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ABSTRACT

Faculty of Chemical and Food Technology of Slovak University of Technology, Radlinského 9, 812 37 Bratislava,

Radon activity concentration in the atmosphere can vary more or less according to the locality of the

measurement. In this paper there are compared radon activity concentration (RAC) and equilibrium equivalent
concentration (EEC) obtained in two different localities of Slovakia (Bratislava and Jaslovské Bohunice,
respectively). The localities are about 55 km apart from each other. Data analyses for 5 months of the year 2005
are presented. A surprisingly good agreement between the localities was found on the variations and mean values.
These results imply that the turbulent mixing of air in the atmosphere of both localities is very similar. Various
EEC/RAC ratios were found for different months, which might indicate a change in equilibrium factor F during the
year. There was also found out that the mean daily courses observed in the two localities are slightly shifted apart.
This is probably caused by different orography of the area where the measurement devices are installed and because

of an earlier incidence of solar radiation on the measurement area in Jaslovské Bohunice.

Key words: radon, activity concentration, equilibrium equivalent concentration, comparison

INTRODUCTION

Radioactive noble gas *?Rn (further on also
simply called radon) is formed in soil in the process
of radioactive decay of Ra. *Ra is an alkaline earth
metal that is a member of 2*U decay chain. Part of ra-
don is released in the atmosphere. *?Rn decays with
a half-life of 3.8 day, its progenies fix rapidly on ae-
rosol particles present in air. Turbulent diffusion is the
main process affecting the transport of radon and its
daughters in the troposphere. In addition to that, radon
concentration profiles are influenced by the decay of ra-
don and its progenies and in case of radon daughters by
wet and dry removal of aerosols from the atmosphere.
Radon concentration in the atmosphere is sensitive to
the changes of meteorological factors and is therefore

considered a suitable indicator mainly of the vertical
exchange processes in the atmosphere [1]. Radon acti-
vity concentration show distinctive daily and seasonal
variations [2, 3]. Research and improvement of radon
models contributes to the better understanding of radon
behaviour in the atmosphere and also to the understan-
ding of important aspects of atmospheric dynamics [4].
Knowledge about radon behaviour in the atmosphere
is also needed for a more precise assessment of public
radiation exposure from radon.

Radon concentration in the atmosphere can vary
more or less according to the locality of the measure-
ment as it follows from the above mentioned facts. The
main aim of this research was to compare radon related
activities in two different localities that are about 55
km apart from each other, and to collect new data for



validation of atmospheric transport models at regional
level.

METHODS

Radon related activities for monitoring and
scientific purposes are being continually collected on
two different sites, the output is a *?Rn activity concen-
tration on one site and an equilibrium equivalent con-
centration of ?’Rn on the other site. The equilibrium
equivalent concentration (EEC) of **Rn is the radon
concentration, in equilibrium with its short-lived dau-
ghters, that has the same potential alpha energy per unit
volume as exists in a sample mixture. Radon activity
concentration (RAC) and EEC are related as follows:

C,=CFE

eqv

where C,,, and C are values of EEC and RAC, respecti-
vely and F'is the equilibrium factor, the typical value of
which is between 0,5 and 0,7 [5]. The EEC can also be

expressed in the following manner:
C,,=0.105C +0.515C,+0.380 C,,

where the symbols C,, C,, and C; represents the activity
concentrations of the decay progeny, >'*Po, “Pb, and
214B4, respectively. The constants are the fractional con-
tributions of each decay product to the total potential
alpha energy from the decay of a unit activity in the gas.
In this way, a measured radon activity concentration C
can be converted to an equilibrium equivalent concen-
tration C,,, and conversely if the equilibrium factor ¥
and activity concentrations of the decay products are
known.

Measurement of ?Rn activity concentration was
carried out in the campus of the Faculty of Mathema-
tics, Physics and Informatics, Comenius University
(FMPI CU) on a hill above Karlova Ves in Bratislava.
The air sampling was conducted at a height of 1,5 m
above the earth’s surface. Measurement of EEC was re-
alized in outdoor air on the grounds of a nuclear power
plant in Jaslovské Bohunice. The sampling sites are
about 55 km apart from each other.

On the FMPI CU campus a large volume scintil-
lation chamber with a volume of 4.5 litres [6] was used
for the measurement of radon activity concentration. In
the Jaslovské Bohunice sampling site there was used
a silicon detector for the measurement of the activity
concentrations of >*Po, 2'“Pb, 2'“Bi and *'“Po [7]. Both
devices worked in a flow regime.

A great amount of data about RAC and EEC was
collected at both localities. From the data collected on
the FMFI UK campus the radon activity concentrations
related to two-hour intervals were determined using
Ward method [8]. Equilibrium equivalent concentra-
tions of radon in Jaslovské Bohunice were measured at
irregular, mostly 25-40 minutes intervals. For the pur-
pose of the comparison of both localities it was neces-
sary to determine EEC values for 2-hour intervals. For
this reason the data were linearly interpolated and EEC
values belonging to 5-minute intervals were calculated.
We got a new data set from which we picked up a gro-
up of four values belonging to half-hour intervals (e.g.
2:30, 3:00, 3:30, 4:00); subsequently these values were
averaged. The obtained value was then assumed to be
the EEC value belonging to 2-hour interval. Calculati-
ons were realised by a macro created in Visual Basic
programming language.

RESULTS AND DISCUSSION

In this paper there are presented data for 5 months
of the year 2005. They were chosen because we had the
largest amount of RAC and EEC data in these months
and because they cover the period of the whole year. In
our analysis we only used the days in which RAC or EEC
data are presented during the whole 24-hour period.

Smoothed time-courses of RAC and EEC for
February, April, June, September and October are pre-
sented in Figure 1. One can quickly see that a surpri-
singly good agreement exists between the two localities
despite the fact the localities are approximately 50 km
apart from each other. The correlation coefficient for
non-smoothed data ranges from 0,37 in October to
0,77 in February, with an average value of 0,55. If the
data are smoothed the correlation coefficients improve
even more, ranging from the lowest value of 0,47 in
October to the highest one 0,85 in February, in avera-
ge 0,65. The correlation coefficients for smoothed and
non-smoothed data are shown in Table 1, examples of
correlations are given in Figure 2.

A particularly good agreement between the two
localities was recorded in February 2005. In the period
from 4 to 12 February 2005 there were observed dis-
tinctive variations and high concentrations of radon with
a maximum on February 12 (Bratislava — 17.2 Bq.m?,
Jaslovské Bohunice — 9.6 Bq.m™), yet on the next day,
February 13, a steep decrease with weak variations of
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radon concentration in both localities was observed.
This situation lasted for about a week and after this pe-
riod more distinct variations in both localities were ob-
served once again. A good agreement on variations and
mean values of RAC or EEC between the localities can
also be seen in the other months of the year 2005.

One of the important findings of this research
was that the ratio between EEC and RAC was not con-
stant during the year. The ratio in autumn months was
higher than that found in summer or spring. Similar
dependency was also observed in [9]. Next, the mean
monthly values of RAC were always higher than the

10
"E
g 8
@
D 6
[}
. 4 -
K=
S February
% 2 R=0,85
©
Ky
O T T T T
0 4 8 12 16 20

FMFI - RAC [Bq.m™]

mean monthly values of EEC, yet in some days of the
year 2005 the ratio was found to be opposite. Mean va-
lues and ratios are summarized in Table 2.

Mean daily courses of radon activity concentra-
tion and EEC are depicted in Figure 3. For better visual
interpretation the data points were fitted by a curve, the
parameters of which were determined by Fourier analy-
sis in the Microcal Origin scientific application. Mean
daily courses of RAC are always set higher than mean
daily courses of EEC. The minima of the daily radon
waves in February, April and June are more expanded
in Jaslovské Bohunice than in Bratislava.

14
12 . June
10 4 .‘0. ¢ R = 0,66

Jasl. Boh. - EEC [Bq.m?]

0 2 4 6 8 10 12 14
FMFI - RAC [Bq.m?]

Fig. 2 Correlations between smoothed radon activity concentration (FMFI UK, Bratislava) and smoothed
equilibrium equivalent concentration (Jaslovské Bohunice) in February and June 2005

Table 2. Mean values of activity concentration and equilibrium equivalent concentration for various months of the

year 2005

Month FMFI-RAC Jasl. Boh. — EEC EEC/RAC

[Bq.m™] [Bq.m™] [-]

February 52 3,0 0,57

April 3,5 2,9 0,81

June 3,6 2,9 0,81

September 4,9 4,7 0,95

October 5,8 5,6 0,97




11

[.wbg]l 533 - "yog 'ser [.wbg] 933 - "yog 'ser [.wr [.wbg] 933 - "yog "ser [.wbg] 033- g ser
D O~ O W T MO N «— O D O~ ©O© W T MO N« O o © DO~ O WL T O N~ O D O~ O O T O AN «— O
—t—t+—+—+——+— < —t——t——+—+— < t < —t—t+—t+—t—+— < ——t
° N N N N -
L N L N N L N
N N N N B
L o [ ) o L o L
N N N N
Fe P e ® Fe F
L] ﬂ
W L © = L © ® © m | © 5 L
g e = e @ e E e | g
2 . 2 3 =4 g
& T P s 8 I = 8 |
’ P P o P -
Fe Fe e Fe F
- - © - L
- © - © © F © +
. L4
I o< < I +
N - N N F N r
e e e e A R (=] L e e e e N o T (=] T T T T T o L s B B R
D O~ O© WO T MO N «— O O O~ O WU T M AN «— O D O~ O WU T MO AN «— O DO~ O© WO T MO N~ O D O~ O© W T MO N «— O
[.wbg]l OvY - IdIN4 [.wrbg]l ovy - 14N [.wbg]l ovY - 144 [.wrbg] ovy - 1A [.wbg]l Ovy - 14N

22 24

12 14 16 18 20

10

Hour

Fig. 3 Mean daily courses of ?’Rn activity concentration (FMFI UK, Bratislava) and EEC (Jaslovské Bohunice)

in various months of year 2005



12

The amplitudes of mean daily courses of EEC are
lowest in spring months and are along with the ampli-
tudes of RAC recapitulated in Table 3. The results are
in agreement with our previous measurements of radon
in Bratislava air [10].

se of year. This might indicate a change of equilibrium
factor F during the year, which is in agreement with our
previous measurements [9, 11].

A slight, approximately 2-hour shift of data
was found. This effect is probably caused by different

Table 3. Amplitudes of mean daily courses of activity concentration and equilibrium equivalent concentration for
various months of the year 2005

FMFI Jasl. Boh.
Month
[Bq.m™] [Bq.m™]

February 1,1 0,7
April 1,4 1,6
June 2,4 2,0
September 2,2 2,1
October 2,1 2,4

Table 4. Correlation coefficients between EEC and RAC obtained in two localities of Slovakia without shift
and with 2-hour shift of data for various months of the year 2005

Correlation coefficient
Month non-smoothed data smoothed data
no shift 2-hour shift no shift 2-hour shift

February 0,77 0,76 0,85 0,85
April 0,51 0,57 0,64 0,69
June 0,56 0,61 0,66 0,71
September 0,52 0,51 0,64 0,65
October 0,37 0,42 0,47 0,52

We can see from Figure 3 that the mean daily co-
urses observed in the two localities are slightly shifted
apart. This shift is particularly clearly visible in April,
June, September and October. After a 2-hour shift of
data we often observe an improvement of the correlation
coefficients. The correlation coefficients for non-smo-
othed and smoothed data as well are listed in Table 4.

CONCLUSION

A large amount of data about radon concentra-
tion were obtained in both localities. A surprisingly
good agreement on the variations and mean values of
RAC and EEC exists between the localities despite the
fact the localities are approximately 50 km apart from
each other. The agreement is confirmed by high values
of correlation coefficients between the localities. The-
se results imply that the turbulent mixing of air in the
atmosphere of the localities is very similar. It was also
found that the EEC/RAC ratio varies during the cour-

orography of the area where the measurement devices
are installed and because of an earlier incidence of solar
radiation on the measurement area in Jaslovské Bohu-
nice [12]. The obtained data will be used for interpreta-
tions of *C measurements in both localities.
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ABSTRACT

Energetic rate (content of combustion) of tree resin is so high, that the energetic rate a of spruce is 38 500J.g™
and of a pine is 38 900 J.g™'. Differences between particular wood-pulps are irrelevant. An amount of macroergic
substances in biomass can affect its energetic rate and production significantly.

Tree resin almost has a double higher energetic rate in comparison with content of wood’s combustion
without an expection of a wood-pulp and it approaches refined hydrocarbon fuels.

Key words: energetic analysis, biomass, resin

INTRODUCTION

New opinions on utilizing of energetic potentials
changed energetic conceptions in regional and also in-
ternational rank.

Recently the views of renewable energetic re-
sources, especially the energetic valuation of biomass
have been changed. Energetic valuation of biomass be-
comes a reality like a price of primary energy increases
dramatically.

At the present times the research of biomass’s
energetic utilization is oriented at the technological
mastering of biomass’s energetic utilization and at the
production quantity of biomass, too. Sometimes the qu-
alitative side of energetic biomass is unnoticed.

An orientation of the research has to head to
a quantity production as well as to a quality of energe-
tic biomass to reach high biomass production with the
highest energetic value of biomass. It further premarks
an orientation for knowledge about production to reach
maximal biomass production expressed in energetic
measures.

Cellulose and lignin are standard substances of
vegetal biomass. Biomass contains other substances,
for example the macroergic substances (for instance
tree resin), which are contained in biomass in miscella-

nous rates and they can significantly influence energe-
tic level of biomass. Tree resin belongs between these
macroergic substances and its volume can have an im-
portant influence of a biomass energetic level.

From physiological side the resins can be charac-
terized as the excrets, the final products of the dissimi-
lation reactions. These reactions are not split, because
their energetic level is often very high.

From energetic side we the resins are considered
as macroergic substances with high energetic content.

Resins originate from special tissues — resin ca-
nals in a similar way like essences. Physiological resin
originates from metabolic activity. In trees pathologic
resin often originates as a consequence of wound.

From chemical point of view the resins are aroma-
tic compounds of terpene character. In particular sorts
of woods content and composition of resin depends on
biochemical taxon of particular woods. The resins are
made by two main groups of substances. The first group
is derived from phenylpropane and the second group of
substances is derived from terpene substances.

Resins don't dissolve in water, but they dissolve
in organic dissolvents. Resins are not chemical indivi-
duals, but they are complicated mixtures of substances,
that are compounded from carbon and oxygen. They
are made in wood tissues.
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Brazesand Kosik (1985) state that the considerable
differences of resin are not only between different wo-
ods, but also between woods of the same class. There
is also a difference between compound of the psyhio-
logical tree resin, which is found on healthy tree and
the resin, which oozes after wound from injured bark.
Pathologic resin comprises from terpenes and resin
acids and it doesn’t contain fats.

In different woods the resin content is assessed
by value of alcohol-benzene or ethereal extract [1].

Chemical compound of resin is well-known and
published in literature, but data about energetic analy-
sis of resin as a macroergic substance absent. SiMANOV
(4) marginally mentions energetic value of resin, but
he doesn’t inform about concrete rates and he only
states that tree resin has higher heating capacity than
wood.

Significance of energetic analysis of biomass
components (in this case resin) hasn’t importance only
in an inquiry of information about reality. For high re-
sin content in some woods and for high energetic level
of resin there are chosen chemobiotaxons, which secure
the highest energetic production of biomass already in
a phase of a foundation of energetic plantations

MATERIAL AND METHODS

As a fuel biomass is characterized by content
of combustion and heating capacity. Content of com-
bustion is heat, that comes up by complete burning of
a weight unit of fuel including liquefied water vapor for
water, whereby temperature of flues is 20,5 °C after co-
oling down. The heat with upper heating capacity point
is not used in an utilizing warmth from flues, because
the condensation of water vapor is not be allowed in
fuming gasses in a combustion equipment.

Combustion heat of analysed samples was detec-
ted by calorimeter, in which there can be burned solid,
crystalline and squeezed samples.

Combustion heat was inquired on resin from
spruce (Picea abies L.) and pine (Pinus silvestris L.).
Resin was acquired by an exploitation of resin, a cut-
ting, so we can characterize it as a pathologic resin. The
trees were 30—40 years old. A thickness of tree was in
d, , m 18-22 centimeters. Resin was acquired in the se-
cond half of summer.

The research was executed for 40 samples: for
every wood there were inquired 20 samples. A number
of samples was calculated as a minimal size of a file
for parameter estimation — an arithmetic average of the

basic file with 95 % reliability and 1% error.

RESULTS

Combustion heat of spruce and pine is high. We
can assort resin from spruce and spine to the macroer-
gic substances: tree resin is probably substance with the
highest content of energy in woods and plants. Adjusted
value of combustion heat of pine is 38 900 J.g"!' and of
spruce is 38 500 J.g' in an arithmetic average. Establis-
hed differences between combustion heat of particular
woods, pine and spruce are not significant.

Tree resin has almost double higher energetic
value in a comparison with combustion heat of wood
without difference, that is from 18,0 to 20,0 kJ.g
[2,3,4] and it approaches refined hydrocarbon fuels.
Established maximum values reach energetic value of
heavy fuel oil, petrol and naphta. Another fossil fuels
like black coal and coke reach energetic level of re-
sin in the range 60-70 % and brown coal in the range
30-35 %.

Statistical distribution of combustion heat values
doesn’t noticeably differ from normal distribution and
it is midly levorotary.

As generally the biggest obstacle for wide using
of biogenic fuels (particularly biomass) is considered
its low energetic value. But this opinion doesn't stand
up, because energetic value of wood is in general hi-
gher than brown coal, whereby particular substances
and components of biogenic fuels are especially ener-
getically abundant.

