sulphides -
chalcopyrite, galena, sphalerite, pyrite (mi nor sulphosalts) -
as ore. 

Banská Štiavnica area is well known for its hi storical 
mining acti víties which have begun more than cwo thou­
sands years ago by Celtic people. Mining spectacularly 
flouríshed in the 18th century. An estimate of Lhe total out­
put of mines based on míníng archí ve data stands at 80 tons 
of gold and 4 OOO tons of sil ver. Base metal productíon 
(mainly sulphídes) dominated duríng the 20th century from 
deeper parts of veins. Roughly 70 OOO t of Zn, 55 OOO L of 
Pb and 8 OOO t of Cu was produced (Lexa et al., 1999). 

Methodology 

In the .firsl stage 16 samples of anthropogeneous sedi­
ments from selected sites (tai ling ponds, dumps, streams, 
alluvial plaín) were taken and analysed for total contents 
of 23 elements and compounds in the Geoanalytical labo­
ratories of the Geological Survey of Slovak republic -
Spišská Nová Ves by AAS - atomíc absorption spectro­
metry, ICP - AES - inducti ve ly coupled plasma-atomic 
emission spectrometry, XRF - X-ray fluorescence spec­
trometry, high-temperature oxidation, gravi metry and 
volumetry. The fraction <0, 125 mm of stream and alluvía l 
pl ai n sediments was analysed. In the case of Lai ling pond 
sediments and weathered material from dumps, the whole 
sample analysis was done. 

In the second stage 5-step sequential extractíon tech­
nique after Tessier et al. ( 1979), modífied by Fiedler et. al. 
( 1994) was used to determine the bioavailabilíty of Ag, 
As, Ba, Bi , Co, Cr, Cu, Hg, Mn, Ní , Pb, Sb, Zn and Cd in 
11 anomalous samples. 

Sequential e.x.traclion techniques (speciations) help to 
explain the physicochemical processes of the meta l fixa­
tion, mobility and transport . There are Lwo meanings of 
the specíation: 

1. lt indicates a procedure, which di stinguishes spe­
cific elemental form (monoatomic / molecular) or confi-
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Table 1. Associa1io11 of risk ele111en1 c0111eno· wi1h s1udied mineral fra ctions 

ELEMENT CONTENTS IN FRACTIONS (mg.kg"1
) 

SAMPLE FRACTION Ag As Cd Cr 

I -0.5 0.4 -0.5 - 1 

2 -0.5 -0. 1 3.1 - 1 

1 3 67.2 9.6 4.6 -1 

4 1.3 0.9 0.6 - 1 

5 24.2 67.9 0.5 17 

1 -0.5 -0.1 -0.5 - 1 

2 -0.5 -0.1 13.9 3 

2 3 2 2 3 8 

4 1.1 3.5 16 2 

5 4.9 22.7 8.9 22 

1 -0.5 -0.1 -0.5 - 1 

2 -0.5 -0. 1 10.9 - 1 

3 3 1.5 1.4 4 4 

4 0.7 2 14.8 - 1 

5 2.6 16.4 7.8 15 

J -0.5 0.2 -0.5 -1 

2 -0.5 -0. 1 3.8 -1 

4 3 -0.5 -0. 1 60 20 

4 -0.5 5.4 5.7 26 

5 -0.5 145 0.8 20 

I -0.5 0. 1 -0.5 -1 

2 -0.5 -0. 1 1.5 -1 

s 3 10.8 6.2 0.7 -1 

4 1.2 0.3 -0.5 -1 

5 6 47.9 0.4 29 

1 -0.5 -0. 1 -0.5 -1 

2 -0.5 0.1 14.4 -1 

6 3 12.7 4.5 13.7 - l 

4 0.5 2.4 41.9 - 1 

5 38.6 ss.s 50.9 13 

Table 2. Association oj risk elemenls with s/udied mi11eralfrac1io11s: 

1. Water soluble fraction: 

2. Ion-exchangeable and carbonate frac­

tion 
3. Reduceable fract ion (metals associated 

with Fe-Mn oxides) 

4. Sulphide and organ ie fraction 

5. Non soluble fraction (metals fi xed in 

c stalline lattices) 

Table 3. Bioavailability of risk element.s(%) 

HIGH 

100 95 90 85 80 75 70 65 

Pb 

Mn 

Zn, Cd, Cu 

None 

Mn, Pb, Zn, Cd 
(Cu) 

Ag, Mn, Pb, Zn, Bi 
(Cu, Cd. As) 

Cu, ZnCd 
(A , Pb, As, Bi) 

MEDIUM 

60 55 50 45 40 35 

Ag,Hg 

Cu Mn Pb 

- 1 43 3 

28 3 557 2 

80 13 190 735 

28 265 24 

42 o? 73 

-1 18 3 

136 6 826 900 

81 2 054 616 

1134 299 77 

391 2 513 273 

-1 6 4 

98 4 192 943 

63 1 192 816 

753 171 190 

237 839 262 

-1 45 -2 

-1 614 -2 

- 1 90 240 9 

122 1 865 116 

45 2 406 42 

5 56 13 

79 245 439 

134 1 619 1 564 

58 92 94 

174 898 1 020 

5 20 33 

221 868 4470 

761 675 8 630 

11260 72 2 476 

7 967 355 7 577 

LOW VERY LOW 

30 25 20 15 IO 5 

As, Ba 
Cr 

Sb 

Sb Zn 

-0.1 4 

-0. 1 443 

0.8 589 

-0. 1 157 

19.2 355 

-0. 1 4 

-0. 1 2 204 

0.3 595 

-0. 1 3 088 

12.4 1 247 

-0.1 2 

-0.1 1 544 

0.3 784 

-0. 1 2 678 

11.7 1 130 

0.4 12 

-0. 1 132 

3.6 19 200 
1.2 3 042 

54.8 4 864 

-0.1 45 

-0.1 160 
1.1 300 

-0.1 12[ 

16.7 229 

-0.5 16 

0.6 2 484 

0.9 2 518 

-0. 1 8 660 

12.3 10 260 

o 
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guration of the e lement. Distingui shed forms represent 
various chemical individuals (ions, complexes, organo­
metallic compounds etc.) 

2. It determines indivídua! elemental forms differing 
in physicochemical conditions as so lubility and ex tracti­
bilíty by various so lvents . Sum of the element contents 
extracted in single so lvents represent the total content of 
the element in the sample. 

5-step sequential extraction technique after Tessier et al. 
(1979), modified by Fiedler et. al. (1994) was applied in 
our study. Following elemental forms/fractions were deter­
mined and solvents used: 

1. water soluble fraction - elements predominantly in 
form of inorganic salts. 

distilled water 

2. ion-exchangeable and carbonate fraction - ele­
ments main ly adsorbed on inorganic salts and carbonates, 
released into the water, if neutra! conditions change into 
slightly acid conditions. 

O, 11 M acetic acid 

3. reduceable fraction - metals associated with Fe-Mn 
oxides, which are thermodynamically unstable and release 
e lements into the water by the redox potential changes. 

O, 1 M hydroxylamine hydrochloride 

4. organic and sulphide fraction - elements bound in 
organic matter and sulphides. They are released into the 
water as a consequence of the organic matter ox idation 
and degradation / decomposition of the s ulphides by the 
changing physicochemical conditions. 

8,8 M hydrogenperoxide 
1 M ammonium acewte 

5. non soluble fraction - elements fixed in crystalline 
lattices of pri mary and secondary minerals 

mixture ofHNOJ, HF and HCl03 

Certified reference materi al of the stream sediment 
CRM 601 was used for the quality control testing by com­
paring measured and certified values. The above material 
was prepared by the European commiss ion far reference 
material (BCR). 

Discussion of the resull,; 

The results of the bioavailability study are di scussed 
on the basis of 6 samples representing various contamina­
tion sources and thei r pathways. Association of risk ele­
ment contents with studied mineral fract ions is shown in 
Table 1. 

Sample 1: sedi ment from tailing pond „Suchý tajch" 
with material from earlier precious meta l ore process ing 
with the high ly anomalous contents of Ag, Mn and ano­
malous content of Pb and Zn, associated with fractions 
3 (Fe-Mn oxides) and 2 (ca rbonates). Sulphides do not 
play an importanl role in this type of sediments. 

Sample 2, 3: sed iments from tailing ponds „Lintich" 
and „7 žien" with material from later base metal ore proc­
essing with the highly anomalous contents of Cu, Cd, Mn, 
Pb, Zn, associated with fractions 4 (sulphides and organ-
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ics), 2 (ca rbonates) and 3 (Fe-Mn oxides) . In the contrary 
to the sample I sulphides are the dominant mineral frac­
tion in these sediments. 

Sample 4: stream sediment from outflow of the main 
dewatering gallery „NOŠ" with material from the Banska 
Štiavnica/Hodruša are di strict with the hi ghly anomalous 
contents of As, Cd, Sb, Mn, Zn associated with fractions 
3 ( Fe-Mn oxides) and 4 (sulphides and organics). Several 
km transport of the material caused dissolving of carbo­
nates and higher contents of Zn Cd, Mn (d ue to better 
mobility) compared to Cu, Pb. 

Sample 5: alluvial plain sediment from the river Štiav­
nica watershed which drains the ore district wi th the 
highly anomalous contents of Ag, Pb, Cu and anomalous 
content of Zn, associated with fractions J ( Fe-Mn oxides), 
2 (carbonates) and 4 (s ulphides and organics) represent 
the „classical "principal ore element association. 

Sample 6: weathered minerali sed rock debris from the 
dump near the „Nová šachta" (New shaft) with are ma­
terial from Iater base metal ore processi ng with the highly 
anomalous contents of Ag, Bi (66.8 mg.kg·'), Cd, Cu, Pb, 
Zn and anomalous content of As, associated with frac­
tions 3 ( Fe-Mn oxide!>), 4 (sulphides and organics) and 2 
(carbonates) represent the base metal are enriched in Cu 
(copper is characteristic far the deeper parts of the ore 
vei ns), Ag and Bi (present in sulphosa lts, Kovalenker et 
al., 199 1 ). 

Association of ri sk elements with studied mínera) frac­
tions summari ses Table 2, bioavailabi lity of ri sk elements 
in the Banská Štiavnica/Hodruša ore di strict is shown in 
Table 3. 

Conclusion 

The results show the variability of the anomalous ele­
ment distribution in anthropogeneous sediments of the 
researched area. 

According to the total and extractable contents of 
studied elements the fo llowing association of ri sk ele­
ments was set for the Banská Štiavnica/Hodruša area: 

Pb, Zn, Cu, Ag, Mn ± Cd 

The number of studied samples allowed us to point only 
on some contamination sources of the are district. lt is ob­
vious, that quantitative ri sk assessment at the Banská Štiav­
nica/Hodruša ore d istrict will require additional exact data 
on bioavailability of the ri sk elements in various media . 

T he applied 5-step sequential extraction technique has 
shown good results and could be recommended far further 
research . 
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Quality of Some East-Slovakian Lake Sediments 

SILVIA RUŽIČKOVÁ and MIKULÁŠ MATHER Y 

Department of Chemistry. Fakulty of Metallurgy. Technical Univers ity of Košice, Letná 9, 042 00 Košice, 

Slovak Republíc, e-mai l: Si lvia.Ruzickova@tuke.sk, Mikulas.Matherny@tuke. sk 

Abstract. Lakc sediments were obtained down the axis of reservoirs "Bukovec" and "Domaša" namely from 

the inflow of feedi ng lapse till to the ou tlet. The thermogravimetric analyse (TG) and differencial thermal 

analyse (DTA ) dependences at actual 1empera1ure, which s lope was mai nfy linear, were observed. The mass 

loss in the so me definite temperature ranges was regarded in the TG curves. The exothermic maxima and the 

endothermic minima in the DTA curves we cou ld distinguish. The exothermic maxima were caused wholly 

by burning of organic parts of studied sediments. 

Key words: lake sediments, mineralogy of sediments, thermogravimetry, differential thermal analysis 

lnlroduction 

The water rescrvoirs " Bukovec" and " Domaša" are 

the typical so-called tlow lakes. The water sources, 

streams and small rivers input on the northern entry end. 

This tlush soil substrates from hanging wall and then 

form lake sediments. The phase composition of these 
sediments is considerably monotonous and homogenous 

along the lake axis. Sediment is made of 70 % of fine­

grained quartz, 7-20 % of mica like clay minerals, and 

considerably variable and inhomogeneous organic part 

(Hucko & Šumná, 2000). These are mainly non-polar 

extractable organic mauers. 
Water and hydroxyl ions in mineral components 

(Konta, 1952; Matherny, 2002) of flow lake sediments 

features considerably different forms of appearance 
(Fig. 1). In principle, this occur is di vided into two 

groups. These are the chemical-bonded water and phy­
sical-bonded water, as well. The transition between these 

two forms is possible but hig hly complicated. On the 

other hand, osmosis and adso rption play an important 

role in thi s process. The strongest bond of the chemical-

Chemical bounded 
water 

Hygroscopic (adsorbed) 
water 

Movable (osmotic) 
water 

Physical bounded 
water 

Fig . 1 The water boundin[: Jrmns oj the 111i11erals 

bonded water is mediated via the hydrox yl anions. This 
bond is released at high temperatures (650 - 850 °C) and 

crysta l s tructure of water is destroyed during thi s process. 
At the considerably lower temperatures (150 - 450 °C) 

the crystal and hygroscopically (adsorbed) water, which 

is bonded in interplanar areas of crystal structures, is 

loosen. The hygroscopic, adhesive water, is loosen at the 

lowest temperatures ( 100 - 135 °C). 
Decomposition temperature of carbonates is differenl; 

it starts nearly 850 °c and terminates nearl y 1050 °c. 
Quartz is characterized by very compactness structure. 

Hence, quartz does not contain water neither hydrox yl 

ions. Merely, the shift betweeŕl a and ~ quartz modifi­

cations manifest a weak endothermic maximum (Maken­
zie, 1957). 

C= 10A 

"' -····' -· ··· · 

Q . . 
, 

. .. 
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Fig. 2 771e strucrure of the illite 
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Fíg. 3: The T. TG, and DTA curves oj the isolated illite minerals. 

Another frequcnt constituen ts of lake sediments are 

clay micas. Thcse o riginate via weathering of acid and 

intcrmed iate igncous rocks (Bctechti n, 1955). These are 

humus constitucn ts ( ary-Szabo, 1965) and are products 

of muscovite hydrolysis in association with montmori llo­

nite and kaolinite. The clay micas are transportcd into 

water reservoars by rainfalls from the areas above the 

water structure. The epitome oť the clay micas is mineral 

illite (Kodera CL al. , 1977). The illi te structure illustrates 

Fíg. 2. lt is three- layer mineral type with non-expanded 

structure (so-called mixed structure). Potass ium positions 

are substituted by water molccules and thcsc molecules 

releases at low temperaturcs during thermo-chemical 

reac tions. On the other hand, oxygen subrogating hydra-
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Fig. 4: Th e T, TG, and OTA curves of rhe real lake sediment 

xy l ions releases over the rmal fronti er 420°C in the SiO4 

tetraeders (Konta, 1957; Slavík et al., 1956). These endo­
thermic responses of lake sed iments containing clay mica 
overlaps with exothermic responses oť organic com­
ponents. The temperature interval of thi s response is from 
220 °c to 500 °c. Considering the loss of sample during 
the combustion process, these processes seem like a !oss 
of mass in the thermo gravi metrie curves. ln the interest 
of water identifica tion in the lake depos its minera ls, the 
samples were subjected to thermo chemical analysis . 

