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Abstract 

High levels of air pollution occur in several areas of the Czech Republic due to both inland 
emissions sources (mainly coal-fired power plants) and those from other parts of Europe by local and 
long-range pollution processes, respectively. Therefore, regular air pollution monitoring is carried out both 
in the vicinity of large power plants and in rural, locally unpolluted regions as well. Other emission sources 
(municipal waste incinerators, metallurgical plants, motor vehicles) are also examined to enable 
apportionment of individual emission source types to the level of pollution in a particular area by receptor 
modelling. 

In this project, a study of elemental composition of airborne particulate matter in areas with high 
and low levels of pollution using instrumental neutron activation analysis (INAA) is proposed. Several 
elements, namely Cu, Cd, Ni, and Pb will be determined by atomic absorption spectrometry (AAS). Selected 
biological indicators of air pollution (mosses) will also be analyzed using INAA, radiochemical NAA (RNAA), 
and AAS. In addition, measurement of chemical composition of precipitation samples (selected elements, 
anions, cations, pH, and conductivity) will be carried out using AAS, INAA, RNAA, ion chromatography, 
and spectrophotometry. 

Quality assurance of the analyses will be pursued by concurrent analyses of suitable matrix-based 
reference materials and by participation in interlaboratory comparisons. 

1 . SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT 

Air pollution monitoring is an important part of environmental pollution studies in 
the Czech Republic, because of high level of air pollution in several areas of the country. 
Emissions from different industrial sources, especially from large coal-fired power plants 
are the major part of pollution. It has been estimated that about 70% of solid emissions 
released to the air of the Czech Republic originate from coal combustion [1]. 

The annual output of lignite and coal in Czech Republic amounts to about 108 

tonnes [2] of which most (practically all) is used (burned) for electricity and heat 
production in power plants, heating stations, coke plants, and households. It can be 
inferred from the mean coal composition [3] that large quantities of toxic and other 
elements are mobilized to the environment by lignite and coal combustion (Cf. Table I). 
Most of the elements remain retained in bottom ash or in fly ash, which is (and/or should 
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be) separated in precipitators of boilers. The elements contained in bottom ash and 
separated fly ash can enter the atmosphere in dust originating in the vicinity of dumping 
piles until they are recultivated. Easily volatilized elements such as As, Hg, Sb, Se, etc. are 
mostly bonded to finer particles of fly ash [1], which are not sufficiently retained by 
separating devices, and thus remain in the atmosphere in aerosols for a long time. Thus, 
both inland emission sources and those from other parts of Europe contribute to the air 
pollution in the Czech Republic by local and long-range pollution processes, respectively. 
Therefore, regular air pollution monitoring is carried out both in the vicinity of large power 
plants (impact stations) and in background stations in rural, locally unpolluted regions as 
well. Emission sources are also examined [1] to be able to study the efficiency of 
cpnan+inn devices, the mechanism of the formation of aerosols, and to enable an 
evaluation of the contributions of individual emission source types to the level of pollution 
in a particular area by receptor modelling. In this work, emissions and airborne particulate 
matter from lignite-fired power plants, municipal waste incinerators and some metallurgical 
plants will be studied. 

Table I. MEAN COAL COMPOSITION FOR SELECTED ELEMENTS AND THEIR 
MOBILIZATION TO THE ENVIRONMENT FOR ANNUAL COAL OUTPUT OF 1011 KG 

Element 

As 
Be 
Cd 
Cr 
Cu 

Hg 
Mn 

Mo 
Ni 
Pb 
S 
Sb 
Se 
Sn 
Th 
Tl 
V 
Zn 

Mean coal 
composition (range)[3] 

(mg/kg) 

5 
1 
0.2 
10 
15 
3 
50 
3 
10 
10 
15,000 
1 
3 
2 
2 
0.2 
20 
50 

(0.3-93) 
(0.1-7) 
(< 0.01-22) 
(2-400) 
(3-180) 
(0.01-21) 
(3-900) 
(0.3-30) 
(1-80) 
(2-370) 
(1,000-120,000) 
(0.1-9) 
(0.04-10) 
(1-47) 
(0.1-10) 
(0.01-2) 
(2-130) 
(3-300) 

Annual 
mobilization 
(kg) 

500,000 
100,000 
20,000 
1,000,000 
1,500,000 
300,000 
5,000,000 
300,000 
1,000,000 
1,000,000 
1,500,000,000 
100,000 
300,000 
200,000 
200,000 
20,000 
2,000,000 
5,000,000 

Emission 
estimate [4,5]* 
(kg) 

93,700 

21,600 

14,900 

1,187,000 

756,000 

- for Czechoslovakia in 1982 
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Besides the elemental composition of airborne particulate matter, the chemical 
composition of selected biological indicators of air pollution (e.g. mosses), and wet 
precipitation, (i.e. anions, cations, pH, conductivity) are regularly measured in the KoSetice 
station (background, rural station) in the Bohemian-Moravian Uplands. The same 
parameters will also be measured in the vicinity of several large lignite-fired power plants 
in an impact station in the Ore Mountains in the Northern Bohemia (most probably in the 
Medenec station). The stations are operated by the Czech Hydrometeorological Institute 
(CHMI), Prague which participates in the project. The former station belongs to the United 
Nations' Economic Commission for Europe (UN ECE) Environmental Monitoring and 
Evaluation Programme (FMEP) and the World Meteorological Organization (WMO) Global 
Atmo^ph^r^ w^tnh (GAW) networks. A part of results are also produced in the frame of 
the U.S.-Czech Science and Technology Programme in which the U.S. Environmental 
Protection Agency (EPA), the U.S. National Oceanic and Atmospheric Administration 
(NOAA), and CHMI take part. 

