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ABSTRACT

Sisol M., Michalikova F, Kozékova I. & Kolesarova M. Triboelectric Separation of PE and PP from
Municipal Wastes

Proportion of plastic waste in municipal solid waste accrues year after year. Recycling is the most ef-
fective method of plastic waste minimization. A condition of effectual plastic recycling is a source of rather
clean plastics and the space opens from here for separation technologies that are making possible from
plastic waste mixture to separate individual components and contaminants. The article deals with in sepa-
ration of PP and PE. These two plastic separation is not possible by general gravitational methods because
the specific gravities of the two polymers overlap. Electrostatic separation appears as a possible method at
their separation. At this method the electric field that is created between positive and negative electrodes
separates particles on the basis of charge size and polarity. By electrostatic separation of HDPE/PP mixture
with particle size of 1x1 mm was made possible from negatively charged product to separate HDPE with
recovery of 96.10 % and from positively charged product to separate PP with recovery of 97.52 %.

Key words: triboelectric separation, plastic wastes, polypropylene, polyethylene

INTRODUCTION

Electrostatic separation

Methods of electrostatic separation are based
on different electric properties of materials moving
in the electric field on different trajectories and get
to different products of sorting [1].

Utilizing forces of the electrostatic field for
sorting of material mixtures differs in their electric

The mean of plastic waste minimization is
its secondary utilization (recycling, thermal valo-
rization or another utilization). The separation of
several types of plastics is important for function
of succeeding recycling technologies and for final
quality of products from the recycling cycle. Se-  properties and requires presence and mutual condi-
veral methods for plastic wastes identification and  tioning of two electric phenomena:
separation are known. Separation technologies are o  the electric field with sufficient intensity which
usually founded on chemical, optical, electrical or influences charged particles and changes their
physical properties of separated plastics. trajectory of movement,

The separation of PP from PE by standard e charged particles on which effect of the electric
gravity separation methods is very difficult becau- field can be shown.
se a range of their specific weight blend together. A disadvantage of electrostatic separators is in

According to obtained findings the electrostatic
separation seems to be the potential method for se-
paration of these two plastics.

action of electric forces which is lower in compari-
son with mechanical forces, hence is possible to as-
sort only the material where the difference between



mechanical and electrical forces is minor. Also it is
eligible to assort a batch which is presequenced in
a narrow range of granularity [1].

Triboelectric separation

The principle of triboelectric separation invol-

. . ves:
An advantage of electrostatic separation: . . . . .
. . . 1. triboelectric charging of milled plastic par-
¢ independence from material density, ticles
e dry process ; . .
P B . 2. transfer of electrified mixture through the elec—
e low energetic consumption, . . e
. . trostatic field which separates individual plas-
e high capacity,

high cleanliness of the selected material [2].

The mechanism of particle charging

Ways in which solid particles can obtain an
electric charge on their surface are:

e Jonization: a thin rod with a very large radius
of curvature or several rods situated close by
together, attached to high usually negative vol-
tage cause brush discharge at which the air is
being ionized. The space between ionizing
electrode and earthed plate is filed by negative
by charged ions which strike upon the surface
of the earthed plate. Negative ions strike upon
solid particles and give them a charge before
they reach electrostatic field where the separa-
tion takes place.

e Influence (induction): conducting particles in
contact with the positive by charged carrier
electrode obtain electric charge with the same
polarity as the polarity of contact electrode and
they are separating from its surface and repul-
sing by Coulomb repulsive force.

e Triboelectric effect: by friction against a pad or
mutual friction solid particles reach the speci-
fic electrical state — on their surface an electric
charge with different value and polarity is
shown up [3].

tic particles by their size and polarity of electric

charges which plastic particles obtain during

triboelectric process [4].

If two different dielectric materials are in con-
tact with each other the electric charge is transfer-
red. One of the materials is charged negatively and
another positively. The polarity of the electric char-
ge is determined by the triboelectric line (Tab. 1).
The polymer which is higher in the table in contact
with the polymer situated lower in the table is char-
ged negatively [5].

Properties affecting the electrostatic separa-
tion:

e Particle size — the charge which particle can
obtain depends on the specific surface. Size of
the charge increases if the size of particle decre-
ases. Very small particles (smaller than 100
um) with different polarities will, in consequ-
ence of effecting electrostatic forces, aggrega-
te or tack on big particles of different plastics
whereby the cleanliness of separated particles
decreases. For the reaching of high cleanliness
of separation the removal of small particles is
needed to be done, e. g. by air washing process
or screening.

e  Humidity — the material has to be dry enough
with low surface conductivity. Relative air hu-
midity enfolding the separation unit has to be
kept lower than 50% [5].

Tab. 1: Triboelectric rows for plastics cited by several authors

Dodbiba [4] Dodbiba [6] Tugaa [8] Brown [5] Huanfu [7] | Fujita [9] | Coehn [9]
1 negative charge
PTFE PVC PTFE PP
PVC PP PVC PVC PTFE PTFE PE
PE PE PP PE PVC PVC PS
PS S PET PP PET PE PVC
PET PET PE PS PP PET PET
PC PC PMMA PET PE PC Polyacetate
PP ABS Al Lexan PS PP PMMA
ABS Acrylic ABS Celullose
Nylon 66




e Time charging — is a critical parameter in
triboelectric separation and it is given experi-
mentally.

e  Mixture composition — the two-part mixture
with rate of 50:50 is charged approximately
equally. However in mixtures with ratio of 95:5,
the minority material is charged more strongly,
because particles of the majority material are in
contact with particles of the same material and
they do not transfer the charge [10].

METHODS

The aim of experiments was to find out if it is
possible to separate HDPE from PP electrostatical-
ly. Two types of waste plastics were used such as
HDPE (foils, bottles of pharmaceutical waste pro-
ducts) and PP (food packaging, bottles of pharma-
ceutical waste products).

Two factors influencing electrostatic separation
— the way of charging and electrode voltage — were
considered.

Dependence of separation on charging
of different charging plates

Samples of plastics (HDPE and PP waste
bottles) were cut with scissors to 1x1 mm large-
-size particles. Average weight of HDPE particles
was 0.0005g and PP particles 0.0007 g. The mix-
ture of plastics was achieved by mixing volumetric

equal amount of HDPE and PP materials. The mix-
ture was homogenized and subsequently separated
by using the electrostatic separator with vibrating
charging (Fig. 1). The charging of particles was
realized on vibrating charging plate made of PET,
HDPE, PVC and Cu. The charging time was 40
sec. Charged plastic particles were falling down
by free fall in the electric field which was between
Al electrodes (31.7%10 cm). Electrode voltage was
40kV and the distance between electrodes was
14 cm.

Separated plastics were collected in the rece-
iving jar. After electrostatic separation products
were removed from individual dividers and then
separated (visually according to colour of plastics)
and weight on the analytical scales. Sequentially
the recovery of HDPE and PP to individual pro-
ducts was determined.

The dependence of separation on electrode
voltage

The mixture was charging on vibrating PET
plate. The time of charging was 40 sec. Separation
of HDPE/PP mixture was realized with electrode
voltage of 40, 38, 35, 30 and 25 kV. During expe-
riments Al electrodes (31.7 % 10 cm) were used and
the distance between them was 18 cm.

@ charging plate
i

vibration
conveyer

electrodes

collecting vessel

Fig. 1 Electrostatic separator with vibration charging
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Fig. 2 Separation of HDPE/PP mixture with particle size of 1x1 mm charging on PET plate
with electrode voltage of 40 kV
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Fig. 3 Separation of HDPE/PP mixture with particle size of 1x1 mm charging on the Cu plate
with electrode voltage of 40 kV
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Fig. 4 Separation of HDPE/PP mixture with particle size of 1x1 mm charging on the HDPE plate
with electrode voltage of 40 kV
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with electrode voltage of 40 kV
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Fig. 6 Dependency of separation HDPE/PP mixture with particle size 1x1 mm on used charging plate
with electrode voltage 40 kV

RESULTS AND DISCUSSION

The dependence of separation on charging of
different charging plates

The dependence of plate on charging of plastic
particles was minimal. The separation of HDPE/PP
mixture charging on mentioned plates (except PVC
plate) went ahead the same way. HDPE particles ob-

tained their negative charge and were attracted to po-
sitive electrode, whereas PP particles were charged
positively and were attracted to negative electrode.
The best separation of HDPE/PP mixture was rea-
ched on HDPE plate. The recovery of HDPE in ne-
gatively charged product was 90.88 % and recovery
of PP in positively charged product was 93.03 %.

95,37 96,1
a 100 - 93,73
~
=%
£ En_ 80 68,55
£EZ
-
T g
- = 40 A 29,58
- S = n
g én s 20 7\5 16,39
§ = : 2,48 0,17
g = 0 :
25 30 35 38 40
B HDPE @ PP voltage [kV]

Fig. 7 Dependence of separation HDPE/PP mixture with particle size 1x1 mm on various electrode
voltage (charging plate is PET)
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The dependence of separation on electrode
voltage

The electrode voltage influences the separation
of plastic mixture. The best separation HDPE/PP
mixture with particle size of 1x1 mm charged on
the PET plate was reached on electrodes with vol-
tage of 35 kV (Fig. 7). From the negatively charged
product HDPE with recovery of 96.10 % and from
the positively charged product PP with recovery of
97.52% was obtained.

CONCLUSION

The work deals with electrostatic separation of
plastics and aims mainly at separation of PE and
PP. The separation of these plastic is problematic
because they have almost the same specific weight
and is not possible with different, economically pro-
fitable separation methods (as gravity methods).

All experiments were performed with real
waste plastics. Two factors influencing electrosta-
tic separation — the way of charging and electrode
voltage — were considered.

According to results PP and PE particles were
best charged on vibrating HDPE plate. The best
separation was reached by separating of plastic’s
mixture with particle size of 1x1 mm with electro-
de voltage of 35 kV. On the part of economics wo-
uld be better to separate mixtures with high particle
size. It is possible to reach with using large electro-
des with higher voltage. The results show that
electrostatic separation with triboelectric charging
has their application also in plastic separation.
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ABSTRACT

Carach V., Valkova M. & Kozakova L. Heavy Metals in Soils in the Regions with Environmental
Load in Middle Spis

The soil samples from middle Spi§ were collected and analyzed for releasable, mobilizable and mo-
bile forms. Contents of heavy metals were judged according to determination of the MP SR no. 531/1994
—540. Heavy metal contents were increased in comparison with highest acceptable concentration (A, ) and
in a few samples indication values (B). Mobile fraction for lead was increased in comparison with copper
and zinc in order: Pb > Zn > Cu. In the case of mobilizable forms there was the following order: Cu >

>7n > Pb.

Key words: contamination of soils, bioavailable form of heavy metals, copper, lead, zinc

INTRODUCTION

Heavy metals in soils are important problem.
They are situated in the old environmentally load
areas which used to be mining ones. Heavy metals
can exist in variable forms. These forms have an
impact on mobility and accessibility of plants. It is
important to know the content of accessible forms
on the part of advisement potentional treath. These
forms determine risk of mobilization and transfer
in other components.

Heavy metals in plants and their transfer to the
food web will influence their bioavailability which
depends on properties of soils, pH, cationexchange-
able capacity and redox potential. Bioavailability
of Zn, Pb, Cd decreases if pH of soils increases.
Reduction of availability of metals is influenced by
higher adsorption and precipitation in neutral and
alkaline environment [1, 2].

Wang found out 30-60 multiple increase of Cu,
Cd, Pb and Zn contents in soils and plants in copper
mining area in compare with control [3]. This in-
crease was found with studies of chemical forms of
heavy metals in soils. Contents of heavy metals in
clover hint as a positive signification of correlation

with their exchangeable and organic forms in soils.
Also these contents hint as a negative signification
of correlation with Fe and Mn oxides and carbonate
forms and they hint as no correlation with residual
forms.

The region of middle Spi§ was classified as
the loaded region and hygienically badly follow-
ing environmental regionalization. Dominant con-
taminants are heavy metals in this classification of
components of the environment. Mining operations
with following processing of complex metals and
copper ores left negative effects in this region [4].
The region has three general locations of contami-
nation: the industrial locality Rudnany, Krompachy
and Spisska Nova Ves. Overload of limiting values
of Hg, Cu, Zn, As, Cd and Pb was found in soils.

Heavy metals in soils

Lead in soils belongs to less mobile elements,
especially when is bounded to carbonates and di-
sulphates. Hydrosulphide is introduced as an in-
dissoluiable form whose occurence is little likely
(except soils over ores) [5].
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As the most incident form of lead which occurs
at solid phase of soils are PbCO, and PbSO, Ones
of the main sources of lead in contaminated soils
are imissions from smelters processing lead ores,
smelters wastes and motoring [6].

Reducible and exchangeable forms of some
heavy metals and also lead are immobilized by ad-
dition of humine matters. Solubility of compounds
of lead is falling with the content of PO,*. Influence
of lead on soil microbial activity depends mainly
on granularity and lead concentration [7, 8].

Copper exists in soils in a form of bivalent ions
(nitrates, chlorides and disulphates), their com-
pounds are very mobile. Solubility and mobility of
copper are reduced by liming eventually after an
application of phosphate fertilizer [9].

Soil mould binds copper dependence of his ex-
changeable sorptive capacity. Copper is released in
a form of soluble salts after mineralization of soil
organic matters. This metal is often cumulated in
soils with high amount of manganese. Enormous
high contents of copper in soils present risks of de-
creasing soil fertility and jeopardy of live organism
status. Receiving of copper by plants influences pH
of soils and the amount of organic matter [10, 11].

Zinc exists in soils wholly in the bivalent form.
Majority of the present zinc (till 70 %) in soils is
concentrated in overhead layer (4 cm). Mobility
of zinc is influenced by value of soil reaction, thus
pH. Zinc can form complex minerals in a form Zn,_
SiO, and ZnFe, O, An increase of basicity (pH > 7)
raises also solubility of zinc as a consequence of
zincates formation. Lower solubility of zinc in soils
is in the range of pH: 5.5-6.9. Mould and its qua—

Tab. 1: Contents of copper in soils of middle Spis

lity have considerable influence for on distribution
of zinc in soils. Zinc belongs to biogenic elements
but it is included in the list of weighty unfamiliar
matters in agricultural soils as a biogenic element
in surplus [12].

MATERIAL AND METHODICS

Soils were sampled from the region of middle
Spis (autumn 2006). Bioavailability of heavy met-
als in soils was estimated by implication of anthro-
pogenic load.

Test samplings were realized by valid method-
ology. Samples of soils were drained at laboratory
temperature. Soil was screened over the screen
with the mesh 2 mm. This soil was prepared and
used for estimating bioavailability of heavy metals
in soils. One-shot extraction was used for isolation
of single forms. Releasable forms were evaluated
in extract 2M HNO, by valid methodics. Mobiliz-
able forms were evaluated in the extract 0.05M
EDTA and mobile forms in 0.1M CaCl,. 10g soil
was weight for extraction of both forms and 100ml
reagent was added. Then the sample was shaked
in 1 hour [13]. Contents samples of components
were evaluated by the method of absorption spec-
trometry with flame atomization in single extracts.
Contents were presented in mg.kg ' [14].

RESULTS AND DISCUSSION

Contents of heavy metals in releasable, mobi-
lizable and mobile forms in soil samples of middle
Spis are listed at tables 1, 2 and 3.

Cu
No. | Place of consumption 2 M HNO, | 0,05M EDTA %(I))STIXI 0,1 M CaCl, | 0,1 M CaCl,

[mg.kg] [mg.kg] %] [mg.kg'] (%]
1. |Richnava 112,40 88,90 79,1 0,80 0,7
2. | Kolinovce 114,00 86,60 76.0 0,60 0,5
3. | Kolinovce — Spisské Vlachy 29,00 24,20 83,4 0,50 1,7
4. | Spisské Vlachy — SNV 25,20 21,50 85,3 0,50 2,0
5. | Bystrany 16,00 14,00 87,5 0,50 3,1
6. | Spissky Hrusov 12,80 10,70 83,6 0,50 3,9
7. | Chrast — Jamnik 9,80 7,30 74,5 0,40 4,1
8. | Rudiany 54,90 48,10 87,6 0,50 0,9
9. | Rudnany — Matejovce 24,80 18,80 75,8 0,60 2,4




Tab. 2: Contents of lead in soils of middle Spis
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Pb
No. | Place of consumption 2[ rgli?;% %(I))STIXI %‘I);TIXI g’;g;[zl ?:’% (13\1/[2

[mg.kg™| [%] [mg.kg™| [%]

1. Richnava 83,80 55,10 65,8 6,40 7,6
2. Kolinovce 61,00 33,70 55,2 6,50 10,7
3. Kolinovce — Spisské Vlachy 26,80 14,10 52,6 6,00 22,4
4. Spisské Vlachy — SNV 29,00 14,20 50,0 6,00 20,7
5. Bystrany 20,90 9,50 45,5 5,80 27,8
6. Spissky Hrusov 19,60 9,30 47,4 5,90 30,1
7. Chrast’ — Jamnik 15,70 3,90 24,8 5,80 36,9
8. Rudhany 23,30 9,90 42,5 6,00 25,8
9. Rudnany — Matejovce 16,00 4,50 28,1 5,90 36,9

Tab. 3: Contents of zinc in soils of middle Spis§
Zn
No. Place of consumption HZNI\(/I)J %%STIXI %%STIXI %:CI\;IZ g’;(lj\lt

Imgkg'] | [mgkg’] [%] [mgkg] %l
1. Richnava 172,90 114,40 66,2 32,50 18,8
2. Kolinovce 156,10 108,10 69,3 31,90 20,4
3. Kolinovce — Spisské Vlachy 44,00 24,10 54,8 2,65 6,0
4. Spisské Vlachy — SNV 37,70 20,40 54,1 2,36 6,3
5. Bystrany 35,50 20,10 56,6 1,52 43
6. Spissky Hrusov 20,40 9,00 44,1 1,27 6,2
7. Chrast’ — Jamnik 11,20 6,30 56,3 1,97 17,6
8. Rudnany 66,60 38,80 58,3 1,28 1,9
9. Rudnany — Matejovce 10,20 4,40 43,1 1,26 12,4

Contents of heavy metals were judged accord-
ing to the Decision of the MP SR no. 531/1994 —
540. Reference value (A)) valid for determination
in extract of 2M HNO, for copper is 20 mg.kg™',
for lead is 30 mg.kg™" and for zincs 40 mg.kg™' of
dry mass.

Indication value (B) for copper is 100 mg.kg ",
for lead is 150 mg kg and for zinc 500 mg.kg™' of
dry mass.

Comparable contents of Cu, Pb and Zn with
reference value (A)) are given in at fig. 1, 2, 3.

Six samples of Cu exceeded reference value
(A)) and two samples exceeded indication value
(B). Two samples of Pb had higher values as refer-
ence value and by Zn four samples exceeded refer-
ence value.

Average percentage representation of mobiliz-
able forms is 81.4% Cu, 24.3% Pb and 55.9% Zn.

This high ratio suggests possible contamination of
agricultural plants in this area. But ratio can increase
the mobile forms of heavy metals in soils together
with the change agrochemical properties of soils, in
the first place of pH change. Therefore, it is impor-
tant to monitor not only a releasable ratio but also
mobilizable and mobile forms in all agricultural
used soils in regions with environmental loads.

The higher ratio of mobile form has been re-
corded for lead in comparison with copper and zinc.
The average percentage of the mobile form for lead
is 24.3 %, for copper is 2.1 % and for zinc 10.4 %.