Experimental part 

Samples were subjected to thermo-chemical analysis 
on Derivatographe MON instrument and data were re­
corded e ither by photography or by MON recorder. The 
measurement was performed in the temperature interva l 

· from 20 °c to 950 °c. Thermogravi metric, temperature 
increasement, and differenti al thermic analyze records 
were scored. To dete rmine the presence of illite, TGA 
and OT A rccords were performed by means of settling 
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mclhod of pure illite (Fig. 3). Jr is cvidenl from a record 
thal dchydration of illite lakes place in three slages. The 
first stage represents a leakage of physica l bounded water 
with adso rpti on charac ter from 45 °e to 140 °c. The 
rcs idue of strongly bounded water leaks out at tcmpe­
rature between 150 °e and 220 °c. This water 
substitute particularl y K+ ions and occurs amon g Si04 

tctraeder layers. The third stage of dehydrati on is 
associated with abso lute destruction of ill ite structure 
(OH" ions release) and occurs ľrom 5 1 O 0e to 700 °c. 
Tbc first inflection point is found at 95 °c, the second 
fl ex is at 605 °e. 

Discussion 

The samples come from the fresh water reservoir Bu­
kovec and from south-northern direction of the cwage 
basin Domaša. As it can be seen above, TGA and OT A 
records of partic ul ar samples of lake sediments diffcr 
from the illile rccord. The lake sediment samples al so 
showed an exolherrnic maximum of thermic destruction 
of organic portion of lhe lake sedirnents. Thus, the slruc­
ture destruction is associaled with a leak of products of 
therrnic decomposition (Fig. 4). The thermic decompo­
sition of organic share begins already near temperature 
180 °c and stops at 525 °c. The inflec tion point of the 
process is found al 325 °c. The record quits by en­
dothermic minimum of reduction of Fe-oxides al 745 °C. 

The val ues oť TG and DT A curves oť lake sediments 
from the water basi ns Bukovec and Domaša are similar to 
each other. Thc signilicant clay constituent remains illitc 
in sediments from Bukovec and Domaša. Sediments from 
Bukovec contain approximately constan t amount of 
organic share in dry matter (c irca 2 %). On the other 
hand, sediments from Domaša are characterized by signi­
ficantly higher fluctuation oť the organ ie share (c irca 4 % 
- 6 %). This fact is quite comprehensive because of vaster 
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Domaša's hanging wa ll and intense agricultural activit ies. 
Thi s act ivi ly requires con tinual app licalion uf agroche­
micals that are ílushed by rainfall to Domaša basin. Some 
part of these che rnica ls is water insolubíle and is adsorbed 
by surface-acti vc components as clay; and so chcmicals 
are anchored in lake sediments. 

Conclusion 

Finally, it can be stated that lake sediments from both 
Bukovec and Domaša basins contain a mass of flínt that 
is dominant component, next clayey mica, and organic 
share. The content of carbonates is weak and atypica l. 
Thermic ana lyze showed that illite is a typical clayey 
consti tuent of the lake sed iments. The presence of the 
organic share was conlirmed by exothermic maximum on 
the OT A curves. This exo thermic process complicates 
emission atomic detcrmination of the mi nor and trace ele­
ments of these sediments. 
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Monitoring of Persistent Organic Pollutants in Environment 
of Slovak Republic 

DANKA ŠALGOVIČOVÁ, ZUZANA SASK0VÁ, ANGELA SVÉTLÍ.K0VÁ and SLÁVKA KRÍŽOVÁ 

Výskumný ústav potravinársky (Food Research lnstitute), Priemyselná 4, 824 75 Bratislava 

Abstract. In the article monitoring results of POPs in selected parts of environment are presented. Ten of 

twelve POPs were monitored in the Slovak Republic. The monitoring was provided by workers ofthe Mini s­

try of Agriculture SR, the Mini stry of Health SR and Ministry of Environment SR. 

Apparently. obtained results from monitoring of food and biota do not reveal a discontented s ituation . 

There is not even a documentary negatíve trend, but this problem must be taken into consideration in order 

to minimize penetration of POPs into food chain and consecutively into consumers diet. 

Key words: perzistent organic pollutants, monitoring, soi l, food, feed, water 

Perzistent Organic Pollutants (POPs) are chcmical 
substances that remain intact in the environment for long 
periods. They become widely distributed geographically 
and accumulate in the tissue of plants and living orga­
nism. However they are toxic to humans and wildlife 
their persistence enables them to be transported by air, 
water to remote rcgions where they have never been used. 
Chemicals as dioxins, polychlorinated biphenyls and or­
ganochlorinated pesticides can be ranged into this group. 

lt was observed an interesti ng coherence among ex­
posure to POPs and a wide range of effects on human 
health including cancers, skin desease, nerve and mental 
disturbance, exchange of immune system, reproduc­
tional disturbance, etc. These substances act as a greatly 

negatíve in human tissues . Above mentioned com­
pounds can be cummu lated in human milk and post-leak 

into the sucklings bodies. Even in minima! concentra­
tions they have significant impact on the development of 
brain. 

Although POPs include a wide range of chemicals, 
much of the research is directed toward 12 chemicals that 
include 3 main groups (by Intemational Programme of 
Chemical Safety , 1995): 
• Pesticides - Aldrín, Chlordan, DDT, Die ldrin , Endrin, 

Heptachlor, Mirex and Toxafen 
• Industria! chemicals - Hexachlorbenzene and PCBs 

• Unwanted by-products of various industria! proc­
esses - Dioxins and Furans [ !] . 
Ten of twelve POPs were monitored in the Slovak 

Republic. Following table of monitored POPs in several 
parts of environment was worked out on the basis of the 

studied analyses. 
The main aim of POPs monitoring was to give in 

detail analyse of their actua l situation in all parts of envi­
ronment and human population and to prepare a proposal 

for their future monitoring. 

The specific aím was to summary the condítíon of 
existing information on monitoring of POPs in environ­
ment and human population of Slovakia and to evaluate 
the revelance of thís subject to Environmental Monitoring 
in the Slovak Republíc . 

Following sections dealing with POPs monitoring at 
present: 
• Environmental section 

• Health section 

• Agricultural section 
Monitoring of POPs within the framework of the envi­

ronmental department is engaded by the Geological Sur­
vey of Slovak Republic and Conservation and Slovak 
Hydrometerological lnstitute. These organizatíons are 
able to carry out monitoring of POPs in surface water, 
waste water, sediments and water living being creatures. 

The POPs are monitored at health department by the 
Institute of Preventive and Clinical Medicíne, State 
Health lnstitute of Slovak Republic and eighteen Health 
Care Institutions. These organizations are dealing with 
monitoring of foods, air, water, sediments, human milk 
and human materials. 

Monitoring of POPs at agricultural department is per­
formed by Centra! Control and Testing Agriculture Insti­
tute, Research Institute of Water Management, State 
Veterinary and Food Administration, Institute of Soil Sci­
ence and Conservation, the Slovak Water Managment En­
terprise and its organizations (The Hron River Basin, The 
Vah Ri ver Basin, The Danube River Basin, The Bodrog 
and Homad River Basin, Hydromelioracie) and the Food 
Research Inslitute. The agricultural department ensures 
monitoring and analysing soi l, sediments, water, feeds, 
water and forest animals and different types of foods. 

General 26 organizations were assigned to the moni­
toring of POPs which provide resulls of ana lysed and 
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Table - Summary proce.ued q11estionnaire about several commoditie.\' 

= = c,i = ·c: ·c: '0 f-, 
Commodity '0 

J., Q '0 o ~ < :a A o u 

Emissions 

Ground-water X X X 

Surface-water X X X 

Irrigation water X X X 

Feed water 

Drinking water X X X 

Wastewater X X X 

Rain water 

Recreational water X X X 

Agricultural soil X X X 

Anthrophogenic sediments X X X 

Wastes X X X 

Plant oroduction X X X X 

Anima! feeds X X X 

Water living being animals X 

Forest animals and birds X 

Animal production X X X X 

Human milk X 

Human material X 

Foods and drinks X X X X 

Another X X X X 

X 1- Additional initiative monitoring 

evaluated contents of aldrín, chlordan, DDT, dieldrin , 
endrin , heptachlor, HCB , PC B, dioxins and furans . 

Average findings of monitored c hemicals do not 
shown values approaching req uired limits. Only PCBs, 
aldrín , DDT and HCB were monitored regularly. Others 
POPs were monitored only occasionally (endrin, dieldrin 
a heptachlor), or nol at a ll (mirex, toxafen) . 

POPs in agricultural soi l have exhibit a decreasing 
tendency. Resu lts of point charging soils show high con­
centration of PCBs only. 

Apparentl y, obtained resul ts from monitoring of food 
and biota do not reveal a discontented situation. There is 
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not even a documentary negatíve trend, but th is problem 
must be taken into consideration in order to minimize 
penetration of POPs into food chain and consecutively 
into consumers diet [2] . 
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PCBs and Dioxins in Sediments and Surface Waters 
of the Michalovce Region 
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Abstract. 21 sediments (Zemplínska Šírava - water reservoir, Laborec River, Veľká Domaša - water reser­
voir, Ondava Ri ver, Váh Ri ver, Nitra River) and 11 samples of surface water (Zemplínska Šírava - reservoi r, 
Morské oko Lake, Vinianske Lake, Laborec Ri ver) were analyzed for polychlorinated dibenzodioxins 
and dibenzofurans (PCDDs/Fs) and polychlorinated biphenyls (PCBs) including mono-ortho-substituted 
and planar congeners. 

The content of PCDDs/Fs in sediments was determined by the US EPA 1613 method using high­
resolution mass spectrometry (HRGC/HRMS). In total, 17 "dioxín" congeners and l 2 mono-ortho-substituted 
and planar toxicologically important PCB congeners were analyzed in the samples collected. 

Analysi s of PCBs in sediments was done by low-resol ution mass spectrometry (modified US EPA l 668) 
and in surface water samples by the method of gas ch romatography with electron capture detection. 

Samples were collected from December 2002 to May 2003. The obtained results point to carryi ng over 
contamination wi th PCBs in the Michalovce region . 

Key words: sediment, surface water, PCBs, dioxín, PCDD/Fs 

Introduction 

The env ironmental fate and beha vior of indivídua! 
PCB congeners are influe nced by physica l-chemical 
properties, mainly by volatility, water solubility 
and lipophilicity. Less chlorinated congeners have 
higher vapor pressure and are more water-soluble than 
hi gher chlorinated ones. The congeners with hi gher 
number of ch lo rines are more lipophilic. These diffe­
rences influence composition of indivídua! conge ners in 
different environmental matrices. PCBs present in sur­
face water are adsorbed on particulates, accumulate in 
sedirnents and subsequently concentrate in ti ssues of 
water organisms. Due to the ir possible mobilization 
from sedirnents, accurnulation in the food chain, and 
finally in the human body they represent a polential ri sk 
fo r human health (Sal izzato et a l. , 1998). Major sources 
of environmental contaminatio n with PCB s in the Slo­
vak Republic are PCB produc tion in eastern Slovakia 
during the period of 1959- 1984 and PCB use . In total , 
2 1,482 tones of PCB formulations were produced there . 
lt has been dec lared that 1 1,6 13 t were used ins ide fa r­
mer Czechoslovakia chiefly as heat exchanger fluid s, 
capacitor and transformer die lectric fluid s, and paint 
addi ti ves. Jt is esti mated that about 1,600 to nes of PCB 
was tes were ge nerated during the production . PCBs are 
posi ti ve ly detected in a ll env iro nmenta l compartments 
o f Slovakia suc h as air, surface water, sediments, so il , 
foodstuffs and human bio logica l tissues as we ll (Kočan 
et a l., 1998) . 

Sediments from the area of former PCB production in 
Slovakia show high va lues even 14 years after its ceasing 

- up to 4.1 mg.kg-• (avg. 0.3 mg.kg" 1
) (Kočan et al., 1999, 

Petrík et a l. , 2001). Sediment PCB leve ls from water 
bodies from the other areas of Slovakia range betwee n 
0.01-2.8 mg.kg" 1

• Samples with high content of PCBs 
come main ly from the areas of high industria! ac ti vities. 
The measu-rements conducted in 1983-2001 document 
that 24 % of surface water samples (SHMÚ, 2003) con­
tained more than IO ng PCBs/L - recommended maxi­
mum concentration. 

Material and methods 

The sedime nt samples for th is study were co ll ected 
using UWJTEC sampler and/or manuall y with a scoop. 
The water sampl es were co llected accord ing to ST 
ISO 5667-4,6. Collection of sediments was performed 
from October to Decembe r 2002 and water samples in 
M ay 2003. AII samples were processed immed iate ly 
after deli ve ry to the laboratory. 

Determination of PCDDIF/dioxin-Like PCBs in sediments 
(HRCC/HRMS) 

The sediment was dried at max. 50 °C, grinded and 
sieved. The fraction below 2 MM I.D. was used for next 
process ing. Approxirnate ly 5 grams oť homogenized 
sample was ex tracted in Soxhlet apparatus after spiking 
with a known amo unt 13C 12 labeled ex trac t standa rds. 
T he tolue ne extract was after concentration c leaned-up 
by a mod ified s ilica co lumn . The fina l e luate was fracti­
onated using basic alumina a nd s ubsequentl y by an acti ­
vated carbon co lumn . After evaporati on to dryness the 
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sample was reconstituted with known volurne of Lhe 
syringe standard and analyzed by HRGC/HRMS in MID 
(Multi Ion Detection) mocte . lndividual PCDD/Fs and 
dioxin-likc PCBs were identified by comparing GC 
retention time and ion-abundance ratio of two exac t m/z 
's wilh the corresponding retention tíme of an authentic 
Standard and the theoretical or acquired ion-abundance 
ratio of two exact m/z' s. Quantitation was done by iso­
tope dilution mass spectrometry technique using calib­
ration standards containing 13C 12 labeled and unlabell ed 
congeners according to USEPA 1613 and USEPA 1668 
methods. 

Determination oj other PCB congeners m sediments 
(HRGC/LRMS) 

The samples were prepared as written above. Horno­
geni zed sarnples were extracted wi th n-hexane/diethyl 
ether rnixture . The clean-up procedure was performed on 
an H2SO4/silica column . Quantification was carried out by 
high-resolution gas chromatography (HRGC) wi th low­
resolution mass spectrometry (LRMS) in a single ion­
monitoring (SIM) mode using USEPA 1668 method. 
More details are given in (Petrík et al., 2001 , Kočan et al., 
1994). 

Determination of other than dioxín-Like PCBs in surface 
water samples (HRGC/ECD) 

Surface water samples spiked with clean-up standard 
were fi ltered . Combined ex tracts from the aq ueous and 
solid portions were cleaned-up on a florisi l-silica/H2SO4 

column. The el uates we re allowed to evaporate to dryness 
and subsequently were reconstituted with the syri nge 
standard solution. HRGC/ECD conditions and method of 
quantitation are given in detail in (Kočan et al. , 1999, 
Krupčík et al. , 1992). 

Results and discussion 

The results of „d iox ins" and PCBs in sediments and 
surface water samples from different sampling sites of 
Slovakia are presented. Just PCB analyses were perfor­
med in water samples. 