DISCUSSION AND SUMMARY

With regard to world energetic trend it is justified
to assume that importance of wood and other biomass
as an energetic bearer will accrue because of economic,
energetic and ecologic reasons. For European Union
itis a very big challenge to fulfill its pledges of cove-
ring part of its energetic needs by biomass. An accom-
plishment of these promises is exceptionally difficult
and long-termed.

In the present practice energetic measures come
to the fore instead of volume or weight measures that
pertinently enumerate quantity of produced biomass.
Energetic value of biomass is qualitatively higher com-
parative equivalent whose importance permanently in-
creases with a connection to biological and ecological
sciences” development. By the weight and energetic
measures we can compare production and productivity



of varied ecosystems (for instance agroecosystems, fo-
rest ecosystems, meadows or energetic agricultural and
forest plantations).

Tree resin as a biomass substance probably won't
play the role in an energetic utilizing, but its energetic
importance is in complex content of combustible sub-
stances in biomass. Some woods have high content of
resin in wood, for instance some northern woods have
three times more resin than woods from southern re-
gions.

From the said new questions arise for genetics,
a topcross and a cultivation with precondition to secu-
re such biological material which will have high ener-
getic production. One way could be seeking and crea-
ting taxons which will have high content of macroergic
substances apart from high weight production, thereby
high energetic production of biomass will be adjusted.

Constant increasing of primary raw materials’
consumption with parallel reduction their supplies lead
to continual increasing their price and to the risk of the
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lasting shortage and unattainableness. It opens a way
for wide using of biomass as a renewable energetic car-
rier without an environmental deterioration, with a high
using of solar radiation. The energetic using of biomass
can be an important tool for a development especially
country regions.
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ABSTRACT

PCBs represent a serious ecological problem due to their low degradability, high toxicity, and strong
bioaccumulation. Because of many environmental and economical problems, there are efforts to develop bio-
remediation technologies for decontamination of the PCB-polluted areas. In the locality of the former producer of
PCB — Chemko Strazske a.s. — big amount of these substances is still persisting in sediments and soil. The goal of
this study was to analyze the contaminated sediments from Strazsky canal and Zemplinska Sirava water reservoir
from several points of view. The study of ecotoxicity confirmed that both sediments were toxic for various tested
organisms. The genotoxicity test has not proved the mutagenic effect. The subsequent step included microbiological
analysis of the contaminated sediments and isolation of pure bacterial cultures capable of degrading PCBs. In order
to determine the genetic potential for their biodegradability, the gene bphA1 was identified using PCR technique in
their genomes. This gene codes the enzyme biphenyldioxygenase, which is responsible for PCB degradation. The
final goal was to perform aerobic biodegradation of PCBs in the sediments. The bacteria present in both sediments
are able to degrade certain low chlorinated congeners. The issue of biodiversity is still open and has to be studied
to reveal the real cooperation between bacteria.

Key words: biodegradation, contaminated sediments, polychlorinated biphenyls, PCBs, toxicity

INTRODUCTION

Polychlorinated biphenyls (PCBs) are highly per-
sistent pollutants that have been produced on the large
scale in the past decades. The production was stopped
after they had been proven to be toxic to humans. Once
in the environment, PCBs tend to accumulate in diffe-
rent stages of the food chain and along with being toxic,
they are also carcinogenic [1]. Environmental and eco-
nomic reasons have urged the development of bioreme-
diation technologies for the PCB removal from conta-
minated sites. A crucial step is the isolation or genetic

construction of microbial strains with biodegradation
potential. Several aerobic microorganisms are able to
biodegrade certain, usually less chlorinated, PCB con-
geners [2-5]. Although the complete PCB degradation
is the ultimate goal, often only partial solutions of this
complex problem can be reached resulting in elimina-
tion of the most harmful properties [6]. For PCBs, the
top priority is to lower their bioaccumulation potential
or, equivalently, their lipophilicity. In the aerobic bio-
degradation process, dioxygenases introduce hydroxyl
groups into the PCB molecule, decreasing its lipophili-
city and making the later cleavage easier [7]. The initial
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oxidation and subsequent ring cleavage seem to be the
rate-limiting steps of the process. In our recent publi-
cations, a simple apparatus for effective monitoring of
the PCB evaporation kinetics in batch biodegradation
experiments was described [8, 9] together with a sim-
ple mathematical model [10] that takes evaporation and
biodegradation into account.

Slovakia is one of the countries where production
of PCBs took place in the past. PCBs have been produ-
ced at the factory Chemko Strazske. Slovakia belon-
ged to the eight largest world producers of commercial
mixtures of PCBs. Through Regional Centre of UNDP,
Slovakia has obtained a GEF grant to support imple-
mentation of the Stockholm Convention commitments
and to elaborate the NIP within the project “Initial as-
sistance to the Slovakia to meet its obligations under
the Stockholm Convention on Persistent Organic Pol-
lutants (POPs)”. The production of PCBs was approxi-
mately 21,500 tons. About 46 % of the PCB production
was exported mainly to the former East Germany. The
rest (11,613 t) was used in former Czechoslovakia in
dielectric fluids for transformers and power capacitors,
as heat exchanger and hydraulic fluids, and as paint
additives and lubricants. PCBs from damaged devices
can easily enter the environment. At present, the use
of PCBs in open systems is not allowed, however, in
closed systems such as transformers and capacitors,
they still can be used. Basing on extensive inventories,
which were carried out in the years 20002002, current
existence of about 3,500 tons of PCBs may be assumed
in the territory of Slovakia [11].

Contamination at the factory Chemko Strazske
surroundings belongs to the so-called “old environ-
mental burdens”. It can be considered as a hot spot
and poses a serious problem in Slovakia. Contamina-
ted areas are found inside the factory area well as in
wider surroundings. The contamination is primarily
spread through surface water by gradual release from
contaminated sediments of an open sewer (effluent ca-
nal) that leads from the factory to Laborec River, and
subsequently through the filling canal contaminates
Zemplinska Sirava water reservoir. This contamination
resulted in increased values of PCB content in monito-
red components of environment as well as in the popu-
lation of this district, comparing with the other parts
of Slovakia. PCB concentrations in industrial canal
fluctuate from grams to tens of grams of PCBs per kg
of sediment dry weight, in some places in Laborec at
hundreds of milligrams and in sediment of Zemplin-
ska $irava in milligrams. Complex monitoring of PCB

contamination in the area surrounding a former produc-
tion site has not yet been carried. Only partial data are
available. For this reason, it is not possible to estimate
exactly the amount of contaminated sediment and soils.
Initial approximation assumes that at least 40,000 tons
of PCBs are still adsorbed in the sediments of the efflu-
ent canal, Laborec River and Zemplinska Sirava water
reservoir. This sediment is an abundant PCB source
causing the long-term contamination of the waters of
Eastern Slovakia. As expected, the highest value of
PCBs was found in a muddy part of the effluent canal
flowing from the Chemko factory containing about 3—-5
kg PCBs in 1 ton of dry mud. It is doubtless that the
polluted effluent canal flowing into the Laborec River
has caused the contamination. The Zemplinska Sirava
water reservoir that is partly filled from the Laborec
River contains several hundred times higher PCB le-
vels (100-2000 times) in comparison to a similar water
reservoir (Domasa) in the background area (1.7 to 3.1
mg/kg compared to 0.007-0.01 mg/kg). PCBs determi-
ned in soil samples collected from the vicinity of the
waste disposal sites of Chemko contained PCB levels
much higher than those found in agricultural and forest
soils. It should be stressed that, in general, PCB levels
in Slovak human population are higher than those in
other countries (with the exception of Czech Repub-
lic). Sediments from the area of former PCB production
in Slovakia show high values even 21 years after the
termination of the production — up to 4.1 mg.kg™! (on
average, 0.3 mg.kg™"). PCB contents of the sediments
from water bodies from other areas of Slovakia range
between 0.01-2.8 mg kg [12]. PCBs accumulated in
sediments are only slowly mobilized into water. This
situation will last probably until the start of remedia-
tion. Since estimated tens of tons of PCBs are adsorbed
in the sediment of these water reservoirs, a flood, for
example, might cause an ecological disaster. A possible
solution involves the detailed examination of an extent
of the pollution of the water reservoir, the removal of
the contaminated sediment, and the decomposition or
retrieval of PCBs by a suitable technology, e.g. inci-
neration, thermal desorption, chemical dehalogenation,
solvent extraction, or bioremediation.

The goals of the present work were: (1) to stu-
dy toxicity and ecotoxicity of PCB-contaminated se-
diments from Strazsky canal and Zemplinska Sirava
water reservoir; (2) to isolate the microorganisms with
degradative ability; and (3) to perform biodegradation
of PCBs in natural and bioaugmented sediments.



MATERIALS AND METHODS

Chemicals

The following reagents were used: agarose (Bio-
Rad, USA), bacteriological agar (Oxoid, UK), biphenyl
(Sigma-Aldrich, USA), dibenzofuran (Sigma-Aldrich,
USA), diethyl pyrocarbonate (Sigma-Aldrich, USA),
DNA markers (Promega, USA), 100 bp ladder, 1kb lad-
der, DNA polymerase (Finzymes, FI), ethidium bromi-
de (Fluka, Germany), n-hexane (Chromservis, Czech
Republic), IRS solution (Mo Bio Laboratories, USA),
Luria-Bertani (LB) medium (Oxoid, UK), Plate Count
Agar (PCA) (Oxoid, UK), primers (Biotech, Czech
Republic), pyrophosphate (Sigma-Aldrich, USA), re-
action buffer solution for DNA polymerase (Finzymes,
FI), Trisma base (Lachema, Czech Republic), mixture
of nucleotides (Promega, USA).

Biological material and the environmental samples

Bacterial strains used were Burkholderia sp.
LB400 (bph operon) [13, 14]; and the isolates from
sediments. Sediments were sampled from Zemplinska
Sirava (Z8) and Strazsky canal (Sk) according to the es-
tablished protocol.

Cultivation media

LB medium: 25 g LB in 1 1 distilled water and
15 g.I'! of bacteriological agar.

Minimal liquid medium (MM): 1 g (NH,),SO,;
2.7 g KH,PO,; 10.95 g Na,HPO,.12H,0 filled with
distilled water to 1 1. After sterilization of the solution,
salts containing particular trace elements sterilized by
filtration were added: 250 pl FeSO,.7 H,0 (2 g.I""); 250
ul, Ca (NO,),.4 H O (6 g.I'"); and 250 pl MgSO,.7 H,0
(40 g.I'"), each in 50 ml of the prepared medium.

Minimal solid medium: 5.37 g Na,HPO,.12 H,0;
1.30 g KH,PO,; 0.50 ¢ NH,Cl; and 0.20 g MgSO,.7 H,0
filled with distilled water to 1 1. To congelate the medium,
15 g.I'" of agar was added (Nobel Agar, Difco, UK).

Plate Count Agar (PCA): 23.5 g PCA'in 1 1 of
distilled water (the guide of Oxoid Company, UK).

Phosphate buffer (pH 7.4): A: 13.8 ¢ NaH PO,
.H,0 filled with distilled water to 500 ml; B: 14.2 g
Na,HPO, filled with distilled water to 500 ml. 60 ml of
solution A and 440 ml of solution B were mixed;

TBE buffer (pH 8.0): stock solution — 10 x con-
centrated: 54 g Tris, 27.5 g boric acid; 3.72 g EDTA,
filled with distilled water to 1 1.

Commercial sets
Nefermtest 24 — Lachema, Czech Republic (a bio-
chemical test for identification of the strains of Gram-
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-negative non-fermentative bacteria); QlAamp DNA
Mini Kit — Qiagen, USA (a set for isolation of the total
DNA from pure culture); UltraClean Soil DNA Isola-
tion Kit—Mo Bio Laboratories, USA (a set for isolation
of microbial DNA from soil).

Determination of the inhibition effect

Specific inhibitory effects of PCBs on the bio-
luminiscence of intact cells of the standard bacteria
Vibrio fischeri NRRL-B-11177 were measured with the
LumisTox method by using a luminometer Biocounter
LUMAC 1500 (Perstorp, Netherlands). Toxicity was
expressed as 1D value after 15 min incubation of bac-
teria in the presence of toxicant. To evaluate ecotoxici-
ty, the criteria listed in Table 1 were used.

Isolation of microorganisms from sediments

A mixture of 10 g sediment, 250 mg biphenyl,
and 100 ml liquid mineral media was cultivated at 28 °C
for 7 days. To determine the total number of microor-
ganisms, solid LB medium was used. For isolation of
potential degraders of biphenyl, mineral medium with
Nobel agar was used. Microbial strains were cultivated
in the presence of 250 mg of biphenyl placed in the
cover of the Petri dish.

Screening of the presence of 2,3-dioxygenase in the
microorganisms

Microorganisms isolated from sediment were ino-
culated into solid minimal medium. Biphenyl and diben-
zofuran were sprinkled on the cover of the Petri dish.
Dibenzofuran, a substance structurally similar to PCB,
is split by the enzyme dioxygenase to yield a so-called
meta-cleavage product having yellow color. In this way,
it is possible to detect bacteria producing dioxygenase,
which indicates their potential to degrade PCBs [15].

Classification of microorganisms using Neferm-
test24

The commercial set Nefermtest 24 is assigned for
identification of Gram-negative non-fermentative bac-
teria. A bacterial culture cultivated on Plate Count Agar
for 24 h at 28 °C was used. The procedure followed the
guide for the use of the commercial set Nefermtest 24.
The principle of this method lies in detection of the bi-
ochemical reactions of the tested strains with different
substrates. To a specified dehydrated substrate, asus-
pension of the tested strain was added and after 48 h in-
dividual reactions were evaluated on the basis of acolor
reaction, and the particular strain was identified.

Isolation of the bacterial DNA
Bacterial DNA of Gram-negative bacteria was
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isolated by thermolysis. For isolation, a culture from
solid media was used and incubated in 50 pl sterile dis-
tilled water for 10 min at 95 °C in a thermoblock. After
thermolysis, the mixture was mixed and centrifuged
at 1300 rpm. Sediment contains the obtained bacterial
DNA.

Amplification of the specific segments of DNA using
PCR

For detection and amplification of the genes of
bacterial DNA, PCR method was used. Composition of
the mixture: 34.5 ul sterile deionized water, 5 pl of po-
lymerase buffer Finzymes, 1 ul ANTP (10mM), 2 x 1 pl
of primers, 2 pl BSA, 0.5 pl of polymerase Finzymes,
5 ul of DNA sample. 16s rDNA was isolated from the
strain, in which the presence of the gene bphAl was
demonstrated. By sequencing 16s rDNA it was possib-
le to classify the unknown strains on the basis of the
sequence of nucleotides in the amplified segment ter-
minated by the primers F38GC and R518. DNA was
stored at — 20 °C.

Detection of the PCR products by gel electropho-
resis

The method was used for identification and de-
tection of the fragments of DNA. The suitable concen-
tration of the agarose gel was used: from 1 % (for frag-
ments with number of bp higher than 100) to up 1.5 %
(for fragments with number of bp below 100). Agarose
gel was prepared by dissolving agarose in TBE buffer.
Ethidium bromide was added into a gel for visualiza-
tion of the DNA fragments (1 % solution) at a concen-
tration 1 pl in 30 ml of gel. Before dabbing, 5 ul DNA
was mixed with 2.5 ul of dab solution Blue/Orange 6x.
The complex of DNA with ethidium bromide was visu-
alized by UV radiation. Electrophoresis separation of
the PCR products was performed at 120 V. To deter-
mine fragment size, a marker of 100 bp standard DNA
was used [16].

Biodegradation of PCBs in the natural sediments

To assess aerobic biodegradation of PCBs pre-
sent in contaminated sediments from Strazsky canal
and Zemplinska Sirava without additional bioaugmen-
tation of natural isolated microorganisms, 10 g of sedi-
ments, 250 mg of biphenyl, and 50 ml of liquid mini-
mal medium were added. Biodegradation was carried
out for 14 days at 130 rpm and 28 °C. Negative control
represents chemically sterilized sediment with 10 ul of
diethyl pyrocarbonate in 10 ml sample.

Biodegradation of PCBs in the sediments amended
with the isolated microbial consortium

Isolated microbial consortium from sediment
was inoculated in 20 ml liquid minimal medium with
biphenyl as the structure analogue of PCBs and incuba-
ted 48 h at 28 °C. To evaluate acrobic biodegradation
of PCBs present in contaminated sediments from Straz-
sky canal and Zemplinska Sirava with additional bio-
augmentation of natural isolated microorganisms, 10 g
of sediments, 250 mg of biphenyl, 5 ml of microbial
consortia of 48 hour inoculum were used in the 45 ml
of liquid minimal medium. Biodegradation was carried
out for 14 days at 130 rpm and 28 °C.

Determination of PCBs

After biodegradation, the samples were extrac-
ted by n-hexane and measured by GC ECD (HP 5890).
PCB indicator congeners recommended by EPA (En-
vironmental Protection Agency) (US EPA Methods
8089/8081) were evaluated (IUPAC numbers 28, 52,
101, 138, 153, and 180). Quantitative evaluation of the
results was performed on the basis of comparison of
peak areas of the indicator congeners in the chromato-
gram of the sample and of the standard.