Individual forms for our monitored samples
were compared each other. It can be seen that lead
has a higher ratio of mobile form in soil samples
in comparison with copper and zinc, in order Pb >
> 7Zn> Cu. Order of metals is following: Cu > Zn >
>Pb for mobilizable forms.
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Cu (mg/kg)

Fig. 1 Comparison of Cu content with the reference value (A )

Pb (mg/kg)

Fig. 2 Comparison of Pb content with the reference value (A )

Zn (mg/kg)
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Fig. 3 Comparison of Zn content with the reference value (A )

The distribution of heavy metals in different
forms of soils determines their behaviour in the
environment: their mobility, bioavailability and
toxicity. In soils, heavy metals can be found in se-
veral forms which influence their mobility and also
availability for plants. According to reviewing the
potential threat of the food chain as well as soil re-
vitalization in environmentally polluted areas, it is
important to know the proportion of bioavailable
forms as well as soil properties for selection of su-
itable plants and selection of steps for decrease of
these kinds of forms in soils.
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ABSTRACT

Lacko A. & Komarek K. Stress Influence on Autonomous Regulation of Heart, Functions and
Radionucleodic Methods in Cardiological Diagnostics

The study deals with to stress related problem and its psychological response in human body, such as
influence of stress in the autonomous regulation of heart activity. The study has used the Stroop’s test in
order to determine the stress level. After that the spectral analysis of the heart rate variability was carried
out in order to specify the impact of the stress on the regulation of the influence of the autonomous nervous
system in the relation to the heart activity. Obtained results were compared with selected indicators of used
psychodiagnostic methods (Stroop’s test).

Cardio vascular diseases represent a serious problem which is trying to be resolved by health care
professionals nevertheless it should also be a concern of each individual as well as the whole society. This
disease continually affects younger age categories. From the medical point of view the ambition of early
diagnosis with consequent therapy should influence this adverse trend. Diagnosis of cardiovascular disea-
ses by the nuclear medicine method has a substantial place. These particular examinations represent about
40 % of performed examinations in units of nuclear medicine. This very fact has glanced off in conception
of nuclear medicine by establishment of a new subdivision of “nuclear cardiology”.

Key words: stress, autonomous nervous system, heart rate variability, spectral analysis, nuclear cardiology,
radio nuclear method

INTRODUCTION Indency of so called civilisation stress (mental
and psychic) triggered by inability to adapt onesel-

A human being had developed a variety of  ves to a new social calls in changes in human thin-

the defence mechanisms that would shield against
the negative influence of the environment. When
it comes to physiological conditions, non-specific
and specific defence and adaptation mechanism
respond quite well towards damaging signal and
therefore ensuring optimal regime and vital functi-
ons. In pathological conditions, these mechanisms
not only get activated but often fail and the human
body becomes vulnerable to environmental influ-
ence. Maintaining homeostasis is a highly dynamic
process in which our body constantly and promptly
reacts to environmental changes (1).

king as well as changes in a traditional lifestyle is
continuously changing.

Importance of the pathological consequences
depends on only the character make-up but also
on seriousness of the overwhelming situation. The
main aim of this study is objectivisation of the
stress related situation in an educational and trai-
ning process.

SUBJECTS AND METODS

During the research study: influence of the
psychosocial factors of the stressful situation on
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a human being with a help of the psychological
methods, reaction of examined participants has
been monitored in order to determine their reaction
according to the stressful situation. The most ap-
propriate method, chosen for this particular testing,
was the Stoop’s test (2).

In a particular group of 16 students, members
of the secondary medical school (age range of
18-19 years old) the Stoop’s test has taken place.
The aim of the Stoop’s test was to induce a stressful
situation using psychological methods and consequ-
ently to evaluate a resistance of the overwhelming
situation. The test also included a fluency in rea-
ding, recognition of colours and interference. The
principle of this method lies in the fact that setting
an eye on a different colour from a written name of
this particular colour (e.g. word ,,red” written by
green colour) brings the examined person to a ten-
dency to read a name and not actually answering
the colour which is the word written in. This simple
fact brings us into a stressful situation while a fluent
reading (examined participant tends to read words
not to name the colour). The score figures are mea-
sured in seconds. The lower the points are, the bet-
ter the personal performance is. The interpretation
compares the index with arithmetical averages fo-
und in the particular age group. An effective exam-
ple of utilization during an overall evaluation of the
student in a pedagogical-educational process would
be judged on the basis of mental resistance of the
student versus stressful situation, especially in the
cases when it comes to a problematic student (3).

All 16 students were examined by VHF spec-
trum analysis. The first examination took place in
the hospital clinic while on practice considering
the optimal conditions. The second one took pla-
ce while having graduation exams. Thus we have
made a note on the autonomous nervous system in
a particular time period, such as a stand-still posi-
tion and during the stressful situation.

The method of a spectral analysis enables to
distribute VHF (gradually from 300-900 intervals
R-R — ECG using the fast Fourier’s transformation)
to a component determined by parasympatics (res-
piration peak of a high frequency in the spectrum
of 0. 15-0.5 Hz) and component in which takes
part also sympatics (peaks with a low frequency
in the spectrum of 0.5-0.14 Hz). This is a configu-
ration of R—R intervals concerning ECG of sinus
curves according to the frequency and the power

of their spectrum. The decrease in amplitude of
a respiratory oscillation of a heart frequency or its
disappearance manifests the decrease of the para-
-sympatics activity. The amplitude reduction of
oscillation of a heart frequency with a low frequ-
ency or their disappearance demonstrates the low
activity of sympatics (5).

The examined group consisted of 50 sound
participants aged between 2030 years (6).

For the diagnosis purposes the micro computer
system was used specified for the telemetric non-
-invasive examination VHF, type VariaCardio TF4
by Simon Media Olomouc.

RESULTS

Having compared the scores of the students”
sub-tests in our particular group by the Stoop’s test
in comparison with average figures of particular
age groups, we could state that achieved results
of scores show an overall average performance
of students. In a particular subtest of our students
time scores (fluency in reading, identification of
a colour, interference) indicates a mental compe-
tence, psycho-metric promptness and an ability to
handle two or more different kinds of tasks at the
same time. We are talking about prompt, dominant
and demanding personalities. Anticipation anxiety
had increased prior to testing in all students. Five
out of them experienced somewhat a feeling of an-
xiety even after the test which pointed out a gradual
decrease of a stress-related reaction. Comparing the-
se particular indicators (VHF) in a relaxed situation
with results of the exact and the same indexes in
a stressful situation (such as the graduation exam)
we have found out a significant decrease in an acti-
vity of parasympatics (drop in HF spectrum compo-
nent score p < 0,001) and a majority of sympatics
(LF spectrum components, pictures 1, 2, 3, 4).

The increased sympatics activity is followed
by the latest structural changes which would be the
one of the pathophysiological mechanisms in es-
sential hypertension, cardiomyopathies, CAN. For
examination of adrenergic innervation of heart by
analogue of noradrenaline metaiodobenzylguani-
din (MIBG) could bring a long new know-how into
pathogeneses of these diseases. The total grasping
of MIBG was calculated from planar pictures as
a proportion between heart (mediastinum in the
course of 4-24 hours after radiopharmaceutical
treatment given). Medians S/M in these intervals



are lower in ill patients compared with healthy in-
dividuals. The significant change can be located in
grasping MIBG of myocardium. Presence of di-
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sintegrated adrenergic in nerves endings of heart,
where it becomes clear in conjunction with endu-
rance of ischemic myocardium (fig. 3, 4.)
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Fig. 1 VHF examined by spectral analysis with the student under relaxed conditions. VHF examined by spectral
analysis with the student during an examination
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Fig. 2 Regular VHF examined by spectral analysis with the teacher. Altered VHF examined by spectral analysis
with the teacher (view of chronic stress)
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Fig. 4 VHF — SA and myocardial scintigraphy '»I MIBG pathologic Detection systems

In a nuclear diagnosis tomography gamma ca-
meras dominate. We distinguish 2 kinds of tomo-
graphy examinations:

1. Single photon emission tomography (SPECT)
2. Positron emission tomography (PET)

The disadvantage of the PET examination is
a need of four cyclotron work-units nearby, in or-
der to produce positron radiation. The aim is to
spread a similar technique outside the cyclotron
centre, and this is why the construction of so called
coincidental gamma camera took place. We are tal-
king about coincidental detectors based on gamma
cameras double heads, or usage of 511 KeV. Coin-
cidental gamma camera would be able to perform
in a classical nuclear medical diagnosis (with usa-
ge of single photon emission tomography) where it
could also perform in the PET regime.

DISCUSSION

In our particular examining group of students
we have found a positive relation between incre-
ased level of anxiety (anticipation anxiety before
the test is present) and a satisfactory performance
in the Stoop’s test, which proves that one is able to
get a stressful situation under control and by incre-
ased mobilization of effort perform well. All parti-
cipants have proven to have a positive motivation
towards the graduation exam study. This activity
motivation that represents a complex of personal,
changing abilities influenced by other factors, such
as cognitive abilities, metric awareness, social at-
tributes, etc.

Heart frequency and its changes are sensitive
indicators of autonomic nervous system functions
(ANS). Changes of tonization of sinus knot by
sympatics vagus we mark as a variability of in-
tervals R-R ECG (5, 6). The method is sensitive
enough in order to monitor stress—related changes
in a circular system seriously influenced by actual
ANS state.

Nuclear cardiology takes advantage of 201T1,
99mTc. Out of the once we use would be from
a group of cyclotron radio nuclides of201T1, 1111In,
1231 type. From so far mentioned radio nuclides,
99mTc is the most appropriate one because of its
clear gamma-radiator with a half time distraction
of 6 hours. Because of this non-biogenic behaviour
we cannot mark by it all metabolic actions or their
disorders in a human body. Actual visual display of
organs and pathological processes in a human body
based on metabolic level would be possible due to
a production of radio nuclides of biogenic elements
(carbon, oxygen, nitrogen, hydrogen) with emis-
sion of positron radiation. They show very short
half time of distraction and this is why they have to
be used for examination exactly at the time of their
regeneration. Instead of hydrogen, fluorum can be
used (18F) with a half time of 120 minutes which
would be possible to use units of nuclear medicine
with the distance of few tens of kilometres.

CONCLUSION

Radio nuclear method plays a significant role in
cardiologicdiagnosis. Methodsofcardialnucleology



are considered as the most accurate ones in the car-
diological diagnosis, due to functional and metabo-
lite principle of heart imaging. The actual target of
this submitted study is to point out their non-invasi-
veness and ability to uncover sub clinical myocar-
dial perfusion and functional heart disorders (7).

Personal psychodiagnostic questionnaires de-
termine some stable features in the personality
structure. Examination VHF by spectral analysis
points out a state that ANS (parasympatics and sym-
patics) is in an actual situation (also under stress).
Having applied psychological methods along with
examination by (VHF) spectral analysis appears to
be an appropriate combination of mutually supple-
menting methods used in a medical psychological
and pedagogical practice (8).
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ABSTRACT

Kovéagova M., Cuvanova S., Lovas M., Jakabsky S., Leonelli C., Veronesi P. & Boccaccini D. Microwave
Heating of Fly Ash from Municipal Waste Incinerator

The paper is aimed at the research of microwave heating of the fly ash from the municipal waste inci-
nerator in KoSice. Before heating, two kinds of fly ashes (from filter and cyclon) were analysed by the XPS
method. The samples were heated in the single mode furnace. The microwave heating was focused, the
local melting of the samples was confirmed. The evolution of the gases was followed during heating.

Key words: fly ash, municipal waste incinerator, microwave heating, power

INTRODUCTION

In the developed countries, each inhabitant is
estimated to produce more than 1 kg/day of munici-
pal solid waste (MSW). Recycling, which implies
a careful selection and classification of the waste, is
suitable for only about 50% of MSW, in principle
glass and aluminium. The disposal of the non-re-
cyclable fraction of MSW, generally involves dum-
ping in landfills or incineration. Landfill disposal is
more and more discouraged due to the possibility
that the integrity of dumps might be lost (causing
the leaching of materials into water beds), by more
severe legal restrictions in all industrial countries
(which impose the preliminary inertization of the
residues) by the growing hostility of the populati-
ons and, above all, by the rising economic and en-
vironmental costs of landfill disposal.

The incineration of municipal waste is a way
how to reduce their quantity. However, incineration
also comes with their own problems, because the
solid residues (fly ashes, bottom ashes and slag),

which are produced in the proportion of 15-25%

of the MSW incinerated) may contain hazardous

materials such as dioxines and heavy metals, and

therefore need to be stabilized (1, 2).

The fly ashes used in experiments are from the
municipal waste incinerator from Kosice (Slova-
kia), where the production was 1896t of fly ash in
2006 (this number is a sum of fly ash from cyclon,
filters and additives).

According to the literature (3), the design of
the applicators is critical to microwave heating be-
cause microwave energy is transferred to materi-
als through the applicators. The type of applicators
used in the microwave processing system often de-
pends on the materials to be processed. The main
difference between these systems consists of:

— single mode cavities tend to have one ,,hot spot
where the microwave field strength is high (hot
spot means local overheating of material due to
selective heating of material and non-uniform
electromagnetic field distribution). The size of
single mode applicators is approximately one
wavelength.
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— multimode cavities are usually larger than one
wavelength and support multiple modes, i.e.
patterns of electromagnetic field distribution.
The number of possible resonant modes in-
creases with the increasing size of microwave
cavity, which cause the higher occurrence of
hot spots leading to a somehow better heating
homogeneity.

The paper is aimed at the evaluation of micro-
wave heating of MWI fly ash in single mode ca-
vity at various power output. This configuration
was chosen despite the expected unhomogeneity,
because the electromagnetic field distribution in
single mode applicators is known and the presen-
ce of impedance matching devices (short circuit,
3-stub tuner) can be used to compensate for sam-
ples properties variations, thus maximizing energy
efficiency.

EXPERIMENTAL PART
Material

The fly ash from the municipal waste incine-
rator (MWI) from Kosice (Eastern Slovakia) was
used for the experimental study. Fly ash was caught
in filters (flyashF) and cyclones (flyashC) during
treatment of gases from the incineration process.
The chemical analysis of fly ash by XPS (X-ray
photoelectron spectrometry) is shown in Tab. 1.

Tab. 1: Chemical analysis of fly ash from filter and cyclon

Weight [at.%]
Elements
flyashF flyashC
Si 4.21 0.75
Al 1.89 0
C 29.07 31.26
(0] 37.54 23.86
S 1.58 3.53
Mg 1.48 1.04
Ca 11.91 11.66
Na 1.36 1.36
K 1.51 3.13
Fe 0.41 0
F 1.7 0.48
Cl 6.19 21.67
Zn 1.07 1.13
Pb ~0.08 0.13
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Methods

The XPS results were obtained with the electron
spectrometer ESCA 310 (Gammadata Scienta, Swe-
den) equipped with the rotating anode of the spe-
cial UHV design in Prague. Photoelectrons were
excited using monochromatized Al K X-rays
(hv=1486.6 ¢V). The samples were spread on gold
plates which were mounted on a sample probe by
means of tantalum clips.

The microwave heating was carried out in
the single mode microwave furnace based on the
WR340 geometry, with output 300 W and 870 W
at frequency 2.45 GHz. The heating time was from
300 to 500 seconds. The samples were heated in
corundum crucibles. The applicator was tuned du-
ring the whole heating process, in order to follow
the dielectric properties changes of the material.

Temperature was monitored in the 10 mm di-
ameter spot using a non contact optical pyrometer
(model IKS-T14-09, Sitel, Italy) focused on the
central part of the load. Detection limit of the pyro-
meter was 900 °C. Reflected power measurements
were performed using a directional coupler (Alter
S.rl., Italy) positioned along the transmission line.
Temperature and reflected power measurements
were acquired at 1 Hz frequency using an Agilent
34970A Multiplexer and thesoftware Agilent Ben-
chlink Data Logger.

RESULTS AND DISCUSSION

The chemical analysis of fly ash from filter
confirmed the higher content of Si, Al, Mg and
Fe in fly ash from filter and lower content of C, S,
K Cl, Zn and Pb in comparison with fly ashes from
both processed (Tab. 1).

The fly ashes differ in grain size and colour
visually. The grain size of fly ash from filter was
99% under 500 pm and fly ash from cyclon was
90 % under 500 pm. The colour of fly ashes was
grey before microwave heating and after heating
has changed to brown colour (Fig. 5-8). During
heating of the samples, the development of yellow
gaseous products was observed and also the wall of
crucible resulted coloured by yellow. It is assumed
that it was sulphur.

Fig. 1-4 show the dependence of power (for-
ward, reflected, dissipated) and sample temperature
on time. Fig. 1-2 are referred to samples of fly ash
from filter and cyclon heated at 300 W and Fig. 34
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are samples of fly ash from filter and cyclon heated
at 870 W.

During microwave heating, reflected power
decreases after 100 s due to the more intensive ab-
sorption of microwave energy by the load (Fig. 1).
In this point, the rapid increase of temperature also
began (Fig. 1, 2). The sharp temperature rise corre-
sponded to minima of reflected power. This could be
ascribed to the load permitivity changes as it is pro-
gressively, and locally, heated. Fig. 3.4 present rapid
changes in curves of reflected, dissipated power and
temperature which are caused by exothermic reac-
tions (combustion, oxidation) or by gaseous product
evolution which tends to crack the cooler sample
surface (exposed to air), thus exposing the inner
hotter regions. The calculated value of absorbed en-
ergy in the single mode furnace are shown in Tab. 2.
The results proved that the samples heated at 300 W
had lower values of absorbed energy and samples
absorbed more microwave energy during heating.

Tab. 2: Absorbed energy of flyashF and flyashC

Sample Powe[;\?]utput Absorl}i;i]energy
FlyashF-300 300 63.11
FlyashC-300 300 72.32
FlyashF-870 870 204.61
FlyashC-870 870 325.62

The samples were melted in one point and from
there the heat was spread to the surrounding parts
of the sample. According to Fig. 5-8 it is obvious
that a significant part of the samples remained in the
powder form. Moreover, in the used experimental
setup, the temperature measuring spot did not always
correspond to the region of the sample subjected to
melting. This is particularly evident comparing the
time required to reach 800 °C in the graphs of figu-
res 1-3 with the one in figure 4: such a difference
can be explained noticing that in case of the gra-
ph of figure 4, melting started on the crucible side
(Fig. 8), far away from the pyrometer spot, positi-
oned in the centre of the sample. Moving the load,
or stirring it, would solve this unhomogeneity prob-
lem, allowing also a better temperature control.

From the obtained results, it appears that it is
necessary to add a susceptor (material with higher
dielectric properties which improves the heating of
fly ash and consequently whole mixture), to move
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the load during its exposure to focused microwaves ~ CONCLUSION

or to provide a better thermal insulation, in order
to homogenously increase the temperature of the
whole sample.

i
l .

Fig. 5 Microwave heating of FlyashF-300

‘.
a
B

N

Fig. 7 Microwave heating of FlyashF-870

The microwave heating of fly ash from the mu-

nicipal waste incinerator in the single mode cavity

|

Fig. 6 Microwave heating of FlyashC-300

Fig. 8 Microwave heating of FlyashC-870

was studied. The results confirmed that the samples REFERENCES

were melted in one point — hot spot, which is typi-
cal for focused microwave heating. The results can
be used for the next research of fly ash vitrification
in the microwave furnace.
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ABSTRACT
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Muriin G., Micieta K., Chrenova J. & Kovaiik P. Standardized Plant Tests for Genotoxic Phyto-indi-
cation of Radioactive-contaminated Soil from Sites Around NPP Jaslovské Bohunice

Radioactive-contaminated soil from sites around NPP Jaslovské Bohunice was evaluated by the stan-
dardized plant tests for genotoxic phytoindication. It confirmed conclusions from our previous tests with
wild plants. Considering results from positive controls at Vicia faba and Tradescantia paludosa 02 we may
point at possible radioresistance. Sources of this effect are discussed.
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INTRODUCTION

The first (pilot) nuclear power plant A1l in the
Slovak Republic situated in Jaslovské Bohunice
site (60km from Bratislava) with an electrical out-
put of 143 MW was commissioned in 1972 and run-
ning with interruptions till 1977. A KS 150 reactor
(HWGCR) with natural uranium as fuel, D20 as
a moderator and gaseous CO, as a coolant was in-
stalled in the A1 plant. Refuelling was carried out
on-line at plant full power.