It is obvious from the results of surface water samples 
(Tab le 1) that the conlamination o ť waterways is not on 
very high leve l even though the va lues from Zemplínska 
Šírava and the river of Laborec are still slightly above the 
recommended limit (10 ng. L.1

) fo r surface water in the 
Slovak Republic (Regu lation 491, 2002). We found o ut 
almost the same va lues as were determined in the previ ­
ous stud y (Kočan et al., 1999). 

As ít can be seen from Table I the highest con­
centrations were determined in Zemplínska Šírava (samp­
ling sites inflow and ou tflow canals) . These samples were 
taken below the Chemko Co. effluent canal rncrges the 
Laborec Ri ver. Laborec is the main source, which the 
reservoir is filled from. Sampling sites ZŠ Paľkov and 
Kamenec located on the eastern side of the reservoi r wi­
thout direct influence of Laborec waters present a little bit 
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lower level of PCB poll ution . Simi larly, rather low values 
were determined in thc forest lakes Morské oko and Vini­
anské Lake. Bolh these ecosystems have no direct 
(through lhc river of Laborec and/or ZŠ) connection to 
contaminated industria! effluent canal of Chemko Co. 
Low PCBs were also found in Laborec abo ve the former 
producer (Chemko Co.). Atmospheric deposit ion is the 
most probable contributor of PCBs to these waters. 

Table 1 Concentration oj PCBs in surface waler samples. 

Kočan et al., This study 
1999 

n!!.L·' 

Zempl. Šírrava (B iela h.) 20 20.7 

Zemp l. Šírrava (Medvedia h.) 19 25 .3 

Zempl. Šírrava (Ku sínn) 14 -

Zempl. Š írrava (Palkov) - 15 .3 

Zempl. Šírrava (Kamenec) - 14.4 

Zempl. Šírrava (Hôrka) - 24.6 

Zempl. Šírrava (inflow canal) 55 43 .3 

Zempl. Šírrava (outflow canal) 17 29.3 

Laborec (above Chemko co.) 13 7.0 

Laborec (below Chemko Co.) 68 -

Čierna voda Channel 16 -

Senné fish ponds 10 -
WWT plani (outflow canal) 64 -
Effluen t ca nal (Chemko Co.) 1950 -
Merged canal (WWT- 1338 -
plant+Chemko Co.) 

Domaša 7 -
Ondava 9 -
Olšavka IO -
Morské oko (inflow) - 4.0 

Morské oko (out fl ow) - 5.4 

Vinianské Lake - 8. 1 

Sediments analyzed withín this study were sampled 
from different water bodies around Slovakia. By assump­
tion the highest values of PCBs and „dioxins" were de­
lermi ned in sedi ments from the industri a! - effluenl canal 
from the factory of Chemko Co.) . The increased values 
were observed also in sediments from the river of Labo­
rec and Zemplínska Šírava as we ll. The other watercour­
ses (Nitra and Váh) show PCB values on the backgr.ound 
leve ls measured in the previous study (Kočan et al. , 
1999). Comparison of PCB data measured in Zemplínska 
Šírava sediments collected in 1997 /98 ( Kočan et al. , 
1999) and 2002 (thi s study) is shown in Fíg. I. 

The results of PCDD/Fs show very low contamination 
in the Laborec and Ondava rivcrs and in Veľká Domaša 
reservoir. The moderate contamination was observed in 
Zemplínska Šírava. These data are comparable with pub­
lished data (Schramm et al., 1997, Bruckmeier ct a l. , 1997, 
Fattore et al., 1997, Rappe et al. , 1997, Buck land et al. , 
1997) for background and/or not industria! ly contarninated 
areas. 
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ZŠ (Kusin)-2002 2300 ng/g „ ..igta1 

ZŠ (Kusln)-1997/98 1700 

ZŠ (Modved la h.)-
5500 2002 

ZŠ (Medvedia h.)-
3100 

1997/98 
7300 1 

ZŠ (B iela h.)-2002 

ZŠ (Biela h.)-1997/98 2350 

Figure I PCB content in sedímentsfrom umplínska Šírava. 

one of the sedi ments had quantifiable lcvels of 
2,3,7,8-TCDD. Except OCDD and 1,2,3,4,6,7,8-HpCDD 
none of other CDD congeners were determi ned a l most in 
all sediments. The ma in contri butors of the „dioxí n" tox i­
ci ty in the samples from the area of Chemko Co. are shi f­
ted fro m PCDD to PCDF as a consequence of PCB 
poll uti on. Jt can be seen from the Figure 2 that even in 
low contaminated sediment samples TEQs from PCBs 
comprise cons iderable contribution to the to tal TEQ va­
lues. 

Viih (Krper1ny-re1erv~r) 

v,h (Cernov,) 

Váh (Llsková) 

Nitra (Chaknov,) 

Nitra (below NChZ Co.) 

Nitra (above NChZ Co.) 

V. Domab (Ho~íkOYce 

V. Domab (dam 

Ondava (below Kljov. creek) 

Ondava (below Bukoc.el Co.) 

~

HO TEQ (PCDD/Fs) 

WHO TEQ (nonortho-PCBs) 

WHO TEQ (monoortho•PCBs) 

Ondava(above Bukoce l Co.},=='--- ----~---------' 

Figure 2 Contribution oj PCDD/Fs and dioxín-Like PCBs to 
the total TEQ values in selected sediments. 

Conclusions 

It is obvious from the compari son of water samples 
from Zemplínska Šírava and o ther Slovak wate r bodies 
coll ectcd in l 997 /98 and 2003 that j ust samples taken in 
surroundings of the former PCB producer reach va lues 
above recommended value fo r surface waters. Although 
the PCB production was ceased almost 20 yrs. ago the 
industria( effluent canal from the factory (see 
Table J) is the most probable source of contamination 
with PCBs in thi s area. PCBs accumulated in sediments 
are just slowly mobilized into water. This situation will 
last probably till the remediation starts. 

PCDD/Fs levels in sediments represent the first data 
in Slovaki a. The PCDD/F rati o re fl ects the source of 
poss ible contamination. TEQ va lues of the samples col­
lected near the Chemko Co. effluent canal consist mainly 
of PCDFs. The other samples with low PCDD/F con­
centrations show approxi mate ly simil ar contribution of 
PCDDs and PCDFs. 

175 

Table 2 PCBs and „dioxín" concentrations in sediments. 

PCDD/ 0-ortho- 1-ortho PCBs 
Fs PCBs PCBs 

(WHO-TEQ. pg/go,w.] lng/go.w.l 
Ondava (above Bukocel 0.27 0. 17 0.032 19 
Co.) 
Ondava (below Bukoc:el 0.53 0.53 0.11 27 
Co.) 
Ondava (below Kijov. 0.52 0.8 1 0.16 40 
Crcck) 
Effluent canal 56 233 113 108611 
(below Chemko Co.) 
Effluent canal 34 1 1963 1236 733210 
(below WWf plant) 
Effluent canal 586 1992 1039 566726 
(road Strá7.ske-
Michalovce) 
Laborec ( Voľa) 0.23 II 6 1377 
Laborec (Nacina Ves) 0.098 6.8 3.6 967 
Laborec (Petrovce) 26 1 712 431 98445 
Zemplínska Šírava 20 53 20 7308 
(Bicia hora) 
Zemplínska Šírava 21 74 22 5511 
(Medvedia hora) 
Zemplínska Šírava 13 27 7.6 2277 
(Kusín) 
V. Domaša (dam) 0.1 0.2 0.039 36 
V. Domaša 0.68 0. 16 0.029 16 
(Holčík.ovee) 

V. Domaša (Nová 0.52 0. 16 0.038 II 
Kelča) 

Nitra (above NChZ 1.6 0.26 o.os 22 
Co.) 
Nitra (below NChZ 0.66 0.41 O.I I 133 
Co.) 
Ni tra (Chalmová) 1.1 0.57 O.I I 74 
Váh (Lisková) 0.68 l.l 0.64 116 
Váh (Černová) 0.73 1 1.3 204 
Váh (Krpeľany reser- 1 0.46 0.23 45 
voir) 
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Abstract. The important and complex environment problems for very longtíme are a pollution of fair, soil and 
water by xenobiotics. There are anorganic (heavy metals) and organic components (pesticíde residues), which 
are not the natural orígin or their quantity in ecosystem can be effected from unhealthy to toxic. The largest 
catastrophe in hístory of civil using of nuclear energy was in Chernobyl, Ukraíne, in Apríl 26th, 1986. The 
radioactivity has effected to vegetatíon in the Slovak Republíc even if the Chernobyl crash was many years 
ago. The medical quality and effect of medicína! plants are depended on the conditions of environment, 
whích is influenced direct to their grow on the place of an occurrence and cul tivation. 

Envíronmental risks (content of heavy metals, pesticíde residues and radioactivity) in regard to 
production and collection of medícinal plants (Chamomile, Calendula, Linden, Mallow, Peppermint) was 
determíned by the analytical methods. In spite of the results, the trace xenobiotic values and radioactivity of 
medicína! plan ts were stated. The results were compared by the Slovak Republ ic legi slation. The heavy metal , 
pesticíde residues contents and radiocti vity of medicína! plant samples are not hígher than the maximum 
permíssible concentration and radiatíon in regard to the Regulatíon No. 14/1996 & No. 12/2001 of the 
Mínistry of Healthy Servíce in Slovak Republic. These raw materíals can be accepted on the market with 
medicína! plants in the world. 

Key words: medicinal plants, heavy metals, residue pesticides, radioacti víty 

Introduction 

The important and complex environment problems for 
very longtime are a pollution of fair, soil and water by 
xenobiotics . There are anorganic (heavy metals) and orga­
nic components (pesticíde residues), which are not the 
natural origin or their quantity in ecosystem can be 
effected from unhealthy to toxic. The largest catastrophe 
in hi story of civil using of nuclear energy was in Cher­
nobyl , Ukraine, in Apríl 26th, 1986. The radioactivity has 
effected to vegetation in the Slovak Republic even if the 
Chernobyl crash was many years ago. The medical quality 
and effect of medicinal plants are depended on the con­
ditions of environment, which is influenced direct to their 
grow on the place of an occurrence and cultivation. In 
regard to medicína) plant market, it is very important to 
determine the hazard values of herb goods to domestic 
and foreign customers and compare their with the 
regulation on the highest permissible toxic effects in food, 
which are notified by the Slovak Iegislation. 

The aim of contribution is determi nation of heavy 
metal and pesticíde residue contents and radioactivity in 
se lected medicinal plants, wh ich are collected and 
produced in Slovak Republic during last years. 

Material and Methods 

The conserve plant parts (flowers and herbs) by 
drying of Chamomile (Matricaria recutita L.), Calendula 
( Calendula officinalis L.), Linden (Tilia cordata L.), 

Mallow (Malva mauriliana L.) and Peppermint (Menta 
piperita L.) were used to our measurement. This plant 
material was originated from a wi ld plant colJection and 
large-scale cultivation of these medicína! plants in Slovak 
Republic in years: 2000, 2001 and 2002. 

Determination of Heavy Metals 

The herba) samples for the heavy metal determination 
were decomposed by 10 ml HNO3 and I ml H2O2 into 
vessels, which were given in a pressure autoclave. Mine­
ralization was taken place at the temperature 150 °c 
during 5 hours. The AAS results fo r Cd, Pb, Cr, Ni , Cu 
and Zn were obtained using SHJMADZU, model 660, 
with Graphite fumace, deuterium background corrector 
and auto-sampler. Sample volumes were 20 ul. The AAS 
resutls for Hg were obtained using hydride vapor genera­
tion technique SHIMADZU, model HYG-1. 

The quantity values of heavy metal and element con­
tents obtained in the single medicinal plants are compared 
with the highest permissible concentrations according to 
the Regulation No. 14/1996 from the Ministry of Healthy 
Service in Slovak Republic. 

Determination oj Pesticíde Residues 

The pesticide residues were determined by the GC­
method with an application of eq uipments: type Yarian 
Star, model 3,400, and Varian Star, model 3,800; the 
detector ECD after plant sample arrange. Identification of 
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these ri sky components was made on base of retenti ve 
characteristics comparing between them and standard 
compound. AII these chemical analysis were carried out 
in the Ecological & Veterinary Laboratories in Spisska 
Nova Ves, Slovakia . 

Health lnstitute, Department of Health Protection against 
the Radioactivi ty in Banska Bystrica, Slovakia. 

The quantity va lues of pesticíde residues obtained in 
plant materials are compared with the highest permiss ible 
concentrations according to the Regulation No. 14/1996 
from the Mini stry of Healthy Service in Slovak Republic. 

The quantity values oť radioactivity obtai ned in these 
tlower and herba! materials are compared with the highest 
permissible concentrations according to the Regul ation 
No. 12/2001 from the Ministry of Healthy Servicc in 
Slovak Republic. 

Results and Discussion 

Radioactivity Tests 

The conserve plants were used to determination of the 
mass radio-nuclide acti vities. The gama-spectrometric 
determination of selected medicinal plants by the HPGe 
detector with using of Cesium ci 34Cs & 137Cs), Amerícium 
(241 Am), Potassium (4°K), Radi um (226Ra) and Thorium 
(232Th) radio nuclides was carried out at the Special State 

The heavy metals, as one from foot element groups, 
have a very important ecological signi ficance, which is 
given their toxici ty and accumu lation abi lity. Influence of 
heavy metals for environment is more expressive their 
any degradation . The determi ned heavy metal contents 
and additional microelements in the medicína! plant drugs 
(note: substances used as or in medicí ne) are presented in 
table 1. 

Table I :Determination oj heavy metal.s and additional microelements quantities in selected medicína/ plants. 

Cadmium Lead Mercury Chrome Nickel Cuprum Zine 
íCd] [Pb] [H 1 [CrJ [Níl [Cul [Znl 

[m .k · 1J 
Chamomile flower dru 0.180 0.3 15 0.002 0.267 1.67 13.08 12.90 
Calendul a fl ower dru 0.078 0.225 0.003 0.154 0.87 15.05 20.89 
Linden flower druo 0.095 0.756 0.0 11 0.360 0.55 10.89 10.21 
Mallow flower dru o 0.028 0.158 0.002 0.095 J.90 19.02 2 l. 18 
Pe ermi nt herba] dru 0.021 0.086 0.005 0.102 1.55 18.77 23.52 

Table 2:Results oj residue pesticíde determination into the medicína/ plant drugs. 

Residue pesticides C hamomile Calendula Linden Mallow Peppermint 
[mg.kg·' ] flower drug flower drug flower drug fl ower drug herba! drug 

aldrine + dieldrine < 0.0005 < 0.0005 0.0023 0.0020 0.0007 
al fa -hexach lorecyclohexane < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 
bela-hexach lorecyclohcxane < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 
de lca-hexachlorecyc lohexane < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 
eldrine aldehyde < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 
e ndrine < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 
endrine ketone < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 
endosulphane su lphate < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 
cndosu lphane I < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 
endosulphane 11 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 
gama-hexach lo recyclohexane < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 
hexachlorebenzenc < 0.0005 < 0.0005 <0.0005 < 0.0005 < 0.0005 
ch lorecpoxide+heptach lore < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 
heptachlore < 0.0005 <0.0005 < 0.0005 < 0.0005 < 0.0005 
metoxychlore < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 
su m DDT <0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 

Table J:The jlower and herba/ drugs oj selected medícinal p/ants and their radioactivity. 

natural rad io nuclides artificial radionuclides 

1B .k ., of lanl sam Ie] -· "Th -- Ra 4 K _41Am 1 Cs l.4Cs 

Chamomile fl ower dru < 5.9 <4.0 44 <4.7 < 1.7 < 1.8 
Calendula tlower dru < 3.5 <0.5 25 < 1.3 <0.8 <0.9 
Linden flower dru < 6.4 < 3.4 365 ± 35 <4.3 4.4 ± 0.6 <4.3 
Mallow fl ower dru <2. 1 <0.8 10± 5 <2.0 <0.5 < 0.6 
Pe erminl herbal dru < 3.6 < 1.7 330 ± 30 < 2. 1 <0.8 <0.8 
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The very unfavourable comparative of heavy metal 
concentration (Cd and Pb) in medicinal plant rawmate­
rials, which were obtained from the cultivation in 
Scotland, Findland and in the Central Europe was pub­
lished in 1994 (Svoboda & Gough) . The medicinal plant 
drugs from our area (the Central Europe) were contami­
ned by double quantities of Cadmium and Lead concen­
tration~ more than another rawmateria ls. 