2. METHODS 

Collection of airborne particulate matter (weekly samples) will be done using both 
low volume sampling employing Synpor 4 membrane ultrafilters with a pore diameter of 
0.8 pm and a filter diameter of 35 mm [1] and employing a collector that conforms to the 
PM-10 standard (the Gent stacked filter unit) using a filter pack with two Nuclepore filter? 
with the pore diameters of 8 and 0.4 //m and a filter diameter of 47 mm. 

Solid emission samples of fly ash will be collected in bulk from hoppers and from 
stack breeching upstream and downstream of the electrostatic precipitators of boilers 
isokinetically by means of a heated tube with a special dust collector [1]. 

Moss samples will be air or freeze dried, ground and homogenized in a teflon mill 
(Pulverizette 5, Fritsch). 

Precipitation will be collected using both wet-only and bulk precipitation samplers 
in the same time intervals as the airborne particulate matter. 

Up to 35 elements can be determined in the fly ash and aerosol samples by 
instrumental neutron activation analysis (INAA) using both short- and long-time irradiation 
at a thermal neutron fluence of 5 x 1012to 6 x 1013 n-cirrus'1 at the LWR-15 nuclear 
reactor of the Nuclear Research Institute, Rez using suitable irradiation and decay times 
and gamma-ray spectroscopy measurements with semiconductor HPGe detectors [1,6]. 
For analyses of mosses and precipitation, a combination of INAA and radiochemical NAA 
(RNAA), will be used, the latter technique being employed especially for determination of 
the elements As, Cd, Cu, Hg, Mo, Sb, and Se. 

Most of elemental analyses of the precipitation will be carried out using 
flame-atomic absorption spectroscopy (FAAS) and graphite furnace AAS (GFAAS). GFAAS 
will also be used for determination of several elements in airborne particulate matter, 
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namely for Cu, Cd, Ni, and Pb. For this purpose, an AAS spectrometer Varian Spectra AA 

2 0 is available at CHMI, Prague. Determination of cations (Na+ , K+ , Ca+ 2 , Mg+2) in the 

precipitation will be carried out using FAAS while anions (S0 4
2 \ N03", CI) wil l be carried 

out by ion chromatography (IC). The ion NHA
+ wil l be determined by spectrophotometry. 

Conductivity and pH of the precipitations wil l also be measured. 

Quality assurance (QA) is routinely pursued in our NAA Laboratory by concurrent 

analyses of suitable matrix-based reference materials (RMs), namely NIST SRM-1 648 

Urban Particulate for air jorne particular matter analysis, the National Institute of Standards 

and Technology Standard Reference MateriaUNIST SRM) 1633a Coal Fly Ash and some 

of the Institute of Radioecology and Applied Nuclear Techiques (IRANT) Coal Fly Ash 

Reference Materials [7-9] for coal fly ash analysis. A number of already existing and 

candidate biological RMs have been analyzed [10-12] , including participation in IAEA 

intercomparison Runs for the Determination of Major, Minor and Trace Elements in Spinach 

(IAEA-331), Cabbage (IAEA-359), and Lichen (IAEA-336) [13] . Participating in 

interlaboratory comparisons on f ly ash samples [14] and air particulate filters [1] is an 

important part of our QA activities. For elemental analysis of water, RM IAEA/W-4 Fresh 

Water can be used. Comparative analyses using INAA or RNAA and AAS wil l also be 

employed for determination of selected elements in airborne particulate matter and water 

samples. QA of the precipitation samples is also pursued at CHMI by taking part in 

intercomparison runs organized by WMO and U.S. EPA. 

3.RESULTS 

Examples of results of our previous work relating to this Co-ordinated Research 

Programme (analysis of emission, air particulate and precipitation samples, and quality 

assurance of the analyses) have recently been published or are available upon request from 

the primary author or from the Agency's co-ordinator of this CRP [1,15,16]. 

4 . PLANS FOR FUTURE WORK 

In the first year, determination of about 30 to 35 elements in fly ash and airborne 

particulate matter collected at and in the vicinity of a municipal waste incinerating plant, 

respectively, by INAA will be carried out. In the same period, regular air pollution 

monitoring in at least one background and one impact station wil l be started and/or 

continued in which airborne particulate matter, wet precipitations and moss samples will 

be analyzed for the above analytes using the analytical methods given in Section 2. 

Composition of airborne particulate matter collected using both low volume sampling wi th 

the Synpor filters and the "Gent" stacked filter unit wil l be compared and the results 

obtained will be evaluated to identify major sources of pollution using receptor modelling 

[17] as soon as sufficient data set is available. 

In further stages of project, uranium and thorium determination wil l be carried out 

in hard coals and lignites from different mining regions and if increased concentrations of 
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the elements will be found, transfer of the elements to combustion products and ashes will 
be studied to be able to estimate the risk of pollution of the environment with radioactive 
materials from coal and lignite combustion. 

Attention will also be paid to the problem of mercury losses from air particulate 
filters during irradiation and possible avoidance of the losses. 

Finally, an attempt will be made to develop a RNAA procedure for thaiium 
determination in air particulate and fly ash samples using various methods of measurement 
of tne radionuclides 204TI and 206TI with half-lives 3.9 y and 4.2 min, respectively (pure B-
emitters). 
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