The first serious accident associated with refu-
elling occurred on January 5, 1976 when a locking
mechanism at the fuel assembly failed. The core was
not damaged and following the reconstruction of the
damaged technology channel, the plant continued in
operation. Serious problems were occurring with the
integrity of steam generators when the plant had to be
shut down frequently due to failures and subsequent
repairs. This accident caused death of two workmen.

The second serious accident occurred on Feb-
ruary 22, 1977 when the fuel assembly was overhe-
ated with a subsequent release of D20 into the gas

cooling circuit due to human failure in the course
of replacement of the fuel assembly. Subsequent
rapid increase in humidity of the primary system
resulted in damages of fuel elements in the core
and the primary system was contaminated by fis-
sion products (7).

Above-mentioned accidents in the power plant
initiated the monitoring of possible radioactive im-
pact on the environment. The biggest study of the
area was done in the cooperation between the Inter-
national Atomic Energy Agency (IAEA) and VUJE
(Vyskumny ustav jadrovych elektrarni, Research
Institute of Nuclear Power Plants) in Trnava. The
19km long banks of the Jaslovské Bohunice NPP
waste water recipient has been identified as con-
taminated by '*’Cs as a result of two accidents on
the NPP-A1 unit in 1976 and 1977, respectively. In
total, more than 67,000 m? of riverbanks have been
found as being contaminated at levels exceeding 1
Bq '¥"Cs/g of soil (2).

Collected soil samples from the vicinity of NPP
Jaslovské Bohunice were evaluated under standard
tests of Vicia sativa, Vicia faba, Tradescantia —
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Tradescantia paludosa 02 test and Tradescantia
4430 test.

MATERIAL AND METHODS

Collection of samples at site was made thanks to
the cooperation with the VUJE in Trnava. The expo-
sition was selectively measured for each sample and
reached values between 46.7 — 57 — 196 — 507 — 571
pGy/sec. The shielded detector NB 3201 was used
for measuring the dose rates. The detector was
situated 30 cm above the sample of soil in the pla-
ce of “hot spot”. Control locality was chosen in the
vicinity of the village Lieskovec — Podunajské Bis-
kupice (60 km SW from Jaslovské Bohunice on the
bank of the Danube River without radioactive con-
tamination). Details are shown in Tab. 1.

Vicia sativa test was modified the way that
swollen seeds in distilled water have not been cul-
tivated at filtrate paper, but planted in observed soil
samples. Control sample was cultivated in moist
agroperlit and watered by distilled water.

Tradescantia micronucleus test (Trad MCN)
was realized by the standardized method. Segments
of standard cultivated plants Tradescantia paludosa
clone 02 were covered by tested soil and 12 hours at
20 °C exposed (ends of segments were closed in cot-
ton wool which was damped by pabulum Hoagland
2). Frequency of micronucleus in tetrads with frequ-
ency of chromosome aberrations in ana-telophases of
I and II meiotic division were observed.

For positive control at Vicia faba seeds Gam-
maCell device with dose rate of 11.5 Gy/h was

Tab. 1: Studied soil samples from the vicinity of NPP Jaslovské Bohunice

Locality No. | Site of sampling Dose rates 7 Cs pGy/sec

1 Manivier drainage, 30 m from the bridge (the village Zlkovce), downstream 507

la Manivier drainage, 1 m apart of the spot above (the village Zlkovce), 46.7
downstream
Manivier drainage, 500 m from the bridge (the village Zlkovce), downstream 571

3 Bucany, 15 m from the Dudvah river, downstream 196

3a Bucany, 30 m from the Dudvah river, downstream 57

4 Sediment of old river-bed of the Vah river, grassy bottom of the Siladice 950
river

used. For broader spectra of results a scale of diffe-
rently aged V. faba seeds were treated by emissions
of different doses (2,5; 5; 10 Gy/h) of ®Co. Doses
were measured by Fricke dosimetre.

For positive control at Tradescantia paludosa
the exposure from homogenous source of ’Cs
with dose rates of 0.17 and 0.34 uGy.h! for 96 hrs
(with recovery time of 96 hrs) was used.

Tab. 2: Results of the Vicia sativa test

RESULTS

Vicia sativa test — Simultaneous test of phyto-
toxicity and mutagenicity

Test was realized at all monitored soil samples.
The results are shown in Tab. 2.

Sample ICin% ana_tl;ll(z) g}fl s F1requencei ::t; Zberratlons
1 0 500 04+0.4
la 0 500 02+0.2
2 0 500 0
2a 0 500 02+0.2
3 0 500 04+0.4
4 0 500 0.2




Vicia faba test

For our study the test was modified by the fol-
lowing method:

— 2 hours of exposition, evaluation immediately
after treatment, ana-telophases;

— 2 hours of exposition, evaluation 26 hours after
treatment (3 hours of pretreatment by 0.05 %
colchicine, c-metaphases;

— 24 hours of exposition, evaluation immediately
after treatment, ana-elophases;

— 24 hours of exposition, evaluation 26 hour after
treatment; c-metaphases.

Only the sample with the highest dose of radio-
activity was evaluated and the results are shown in

Tab. 3.

Tab. 3: Results of the Vicia faba test
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Positive control of Vicia faba seeds

To compare impact of radioactivity from sam-
ples collected around NPP Jaslovské Bohunice
with radiation from the standardized source under
standardized conditions we have used in co-opera-
tion with the Faculty of Nuclear Sciences and Phy-
sical Engineering (the Czech Republic) Gamma-
Cell device with emissions of different doses *’Co.
For broader spectra of results a scale of differently
aged V. faba seeds was used. The results are shown
in Tab. 4 and 5.

Tradescantia test

Taking and evaluation of samples were reali-
zed by the following method:

Sample No. Activity VCs Exposition No. of evaluated Frequency of aberrations
pGy/sec in hrs ana-telophases *c-metaphases in %
2 571 2/0 300 0.3
2 571 2/26 *300 0.3
2 571 24/0 300 0.6
2 571 24/26 *300 0.3

— 12 hours of exposition, evaluation 20 hours
after treatment, evaluation of micro-nucleus
frequency per 1000 tetrads;

— 12 hours of exposition, evaluation immediately
after treatment, evaluation of 500 ana-telopha-
ses I.;

— 12 hours of exposition, evaluation 30 hours after
treatment, evaluation of 500 ana-telophases II.
In case of the clone Tradescantia paludosa 02
we completed the cytogenetic test in meiosis and
the micronucleus test in the tetrads.
The results are shown in Tab. 6.

Tab. 4: Results of positive control of Vicia faba seeds (vitality)

Age of seed samples in Exposition Length of roots in mm
years in Gy/h 48 hrs 72 hrs 96 hrs
22 Blank 3.44+£1.48 7.11 £ 2.96 11.67 £4.86
2.5 4.67+1.22 18.55+3.36 24.78 +4.73
5 4.89 +2.02 12.00 +4.40 15.67 £ 5.60
10 6.67 +£1.37 17.78 +3.28 23.89 £4.65
14 Blank 10.22 +1.02 36.22 +£2.05 48.89 +2.19
2.5 10.56 + 1.09 27.89+£0.87 39.11 £ 1.01
5 11.44+£1.19 30.44 +3.13 41.00 +4.22
10 8.89 +0.68 21.55+1.89 29.44 +2.63
2 Blank 13.78 + 1.50 24.56 £3.24 29.22 +4.18
2.5 14.89 £ 0.54 28.44 +1.78 38.56 £ 3.56
5 12.00 £ 1.53 22.67+3.30 32.89 +4.67
10 14.56 £ 0.87 27.44 +1.34 36.89 +2.06
Control (2-year old) 12.54 £ 0.56 27.09 +1.48 36.64 +2.86
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Tab. 5: Results of positive control of Vicia faba seeds (genotoxicity)

Age of seed Exposition No. of evaluated Frequency of aberrations
samples in Gy/h ana-telophases in %
in years

22 Blank 430 0.70
2.5 500 0.60

5 328 1.83

10 281 1.07

14 Blank 500 0.40
2.5 500 0.60

5 448 0.89

10 499 1.00

2 Blank 181 1.10
2.5 444 0.70

5 451 1.11

10 390 1.54

Control (2-years old) 500 0.40

Tab. 6: Results of the micronucleus test Tradescantia paludosa 02

Exposition No. of evaluated Frequency of
Samle No Activity ¥'Cs in lr:rs Irecove *I. ana-telophases aberrations and
P ’ pGy/sec time v 1. ana-telophases MCN®
°tetrades in %
2 571 12/0 *500 3.6+£0.4"
2 571 12/30 *500 2.4+0.4"
2 571 12/30 °1000 °4.5+0.2"
Negative control 9.5 12/0 500 1.8+£0.2
Positive control 1000 12/0 500 89+1.2
(diffusive exposition) 1000 12/12 500 48404

+ without recovery time (with recovery time clastogenicity was not increased)

Tab. 7: Results of the Tradescantia test 4430 SHM system

SHM mutations in %

Sample No. Activity '¥7Cs pGy/sec 9. 10. day after exposition
1 507 0.26 £ 0.06
la 46.7 0.30 £0.05
2 571 0.36+0.07
3 196 0.26 +0.04
3a 57 0.23+0.05
4 9.50 0.16 £0.04




Tradescantia test 4430 SHM system

Tradescantia color-mutation test (Trad-SHM)
was performed by the protocol where segments
were exposed 24 hours at 20 °C similarly at clone
4430 in Trad-MCN test.

The results are shown in Tab. 7.

DISCUSSION

Collected soil samples from the vicinity of NPP
Jaslovské Bohunice were evaluated under the stan-
dard tests of Vicia sativa, Vicia faba, Tradescantia
— Tradescantia paludosa 02 test and Tradescantia
4430 test. Results of these tests confirmed our pre-
vious results at wild plant species (3). With use of
the results from positive controls at Vicia faba and
Tradescantia paludosa (02 we may point at possib-
le radioresistance (4). In positive controls at Vicia
faba radiation of differently aged seeds showed al-
most stimulative effect at the oldest and youngest
samples, while the level of chromosome aberrations
were insignificant against the control. The same it
was with Tradescantia paludosa 02. The explana-
tion may be in existence of “check point” in the
mitotic cycle that is not allowing heavily damaged
cells to continue in growing and therefore seeds to
germinate. The same effect was reported after the
Chernobyl nuclear disaster at other species. From
our results it seems to be clear that ability of plants
to adapt or resist to higher doses of radioactivity
may be a result of long-term evolutionary selection
of the most durable species. Natural selection of the
most adapted genotypes of Stipa capillata was ob-
served within almost half a century of their expo-
sure to a low dose rate of ionizing radiation on the
Semipalatinsk nuclear test site in Kazakhstan (5).
The yield of cytogenetic damage in leaf meristem
of agricultural crop plants such as rye and wheat
grown in the 10-km zone of Chernobyl NPP was
evaluated by Geraskin et al. (6) and found to be de-
pendent on the level of radioactive contamination.
Their analysis of experiments with genetic variabi-
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lity in three sequential generations of rye and whe-
at revealed increased cytogenetic damage in plants
exposed to chronic irradiation during the 2" and 3™
years. In case of standard laboratory tests we may
then confirm that these processes are somehow uni-
versal in plants.
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ABSTRACT

Benova K., Striskova K. & Dvorak P. Postirradiational Changes in Hematologic Parameters and in
Intestinal Microflora in Rats

A decrease in the defense capacity of the body combined with penetration of intestinal microorganisms
through the intestinal wall causes severe, often lethal complications of the acute radiation disease. We fol-
lowed the clinical symptoms, the changes of hematological parameters and the changes of the composition
of intestinal microflora in laboratory rats irradiated by a single, whole-body dose of 15 Gy gamma-rays.
An increase of the common microflora in duodenum, liver and in oral cave and leucopoenia in peripheral
blood have been observed in all time intervals followed. The changes in red blood cells were characterized

by anemia, manifesting clinically in hemorhagies and bloody diarrhea.

Key words: ionizing radiation, clinical symptoms, hematological changes, microflora, rats

INTRODUCTION

The wide use of nuclear technologies in va-
rious areas of human activities made necessary to
work out methods of radioprotection. Therefore, it
is important to know the detailed mechanisms of
the biological action of radiation and that of the
pathogenesis of radiation disease. Up to now a hu-
ge amount of knowledge about the radiation effects
on living organisms have been accumulated, but
a unifying theory of their mechanisms is still lac-
king [1, 2].

Post-irradiational changes in peripheral blood
and in hematopoesis in mammals and birds are of-
ten followed in literature [7, 9, 14]. The evaluation
of these changes belongs to the basic diagnostic
methods of the radiation disease. Based on clinical
symptoms, hematological parameters and changes
in microflora the severity of radiation disease and
the prognosis of pathogenesis could be estimated.

The aim of our work was to investigate the
changes in hematological parameters and in intes-
tinal microflora in rats irradiated with a supralethal

dose of gamma-rays and observe the dynamics of
overall clinical symptoms during 9 days after irra-
diation.

MATERIAL AND METHODS

Male Wistar rats, aged 3 months were used in
the experiments. Before the experiment, the ani-
mals were kept for 1 week in a previously disinfec-
ted room to acclimatize to experimental conditions
[5]. They were housed in plastic cages on wood
shavings at 22-24 °C and 65 % relative humidity of
air. The animals had a free access to pelleted stan-
dard food and tap water [13].

After the adaptation period the rats were irra-
diated by a single whole-body dose 15 Gy of gam-
ma-rays from a “Co-source (irradiation apparatus
CHISOSTAT, Chirana, Prague, Czech Republic)
by a dose rate of 0.117 Gy.min™'. The animals were
then divided into experimental groups (n = 0),
analyzed 3, 6 and 9 days after irradiation. From
animals fasting overnight a swab of the oral mu-
cus was taken, then they were sacrificed by fast
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decapitation and samples of blood, liver and duo-
denum were taken in sterile conditions. Hemato-
logical parameters (the total erythrocyte number
— RBC, the hemoglobin content — Hb, the hema-
tocrit value — PVC, the total number of leucocytes
— WBC and the differential blood picture — leuco-
gram) were determined by standard methods [3].
For examination of microbiological parameters
culture medium for faecal streptococci and the agar
medium No. 2 were used [8]. Parallel to each expe-
rimental group, groups of sham-irradiated controls
of equal size were analyzed. The results were sta-
tistically evaluated by non-pared t-test.

RESULTS

The clinical symptoms in irradiated animals
observed from the 2" post-irradiational day were:
diarrhea, apathy, somnolence, piloerection and he-
morrhages on eyes. The first mortalities occurred
on the 3" day. Beginning with the 5" day the ani-
mals took no food and bloody diarrheas were obser-
ved. Comparing with controls, they were markedly
cachectic. None of irradiated animals survived the
10" day after irradiation. The number of E. coli in

duodenum increased with time (Tab. 1).

In liver the presence of E. coli was observed
on the 3" and 9" days after irradiation. In controls
the livers were sterile. In oral cave, except of the
common respiratory flora we found in irradiated
animals E. coli on the 6" and 9" days after irra-
diation. The results of post-iradiational changes of
hematological parameters are given in Tab. 2. On
the 3" day after irradiation both the total erythro-
cyte count (TEC) and the content of hemoglobin
in erythrocytes (EHC) were statistically non-sig-
nificantly increased. The haematocrit value (HT)
was statistically significantly increased (P<0.05),
too. On the 6 post-irradiational day the increase of
EHC and HT persisted, but the TEC was decreased
(P<0.01). On the 9" day all the three hematological
parameters were statistically significantly (P<0.01)
decreased in comparison with controls.

In white blood picture marked changes were
observed already on the 3 day after irradiation. The
observed leucopoenia (P<0.01) had neutropenic
(P<0.01) and concurrently lymphopenic (P<0.01)
characteristics in all post irradiation intervals. The
parallel occurring eosinopenia and monocytopenia
were not statistically significant.

Tab. 1: Changes of the population size of E. coli in duodenum of irradiated rats

control

3. day

6. day 9. day

E. coli -

1.10°

17.10° 2.107

Tab. 2: Changes of hematological parameters in rats after irradiation with a single whole-body dose of 15 Gy

gamma-rays

Erythrocytes Tl 6.57 7.39 4.43%* 1.o1***
Hematocrit 1.1 0.40 0.55% 0.48 0.20%*
Hemoglobin gl 121.60 136* 130.7 44%%*
Leucocytes Gl 6.07 0.4%** 0.97%** 0.93%**
Neutroph. segm % 32.1 Q5H** 83 HH* 8HH*
Neutroph. rods % 1 0 2 1
Juveniles % 1 0 1 0
Lymphocytes % 60.66 Sk 14%%% [1H**
Eosinopfiles % 1.66 0 0 0
Monocytes % 0.66 0 0 0
Basophiles % 0 0 0 0

***¥P<0.001 **P<0.01 *P<0.05




DISCUSSION

The ionising radiation exerts profound effects
on the mucous lining of the gastrointestinal tract: as
a result of its impact on the dividing enterocytes in
the crypts the continuous replacement of the dying
and desquamating cells on the top of the enteric vil-
li is interrupted. This state leads to the interruption
of the regeneration processes of the gut mucous
and to the loss of its functions. Clinically, this state
manifests in diarrhea and in a subsequent cachexia.
The damage of the barrier functions of the intes-
tinal mucous caused by the high radiosensitivity
of the enterocytes, along with the disruption of the
impermeability of blood capillaries conditioned by
the high radiosensitivity of endothelial cells belong
to the typical symptoms of the radiation disease
[10]. The increased permeability of blood capilla-
ries leads to development of hemorrhagic diatesis
as it was observed in our experiments on the eyes
of the irradiated rats and on the presence of bloody
diarrhea.

Microorganisms commonly present in the gas-
trointestinal tract penetrate after irradiation through
the intestinal mucus and the damaged capillaries of
the intestinal wall into the blood circulation, whe-
re they acts as antigens. In irradiated organisms,
however, because of lymphopenia and monocy-
topenia caused by radiation the immunoligical
response is strongly suppressed. This can lead to
further reproduction of bacteria and to the develop-
ment of bacteremia and of subsequent toxinemia.
The prolonged depression of immunological re-
actions as a result of radiation leucopenia leads to
sepsis, followed by death of the animal.

From the point of view of the early diagnostics
of the radiation disease the most important are the
changes in white blood cells. In our experiments in
all irradiated individuals a statistically significant
decrease of the total number of leucocytes and an
increase of neutrophils in comparison with con-
trols occurred. Shortly after irradiation leucope-
nia characterized by lymphopenia and neutrophilia
was observed. The changes in the white blood
picture are caused not only by the damage of the
bone marrow, but also of the lymphoid tissues with
myelopoetic functions, like thymus, the lymphatic
nodes, and the Bursa fabricii in birds [6, 12]. The
lymphocytes, on the other hand, show a high de-
gree of direct radiosensitivity and their number in
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peripheral blood decreases as a result of their direct
extinction. The immunosuppressive effect of radia-
tion could be critical for the irradiated organism, as
much it becomes sensitive not only to various in-
fections, but also to the common microflora, which
leads to postradiation bacteremia [1].