RESULTS

Determination of inhibition effect of the sediments

The sediments from Zemplinska Sirava water re-
servoir and Strazsky canal were sampled according to
the protocol. Detected PCB concentrations are presen-
ted in Table 2. Toxicity of water and isopropyl alcohol
extracts of sediments was determined using bacterial
strain Vibrio fischeri. As can be seen from Figure 1,
extracts of both sediments inhibited bioluminescence.
The toxicity of isopropyl alcohol extracts was higher
than of those of the water ones. It was caused probably
by the compounds soluble in a non-polar solvent,
which include also PCBs. The contact test of toxici-
ty described in our previous work showed inhibitory
effect of both sediments on growth of Lactuca sativa
roots. Mutagenicity is a very important property of the
environmental contaminants, which may complicate
the use of the biological systems for decontamination.
The extracts of both sediments were assessed by Ames
test. The genotoxic effect of the sediments was not con-
firmed [17].

The presence of biphenyldioxygenase in the isolated
microbial consortium

Microorganisms that grow on the minimal me-
dium with biphenyl as the sole carbon source were



isolated from the samples of the sediments. Biphenyl is
an inducer of the biphenyl operon and its presence cau-
ses induction of the so-called PCB “upper” degradation
pathway. Microorganisms isolated by this procedure
are potential degraders of PCBs. Along with detection
of the bacterial growth on biphenyl there are many
other screening methods, which enable to confirm the
presence of biphenyldioxygenase — the first and one of
the most important enzymes of the biodegradation path-
way of PCBs. One of these pathways is the splitting of
dibenzofuran. Dibenzofuran, a substance structurally
similar to PCB, is split by the enzyme dioxygenase to
yield a so-called meta-cleavage product having yellow
color. In this way, it is possible to detect bacteria pro-
ducing dioxygenase, which indicates their potential to
degrade PCBs. On the basis of this screening, we have
continued in the isolation of the pure strains, which
were subsequently submitted to genetic analysis for the
presence of the bphAl gene.

PCR - amplification of bphAI gene

A method of identification of the presence of
a particular gene in the microbial cell is based on the
use of the polymerase chain reaction and the knowled-
ge of the sequence of the primers, short sequences of
DNA, which enable replication of a particular gene and
its amplification. We have based on the information
that biphenyldioxygenase determines the specificity of
PCB cleavage [18] and that being the first enzyme of
the biphenyl pathway, it is the most suitable enzyme as
an example of the genes of the biphenyl operon.

At amplification, the primers R350 a R674, that
were previously defined and verified [19], were used.
The results of amplification and identification of the
bphAI gene are presented in the figures illustrating the
gel electrophoresis. In the Figure 2, the gene for the
total DNA is shown, which was isolated from the both
sediments (Z§ and Sk). The results indicate that in the
microflora of the sediments the bacterial strains are pre-
sent, which may express this gene. Figure 3 depicts the
detected bands of bphAl gene for selected strains iso-
lated from the both sediments. The used marker served
for the detection of the number of the base-pairs of the
detected product of PCR.

Classification of the bacterial strains with identified
bphAI gene

The bacterial strains with the identified bphA 1
gene were detected using Gram method. All isolates
were Gram-negative. The characterization of the stra-
ins was continued using the commercial Nefermtest 24
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for detection of non-fermentative bacteria. Positive and
negative results obtained with the tested substrates are
listed in Table 3.

Aerobic degradation of PCBs in sediments

The mixture of the assessment of aerobic degra-
dation of PCBs present in the sediments involves 10 g
of the contaminated sediment, 50 ml of minimal mine-
ral medium, and 250 mg of the biphenyl as the inducer
of biphenyl and PCB pathways. To evaluate the experi-
ments, an indicator standard (a mixture of six PCB con-
geners: 28, 52, 101, 138, 153, and 180) was used [20].

A decrease of the individual PCB congeners after
14 day aerobic biodegradation is presented in Figures 4
and 5. The results of the biodegradation processes were
detached to control (sterile sediment without microor-
ganisms), which represented abiotic transformation of
PCB congeners. Figure 6 shows that in the sediments
from Strazsky canal higher decrease of the PCB con-
geners were observed than in the sediments from Zem-
plinska $irava. In the sediments from Strazsky canal,
the PCB congeners 28 (40 %), 138 (31%) and 180
(30%) were the most degraded congeners, while in
the sediments from Zemplinska $irava it were the PCB
congeners 28 (14 %) and 153 (13 %).

Aerobic degradation of PCBs in the sediments
amended with the isolated microbial consortia

In this experiment, a 48 h inoculum of the micro-
bial consortium obtained with from the particular se-
diment was added to the biodegradation system. The
14 day biodegradation of PCBs in the sediment with
addition of the microbial consortium resulted only
in a decrease of the amount of the PCB congener 28
from 20.38 to 2.41 mg kg™ of the sediment from Straz-
sky canal and from 3.18 to 2.72 mg kg™ of the sedi-
ment from Zemplinska §irava. The amount of all other
studied PCB congeners increased. It is possible that
the presence of the higher amount of microorganisms
caused increased production of the biosurfactants and
subsequently the release of sequestered PCBs from se-
diment structures. This probably caused the increase of
PCB content in comparison with their initial amount.
This fact requires an additional detailed study.

DISCUSSION

The goal of the present study was to analyze the
real samples of contaminated sediments from Strazsky
canal and Zemplinska $irava water reservoir from se-
veral points of view. Both sediments are contaminated
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Fig. 1 Inhibition effect of the sediments from Zemplinska Sirava (Z§) and Strazsky canal (Sk) on bioluminiscence
of Vibrio fischeri. [ water extract [ isopropyl alcohol extract

marker
100bp 7§ Sk Sk  LB400 -

Gel description bphAl gene
Lane 1 marker100 bp

Lane 2 Z§ sediment yes
Lane 3 Sk sediment yes
Lane 4 Sk sediment yes
Lane 5 LB 400 yes
Lane 6 negative control no

Fig. 2 Gel electrophoretic proof (1.5 % gel) of the presence of bphAl gene in the mixed DNA isolated from
both sediments, Sk and Z§

Gel description bphAl gene
Lane 1 marker 100 bp

Lane 2 Z5 5a yes
Lane 3 Sk 2b no
Lane 4 Sk 6 yes
Lane 5 754 yes
Lane 6 75 12a yes
Lane 7 Z5 10 yes
Lane 8 LB400 yes
Lane 9 negative control

Lane 10 marker 100 bp

Fig. 3 Gel electrophoretic proof (1.5 % gel) of the presence of bphAI gene in the microbial DNA isolated from
the sediments Sk and Z§
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Tab. 1
standard bacteria Vibrio fischeri

Criteria for evaluation of ecotoxicity using assessment of an inhibition effect on the bioluminescence of the

Relative .
inhibition H (%) Ecotoxicity
0-5 Non-toxic sample
5-20 Potentially toxic sample
> 20 Toxic sample

Tab. 2 Concentration of selected PCB congeners in the sediments from Strazsky canal (Sk) and Zemplinska Sirava

(Z3) before degradation

PCB Sk VA
congener (mgkg) (ug1 )
8 81.1 208.3
28 124.5 187.8
52 40 26.3
101 55.3 29.1
118 58.1 443
138 40.6 19.2
153 50.2 22.5
180 209 <25
203 15.1 6.9

Tab. 3 The microorganisms isolated from sediments of Zemplinska Sirava and Strazsky canal

Sediment

Microorganism (Nefermtest 24)

Zemplinska Sirava

Pseudomonas fluorescens
Ochrobacterum anthropi

Pseudomonas aeruginosa

Strazsky canal

Agrobacterium radiobacter

with PCBs and therefore were chosen for aerobic de-
gradation by an indigenous microbial consortium and
were also used as a source for isolation of bacterial
strains with a potential to degrade PCBs.

Toxicity of sediments depends on their physico-
chemical properties (dilution in water, evaporation, po-
larity). These properties influence adsorption of PCBs
on sediment particles or their arrangement in particular
phase (water, solid matrix, air). The sensitivity of tests
in water solution is very low especially for organic
compounds with low solubility in water [21]. At the
beginning, the ecotoxicity and genotoxicity of water
and isopropyl alcohol extracts of the sediments were
studied. The results confirmed that both sediments,
mainly their isopropyl alcohol extracts were toxic for
various tested organisms. Chemical analysis alone is

not sufficient for determination of the environmental
risk. Sometimes, the byproducts are more toxic than
the initial compound. Lovecka et al. [22] and Vrana et
al. [23] proved higher toxicity of chlorobenzoic acids,
which are bacterial degradation products of PCBs pro-
duced by the higher degradation pathway. Tests with
water solutions did not render unambiguous results due
to the hydrophobic character of some toxic compounds,
e.g. PCBs [24]. A test performed with bacteria Vibrio
fischeri demonstrated different effects of the water and
isopropyl alcohol solutions on the bioluminescence
of the tested organism. It is obvious that toxicity was
expressed more markedly in the case of less polar so-
lution. The genotoxicity assay (Ames test) of the water
and isopropyl alcohol extract has not proven any mu-
tagenic effects. It has been confirmed that sediments



contaminated with PCBs represent a source of the ad-
verse effects on live functions of the microorganisms in
the environment.

The next step was a microbiological analysis of
contaminated sediments and isolation of pure bacterial
cultures able to degrade PCBs in the environment. In
order to determine the genetic potential for biodegrada-
bility of the isolated strains, the gene bphA1 was iden-
tified using PCR technique in the genomes of several
selected strains. This gene codes the enzyme biphe-
nyldioxygenase, which is responsible for higher PCB
degradation rate. DNA was isolated from the both sedi-
ments and the presence of bphA 1 gene was determined.
This gene codes a small subunit of biphenyldioxygena-
se, which is the specific enzyme of the “higher degra-
dation pathway”. After confirmation of its presence we
continued the isolation of pure strains. In the end, one
strain from the sediments Strazsky canal and four stra-
ins from the Zemplinska Sirava water reservoir were
identified as expressing bphAl gene. All strains were
subjected to other identification procedures as Gram-
-test and Nefermtest 24. The 16s rDNA was isolated as
well, which for each strain has a conserved sequence of
nucleotides, on which basis it is possible to taxonomi-
cally determine the strain. Using this method for a ra-
pid screening of dioxygenase, it was confirmed that the
isolated strains that possess this enzyme in their outfit
produce yellow coloration in the presence of dibenzo-
furane. This visual proof of cleavage with dioxygenase
was manifested during the growth of colonies in Petri
dishes with solid minimal medium as well as in liquid
medium throughout degradation.

The final goal of the work was to carry out ae-
robic biodegradation of PCBs in the contaminated se-
diments, as well as to perform aerobic biodegradation
with the bioaugmentation by natural microorganisms
isolated from these sediments. PCB biodegradation
produced positive results. The microorganisms present
in both sediments are capable of degrading certain low
chlorinated congeners. The issue of biodiversity is still
open and must be studied to reveal the real cooperation
between degrading bacteria. Biodegradation of PCBs
by intact sediments, i.e. without an amendment of ad-
ditional microbial inoculum was significantly higher in
sediments from Strazsky canal in comparison with those
of the Zemplinska Sirava water reservoir. We supposed
that in the course of acrobic degradation, bioaugmented
sediments would degrade PCBs faster and more effec-
tively in comparison with the non-bioaugmented sedi-
ments. This fact was confirmed only in the case of PCB
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congener 28 (2,4"4-trichlorobiphenyl), which content
was markedly reduced by both sediments. This pheno-
menon can be explained by the effect of amendment of
sediment by a fresh microbial consortium and an in-
crease of biosurfactants production, which may release
sequestered PCBs from the soil particles and in the end,
the concentration of PCBs increased. It is also possible
that dechlorination of higher chlorinated PCB conge-
ners were dechlorinated to lower chlorinated ones. Last
but not least, it is necessary to take into account possib-
le competition of microorganisms in the substrate. It
caused inhibition of the growth of microorganisms res-
ponsible for degradation of the mentioned congeners.
Therefore, it is indispensable to determine microbial
diversity of bacterial consortium and its coexistence.
The bacterial strains isolated from Zemplinska Sirava
water reservoir produced more positive results in com-
parison with those isolated from Strazsky canal, where
the concentration of PCBs was one order higher.
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ABSTRACT

The paper presents the first results of re-measurements of directions of the old mining works which were
oriented by a mining compass. The measurements were performed for the purpose of investigating the change of
magnetic declination. The old mining maps, as well as the maps of artificial water reservoirs from State Central
Mining Archives in Bansk4 Stiavnica, were used for comparison of historical and present local values of magnetic
declination. The obtained results showed an eastern deviation of the present magnetic North from the North in

historical ages.

Key words: mining maps, water reservoirs, geomagnetism, magnetic, declination, State Central Mining Archives

in Banska Stiavnica

INTRODUCTION

The geomagnetic field as an inseparable part of
the environment is not static. It is a dynamic system
changing in time and space. Its substantial part is gene-
rated in the core of the Earth. The interaction of Earth’s
magnetosphere with the so called solar wind shapes the
outer part of the geomagnetic field. Both parts are sub-
mitted to temporal variations. While outer geomagnetic
field presents irregular short-periodic changes, the cha-
racteristic attribute of the inner geomagnetic field are
its regular long-periodic variations. The short-periodic
changes, including the so called magnetic storms, are
sufficiently known from observations on the Earth’s
surface, as well as from permanent space stations. The
direct observations of long-periodic changes of the
Earth magnetic field have been carried out for several
centuries only. The longest observational series exists
for London and Paris, since 16" and 17" century res-
pectively. The geomagnetic field changes consist of
changes in the orientation and the intensity. The chan-
ge of orientation dwells in shifting the main magnetic
dipole as related to geographical coordinates. In other
words, the rotational and magnetic axes of the Earth do
not coincide. For instance the north magnetic pole lies
in the area of Northern Alaska, which means that the

deviation between the rotational and magnetic axes is
approximately 11°. Regarding the changes of intensity
of geomagnetic field, they are caused by complicated
magnetohydrodynamical processes in Earth’s core. It
follows from the present knowledge that the intensity
of the geomagnetic field in geological history regular-
ly changed approximately in the interval from 0.2 to
1.8 multiple of the present value. Many results of rock
magnetism indicate that from time to time the polarity
reversal of the geomagnetic field occurred, while the
period of one polarity lasted for about several million
years.

Measurement of geomagnetic field
in Banska Stiavnica

One of the possibilities to recognize the orien-
tation changes of the geomagnetic field in the past is
offered by the re-measurement of the old line buildings,
or constructions, orientation of which was appointed by
compass, and their schemes, plans and maps are pre-
served till now in the archives. For this purpose such
objects as old mining corridors, and surface mining
constructions such as artificial lakes or water reservo-
irs (the so called ‘tajchs’) are ideal. The old-time mine
town Banska Stiavnica was in the Middle Ages one of
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Fig. 1 Marker of geographical meridian of the Banska Stiavnica, located in the former Main Mining Office
(today Mining Museum), according of which the mining compasses were calibrated
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Historical map of mine Spitaller. The measurements of mining corridor orientation in the years 1675
and 1748 provided information about magnetic declination changing during cca 100 years
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Pidorys a profil
Rickitavskirh vodwich
- wdrli spolu 3 pr-
jektom novej vodae
Hilae, ktord mala
alvidzal vdu 2 fjchlo
wdri vez vodni nadr?
lakomi na Garhin
o Nanigegy,
= Tk 13,
Ground plost anid section of the Rickara resermoirs fogether
wwiththe project scheme vfa werw watershaft which s supposed E
to conduict water frons these reseroirs through
the Bakomi reservoir fo the Kinigsegs Shaft (1756).

Fig. 3 Map of water reservoir Richnava

Tab. 1 Results of direction measurements on the old mining works. Tajch — water reservoir. Deviation means angular
difference between present North direction (N) and such one in the time of map construction (N,). Capp. E
means, that present magnetic meridian is moving to the East. The numbers refer to difference between present
and historical magnetic declination

Mine Year of map Deviation

origin (N,—N,)
Anton Padua 1795 19°E
Schopfer 1820 14°E

Tajch Year of map Deviation

origin (N,—N,)
Richnava 1746 12°E
Pocuvadlo 1770 4°E
Siglisberg 1778 14°E
Rozgrund 1790 9°E
Bakomi 1792 9°E
Brenner 1795 16°E
Bela 1821 10°E
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the most important cities of the Austrian Empire. In the
year of 1762 the first mining university in the world,
called Banska Akadémia, was established there [1]. It
educated not only the specialists for prospecting and
exploitation of raw material deposits, but also mining
surveyors and draughtsmen of mining maps. They were
using mine compass for determinations of direction and
regulation of mine corridors. Compass was described
by J. Agricola in 1556 in ‘The Twelve Books of Mi-
ning’ [2]. The first mention about compass surveying in
Slovakia dates back to 1535 in Spania Dolina. In Ban-
ska Stiavnica area the compass was used in 1555 at the
Altrad schaft in Hodrusa. Mining plans and maps were
archived [2]. In 1856 an astronomical measurement
was taken by professors of Banska Akadémia universi-
ty Bachmann and Ruscéger who determined a meridian
for Banska Stiavnica. It is marked on stone lithographi-
cal board on the arcade Kamerhof house, the present
Mining Museum (Fig. 1). It served for measuring mag-
netic declination and for calibration of mining compas-
ses. Actual declination was published and the surveyors
improved the mining maps accordingly [1,2].

Some mines were later re-measured, and it was
found out that new measurements showed new direc-
tion with smaller or greater deviation from older me-
asurements. An example of that, where the direction
characteristics changed during 100 years, is a map of
the schaft Spitaller in Fig. 2 [3].

In the middle of the 19™ century, a well-known
physicist Ch. Doppler taught at the Banska Akadémia
university. He referred to the fact that temporal chan-
ges of direction measurement reflect the local changes
of magnetic declination, which is the deviation betwe-
en geomagnetic and geodetic meridians. Ch. Doppler
proposed a project of systematic re-measurement of
old mines, but after his death nobody continued this
project, and no results of these measurements are pre-
served [4].