The need of beller preparations to manage of wide 
range of the harmful gents (weeds, diseases and pests) of 
cultivate crops is determined the massive character of the 
synthetic chemical preparations, which use very often in 
regard to medicinal planl cultivation. The very proble­
matic question is a metabolism and degradation of 
pesticides in the single plant species. (Schuphan, Schmidt 
& Veit, 1990). The present production of the special 
crops is not possible without direct pesticíde application. 
On the other hand, a control of pesticíde residues in in­
dividual phases of ontogenetic plant development and 
into the final producl or yield is inevitable (Oravec, 
Buben, Černaj, Repčák & Hončariv, 1981 ). Table 2 illu­
strates the values of determined residue pesticides in the 
medicinal plant drugs. 

Characteristics of mass radio-nuclide activities of 
232Th, 226Ra, 4°K, 241 Am, 134Cs, and 137Cs in Bq.kg· 1 of 
plant materials are presented in table 3. 

Measures of mass radio-nuclide activities of medicinal 
plant drugs have not carried out yet; the results are 
original. It was determined that radioactivity of indivídua] 
medicinal plant species are dependent on tíme and expo­
sure in a space. The flowers of Linden are growth in tree 
height, where their exposure is very high. The radioac­
tivity results of Linden flowers were confirmed this pre­
dication . 
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There are medicinal plants, which exposure on the 
high places is continued several years. lcelandic Lichen, 
Cetraria islandica /L./Ach. , can be a good example. This 
thallophytic plant is occurred on the rocks in che High and 
Low Tatras (the Slovak parts of Carpathian Mountains) . 
In regard to radioactivity determination of Icelandic 
Lichen thallus were gotten at from 350 to 600 Bq.kg·1 of 
134Cs & 137Cs mass radio-nuclide activi1ies. 

Conclusion 

Legislation of state in regard to hazardous interactions 
in environment is connected with human consciousness, 
control and measurement of chemical, physic-chemical 
and physical measurement and their influence for bio­
logical systems. Al present is very important to introduce 
the Europe environment recommendations. 

Environmental risks (content of heavy metals, pesti­
cíde residues and radioactivity) in regard to production 
and collection of medicinal plants (Chamomile, Calen­
dula, Linden, Mallow, Peppermint) was determined by 
the analytical methods. The results were compared by the 
Slovak Republic legislation . In spite of the results, the 
trace xenobiotic values and radioactivity of medicinal 
plants were stated. These raw materials can be accepted 
on the market with medicinal plants in the world. 
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Quality of the Atmospherically Dustiness of the City Košice and Surrounding 
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Abstract. The atmospheri cally dustiness has three origins: emi ssions dusti ness, the imíssions, dustiness and 
the last form is the deposíted part. The deposíted dustí ness fo rmed the gravítatíon dust sedí ments wi th the di­
ameter higher as IO µm. The given partícles sediment spontaneously. This part of atmosphericall y dustiness 
was in the res identi al agglomeration of the city Košice patterned during the year perí ods 2000 tíll 2002.The 
dust samples were taken accord íng to the DIN standardi zed Bergerhoff method. Fina ll y Í l was necessary to 
observe not only the total amount of gravítation dust sedíments, but also their chemícal composí tíon 

Firstly was evaluated the changing of the monthly amount of the graví tation dust sediments. Furthermore the 
evaluation of the experímental resu lts was dírected towards to the study of correlatíons-regressions phenom­
ena between the monthly amount of graví tation dust sedí ments and the indivídua) element amounts, 
As a result can by stated that the most frequented and well -correlated elements wí th the amount of dust partí­
cles are the elements Fe, Mn and Tí . The elements Cu and Zn enter in to the atmosphere fro m the exhaust of 
pyrometallurgicall y facto ries in the basí n of the river Hornad (Rudňany, Krompachy). The concentratíon of 
Pb is hígh and thís element enters in the real tíme in the atmosphere fro m the exhaust gasses of petrol engínes. 
The rest of trace elements li ke Co, Cr, Ni, Sn, and V possess a variable character and create the trace ele­
ments background of the atmospherically dustiness. 

Key words: Atmospherícally dust iness, gravi tation sedí ments, stati stí cal evaluation, correlation, regression 

lnlroduclion 

The a tmospherica l ly dustiness fro m the standpoint of 
its ge nesis cons ist o f tree compo nents: the dustiness indi ­
cated by the e mitted dust of e mission point sources, the 
transported dustiness bounded with the di stant imiss ions, 
and fin a ll y the deposited, spo ntaneous sediment dust par­
ticles (Junge 1962). On the genesis of given dustiness 
forms bes ide the source c haracte rs, meteorol ogical and 
geographical parameters the main influe nce has the ideal­
ized particle s íde (Junge l 962, M alisa & Robinson 
19779, Einax e t a l. 1991 ). The part icles with di ameter 
less as 1 µm not are to able spontaneous sediment gener­
a ll y. On the opposite side the partic les with d iameter 
higher as IO µm sediment a lways spontaneous ly. The 
particles with di ameter be tween I to IO µm sed iment 
onty parti all y and th is sedimenta tion is mainl y given by 
the inte rac tion o f their che mical c harac te r and meteoro­
logica l conditi ons (fog, rain , snow). Th is phenomenon is 
called ma inl y as: washing of the atmosphere . The depos­
ited part o f atmospheri ca ll y dustiness c reates the gravita­
ti on dust sed ime nts (further onl y dust). Ai rborne dust 
particles are a lso partiall y shaped by the anthropogenic 
ac ti vity in the res ide nti a l agglo merations. That ones e le­
vate the atmosphericall y tox ic ity. 
The genes is of the predo minant elements (C as graphite, 

Si02, Ca, and Mg carbonates), subs idia ry e le ments (Al , 
Fe, Mn, Ti ) and the who le g ro up of di ffe rent trace e le­
ments are very di ss imi lar. Whil e the surface e lements 
(A l, Ca, Mg, Ti ) penetrated in the atmosphere by the e ro-

sion o f so íl s, the o ther common e le ments (C , Si, Fe, Mn) 
and the have meta l e le ments come parti a ll y fro m the 
emissions o f industria! ac ti víti es (U re & Dav idson 1985). 

Experimental part 

The dust was sampled by the Bergho ffer method 
(VDI/DIN 1996) in g lass pots. This pot was during winter 
pe ri od fill ed by methy la lko ho l, and in the o ther year pe rí ­
ods onl y wi th dis till ated wate r. By these add iti ves the 
powder particles was sta bili zed . The obta ined mi xture of 
ra in and solid particles was firs tl y at 105 °C evaporated 
and fi na ll y at 125 °C dri ed to the constant weigh. The 
chief sampling sta tio n was si tuated in the middle part of 
the c ity Košice o n the top of the ma in building of Techní ­
ca l Uni vers ity. The aux.ili ary sampling stations are in the 
wide surrounding o f Košice (Fíg. 1 ): in the middle part o f 
c ity Prešov (36 km western), and the vill ages Dargov (3 1 
km easte rn ), Mo ldava (29 km weste rn), and Čaňa ( 20 km 
southern ). The sampling peri od was restricted on the 
ycars 2000, 200 1 and 2002 wi th mo nthl y inte rva l. The 
amount of the sampled d ust is expressed in t km- 2 year- 1 

units. Opposi te the indi vídua! ele ments amo unt in dust 
was expressed in kg km- 2 year- 1

• 

In thi s powder samples was fro m the gro up of co m­
mon and surface e le me nts o nl y the concentratio ns of Fe, 
Mn, and Ti determined. The predominant e le ments (C, Si, 
Ca, Mg) were no t fo llowed because the used analytica l 
method was optimized fo r the concentrat io n range of sub­
s idiary and trace e le me nts. Fo r the concentration dete r-
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Fig. / . The sampling statiam; in East-Slovakía 

mination of chosen subsidiary and trace e lements (Co, Cr, 
Cu, Ni, Pb, Sn, V and Zn) was used the optimized 
method with exci tation in DC are (Flórián et al. 1992). 
The concentration of the light volatile e lements (Ag, Bi , 
Mo, and Sb), and the high toxic elements (As, Be, Cd, 
Hg) was not determined because their concentration level 
was clear low as their ana lytical limits of detection 

( m (Xk'"' 0 .02 ppm). From the environmental standpoint 
mentioned light volatile and toxic elements in thc given 
region are not typical pollutants. By the statistical eva lua­
tion in the atlention of outstanding comparabi lity were 
the "eigenvalues" applied. 

Results and Discussion 

The complexes exploratory statistical analysis of the 
<lata of dust amount was realized with the software QC 
Expert 2.5 (Kupka 2002). These calculations built mainly 

on the calculation of arithmetical mean m , thc median 

ŕň, the modus ŕiz and the half sum mP values and the 
testing of the asymmetry, the excess, the homogeneity 
and norma! distribution of experimental values. 

The comparisons of the data from the five sampling 
stations (Tab. 1) confirmed that the amount of the dust is 
homogenous distributed and this distribution have normal 
Gausian character. In the Fig. 2 is given the example of 
the most characteristic earl y-opti mized histogram, the 
di stribution curve and the round-like diagram for the 
sampling station Čaňa. The conformity the real functions 
with the theoretical is very high what consideration the 
abovc confirms. But the characteristic values for the sam­
pling station Moldava (Fig.3 and Tab. 1) dcmonstrate the 
least advantageous example. This consideration demon­
strates mostly the di fferent courses of the hi stograms and 
the round-like diagrams. Thc similarity of the computed 
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Fíg. 2. The histogram, the disrribwion curve and the rou11d-like 
dia1:ram oj the dust amo11111 in é'aňa, C - multiplicity, H - de11sity 

data for the sampling stations in Košice, Čaňa and Prešov 

(Fig. 1 ), which is the direction of the prcvailing ~ S 
winds (ca 67 %), is most expressive. 

The detailed analysis of the statistical properties of 
the dust from Košice shoved the following rcsults. The 
fluctuation of the total amount of gravitation dust sedi­
ment in the years from 2000 till 2002 is illustratcd in thc 

differential histograms (Fig. 4) of the é1m values. This 
present the difference between the monthly mcasurcd 

values m; and the annual arithmetical mean valuc m . 

é1m = m;- m 

lt is possible to di sti ngui sh two years period in the 
given histograms. The first períod, from ovembcr till 
May of the next year is demonstrated in al I obscrved trcc 
years with marked dustincss maximum. This conclusion 
confirmed that the meteorological conditions have domi-
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Table/ : Evaluared statistical parameters of the dust amounts 

Sampling 
ŕň Asymetry 

stations m m m,, Exces Homogenity Normality 

Košice 0.58 0.57 0.55 0.57 akcepted akcepted akcepted akcepted 

Caňa 0.78 0.77 0.76 0.77 akcepted akcepted akcepted akcepted 

Prešov 0.63 0.64 0.65 0.64 akcepted akcepted akcepted akcepted 

Dargov 0.71 0.71 0.71 0.71 akcepted akcepted akcepted akcepted 

Moldava 0.66 0 .70 0.77 0.66 not akcepted akcepted akcepted , akcepted 
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Fíg. 3. The histogram, the distribtt1ion eure and the round-like 
diagram of the dust amount in Moldava, C - muftiplicity, H -
density 

nant character in this case. In thi s period prevailed in a ll 
East-Slovakian regions the N and NW winds (67 %). 
These winds c leans the region from Lhe pollutants be­
cause northern from Prešov are nothing express ive pollu­
tion sources which contaminated the atmosphere with 
inorganic products. The second period, from June till Oc-

Tab. 2. The values of correlation and regression coefficients 

Correlation coefficients Slopes 

Elements rmín rmax amln 3max 

in dust 

Fe 0.78 0.91 0.87 1.0 
Mn 0.32 0.71 0.33 0.92 

Ti 0.17 0.88 0. 18 1.0 

Zn 0.22 0.78 0.24 0.93 

Cu -0.26 0. 16 -0.25 0.23 

Pb -0.07 0.21 -0.08 0.28 

Cr -0.29 0.09 -0.27 0. 12 

tober, is in opposites position and it is marked with dusti­
ness maximum . The and S winds are in equality in this 
considered period. This winds are contemporary minima! 
(7 % ) and therefore is their intl uence expressions less . 
The south part of the East-Slovakia has a lowland charac­
ter with intensive agricultural activity. The intensive ero­
sion of the soi l causes the contamination of the 
atmosphere with the surface elements (Al, Ca, Mg, Ti). 
Only one artifi cial case (2000, August) from the regular­
ity ofthe diversity of minimal and maxima! dustiness was 
found . 

The monthly fluctuations of the individual followed 
elements are enough different. The limiting va lues of 
corre lation coefficients and the va lues of slopes of the 
counter ellipses, which present the regression lines, are 
listed in the table 2. 

The most similarity of the distribution of Fe amount 
with the amount of dust is demonstrated in the Fig. 5. The 
average amount of Mn is about facto r 8 to JO lower. 
Therefore the monthly differences are also lower and the 
two different periods are not c lear (Fig. 6). The similarity 
of Ti distribution with the di stribution oť precipitated dust 
particles is not so pregnant (Fig. 7). lt is necessary to be 
aware that the geneses of Ti amount have another charac­
ter as the other subsidiary elements. 

The further trace e lements have very element speciťic 
distribution character. The genes is of Cu (Fig. 8) and Zn 
(Fig. 9) elements is bounded on the emissions of py­
rometallurgical factories in the Hornad river valley. Thc 
pollution and therefore also the e lement distribution of 
the atmosphere are conditioned by Lhe campaigner char­
acler of the metallurgical production. This va ll ey tlow in 
the funnel shaped Košice va lley and contaminate irregu­
lar the all-residential agglomeration. Lastly the amount of 
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l 

Cr and the other fo llowed trace elements is low, ap­
proximately I till 6 kg km-2 y· 1

• The distribution of the 
amount of Cr (Fíg. I 0) is without any regu larity. 

period the correlation-regression ana lysis between thc Fe 
amount and the amount of gravitation dust sediment (Fíg. 
11 ) shows hi gh correlation (r = 0.91) and also al most 
ideal regression (w = 0.99). The courses of the confi­
dence limits lines are very narrow to the regression line . 
The counter diagram was denoted as clear and narrow 

In continuation of the dustiness rcsearch, the correla­
tion-regress ion analysis and the construction of the scatter 
diagrams was applied were applied. In thc first dusti ness 
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e llipse. These results confirmed that the genesis of Fe 
amount direct related with the total dustiness amount. In 
the second dustiness period unde r equiva lent frequency of 
N and S winds the corre lation expressively fall to tbe 
va lue r = 0.45. This worsen of the correlation was caused 
by the dilution of the atmosphere with S winds wilh 
amount of surface elements and changeable Fe amount. 