In the total number of erythrocytes as well as
in the hemoglobin content a statistically non-sig-
nificant increase was recorded 3 days after irra-
diation. The increase of the hematocrit value was
in this time interval statistically significant. Start-
ing with the 6" day after irradiation a statistically
significant increase in CPE was recorded, which
was prolonged up to the 9" day. The hemoglobin
content was increased still on the 6™ day after irra-
diation, however, on the 9" day a marked decrease
of this parameter in comparison with controls oc-
curred. The hematocrit values decreased only on
the 9" day after irradiation. The following changes
in the red blood picture are due to the high radire-
sistence of the erythrocytes and also due to the fact
that the body disposes with large reserves of these
blood cells deposited in the spleen and in liver
[4, 7]. The anemia which belongs to the basic symp-
toms of the radiation disease manifest itself as the
latest of the hematological changes. The extent of
the hypoplastic or aplastic anemia and the degree
of damage which are documented after irradia-
tion depend, except of the radiosensitivity of cells,
also on the exposition dose and on the dose rate,
the regeneration capacity of the cells, e.g. Subakov
et al. [11] using chronical irradiation with a total
dose of 0.9 Gy of gamma-rays recorded an increase
of the number of reticulocytes in the peripheral
blood, which is an evidence of an increased eryth-
ropoesis in the bone marrow. In the case of the dose
applied by us irreversible changes in the bone mar-
row can be assumed, which leads to the develop-
ment of the anemia described above. The normal
tissue is replaced by the fat tissue which is unable
to produce differenciated blood cells. Also the de-
struction of existing cells (karyorexis, karyolysis)
and cytogenetic damage of cells occur (4).
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ABSTRACT

Simon J., Bulko M. & Holy K. Determination of Equivalent Mixing Height and Atmospheric Stability
Assessment

Atmospheric stability is an indicator that reflects the intensity of boundary layer mixing processes.
This feature of the atmosphere is especially important since it defines dispersive atmospheric conditions
and provides information on how effectively the anthropogenic pollution will be transferred to the hi-
gher levels of the atmosphere. The assessment of atmospheric dispersiveness plays a crucial role in the
protection of air quality and public health in big cities. The presented paper deals with determination of
atmospheric stability via so called Equivalent Mixing Height (EMH) quantity using a radioactive noble
gas *?Rn. A method of deriving a link between ???Rn activity concentration, eddy diffusion coefficient and
EMH using fluid mechanics is also outlined in this work.

Key words: Equivalent mixing height, stability, *’Rn

INTRODUCTION

Laminar and eddy flows are the main mixing
mechanisms occurring in the horizontal as well
as vertical direction. Laminar flows are initiated
by pressure gradients, whereas eddy flows are ge-
nerated by gradients of substance concentrations.
Although present physics is on a high level of
knowledge, eddy diffusion is still a terra incognita
and the only way to describe it qualitatively and
quantitatively is to use parametric models. One of
them is a model based on a modified continuity
equation, which is presented in this paper. The mo-
dified continuity equation is a discrete analogue of
the principle of conservation of matter. Its mathe-
matical formulation is grounded on the assumption
that the relevant block of atmosphere can be sub-
stituted by an idealized cell with dimensions Ax,
Ay, h (see fig. 1) [1,2]. Due to mixing processes
we are allowed to suppose a zero gradient of the
substance concentration inside the cell. Laminar
advective flow described by a simple vector field

and a constant exhalation rate of a substance from
the ground are assumed as well. Under the above-
-mentioned conditions the principle of conserva-
tion of matter has the following form:
dp ¢ 1 dh

u
__ﬂ”p_E(p_pO)_ah dt

= (p-p")

[3.4]. (D

Here p stands for the concentration of the substan-
ce, p” is the substance concentration above the cell,
p, is the substance concentration beside the cell
(see fig. 2), ¢ is the surface exhalation rate of the
substance, A is the radioactive or chemical decay
constant, Ax is the horizontal dimension of the cell
in the direction of wind flow, a is the discontinuous
function:

lifﬁ>0
-
0if —<0
dt

and h is so-called equivalent mixing height (EMH).
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Fig. 1 Scheme of a simplified cell
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Fig. 2 Description of symbols in equation (1)

As one can see, equation (1) depends on the qu-
antity / quite strongly and possible temporal chan-
ges of 4 could induce variations of concentration,
too. The ‘natural’ use of equation (1) would be the
computation of the temporal course of a substance
concentration. However, if the temporal course of
concentration is known, we can turn equation (1)
in such a way that we can use it for computing of
the parameter /. After several algebraic steps we
obtain the basic equation for EMH:

~dh | dp u
alp-p )dt +|: 0 +/1p+Ax(p po)}h $=0
RINNE)
EMH represents the height of the atmosphere whe-
re intensive mixing takes place and to a large de-
gree reflects the intensity of atmospheric exchange
processes. To put it simply, the higher EMH, the
more intensive mixing and the lower stability in-
dex. Finally, it should be pointed out that there is
a possibility of linking the EMH with atmospheric
stability (characterized by the eddy diffusion coef-
ficient K).

By analogy to the phenomenon of molecular
diffusion, it is customary to describe the eddy dif-
fusion by the partial differential equation:

op o’ p
—=K——-Ap+q [5], 4
o o2 T )
where q stands for the substance supply rate, K is
the eddy diffusion coefficient and the remaining
symbols have the same meaning as in the previous
text. When a constant continual flat source and a ti-

me invariant K are supposed, the solution of (4) is:

/ e\/zz{l+Erf Vir-—~ }—
2K .t

2JK.A
(%)

iZz
—e\/g [I—Erf|:\/lr+

Ap =

z
2Kt D
Here t is the time of substance aggregation (the
time interval between the two subsequent measu-

rements of substance concentration).
If one accepts Fontan’s [1, 2] definition of EMH:

[ 8002

S 6
h(7) 200 (6)

then after placing (5) into (6) one obtains the link
between EMH and eddy diffusion coefficient K:

K 1-¢*
h:,[ z (7
A ErfJAr

or after a few algebraic procedures:

Erf VAt
K, =h2/11r_7- ®)

The most appropriate substance for the purpo-
ses of EMH computation is a radioactive noble gas
22Rn. It excels in advantageous physical and che-
mical characteristics. From the wide list we pick
just the most important ones:



22Rn is produced by radioactive decay of *Ra
in the soil grains. Part of the produced *?Rn gets
into the soil air. Then it is transported mostly by
diffusion processes into the atmosphere. Decay
products of ’Rn remain in the soil because they
are solid state metals. The amount of ?*Rn that
escapes from the soil to the atmosphere depends on
the depth where radon was created and on the per-
meability of the surrounding soil. Radon present in
the atmosphere is created mostly in the top 10m of
the soil [6].

Exhalation rate of ??Rn generally depends
on **°Ra content in soil, diffusion and emanation
coefficient and soil properties. Average exhala-
tion rate has been estimated to be 0.7-1.3 atoms.
cm?s7!. 22Rn exhalation from oceans is 2—3 orders
of magnitude lower than from the ground surface
[6]. Significant variations in *Rn exhalation rate
have not been proved yet.

222Rn gets to the atmosphere also by emanation
from ground water. The mechanism is simple. Af-
ter the ground water enters the atmospheric envi-
ronment, the majority of radon is released. Other
22Rn sources, mostly of anthropogenic origin, are
negligible when compared to the previously men-
tioned ones [7].

METHODS

Continual measurements of ?2Rn activity con-
centration in the outdoor atmosphere has been car-
ried out since 1991 at the Faculty of Mathematics,
Physics and Informatics. Samples are collected
above an open grassy area in front of the faculty
building at a height of 1.5m above the earth’s sur-
face. A high-volume scintillation chamber has been
used for the measurement of ’Rn activity concen-
tration. The detector itself is a cylinder made of
brass, with a diameter of 12 cm and with a length of
40 cm. The chamber volume is approximately 4.5
1. ZnS(Ag) has been chosen as a scintillation ma-
terial. At each side of the detector there is a glassy
window and a photomultiplier tube. The drawn-in
air enters the peripheral sectors first and then, pas-
sing near the windows, it goes to the inner sector
and finally it is drained out. The air flow through
the detector is 0.5 I/min.

Before the air enters the detector itself, firstly
it passes through a high-volume tube where ?’Rn
(T,, = 55 s) decays completely. In the next step
there is a system of freezing traps and silica gel
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boxes where the H,O vapour is removed from the
sucked air at a temperature of —20 °C. Just befo-
re the detector there is a membrane filter used for
collecting aerosols with deposited ??Rn decay pro-
ducts. Using this experimental setup it is ensured
that only pure air and *’Rn enters the scintillation
chamber [8].

RESULTS AND DISCUSSION

Because of the huge datasets that have to be
processed, the direct EMH numerical computations
are out of question. For example to solve equation
(3) numerically for a single year takes approximate-
ly 4300 calculations. The only effective solution is
the use of PC along with an appropriately program-
med code. From several programming languages
suitable for our purposes we chose the MATHE-
MATICA 5 package. The results of the numerical
computation could be presented in a form of tables
or by synoptic charts. To be as clear as possible, we
have chosen the second way.

Equivalent mixing height was computed in the
time interval from 1.1.2004 to 31.12.2004. Becau-
se of the limited space available we cannot present
the full results here. In order to be brief we present
just illustrative example results for summer as well
as winter season. As one can see in figure 3, the co-
urses of ?2Rn activity concentration and EMH an-
ticorrelates nearly ideally (when the ?Rn volume
activity is high, EMH gets low and vice versa).

Statistical summary of numerical results offers
interesting conclusions. Firstly, daily variations of
EMH are observed. It is clear that the EMH reaches
a maximum in the afternoon between 2—4 p.m. and
a minimum just before sunrise. This pattern is espe-
cially well visible in the summer season when the
amplitude of the temperature is high enough to boost
the eddy diffusion and convective turbulence.

To obtain an evidence of the presence of annual
EMH variations we carried out the harmonic Fou-
rier analysis of the averaged diurnal EMH waves.
The tested Fourier series were restricted to the first
two harmonic terms:

f(x)= A+Bsin(%t+7r¢j+€sin(%t+7w/j .

(10)

Function (10) is used for characterization of the
time courses of ??Rn activity concentration and for
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this reason we also picked of this function for the
characterization of EMH. Our choice has also been
influenced by the work [9]. By means of nonlinear
regression the coefficients 4, B, ¢, C and y were
obtained to fit daily average waves for each month
within year 2004. The package Microcal ORIGIN
6.0 was used for this purpose. Results are depicted
in figures 4-8 and they lead to interesting conclu-
sions. The annual mean value of EMH / remains
approximately constant during the whole year at
a level of 123.4 m. However, a potential by small
variation cannot be rejected due to weak statistics.
Deviations from the mean value are at a level of
26 %. The coefficient B, representing a 24 h oscil-
lation amplitude, varies inversely to the coefficient
A. It reaches the minimum in September and the
maximum at the beginning of January. The varia-
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tion of the coefficient B deviates from its mean
value at the level of 86% and significantly anti-
correlates with *Rn activity concentration. It is
not easy to draw a conclusion about the coefficient
C because of rather big uncertainties at a level of
50 % as well as due to weak statistics. Anyway, we
can state that the annual average value C is ata le-
vel of 26 m and the deviations are about 100 %.

The variation with the period of 24 h can be re-
garded as the dominant one since its amplitude is 2.3
times higher than the variation with the period of 12
h. Finally, the values of the parameter ¢ (1) oscillate
around the mean value 0.257 (0,97) with the varia-
tion at a level of 100% (55 %). From figures 7 and 8
it is also obvious that the minimum of EMH is shif-
ted from 2:30 a.m. in summer to 8:30 a.m. in winter
and depends fairly well on sunrise time.
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Fig. 5 Annual course of coefficient B (10) for EMH and ?*Rn volume activity
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Finally, the relation (8) between EMH and
eddy diffusion coefficient K is depicted in fig. 9.

One must bear in mind that the validity odfhequation

—>0.

(8) is restricted only to situations when r

CONCLUSIONS

Theoretical and experimental results regarding
the monitoring of ?Rn activity concentration and
numerical computing of the equivalent mixing
height are presented in this paper. Mathematical
formalism linking together the EMH and eddy dif-
fusion coefficient based on numerical solution of
ordinary differential equations has been developed
and presented. Furthermore, there are also presen-
ted statistical summaries of the results for the year
2004, leading to the conclusion that both EMH and
K, have diurnal and annual periodicity. The diurnal
waves are simple variations with maximum in the
afternoon and minimum just before sunrise. Regar-
ding annual wave besides the main variation with
the period of 1 year we must also take into account
the second harmonic component with a period of 6
months, which demonstrates itself mostly in winter
season.
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ABSTRACT

Manova A., Tropp M., Cacho F. & Beinrohr E. Determination of Antimony by on-line Electrochemical
Preconcentration/GFAAS

The aim of this work was to develop an on-line coupling of electrochemical preconcentration to the
AAS method and the utilization of the developed system for the determination of ultra-trace amounts of
Sb in water samples. A flow-through electrochemical analyzer EcaFlow (Istran, Bratislava) was used as
the preconcentration unit with the two-electrode cell. The working electrode was an RVC electrode coated
with gold. The AAS spectrometer Spectraa 400 with the graphite furnace atomizer (Varian) was used to
measure the preconcentrated Sb species. The preconcentration parameters for the electrochemical process
were optimized. The deposition runs at a constant current of — 8000 the pA and the optimum stripping cur-

rent was found to be 150 pA.

Key words: Antimony, GFAAS, electrochemical, preconcentration

INTRODUCTION

The increasing of concentration of the toxic
element (As, Hg, Cd, etc.) and their compounds
in the water, soil and air present serious problem
for humans. Toxic properties of the elements co-
uld be transferred from the soil to the foodstuft and
mammals by erosion cycles. Consequences of me-
dical research indicate that the many compounds
exhibit like injurants at inconsiderable amounts as
was supposed years ago. Determination of the toxic
elements represents a typical problem of ultra-trace
analysis. In this work we have focused on determi-
nation of Sb(III).

Atomic absorption spectrometry (AAS)

Atomic absorption spectrometry (AAS) is one
of the most widespread analytical methods. The
principle is hidden in absorption of radiation by free
atoms in gaseous state (produced in atomizer).

This work is aimed at coupling of atomic ab-

sorption spectrometry with electrochemical precon-
centration of the analyte, in our case — antimony.

The sub-goal of this work was to develop a suit-
able method for the determination of antimony by
GFAAS without matrix modification. Determina-
tion of antimony without modification is still prob-
lematic [1-3]. Detection limits for determination of
antimony by “quartz atom trap” is 0.053 ug.dm
[4]. Interference emerges as a big problem in the
determination too. The standard technique for the
determination of antimony is HGAAS. Detection
limits for this technique could be between 0.03 az
0.05 ug. dm [3].

Flow through chronopotentiometry (FTC)

Determination of Sb was done by GFAAS, but
with the preconcentration of electrochemical unit.
We inspected considerable decreasing limit of de-
tection and influence of interferences could be re-
moved, too. On the surface of working electrode
will be deposited quantitatively only Sb(IIl). The
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deposit is that stripped in off-line system to the gra-
phite cuvette of the electrothermal atomizer.

On-line coupling FTC and GFAAS

On-line takes advance of coupling of two steps
to one’s. At the first step, analyte is deposited on
working electrode from flowing sample. At the sec-
ond step, the analyte is then quantitatively deter-
mined by the suitable analytical method.

The main topic of the preconcentration step is to
maximize the concentration of the analyte with the si-
multaneously suppressing the effect of interference.

MATERIALS AND METHODS

GFAAS

The AAS spectrometer Spectraa 400 with the
graphite furnace atomizer (Varian) was used to

Cutput

— o i

ul

measure the preconcentrated Sb species.

FTC

The flow-through electrochemical analyzer
EcaFlow (model GLP 150, Istran, Bratislava) was
used as the preconcentration unit with a two-elec-
trode cell. The working electrode was a RVC elec-
trode coated with gold (Fig. 1).

Scheme of the on-line coupling
FTC-GFAAS

The 6-way valve was connected with sampling
loop with sampling volume 83.9 ul. Thereby on-
line connection of electrochemical analyzer Eca-
Flow could by make by coupling with GFAAS
over the 6-way valve (Fig. 2).

Input

= P—

2[..

Fig. 1 Scheme of the flow-through cell with dual electrode connection

Legend: 1 — working electrode E-53 Au, 2 — inert inset, 3 — auxilliary Pt electrode, 4 — plexi glass body,

5 — packing, 6 — screw
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Fig. 2 Scheme of the flow—through system FTC-GFAAS

Legend:
sampling volume 83.9 pul

1 — pump, 2 — valve, 3 — preconcentration cell, 4-6-way valve with sampling loop calibrated to the



RESULTS AND DISCUSSION

For validation of the process of the new de-
veloped coupling FTC-GFAAS were chosen three
different feeding volumes of the sample and com-
plete validation set were survey for all feeding vol-
umes. The linear range, limit of detection and limit
of quantification were appointed, respectively. Fi-
nally were assessed repeatability, reproducibility
and accuracy by analyzing the standard reference
material.

Linear ranges

Linear ranges are summarized in Tab. 1. Listed
results show broad ranges, parameters of the calibra-
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tion curves, coefficients of determination and regres-
sion coefficients for different feeding volumes.

Limit of detection (LOD) and limit
of quantification (LOQ)

Assessed values for limit of detection and limit
of quantification for determination of Sb (III) are
listed in Tab 2.

Repeatability

Fig. 3 represent the dependence of measured
concentration of the Sb(IIl) against measurement
order (significance level 0,05, selected concentra-
tion was 20 ug.dm). Repeatability characterized
by RSD was 1.8% (n = 20).

Tab. 1 Linear ranges, equations of the linear regressions and their coefficients for different feeding volumes Sb(I1I)

FeedlrEIgn;/]olume Lﬁ?:hrjg]ge Equation of regression R?
1 4,2-800 = 1,467+0,268%c 0,9993
5 1,2-250 T=06,184+1,229%c 0,9970
10 0,4-250 T=6,434+2,690%c 0,9958

Tab. 2 Summarized values of slopes and increments for assessement of LOD and LOQ over ULA-2 aproach [7]

volume [ml] LOD [pg.dm™] LOQ [pg.dm3] Equation of regression
1 1,4 4,20 7= 0,637+0,208*c
5 0,39 1,17 ©=0,480+1,703*c
10 0,12 0,36 ©=-0,024+2,948*c

-3

concentration pg.dm

20

15

10

0

] Sb(II) 20 pg.dm™, RSD = 1,8% for (n=20)

1234567 8 91011121314151617181920

measurements

Fig. 3. Repeatability of the determination of the Sb(III) (p = 20 pug.dm=, feeding vol. 2 ml)
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Trueness

Trueness was determined in standard reference
material CRM 12-3-10 by on-line FTC-GFAAS of
the total Sb.

The FTC-GFAAS technique developed at these
conditions have some limitations. It is suitable only
for determination of Sb(III) species and total Sb
must be converted to the Sb(IIl) form. Many pub-
lications were pointed to the selective reduction of
total Sb to Sb(IIl) form. As appropriate procedure
for selective reduction step seems to be utilizing
L-cysteine [8].

CONCLUSIONS

The aim of this work was to develop an on—line
coupling of electrochemical preconcentration to the
AAS method and the utilization of the developed
system for the determination of ultra-trace amounts
of Sb in water samples. The flow-through electro-
chemical analyzer EcaFlow (model GLP 150, Is-
tran, Bratislava) was used as the preconcentration
unit with a two-electrode cell. The working elec-
trode was a RVC electrode coated with gold. The
AAS spectrometer Spectraa 400 with the graphite
furnace atomizer (Varian) was used to measure the
preconcentrated Sb species. The preconcentration
parameters for the electrochemical process were
optimized. The deposition runs at a constant cur-
rent of —8000 pA and the optimum stripping cur-
rent was found to be 150 pA.

The deposition was made from the hydrochlo-
ric acid solution, which was then on-line replaced
by a diluted nitric acid facilitating the AAS meas-
urement of Sb. The advantage of the used precon-
centration system was in an automatic and reliable

matrix exchange facility. Optimum electrolyte con-
centrations were found to be 1 mol.dm= HCI and
2 mol.dm~ HNO, for the deposition and stripping/
AAS measurement, respectively.
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ABSTRACT

Sersen F., PavlikovaS., Jesenak K. & Cik G. Generation of Singlet Oxygen by Modified Natural Zeo-
lites and Montmorillonites

This work deals with the generation of singlet oxygen by modified natural zeolites and montmorolloni-
tes. In the work natural zeolite from the deposit of Nizny Hrabovec (Slovak Republic) and montmorillonite
from the deposit of Stara Kremnicka — JelSovy Potok (Slovak Republic) were used. Both natural alumi-
nosilicates were doped with Fe’* and thiophene or pyrrole. It was found that all four forms of prepared
natural alumininosilicates are able to produce singlet oxygen in chloroform suspensions under visible light.
It was also found that all prepared forms of natural aluminosilicates decomposed 4-chlorophenol in water
surroundings. We suppose that the singlet oxygen formation causes decomposition of 4-chlorophenol. This
effect of thus modified natural zeolites and montmorillonites can be exploited to decontamination of the
environment polluted by chlorophenol compounds.