The State Central Mining Archives in Banska
Stiavnica keeps one of the largest collection of old mi-
ning maps over the world [5]. Many of mining works
mapped on them are reachable and re-measurable till
now. Beside maps of mining corridors, also valuable
maps of artificial water reservoirs exist [6]. On them the
excellent line buildings are the dam barriers (Fig. 3).

The Department of geomagnetism of the Geo-
physical Institute SAS decided to revitalize the Dop-
pler's idea and use the map plentitude of the Slovak

State Mine Archive for investigating long-periodic
variations of the magnetic declination for the last 2-3
centuries. The first measurements from two corridors
and seven reservoirs are presented in Tab. 1.

RESULTS AND DISCUSSION

From a very limited amount of measurements it
is not possible to do far extending conclusions, but in
spite of this, we can deduce from the obtained results
some regularity. All refer to the eastern deviation of the
present magnetic North to the North in historical age.
It corresponds to a present trend of changing magne-
tic declination on the territory of Slovakia. Very raw
approximation is that measurements of mines provided
average deviation of about 16°, and measurement of
water reservoirs average deviation of about 11°. When
we consider that in the region of Banska Stiavnica there
is one of the biggest magnetic anomalies in Slovakia,
and that many authors of geomagnetic maps do not de-
fine the magnetic declination there, the obtained results
look promising. We plan to extend such measurements
to all available mining works of which the archive do-
cuments exist, and in such a way to explore this valu-
able archive material.

The measurements were performed in the frame
of grant VEGA 4042 solving.
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ABSTRACT

Fast and cost-effective detection of industrial pollution can significantly promote its ecological, economic
and social assesment. A magnetometric method, used for qualitative determination of anthropogenic contamination,
meets these requirements but needs further development in more quantitative terms. It could be used successfully in
numerous cases when heavy metals coexists with strongly magnetic iron oxide particles in the source dust.

We presented a magnetic study which examines the utility of magnetometric techniques for rapid, qualitative
detection of metallic pollutants in soils. In the present paper we tested the use of rock-magnetic method designed to
access the degree of pollution of soil taken from Novaky situated in the south-western of Slovakia. The aim was to
identify magnetic particles and to link magnetic pollution, to trace distribution and concentration of contaminants in
soil. About 40 years the rainwater overflow the dump and flooded out the ash waste from the brown coal power plant
in Novaky. Soil samples have been taken from 3 horizons (20, 40 and 60 cm) and measured by KLY— kappabridge

in the Slovak Academy of Sciences, in Geophysical Institute in Bratislava.
Our results clearly demonstrate that magnetic anomalies can be explained by human activity.

Key words: heavy metals, magnetic susceptibility, pollution

1. INTRODUCTION

Magnetic properties of soil and recent sediments
are sensitive to presence of ferro(i)magnetic minerals.
Present instruments and methods enable very sensitive
determination of concentration of strong ferrimagne-
tics (for instance magnetite), in the order of ppm. Ferri-
magnetics in soils are of both primary (e.g., lithogenic
magnetites) and different forms of secondary origin.
Possible mechanism of magnetic enhancement of soils
due to increased concentrations of secondary ferrimag-
netic minerals are discussed in, e.g. [1,2,3,4]. Besides
pedogenic and biogenic processes, atmospherically de-
posited ferrimagnetic particles of anthropogenic origin
contribute to a great deal to concentration-dependent
magnetic particles of top soil such as low-field mag-
netic susceptibility e.g. [5,6]. Practically all industrial

fly ashes contain significant fraction of ferrimagnetic
particles. Most important sources of anthropogenic fer-
romagnetic particles include fly ashes produced during
combustion of fossil fuel, e.g. [7,8]. Moreover, other
sources, such as iron and steel works, cement works,
public boilers and road traffic contribute to contamina-
tion by anthropogenic ferrimagnetics, e.g. [9,10,11]. In
contrast to particles to pedogenic origin, anthropogenic
ferrimagnetics are characterized by specific morfology
and distinct magnetic properties. They are most often
observed in the form of spherules with magnetic sphe-
rules. Prevailing ferro(i)magnetic phases are Fe-oxides,
namely magnetite and maghemite [12].

Recently, rock-magnetic methods have been ap-
plied to modern soils in several environmental studies
for overview see, e.g. [13]. Application of compara-
tively simple technique of measurements of magnetic
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susceptibility enables to outline areas with concentrati-
ons of deposited anthropogenic ferrimagnetics signifi-
cantly above the background values. Magnetic mapping
represents thus a rapid, sensitive and cheap tool of tar-
geting areas of interest. Afterwards detailed, more time
consuming, expensive and laborious chemical analysis
should be carried out in order to quantify the pollution
levels. Measurements of low-field magnetic susceptibi-
lity of surface soils have been applied recently around
local pollution sources, e.g. [11,14,15] On larger, re-
gional scale, mostly areas in Poland and Great Britain
were investigated [16,17,18]. These studies proved that
in polluted areas magnetic susceptibility of surface soil
layers is considerably elevated and, at the same time,
typical ferrimagnetic particles of anthropogenic origin
were identified.

Up to now, magnetic methods have been pri-
marily used in areas with rather high concentration of
anthropogenic particles in soils. For example, in areas
with high concentration of industry, the annual amo-
unt of atmospherically deposited dust reaches several
thousands of tons. A single coal-burning power plant
can produce hundreds of tons of fly ashes per year e.g.
Considering the fact that such power-plant fly ashes
contain some 10% of ferro(i)magnetic particles [15],
it is obvious that these particles influence significantly
magnetic properties of soils in the surrounding areas).

2. MATERIAL AND METHODS

The study area covers about 5 km? of Novaky si-
tuated in the south-western part of Slovakia. The main
pollution source is a coal-burning power plant. The 14
soil samples were collected and gathered at different
distances from the main pollution source. The grid was
0.5 x 0.5 km. Soil sampling was done after removing
the vegetation layer, which consists of typical grasses.
Soil material was sampled from 3 soil horizons (20, 40
and 60 cm). All samples were air-dried and than sieved
through 2 mm to remove refuse and small stones. Low-
-field magnetic susceptibility was measured in the Geo-
physical Institute, in the Slovak Academy of Sciences
in Bratislava, using KLY-2 kappabridge (Agico). Maps
of magnetic susceptibility distribution were processed
using SURFER for WINDOWS software.

3. RESULTS AND DISCUSSION

Effect of dust deposition can rapidly be monitored
by magnetic measurements of soil. These material, how-

ever, accumulate magnetic particles over a long period.
We were searching for an equally rapid and economi-
cal methods to determinate pollution in soil. And soil
samples seems to be promising.

Our aim was to verify how the value of the mag-
netic susceptibility will be change from the distance of
source pollution. The concept of statistically significant
relationship between magnetic susceptibility and con-
tent of heavy metals in soil confirmed for one source of
emission. Changes in low-field magnetic susceptibility
along typical soil vertical profiles are shown in Fig. 1.
Significant increase of magnetic susceptibility in the
deeper layers was observed. Values of magnetic sus-
ceptibility varied between 0.8 and 141.1 m*¥/kg SI units.
The Fig. 2 demonstrate the increase of magnetic sus-
ceptibility. Our results show that this area is obviously
very suitable for the purpose of magnetic monitoring of
contamination due to deposition of industrial dust.

4. CONCLUSION

Magnetic mapping has been recently successful-
ly used in pollution studies primarily in areas with in-
tensive industrial activity and major pollution sources.
Measurements of the magnetic susceptibility provided
complementary information about pollution of soils for
the estimation of environmental situation in the study
area. The mapping technique permitted to determine
groups of elements (heavy metals) which influenced
the variation of the magnetic susceptibility. The level of
magnetic susceptibility is a result of complex influence
of natural ferrimagnetic mineral and the contribution
of magnetic particles into soil as a result of industrial
pollution. The contamination of soils by iron, iron mi-
nerals and heavy metals in the area lead to an increase
of the magnetic susceptibility. It is only a preliminary
study which aim was to check out new method in envi-
ronmental studies. Our endeavour is now to refill a net
of area with another samples and to compare our results
with the results from geochemical map. Our prelimi-
nary results confirm that over the whole area in the top
soil layer can be reliably determined as being magneti-
cally enhanced in terms of magnetic susceptibility.

Because the magnetic method of soil-pollution
monitoring is sensitive, fast and relatively cheap, it can
be applied over large regions.
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ABSTRACT

In the paper there is presented system approach, applied in Slovak transformed production enterprises, which
solve questions of closing the so called industrial cycle from the side of the wastes’ producers, especially from the
side of energetically solid wastes producers — fly ashes and slags. The quality of processes and final products is
connected not only with the technological chain itself and with outputs from it — the utility product, but also with
the load of the environment, with wastes care.

Key words: system approach, production and environmental policy, solid wastes from energetic enterprises, fly
ashes and slags, utilization, quality of environment

INTRODUCTION — permanently to have an appropriate profit with
a cardinal importance for its existence.

In the relation “economical interests versus environ-

mental requirements” there exist contradictory points

of view:

— the principal conflict between the economy and eco-
logy/ environment,

— strained relations between the economy and envi-
ronment,

— preferring the environment to economy.

The entrepreneurial and environmental conflict follows

from their different aims. For a production enterprise

of the first importance is:

If the production or an enterprise at present cau-
ses harms to the environment, its existence is endange-
red because
e the public opinion starts to turn against,

e strict regulations for a certain time/totally will di-
sable its operation, out of which follow two even
antagonistic principles:

— permanently to take into consideration the rela-
tion of the enterprise and its acting on the envi-
ronment,



38

Favourable prices of |4
inputs
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High readinness

High liquidity

- market flexibility |«
- production quality

From environmental views its needed to solve
mainly contradiction interim consumption production
from to survive defensible development/impact human
intervention on earth stability. In 1992 Lorentz define 5
axioms affecting coexistence of system nature — socie-
ty. They Are that: dynamic, interactivity, hierarchical,
creative brittleness. Solvability of the given conflict
requires the linear thinking to be replaced by a system,
process one. Target of environment oriented, system, is
find a harmony between human and society, technics
and environment.

Program of mineral resources
low prices of inputs

\ 4

- low kapital fixing
- low reserves

— so called input-output concept, which at the pro-
duction takes into account the care of:

a) protection of resources,

b) avoiding forming the wastes,

¢) decreasing the “occurrence” of wastes,

d) change of wastes on a harmless substance,

e) utilisation of wastes,

f) diffusion or wastes on less concentrated/diluted
form, namely trough e.g. adjusting the produc-
tion program, adjusting the technology, recy-
cling, active protection of the environment etc.

A

high readiness

Strebel [13] formed two system approaches to
the production policy of the environment:
— so called triple concept for the production:
a) favourable for the environment,
b) loading the environment as low as possible,
c) being interested in “neighbourhood” environ-
ment (outside the enterprise),

high utilization of inputs €——— minimalization of harmful

» low capital fixing

substances

In both these approaches the protection of the en-
vironment is considered as the product, which means
that in each partial production aim most be achieved
the aim environmental as well. It means to switch from
inactive protection of environment — the first rate is the
production, to active protection of the environment —
the first-rate is the social responsibility — quality of life.
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Enterprise entrance to environmental question manifest

at four strategy:

It would be probably wrong to give an absolute
priority to one of the systems. There most exist a “ra-
tional balance” among the human principle (self reali-
sation, self-confirmation, and humanisation of work),
principle of minimum load of the environment (saving
resources, decreasing, even preventing the load of the
environment) and economical principle (maximum
profit at minimum costs).

The task of mining and mineral processing indus-
try is not only
— decreasing of the “exploitation” of mineral resour-

ces, but also,

— ecological-environmental responsibility for general
quality of the environment.

Besides economical interests the enterprises have
to take into consideration also the social responsibility,
thus e.g.: If it is necessary to process raw materials,
making harm to the environment, it is necessary to take
expenses that are formed by loading the environment
by their production (Law on wastes, Law on fees for
storing wastes, Decree of the government of the SR on
registering wastes, Decree of the government of the SR
on waste management, Edict of the ministry of the en-
vironment on programs of the waste economy, Edict on
establishing categorisation of wastes and catalogue of
wastes, Law of environmentally oriented management
and audit, Law of integrated pollution and prevention
control, etc.).

Environmental understanding of enterprises must
be concentrated on:

— limitation of raw materials’ resources and not ex-
pansiveness of needs,

— maintaining the stabilisation of the ecosystem and
energetic needs,

— alternatives, bow to decrease even remove the de-
vastation mining and restrict at present used harm-
ful technologies,

— environmentally favourable technologies and de-
velopment of concepts, aimed at recycling, and
reusing,

— rebuilding the industry in the direction of the tactful-
ness to the public (clean and best available techno-
logies and decreasing robustness of products).

Solving these problems, however, inevitably increases

costs, by which are formed contlicts between

— increase of costs and prices,

— taking responsibility for certain financial losses at
environmentally friendly production,

- frequency of consumption and saving.

39

The institutional enactment of the “environmen-
tal thinking” of enterprises acts more as correcting the
existing state and environments as forming (the strategy
of an enterprise). So-called waterfall chain of {exploita-
tion-processing-utilization of earths resources} are not
sufficient entrenched rights in its last part (e.g. obliga-
tion of liquidation/reusing/utilization of production pro-
cesses wastes, or. wastes by life cycles products end-
ing. Individual measures, however, must be integrated
especially from the point of view of impacts on the en-
vironment, into a unit. Necessary is mainly:

—  to support the motivation for protection of the envi-
ronment,

— to improve technologies favourable for the envi-
ronment or to strive for their innovation from the
point of view of loading the environment,

— to plan, control and improve (technical) measures
from the point of view of enterprise’s protection
of the environment,

— tojudge costs on the protection of the environment
as commentary with costs for the production,

— to keep regulations standard conditions and safegu-
ard optimum management with wastes.

The example, close to the presented attitudes is
the way of dealing with the energetical waste — fly ash
from burning the black semi-anthracite coal — caught in
electrostatic separators. In the following part there are
given the possibilities of its utilisation.

POSSIBILITIES OF UTILISATION
OF SOLID WASTES FROM
ENERGETICAL ENTERPISES

The world trend — the utilisation of industrial
wastes — is motivated by economical advantages espe-
eiallysaves of raw materials, energies and necessity of
the protection of the environment. This trend is connec-
ted with solid wastes from the power industry as well.
Their making harmless is a difficult thing.

Of a rather great interest are especially fine-gra-
ined fly ashes because they are bulk, accessible, cheap
raw material, often with such utility properties that at
processing on certain products do not act harmfully on
man as well as environment. At present this waste is
being stored on a plane dump in the form of stabiliser.

The utilisation of fly ashes is conditioned by their

properties

— physical — granulometry, or area of the surface, mor-
phology, specific, loose and bulk density, hardness,
compactness, freezing, fusibility, swelling, etc.,
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— chemical — content of chemical environments,
utility separable components (e.g. magnetite form
of the Fe component, residuals of non-burnt coal —
loss by annealing), metal elements (Al, Ge), harm-
ful elements (S, B, Cd, As, Pb, ...) and radioactive
elements (Ra, Th, Rn, U, K).

— mineralogical (during thermal processes there are
formed mineral novelties, many with puzolane pro-
perties).

Possibilities or utilisation of solid wastes from ener-

getic:

1. Direct utilisation, without interference to the “na-
tural composition” of the solid waste.

2. Utilisation after the treatment when the direct uti-
lisation does not come into consideration from rea-
sons of exceeding the content. of some component,
the content of which is limited by standards. It is for
example the content of sulphur or residuals of non-
-burnt coal, i.e. the content or the loss by annealing.

Direct utilisation:

— In mining: the fly ashes are used as cement-free
bond, fill and thermo-insulation material.

— In mineral processing: the magnetite powder,
acquired by the application of mineral processing
technologies — by wet low-intensity magnetic se-
paration — it can be used as heavy medium at coal
and metals separation in heavy suspensions,

— Inmetallurgy: for the production of insulation layers
and mixtures for the production or exothermic
and thermo-insulation inserts used at casting the
steel
a) as fill substances at casting the steel,

b) as cenospherical mixtures together with gra-
phite powder,

¢) as insulation fill mixtures-microspheres with
coke powder,

d) as thermo-insulation plates.

Other possibilities of using the fly ashes:
at the production of sonic-absorption mixtures used
in the automobile industry,

— at cleaning waters -as catchers of oils,

— fillings at robber and paint production.

In the civil engineering and industry or construction
materials:

The fly ashes often comprise residuals of non-
-burnt coal, the content of which is from almost zero
to 15 % and more. This content is expressed by the loss
ignition (l.i.).

The set of the STN standards from 722060 to
722070 limits the loss by annealingin individual kinds
of ﬂy ashes. E. g.:

for the fly ash as the active components of mortars
(STN 722062) the allowed loss by annealing is
4%,

— for the fly ash from burning the brown coal or the
coal from the mixture of brown and black coal
for the production or porous concrete the allowed
loss by annealing is 4 %, for the fly ash from bur-
ning the black coal 7% (STN 722067),

—  for the fly ash as non-active component into the con-
crete the allowed loss by annealing is 10 %.