Unequivocal dependence for the Mn and Ti amounts was 
found . Their correlation coeffic ients for the years 2000 
till 2002 moved for the amount of Mn between the values 

• . (0.32, 0.70) and for Ti between (0.1 7, 0.88). Contempo­
rally was confirmed a lower regress ion as by the Fe 
amount. The dependence for the amount of Cr (Fig. 12), 
which ire presents the clear trace elements, sho ws that 
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this element and the all mernber of thi s group of elements 
not correlated with the amount of the dust. That rneans 
that this group is forrned only the e lement background of 
the atmospherica ll y dustiness, and is present by not typi­
cal pollutants. Lastly it is necessary to di scuss the behav­
ior of Pb. Thi s element presents in the residential 
agglomeration a specifä: problem. The amount of thi s 
e lement (Fíg. 13) shows extremely low corre lation and 
zero regress ion . This phenomenon is caused by the fact 
that its genesis is footed not in the general dustiness but 
primarily in the amount oť Pb containing additives in the 
exhaust of motor engines . 
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Fíg. 12. The scatter diagram and the regression straight line far 
the Cr / dust amoum ratio 

Conclusion 

The validation of the dust fluctuation not only the to­
tal dust amount but also it is necessary take into acco unt s 
the predominant meteorological situations and the geo­
graphical abilities in the res idential agglomerations and 
the given regions. 

The N and S winds alterna te in the funnel shaped re­
gion oť the city Košice. The amount of W and E wi nds is 
irrelevant. These phenomena create two typical dust iness 
situations. The first case is characterized by prevailing 
winds and is distinguishcd by the minimum of dustiness . 
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The second case with balanced N and S winds is 

characterized by the maximum of dustiness. These phc­

nomena is caused by the enhancing of the atmospheri­
cally dustiness with surface elements from the so il 

erosion in the southern part of the city Košice. 
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The amount of the components, main ly ox ides and 
sulphates of metallic elcments, is in the dust very vari­

able. The subsidiary elements Fe, Mn, and Ti come 

mainl y from thc geological substratum and present the 
constant highest concentrations of dustiness. This well 
correlated with the total dustiness amount. The occur­
rence of the Cu and Zn come from the exhaust of pyro­
metall urgical factories in the va lley of the river Hornad 

north-westly from Košice. Thesc factories have campaign 
production character and therefore the amount of dust is 

very vari able and its cqrrelation with the total dust is also 

low. The amount of Cr and the other trace clements is 
max ima! about one order lower as the amount of subsidi ­
ary elements. Thi s element and the other trace elements 

created not typical and inconstant trace element back­

ground. The positions of the Pb in the dust are in thc resi­
dential agglomerations very specific. The amount of this 
element shows low correlation and zero rcgrcssion. This 

phenomenon is caused by the fact that its genesis is 

footed not in the gencral dustiness but primaril y in the 
amount of Pb containing additi ves in the exhaust of mo­

tor engines . 
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Monitoring of selected Elements in Wine and geochemical Characterization 
of Soil from Vineyards Regions in Slovakia 

MILAN S UHAJ - M ÁRIA K ORE - OVSKÁ - ĽUBOMÍR DAŠKO 

Food Research lnstitute, Priemyselná 4, 824 75 Bratislava 

Abstract. The results of monitoring of selected elements As, Cd. Cr, Hg, Ni and Pb in soil s from 6 basic vine­

yards in Slovak ia were compared to the data of selected monitored elemenls in Slovak wines with the aim of 

wines geographical authentication. Correlation analysis proofed that relat ion between contents of selected 

elemenls in wi ne is closely related with their content in soils almost all regions. The highest correlation level 

between composition of soil and wine exceeding 90 % were in Low Carpathians and Tokaj vineyard region. 

From the point of view of applicability of selected group of elements fo r vineyard regions and wine authentic­

ity determination Principal Components Analysis as a stati stical tool was used. Based on PCA method very 

high level of differentiation was achieved in the case of vi neyards soils. Applying PCA method to disti nguish 

geographi c origi n of wine from diľferent vineyards regions the level of geographic authenticity was nol so 

good. Proper selection oľ speci fi c elemcnts which could be useful for wine geographical traceab ility will be 

used in the next research of wine geographical authentication. 

Key words: wi ne, so il , vi ncyards, authentication, elements 

1. Introduction 

There is ev ident increasing interest in food authen­
ticity in relations to growing requirements on quality, 
food origin recognition , traceabi lity and food safety. To 
meet all these requirements it is critical to improve 
knowledge of characteristic criteria of authenticity and 
specific quality markers. In accordance with these requi­
rements EU adopted food legislation EC No. 178/2002, 
which defines duties to develop scientific methods rela­
ting to food risk assessment and food traceabi lity pro­
cedures. There are many papers available related to wine 
origin traceability based on trace elements profile. Ele­
ments can be considered as good indicators of wine origin 
since they are not metabolized or modified during the 
vinification process (Arvanitozannis, 1999). Multi ­
element analysis using 35 elements determination by in­
ductively coupled plasma mass spectrometry (ICP-MS) 
was used to class ification of Spanish and English wines 
(Baxter, 1997). Eleven elements, K, Na, Ca, Mg, Fe, Cu, 
Zn, Mn, Li and Rb, were determined in dry and sweet 
wines bearing the denominations of origin of Canary Is­
lands, Spain (Frías, 2002). Distribution of heavy metals 
(Pb, u, Zn and Cd) in the system soil - grapevine - grape 
was investigated by Angelova, 1999. The authenticity and 
geographical origin of wines produced in Slovenia were 
investigated by a combination of IRMS and SN IF-NMR 
methods and the stable isotope data were evaluated usi ng 
principal component ana lysis (PCA) and linear discrimi­
nant analysis (LDA), (Ogri nc 200 l ). The usefulness of 
lanthanides or rare earth elements has also been clearly 
demonstrated since La, Ce, Pr, Nd, Eu, Gd, Tb, Ho, Er, 

Tm, Yb, Lu are some of the lanthanides successfu ll y em­
ployed for di stinction between regions (McCurdy, 1992). 

There is food basket monitoring (FBM) in Slovakia 
since l 993 dedicated to monitor selected food add iti ves 
and contaminants in the foodstuff with the aim to assess 
human loading with se lected substances. In the moni­
toring database which is in the Food Research Institute 
(FRI) there are concentrations levels data of selected trace 
elements in Slovak wines from six vineyards (Low Car­
pathian, Nitra, South Slovakia, Centra) Slovakia, East 
Slovakia and Tokaj) which are defined by Decree of Min­
istry of Agriculture No. 153/1998 C L. on vineyards and 
viticulture. Vineyards in Slovakia cover in total 20 OOO 
ha. Al most 80 % of vineyards are in the region of western 
Slovakia, 13 % in the centra) Slovakia and almost 7 % in 
eastern Slovakia. The so ils in Low Carpathian region are 
skeletal, light, only sl ightly trapping water and well ad­
sorbing energy from the sun . From the geology point of 
view, there are deep magnetites pararuls, but also biotic 
gran ites and granodiorits. South Slovakian vineyard re­
gion has the highest temperature with dry climate and 
mi ld winters . The soi ls are mostly light sandy up to mid­
dle hard unskeletal with deeper profi le. Ni tra vineyard 
region is heterogeneous from the geographical point of 
view. orth regions are most ly skeletal soils with profile 
based on limestone, dolomites, qua11zite and sandstones 
of Mesozoic. South and west parts dominate neogenic 
sediments with origin from south region. Geological base 
of soil s from centra) Slovakian region is composed of 
neogenic sediments, shale and sandstones without skele­
ton. There are highly nutritive middle hard and hard 
so il s. 

Geological Survey ofS/ovak Rep11blic, Dionýz Šllír Publiľhers. Bratislava 2003 ISSN l 335-096X 
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East Slovakian vi neyard region is heterogeneous from the 
geological point of view. Under Vihorlat dominate hard, 
clay - mudstone soils, created on ncogenic all uv ial - py­
roxenes and andesine. Vi neyard located in li mestone and 
caves region have rendez ite skeletal soils with ripple 
slope re li ef. In Streda nad Bodrogom there are light sandy 
soi ls. The smallest regio n from the area point of vicw To­
kaj has rocky, grave!, sandy-c lay so ils with hi gher conten t 
of ske leton. They were created on a lluvial base from 
yo unger Paleozoic, on rezo lits, andes ine and their tu ťfi tes . 

Typical is higher acidity and high content of minerals 
(Hronský, 2001). 

In this paper are evaluated analytical resulls of se­
lected clements in wine from the monitoring databank. 

They are compared with geochemical 
characteristics of soils from vineyards 

Graph of princi/onents. analysed elements : ~.s. Cd. Cr. Hg. Ni and P_b 
regions. The aim is to {ind correlation 
with geographical origin of wine. 

Fíg. 2 Differentiation oj Slovak vineyard soils by PCA metlwds 

DifferentiJtion ofvines .1ccordingto slovak vineyard regions byPCA method 

Gi.1ph of (ll inci1;al co mp onents .• 111,l yse,I el ements: As, C,I. C1. H<J. Hi and Ph 

Fig. 3 Differentiation oj some slovak vin es by PCA met hod. 

2. Materials and methods 

The attempt to trace wine origin based 
on trace elements profile applying statisti­
cal identifícatio n of different vineyards 
rcgions of S lovakia is re lated to the results 
of food basket monitoring. We applied the 
data for wine and soi l from vineyards re­
gions from the Center for evaluation of 
presence oť food addit ives and contami­
nants in Food Research lnstitute Brati­
slava and data on geochemical 
composition of soi ls from vineyards re­
gions of Slovakia (Čurlík, 1999). We have 
taken into account only the wine regional 
origin no year of production, sort or other 
wine evaluation criteria. Statistical com­
parison and differentiation of 6 vineyards 
of S lovakia was based on results of eon­
tent of selected elements As, Cr, Cd, i, 
Pb and Hg. I was studied correlat ion be­
tween content of trace elements in wine 
wi th relations to their content in soils 
from vineyards regions in Slovakia. We 
applíed for basic statistical evaluation 
software Microsoft Excel 2002 and Uni­
stat 4 .53 for multivariate ana lysis (PCA ). 
By PCA para ll el projection of compo­

nents by angles a.= 126° and B = 24° was 
applíed . 

3. Results and discussions 

T he results of monitoring of selected ele­
ments in soils from 6 basic vineyards in 
Slovakia are in the Tables I and 2. Com­
paring the data of selected monitored 
c lements in soi l and wine remarkable cor­
relation is evident. Correlation analysis 
proofed that relation betwccn contents of 
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Table I Distrib111io11 ofselected e/ements in soilsfro111 wine yards (WY) regions i11 Slo vakia 

Element Elements di stribution [m ] in soil sn in wy-> Slovakia 

J M s v T 

Pb 3- 13 20 - 69 13 - 30 16 - 30 13 - 20 16 - 30 

As 4 - 7.2 7.2 - 16.2 7.2 - 9.9 5.3 - 7.2 3.3- 5.3 5.3 - 9.9 

H 0.02- 0.05 0.05 - 0.14 0.03 - 0.08 0.05 - 0.14 0.03 - 0.08 0.05-0.14 

Cr 46 - 85 34 - 101 67-125 85 - 101 85 - 101 67 - 101 

Ni 25 - 44 25-44 16-33 16 - 33 25 - 33 16 - 25 

Cd 0.1 - 0.4 0.3 - 0.4 O - 0.2 O - 0.2 O - 0.3 O - 0.2 

~: Čurlík, f · - Šefčík, P_. ( 19:9): Geoc_hemical atlas of Slo~akia. Part V: Soils. MŽP SR, VÚPaOP. Bratislava, 1999, 99 s. 

WY: Wine yards reg1ons rn Slovak1a: J - South Slovak1a, M - Low Carpathian, N - Ni tra, S - Centra! Slovakia, V - East Slovakia, 

T - Tokaj 

Table 2 Distributio11 oj selected element.s in wi11es Jmm wine yards reg ions of S/ovakia. 

Element Elements distribution [mg/kg] in wines from WY 11 regions in Slovakia 
Xmin - Xmax/Xavera_ge21 

J M N s v T 

Pb 0.02- 0.05 0.0386 0.002-0.08 0.001 - 0.06 0.09- 0.2 0.0 1-0.3 0.003-0.259 

0.0321 0.0261 0. 16 13 0.05 o.os 
As 0.001 - 0.007 0.005- 0.045 0.002-0.026 0.007-0.067 0.002-0.01 0.005 0.001-0.005 

0.005 0.0095 0.0083 0.0025 0.003 

Hg NO NO-0,004 ND - 0.002 ND - 0.002 NO - 0.003 ND - 0.00 1 

0.0007 0.0005 0.0003 0.0006 0.0004 

Cr NO 0.002-0.29 0.002-0.18 0-0.06 0.04 1-0.07 

0.0584 0.065 0.0324 0.055 0.09 

Ni NO 0.03- 0. 14 0.002-0.564 NO-0.127 0.028- 0.l 

0.0620 0.096 1 0.18 0.064 O.OS 

Cd 0.00 1-0.005 0.001-0.025 0.001 - 0.008 0.00 1-1.642 0.001 - 0.02 

0.0023 0.0066 0.0023 0.001 0.0391 0.0084 

11 as in Table 1 
21 amount of samp les n = 1 up to 100 

Table 3 Correlation of content ofA.ľ, Cd, Cr, Hg, Ni a Pb in wi11es and soils of vineyards reg io11s of Slovakia 

Wine vard re2ion , correlation coefficient 

South Slovakia I Low Carpathian 1 Nitra 1 Centra! Slovakia I East Slovakia 1 Tokaj 

0.8585 l 0.9581 1 0.7348 1 0.0801 1 0.8413 1 0.9122 

selected elements in wine is closely related wilh their eon­
tent in almost all regions. An example of this correlation 
is on the Figure No. 1 for Low Carpathian region, the 
survey of defined correlation coefficients is in the Table 
No. 3. The highest corre lation level between composition 
of soil and wine exceeding 90 % were in Low Carpathians 
region and Tokaj region. Centra! Slovakian region was 
the region with ve ry low level of corre lation less than 8 
%. IL could be consequence of relatively small amount of 
results from thís region avaílable for vineyards and wines. 

From the point of view of applícability of selected 
group of elements for determination of authenticity of 
vineyard regions and wine inleresting tool is statistical 
evaluation . The aim of statistical eva luation applying the 
method of principal components (Principal Components 
Analysis - PCA) was the proper differenliation of vine­
yards and wines based on the regions. Based on PCA 
method very high level of diffcrentiation was achieved in 
the case of vineyards soils, Figure 2. lts evident that based 
on statistical evaluation selected elements provide sui­
table data sours for reliable di stinguish of vineyards ex-

cepl of Nitra region. When such reliable level of discri­
mination was achieved in soil data ana lysis, for wine <lata 
deducing from correlation patterns the results should by 
similar. But it is not the case. Applying PCA method to 

distinguish geographic origin of wine from differenl vine­
yards regions the level of geographic authen ticity was not 
so good Figure 3. lt is interesting, that most efficient seg­
regation was ac hieved for wine from centra! Slovakia re­
gion which as only one was separated but in correlation 
analysis for wine from this region there was found the 
lowest level of correlation with the region soil matrix. lt is 
evident that for identification of wine from different re­
gions se lected contaminated elements were not suitable 

choice. 