Key words: chlorophenol decomposition, montmorilonote, singlet oxygen, zeolite

INTRODUCTION of channels and cavities, which are composed of
the AIO,* and SiO,* tetrahedrons [5]. Montmo-
rillonite belongs to dioctahedral phylosilicates. Its
structure is composed of two tetrahedron and one—
octahedron layers; the negative charge of the layers
is compensated by various cations (for instance
Na*, Ca*", Mg*', Fe*") [5]. It is known that iron do-
ped zeolites form thiophene oligomers in channels
or cavities and on the surface of the zeolite [6,7].
Also, montmorillonites are able to form thiophene
oligomers [8].

The goal of this work is to demonstrate the pos-
sibility of generation of singlet oxygen by modified
natural zeolites and montmorillonites and their use
for photodecomposition of 4-chlorophenol in water
solution.

Singlet oxygen ('O,) belongs to reactive oxy-
gen species. Essentially, it is an oxygen molecule
0O, in excited state. 'O,, despite not being a radical,
is very reactive and easily initiates various radical
reactions. 'O, can be generated by several physical,
chemical, photochemical or biological reactions
[1]. Photoexcitation is the most frequently used
method for generation of 'O,. Because, molecular
oxygen does not exhibit serious absorption in UV—
VIS radiation, its excitation is carried out indirectly
by photosensible compounds [2]. For that purpose,
organic dyes [3] or oligomers of thiophene deriva-
tives [4] are used.

Zeolites are porous aluminosilicates with nets



50

MATERIAL AND METHODS

Chloroform (p.a.) was purchased from Central-
chem (Slovak Republic). Pyrrole, thiophene and
4-chlorophenol were purchased from Lachema
(Czech Republic). Pyrrole and thiophene were fresh-
ly distilled before experiments. 2,2,6,6-tetramethyl
piperidine (TEMP) was purchased from Sigma-Al-
drich (Germany).

In this work was used volcanic tuff from the
deposit of Nizny Hrabovec (Slovak Republic) with
mineral composition: 40-56 % clinoptilolite, 6.3—
8.7 % feldspar, cristobalit 7.8-10.7 %, quartz 2.3—
3.2, biotite 1% and amorphous phase 22.5-40 %
[9]. The zeolite was pulverized (grain ~1 mm) and
then by ion-exchange reaction doped with Fe*" by
water solution of FeCl, (c = 0,2 mol dm?). Thus
doped zeolite was dried and treated with pyrrole
or thiophene. The guest molecules are bounded in
the cavity or on the surface of the zeolite during this
treating.

Montmorillonite was isolated from 4 % water
suspension of bentonite from the deposit of Stara
Kremnicka — JelSovy Potok (Slovak Republic).
This bentonite contains calcium-magnesium mont-
morillonite. The chemical composition of this cal-
cium montmorillonite is [Si, . Al ] [Al, Fe ),
Mg0,75]Ozo(OH)4(Cao,4zMgo,04Nao,o1K0,01) [10,11].
Dopations by iron and then by thiophene or pyrrole
were carried out as in the case of the zeolite.

The singlet oxygen was generated in suspension,
which was composed of 2ml of 10~ mol dm chlo-
roform solution of TEMP and 20 mg of modified alu-
minosilicates by the visible light (~ 100 W.m™) from
a 250 W halogen lamp passed through a 10cm water
filter. All suspensions were irradiated 15 min. at con-
tinual stirring by the magnetic stirrer.

The experiment of 4-chlorophenol decompo-
sition was carried out in glass Erlenmeyer flasks
which contained 10ml water solution of 4-chloro-
phenol (10* mol dm=) and 100mg modified alu-
minosilicates by continual irradiation with visible
light (12 W m™ by 36 W TLD Philips neon tubes).

The spectra of electron paramagnetic reso-
nance (EPR) were registered by ERS 230 apparatus
(ZWG Berlin, Germany), which operates in X-band
(~ 9.3 GHz), with modulation amplitude 0.1 mT
and microwave power 5 mW. The UV-VIS spectra
were recorded by the spectrophotometer Hewllet-
Packard Diode Array 8254. All experiments were
carried out at the room temperature (25 °C).

RESULTS AND DISCUSSION

The incorporation of pyrrole and thiophene
into modified zeolites and montmorillonite was ac-
companied by change of the colour, initially oran-
ge aluminosilicates turned black. This black colour
is caused by formation of oligomers of pyrrole or
thiophene, respectively in the modified aluminosi-
licates [6-8]. The presence of oligomers in the Fe-
-zeolite with pyrrole and thiophene was documen-
ted by registration of polarons in their EPR spectra
(Fig. 1). These polarons have one unpaired electron
and so exhibit the EPR signal in the free radical
region. The spectroscopic constants for polarons
were g = 2.0012 and AB = 0.5-1.5 mT. The
individually modified aluminosilicates contained
2.310'-6.6 10'® spin per gram (Fe-montmorilloni-
te with thiophene 2.3 10" and 6.6 10" with pyrrole,
Fe-zeolite with thiophene 6.3 10'® and 9.9 107 with
pyrrole).

The generation of 'O, was detected indirectly
via its reaction with TEMP. It is known that the re-
sult of the reaction of TEMP with 'O, is the 2,2,6,6-
-tetramethyl piperidine-N-oxide radical (TEMPO)
[12]. In Fig. 2 is documented the formation of
TEMPO by visible light irradiation in chloroform
suspensions of our modified aluminosilicates. The-
se EPR spectra consist of three lines of hyperfine
interaction of an unpaired electron with the nuclear
spin of “N. The g factor of all central lines was
2.0032 and the constants of hyperfine splitting
were 1.58 mT.

In our previous work [7] it was demonstrated
that ZSM-5 zeolite doped with Fe and thiophene
decomposed 4-chlorophenol in water solution un-
der the visible light. Now we attempted to find out
if prepared modified natural zeolites and montmo-
rillonites are able to decompose 4-chlorophenol.
We found that natural zeolites and montmorilloni-
tes doped with Fe and pyrrole and thiophene are
able to decompose 4-chlorophenol too. The de-
composition of 4-chlorophenol by modified natural
aluminosilicates in the visible light was documen-
ted spectrophotometrically (Fig. 3). The decrease
of absorption bands (226 and 280 nm) of 4-chlo-
rophenol is evident after irradiation by visible light
of 4-chlorophenol water solution in the presence
of the modified zeolites and montmorillonites.
The most effective in the decomposition of 4-chlo-
rophenol were Fe-zeolite doped with pyrrole and
Fe-montmorillonite doped with thiophene.
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Fig. 1 EPR spectra of Fe-zeolite with pyrrole (A), Fe-montmorillonite with pyrrole (B), Fe-zeolite with thiophene
(C) and Fe-montmorillonite with thiophene (D). Spectra C and D were recorded at 4-times higher
amplification as spectra A and B. The marginal peaks belong to Mn** standard
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Fig. 2 EPR spectra of TEMPO radicals generated in chloroform suspensions of Fe-montmorillonite with thiophene
(A), Fe-zeolite with thiophene (B), Fe-zeolite with pyrrole (C) and Fe-montmorillonite with pyrrole (D)
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Fig 3 Absorption spectra of 4-chlorophenol solutions
(10 mol dm™) after 48 hours of irradiation by
visible light (black line); in the presence of Fe-
-zeolite with thiophene (blue line); Fe-zeolite
with pyrrole (green line); Fe-montmorillonite
with thiophene (violet line) and Fe-montmoril-
lonite with pyrrole (red line)

We suppose that the first step of 4-chlorophe-
nol decomposition is the formation of the singlet
oxygen in 4-chlorophenol water solutions with the
modified zeolites and montmorillonites. 'O, then
can enter reactions with molecular oxygen which
is present in water and therefore other reactive oxy-
gen species (hydroxyl and superoxide anion radi-
cals) are produced. These radicals can react with
4-chlorophenol and cause its decomposition. This
effect of modified natural zeolites and montmo-
rillonites can be exploited to decontamination of
the environment polluted by chlorophenol com-
pounds.
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ABSTRACT

Tesatfova D., Cech P., Haraslinova L. & Meloun M. VOC Emissions and TVOC Emitted to the Air
by the Interior Equipment

In the article there are solved the problems of the VOC and the TVOC measurements in indoor (air)
and the influences that have a great impact on them. The influence of the

Use of gypsum plasterboards, furniture sets and floor covering made from PVC and glued by the rub-
ber solvent glue on the quality of indoor air especially with the dependence of time. The reached results of
the work show the significant influence of the PVC floor covering on the amount of TVOC and the quality
and quantity of benzene, toluene and xylenes in the indoor air. Results of the measurements prove to use

the rooms with floor covering glued by rubber solvent glued is not very good for human health.

Key words: PVC flooring, TVOC, VOC, gypsum plasterboard, GC/MS

FOREWORD

The interior environment creation and interior
conservancy are nowadays the main topics of inter-
national importance. This problematic came in to
the forefront of public interest. We know that the
amount of chemicals in the atmosphere has grown
exponentially since the sixties and not only quanti-
tatively but also qualitatively. Middle aged people
are the first generation which have been daily ex-
posed to the influence of these chemicals since they
were born. Some of these materials need a long
time before some impact on human health is pro-
ved. The nowadays middle aged people are the first
testing group for discovering of the effects of the-
se materials. Now we can detect the first illnesses
which are connected with the polluted indoor air.

Healthy indoor environment is very impor-
tant. It was found out that indoor pollution can
be from two to five times (sometimes ten times)
more concentrated than outdoor atmosphere. It is
known that people stay there up to 90 % time of the

day (EPA, 1998) and it brought the first illnesses
connected to buildings (Building Syndrome SBS
a Building Related Illness BRI). One of the main
causes of the SBS and BRI are Volatile Organic
Compounds VOCs which are emitted into the air
by the constructional material, furniture and other
equipment. VOCs are also products of people, ani-
mals, microorganisms and their metabolism. Their
indoor concentration can be significantly changed
by the dwellers’ activity. Some of the volatile orga-
nic compounds are carcinogenic and dangerous for
the human health and to the fetus.

The indoor VOCs are one of the biggest prob-
lems of environment. There have been identified
and measured from 50 to 300 volatile chemicals in
the air of interiors. Concentrations of these compo-
unds are only rarely higher than 50 pg/m®.

For the indoor emissions there were mandated
limits for some seriously dangerous organic che-
micals in the standard MZCR 6/2003. Emissions
limits are in the Table no. 1.
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Tab. 1: Rrequirements determinating for Limits of VOC concentrations in indoor air of residence rooms (regulation

of MZCR - standard MZCR &.6/2003)

Volatile organic compounds Formula NPK (highest C([)Sgigg?ion) long-term
Benzene CH, 7
Toluene CH,.CH, 300
o,m,p-Xylene CH,.(CH,), 200
Styrene CH,.CH.CH, 40
Ethylbenzene CH,.CH,CH, 200
Formaldehyde HCHO 60
Trichlorethylene CCl,.CHCI 150
Tetrachlorethylene CCl,.CCl, 150

In connection to the term VOC there is the new
term TVOC (total volatile organic compounds)
which is used to describe, the total amount of vola-
tile organic compounds in the indoor atmosphere.
The TVOC value indicates the level of indoor air
pollution.

The term TVOC is used for measuring of in-
door air composition and for determinating the to-
tal amount of organic compounds in the air. The
TVOC value can be obtain on the gas chromato-
graph and it is defined as the sum of all peak areas
of'all VOCs which are emitted between hexane and
hexadecane. The sum of areas is then calibrated to
the value which is equivalent to toluene.

This paper concentrates on VOC emissions so-
urces in a newly built and equipped room. Material
used for building was gypsum board. The PVC ma-
terial used for floor covering was glued by the rub-
ber solvent glue. Furniture in the room was made
from laminated particleboard.

Goal of the Research

The main goal of the research was to find de-
pendency of qualitative and quantitative contribu-
tion of VOCs emissions on time. We tried to deter-
mine the impact of all interior components (used
building material, PVC flooring and glue used for
flooring gluing, furniture) on indoor air pollution
and its changes in time.

MATERIALS, EQUIPMENT
AND METHODS

Measured space — newly built room with PVC
flooring glued by the rubber solvent glue.

— dimensions of the room 4880 mm x 3170 mm x
x 3770 mm; two windows and one door which
were closed during the testing

— dimensions of flooring: 3170 mm x 4880 mm;
with ratio 1 m? to 3.77 m? of the room space

Tab. 2: Requirements determinate for the amount of TVOC in indoor air of residence rooms (Jokl, 2002 — standard

MZ CR ¢.6/2003)
NPK average NPK optimal
Toxic VOC [pg.m3] [pg.m] Annotation
short-term long-term short-term long-term
Formaldehyde 120 60 60 60
Constituent VOC could
TVOC 600 300 300 300 not exceed the limit

mandated in the standard
MZCR 6/2003




Samples measured in small-space chamber with

inner space 1 m*:

gypsum plasterboard brick with the surface of

0,2819 m?

— for testing there were three bricks with the sum
of surfaces 0.8457 m? given in to the small-spa-
ce chamber; VOC emissions emitted by bricks
were recalculated to the surface 1 m? (according
to ISO 16000-1); ratio 1 m? to 1 m? of air in the
chamber

Fig. 1 Gypsum plasterboard

Samples measured in great-space chamber with the
inner space, of 40 m?
— measuring of emissions emitted by furniture set
28 days after construction;
ratio 40 m? to 40 m® of air in chamber

Used equipment

— short path thermal desorption tube, Silco trated
Thermal Desorption Tube 786090-100, inner
diameter 4 mm, fill in with 100mg of Tenax
TA (Scientific Instrument Services company)
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for collection of VOCs emissions emitted from
tested samples in to the air in chamber

— air sampler Gilian — LFS 113 SENSIDINE with
the air flow 6 Lh™'. and 12 L.h™'; the pump has
been calibrated in CMI

— gas chromatograph Agilent GC 6890 N with
MS (mass spectrometer) detector 5973 with cry-
ofocusation, thermal desorption and library of
spectra NIS 05, column type HP — 5 (AGILENT
USA)

— VOC equipment small-space chamber (Smykal
company)

— Great-space chamber (Weiss)

Technical parameters of great and small-space
chamber for VOCs testing
Inner dimensions of great-space chamber
40m® (5.9 mx 2,82 mx 2,4 m)
Inner dimensions of small-space chamber
1m3(0.7mx 2,82 mx2,4 m)
Adjustable range of temperature in chamber
15t0 50 °C
Regulation accuracy of temperature in chamber
>0.5 °C
Adjustable range of humidity in chamber
45% to 55%
Regulation accuracy of temperature in chamber
>2%
Air changing rate in great-space chamber
40m’per 1 h
Air changing rate in small-space chamber
Imiperlh
Air speed over the tested samples 0.1 to 0.3 m.s™!

Tab. 3: Conditions of emissions VOC sampling in small space and great space chamber

Conditions of sampling Great-space chamber Small-space chamber
Time of starting of furniture testing after 28 days 28 days
construction
Time of acghmatlzatlon of samples in chamber 2h 72h
before testing
Surface of tested samples 40 m? 1 m?
Inner volume of chamber 40 m? 1 m?
Ratio of tested surface to inner volume of the
1/1 1/1

chamber
Temperature during the testing 23 °C 23 °C
Relative humidity in chamber 50 % 50 %
Air changing rate per hour 40 m? I m?
Air speed in chamber over the samples 0,1 to 0,3 m/min 0,1 to 0,3 m/min
Time of air sampling 6h 6h
Volume of air pumped through the desorption tube

. . 361 361
during sampling
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Methods of VOC testing were set accoding to
the following standards:
CSNPENV 13419  Determination of emission
volatile organic compounds
in building products, which
consists of three parts and
the fourth part is under pre-

unds-Emission test chamber
method

VOC samplings in the room were done accor-
ding to:

Metodical instructions No. 6 from 16. 12. 2002
NRL for indoor and outdoor
air SZU Prague

19O 16000: 2004 Iﬁi‘sa“"nf ISO 16000-6: 2005 Determination of volatile

) oorair . organic compounds indoor

ISO 16000-1: 2004  General aspects of sampling and test chamber air by acti-
strategy Y

ISO 16000-5: 2005 Measurement strategy for
volatile organic compounds
(VOCs)

Determination of the emis-
sion of volatile organic com-
pounds — sampling, storage
of samples and preparation of
test specimens

ISO 16000-11: 2004

VOC samplings in great/small-space chambers
were done according to:

ISO 16000-6: 2005 Determination of volatile or-
ganic compounds indoor and
test chamber air by active sam-
pling on Tenax TA® sorbent,
thermal desorption and chro-
matography using MS/FID

First part CSN P ENV 13419-1 Emission test cham-
ber Method

ISO 16000-9: 2004  Determination of the emission
of volatile organic compo-

ve sampling on Tenax TA®
sorbent, thermal desorption
and chromatography using
MS/FID

RESULTS OF MEASURING

The results of measuring of qualitative and qu-
antitative composition of VOC emission, total sum
of VOC and TVOC emitted in room after building
finishing and floor covering are listed in Table 4.

Influence of the Gypsum plasterboard was mea-
sured in small-space chamber. Material was tested 28
days after production. The results of qualitative and
quantitative measuring of VOC emissions emitted by
gypsum plasterboard are given in Table 5.

The influence of furniture set with surface 40
m? to air condition in room was tested in the gre-
at-space chamber. Furniture was made from lami-
nated particleboard DTD-L with pattern of cherry
wood. Testing was done 28 days after the furniture
construction. The results are in Table 6.