Wastes from energetic — fly ashes and slags — can
be used in these main areas of the civil engineering:

At the production of sinter of the Portland ce-
ment. The example is the utilisation of the slag-fly ash
mixture (SFAM) from the plant of Energetic in the VSZ
Kosice. On the basis of the results of laboratory tests in
1992 was realised the operation verification of its utili-
sation at the production of cement sinter in the firm of
CETU. 1200 t of the SFAM — from the dry heap was
in the relation [ : 1 mixed with clay. The experiment
was carried out without principal changes in the tech-
nological procedure. The results showed its successful-
ness. The presence of residuals of non-burnt coal in the
SFAM (15 % of the L.i.) improved the energetic balance
of the process — the gross caloric value or the SFAM
was determined on 4 284 kJ'kg'. Another favourable
factor is the Fe content (7-10 %) in the SFAM, in the
result of which it is not necessary to add the iron into
the process. The operational results confirmed good
ability of the SFAM to react in the cement mixture so
that they can replace a part or extracted silicates.

— Atthe production or cement —in France in the cement
industry the fly ashes are used as the component of
raw materials’ mixture, or as hydraulic admixture to
the sinter. This fly ash has to meet the same require-
ments as is defined in the STN 722062 standard.

— In the production or porous concrete the best appli-
cation finds the brown coal fly ash from the ENO
Novaky and the black coal fly ashes imported from
the Czech Republic. From the Slovak black coal
fly ashes only those that meet the STN 722067
standard. The production of the porous concrete
in Slovakia in recent years used 4,25 Mt of the fly
ash from the ENO Novaky, which is a plumbless
service for the environment, because this quantity
would. Fill the deposit with the area of 52 ha to the
height of 10 m.



— At the production of light porous aggregates, for
examle by the cold peletisation. The Dutch firm
of Aerding BV has also developed the technology
for the production or non-calcinated aggregates
on the basis of the ash.

— In the production of small-size wall elements from
concrete with the hydraulic bond.

— As fine-grained filling — replacement of fine shares
or aggregates in concretes. This question is from
the research point or view solved and verified also
in the operational conditions in our country as well
as abroad. The fly ash at the same time acts not only
as the aggregate, but also as the active component,
partially replacing the cement. At the same time the
water tightness and resistance against aggressive
waters is increased. The utilisation of fly ashes is
suitable especially for transport concretes, massive
concrete constructions of foundations, supporting
walls and water workings. The suitability of the fly
ash applying into the concrete is however, neces-
sary to be verified on one hand from the point of
view of their quality and on the other hand from
the point of view of required technological proper-
ties or the concrete. For quality or the fly ashes at
the production of concrete an important role-plays
the fact that the higher temperature or burning
the coal (1400-1500°C in smelting boilers), thus
occurrence of particles with characteristic mor-
phology and mineral novelties, acts favourably
for the quality of concrete. In our country the fly
ash concrete is used mainly at the construction or
water workings and for the production of transport
concrete. The first larger utilisation or fly ashes in
the former CSFR was at the construction of the
Orlik dam, where the recipe 50 kg of the fly ash
per 1 m* of the concrete, by which 60 kt of cement
was saved, while a better quality of the concrete
was achieved. Another advantage of the fly ashes’
concretes is higher density and resistance against
sulphate corrosion.

— At the stabilisation of foundations in road con-
struction engineering cinders and fly ashes are
used either in the care of the bank or in layers of
sandwich banks. The fly ash has to meet the STN
722060 standard (Fly ash for construction purpo-
ses) or the ON 736133 standard. For the fly ash in
the condensed base layer in the function of bond the
puzolane property is of importance, defined as the
reaction of the silicon dioxide Si0, and aluminium
oxide AL,O, in the fly ash with the calcium hydro-
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xide Ca(OH),, while calcium silicate and calcium
aluminate hydration products are formed.

— In the common production of aluminium and ce-
ment. Prof. Grzymek patented this technology in
1934 at the Cvov Polytechnics in Poland. Till 1991,
non-stop, worked the plant for the common pro-
duction of the AI(OH), and cement at Groszowice
(province Opole). Its annualproduction was 12 kt
of Al(OH), and 200 kt of cement.

— In the production of ceramic products the fly ash
becomes a permanently used component, the most
often at the production of bricks, seldom at the pro-
duction of dark ceramics.

— Another utilisation of fly ashes is in the production
of concrete covering, in the production of thermo
insulation materials, for fill thermal insulations, for
the production of mineral wool, as filling to the epo-
xy and polyurethane substances of polyester resins,
in the production of the polystyrene concrete.

Not all methods and forms of the utilisation of
solid wastes from the energetic are published. Many
plants protect their technologies.

CONCLUSIONS

General system approaches, used already for seve-
ral years in industry of advanced countries are in recent
years actively applied in our transforming production
enterprises. The presented possibilities of utilisation of
a typical bulk waste — waste from enterprises producing
power by burning fossil fuels — show the increasing res-
ponsibility of waste producers for their further “destiny”
— existence, survival on the market, social accountabili-
lity of enterprise and improved quality of life. The lar-
gest area of the utilisation of the energetical wastes on
the basis of detailed knowing their physical, chemical
and mineralogical properties is the civil engineering
and the industry of construction materials.
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ABSTRACT

The ambient air samples were collected in monitoring area Kremnica on six localities. Four indicators were

estimated in 24-hours samples: fraction of solid aerosol PM

1o PM, , NO, and NO_. The values were measured in

the heating period (March 2006) on six measuring localities. These values were compared after statistical evaluation
with the limits of concentrations for the assessment of the air quality in this locality.

Key words: size fractions of solid acrosol (PM,,

INTRODUCTION

In the connection with planning opencast gold
and silver mining in the Sturec locality close to his-
torical centre of Kremnica began wide discussion about
negative environmental feedback from the mining with
using of toxic cyanides, noise coming and apprehen-
sion from disaster of similar activities e.g. in Romania.
Corporation Envigeo Banska Bystrica was ordered col-
lection and measurement of ambient air samples from
area Kremnica. These samples were determined in the
Regional Institute of Public Health (RIPH) in Banska
Bystrica. There were chosen four chemical indicators
in connection with the damage of public health from
planned mining: two size fractions of solid aerosol
(PM,;, PM, /), NO, and NO,. The sample collection
was realized in terms of environmental appreciation on
six measuring localities: thereof three localities were
directly in Kremnica (corporation Tournigan Gold, mu-
nicipality and City Stadium), and three localities were
in closely settlements (Lucky, Kremnické Bane and

PM, ), NO,, NO , collection, of air samples

Kopernica). There were 24-hours samples of ambient
air collected in the heating season from 1. March to 23.
March 2006. Measured values were evaluated after sta-
tistical processing and compared with limit values in
home and/or foreign legislation.

MATERIALS AND METHODS

All the air samples were collected 24 hours. The
aerosol size fractions PM,, and PM,; were collected
with high volume pump in connection of two Harvard
impactor to separation of thoracic fraction PM,; and
high risk respirable fraction PM, ;. The applied aero-
sol fractions were collected on fiberglass filter with the
constant flow rate 10 1/min which guarantees thoracic
or respirable convention on given type of impactor in
accordance to STN ISO 7708 [1-3].

The air flow was controlled with calibrated aero-
meterand air volume was re-counted on status conditions
(293 K). Weight of size fractions PM, a PM, ; was eva-
luated with gravimetric method. )
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The air samples for determination of NO, and
NO, were collected with passive method outgoing
from principle of molecular diffusion in accordance
with Fick law on OGAWA passive sampler (equipment
preserved with American-Japan patent) enabling simul-
taneous bleeding of NO, (collection pads PS134) and
NO_ (collection pads PS124) [4]. OGAWA samplers

were exposed 24 hours coupled with blank and all the
samples were analyzed on contents of NO, and NO_
with spectrophotometric method for determination of
nitrites using N-(1-naphtyl)-ethylenediamine and sul-
phanyl acid.

Table 1 shows important climatic conditions for
counting of calculation of measured concentrations.

Tab. 1 24-hours averages of air temperatures, humidity and air pressure in Kremnické Bane (data were offered

by SHMU Bratislava)

Date Air Humidity Air Date Air Humidity Air
of tempfrature %) pressure of sampling tempfrature %) pressure
sampling (°C) (hPa) (°C) (hPa)
1.3.2006 -7,0 90 920 13.3.2006 —4,3 70 940
2.3.2006 -7,2 69 922 14.3.2006 -5,5 83 938
3.3.2006 -3,5 72 920 15.3.2006 -3,2 72 936
6.3.2006 —-6,0 64 927 16.3.2006 -3,0 81 937
7.3.2006 -5,7 62 930 17.3.2006 -2,1 85 935
8.3.2006 -6,5 74 931 20.3.2006 0,6 73 926
9.3.2006 4.8 88 922 21.3.2006 1,8 61 925
10.3.2006 0,7 95 920 22.3.2006 42 75 924
RESULTS AND DISCUSSION concentrations of NO, (below 10 000 pg.m) produce

Summary term for ambient air aerosol with size
below 100 pm is total suspended particles (TSP). It is
very heterogeneous group for flying particles by size
and by quality which gets to air from various resources,
e.g. emissions from industry, combustion of fuel (coal,
petroleum, bio-fuel), transport, agriculture, mining etc.
For characterization of aerosol particles impact to pub-
lic health is dominant their size and chemical compo-
sition. The particles larger than 10 um are eliminated
from human body e.g. by cough, and to respiratory sys-
tem penetrate only particles smaller than 10 pm. There
are e.g. viruses, bacteria, particles from anthropogenic
sources (sulphate and nitrate aerosols originated from
secondary atmospheric transformations of acidic ga-
ses). Fine particles — fraction PM, ; — easy penetrate
to lung alveoli where they are blocking the exchange
of breathing gases — oxygen and carbon dioxide. The
air-borne dust has number of various type of negative
impact to the people health: the increase of prevalence
of cardiovascular diseases, the increase of premature
death, chronic cough, chronic phlegm, shortness of bre-
ath, setback by asthmatics, they are irritable on mucous
membrane of respiratory system, etc. [5-9]

The most significant sources of nitrous oxide are
gas-engines, thermal power stations and industry. High

serious inflammatory diseases, pneumonia, cold, head-
aches, significantly increase the incidence of acute
respiratory symptoms, especially of children and old
people (asthmatics) [11, 12].

The assessment results of air-borne dust fractions
(PM,, and PM, ;), NO_ and NO, from six measuring lo-
calities are summarized in table 2.

Statistical processing of measured yields is listed
in table 3, where are also listed the number of measur-
ing, maximum, minimum and average values. There
are compared with limit values and number of exceed-
ing values is presented.

Systematic monitoring of air-borne dust — frac-
tion PM,, and PM, ; — has taken place in our country
via SHMU since 2000. The limit value is 50pg.m= in
accordance to Ministerial Order No. 705/2002 about
ambient air quality [10]. This value was exceeded once
on the all measured localities (in Kopernica four times
— this is the most polluted locality), except Kremnické
Bane where was exceeded limit value not once. The re-
sults of measurements are showed in graphs 1 and 2.

Fine particles PM,; are very important from
health point of view because they penetrate deeply to
respiratory tract and therefore are also more dangerous.
No limit value exists in our country therefore measured
values should be compared only with foreign limits in



Tab. 2 Values for PM, , PM, ,, NO, and NO, on six measured localities KR1-KR6

10° 2,5
. Date of sample PM,, PM, NO, NO,
Measured locality collection [ng/m?] [ng/m?] [ng/m?] [ng/m?]
01.03.06 69,1 484 ND 152
02.03.06 513 40,2 116,0 116,0
KR1
Kremnica 06.03.06 13,3 12,1 <LOQ 10,1
— residence of corp. 07.03.06 22,5 21,8 ND <LOQ
Tournigan Gold
08.03.06 45,0 38,0 22,0 22,0
09.03.06 30,2 38,2 17,0 20,4
01.03.06 61,9 56,9 22,5 40,3
02.03.06 30,6 21,5 <LOQ 20,2
KR2 06.03.06 22,5 20,1 ND <LOQ
Kremnica
~ municipality 07.03.06 34,6 30,4 ND <LOQ
08.03.06 23 40,5 16,7 19,1
09.03.06 48,3 40,4 50,3 50,3
01.03.06 554 33,8 15,7 23,9
02.03.06 30,7 233 <LOQ <LOQ
KR3 06.03.06 13,6 12,2 ND ND
Luacky 07.03.06 25,9 21,6 ND <LOQ
08.03.06 453 413 223 223
09.03.06 429 36,4 <LOQ <LOQ
13.3.2006 48,7 47,6 <LOQ 14,6
14.3.2006 024 35,0 21,5 23,8
KR4
Kremnické Bane 15.3.2006 41,0 35,7 <LOQ <LOQ
— sanatorium 16.3.2006 32,6 31,7 18,3 18,3
Slnie¢ko
20.3.2006 30,7 242 <LOQ <LOQ
21.3.2006 33,6 26,6 18,5 18,5
13.3.2006 62,1 40,4 24,4 244
14.3.2006 432 36,3 29,0 29,0
KRS 15.3.2006 60,9 56,0 17,3 17,3
Kopernica
_ private house 16.3.2006 36,5 33,3 18,9 18,9
20.3.2006 60,2 55,1 18,9 18,9
21.3.2006 57,6 51,9 35,9 35,9
13.3.2006 49,7 374 17,9 21,9
14.3.2006 472 43,5 19,6 56,8
KR6 15.3.2006 50,5 44,9 49,9 49,9
Kremnica
_ City Stadium 16.3.2006 32,6 31,0 37,5 37,4
20.3.2006 425 40,3 292 31,0
21.3.2006 45,1 35,3 24,6 34,0

ND — values below limit of detection, <LOQ — values below limit of quantification
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Tab. 3 Statistical processing of measuring yields on particular localities in Kremnica and surrounding

Indicator on measured locality Ijnl:;ls]ignogf xﬁl Vl\:liéle A\\]/;rzege Limit* Ij? ?rlr)lftr
exceeding

PM,, n pg.m pg.m pg.m> pg.m? n
Kremnica — Tournigan Gold (KR1) 6 69,1 13,3 38,6 50/24 h 1
Kremnica — municipality (KR2) 6 61,9 22,5 40,1 50/24 h 1
Lucky (KR3) 6 55,4 13,6 35,6 50/24 h 1
Kremnické Bane — Slnie¢ko (KR4) 6 48,7 30,7 38,2 50/24 h 0
Kopernica (KR5) 6 62,1 36,5 53,4 50/24 h 4
Kremnica — City Stadium (KR6) 6 50,5 32,6 44.6 50/24 h 1
PM,

Kremnica — Tournigan Gold (KR1) 6 48,4 12,1 33,1 25/24 h 4
Kremnica — municipality (KR2) 6 56,9 20,1 35,0 25/24 h 4
Lucky (KR3) 6 41,3 12,2 28,1 25/24 h 3
Kremnické Bane — Slniecko (KR4) 6 47,6 24,2 33,5 25/24h 5
Kopernica (KR5) 6 56 33,3 45,5 25/24 h 6
Kremnica — City Stadium (KR6) 6 44,9 31 38,7 25/24h 6
NO,

Kremnica —Tournigan Gold (KR1) 6 116 4,5 29,4 40/rok 0
Kremnica — municipality (KR2) 6 50,3 4,5 18,5 40/rok 0
Lucky (KR3) 6 22,3 4,5 12,2 40/rok 0
Kremnické Bane — Slniecko (KR4) 6 21,5 13,5 16,5 40/rok 0
Kopernica (KRS) 6 359 17,3 24,1 40/rok 0
Kremnica — City Stadium (KR6) 6 49,9 17,9 29,8 40/rok 0
NO,

Kremnica — Tournigan Gold (KR1) 6 116 10,1 36,7 40/rok 0
Kremnica — municipality (KR2) 6 50,3 16,7 32,5 40/rok 0
Lucky (KR3) 6 23,9 22,3 23,1 40/rok 0
Kremnické Bane—SlIniec¢ko (KR4) 6 23,8 14,6 18,8 40/rok 0
Kopernica (KR5) 6 35,9 17,3 24,1 40/rok 0
Kremnica — City Stadium (KR6) 6 56,8 21,9 38,5 40/rok 0

*in accordance to legislation [10], only for PM, ; limit value is in accordance to limit in state California, USA

USA. Here several limit values exist, e.g. in state Cali-
fornia 24-hours limit is 25 pg.m™ while federal limit is
65 pg.m. In light of federal limit the measured value
was exceeded not once whereas California’s limit value
was exceeded practically in all events (the least pol-
luted locality is Lucky, the most polluted locality is
Kopernica). The level of pollution with PM, ; on sepa-
rate localities is practically replicated with level of size-

fraction PM,  what is evident from graphs 1-5.

Concentrations of nitrous oxide (NO,) and oxi-
des of nitrogen (NO,) on watched localities reach to
relatively low values. The limit value wasn’t exceeded
in accordance to legislation [10]. The maximum 24-
hours value 116 pg.m= was measured in Kremnica
on residence of corporation Tournigan Gold. It is pro-
bably accidental concentration from random emission
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nearby place of collection in the time of measuring.
The highest average levels were observed already on
this place and on city stadium what is apparent from
graph 6.

CONCLUSION

The most polluted locality for air-borne dust in-
dicator is Kopernica (limit value in accordance to legis-
lative [10] was repeatedly exceeded). The least polluted
is locality Lucky. The highest concentrations of NO,
were observed in residence of corporation Tournigan
Gold and on City Stadium, vice versa the lowest con-
centrations of NO, were observed again in Lucky.