Conclusions 

lt is evident that selected elements from Monitoring of 
food additives and contaminants As, Cd, Cr, Hg, Ni 
and Pb in soils from wine yards regions are suitable tool 
for gcographical authenticity, which is interesting for soi ls 
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traceability but not interesting for requirements of wi ne 
geographical origin authenticity. We are now focused for 
proper selection of specific elements which could be use­
ful for wine geographical traceability. 
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Use of Chemical Analysis of Descending Sp ring Waters f or Permeability 
and Transmissivity of the Rock Environment 

STANISLAV OLEKŠÁK 

Geological Survey of Slovak Republic, Markušovská cesta 1, Spišská Nová Ves 

Abstract. Usi ng of indirect method for evaluation of permeabi lity and transmi ssivi ty on neovolcanic rocks of 
the Vihorlatské vrchy Mts., Slanské vrchy Mts. is presented in the paper. For evaluation was used 
hydrochemical method based on chemical analyses of descending spring waters and geomorphometric 
characteri stics of territory. Achieved results of used method appear satisfacto ry. 

Key words: descending spri ng water, neovolcanic rocks, indirect methods of evaluation hydraulic parameters 
of rocks, coeffi c ient of hydraulíc conductivity, coefficient of transmissivi ty 

Introduction 

Paper dea ls with possibility of use the chemical ana­
lyses of descending spring waters for regío nal asses ment 
hydraulic parameters of neovolcanic rocks Vihorlatské 
vrchy Mts. and Slanské vrchy Mts. This method belongs 
to the group of indirect methods (Jete!, 1989, 1997a, 
2002; Jete] & Kullman, 1987) for regional assesment 
hydraulic parameters of rocks. [ndirect methods for estí­
matíon hydraulic parameters don't use data from hydrody­
namíc tests, but different type data (base fl ow, geomor­
phometric characteristics of territory, chemical compo­
sition descending spring water). When data are properly 
interpreted , they provide indirect informations about 
hydraulic parameters of rock enviroment. 

Use of indirect methods is necessary for regional 
assesment hydraulic parameters of rock.s when application 
of direct methods is not possible (borehole exploration oť 
region is low, results of hydrodynamic tests were wrong 
interpreted). 

Paper compares d ifferences between estimates of 
direct and indirect hydrochemíca l method and evaluates 
appl ication of hydrochemical method. 

Permeability and transmissivity of neovolcanic 
rocksaccording the direct methods and systematic 
assumptions of hydrochemical method application 

Permeability and transmissivity of Vihorlatské vrchy 
Mts. neovolcanic rocks elaborated Jete! (1997b) by 
direct methods. Permeability and transmissivity of 
S lanské vrchy Mts. neovolcanic rocks published 
Olekšák (2002) using borehole database from southern 
part of the territory (Jete! , 1993). Data are presented in 
tables 1 and 2. 

Schematization of the formation of descendíng spring 
water chemical composítion may be descríbed as follows 
(Jetel, 1989, 2002) 

Tab. I Distribution characterístics of coe.fficient of hydraulic conductivity k í11 the Vihorlatské vrchy Mts. (l etel, 1997b) and the 
Slanské vrchy Mts. (Olekšák, 2002) 

n R(k) Md(k) G(k) G l -G2 E(k) 
m.s·1 m.s·1 m.s· 1 m.s· 1 m.s· 1 

Vihorlatské vrch y Mts. 84 1.4.J0.5 1.1. 10·5 - 1.9. 10·5 3.5 . IO·' 

S lanské vrchy Mts. 69 1.6. t0·1 
- 1.1. 10·3 1.3.10-5 1.1. 10•5 7.4.10"6 

- l.5.10·5 3.7.10"5 

Explanation: n=number of data; R(k)=range of k values; Md(k)=median of k; G(k)=geometric mean of k; G 1, G2=lower and upper 
limit o f 90 % confidence interval for the estimate of the geometrie mean of the hydraulic conductivity k; E(k)=mathematical 
expectance of hydrauli c co nductivity k derived by Aitchison and Brown fun ction 

Tab. 2 Distríbution characteristícs of coefficient transmissívity T in the Vihorlatské vrchy Mts. (l etel, 1997b) and the Sla11ské vrchy 
Mts. (Olekšák, 2002) 

n R(T) Md(T) G(T) G1 -G2 E(T) 
m2.s· 1 m2.s· 1 m2.s· 1 m2.s-1 m2.s· 1 

Vihorlatské vrchy Mts. 84 2.6.10"5 
- 3.5.10"2 6.5.10"4 6.7.10"4 5.0. 10·4 - 9. 1.10-4 1.9.10-3 

Slanské vrchy Mts. 69 5.7.10.fi - 2.3.10"2 9.7.10"4 7. 1.1 0-4 5.0.10·4 - 9.9. 10"4 2.3 10-3 

-

Explanation: R(T) = range of T values; Md(T) = median of T; G(T) = geometrie mean o f T; G 1, G2 = lower and upper limit of 90 % 
con fidence interval for the estimate of the geometri e mean of the transmissivity T; E(T) = mathematical expectance of transmissivity 
T derived by Ai tchison and Brown function 
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• a relatively short vertical descent of infiltrated water 
through soil and unsaturated zone to the first 
groundwater body (saturated part oť near-surface 
zone), 

• a descending-lateral groundwater rnovernent in the 
saturated part of the near-surface zone over the slope 
frorn infiltration to the spring, 

• an approxirnate accordance between the average dip 
of the first ground water body level during the 
descending-latera l movernent with the average dip of 
ground surface (s lope), 

• a quasi-linear growth oť M; concentration of the con­
sidered i component with the lateral filtration length L. 
The resulting concentration M; of the i component is 

determined by the relation 

M; = M;o + llM; (1) 

where M;o = initial concentration entering the process of 
the quasi-linear growth - i. e. concentration in water after 
the. vertical descent through the soi I and unsaturated zone 
to the lateral flow, llM; = increase in concentration during 
lateral flow from infiltration to the spring. 

lncrease in concentration llM; can be expressed (Jetel, 
1989) 

llM; = (W/k) · (mA/m0) · (L/J) (2) 

where w; = i-component transition rate to so lution from 
rock volume unit (i nteraction rate) (g. m-3.s" 1

), k= average 
effective value of ceofficient of hydraulic conductivity of 
near-surface zone (m.s-1

), mA = filtration cross-section 
effecti veness (,,effecti ve area l porosity") ( - ), m0 = 
chemically effective porosity ( - ), L = average length of 
lateral filtration path of near-surface zone (m), J = pie­
zometric gradient, average dip of the first groundwater 
body approximated by average dip of terrain surface 
(s lope) between the start of infiltration and outflow. 

For each other studied component i we will gather 
linear regress ing equation of the type 

M; =a; + b; · (L/J) (3) 

M; val ues we wil l gain from chemical anal yses of spring 
waters, the geomorphometric characteristics La J may be 
read from a leve l line map. For L value is usuallly used a 
half-distance frorn the spring to the infiltration (Jete!, 
1989). 

The next, relationship between M; and L/J are studied 
for M; = T. O. S. , Ca2+, Mg2

\ a+, HC03-, S042
-, Cr. 

Average hydraulic conductivity kch of the near-surface 
zone in the feedirig area of descending springs accordi ng 
to the value of the regress ion coefficient b; of the equation 
of (3) is deterrnined by the equation 

(4) 
Practica l application of the method is only possible at 

knowledge or reli able es timation of the va lues of inte­
raction rates w; and m"/r11c. For the sake of cornparability 
of single regions, constant value mA/rn0 = 0,4 (Jete! et al., 
1993) was accepted. Probable range and rnedians of w; 
are in table 3. 

From the kch estimates wc wi ll deri ve es tirnate of the 
near-surface zone transmiss ivity: 

T,h=kch · H (5) 
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Tab. 3: Probable range and median s of interaction rates w, 
(g. n/.f 1

) according to presenr-day knowledge (l etel el ul .. 
1993) 

W; w(min) w(max) Md(w) 
w(CM) 5.8.10-8 7.1.10-7 2.0.10-7 

w(Ca) 8.4. 10-9 1.2. 10-7 2.0. 10-8 

w(Mg) 2.2.10·9 1.4.10-8 1. 1. 10·8 

w(Na) 5.8. 10·9 6.2. 10·• 6.0.10 9 

w(HCO,) 4.5.10·8 5.9 .10·7 1.0.10·7 

w(S04 ) 3.6.10-8 5.9.10-8 5.1. 10-H 

w(CI) 3.4. 1 o-• 4.8. 10-6 4.1.10·8 

Explanation: w(m in ), w(max). Md(w)=probable minimum, 
maximum and median iterraction rate wi; CM=total di sso lved 
solid T.D.S. 

where H = accepted effective thickness of water-saturated 
part of near-surface zone (m). 

First experiences wi th practical application of pre­
sented method in Vihorlatské vrchy Mts. neovolcanic 
rocks (table 4) were publ ished by Jete! (1989). 

Tab. 4 Relario11 of T. D. S. (mg. ľ 1 ). co11cenlratio11 HCO.ľ (mg.r'). 
Ca2

+ (mg.ľ 1) to parameter UJ in Vihorlatské v, d1y Mts. (l etel, 
/989) 

i n r- a; (g.m-3) b; (o.nf4
) 

CM 22 0.826 70.9 0.0182 
Hem- 22 0.859 7.4 0.0122 

Ca2+ 22 0.820 6.5 0.00182 

Explanation: r2 = determination coefficient; a, = locating 
regression constant; b; = regression coefficient 

Practical application oť average permeability and 
transmisivity estimate method ťrom hydrochemical 
and geomorphometric characteristics oť descending 
springs 

Basic data deri ved from application of hydrochemical 
method in neovolcanic rocks are in table 5. 

Basic statistical processing of data frorn the table 5 is 
in the table 6 (onl y data of higher r2 values were clabo­
rated). 

Frorn the table 6 results, that in Vihorlatské vrchy 
Mts. differences of esti mates of mean values betwecn kch 
(from hydrochemical rnethod ) and G(k) (from direc t 
method) were lowesl for mean values (geometrie mean, 
arithmetic mean and median) of MA(kch) . These mean 
va lues occur within the G I-G2 interva l (tab le 1 ). Esti­
mates of rnean va lues kch from Max(kch) va lucs are 
slightly overestimated in compare with va lues of GI-G2 
interval. Esti mates of mean values kch from Md(kch) 
values are more undcrestimated in cornpare wilh va lues of 
G l-G2 in terval. 

In Slanské vrchy Mts., difťerences of estimates oľ 

rnean values between kc1i and G(k) were least for arith­
rnetic mean and median of Md(kc1,) va lues. These rncan 
va lues occur wi thin the G I-G2 interval (table 1 ). Esti­
males of rnean va lues kch from Max(kch) val ues are ove­
rest irnated in cornpare with va lues of G l-G2 interval. 
Estimates of mean va lues kch from MA(kch) va lues are 
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Tab. 5 Relation of T. D.S. (mg. r ') and crmcen1ratio11s r~f selecred ion s (mg./" 1
) Io paramerer UJ in Vihorlarské vrchy Mrs. Sla11ské 

vrchy Mrs. and esrimares of coejficient of hydraulic conductivity kd, according the rype of interaction rate s 

VJHORLATS KÉ VRCHY Mts. (JETEL, 1989) 

i ' b, Min(kch) Max(kch) Md(kch) MA(kch) n í a 1 

(g_m-J) (g_m-4) (m.s· ') (m.s· ') (m.s·') (m.s·1
) 

2 M 22 0.826 70.9 0.0182 1.27 . 1()"6 1.56.10-5 4.40.10"6 1.00.10 ' 

HCO3 22 0.859 7.4 0.0122 1.48. I0·" 1.93. 1 O-' 3.28. 10"1' 1.1 3.10-5 

Ca 22 0.820 6.5 0.0018 1.s5_10·1' 2 .64.10·) 4.40.10"6 1.54.10 5 

VIHORLATSKÉ VRCHY Mts. 
i n í a, b, Min (kch) Max(kch) Md(kch) MA(kch) 

(g_ m-J) (g.m-4) (m.s·1
) (m.s·1) (m.s·') (m.s· ') 

CM 16 0.656 78.444 0.0145 1.60. 10-6 1.96.10-5 5.52. 10·" 1.26.10-' 

HCO3 16 0.720 12.659 0.0088 2.05 . 10-6 2 .68. 10"5 4.55.10"6 1.57.10"' 

SO4 16 0.115 11.231 -0.0007 -2 .06E-05 -3 .37E-05 -2.9E-05 

Cl 16 0.127 1.856 -0.00008 -l.70E-04 -2 .40E-04 -2. 1 E-04 

Ca 14 0.631 7.507 0.0015 2.24.10"6 3.20.10·' 5 .33.10"6 1.87. IO·' 

Na 16 0.374 2.808 0.0003 7.73. I0"0 8.27.10.<, 8.00.I0"6 

Mg 15 0.696 1.408 0.0004 2.20. I0"6 1.40.1 0-5 1. 10. 10·5 1.25.10-5 

SLANS KE VRCHY Mts. 
í n í a; b, Min(kch) Max( kch) Md(kch) MA(kch) 

(g_m.J) (g_m-4) (m.s·1
) (m.s·1) (m.s·1) (m.s"') 

CM 35 0.636 126.430 0.0073 3.18. 10.0 3.89.1 O-' J.10.JO··S 2.48 .I0"5 

HC03 3 1 0 .707 27.908 0.0066 2.73. I0"6 3.58.10"5 6.06.l0"6 2.09. 10-5 

SO4 35 0.028 25 .533 0.0008 1.80.1 O-' 2.95.10"5 2.55.10"5 

ti 35 0.091 2.433 0.0001 1.36. 104 1.92.104 l.64 .I0"4 

ta 32 0 .687 13.644 0.0009 3.73 .10"6 5.33. 10"' 8.89. 10"6 3. 1 1. 10·5 

INa 35 0.047 4.753 0.000 1 2.32.10·5 2.48.10-5 2.40.10-5 

IMe: 31 0.610 3.320 0.0003 2.93 . 10-6 1.87.10"5 1.47.IO"' 1.67.10-' 

Explanation: Min(kch) = coefficient of hydrau lic conductivity deri ved from w(min); Max(kch) = coefficient o f hydraulic conductivity 
derived from w(max); Md(kc1,) = coeffi c ient o f hydraulic conductivity deri ved from Md (w); MA(kchl = arithmetic mean of Max(kch) 
and Md(kc1,) - i. e. MA(kc11) = (Max(kch)+Md(kch))/2 

Tab. 6 Stat istical analyse r!f neovolcanic mcks permeabiliry from rhe hydrochemical method dara 

Vihorlatské vrchy Mts. (Jete!, 1989) 

G G/G(k) Md Md/G(k) M M/G(k) Vr Vr2/G(k) Vnr2 Vnr/G(k) 
Max(kch) 2.00.10·' 1.43 1.93 _ 1 o·' 1.38 2.04. 1 o 5 1.46 2.04.10-5 1.46 
(m.s·1

) 

Md(kch) 3.99.10"6 0.28 4.40. I0"6 0.3 1 4.02. 10-t, 0.29 4.01.10-0 0.29 
(m.s· ') 