Tab. 4: VOC and TVOC emissions emitted by the floor covering after the gluing in the new built room

;ﬁgﬁ;g;ﬁﬁiﬁﬁ;gaﬁer Blank 3h 24h 72h 168h 432h 648 h
voc pgm? pgm> pgm> pgm? pgm? pgm’ pgm?
Formaldehyde 0 0 0 0 0 0 0
Ethyl acetate 0 80.9 4.9 4.6 1.0 55 0.7
Benzene 0.4 6.9 1.6 1.6 0.5 0.4 0.4
I-methoxy-2-propanol 0.6 2.3 1.8 2.8 0.9 1.6 0.7
Pentanal 0.6 79.4 16.3 14.2 1.8 2.9 0.6
Toluene 15.9 2440.1 643.4 724.0 145.6 152.9 322
Capronaldehyde 1.2 10.5 4.5 5.6 1.1 2.2 0.4
n-Butyl acetate 5.7 0.0 0.0 0.0 0.5 0.0 1.5
Ethylbenzene 33 52.9 53.9 41.1 4.6 8.5 4.6
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Time of measuring after

. . Blank 3h 24h 72h 168 h 432 h 648 h
gluing of flooring
vocC pgm? pgm pgm pgm pgm? pg m? pgm?
M,p-Xylene 9.9 186.1 69.0 53.6 5.9 10.9 5.8
Styrene 0 0.5 0.2 0.2 0.0 0.0 0
0-Xylene 1.8 27.7 10.9 9.0 1.1 22 1.1
Butoxy-Ethanol 0 0.1 0.1 0.2 0.0 0.0 0.1
A-Pinene 0.1 0.4 0.6 0.8 0.2 0.4 0.2
Camphene 0 0.3 0.1 0.1 0.1 0.0 0
3 or 4-Ethyl-Toluene 0.2 7.0 2.8 2.9 0.5 0.8 0.1
1,3,5-Trimethyl-Benzen 0.3 7.4 2.9 2.9 0.5 0.9 0.1
B-Pinene 0.1 2.1 0.3 0.3 0.1 0.0 0.1
2-Ethyl Toluene 0.2 6.8 2.6 2.7 0.4 0.8 0.1
Myrcene 0 2.7 0.9 1.1 0.2 0.3 0.1
1,2,4-Trimethyl- 1.2 29.9 10.9 11.0 1.9 3.2 0.3
a-Phelandrene 0.3 0.6 0.2 0.2 0.0 0.1 0.3
3-5-Carene 0.3 0.6 1.1 2.8 0.9 2.8 0.3
1,2,3-Trimethyl— 0.4 5.4 2.4 3.0 0.7 1.2 0.1
Limonene 0.1 0.3 0.3 0.5 0.1 0.1 0
y-Terpinene 0 0.1 0.0 0.0 0.0 0.0 0
Bornyl Acetate 0.1 0.3 0.1 0.1 0.0 0.1 0
X VOC 42.8 2950.7 831.6 885.1 168.5 197.9 50.0
TVOC 73 7986 1822 1817 311 386 87
TVOC
8430
7830
7230 4
6630 -
6030 -
8 5430 -
,2 4830 |
T 4230 |
>
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£ 3030
<
2430 |
1830 -
1230 -
630 |
30 : : : : ‘ : L : -
0 50 100 150 200 250 300 350 400 450 550 650
Sampling (hours)

Fig. 2 Dependence of TVOC amount emitted by floor covering on the time of gluing
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Tab. 5: VOC Concentrations emitted by the gypsum plasterboard

VOC emissions concentration emitted by 1 m? of gypsum plasterboard

Samples with

Matter background Background Results
pg.m pg.m pg.m
Ethyl acetate 0.34 0.05 0.29
Benzene 0.87 0.26 0.60
I-methyl-2-propanol 0.43 0.22 0.21
Valeraldehyde 0.22 0.09 0.13
Toluene 18.04 6.46 11.57
Capronaldehyde 0.20 0.17 0.02
n-Butyl acetate 4.22 1.63 2.59
Ethylbenzene 1.74 0.64 1.10
m,p-Xylene 5.29 1.97 3.33
Styrene 0.02 0.01 0.01
0-Xylene 1.10 0.41 0.69
Butoxy-ethanol 0.05 0.01 0.03
a-Pinene 0.10 0.04 0.06
Camphene 0.00 0.00 0.00
3 or 4-Ethyl-Toluene 0.08 0.03 0.05
1,3,5-Trimethyl-Benzene 0.08 0.04 0.04
fB-Pinene 0.03 0.03 0.00
2-Ethyl Toluene 0.08 0.04 0.04
Myrcene 0.00 0.00 0.00
1,2,4-Trimethyl-Benzene 0.32 0.18 0.15
o-Phelandrene 0.64 0.19 0.45
3-3-Carene 0.61 0.19 0.42
1,2,3-Trimethyl-Benzene 0.10 0.05 0.05
Limonene 0.10 0.06 0.05
y-Terpinene 0.01 0.00 0.00
Bornyl acetate 0.09 0.02 0.07
2 VOC 34.74 12.79 21.95
TVOC 67
Tab. 6: VOC emissions emitted by the furniture set 28 days after productions
Samples with
surface 40 m *with Background Results
background

VOC pg.m pg.m > pg.m >
Formaldehyde 8.9 7.3 1.7
Ethyl acetate 0 0 0
Benzene 0 0 0
Valeraldehyde 0 0 0
Toluene 2.0 2.9 0
Capronaldehyde 0 0 0
n-Butyl acetate 0 0 0
Ethylbenzene 0.5 0.9 0
m,p-Xylene 1.4 3.0 0
Styrene 0 0 0
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Samples with
surface 40 m >with
background

Background Results

vVOC pg.m >

pgm pgm

o-Xylene 0.5

0.5 0

o
=

Butoxy-Ethanol

(=]
—_
(=]
—_

A-Pinene

Camphene

p-Cymene

B-Pinene

Eucalyptole

Myrcene

o-Phelandrene

3-3-Carene

Fenchone + Linalool

Limonene

Carvone

Bornyl Acetate

wWlolo|o|lo|o|o|o|o|o|o|o|o

X VOC

[

Plolo|lo|o|o|o|o|o|o|o|o|o|:
olo|lo|lo|loc|o|o|o|o|o|o|o|o|:

—

Measuring accuracy was continuously evalua-
ted thanks of according to regulation diagrams of
TVOC and VOCs for which are set limits in the
Standard 6/2003 (tab. 1).

DISCUSION

As we can see in Table 5, the gypsum plasterbo-
ards which are made from inorganic and porous ma-
terial do not emit VOCs in to the tested indoor air.

Analysis of furniture brought quite similar re-
sults. There were not found any high VOCs con-
centrations (table 6).

The biggest source of VOC emissions in newly
equipped room was the PVC flooring glued by the
rubber solvent glue. Values of TVOC were 3 hours
after floor covering 27 times higher then WHO re-
commended limits. The highest values reached to-
luene which was 3 hours after floor gluing 10 times
higher than limits and three days later still 3 times
higher than limits.

All values of VOC and TVOC were below the
limits in 28 days after finishing the room. Figure 2
shows that there is a very strong dependency of the
amount of emissions on time.

CONCLUSION

Our research proved that the biggest source
of VOC emissions was PVC flooring glued by the
rubber solvent glue.

Equipment of the newly built room with the
glued flooring emitted amounts of VOCs higher
than are the limits not only after 3 hours but also
after 72 hours. These results signify that rooms
with newly glued floor covering are at least for 250
hours not convenient for living.

All other equipments in the room did not have
too much high level of emissions.

At this work we proved that there is dependen-
cy between TVOC values and values of chemicals
from the standard 6/2003.
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ABSTRACT

Bulko M., Holy K., Polaskova A., Hrvol’ J. & Simon J. Outdoor Radon as an Indicator of Atmospheric
Stability

This work deals with the potential use of radon as an indicator of atmospheric stability. Stability of the
atmosphere is a parameter that can be used e.g. for quantitative assessment of pollutant dispersion in the
ground layer of the atmosphere. A rather good agreement was found between the courses of radon activity
concentration and stability indexes determined by modified Turner classification of atmospheric stability.
The courses of radon concentration tend to lag behind the courses of stability indexes; this lag is of the
order of hours. It can be caused by the fact that unlike radon activity concentration in the ground layer of
the atmosphere, the reaction of stability indexes to the change of meteorological parameters is immediate,
because they are defined by table values. Several analyses presented in this paper also showed that there is
a close connection between the time change of radon activity concentration and the time change of stabi-
lity indexes. Then radon seems to be a good indicator of vertical mixing processes in the atmosphere, but

further research on this issue is needed to confirm these results.

Key words: outdoor radon, atmospheric stability, stability index

INTRODUCTION

Development of industry and engineering has
had many adverse effects on the environment.
Aneed for controlling the environment pollution
and its impact on the earth‘s biosphere is therefore
still topical. It is known that the aggregation of
pollutants in the lowest layers of the atmosphere
occurs under especially stable atmospheric condi-
tions. Hence the degree of atmospheric stability is
one of the most important parameters for evalua-
tion of air pollution [1].

Atmospheric stability can be determined on the
basis of meteorological parameters like the intensi-
ty of solar radiation, cloudiness, cloud height, vis-
ibility, period of day (daytime or night-time), wind
speed and possibly temperature gradients. Numer-
ous studies [2, 3, 4] have shown that concentration

of gas (e.g. radon gas) in the atmosphere depends
mainly on vertical atmospheric stability. For this
reason, monitoring of ?Rn activity concentration
can bring information about stability of the atmos-
phere in polluted area. *’Rn is especially suitable
for this purposes since the radon exhalation rate
from soil is approximately even, half-life of radon
is long enough so that radon is able to escape by
means of molecular diffusion from soil air into the
atmosphere and because radon activity concentra-
tion can be measured with sufficient accuracy.

The aim of this study was to examine closely
the relation between *’Rn activity concentration
and indexes of stability determined by modified
Turner method of atmospheric stability classifica-
tion. At least certain agreement between the quanti-
ties can be expected because some studies indicate
that the variations of radon activity concentrations
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and the variations of quantities used for determin-
ing the stability indexes are also in good mutual
agreement [1].

METHODS

22Rn activity concentrations were measured
at the Faculty of Mathematics, Physics and Infor-
matics, Comenius University (FMPI CU) campus,
Bratislava. The sampling air was collected at the
height of 1.5m above the earth’s level and sucked
through a large volume (4.51) scintillation chamber
with a flow rate of 0.51/min [5]. Subsequently, ra-
don activity concentrations belonging to two-hour
intervals were determined from the recorded count
rates using the Ward method [6].

Meteorological parameters required for deter-
mining the stability indexes were acquired at the
Division of Meteorology and Climatology, FMPI
CU. The stability indexes were determined by Tur-
ner’s method of atmospheric stability classification
modified by Nester and Reuter [7]. This classifica-
tion comprises 7 degrees of atmospheric stability:
1 — extremely unstable, 2 — unstable, 3 — slightly
unstable, 4 — neutral conditions, 5 — slightly stab-
le, 6 — stable, 7 — extremely stable. Due to strong
vertical mixing caused by global solar radiation,
unstable conditions are likely to occur during the
day, while stable ones during the night when tem-
perature inversions are in effect.

RESULTS AND DISCUSSION

For the purposes of evaluation of the relationship
between radon activity concentration and stability in-
dexes there were carried out thorough analysis of 6
months (August, September and October of the years
1994 and 1998). Due to limited space available we
provide in this paper only the analysis of a single re-
presentative month — August 1998.

In the picture below (Fig. 1) there are depicted
smoothed courses of radon activity concentration
and calculated stability indexes.

The correlation between these time courses is
rather weak (R = 0,38). However, after a closer
look one can see that the variations are mutually
shifted. We therefore decided to shift the stability
indexes 2, 4 and 6 hours forward in time, respecti-
vely. The highest degree of correlation was achie-
ved by a 4-hour shift of stability indexes against
radon activity concentration (Fig. 2). The correla-
tion coefficient improved from 0.38 to 0.64, which
attests that there is a good agreement between the
courses. This approximately 4-hour shift was also
confirmed for the rest of the analysed months.

Fig. 3 clearly shows the main difference betwe-
en variations of radon activity concentration and
stability indexes. While the mean daily values of
stability indexes remain virtually constant during
the month, the mean values of radon activity con-
centration show a significant degree of variability.
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Fig. 1 Variations of smoothed courses of radon activity concentration and stability indexes in August 1994
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Fig. 2 Variations of smoothed courses of radon activity concentration and stability indexes in August 1994.
Time-courses of stability indexes are shifted 4 hours forward in time



One of the possible explanations is that radon is
more sensitive to changes of meteorological para-
meters than indexes of atmospheric stability. The
thing is, Turner classification is an indirect method
of atmospheric stability determination — it uses a set
of basic meteorological parameters like cloudiness,
intensity of solar radiation and wind speed as an
input, and gives a discrete degree of atmospheric
stability as an output. On the other hand, radon is
a natural part of the atmosphere and therefore it can
react far more flexibly and to a greater extent to the
changes of mixing processes in the atmosphere
(and thus to the changes of atmospheric stability).

Low variability of mean daily values of stabili-
ty indexes, in contrast with high variability of mean
daily values of 2?Rn activity concentration, led us
to the examination of deviations from their mean
daily values (DfMDV). As one can see in Fig. 4,
such courses are very much alike, for example af-
ter the period of relatively small DIMDV (August
8—15) we observe significantly higher deviations of
both stability indexes and radon activity concentra-
tion the following day. In a similar fashion, in the
period from August 19 to August 25 we observe
gradually increasing of DfMDV. A high correlation
coefficient (R = 0.74) also attests that there is a go-
od agreement between the courses.
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The next picture (Fig. 5) shows the mean daily
courses of radon activity concentration and stabili-
ty indexes obtained in August 1994. Mutual shift
of the courses is now even more visible, we again
observe that the change of radon activity concen-
tration does not immediately follow the change of
atmospheric stability (the mutual shift is of the or-
der of hours and the best agreement of the courses
was achieved by a 4 hour shift of data).

This shift can possibly be caused by an im-
mediate reaction of stability indexes to a change
of meteorological parameters (because they are
defined by table values), which is in contrast with
the fact that naturally it must take some time until
the change in radon concentration occurs. As an
illustrative example let us imagine a situation when
after a long period of overcast conditions the sun
started to shine again. Stability indexes will react
on such a change immediately, yet it always ne-
eds some time until the sun rays heat the ground,
subsequently the ground will heat the adjacent air
until the air temperature rises to such an extent that
a volume of air near the ground will start to rise
upwards and as a result we will observe a decrease
in radon activity concentration near the surface.
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Fig. 3 Variations of mean daily values of radon activity concentration and stability indexes in August 1994.
The time courses of stability indexes were shifted 4 hours forward in time
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Fig. 4 Deviations from mean daily values of *’Rn activity concentration and stability indexes in August 1994.
Smoothed data. Time courses of stability indexes were shifted 4 hours forward in time
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Fig. 5 Mean daily courses of radon activity concentration and stability indexes in August 1994.
The picture on the left shows the real (not shifted) courses, at the right picture the courses
of stability indexes are shifted 4 hours forward in time

We wanted to study the relation between radon
activity concentration and stability indexes more
thoroughly, especially if these quantities were pro-
portional to each other, and if so, to find out what
type of proportionality it was. Some authors [§]
did not find any dependence between these qu-
antities (but it should be mentioned that they did
not use ?Rn but its daughter products for testing).
The data from August were therefore subjected to
further analyses; geometrical means (the frequency
distribution of radon concentration was found to be
log-normal) of radon activity concentrations belon-
ging to individual stability classes were calculated
and depicted in the chart.

When the data were not shifted, the linear coef-
ficient of correlation was low (R = 0.37). However,
when we analyzed the data set where the stabili-
ty indexes are shifted 4 hours forward in time, the
coefficient of correlation improves to 0.61 (Fig. 6,
left). If the averaged radon data belonging to indivi-
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dual stability indexes are fitted by a power function
of the type

y=a+bx, @)

we obtain the exponent ¢ = 2.7, which implies
a rather nonlinear relationship between the analy-
sed quantities (Fig. 6, right).

A similar nonlinear relationship was also found
when the impact of stability indexes on the change
of radon activity concentration was evaluated. In
this case, the exponent ¢ in function (1) was appro-
ximately equal to 2.1.

However, if we plotted a change of radon ac-
tivity concentration in a given interval against
a change of stability indexes in a previous interval,
we got the results that are different from what we
see in Fig. 6. In this case, we got a nearly linear de-
pendency (Fig. 7). The fit result was a straight line
that very nearly passed through the origin of coor-
dinates. These results indicate that there is a close

¥y =3,20+0,0395%"
R=0.99

Fig. 6 Influence of atmospheric stability on ?’Rn activity concentration (August 1994). The courses of stability
indexes are shifted 4 hours forward in time. At the left picture all data are shown, at the picture on the right
geometrical means of radon activity concentration corresponding to individual stability indexes are depicted
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Fig. 7 The dependence between the change of 2?Rn activity concentration in given interval and the change
of stability indexes in previous interval (August 1994). In the left picture all data are shown, in the picture
on the right arithmetical means of changes of radon activity concentration corresponding to the changes
of stability indexes are depicted

relation between the change of atmospheric stabili-
ty and the change of radon activity concentration.

CONCLUSION

This work deals with the potential use of radon
as an indicator of atmospheric stability. There was
found a rather good agreement between the courses
of radon activity concentration and stability inde-
xes calculated on the basis of modified Turner clas-
sification. Moreover, it was found that the courses
of radon concentration lag behind the courses of
stability indexes. This lag is of the order of hours.
Best agreement was found when the courses of sta-
bility indexes was shifted 4 hours forward in time.
A possible cause of this is that while the reaction
of stability indexes to a change of meteorological
parameters is immediate (because they are defined
by table values), it must obviously take some time
until an appropriate change in the atmosphere and
in radon concentration occurs.

It was also found out that, unlike the mean
daily values of radon activity concentration, the
mean daily values of stability indexes do not vary
significantly during the month. This led us to the
examination of deviations from their mean daily
values. A very good agreement was found between
such courses.

Further analysis showed that the dependence
between radon activity concentration and stability
indexes is not completely linear. A similar trend
was observed when the impact of stability indexes
on the change of radon activity concentration was

examined. However, a nearly linear dependency
was obtained when we examined the change of
radon activity concentration in the given interval
against the change of stability indexes in the pre-
vious interval, which suggests that there is a close
connection between these quantities.

To sum up, radon gas seems to be a suitable
indicator of vertical mixing processes in the atmo-
sphere. However, drawing any final conclusions
should be avoided until more extensive research
about this matter has been conducted.
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ABSTRACT

Gerulova K., Hostin S. & Michalikova A. Selected Metalworking Fluids Biodegradability and Eco-
toxicity Evaluation

Metalworking fluids (MWFs) have been introduced into the cutting process with the purpose to im-
prove the characteristics of the tribological processes which are always present on the contact surfaces
between the tool and the workpiece. Significant amounts of lubricants are lost into the environment which
potentially affects plants, animals and human life.

The main aims of this study were to evaluate the level of biodegradation of selected metalworking
fluids standards and samples from the plant by Zahn-Wellens test (OECD 302B) for inherent biodegrada-
bility, evaluate potential adsorption after 3 hours of cultivating and assessment applicability of the test for
measuring the biodegradability, evaluate the potential of activated sludge from the sewage treatment plant
to degrade the selected MWFs and preliminary study to evaluate the ecotoxicity by Lemna minor.

Evaluated level of tested MWFs (Emulzin H, Ecocool, BC 25) standards biodegradation by Zahn-Wel-
lens test achieved 80 % in 10 days, so they have a potential to ultimate degradation. Tested MWFs samples
from the plant pass higher level of starting COD concentration instead of this, in the case of Emulzin H and
Ecocool sample 2 the level of degradation pass 80 % degree.

Preliminary study of ecotoxicity measuring by Lemna minor shows effective concentration of Emulzin
H at the rate of 93 mg/L, for Ecocool 99 mg/L and for BC 25 about 150 mg/L. Small concentrations of test-
ing fluids indicate the hormetic effect. It is required to test Emulzin H, Ecocool and BC 25 by semi-static
or flow-through condition.

Key words: metalworking fluids, biodegradation, EC, , machining
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INTRODUCTION purity, and potential chemical reactions between
components through the usage [3]. Exposes of the

Metalworking fluids have been introduced into Working environment to fluids may cause Signiﬁ_

the cutting process with the purpose to improve the
characteristics of the tribological processes which
are always present on the contact surfaces between
the tool and the workpiece [12, 13, 14].

A wide variety of chemicals may be used in
each of the metal working fluid classes, and the
risk these chemicals pose to workers may vary
because of different manufacturing processes, vari-
ous degrees of refining, recycling, improperly re-
claimed chemicals, different degrees of chemical

cant contamination to the environment and health
hazards for the workers [8].

Future lubricants have to be more environmen-
tally adapted, have a higher level of performance,
and lower total life cycle cost (LCC) than presently
used lubricants [1]. The use of rapidly biodegrad-
able lubricants could significantly reduce environ-
mental pollution. Environmental friendly alterna-
tives are available for a large variety of mineral oil
based lubricants [2]. The most interesting group for
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formulation of environmentally adapted lubricants
are base fluids such as vegetable oils, synthetic
fluids (polyglycols, polyalpha olefins (PAO), syn-
thetic ester) [1, 3, 4, 10]. These oils can offer signif-
icant environmental advantages thanks to resource
renewability, biodegradability and nontoxicity [4].

In Europe predominantly vegetable oils such
as rapeseed oil and sunflower oil are used [3,1].
Chemically these are esters of glycerin and long—
chain fatty acids (triglycerides) [2,1,5]. Natural tri-
glycerides are very rapidly biodegradable and are
highly effective lubricants. The use of vegetable oil
in metalworking applications may alleviate prob-
lems faced by workers, such as skin cancer and
inhalation of toxic mists in the work environments
[6]. Biodegradable synthetic esters have much bet-
ter performance than natural oils especially in the
field of low and high temperature application and
oxidation stability, but they are more expensive [4].