Statistical budget of current measurements is very
sensitive to extreme values therefore is necessary to
perform additional series of measurement to establish-
ment of pollution trends and to compare results from
heating season and non-heating season during the year.
The results published on this paper are insufficiently
representative due to they are too small collection of
measurements. They will be consequently subject of
the additional research in non-heating season for more
comprehensive establishment of pollution in Kremnica
monitoring area.
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ABSTRACT

Geological Survey of Israel, 30 Malhkei Yisrael Street, 955 01 Jerusalem, Israel

The Rn activity concentration changes in borehole water from the three boreholes V-1 (10 m), V-2 (40 m)
and V-3 (10 m) have been studied. In V-3 also the continual measurements of the *?Rn activity concentration
in borehole air have been performed. The results since January to June 2006 are discussed. The changes of the
radon concentration have been studied in relation to the water level changes in boreholes and to the precipitation
amount. Also the water level changes in relation to precipitation were studied. The first results show that the
radon concentration and the water level in V-1 and V-3 boreholes are significantly affected by precipitation, in V-2

borehole this phenomenon is not clearly observed.

Key words: radon activity concentration, borehole, water level, precipitation

INTRODUCTION

The application of radon for geodynamical pro-
cesses monitoring needs the precise knowledge of the
influence of various meteorological parameters on the
radon activity concentration in the borehole air [1].

In our former investigations the influence of tem-
perature and pressure on the *’Rn activity concentra-
tion in borehole air was studied [2].

The subject of this contribution was the study of
the influence of the precipitation on the *?Rn activity
concentration in borehole water and borehole air.

METHODS

The studied samples of water have been taken
from the three boreholes V-1, V-2 and V-3, drilled in the
Lower Triassic quartzites at the area of Astronomical
and Geophysical Observatory of Comenius Universi-
ty at Modra — Piesky (Modra AGO) [3]. The sampling
have been carried out obviously three times a week sin-
ce January 2006. At the same time, the water level at

each borehole was measured.

The radon from water was transferred into the
scintillation cell of Lucas type. The samples were measu-
red at the laboratory of Department of Nuclear Physics
and Biophysics at Faculty of Mathematics, Physics and
Informatics of Comenius University in Bratislava [4].

Since August 2003 the continual measurement of
2Rn in borehole air have been performed in V-2 and V-3
boreholes [3]. In October 2005, the detector from V-2
borehole was transferred into new measuring site.

RESULTS

The #?Rn activity concentrations in water in eve-
ry borehole were calculated and evaluated in relation
to the water level changes and rainfall data. In the case
of V-3 borehole also the interdependence of *?Rn ac-
tivity concentrations in water and in borehole air were
studied. We investigated also the influence of rainfall to
the changes of water level and *Rn activity concentra-
tions in borehole air.
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In V-1 borehole the clear anticorrelation between
water level and *Rn activity concentrations in water
was observed, the value of correlation coefficient was
equal to 0,68. The water level was strongly affected by
rainfal. If the rainfall was more like 20 mm, the water
level increased up to 3 m. This increased level was du-
rable approximately three weeks, then it decreased to
the former state. This high amount of water was con-
nected with the decrease of *?Rn activity concentration
in water. Later than the water level decreased, the acti-
vity concentration in water started to rise. The changes
of *Rn activity concentration between minimal and
maximal value were about 70-80 kBg/m’.

At the last decade of June, the water level in V-1
borehole started to decrease rapidly, about 3 m during
ten days. It was caused by hot weather and low amount

of rainfall. Usually in summer months this borehole
lost the water first of all every year. Together with the
decrease of water level, the *?Rn activity concentrati-
ons in water decreased too.

The deepest borehole V-2 was not affected by
rainfall such significantly like V-1. Because in this bo-
rehole the water level was very deep under the surface,
probably, the rainfall water could not reach the bore-
hole water and enrich it with radon. But water created
by melting of snow influenced this borehole markedly.
Before the melting of snow, the water level was appro-
ximately 28 m under the surface. During the melting it
had increased about 5m, then the water decreased to the
level of 26 m. Since then it have been slowly increasing.
No significant corelation between the *Rn activity con-
centrations in water and the water level was observed.

Modra 2006, V-1 (10m)
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Fig. 1 The courses of the *?Rn activity concentration in water, precipitation amount, the state of the water level

and snow cover in V-1 since January to June 2006

Modra 2006, V-2 (40m)
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Fig. 2 The courses of the *’Rn activity concentration in water, precipitation amount, the state of the water level

and snow cover in V-2 since January to June 2006



However, the increase of water level caused by
melted snow was followed with the decrease of the
2Rn activity concentration in water, equally like in V-1
borehole. On the contrary to the V-1, the beginning of
melting was accompanied with rising of the *?Rn acti-
vity concentration in water.

In V-3 borehole initially the correlation between
the water level changes and the 2*’Rn activity concen-
trations in water was observed. After the melting of
snow it turns to anticorrelation, because the transport
of the created high amount of water was too quick for
enriching the borehole water with radon.

The influence of rainfall on the *’Rn activity
concentrations in water was confirmed in this bore-
hole, similarly like in V-1. Also the rise of water level
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was observed after raining. But the changes in activi-
ty concentrations were lower like in V-1, only about
10-20 kBg/m’.

Only in this borehole, the *Rn activity con-
centrations in borehole air was continually measured.
When the study area was covered by snow, the course
of 2Rn activity concentration was different in compa-
rison with following months. After the melting of snow,
the values of ?Rn activity concentrations in borehole
air significantly decreased. But some days after the rai-
ning the increase were observed and the radon activity
comcentration peaks in maximum reached values com-
parable to the values of radon activity conentration in
period with snow cover.

100
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Fig. 3 The courses of the *?Rn activity concentration in water, precipitation amount, the state of the water level

and snow cover in V-3 since January to June 2006
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The courses of the Rn activity concentrations
in borehole air and water were not completely the
same. The values of the *’Rn activity concentration in
water were significantly lower. But the decrease during
the melting of snow appeared at the same time, equally
the increases after the raining were visible.

DISCUSSION

Since January to the end of March 2006, the stu-
dy area was coveded by thick layer of snow, the snow
cover reached approximately 0,60-0,90 m. At the end
of March the snow started to melt and it dissappeared
completely during approximatly ten days. This rapid
and sudden melting created an extensive volume of
water, who permeated through fissures in rock and the
water level significantly increased in every borehole.
On the contrary, the *?Rn activity concentrations in
water decreased. We assume, that the transport of water
through soil cover and rock beneath the soil into the
boreholes was in this case too quick for enriching of the
borehole water with radon.

Only the V-1 and V-3 boreholes were evidently
affected by precipitation. Rainfall induced the distinct
increase of water level and related changes of *?Rn ac-
tivity concentration in water.

In V-1 the clear anticorrelation between the sta-
te of water level and **Rn activity concentrations in
water was observed. The situation in V-3 was partially
different. The rainfall increased the water level like in
V-1 and the courses of water levels in both boreholes
were almost the same. But the growth of *?Rn activi-
ty concentration in V-3 was lower and shorter like in
V-1, the maximal value appeared approximately after
10 days. Also the increased values returned to the pre-
vious state sooner like in V-1, after 15 days. In V-1
the maximum appears later, roughly 20 days after rai-
ning. It seems, that the rapid decrease of ’Rn activity
concentrations in water in V-1 was probably caused by
subsequent raining.

At the end of June the water level in V-1 signifi-
cantly decreased and simultaneously the *’Rn activity
concentration in water descended. The hot and dry we-
ather caused drying up the water from soil pores and
rock fissures and cut off radon transport by water throu-
gh rock environment to the borehole water.

The values of the *Rn activity concentrations in
water at V-3 borehole were considerably lower in com-
parison to V-1. The V-1 borehole is situated at the base
of a small hill, during the raining, rainfall water flows

down the slope. Therefore the increase of water level
in V-1 is caused not only by rainfall water, but also by
draining of water from hill. That is why the changes of
water levels were steeper like in V-3, up to 3m, while in
V-3 only about 2 m. Immediately after raining, the *?Rn
activity concentrations in water decreased. After some
days it started to rise up, because the water, slowly infil-
trated through the soil and rock into the borehole, was
enriched in radon occured in rock and soil pores.

Similarly the *?Rn activity concentration in bore-
hole air in V-3 was affected by rainfall water. The ma-
ximal values of *?Rn activity concentration in borehole
air occured after the raining, when probably infiltrating
water displaced the air rich in radon from surrounding
rock”s pores and fissures into the borehole air. The
22Rn activity concentration in borehole air decreased
on the initial state after approximately five days, pro-
bably in consequence of borehole ventilation.

The V-2 borehole was not markedly influenced
by precipitation. The depth of this borehole is too deep
for infiltration of rainfall water. Rainfal did not give
a rise to the increas of a water level and therefore did
not cause any change of *?Rn activity concentrations.

CONCLUSION

The melting of snow at the end of March signi-
ficantly affected the state of water level in all three in-
vestigated boreholes.

The results obtained from six months of our
investigation show, that only shallow boreholes V-1
and V-3 were significantly affected by precipitation.
The water level increased immmediately after the rai-
ning. The *’Rn activity concentration in water initially
decrease, but after several days increased, because of
the slow transport of water through soil and rock pores.
Equally the *?Rn activity concentration in borehole air
in V-3 was affected by rainfall, its rapid increase was
observed after the raining.

No changes in ?’Rn activity concentration in wa-
ter or in the state of water level caused by precipitation
were observed in V-2 borehole.
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ABSTRACT

Polycyclic aromatic hydrocarbons (PAHs) represent one group of toxic organic substances in the environment.
We determined PAHs in the samples of water and river sediments from river Zolna, in the samples of soils and plants
from surrouding of Zolna. The river Zolna flows directly through woodprocessing factory area. The impregnation
division together with associated impregnated materials store is considered the most important source of PAH
contamination in the surrounding area. We analysed the 16 compouds (PAHs) by List of the priority pollutants by
EPA by the HPLC method.

Key words: Polycyclic Aromatic Hydrocarbons (PAHs), contamination of environment, determination of PAHs

INTRODUCTION

The field of ecology has gained a higher impor-
tance after entering into European Union. Emphasis has
been placed not only on the new and actual damages
to the environment, but also on the ones caused in the
past, which often present frequent and very complex
problems.

The contribution presents results of polycyclic
aromatic hydrocarbon contamination research of the
river Zolna basin on the grounds of town of Zvolen.

Polycyclic aromatic hydrocarbons (PAH) belong
to the highly toxic compounds present in all components
of the environment. A small part of PAHs are created by
natural processes which take part in nature (geological
synthetic processes, volcanic activity, biosynthesis of
some species of sea-grass and higher plants). A higher
amount of PAHs enter the environment through antro-
pic activities. The main process causing the creation of
polyaromates is incomplete burning of organic substan-
ces, they are part of fossil fuels and fossil fuel products,
we may find them in the roasted or charbroiled meat,
cigarette smoke, roasted coffee, caramelized sugar.

MATERIAL AND METHODS

The main producers of polycyclic aromatic hyd-
rocarbon pollution in the town of Zvolen are the hea-
ting power complex, home hearths, transport and wood
impregnation department of the wood processing com-
pany, through which river Zolna flows. These are the
mean ways how PAHs pollute the atmosphere and they
either directly or gradually enter the water and soil.
PAHs enter the environment from the wood processing
complex directly during the process of impregnation
(leakage of impregnation oil), but polyaromates are
also often washed up from the impregnated materials
in the adjoined warehouse.
We determined polycyclic aromatic hydrocar-
bons in the samples of water, river sediments, soil and
also in the plant samples.
In order to gain samples, we chose two sam-

pling localities:

1. Dbefore the wood processing company in the
flow direction of river Zolna,

2. behind the wood processing company in the
flow direction of river Zolna.
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Water samples were taken in accordance with
STNISO 5667 - 6 (75 7051).

Sediment samples were taken at places with mi-
nimum water flow, where the segment sedimentation is
likely to be higher.

Soil samples were sampled from the adjacent
bank of the river using a soil pit up to 20 cm depth.

Baldingera arundinacea was chosen as a plant
sample as it appeared on the both sampling places. The
above-ground part of the plant was sampled.

Samples were processed in the laboratory at the
same day or most at the next day after sampling. They
were conserved in a dark and cold place (to 4°C) up to
the day when the analysis took place.

Suspended particles have been removed from the
water through filtration. PAHs have been isolated with
the use of extraction by n-hexane.

Coarse aggregates and eventually some organic
parts (parts of lose plants or animals, accidentally sam-
pled living organisms) were removed from the samples
of sediments and soils. Air dryed samples were extrac-
ted by n-hexane.

Plant material was processed fresh. Sample por-
tions together with the extracting material were proces-
sed with the use of a disintegrator.

All acquired extracts were then processed in
a standard way. Abundant water was removed by ad-
ding calcite carbonate, the extracts were condensed
using a vacuum rotary evaporator and in the stream of
nitrogen they were steamed off. Evaporate was than
dissolved in acetonitrile and analyzed by the method of
high performance liquid chromatography.

Conditions of chromatographic analysis:

—  column: Lichrospher PAH (Merck)
— mobile phase: A: acetonitrile (gradient grade), B:

water

0 min: A: 50%, B:50%
5 min: A:50%, B: 50%
12 min: A:100%, B: 0%
30 min A:100%, B: 0%
33 min: A:50%, B: 50%

—  flow speed: 1 cm’.min™'
— temperature: 35°C
— detector: Diode Array Detector L — 7455 (Merck
— Hitachi)

— detection: UV — 250 nm

Qualitative and quantitative determination of par-
ticular PAHs was performed by the method of external
calibration. The backing standard was a mixture of 16
polycyclic aromatic hydrocarbons (SUPELCO), which
are allocated in the environment according to the List

of main pollutants EPA (US - Environmental Protec-
tion Agency): Naphthalene (Naft), Acenaphthylene
(Acnft), Acenaphthene (Ace), Fluorene (Flu), Phe-
nanthrene (Fen), Anthracene (Ant), Fluoranthene
(Flt), Pyrene (P), Benzo(a)anthrcene (BaA), Chrysene
(Chry), Benzo(b)fluoranthene (BbF), Benzo(k)fluoran-
thene (BkF), Benzo(a)pyrene (BaP), Dibenzo(a,h)an-
thracene (DBA), Benzo(g h,i)perylene (BghiP), Inde-
no(1,2,3-cd)pyrene (IP).

Particular PAHs were identified in the samples by
comparison of their ultraviolet spectra with spectra of
standard substances. Concentration of allocated com-
pounds was determined according to height of peaks.

RESULTS AND DISCUSSION

Measured results are stated in the table no. 1. Hi-
gher amounts for all matrices of the environment were
measured at the second sampling place. The most PAHs
were found in the sediments. A low concentration was
found in the samples of water and sediments. Water is
a less stable matrice, which is easily affected by exter-
nal factors. There is just a small portion of water soluble
PAHs, polyaromates which are usually found in water
are absorbed into particles. They settle into sediments
according to their size and weight and by these means
they disappear from the water.

Sediments are more stable, the external influen-
ces are not so important in such a rate for them. Par-
ticles with absorbed PAHs tend to settle rather quickly,
but when affected by certain factors (increased appea-
rance of humic acids, stronger water flow) they may be
washed up again. Matrice, which characterizes pollu-
tion of a locality with PAHs in the most precise way is
soil, material with relatively stable chemical structure.

During the detailed study in the given field,
rather lower values have been found. Blaho, Kacik
[1] were examining and determining oil substances as
well as polyaromatic hydrocarbons in the sediments of
the river Zolna. In the areas behind the department of
impregnation, they found oil substances reaching val-
ues more than 400 mg.kg !, and the amount of PAHs
was about % of the overall value. During the research
2001-2002 [2, 3] the samples of water and sediments
were sampled. Amount of PAHs in the sediments ap-
proximated to value 2000 mg.kg™.

Plant samples are meanwhile a less exami-
ned material concerning PAH amounts. The reasons
for this are mainly difficult analytical methods and
ambiguity of gained results. It is questionable whether
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Tab. 1 Measured PAH values in the samples of environment

water sediments soil plants
PAH [pg.dm3] [mg.kg! a.s.] [mg.kg'a.s.| [mg.kg! a.s.]
1 2 1 1 2 1 2
Naft — - — — - - - -
Acnft — - — — - — - —
Ace 1,81 6,69 1,474 10,671 1,512 10,467 — —
Flu — — - 18,952 — — — —
Fen — — - 23,138 — 0,3724 — -
Ant — - — — — — — —
Flt — 0,39 0,0827 35,542 0,0804 4,115 — 1,949
P — 0,28 0,0533 18,523 0,0548 2,650 — 1,044
BaA — — 0,0143 4,335 0,0342 1,294 — —
Chry — - 0,0115 3,536 0,0359 1,830 - -
BbF — — - 1,185 0,0238 0,600 — —
BkF — — — — — — — —
BaP — — - 0,285 0,0328 0,199 - -
DBA — — — — - — — —
BghiP — — — — — 0,0847 — —
X 1,81 7,36 1,6358 116,167 1,7739 21,6121 — 2,993
1  — the sample from locality no. 1
2 — the sample from locality no. 2

a. s.— amount of PAHs in absolute dryed material
“~” — not measured

given compounds come from the internal structure of
the plant, or from the leaf pores into which they get
through the air pollution. In our experiment we deter-
mined PAHs in the plants from the second sampling
place. Measured values allow us to assume, that they
entered the plant structure through the contaminated
water, whereas by air pollution also plants from the
first sampling place would be polluted. These findings
are preliminary and they present a part of the research
project which is still ongoing.

It is also remarkable to compare the qualitative
composition of founded PAHs in the given dies (fi-
gures 1-3). In the water samples, mainly PAHs with
a lower molecular weight were found, in the sedi-
ments and soil PAHs were “heavier”, which are rather
quickly removed from water actually by sedimenta-
tion thanks to their higher molecular weight [4]. This
fact points out the “lurking” danger of PAH washing
up from the sediments.