MA(kch) 1.20.10·5 0 .86 1.13.I0.5 O.Sl 1.22. I0.5 0.87 1.22.10·5 0.87 
m.s-1

) 

Vihorlatské vrch 1 Mts. 
G G/G(k) Md Md/G(k) M M/G(k ) vŕ Vr2/G(k) Vnr2 Vnr2/G/k) 

Max(kc1,) 2.20.10·5 1.57 2.32. I 0·5 1.66 2.31.10·0 1.65 2.30. 10-) 1.64 2.28.10.:, 1.63 
m.s· 1) 

Md(kch) 6.19.10-" 0.44 5.43.10"6 0.39 6.60.10"6 0.47 6.63. 10"6 0.47 6.59. 10·" 0.47 
(m.s· ') 

MA(kch) 1.46. 10"' 1.05 1.41. 10-5 1.01 1.49. 10·5 1.06 1.48.10"5 1.06 1.47.10"5 1.05 
(m.s"') 

Slanské vrchy Mts. 
G G/G(k ) Mel Mcl/G(k) M M/G( k) vr2 Vr1/G(k) Vnr2 Vnr2/G(k) 

Max(kch) 3.43.I0"5 3. 12 3.73. 10-5 3.39 3.67.10"5 3.33 3.7 1.10·5 3.38 3.73. 10"' 3.39 
(111.S·' ) 

Mcl(kc11 ) 9.65.10·" 0.88 9.92.10"6 0.90 1.0 1. 10·5 0.92 9.97.10"6 0.9 1 9.99.10"6 0.91 
(m.s· ') 

MA(kc1,l 2.2s .10·0 2.07 2.29. 10-5 2.08 2.34.10"5 2.1 3 2.36. 10·5 2.14 2.37.10"5 2. 15 
(m.s· ') 

Explanation: G = geometrie mcans; Mel = meclians; M = arithmetic means; Vr = weightecl ari thmetic means after cletermination 
cocfticicnt r2

; Vnr2 = weigh ted urithmet ic means after conjunctions of cl ata number n and relevant determination coefficients r2 - i.c. (n. r2
) 
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Tab. 7 Transmissivity neovolcanic rock.v derivedfrom hydrochemical method (H = 42 m) 

Tch(GMA) Tch(GMA)/G(T) T,-h(MdMA) Tch(MdMA)/G(T) Tch(MMA) Tch(MMAJ/G(T) 
Vihorlatské vrchy Mts. 5.04.10"4 0.75 4.75.10-4 0.71 5.12.10-4 0.76 
(from data of Jetel, 1989) 
Vihorlatské vrch Mts. 6.13.10"4 0.92 5.92.10"4 0.88 6.26.10-4 0.93 
Slanské vrch Mts. 9.58.10"4 1.35 9.62.10-4 1.35 9.83.10"4 1.38 

Explanation: Tch = koefficient of transmissivity derived from kch: G~A = geometrie mean of kch calcu lated from MA(kch); MdMA = 
median of kch calculated from MA(kch); MMA = arithmetic mean of kch calcu lated from MA(kch) 

also overestimated in compare with values of G l -G2 
interval. 

For calculation of kch in neovo lcanic rocks is recom­
mended to use choose some mean va lue (geometrie mean, 
arithmetic mean , median) for MA(kch) va lues as a resul­
tant mean value of coefficient of hydrau lic conductivity, 
des pite the fact that in Slanské vrchy Mts. the least 
difference is between G(k) and kch derived from mean 
values of Md(kch). In this case for calculation of trans­
missivity coefficient Tc11 from hydrochemical method after 
formu la (5), we recommend to use empirically determined 
value of H = 42 m (accepted effective thick ness of water­
saturated part of near-surface zone). Data are shown in 
table 7. By substituting value H=42 m it is secured, that 
al most al! estimates of mean value Tch are in G 1-02 
interval for 90 % confidence of the estimate for geometrie 
mean of transmissivity T (table 2). 

Conclusion 

Application hydrochemical method based on chemical 
composition descending spring water and geomorphometric 
characteristics for regional assessment of hydrau lic 
parameters of neovolcanic rocks in Vihorlatské vrchy Mts . 
and Slanské vrchy Mt'i confirms, that method is usab le in 
neovolcanic rock regions . Ions HC03-, Ca2+, Mg2+, a CM 
are decisive for estimate of mean value kch· In Vihorlatské 
vrchy Mts., differences of estimates of mean values 
between kch and G(k) were lowest for geometrie mean, 
arithmetic mean and median of MA(k_t,) values. 

In Slanské vrchy Mts., differences of estimates of 
mean va lues between kch and G(k) were least for arith­
metic mean and median of Md(kc11) values. 

For calculation of kch in neovolcanic rocks of Slovakia 
it is recommended to use above mentioned process and 
choose some mean value (geometrie mean, arithmetic 
mean, median) for MA(k_t,) values as a resultant mean 
value of coefficient of hydraulic conductivity. Recom­
mended va lue for H (accepted effective thickness of 
water-saturated part of near-surface zone) is 42 m. 

For improvement of process of representative mean 
value selection (coefficient of hydraulic conductivity) 
from hydrochemical method in neovolcanic rock areas it 
will be necessary to apply presented method in other neo­
vo lcanic regions of Slovakia. 
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Old Metallurgical Slag near the abandoned Smolník Mine (Slovakia) 
and its Impact on the Environment 
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Dept. of Mineral Deposits, Comenius Uni versity, Faculty of Nat. Sci., Mlynská Dolina, 
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Abstract. The old metall urgical slag is northeast of the vi ll age Smolník by the stream Smolník. Composi tion 

of the slag was studied by optical microscopy, X-ray di ffrac tion, chemi cal analyses and by electron micro­

probe analyser. Laboratory leaching experiments were done to find out behaviour of elements in the weath­

erig process. In the experiment therc were leached fractions 0,8-4 mm in diameter in di fferent solutio ns: 

di stilled water, HNO3 solution and citrate so lution. The rat io solid/so lution was 1/10 and the chemical analy­

ses were performed in peri ods 1, 5, IO, 15, 20, 25 and 30 days. The slag is composed mainly from oli vines 

and spinels. Citrate solution reached most metal contents leached fro m slag materi al. Water is able to leach 

only small concentrations of metals from slag. Generally Fe, Cu and Zn are most leachable in to the solution, 

Mn and Pb only slightly. Cu and As content in pl ants growing on the slag are cxceeding the norma! valucs in 

all analysed samples. Pb in all samples was below the normal concentration. Zn acceptable valucs werc ex­

ceeded onl y in alder and grass. 

Key words: slag, Smolník, leaching experiment, heavy metals 

lntroductíon 

Old mining town Smolník (eas tern Slovakia) (Fig. 1) 

and surrounding countryside is well known with íts min­

ing wastes and acid water acc ident in 1994 (Jaško et a l. , 

1996). Pyrite-c halcopyrite mines we re mined for centu­

ries till 1991 . There is also an o ld meta llurgical s lag nor­

theast of vil lage Smolník . The s lag come from old 

smelter in Smolnícka Huta vill age. This slag is next to the 

stream Smolník and it can have pote nti all y ha rmful im­

pact on the environment because thi s material contain 

hi gh co ncentrations of heavy metal s (Cu, Sn , Pb, Mn, Co, 

Zn, As). Metallurgical slag was ofte n used for road con­

structions. Iťs easy to find it in ma ny road materi al in 

envi ron o f Smolník and Smolnícka Huta vi ll ages. l ťs 

important to de termine the stability o f heavy metals in 

s lag materi al and possible re lease of conta mina nts in we­

athering conditions (Ettl er e t a l., 1999, Ettl er e l a l. , 2001 ). 

Specifi c plants with adaptibility to heavy meta ls are gro­

wing on the slag and on the mine heaps also. 

Methods 

The mineralogica l composition of s lag was studi ed in 

thin and poli shed sections by transmitted and refl ected 

light microscopy, X-ray diffracti o n (diffracto meter Phil­

ip. PW 171 O), scann ing e lectron microscopy, and by 

e lectron microprobe analyser (Cameca SX l 00) . 

By the leaching experime nt were used Sg of sieved, . 

crushed slag material (grain s ize 0 ,8 - 4 mm) leached by 

differe nt solutio ns for periods 1, 5, 1 O, 15, 20, 25 and 30 

days. Used solutions were: di stilled water ( initi a l pH 5,8), 

HNO3 solution (initia l pH 1,6) was prepared fro m I ml of 

concentrated H 0 3 and 500 ml of d istilled wa ter, citrate 

solution was prepared fro m 46,5 ml of citrate ac id (0, 1 M ) 

with 3,5 ml of c itrate sodium (0,1 M) diluted with 100 ml 

of di stilled water (initi al pH 2,7). For each sample (5 g of 

slag) were added 50 ml of solution. The samples were 

shaken by table shaker, by ambie nt temperature, without 

acces of light. Meas urements of conducti vity, Eh and pH 

(in periods 1, 5, 1 O, 15, 20, 25 and 30 days) were per­

formed with MC 126 conducti vity meter Mettl er To ledo, 

Redox potenti al and pH meter Mettler To ledo 11 20. The 

g lass electrode was ca librated at 25°C using Mettler­

Toledo pH buffer solutions at pH of 4.01 and 7 .00 and 

Mettl er Toledo redox buffer solution. Leachates were fil­

tered through 0,45 µm Millipore filter and stored in refri g­

erator un til analyses. Leachate from each sample was 

analysed for Fe, Mn, Cu, Pb, Zn by atomic absorbtion 

spectrophotometry (AAS) and inducti vely coupled plas ma 

atomic emission spectroscopy (AES-ICP). Consequenti al 

data were calculated to quantity o f leached e le ments 

from 1 kg of slag materi a l. 
The s lag materi al, ochres and soil from slag were di­

gested with nitri c ac id at 95 ~C for 2 h and Fe, Mn, Al , 

Cu, Pb, Zn, As, Co concentrati o ns were analysed using 

ICP-AES . 
The plants - spruce (needles), a lder (leaves) , grass 

(above-ground part), heather (a bove-ground pa rt)) and 

moss (above-ground part) found on slag were d ried and 

analysed by AAS. 

Results 

The main detected minerals in s lag materia l a re o li ­

vines and spine ls (Fig. 2) . 

Leaching Experiment: H2O (Fig. 3): The water lea­

ched mos t Cu, Fe and Zn. Volume of Cu and Zn in the 

water raised onl y s lowly. Fe and Mn precipitated and 

dissolved again. Pb is not leached by the watcr. 
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Fíg. I Localisatio11 of Smo ln ík vŕllaJ<e. 

Fíg. 2. 0/ívínes (01) and Sp inel.\' (Sp) a re the 111aí11 mínera/s of 
slax. 

H 0 3 (Fí g. 4): The highest conccntrations lcached by 
H 0 3 so lution has Fe. Thc diagram of Fe concentratio n 
copy essenti all y pH val ues (intense inc rease and after­
wards slowly decrease). Cu ac hieve also high concentra­
tions. The concentra ti on of Cu raised with tíme and after­
wards Cu partl y prec ipitated . Zn as well but slower. Pb 
and Mn in HNO3 solution have rc latively low concen­
trati ons but stable. 

Citrate so lution (Fíg. 5): Yolume of lcached Fe 
ac hieve very hi gh concentrati ons with hi ghest inc reasc 
in first days o f ex pe riment, wha tever thi s exac tl y match­
ing the pH values . Cu is leached slowly in firs t days 
and after J O days the concentra ti on ra ised fas t and after 
25 days partl y prec ipitated . Zn after fas t re lease in to the 
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solution s lowly prec ipita ted . Pb and Mn afte r slowly 
inc rease of concentra ti o n were s table in so luti on. 

N itric acid dige.ftion: In ochres on s lag materia l are 
higher concentrations of Al, Cu, Mn, Co and As mobi­
lised to the so lution by nitric acid compared to slag mate­
ri al. lt means that heavy mcta ls are concentrated in 
ochres. In soil on slag are highl y concentra ted Pb and As 
(Fíg. 6). 

Plants: Cu and As conte nt in plants growi ng on the 
slag are exceeding the norma! va lues in al l ana lysed sam­
ples . The moss have thc most ex treme As, Al and Fe con­
tents. Zn is acc umulating in leaves the most - alder 
exceeds the norma! limit 15 times. Grass has ex tremcly 
high conte nt of Cu - the limit is 40 times exceeded. In 
generall y the trees have !over content o f metals togc ther 
compared with moss, heathe r and grass (Fíg. 7) . 

Discussion 

The goa l of thi s expe riment was to sim ul ate weathe­
ring process on slag and first to compare effec t of diffe­
rent so lutions on slag mate ria l. As we ex. pec ted di stilled 
water leached the lowes t conccntrati ons o ť meta ls fro m 
slag mate ri al and c itra te so luti on which correspond to 
organic ac ids natu rall y present in the soil leached the 
hi ghest concentrati ons of me ta ls. Thi s le t us to say that 

H 20 leachate 
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Fíg. 3. Co11centratío11s of met a/s leached by H20 . 

high concentrati o ns o ť meta ls rc leased by ac ide so lu ­
ti ons from s lag a ren ' t ťrom sulphates leachab le by wa­
ter. (Becausc the slag was befo rc ex pe riment was hed by 
di still ed water to foc us onl y to pu re slag mate ria l. ) 

The concentrati ons of meta ls in leachate depends on 
stabi lity fi e lds of me tals and thc fa ll of Fe, Cu, Zn and 
Mn in the leachate is controlled by prec ipitation and ab­
sorption proccsses . The meta ls remai n on fil ters if the rc 
were prec ip itated aggrcga tes bigger than 0,45 µ m. 

The me tals (main ly Fe, Cu and Zn) are leached from 
slag mate ri a l in to thc so lution. Part o f thi s solut ions 
integrate with s tream wa te rs po luted with ac id mi ne 
d ra inage (Šottník et al. , 2002) and part o f it concentrat­
ing in soi l or ochres. 
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Conclusions 

Citrate sol ution leached most metals from slag mate­
rial. Water is able to leach only small concentrations of 
metal s from slag. Generally Fe, Cu and Zn are most lea­
chable in to the solution, Mn and Pb only slightly. 
This results do not represent really natural processes be­
cause the experiment was done as "batch experiment" 
and the natural system is open. 

Acknowledgments 

Thi s work was supported by Slovak Ministry of Education 
and Join Research Centre lnstitute for Environment Susstain­
abi lity lspra, Varese. Our project " Physico-Chemical propcrties 
and Environmental lmpact of Mining Wastes in Slovakia" is 
one part of project "Environmental lmpact of Toxic Mining 
Wastes in Pre-Accesion Counties (PECO). 

cítráe sol~ion leacháe 
1Cllm -..... 

1CJID ~ • • • • • 1 --+-f• 
a 

U n n t:IJJ 

" ~ --a-- C1J a 

x>~-a m Pb i --zr, 
10 1--=---..,--

a s 1D 15 Zl 2S 

Fig. 5. Co11ce111rations oj metals leached by cit rate solutio11 

coocentrations d lmcha~e eltments 

1000,00 ....-------------

100,00 

c, 10,00 

t 1 ,00 ~ ............... -n-' ...... Y-' ....... -.--..Y.-. ......................... 

□ Slag 

Ocrre 
DScil 

199 

Fíg. 7. Concentrations oj metals released jrom slag, ochre 
and soil by nitric acid digest ion 

References 

Jaško, V., ct a l. , 1996: Smolník: komplexné hydrogeologické hyd rochc­
mické posúdenie ložiska Cu - Fe rúd. Aquipur Brati slava, 1-124. 