Properties related to the environmental fate of
metalworking fluids

Significant amounts of lubricants are lost into
the environment which potentially affects plants,
animals and human life [7]. Definitions and exam-
ples of test methods for environmentally related
properties can be found in a number of studies,
such as [1].

Consequently, considerable attention has been gi-

ven to lubricant parameters such as [1]:

» toxicity (non toxic against to human beings,
fish, bacteria etc.) [5],

» degree of biodegradability,

» bioaccumulability and biomagnification,

» relative content of renewable raw material.

In [5] the consideration of the environment as-
pects of lubricants is focused on health hazards and
water hazards.

Ecotoxicity of metalworking fluids

Ecotoxicity to aquatic organisms is generally
used to reveal potentially adverse environmental
effects of a compound or product [10]. Toxicity
means the acute and chronic influences of a chem-
ical on the functions of organisms [8]. Experience
has shown that the ecotoxicologic properties of
fully formulated lubricants are related to those of

the base fluid and additive components. The mea-
sured toxicity of mixtures is found to be close to
the sum of component toxicities [1]. Regarding the
toxicological potential of lubricants, base oils and
additives have to be regarded. Toxicity can be mea-
sured e.g., by means of an LC, value (i.e., lethal
concentration, 50 %), EC, (effective concentra-
tion) or a WGK value (i.e., German water hazard
class) [8].

It is widely recognized that the ecotoxicologic
effects of the main MWFs components (biocides,
corrosion inhibitors, extreme pressure and anti
wear agents, emulsifiers, and surfactants) cause
a major problem regarding the disposal of MWFs
and their environmental impact. Established pollu-
tion parameters — such as Biochemical Oxygen De-
mand (BOD), Chemical Oxygen Demand (COD)
and total organic carbon (TOC) — although impor-
tant for effluent monitoring, are not sufficient to
describe the impact of wastewater constituents on
the environment [9].

Much scientific research indicates the need for
wider toxicologic monitoring of industrial effluents
and receiving waters. Toxicity bioassays can also
be applied as promising tools for evaluating the ef-
ficacy of unit operations in industrial wastewater
treatment (toxicity reduction evaluation, TRE) as
well as for identification of toxic substances in ef-
fluents (toxicity identification evaluation, TIE) [9].

Toxicity of asubstance is generally evalu-
ated by conducting an acute toxicity test. The most
common test methods used by the lubricant indus-
try for evaluating the acute toxicity and European
ecolabelling board of their products are EPA 560/6-
82-002 (Sections EG-9 and ES-6); and OECD 201
(Algae growth inhibition test), OECD 202 (Daph-
nia acute immobilization test) and OECD 203
(Fish acute toxicity test) [3, 8, 10, 15]. The tests
are used to determine acute toxicity, and do not
evaluate adverse effects after long time exposure.
Even so, problems arise from poor water solubility
of the test substance. If a hydrophobic compound
that is poorly soluble in water is discharged into
the natural environment, it will probably end up in
sediment and soil rather than remain in the water
phase. Development of assays for sediment and soil
are underway. The following scales of toxicity have
been used: EC,, < Img/L highly toxic, 1-10mg/L
toxic, 10-100mg/L hazardous, and >100mg/L
without acute toxicity [10].



Biodegradability

The great variety of biodegradation processes
in the natural environment and in the technical
plants for treating waste water and solid wastes
gave rise to a rather large number of test methods
based on different test principles [16].

Biodegradability of lubricant industry recog-
nized the following test OECD 301 B — Modified
Sturm test, ASTM D 5864 Standard Test Method
for Determining Aerobic Aquatic Biodegradation
of Lubricants and CEC L-33-T-82 Biodegradabil-
ity of Two-Stroke Cycle Outboard engine Oils in
CH, groups Water [17, 3], and approved the test
method CEC-L-33-A-93 (1995) [18, 19, 5, 20]. In
2005/360/ES the biodegradability shall be deter-
mined for each constituent substance in the lubri-
cant separately by test methods specified as OECD
301 A-F for readily biodegradation [1] and OECD
302 C or ISO 14 593 (CO, headspace test) for in-
herently biodegradable substances [8]. In [5] is for
evaluating biodegradability cited also OECD 302
B — Zahn-Wellens test.

Screening tests for ready biodegradability
(OECD 301 A-F) indicate if a compound is degrad-
able under natural conditions without any problem
[22, 23]. The biodegradation is monitored as the
degree of mineralization, by means of summary
parameters such as oxygen uptake, carbon diox-
ide production or elimination of dissolved organic
carbon (DOC). Without employing “C techniques
this is only possible if the test compound is the sole
carbon and energy source for microorganisms. The
test duration is 28 days, allowing some adapta-
tion of the microorganisms to the compound but
mineralization as a test criterion adds some extra
stringency as it prevents chemicals to pass the test
which are only converted into persistent products
[22]. These informative tests basically discriminate
readily biodegradable compounds from others, but
they often underestimate the potentiality of degra-
dation in environmental systems. Therefore when
the result is negative, inherent (potential) biode-
gradability tests are required [23].

Many lubricants, particularly those based on
mineral oils, are not readily biodegradable and data
on their inherent biodegradability (i.e. potential to
be biodegraded) is perhaps more useful when as-
sessing their likely environmental impact. There are
currently three internationally accepted guidelines
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for assessing inherent biodegradability: OECD 302
A ("Modified SCAS Test’, Inherent Biodegradabil-
ity, 1981a), OECD 302 B (Zahn-Wellens/EMPA
Test, 1992) and OECD 302 C (‘Modified MITI 11
Test’, Inherent Biodegradability, 1981b). However,
two of these tests (OECD 302 A and B) measure
biodegradation as the loss of DOC and are there-
fore unsuitable for testing lubricants which usually
have a very low solubility in water (however, in
OECD 302B biodegradation can be realized also
with COD) [18]. However, this method is not suit-
able for testing substances that are poorly soluble,
volatile or adsorb to activated sludge, since the
DOC or COD analysis it encompasses does not al-
low a clear differentiation between biodegradation
and elimination by abiotic processes. Modification
of the Zahn-Wellens test by continuous measure-
ment of oxygen consumption (pressure measure-
ment) and carbon dioxide (conductivity measure-
ment) production was discussed in [26, 27]. It is
a closed test system consisting of a culture flask,
a carbon dioxide adsorption flask, a pump as well
as integrated measuring and control instruments.
The air circulating within the test system causes
the carbon dioxide present in the test solution to
be striped out completely and directly absorbed by
the adsorption solution. This new test system also
facilitates to test poorly soluble, adsorbing and
volatile substances for inherent biodegradability
and constitutes an appropriate complement to the
standardized Zahn-Wellens test [26].

The third test (OECD 302 C) measures bio-
degradation as O, uptake and could therefore be
applied to insoluble substances. However, with the
exception of Japan, the OECD 302 C is reported to
have hasfallen into disuse, and has technical limi-
tations concerning the need for a ThOD value and
a (needlessly) complex inoculum [18].

Bioremediation

To conform to all European legislation all spent
metalworking fluids are to be disposed of as haz-
ardous waste. The internal disposal of used emul-
sions via the waste water is not allowed; therefore
all used metal working fluids as well as cleaning
water are disposed of as waste [28].

The wide variety of organic MWFs constitu-
ents, which are susceptible to biodegradation par-
tially or in whole, and the presence of water render
O/W emulsions an ideal environment for some
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microorganisms to [9]. Although microbial dete-
rioration of MWFs is a problem, such deterioration
can be used to advantage for the disposal of opera-
tionally exhausted fluids. There is growing interest in
exploiting the biocatalytic potential of micro-organ-
isms to biodegrade MWFs in bioreactor-based pro-
cesses [25]. The most common extracted bacterial
isolates are Pantoea agglomeraus, Citrobacter freun-
dii, P. aeruginosa, Actinobacillus liginieresii [10].

Van der Gast and colleagues have also carried
out a series of waste MWF treatment studies. In their
work, the indigenous bacterial communities have
been identified. Also comparisons of the overall per-
formance among activated sludge from municipal
sewage works, indigenous communities and bac-
terial consortia have been made. They proved that
introducing specific bacterial consortia was more
effective. The technique of bacterial inoculation is
named bioaugmentation, which is where additional
organisms are added to enhance the treatment level
when the existing microorganisms are not degrading
the pollutant satisfactorily [24].

In the CEC-L-33-T-82 is as the extracting solu-
tion used 1,1,2-trichloro-1,1,2-trifluoroethane which
affect the ozonosphere. Potential alternative carbon
tetrachloride is well-known human carcinogen.

The main aims of this study were:

» Evaluate the level of biodegradation of selec-
ted metalworking fluids standards and samples
from the plant by Zahn-Wellens test (OECD
302B) for inherent biodegradability.

» Evaluate potential adsorption after 3 hours of
cultivating and assessment applicability of the
test for measuring the biodegradability.

» Evaluate potential of activated sludge from se-
wage treatment plant to degrade the selected
MWFs.

» Preliminary study to evaluate the ecotoxicity
by Lemna minor.

MATERIALS AND METHODS

1. Preliminary biodegradability study — Zahn-
-Wellens test.

Metalworking Fluids Source
In experiments were used four types of me-
talworking fluids standards and samples from the

plant — Emulzin H, Ecocool and Blascocut BC 25
that were obtained from ZVS Dubnica nad Vahom.
In the test were used concentrations of cutting flu-
ids that affect 1000-1400 mg/L of COD.

Preparing Samples for COD Measuring

Sml of sample was filtered in frit S4. In lea-
chate was measuring the content of chemical oxy-
gen demand. The measurements of chemical oxy-
gen demand were realized in thermoreactor and
spectrophotometer by fi. Merck.

Source and Preparing of Inoculum

As an inoculum was used fresh activated slud-
ge from thesewage treatment plant Volkswagen in
Bratislava on the same day as the experiment star-
ted (or the day before) and leave in dark or diffuse
light and cold place. Inoculum was washing twice
with tap water. The sludge was separated by settle-
ment. The activity of the sludge was controlled by
the procedural control using a reference compound.
As a reference substance was used ethylenglycol.
In each test was used 0.5 g of dry matter/L in final
volume. Volume of inoculum was evaluated after
drying the special amount in the drying plant type
HERAEUS to the constant weight at 60 °C. Sam-
ples of MWFs from the plant were contaminated
by microorganisms at the rate 10°~10° (contamina-
tion by moulds and yeast were not achieved).

Sample preparation

It was tested metalworking fluids samples pre-
pared from concentrate diluted to required concen-
tration with mineral medium prepared by [29] and
samples from the plant ZVS in Dubnica nad Vahom
with concentration in the range 0.5-5 Vol.% that
were also diluted to the required concentration of
COD in the test up to 1400 mg/L. Samples were
cultivated in diffuse light at the temperature range
20-25 °C. Mix of inoculum, mineral medium and
test or reference substance were aerated continu-
ously by the membrane pump M401 and aeration
pumps.

Validity of the tests and measuring parameters
The test is considered valid if the control shows
the removal of the reference compound by at least
70 % within 14d and if the removal of COD. If
it is reached 80 % of degradation in the test sub-
stance before 28d, the test considers finished. If the



degradation starts of late days, the test will be elon-
gated until the biodegradation is completed. The
biodegradation can be calculated as the percentage
of COD (or DOC) decrease by:

D, ={1—C’ —C }100
Cy—Cpy

D, — percentage degradation at time t;

C,— concentration (mg/L) of COD (or DOC) in
the test suspension measured after 3h +30
min. of incubation;

C, — mean concentration (mg/L) of COD (or
DOC) in the test suspension at time t;

C,,— mean concentration (mg/L) of COD (or
DOC) measured in the blanks after 3h + 30
min. of incubation;

C, —mean concentration (mg/L) of COD (or
DOC) measured in the blanks at time t.

Value determined after 3 h + 30 min. of incu-
bation gives the information about adsorption on
activated sludge. Total decrease of COD (or DOC)
of testing substation D,"could be calculated as the
additional value in cases where is observed more
than 20 % of adsorption.

From the displayed data on the biodegradation
curve it can be evaluated:

Lag phase t,— time from inoculation until the
biodegradation percentage increases up 10% from
initial COD (or DOC). Lag phase is variable and
repeated with difficulties. It is measured in days.
Ultimate biodegradation degree — it is the degree
of biodegradation, above no other biodegradation
occurs. Biodegradation time t, — degradation time
from the end of the lag phase until 90 % of bio-
degradation occurs.

2. Preliminary study of ecotoxicity evaluation
by Lemna minor

Ecotoxicity Testing Organisms

As the organism for ecotoxicity testing was
used Lemna minor (duckweed) that was obtained
from the ECOTOX s.r.o. Bratislava. Lemna minor
was cultivated in Hoagland E medium by [21] in
the axenic condition before the test started. As the
end point, was selected the number of fronds

71

Lighting and Temperature Condition

Lemna minor was cultivated in the continuous
constant light condition and illumination was in the
range of 7200-10 000 1x. Lightening was provided
by 6 cold neutral white illumination bulbs. Tem-
perature was regulated to the range of 25 + 2 °C
by the blower.

Concentrations of Testing Substances

— Range Finding Test

In the preliminary study of metalworking flu-
id ecotoxicity was chosen the concentration range
from 0.0l mg/L, 0.1 mg/L, 1mg/L and 10mg/L of
Emulzin H, Ecocool and Blascocut BC25. After
were tested concentrations of 1 mg/L, 10 mg/L,
50 mg/L, 80 mg/L, and 100mg/L and finally were
tested concentrations of 80 mg/L, 150mg/L, 250
mg/L, 350 mg/L, and 400 mg/L. For evaluating
EC, value was applied linear regression. Inhibition
was calculated by the area under the growth curve
to control groups as it is described in [21].

RESULTS AND DISCUSSION

Biodegradability evaluation

Validity and interpretation of the test is consi-
dered valid if the procedural control shows the re-
moval of the reference compound by at least 70 %
within 14 day and if the removal of DOC (or COD)
in the test suspension took place relatively gradual-
ly over days or weeks, since this indicates biodegra-
dation. Ultimate degradation degree of a reference
compound was 95% in 10 days window (started
concentration of COD was in the required range up
to 1000mg/L and was 772mg/L of COD).

Starting concentration of MWFs samles from
the plant passed 1101 mg/L for Emulzin H standard,
1125mg/L for Ecocool standard and 1043 mg/L for
BC 25. As it is presented in the Fig. 1 all tested cut-
ting fluids satisfy 80 % of degradation in 10 days.
Lag phase were shown in the cases of Emulzin H
and Ecocool and extend of 2 days. All tested MWFs
standards show to be good ultimate degradability
by the Zahn-Wellens test even when the concentra-
tion of COD was higher about 43—125 mg/L than is
required for this test.
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Fig. 1 Biodegradation curves of MWF's standards
— Emulzin H, Ecocool and BC 25 using
Zahn-Wellens Test

Starting concentration of MWFs samples
from the plant was also higher than 1000 mg/L of
COD and pass 1496 mg/L for Emulzin H sample,
689mg/L for Ecocool sample 1 and 1225mg/L
for sample 2; and 1043 mg/L for BC 25. Figure 2
shows iodegradation kinetics of these tested cut-
ting fluids. 80 % of biodegradation rate pass only
the sample of Emulzin H and Ecocool sample 2.
Ecocool sample 1 passes only about 70% and BC
25 sample only 60 % of degradation instead both
starting concentrations of COD pass criterion for
this test, they show worse potential to ultimate bio-
degradability. Lag phase was observed only in the
case of BC 25 sample and extended 4 days.
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g. 2 Biodegradation curves of MWFs samples from
the plant using Zahn-Wellens Test

However, physico-chemical adsorption can, in
some cases, play a role and this is indicated when

there is a complete or substantial removal in the
first 3 h and the difference between blanks and test
solutions remains at an unexpected low value. In
such cases additional information is obtained from
the comparison between the 3 h value and initial
value of the test measured before the inoculum is
added. If a more precise distinction between bio-
degradation (or partial degradation) and adsorption
is to be drawn, carry out further tests, preferably
a respirometric test for ready biodegradation, using
the supernatant of the acclimatized sludge as ino-
culum.

Memulzin H standard

Blemulzin H sample

DOecocool standard

Elecocool sample 1

E ecocool sample 2

OBC 25 standard 38
EBC 25 sample Z

adsorption
after 3 hours
of cultivating [%]

40

Fig. 3 Adsorption of the MWFs after 3 hours
of cultivating

Figure 3 shows the adsorption of tested emulsi-
ons after 3 hours of the test (+/— 30 min.). Chemi-
cal oxygen demand — COD of tested standards and
samples were higher than 20 % in Ecocool sample
1, where presented 26 % of COD decrease and on
both of BC 25 standard and sample from the plant
(28 % and 38 % of COD decrease), so there were
no possibility to evaluate if the decrease was reali-
zed with the microbial activity, or by another ad-
sorption kinetics. It is required to evaluate the level
of biodegradation by other biodegradation method
for BC 25 e.g. OECD 301 B or by CEC-L-33-A-93.
Emulzin H and Ecocool standards has the decrease
of COD in the limits of Zahn-Wellens test valida-
tion (<20 %). Treated (after 28 days of cultivating)
and non-treated tested MWFs (before adding acti-
vated sludge) standards and samples from the plant
are shown in Fig. 4.
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Fig. 4 Treated (after 28 days of cultivating) and non—treated MWFs standards and samples.
BC 25 — standard before, BC 25" standard after, E — Ecocool standard before, E'— Ecocool standard after,
EH — Emulzin H standard before, EH'— Emulzin H standard after,
1 — Emulzin H sample before, 1'— Emulzin H after, 3 — BC 25 sample before, 3'— BC 25 sample after, 5 — Ecocool
sample 1 befere, 5~ Ecocool sample 1 after, 7 — Ecocool sample 2 before, 7'~ Ecocool sample 2 after.

Ecotoxicity evaluation

Preliminary study of selected MWFs ecotoxi-
city on Lemna minor is shown in the Fig. 5a-c.
For the test to be valid, the doubling time of frond
number in the control must be less than 2,5 days
(60 h), corresponding to approximately a seven—
fold increase in seven days and an average specific
growth rate of 0,275 d!. Average specific growth
rate were evaluated for all tests in the range 0,23—
0,24 d' and pass the criteria for the test.

In the concentration of 0,001 mg/L; 0,01 mg/L;
and 0,1 mg/L of all tested cutting fluid were obser-

ved hormesis — stimulatory effect on growth. Ef-
fective concentration of tested MWFs that effect
50% of growth inhibition was evaluated from the
area under the growth curves and for Emulzin H
was about 93 mg/L, for Ecocool 99mg/L. BC 25
has affect lesser inhibition in compare to the others
—about 150mg/L.

The test was realized in the static condition
but it shows to be advantageous to study effect on
Lemna minor in semi-static or semi-static and flow-
-through condition with renewal of testing solution
due to observed little precipitation during the test.

inhibition [%] n=3 inhibition [%] n=3 inhbition [%] n=3
90 - 80 - 90 - 8
80 70 i 80
70 701
60 -
60 - 60 1
50 - 50 4 50 -
40 40 40 -
30 - 30 -
30 -
20 + 20 | g
0 ; : ‘ ‘ 10 ; : : ‘ 0 : ‘
45 475 5 525 55 45 475 5 525 55 4,75 5,25 575
log c logc log ¢

Fig. 5a EC, evaluation of Emulzin H
with Lemna minor

Fig. 5b EC, evaluation of Ecocool
with Lemna minor

Fig. 5¢ EC, evaluation of BC 25
with Lemna minor
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CONCLUSION

Evaluated level of tested MWFs (Emulzin H,
Ecocool, BC 25) standards biodegradation by Za-
hn-Wellens test achieved 80% in 10 days, so they
have potential to ultimate degradation by this test.
Tested MWFs samples from the plant pass higher
level of starting COD concentration instead of this,
in the case of Emulzin H and Ecocool sample 2 the
level of degradation pass 80 % degree.