Concentration [ug/L]
'S

Fig. 1: Graph of amount of PAHs in the water — sample 2
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Fig. 2: Graph of amount of PAHs in the sediment — sample 2
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Fig. 3: Graph of amount of PAHs in the soil — sample 2
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ABSTRACT

In the article is presented the proposal of express method for evaluation of radium concentration in building
material. The method is based on estimation function of time dependence of achievement of equilibrium radon
daughter products radioactivity with the *Ra. The obtained results from one selected sample of building material
(porous concrete brick) show, that estimation of radium concentration on acceptable confidence level is possible

obtain during some days.

Key words: **Ra, buildings materials, express method, daughter products

INTRODUCTION

22Rn and its decay products are dominant resour-
ces of the population radiation dose. Inhalation of short
lived radon decay products represents nearly half of the
effective population dose from the all natural radiation
sources [1]. One of the main problems in radiation pro-
tection consist in formation of the lung cancer affected
by this radionuclides, therefore reduction of this can-
cer type probability to the minimal level is very actual
question.

Possible radiation sources can be found in buil-
dings, in which we live or work, because there we
spend most of time of our life. 2*Ra present in building
materials is the main producer of the *?Rn in dwel-
lings. Some of the natural raw materials (lime, clay,
sand, gravel etc.) used in building industry, release ra-
don according to their geological origin, composition
and graininess. This is documents for example, by re-
sults of measurements of samples of building material
with different structure and graininess presented in [2]
which show different concentration of *Ra, in gravel
5,5 Bq.kg?, in sand 8,5 Bq.kg™! a in cement 28,2-46,9
Bq.kg ! (concentration are different for various kinds
of cement). Radon exhalation from building commo-

dity influence except amount, **Ra concentration and
exhalation rate of used materials also technology of the
processing. For example using fly ash in production
of the building materials causes that concentration of
226Ra reached the value of 85-222 Bq.kg™' [3].

The very frequently used method for radium con-
centration determination in various materials is based
on measurement of concentration of radon daughter
products in radioactive equilibrium with radium ac-
tivity. Achieving of such equilibrium requires, due to
radon half life, for hermetized samples spent time ap-
proximately about four weeks. After elapse such time
interval, the radioactive equilibrium is on acceptable
level enables evaluation of radium concentration. Pre-
sented express method can enable shorten the neces-
sary time for radium concentration estimation based
on above described method. This method should help
with effective and time undemanding monitoring of the
2Ra concentration in building materials.

MATERIALS AND METHODS

For demonstration of using express method was
used brick from porous concrete (“Porobeton”) that
was divided into eight separate parts. Blocks of brick



60

were measured by semiconductor HPGe 280 cm?® de-
tector in the low background shield [4] that is situated
in laboratory of gamma spectrometry of Department of
Nuclear Physics and Biophysics of Comenius Univer-
sity Bratislava. *Ra concentration was evaluated from
its daughter products gamma lines — *“Bi (609,3 keV)
and 2*Pb (351,9 keV).

When brick was separated into eight homogeno-
us parts, they were separately measured on the HPGe
detector. After the first measurement, blocks were se-
parately hermetical packed into the plastic wrap and
measured again in various time intervals after packing
for a one month. After a month became radioactive
equilibrium in packed samples and the activity of **Ra
was determined from activity its daughter products.

The four most suitable brick parts were chosen
and separately grinded on the ball grinder. The parts
were grinded to different graininess. Crushing enlarge
the surface from which the *’Rn is released to air vo-
lume [5], [6]. Modified samples were putted into the
cylindrical chambers and hermetically enclosed. The
chambers were measured in various time intervals from
hermetically enclosing. After radioactive equilibrium
became, the activity was determined.

N
A=—— 1
I-¢
where
A [Bq] — activity of the sample
N [s'] —counts per second

1 — number of emited gamma rays per
decay
€ — efficiency of detector

The detection efficiency of various geometry
detector-sample was specified by Monte-Carlo
simulation [7].

Table 1 Physical characteristic of grinded samples

RESULTS AND DISCUSSION

Concentration of °Ra in solid materials was eva-
luated by its daughter products after radioactive equi-
librium in hermetically closed samples. The sample
was separated into eight parts and seven was measured
with and without hermetic seal. The results are in Tab-
le 2. Diversity of activity in single samples is caused by
leakage of plastic warp that brick was packed in.

After measurement of the seven whole samples,
four samples of Porobeton brick were grinded to vario-
us graininess and were measured for a one month.

On Fig. 1 is presented percentage difference
between the counts from grinded opened and enclosed
brick for daughter products of **Ra.

Fig. 2 and Fig. 3 show fitted curves of activities
time dependences of the ’Rn daughter products >“Bi
and 2'*Pb, respectively. The volume of sample should be
much larger than volume of the air in chamber because
22Rn will concentrate in this air and the air volume will
change the efficiency of detection. After approximately
seven half lives (means approximately one month) be-
come radioactive equilibrium. Express method means
that we actually know the function of time dependence
of the daughter products concentration and could from
its progress predict concentration in any time after the
sample was hermetically enclosed that means soon as
after a month.

The smaller grains show the faster grow acti-
vity to the total value that means for express method
is most suitable as smallest as possible granularity of
building material sample. The simulation of efficiency
assume homogenous material and equally allocation of
*Rn atoms in all volume of the sample. Growing of
the curves on Fig.2 and Fig.3 is caused by uneven
distribution of ’Rn atoms in closed chambers and
formation of radioactive equilibrium. After hermetiza-
tion of the samples are atoms of *’Rn mainly in soil

Mark Graininess Weight [g] P, [gem?]
sample 1 0,1-1 cm 608,4 0,56172
sample 2 0,1-0,5 cm 595,8 0,5658
sample 3 0,05-0,1 cm 575,8 0,88239
sample 4 0,01-0,05 cm 680 0,64576
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Table 2 Activity [Bq.kg™'] measured in opened and closed bricks

Sample Opened Hermetized
Brick 1 64,6 +1,7 T3A£16
Brick 2 63,7+1,6 783+ 1,8
Brick 3 65,6 +1,7 723+ 1,8
Brick 4 718+ 1,4 76,6 + 1,5
Brick 5 69,6 £1,8 78,3 £2,0
Brick 6 70,5+ 1,9 729+1,8
Brick 7 69,1 £1,8 69,7+ 1,8
118 2pp 24p; = after 3 days
1 /J A after 38 days T
116 J after 60 days
114
X 112 T
P |
S 1104
Z% 108—-
2 106
2
102
1Mt+————7 77 7
0 500 1000 1500 2000 2500
Energy [keV]

Fig. 1 Percentage differences between counts measured enclosed and opened grinded Sample3 (graininess 0,05—
0,1 cm) for various time intervals from closed

0,01-0,05 cm

0,05-0,1 cm
0,1-0,5 cm

A, [Bakg']

609 keV

T 1 T T ‘' T ‘T T T T T T 1
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Fig. 2 Growing of activity *'“Bi in closed chambers
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Fig. 3 Growing of activity >*“Pb in closed chambers

grains, during the measurement they fill the air volume
up. Allocation of ?’Rn atoms at the same level as in the
simulation became in sample with smaller grains faster
then in sample with large grains.

Measured radioactivities values of brick parts are
presented with 16 confidence level.

CONCLUSION

The activities of '“Bi and *"*Pb in four grinded
and hermetically enclosed samples were measured du-
ring one month. After the month was determined con-
centration of *Ra in Porobeton brick as 80 Bq.kg™
with 3,5 % uncertainty. The uncertainty of measured
data after about 5 days is about 1,5 % and of fitted
function is about 3 %, whereby the agreement of all
results is good (table 3). The systematic uncertainty of

t [min]

used express method varied with the graininess and the
time passed after closing. For example measurement
of sample4 (granularity 0,01-0,05 cm) after a few (3—4)
hours after closing has systematic uncertainty about
13 %, but after 5 days is systematic uncertainty about
3 %. In measurement of samplel (granularity 0,1-1
cm) is systematic uncertainty after few hours of closed
also about 13 %, but after 5 days is still about 7 %.
From the measurement of activity follows that activity
in sample with the smallest grains grows faster than
from the sample with biggest grains. This variation is
caused by different geometry of simulation of the effi-
ciency and production of radioactive equilibrium.

The presented results are only introductory, the
better verification of this method required more mea-
surements of substantially more sam-ples from various
materials used in building industry.

Table 3 Activity [Bq.kg"'] of the daughter products and **Ra in hermetical enclosed grinded sample obtained by measurement on
detector after a month (classic method CM) and using fitted function after a 5 days (express method EM)

29Bi (EM) 214Pb (EM) 2Ra (CM)
Samplel 765+ 12 743+ 13 788+ 19
Sample2 805+15 7831+ 13 789+ 16
Sample3 78.6+2.0 76,5+ 2.3 812+00
Sampled 794+ 19 774+ 1.4 823+22

(/:;eraizzf) 81.6+22 78,121 80+ 2.8
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ABSTRACT

The aim of this report was to demonstrate the impact of different approaches to determining of the average
radon activity concentration for the calculation of effective dose from radon. Continual set of data for modelling
of temporal variations was obtained. We found out that frequency distributions of measured radon activity

concentration differ for various parts of day and year.

Key words: Indoor radon, frequency distribution, daily and annual variation, effective dose, mean activity

concentration.

INTRODUCTION

Protection of the population against ionizing ra-
diation is now among the most discussed topics. It is
the radon (*Rn) that is the most important natural so-
urce of radiation exposure of the population. Hence an
appropriate care is taken in the field of radon radiation
protection. Residential areas are the greatest source of
radon population exposure.

Measurement of indoor radon and its daughters
allows us to better understand the mechanisms influen-
cing radon concentration, test the models describing its
variations, identify and quantify the sources of radon
in residential areas, specify the procedures for mea-
surement of radon concentration by means of integral
methods and for evaluation of data from these measu-
rements, control the efficiency of anti-radon measures
etc. For the estimation of radiation exposure the measu-
rements carrying the information about average radon
activity concentrations are needed. Such measurements
can be done either by year-long or by short-term mea-
surements and then, with the utilization of radon mo-
dels, the average annual radon activity concentration
can be determined. Integral or continual measurements
of radon are suitable for this purpose.

Behaviour of radon in enclosed areas and
effective dose from radon

Under the term ‘indoor air’ we understand the air
inside a flat, house or other enclosed area. Main sour-
ces of radon in buildings are: underlying rock, building
material, outdoor atmosphere and, to a lesser extent, the
tap water and natural gas [1].

Radon gets into enclosed spaces by exhalation
from the floor, walls, items in the room, natural gas,
water used in the household and by the air entering the
room from the outside. Radon indoor concentration
varies in time. Under the assumption of homogenous
distribution of activity concentration inside a building,
the temporal change of activity concentration can be
described by the differential equation [2]:

HO_R_4@0eer) 0
at vV
where:
A(f) — radon activity concentration in the room at the
time ¢ [Bq.m™],

R — radon entry rate [Bq.s ],
V' — volume of the room [m?],
A — radon decay constant[s™'],
A — air exchange rate [s™'].
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dA(?)
dt
under the assumption Av >> A (because: 0,1 h! <A, <

For a steady state condition =0 and

<3h',A=7,6.10° h') we get the mean **’Rn activity
concentration in the room:
y R
=— @)
AV
Let us consider three interpretations of equation

(2) (depicted in Fig. 1 [3]), in dependency R on Avand:
a) R = const., \v ~ AT (AT is indoor-outdoor tempe-

rature difference) A4 is indirectly proportional to AT

with a maximum in the afternoon and minimum

during the night
b) A= const., R~AT

A 1is proportional to AT with a minimum in the af-

ternoon and maximum during the night

¢) R(AT), A.(AD)

for 4 we can write 4 = , A can rise or

fall as a function of AT

indoor-outdoor
temperature (diff.

air exchange rate

radon entry rate

radon concentration
{R=const A, AT)

1adon < oncentation
{Ay=const. . R-AT)

Fig. 1 Variations of indoor radon as a function of R and A, [3]

From a structural and building utilization point
of view, two aspects play a key role in affecting the
radon activity concentration [1]. The first one is the
ventilation system that may have an influence on the air
pressure difference between inside and outside, forcing
the air to flow inside. The second one is the foundation
construction that affects the flow of air between the soil
and the building [4]. Other factors are meteorological
effects (barometric pressure, temperature, wind speed)

as well as residential activities (heating, ventilating).

From the *?Rn activity concentration it is possib-
le to determine the effective dose rate from *’Rn in in-
door air by the equation [5]:

E=ay,.F.f 3)
where:
a,, — average indoor *’Rn activity concentration [Bq.
m’],

F - equilibrium factor characterizing the degree
of radiation equilibrium between radon and its
short-lived daughters (F ~ 0,4),

S — dose conversion factor | f=9_ " _ nsv .
Bg.h.m™

For the annual effective dose we can write:
E=Et, =ap, F.f1, 4)

where:

t, — the total time spent indoors during the year [h].

MEASUREMENT DEVICE
DESCRIPTION

For the monitoring of radon activity concentra-
tion in indoor air the radon monitor AlphaGUARD
developed by Genitron company is used at the De-
partment of Nuclear Physics and Biophysics, Faculty
of Mathematics, Physics and Informatics, Comenius
University, Bratislava. The detector itself is a cylinder-
-shaped ionization chamber with an active volume of
0,56 liters. The air gets inside the chamber by means of
passive diffusion through an aerosol fibre-glass filter.
The ionization chamber sensitivity is about 0,05 imp.
min™ for 1 Bq.m™ of *’Rn activity concentration. The
background signal is lower than 1 Bq.m™ [6]. The mo-
nitor can record the *’Rn activity concentration, tem-
perature, pressure and humidity of the room in 1-hour
intervals.

RESULTS AND DISCUSSION

Radon concentration in a room at FMPI CU was
monitored during a period of one year (April 2004 —
March 2005). The room is situated on the second floor,
with north-oriented windows, and is shielded against
direct influence of wind by other parts of the building.

Meteorological conditions, building materials and
building construction are among the important factors
affecting radon activity concentration in indoor air.



According to these factors, indoor radon activity con-
centration shows daily and seasonal variations.

The daily variations obtained by us have a shape
of a regular wave with a maximum in the early mor-
ning and minimum in the afternoon. The daily wave
calculated on the basis of all radon data obtained during
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the course of one year show a maximum in the early
morning (at about 04-06 hours) and a minimum in the
afternoon (at about 15-17 hours) (Fig. 2).

Seasonal variations show a minimum in summer
months (June — August) and a maximum in late autumn
and winter months (October — February). The yearly

[Bq.m?]

20 | i

Radon activity concentration

i i i
12 16 20 24
Hour

Fig. 2 Mean daily course of ?Rn activity concentration obtained in investigated room in the period from April 2004

to March 2005

course obtained by us is depicted in Fig. 3.

High values of radon activity concentration in
winter months are caused by high minima of average
daily waves in this time period; low monthly mean va-
lues in summer months are caused by low placed mi-
nima as well as low maxima of average daily waves

in these months. The highest amplitudes of daily wa-
ves were observed in summer months (~ 6 Bg/m?® and
Rn_max/ARm" ~ 1,8), the lowest in winter months (~ 3
Bg/m*and A, /A, . =12)(Fig. 3).

Comparison of summer period (April — Sep-

tember) and winter period (October — March) can be
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Fig. 3 Average monthly values and daily courses of *’Rn activity concentration in indoor air (time period April

2004 — March 2005)
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seen in Fig. 4. The mean daily wave of ?’Rn activity
concentration in winter period has one-half the ampli-
tude of the mean daily wave in summer.

Frequency distribution of all *?Rn activity con-
centrations measured in indoor air is close to log-nor-
mal distribution (Fig. 5).

However, the frequency distributions of activity
concentration obtained in different periods of year are
different; the frequency distribution in winter is close
to normal, while in summer it is close to log-normal
(Fig. 6).

If we split the day in summer or winter period
into two parts (first part covers the period from 09:00
to 21:00 hours, the second one covers the period from
21:00 to 09:00 hours), we can compare how the frequ-
ency distributions differ for various parts of day. As we
can see in Fig. 7, the frequency distributions for day-
time and nighttime are close to normal in winter peri-
od. In summer period the frequency distribution for a

Summer season
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period from 21:00 to 09:00 hours is normal, however,
for a period from 21:00 to 09:00 hours the frequency
distribution is log-normal.

The frequency distribution results led us to com-
pare the annual courses of radon activity concentration
calculated by three different methods (Fig. §):

1. arithmetic mean during the whole year

2. geometric mean in summer period and arithmetic
mean in winter period

3. geometric mean in summer period and arithme-
tic mean in winter period, but only the data from
09:00-21:00 hours were taken into account

The last method is justified from an employee
point of view because it covers the usual working time
period.

As follows from Fig. 8, the key factor in deter-
mining the effective dose rate — average monthly ra-
don activity concentrations — are lower using the 3rd
method. The greatest differences between average

Winter season

Radon activity concentration [B

Fig. 7 Comparison of the frequency distribution of *’Rn activity concentration in investigated room for a period from
09:00 to 21:00 hours and for a period from 21:00 to 09:00 hours for summer and winter months, respectively
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Fig. 8 Average monthly radon activity concentrations calculated by means of: 1 arithmetic mean (m); 2. geometric
mean in summer period and arithmetic mean in winter period (¢); 3. after taking into account that it is
a workplace, only the period from 09:00 to 21:00 hours was considered, and geometric mean in summer
period and arithmetic mean in winter period were used (A)
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monthly radon activity concentrations calculated by
different methods, up to 20%, were found in spring and
summer months.