Ettler, V., Baillif, P., Touray, J. C., 1999: Natural wcathering of glass 
from Pb-metallurgíca l slag: a comparison with laboratory leaching 
tests using XPS, Bull. Liaison S.F.M.C., 11 . 146-147. 

E11lcr, V., Piantonc, P., Touray, J. C., 2001: Meta llurgica l slag/water 
inte rac tíon: expcrimental approach, thermod ynamic modelling 
and long-te rm assesment, In : Cidu (Ed), Water-Rock lntcracti on, 
Balkcma Publishers. Swets & Zeítlinger, Lísse, !SB 90 2651 
824 2. 

Šollník, P .. Dubíková, M., Lintncrová, O., Rojkovič. L, Šucha. V., 
Uhlík. P„ 2002. The links betwcen physico-chcmical character oť 
difľerent mini ng waste in Slovakia and thcir environmental impacts, 
Geologica Carpathica, 53, 227-229. 





Slo vak Geol. Mag., 9, 2 - J/ 2003 ). 20 I - 201 

Stream Sediments and Soil Pollution in the Smolník Mining Area (Slovakia) 
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Abstract. The Smolník is a mining area in Slovakia serious polluted by acid mine drainage (AMD). The ap­

parent pH and metal concentration changes in stream water are observed down stream from the abandoned 

mine to contluence with the Hni lec Ri ver. The goal of thi s works is to evaluate part itioning of metals in 

stream sediment, water suspended solids and bank soi ls in polluted Smolník Stream and Hnilec Ri ver. lt was 

documen ted that rapid precipitation of iron oxyhydroxides removed the di ssolved metals from the water in 

the polluted section o f the stream. Potenti a lly toxic AMD related metals (Fe, Cu, Zn , Pb and As) are cumu­

lated in stream sediment mainly in oxides and in organic mater fractions. Preliminary results indi cated that 

various factors (seasonal water volume change, mínera) phases in aggregates, sorption of organic and inor­

ga nic ions/ligand) might to change amount transported in suspended solids in the stream. Metals are accumu­

lated in soil on the stream banks, however the mobile or active forms (species) of metals are increased locally 

in the vicinity of various mine acti vi ty re lated waste. Increased content of metals in the soi ls on the metallur­

gic slag s ick it wa~ documented . Thi s and other mine waste sick cou ld change water quality in polluted area 

and to the different degree impact catchment biota. 

Key words: sequential extraction , heavy metals, mine pollu tion 

Introduction Monitoring, samples collection and methods 

One of the aims of our research project is to analyses 
accumulation and spi li potentially toxic metals, li berated 
by acid mine drainage (AM D), in sediments and soils in 
the Smolník Stream catchment (Fíg 1 ). Stream (river) 
sediments and bank soils accumulate metal s which po­
tentia l toxicity could occur in va rious tíme and condition 
and could cause serious problems. lt is important, that the 
main portions of liberated metals by AMD are attenuate 
in iron oxyhydroxides precipitated in the oxidic water 
mixing conditions (Lintnerová 1996, Lintnerová et al. , 
1999). 

We have organized sediment, suspended solids, soi ls 
and AMD-related (ochre) precipitates quality monitoring 
along Smolník Stream and the Hnilec River part affected 
by the mine spili (Figs. 1 ). 

Location and mine history 

The Smolník Mine area is situated in the SE part of 
the Slovenské Rudohorie Mts .The Early Palaeozoic vol­
canic-sedimentary chalcopyrite-pyrite deposit was mined 
for several centuries. Smolník Mi ne operated unti l 1990 
and until 1995 it was fl ushed. Acid mine water rock be­
gan to outflow and poll ute waters of the Smolník Stream 
and Hni lec River afterward. The new technical arrange­
ments of the surface drainage systems and remediation of 
the mine work area lowered the mine water amount, acid­
ity and metal concentration of mine water. The new re­
sults have shown that mine water from aban-doned and 
flooded mine is acid (pH 3,5 to 4,1) and total dissolved 
solids may have as high as 5000 mg/L (Rojkovič et al., 
2002). Acid generation potent ial ri ses from high content 
of pyrite in the abandoned ore mine and in surrounding 
rock. 

AMD - Mine 
SM-2 : pH=3,97 
TDS=5228 mgn 

Talllng 
impoundment 

SM-0O: pH=6,2.8 
TDS=21 70 mgfl 

se d ime nt ~-
- -

Uncontamlnated 
stre;am water 

SM-1: pH=6,6 
TDS=104 r-,,g/l 

-.. ~ 

'' Mlxlng zone 1. 
SM-4: ~t =5,98 
TDS• 02mgfl 

.. 
1, 

M ixlng zona II. 
SM-6: pH=6,33 
TOS=260 mg/1 

-

AMD - Oumps 
- SM-5: pH=2,95 

TDS=3040mgn 

s o l i ., 

--- - ---, contaminallon contam lnat io n 
ater .J.r sus ension in w 

. --
' . - l;r- Contamlnated 

ediment atream water 
SM-8: pH=6, 1B 
TDS=166 mg/1 

s soll -+ 

' . 
Hnilec river 

H-1 : pH=7,07 
TDS=120 mg/l 

Fig . I Principal scheme oj the mai11 pollutants partitio11ing i11 

the study area. 
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The suspcnded solids and AMD related prec1p1tates 
samples were collectcd in June, August and October in 
2002. Two methods of co llcction the suspended solids 
wcrc used . 1) Filtering solids from contaminated and un­
contaminated stream water passcd through pore size of 
the 0,45 µm Millipore membrane filter : 2) Coll ecting 
(-24 hours) the suspended solids by frec sedimentation of 
largc volume ( 1 OOL) polluted water and by decantation of 
thc water. Suspended sol ids samples were dried at 105°C 
to a constant mass. O, 1 or 0,5 g of sample was digested by 
conccnlrated H 0 3 for 2 hours al 95°C in a water bath. 
11 clements (Fe, Mn, Al, Ca, Mg, a, K, Cu, Zn , Pb, As) 
were analyzed by AAS and JCP-AES. The inso luble re­
sidue of samples was dried at 105°C to constan t mass. 
The rcsults werc expresscd a acid di sso lved (H 0 3) ba­
sis metal s contcnts. 

Stream sediment and soils. Each sediment and soil 
samplc was dry at 60°C overn ight and sieved to separate 
< 63 µm fraction. Apart the samc methods used to char­
acterize the suspended so lids, sequential extraction pro­
cedure for the speciation of seven se lected e lements in 
five stream sediments samples (Si , Al, Fe , Cu, Mn Zn , 
As were perťormed. The modificd Tess icr's and Com­
munity Bureau of Referencc (BCR) extraction proce­
durcs were used (Mackových et al. , 2003 ). Fi ve steps 
extraction - water dissolvable (F 1 ), exchangcable and 
bound to carbonatc (F2), bound to iron and manganese 
oxides (F3), bound to organ ic matter and sulfide (F4J 
and res idual fraction s (F5) were pcrformed and ana­
lyzed on the se lec ted metal . Total organic carbon 
(TOC) contcnt was pcrťormed by C-MAT 550 analytica l 
system. 
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Tab. 1. Chemica/ composition oj AMD related precípitatesfrom abandoned mine (SM2), mine dumps (SM5) and rai/ing impowul­

nent (SM60 D, SMOD). Tailing related precipitares are slíght acid (pH 5-7, see Fíg. 1) and As-rich. 
I 

Element SM2 SMS SM60D SMOD 
( m ) 

Fe (%) 42.7 44.9 47.9 33.15 

10000 1203 1116 280 

27 77 772 21031 

1696 616 798 3398 

r 266 157 140.4 5237 

K 727 551 145.2 1978 

Results 

Fresh precipitates are very s light crystallized and fine 

( 

1 

in range 50-100 nm) particles coat bottom and plants and 

ani mals on the bank and bottom of the stream. AMD re­

ated iron oxyhydroxide precipitates (Tab. 1) are trans­

ported by stream in suspension (Fig. l ) 

lt was confirmed that particles > lµm represent minor 

part of the suspension (Fíg 2A). The total mass of sus­

pended solids collected from l00 1 of Smolník Stream wa­

er was between 1.2 g and 7.2 g. The largest amount of 

suspended solids was locate in point SMS (Fíg 1, 2) The 

solids mass transported by stream has changed during year 

l 

( Fig. 28). The chemistry of AMD di scharged from ílooded 

mine responses to the seasonal climate íluctuation to some 

step in the area (Rojkovič et al 2002). Results of minera­

ogical and chemical analyze demonstrate that in the wet 

period or when increased volume of water in stream (400 to 

2000 U s) content of iron oxides decreases and content of 

rock minerals (quartz, mica, chlorite) intensive rise (e.g. 

from 20 to 70 % ) in suspended solids. The concentrations 

of selected metals expressed on acid di ssolved basis change 

n time too, however these changes more probably reflect 

1 

i 
t 
i 
he dissolved metals supply from the mine and the tailings 

n monitored tíme periods (Fíg 3). 

Sequential extraction procedures are connected with 

some problems, mainly partia! selectivity, re-adsorption 

and release of meta l during extraction steps and other. 

The suffi cient inťormation about mineralogical and geo­

chemical nature of steam sediments could eliminate these 

potential complications. It is we ll known that mobility of 

potentially toxic metals depends on their different binding 

or specific chemical forms and total concentration of met­

als is not the most important. Metal partitioning in all 

phases however very important is exchangeable or bio­

avai lable phases to assess mobi lity and env ironmental risk 

(Fig. 4). Rise accumulation of the metals main ly Fe, Cu, 

Zn, Mn, has bee11 documented also in soils samples from 

t 

t 

he stream banks. The Fe contents in soils documented 

wo main source of poll ution, the ílooded mine (SM-4) 

and tailing impoundment (SM-6). There had been located 

several types of mining and related acti vity wastes, for 

example metallurgic slag and could be a source of some 

metals, mainly Cu in the Smolník area. 

Conclusion 

i 
l . Total concentration of studied metal s in sediments 

ncreased progress ive ly toward to the Smolník Stream and 

Element SM2 SMS SM60D SMOD 

(m ) 

Mn 103 35 196 606 

Cu 270 302 182 731 

Zn 77 45 155 1052 

Pb 459 41 78 <0, 1 

As 2523 824 7680 10724 

so 2- 8450 13850 8750 165 

Hnilec River confluence. Total content of Fe, Cu, Zn and 

Mn also increased in comparison with their contents mo­

nitored in 1995 in the contaminated part of Smolník 

Stream. 
2. The largest part of studied metals is bounded or 

adsorbed by oxides and by organic matter. The contents 

of exchangeable Fe, Cu, Zn, Mn increase mainly in the 

acidic condition in the sediments. 

3. Acid conditions and increased content of organic 

matter there are two important factors, which changed the 

mobility and bioavailability of meta ls. The most acid 

sediment is leached (SM4) and metals (Mn, Cu, Zn) eon­

tent decrease. Leaching stops in the point SM7 and the 

largest concentration of metal s are in the point SM-8. The 

SM-7 sample is enriched in organic mattes (TOC 7.35 % 

in comparison with SM-1 : 3,5 %) Organic matter could 

change redox condition and meta l mobility in water and 

abilities of iron oxyhydroxides attenuate metals. 

4 . Only low mobility As there are presented. The As 

content in the oxide fraction of stream sediments is rela­

ti vely low and preva iling part of As is bound into residua l 

fraction in sediment. 
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cases also in colour which must be paid approx. 100 EUR per I side A 
4. Figures are to be presenled by the author simultaneously with the text 
of the paper, in two copics. or on a d iskctte + one hard copy. Graphs. 
sketches, profiles and maps must be always drawn separately. High­
quality copies a re accepted as well. Captions should be typed outside 
the figure . The graphic supplements should be numbered on the reverse 
side. along with the orientation of the figures. Large-size supplcme nts 
are accepted only exceptionally. Photographs intended for publishing 
should be sharp, contrast, on shiny paper. High quality colour 
photographs wi ll only bc acceptcd depending on the judgement of the 
technical ed itors. 

Jf a picture is delivcred in a digital form, the fol lowing formats will 
be accepted: *.cdr, *.dxf, *.bmp, *.tiff, *.wpg, •.fga., *.jpg *.gi f, *.pcx. 
Other formats are to be consulted with the editors . 

Rcferences 

Should be li sted in a lphabetical and chronological order according 
to annotation in the text and consist of all rcferences cited. 

Standard form is as follows: 1. Family name and initials of 
au thor(s), 2. Pu bl ication year. 3. T itle of paper, 4. Editor(s), S. Title of 
proceedings. 6. Publishers or Pub li sh ing house and place of publishing, 
7. Unpublished repon - manuscript should be denoted MS. Unpub­
lished paper can appear as persona! communications only. 8. Page 
range 

Quotations of papers publi shed in non-Latin alphabet or in lan­
guages other than English, French. !talian, Spain or German ought to be 
translated into English with an indication of the original language in 
parentheses, e.g.: (in Slovak). 

Example: 

Andrusov. D., Bystrický, J. & Fusán, O ., 1973: Outline of the Struc­
ture of the West Carpathinns. Guide-book for geol. exc. of x•h 
Congr. CBGA. Bratislava: Geol. Úst. D. Štúra, 44 p. 

Bcránek, B ., Leško, B. & Mayerová, M ., 1979: lnterpretation of scis­
mic measurements along thc trans-Carpathian profile K III. In : 
Babuška, V. & Plančár, J. (Eds.): Geodynamic investigatio11.f in 
Czecho-Slovakia. Bratislava: VEDA, p . 201-205. 

Lucido, O. , 1993: A new theory of the Eanh's continental crust: The 
colloidal origin. Geol. Carpathica, vol. 44, no. 2. p. 67-74. 

Pitoňák, P. & Spišiak, J. , 1989: Mineralogy. petrology and geo­
chemistry of the main rock types of thc crystalline complex of the 
Nízke Tatry Mts. MS - Archív GS SR. Brat islava , 232 p. (in 
Slovak). 

Proofs 
The translator as well as the author(s) are obliged to correct the 

errors which are due to typing and tcchnical arrangements. Thc lirst 
proofs are sent to author(s) as we ll as to the translator. The second 
proof is provided only to the editorial office. lt will be sent to authors 
upon request. 

The proofs must be marked clearly and intelligibly. 10 avoid funhcr 
errors and doubts. Common typographic symbols are to be used, the li st 
and meaning of which will be provided by the editorial office. Each 
used symbol must also appear on thc margin o f the text, if possible on 
the same line where the error occurred . The deadlines and conditions 
for proof-reading shall be stated in the contract. 

Final remarks 

These instructions a re ob ligatory to alt authors. Exceptions may 
be permilled by the Editorial Board o r the managing editor. Manu­
sc ripts not complying with these instructions shall be returned to the 
authors. 

1. Editorial Board reserves the right to publish preferentially invitcd 
manusc ript and to assemble thematic volumes, 

2. Sessions of Editorial Board - four ti mes a year and closing dates for 
indivídua ! volumes wi ll be on every last day of March , June, Sep­
tember and December. 

3. To refer to one Magazíne please use the fo llowing abbreviations: 
Slovak Geol. Mag., vo l. xx, no. xx . Bratislava: D. Š1úr. Publ. ISSN 
1335-096X. 
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