On the basis of the average radon activity con-
centration for individual months during daytime, the
annual course of effective dose rate was calculated
and compared with the annual course of effective dose
rate calculated from all radon activity concentration
data (Fig. 9). As one can see, the effective dose rate
in winter months is about 1,5 times higher than that in
summer months.

Unlike the expected variations of activity con-
centration (when the character of the room is taken into
account) as a function of thermal gradient AT and not
a time-dependent function of R, the courses of daily
and seasonal variations of radon activity concentration
are just opposite. This effect will be thoroughly studied
in the future.

Frequency distribution of activity concentrations
was found to be different for various parts of day and
year. The impact of these distributions on a calculated
dose rate is lower than 20 %. Short-term measurements
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Fig. 9 Comparison of the average *’Rn dose rate for individual months in indoor air for a period from April 2004

— March 2005 calculated on the basis of all data
hours (¢)

According to UNSCEAR [5], the average indoor
occupancy ¢, is 7000 hours per year. If we assume only
average radon activity concentrations during daytime
when determining the annual effective dose rate, then
according to (4) we get E ~ 0,7 mSv. This value is about
20 % lower than that obtained by a conservative guess
based on average monthly radon activity concentra-
tions.

CONCLUSION

Knowledge concerning of variations of radon
activity concentration were obtained. Daily variations
show a maximum in the morning and a minimum in
the afternoon, seasonal variations show a minimum in
summer months (June — August) and a maximum in late
spring and in winter (October — February).

(m) and on the basis of the data obtained during 09:00-21:00

of radon activity concentration carried out in various
parts of year may have more significant impact on the
accuracy of the calculation of effective dose rate, when
even an uncertainty of 100 % can be produced.
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ABSTRACT

Long-term measurements of carbon-13 and carbon-14 content in soil CO, are presented. Temporal *C and
PC variations with period of one year has been observed and discussed in two soil levels (exhaled CO, and CO, in
depth 0,8 m). Analyses shows that there are significant differences in phase shifts of variations and in fractionation

rates at different soil levels.

Key words: "“C, "“C, soil, atmosphere, CO,, variations

INTRODUCTION

There are two major sources of CO, in soil. Part-
ly it is the root respiration of plants and partly the bac-
terial decomposition of organic matter [1, 2, 3]. CO,
starts to flow in the opposite direction of the concentra-
tion and pressure gradient to reach the thermodynamic
and mechanic equilibrium. Such a flow, if measured on
the soil surface, is called “the soil respiration” [1]. Root
and bacterial respiration plays the key role in CO, pro-
duction in underground environment. In metabolically
active seasons both of them pumps carbon-dioxide into
soil capillaries.

This paper deals mostly with temporal chan-

ges of relative isotope ratios in soil CO,, defined as
: 2

R

== Here ['C] stands for concentration of
C

rare carbon isotope (i=13,14) and ["*C] is concentra-

tion of abundant carbon isotope. The more useful and

widely used expression of ‘R is the “delta-notation”
i

i R
d'Cc= +——— L. Here the symbol 'R, stands for the
R

tabulated isotope ratio in reference standard.

A typical temporal pattern of presented data is
a variation with a period of 1 year. This period origina-
tes mostly from cyclic temperature and moisture chan-

ges as well as from photosynthesis processes variabi-
lity during the year. Moreover, the isotopic ratios are
affected by isotopic fractionation in metabolism of
plants and bacteria, diffusion processes and also by car-
bon-14 enrichment due to the “bomb effect”.

METHODS

The radiocarbon samples in *CO, chemical form
were collected in the area of Faculty of Mathematics,
Physics and Informatics, Comenius University, Brati-
slava (48° 9N, 17° 7" E, 164 m.a.s.1.). Soil at the sam-
pling area is of type sandy clay [4]. The samples from
a depth of 0.8 m have been continually collected by the
method of dynamic absorption of CO, in NaOH solu-
tion [5,6]. The CO, released from the soil has been col-
lected by ordinary diffusion in the NaOH, surrounded
by an accumulation container. In the next step the Na,
CO, has been precipitated by BaCl, and subsequently
the BaCO, was filtered out. The CO, in the gaseous sta-
te has been released by HPO, and a small amount of gas
was taken to determine the 8"*C using mass spectromet-
ry. For the higher stability of “C measurement, carbon
dioxide released in the previous reaction is converted to
CH,. A high-volume gaseous proportional counter with
cylindrical symmetry has been used to measure “C ac-
tivity per volume unit. After the isotopic fractionation
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correction, the results are presented as A“C with stan-
dard deviation of 6 %o. The uncertainty of 3'*C measu-
rements is at the level of 1 %o.

RESULTS AND DISCUSSION

Although the *C and '*C content in the soil air
has been measured since 1997 at FMFI UK, the si-
multaneous measurements of exhaled air began only
in 2000 (see Fig. 1,2). The separate monitoring of soil
and exhaled CO, seems to be justified since there are
significant differences between the temporal courses of
13C and C.

As we can see at Fig. 3, the AC in the exhaled
CO, and the CO, in a depth of 0.8 m obeys the common

one year period cycle. The minima occur in winter or
in early spring and maxima in late summer. The mean
value of *C annual variation as well as its phase are just
slightly shifted, contrary to "*C with significant diffe-
rences in both mentioned parameters. Considering the
papers [7,8], the best way to describe the variations of
this type is by using the equation:

A*C() = A+Bcos|:2n (%Hp ]:| (1)

Here symbol A stands for annual AC mean va-
lue, B represents amplitude of variation, 7=12 months
is period of variation and finally @ is the phase shift.
The semiempirical form (1) is a result of two-compo-
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nent box-model theory. A strong agreement of (1) with
experimental atmospheric data convinced us that (1) is
a good choice for our purposes. Comparing the results,
one will find that the soil CO, is more depleted of "°C
relatively to atmosphere than it is in the case of '“C
(Fig. 3,4).

The relative difference between the 8“C in
a depth of 0.8 m and the 8°C in the atmosphere is near-
ly 92 % of atmospheric value in the years 2001-2005,
whereas it is only 17 % in the case of carbon-14. In all
likelihood, it can be explained by isotopic fractionation
(systematic discrimination) of *CO, molecules in pho-
tosynthesis and other metabolic processes of plants and
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Fig. 5 Temporal courses of coefficients A (equation
(1)) for C at different depth levels,

comparatively to atmospheric data
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bacteria.

The above-mentioned phenomenon, the fractio-
nation of isotopes, is taking place if molecules of the
same type, but of different masses act in a diffusion or
chemical reactions. The molecules of CO, containing
13C are partly discriminated in a plant respiration pro-
cess, s0 8"°C is at lower level in the soil air than in at-
mospheric one.

If one carries out the harmonic analyses of me-
asured data, he will obtain the coefficients A,B and ¢,
demonstrated at Fig. 5-10.

An interesting conclusion (showed at Fig. 5) is
that AC in the atmosphere is nearly of the same co-
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urse as AC in both of involved depths. But there is a
completely different situation if we take a look at Fig.
6. Although atmospheric *C content is almost constant
in time, the soil environment has been slowly enriched
by 1°C. Significant differences in temporal courses have
been encountered also for parameter ¢. While in the
case of 1*C the data from different soil levels are syn-
chronous, there is an obvious phase shift in °C data.
As one can see (Fig. 10), the phase shift increases
gradually with depth in the case of §"°C. Since bacteria
are the main contributors to CO, in deeper soil levels
and their metabolism is temperature dependent, the
shift can be explained by the delay of the temperature

(1)) for BC at different depth levels.

wave due to the heat conduction through soil. The ob-
served delay is 5.6 months (nearly half a year).

CONCLUSIONS

Carbon-13 and Carbon-14 content in the soil
environment has been measured at two soil levels
(exhaled CO, and CO, in a depth of 0.8 m). Results
of measurements and several analyses are presented
in this paper. Temporal A“C and 8"C variations with
a period of one year have been observed. As follows
form the previous section, there are significant differen-
ces in temporal and spatial courses of various carbon



isotopes. The most obvious difference is the phase shift
between the 3"°C of CO, from 0.8 m depth and the 6"°C
of CO, exhaled from the soil surface. The measured
and analysed data are useful for applications connected
to the greenhouse effect.
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ABSTRACT

Measurement of magnetic susceptibility is a method, which is used in many areas of research. The locality
AK-Tjuz is typical example of old ecological load. One of the negative effects represents radioactive contamination.
This situation is caused by environmental disaster in 1964. For useful reparation it is really necessary to determinate
the surface range of contamination. And measurement of the magnetic susceptibility could be the suitable method

for that kind of monitoring.

Key words: Magnetic susceptibility, Ak-Tyuz, Th, environment contamination

INTRODUCTION

Mining and mineral dressing activities present
one of the most important influences on environment.
The impact on environment is really intensive. Beside
those, there are some other kinds of influence — for in-
stance disasters, which damage the environment hard.
This is the case of locality Ak-Tjuz (Kyrgyzstan). In
1964, there was ruptured one of the sludge beds in the

mineral dressing factory.

The Locality Ak-Tjuz

The ore department is situated about 150 km Eas-
tern from Biskek, Kamenina county, Cchujchujska dis-
trict. It covers important ore measures of noble earths,
which contains Th, Be, Zr, Hf, Nb etc. and polymetallic
ores. Localities of research contain the measures AK-
-Tjuz(polymetallic ores and rare earths elements), Ku-
perlisai (rare earths plus Th), Kolesai (Be) and the most
important measures Kutesai (rare aerths, Th, Y, Sc, Ta,
Nb, Zr, Hf a Pb), where is situated open strip mine with
huge mining mineral waste banks [1].

RESEARCH AREA

The project was running in lokality Ak-Tjuz
(Kirgyzstan). Firstly, the whole area was surveyed in

project Geoenvironmental research and evaluation of
ecological load and risk in surroundings of the mining
— mineral dressing complex of buildings in Kirgyzstan.
The most contaminated area presents a former stock of
radioactive extracts, which is built partly from bricks,
partly from cement concrete, with concrete bottom.

In that stock, there are situated unsecured rema-
ins of Th — extract about ¢. 15-20 m?, which embodies
the barched input even 1200 uR/h. By spectral mea-
surements was identified the highest content Th 2280
ppm.

In the territory left of the stock left of the road
to Ak-Tjuz are on deposit the remains of radioactive
waste coming from the sludge beds, which were impor-
ted here within “cleaning” after the dam of the sledge
bed number 2 was ruptured in 1964. This contaminated
materials have typical light brown-violet colour, it is
different from the rest of the materials in the surroun-
dings and is characterized by the radioactivity higher
than the limits — ¢. 100-150 puR/h and even higher in
some places.

It is unnecessary to claim, that the range of dange-
rous and unsecured radioactive waste imported from the
sledge beds to some places in this locality is even higher
and it presents very high danger for environment.

The waste is situated also right of the road to Ak-
-Tjuz, where it intervenes to the river Kitchi-Kemin.
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This river takes the waste away down to the valley. Cu-
bage in this place is really huge — in thousands of m?.

Research of radioactive pollution was provided
not only in stock of radioactive extracts, but in the sur-
roundings — whole area was c. 400 x 100 m.

The border points — the profiles — of the profile
net (for radioactivity measurement) were signalized.
Profiles (number 1 to 21) were orientated in the North-
-South direction, the distance of profiles was 20 meters,
the step of measurement was 10 meters.

Contamination surveying

At the profiles, the gamaspectrometric measure-
ment was provided — it means to determinate the con-
tent of Th (ppm), U (ppm), K (%) and total y-activity.
The Canadian instrument GR 130 was used for that
measurement, total time of measurement was 600 se-
conds. In the end, 195 points were measured out. The
final products, came up from the results of the measure-
ment, present The digital radiometric maps of Ak-Tjuz
locality.

1600
14800
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The results confirm, that the main source of
strong radiation is Th. Very high values were measured
out by Kallium K 40, a little value was identified by U.
Radioactivity distribution shows Map of total y-activi-
ty. All values are in distinctively positive correlation.

In the same time what the radiometric research
was running, in the same profile net was measured of
the magnetic susceptibility. The point of that measure-
ment was to verify the premise that the potential heavy
metals contamination coincides with the higher value
of magnetic earth susceptibility. For the measurement
was used Canadian handheld field instrument KT 9.
The final value measurement of magnetic susceptibi-
lity at each point is an average of 10 measured values
within 1 meter circle of that point.

Considering that the main contamination part
presents Th, the most important meaning represent me-
asurement of magnetic susceptibility and Th. In con-
frontation of both of the maps we can see some areas
with different predicative value — vide pictures No. 1
and 2.
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Picture No. 1: v — spectrometry — Th distribution

(white colour represents in-process store Th — extract, dash represents the road)
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Picture No. 2: Measurement of magnetic susceptibility

(white colour represents in-process store Th — extract, dash represents the road)



Evaluation

In distribution map we can unambiguously see
really tight correlation between higher and abnormal
values of measurement of magnetic susceptibility and
anomalous values of radioactivity in surveying area (see
Picture No. 3). This is evident especially in the middle
and eastern part of surveying area, where the anomalies
are bound on radioactive waste came from damaged
sludge bed No. 2. The explanation is quite easy — ano-
malies of measurement of magnetic susceptibility are
caused by high content of magnetite in the waste after
ore modification in Ak-Tjuz and Kutesaj localities.

In research of heavy mineral extracts from the
samples came from the sludge bed No.1 was found that
the whole ferromagnetic fraction is framed just with
magnetite, which in 10-litres sample reached the we-
ight 11 g. It means content about 1100 g/m’.

The coincidence of radioactivity anomalies and
magnetic do not happen in the stock area with the re-
mains of pure extract, where enormous Th anomalies
can be identified, but measurement of magnetic sus-
ceptibility does not reach to high values (vide Picture
No. 4). That happens, because in contrast to the mine-
ral-dressing factory is Th magnetite extract considered
as undesirable element and thrown away.
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Very interesting is anomaly of measurement of
magnetic susceptibility at the end No. 3 to 5. It is cau-
sed probably by the present of minerals with the high
content of accessory magnetite, eventually of pyrhoti-
te. Considered could be amfibolites, amfibolite gneisses
and mica schists.

CONCLUSION

The results of measurement of magnetometric
measurements could be considered as really benefical.
Tight correlative relation between measurement of
magnetic susceptibility and radioactive materials came
from the damaged sludge bed shows that this could be
the potentially used in application for environmental
survey the valley of the river Kitchi-Kemin.

The article came into being on the basis of Pro-
ject foreign development cooperation of The Czech Re-
public: Geoenvironmental research and evaluation
of ecological load and risk in surroundings of the
mining- mineral dressing complex of buildings.
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Fig. No. 4: Comparing measurement of magnetic
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Th distribution in profile No. 4.
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Vodarenska spolocnost’ RuZomberok, a.s.

Pri Vahu 6, 034 06 RuZomberok,
tel. 044 /433 16 21, 433 16 22 (spoj.)

Poskytuje sluZby:

DODAVKA VODY

Vyroba, Gprava a dodavka vody je zabezpeCovana pracovnikmi Hospodarskeho strediska VODO-
VODY.
Hospodarske stredisko Vodovody poskytuje odberatePom nasledovné sluzby:

* montaz novych vodovodnych pripojok pre odberatelov,

* montaz novych vodomerov,

* vytyCovanie rozvodov vodovodov na objednavku pre investorov, projektantov a pod.,

¢ vyhladavanie poruch na vodovodnej sieti,

* konzultaénu ¢innost’ spojenu s pripravou a realizaciou rekonstrukcii vodovodnych sieti, s rea-
lizaciou prekladok vodovodov a zariadeni vodovodne;j siete a d’alSou inzinierskou ¢innostou,
taktiez konzultané ¢innosti spojené so zriadovanim novych odbernych miest, montazou pri-
pojok a vodomerov. )

Hospodarske stredisko KANALIZACIE zabezpecuje predovSetkym odkanalizovanie odpado-
vych véd (splaskové a iné komunalne, vody z povrchového odtoku — tzv. zrazkové) a ich Cistenie.

ODKANALIZOVANIE

Hospodarske stredisko kanalizacie poskytuje tieto sluzby:
¢ (istenie kanaliza¢nych stok inych spravcov kanalizacit,
¢ (istenie kanaliza¢nych pripojok,
¢ (istenie uliénych vpusti pre spravcov komunikacit,
* vyvoz Zump,
* vytycCenie tras kanalizacie v sprave a.s.,
¢ dodéavka a montaz kanaliza¢nych pripojok (v spolupraci so strediskom, vykonavajucim staveb-
nu ¢innost)).

VYJADROVACIA CINNOST

V zmysle Zakona ¢. 442/2002 o verejnych vodovodoch a verejnych kanalizaciach v zneni neskorsich
predpisov je prevadzkovatel’ verejného vodovodu a verejnej kanalizacie povinny:

* poskytnit za odplatu technické podklady na zriad’ovanie alebo odstranovanie vodovodne;j pri-
pojky/kanaliza¢nej pripojky,

* vyjadrovat sa za odplatu k projektovej dokumentacii tykajiicej sa vystavby rodinnych domov,
sidelnych celkov alebo inej investi¢nej ¢innosti, ako aj k zmenam vo vyrobnom procese fyzic-
kych o0sob alebo pravnickych osdb z hl'adiska poziadaviek na zasobovanie pitnou vodou/odva-
dzania a Cistenia odpadovych vod do 30 dni odo dna vyziadania,

* Na ziadost projektanta alebo stavebnika za odplatu zakresl'uje smer a vysku podzemného po-
trubia verejného vodovodu alebo verejnej kanalizacie do jeho dokumentécie do 15 dni odo dna
vyziadania.
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