Disadvantages of Zahn-Wellens test are DOC
measurement by which it is not able to evaluate all
presented organics, even when they are in insoluble
form (in the case of COD there is evaluating with
oxidable forms also inorganics). At high rate of
adsorption it is impossible to differentiate betwe-
en biotic degradation and another form of abiotic
elimination, which was shown in the case of BC
25 (28 and 38% of COD decrease after 3 hours
of cultivating). This method is also discontinual.
It will be in the next study, use the modified test
method of Zahn-Wellens test, by the measuring of
CO, production and O, consumption, by continual
measuring.

Substances that are created in the fluid during
machining operations and adding biocides or other
impurities such as tramp oil, can affect level of bio-
degradation. It is required to study also qualitative
content of cutting fluids and degradation products,
to evaluate the potential hazard to humans or the
environment.

Microbial contamination during usage can re-
duce lifetime of MWFs (and also affect workers
health), but on the other hand, there is a possibility
to utilize nonpathogenic microorganisms, that are
presented in fluids, to degrade them. In the next
study it will be isolated microbial consortium pre-
sented in specific plant and realize experiments to
degrade MWFs at higher concentration rate with
focusing also on the rising products.

The preliminary study of ecotoxicity measu-
ring by Lemna minor shows effective concentration
of Emulzin H at the rate of 93 mg/L, for Ecocool
99 mg/L and for BC 25 about 150 mg/L. Small con-
centrations of tested fluids indicate hormetic effect.
It is required to test Emulzin H, Ecocool and BC 25
by semi-static or flow-through condition.
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ABSTRACT

Sestinové O., Han&ulak J., Bobro M., Fedorova E. & Brehuv J. Mobility of Mercury in the Soils Using
Sequential Extraction from the Rudiiany Locality

Many sequential extraction methods were elaborated for the evaluation of elements mobility. They
are different in number of the extraction steps, used extraction solvents or/and extraction procedure. The
one-step extraction can be used for fast indication of changes in the mercury mobility in the contaminated
environment. The goal of our study was the quantify of released, potentially mobile and mobile mercury
forms in the contaminated soil in the area of the former Rudiany mining plant and the former mercury
plant in Stefanska Huta, with the assumed influence of Kovohuty Krompachy. The one-shot extraction of
the sequential leaching (according to Tessier et al., 1979) was used for the isolation of individual forms.
The extraction was based on already known concentrations of total mercury content which has been ob-

served for long time.

Key words: sequential extraction, soils, mercury, environment, pollution

INTRODUCTION

Heavy metals in soil occur in various forms
and bonds depending on soil properties. The most
marked influence has the soil reactivity, the content
of organic matter and soil granularity. Their bind-
ing forms show various mobility degrees, various
forms of transport to subterranean and surface wa-
ters and bio-facility for plants and animals as well.
Except the released forms, the metals can be fixed
also in the potentially mobile and mobile forms
that have most importance for evaluation of the
soil bio-toxicity. These metals may come directly
from the weathering process of the rocks, where
the soil-forming process influences their concen-
tration and distribution. Moreover, they also come
into the soil as result of the anthropogenic human
activity as well. Nowadays, the mercury and mer-

cury compounds are considered to be one of the
most important pollutants of the environment.
Mercury is a trace element which creates the large
number of the inorganic and organic compounds.
These compounds are toxic almost in every case.
Natural and/or geochemical sources include the
volcanoes, geological deposits and sea fumes. The
anthropogenic mercury input into the environment
is more miscellaneous compared to the natural one.
The main sources are for example: mining dumps,
ore transport, metallurgy/contamination from ex-
halates, aerosols, agriculture, electronics, batteries,
teeth fixtures and waste facilities. Subsequently,
mercury and mercury compounds enter into atmo-
sphere, hydrosphere and pedosphere, where they
change during its cycles and the result of these pro-
cesses is the increase of toxicity.
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High ecological risk of mercury comes from its
specific properties. Mercury influences mainly are-
as with mining industry and/or thermal treatment
of ores containing mercury. Siderite deposit of
Rudiany belongs to risk localities.

Many sequential extraction methods were
elaborated for the diversification of particular forms
of mercury in the soil that differ in a number of the
extraction steps, extraction solvensts or/and extrac-
tion procedures. The gradual washing of individual
solid phases from soil and metals associated with
these phases occurs during the sequential extrac-
tion leachate contains a group of elementary forms
with similar physical and chemical properties.
The specificity can be increased by using of suit-
able extract solvent into extraction sequence where
thefollowing agent extracts the rest of one extrac-
tion step. Extraction process evaluates the strength
of bond of metal forms to different soil phases, to
ion-renewable, carbonated, reducible, oxidable and
finally to resistant residue [1]. The most known
is the five-step sequential extraction of soil pub-
lished by McLaren and Crawford [2] and Tessier
[3]. This method can differentiate heavy metals
fixed on the sediments in five fractions. Sequential
extraction methods are the most suitable form for
evaluation of element mobility in the sediments
and soil mediums and they are also acceptable by
the IRMM (Institute for Reference Materials and
Meassurements) as standard procedures of certi-
fied reference material. Nowadays, the assessment
of pollutant mobility starts to be a part of European
procedures. It is necessary to think about involv-
ing of one-step extractions into complex solvents
that are an economic (time-saving) alternative to
the supplement reference IRMM. They can be the
form for quick indication of changed element mo-
bility in the monitored locality [4].

The goal of our work was to determine released,
potentially mobile and mobile mercury forms in
the contaminated soils in the area of the former
Rudnany minig plant and the former mercury plant
in Stefanska Huta with the influence of Kovohuty
Krompachy. The one-shot extraction of sequential
leaching according to Tessier procedure [3,5] was
used for isolation of individual forms. The extrac-
tion was based on already known concentrations of
total mercury content which has been observed for
years.

MATERIAL AND METHODS

The soil samples from eight localities (Rudiiany
and Stefanska Huta) were used for the analysis. Bi-
ota and assimilation organs (two years old needles
of spruce and cedar, birch leaves) were also taken.
Taking of samples was realized in November 2006
and the total content of mercury was determined
in the sample. The soil was taken according to law
(220/2004 Z.z. section no. 2) from various areas
to keep representativeness. Soil samples from grass
coppice and forest soils (depth was 0.05-0.20 m)
were used for one-shot sequential extraction. The
atomic Spectrometer determined mercury concen-
tration in the soils directly, without mineralization,
from dried, quartered and mechanically worked
samples (granularity — up to 2 mm). Presented sort
of tree species were selected from the reason of
their most frequent occurrence in the monitored
areas as well as for a possibility of the comparison
of mercury content and its mobility in the soils and
biota. Biota samples were washed by distillate wa-
ter, then dried, homogenized and then analyzed by
the trace mercury analyzer (TMA 254).

The sequential extraction was used for extraction
of the soil samples:

Fraction: A (free forms) was determined in the
extract of extraction solvent — 2M HNO,.5g of
the sample was mixed with 50 ml of the extraction
solvent and shaken for 60 minutes in the mechanic
shaker at the room temperature and 300 rpm. After
this procedure the sample was fleeced for 15 min-
utes and supernatant was filtered and filtrate was
filled up to 100 ml. The rest was washed by deion-
ized water and it was used in the second step. This
fraction contains metals bonded to sulphide and
phosphate.

Fraction: B (potentially mobile forms) was deter-
mined in the extract of extraction solvent — 0.05M
EDTA (ethylen-diamine-tetra-acetic acid). The so-
lution was shaken and fleeced at the same condi-
tions as a fraction A. Fraction contains metals in
the ion-changing form and bonded to carbonates.
Fraction: C (mobile forms) was determined in
the extract of extraction solvent 0.1 M CaCl, at the
same conditions as a fraction A and B. This frac-
tion contains metals in ion-changing form that cre-
ates only a fragment of the element portion to its
total content in the soil.



Fraction: D (residual rest) presents extracted phase,
e. g. metals bonded to the silicate structure and to
crystal lattice of the primary minerals. The rest was
dried at room temperature. After drying and ho-
mogenizing TMA 254 measured the sample.

RESULTS AND DISCUSSION

Active soil reaction (pH) is presented in
Table 1. It shown that only samples 1 and 3 are
slightly alkaline and the rest are acid soils. It is sup-
posed that in the acid soils the Hg?" is bonded to

79

organic matter. The influence of Rudnany mining
plant ZB (iron ore mining) Fig. 1 is evident from
the extremely high total mercury concentration in
the samples 1, 4, 5, and 6. In the past, for whole
centuries, this locality was the center of mining
industry and ore treatment. At the present time,
there are forested stacks and forest soils, which are
located under_sampling biota and it contained the
highest content of humus and organic compounds.
For example, according to law [7] the limit value
for mercury content in agricultural soil is depend-
ing on type of soil from 0.15 to 0.75 mg/kg.
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Fig. 1 The scheme of localization of soil and biota taking sites in the vicinity
of the Rudnany mining plant and the former mercury works

in the Stefanska Huta HU

UA|

Tab. 1 Description of sampling places and the chemical composition of soils taken in the area of Rudnary in

November 2006
| et | i | conen
1 Stefanska Huta 7.25 506 6.70 122 440
2 Kolinovce 3.78 661 1.51 3700
3 Matejovce 7.46 554 7.71 7 160
4 | Porac 4.84 627 10.02 116 500
5 Rudnany — winter valley 3.57 695 9.29 48 600
6 Rudnany — opposite to manufactory 3.91 686 5.40 80 620
7 Rudnany — sludge bed 4.06 673 9.82 11 810
8 | Hnil¢ik — winter valley 3.43 637 30.06 1195
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Mercury content determined in individual frac-
tions A-D after sequential extraction of soils and
percentage content of mercury (the yield) is pre-
sented in Table 2, where in each sample it is deter-
mined the highest content of mercury in fraction D
(residual rest). Percentage content of mercury in
this fraction varied from 73.65 to 146.9 %. In the
sample 3 there was probably made an mistake in the
determination of mercury content. Determined mer-
cury content in the fraction A was mainly under the
value of detection limit for TMA 254. The mercury

content determined in fractions B-C was very low,
which corresponds to percentage yield content.

The Figure 2 shows that particular fractions i.e.
free, potentially mobile and mobile forms do not
contain mercury bonded in bio-permissible form.
On the contrary, all mercury remains in the rest.

In the samples taken from assimilation organs
of trees were measured very low values of mercury
(approximately 27-380 ng/g). These results were
obtained even though the content of total mercury in
thesoilswerehigh (Table 3). Correlationrelationship

Tab. 2 Mercury content determined in extraction solvents after extraction of soils and the yield of used sequential

extraction
No Fraction A Fraction B Fraction C Fraction D
[ng.g'1 /Y [%] [ng.g'1 /Y [%] [ng.g'1 /Y [%] [ng.g'1 /Y [%]
1 33.3 0.027 333 0.027 33.3 0.027 122 381 99.95
2 PD 0 49.4 1.330 49.4 1.330 3152 85.19
3 PD 0 333 0.460 333 0.460 10 520 146.90
4 PD 0 33.3 0.028 33.3 0.028 85 800 73.65
5 333 0.069 66.7 0.137 33.3 0.069 51300 105.50
6 148 0.180 49.4 0.060 98.8 0.122 83 780 103.91
7 PD 0 49.4 0.420 24.7 0.210 10983 92.99
8 PD 0 49.4 4.130 PD 0 1030 86.19

Y[%] — yield of used sequential extraction, where 100 % is total mercury content in the soils
UDL — concentration of Hg under the value of detection limit

Fractions A — D:

A — free forms were determined in the extract of extraction solvent 2M HNO,

B — potentially mobile forms was determined in the extract of extraction solvent 0.05M EDTA

C — mobile forms were determined in the extract of extraction solvent 0.1M CaCl,

D — solid residual rest, where was determined mercury content bonded in the structure of silicates and in the

crystal lattice of primary minerals

140000+
120000+
3100000
< ETC-Hg
80000 BFrakcia:A
OFrakcia:B
60000+ OFrakcia:C
40000 B Frakcia:D
200004
0,
1 2 3 4 5 6 7 8

TC-Hg: total mercury content

Fig. 2 Comparison of total Hg content with Hg content in the particular fractions A-D in the soils
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was not confirmed. Maximum of mercury concen- CONCLUSION

tration was detected in the leaves of birch. Propor-

tion of total mercury contents in the soil to assimi- The one-shot sequential extraction that charac-
lated mercury in the biota was the highest in the  terized individual forms of mercury bonds in the

birch sample from Hnil&ik — Winter Valley and was ~ soil was used for determination of mercury mobili-
three times higher. ty in the contaminated soils from the Rudnany area.

Tab. 3 Comparison of mercury content specified in biota: birch, cedar, spruce and soil from Rudnany area

No. Locality Birch Spruce | Cedar "l".otal con?ent of Hg
[ngg'l | [ngg'l | [ngg'l in the soil [ng.g ']
1 | Stefanskd Huta 161 119 230 122 440
2 | Kolinovce 72 105 51 3700
3 | Matejovee 37 136 65 7 160
4 | Porac¢ 68 110 84 116 500
5 | Rudnany — Winter Valley 271 63 31 48 600
6 | Rudnany — opposite to manufactory 370 216 27 80 620
7 | Rudnany — sludge bed — 124 124 11810
8 | Hnil¢ik — Winter Valley 380 52 38 1195
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ABSTRACT

KurucJ., Harvan D., GalandaD., Matel L., Aranyosiova M. & Veli¢ D. The Comparative Study of Ura-
nium Isotopes by Alpha Spectrometry and Secondary Ion Mass Spectrometry. Preliminary Results

The paper presents the preliminary results of the first comparative measurements of uranium isotopes
by two techniques — alpha spectrometry and secondary ion mass spectrometry (SIMS). Samples with
specific activity of uranium isotopes were prepared by electrodeposition from aqueous solution of UO,
(NO,),.6H,0, not directly from natural environment. We obtained linear correlation between SIMS inten-
sities of uranium ions and their alpha activities. These correlations give a possibility to obtain linear cor-
relation between SIMS intensities of uranium ions and surface weights of uranium isotopes. Preliminary
results indicate the possibility to use SIMS for quantitative analysis of surface contamination by uranium
isotopes. The obtained results are presented in this article.

Key words: alpha spectrometry; secondary ion mass spectrometry; uranium isotopes; electrodeposition;
correlations; regression analysis; radiochemical analysis; radiometric analysis

INTRODUCTION
Principle of SIMS technique

Secondary ion mass spectrometry (SIMS) is
a method founded for chemical composition ana-
lysis of different substances and materials [1]. It is
not limited by origin or type of material. Basic prin-
ciple of SIMS is resided in atomic bombardment of
sample surface with high-energy primary ion beam
(consisting from I*, Cs*, Au’ i.e.). Primary ion
beam penetrates by material, it transfers its energy
to hit atoms and generates collision cascade. The
result of collision cascade is emission of atoms,
molecules and clusters from the surface. Emitted
or sputtered particles convert into ions as seconda-
ry ions and secondary ions are analyzed in mass
spectrometer.

The SIMS, with system for separate particle
weights by time of fly (TOF-SIMS), is simple and
the most effective. It works in pulse mode. Emitted
secondary ions are extracted to time-of-fly column
with potential, which are dispensed by the same ki-
netic energy. If the mass of ion is lower, then this
ion flies faster through the column to the detector.
This is the basic principle of separation of ions
with TOF system. Measure of the depth profile is
another possibility of analysis of sample surface.
Depth profile affords information about composi-
tion inside the sample. It creates a three-dimensio-
nal picture of the sample.

Advantages [2]:

o High sensitivity (ppm, ppb)
o | nm depth resolution
e Collateral detection of all masses
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primary ion beam ( 1 - 30 keV ) M

Derector
M (filter/mass spectrometer)

M secondary
ion

~ [/

sample area

Fig. 1 Schematic diagram of atomic bombardment of sample surface by high-energy primary ion beam

e  Weight range to 10000
e 100 nm laterally resolution in measure of two-
-dimensional distribution.

SIMS in nuclear research

In 1978 Shilling J.H. [3] was investigating to
use this technique for analysis of trace elements
and he showed that SIMS is not a universally ap-
preciated analytical method. But this method found
its utilization in most areas of research, especially
in dating of surfaces, detection and migration of is-
otopes, isotopic analysis, contamination analysis of
surfaces, and compositional changes in materials.
SIMS found widely application in coupling with
other analytical or nuclear methods such as XRF
(X-Ray Fluorescence) [4], GC-MS (Gas Chroma-
tography-Mass Spectrometry) [5], TIMS (Thermal
Ionization Mass Spectrometry) [4], ICP-MS (Ion
Coupled Plasma-Mass Spectrometry) [6], AMS

Pt electrode

anode e 2"

sample

(Accelerator Mass Spectrometry) [7], NAA (Ne-
utron Activation Analysis) [8], PIXE (Particle In-
duced X-Ray Emission) [9]. These methods were
used for determination (especially isotopes ratios)
of 28U [10], 2*Th [11], lead isotopes [9, 12] and
other isotopes [13].

METHODS AND EXPERIMENT

The most common procedures are co-precipita-
tion and electrodeposition for preparation samples
[14]. Radionuclides are deposited by electro-chemi-
cal procedures on metallic plate in deposition cell
by the effect of electrochemical process in solution
by electrical flow [15]. Metallic plate is a disc (sam-
ple for measure) and electrode, too. Frequently used
discs are platinum, tantalum, nickel discs and stain-
less steel discs. Uniform distribution of particles
on disc’s surface is an advantage and it is the most

\“-\ Stainless steel disc
cathode

Fig. 2 Schematic diagram of electrodeposition cell [14]



important for SIMS measurement. Losses are low as
uncertainty of weighting [14]. Brightening stainless
steel discs were used in this experiment. Electro-
depositing cell is presented in Fig. 1.

Preparation of discs with electrodeposited ura-
nium was performed by methodology from Galan-
da D. [14] and Eichrom Industries, Ltd. [16]. Af-
ter preparation, discs were measured by low-level
alpha spectrometer. Recovery of electrodeposition
was accepted as a value 86 % in accordance to
literature [16]. Our calculations of weights of de-
posited uranium confirmed this value. Weights of
deposited uranium isotopes were calculated from
their alpha activities. After alpha spectrometry,
discs were analyzed by the machine TOF-SIMS IV
at International Laser Center in Bratislava.

Fig. 3 TOF-SIMS IV at International Laser Center
in Bratislava [1]

Characteristics of the used instrument:

Alpha spectrometry
Instrument: Ortec Dual Alpha Spectrometer
576 A — 919 (Ortec®, U.S.A.); Efficiency: Discs
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1-3, £ = 0.18, Discs 4, 5, € = 0.203; Background:
<30 counts/day; 300 to 450 mm? active area, <40
counts/day, 600 mm? active area; Measure time:
Discs 1-3, t = 60000 s, Discs 4, 5¢= 3000 s; Soft-
ware: AlphaVision 32.

SIMS:

Instrument: TOF-SIMS IV (ION TOF GmbH,
Germany); Ion gun: Au; Primary ions: Bi*; Ion
energy: 25 keV; Samples current: 1 pA; Area:
150%150 mm?; Number of ions: 5x10'? ions-cm?;
Polarity: positive; Software: IonSpec.

RESULTS AND DISCUSSION

In accordance to the method described in part
Methods and experiments, discs with electrodepo-
sited isotopes of uranium from solution of uranyl
nitrate UO,(NO,),.6H,O were prepared. Tab. 1
shows the basic properties of natural uranium is-
otopes [17, 18]:

The Figure 4 shows the disc after electrodepo-
sition.

Fig. 4 Stainless disc after electrodeposition

Tab. 1 Basic properties of natural occurrence of uranium isotopes

Uranium Natural Relative atomic Half time of En‘utt‘ed
. . radiation; Decay product
isotopes occurrence [%] weight decay Energy [MeV]
By 0.0055 234.0409456 245500 y o ;4.859 0Th
il 0.7200 235.0439231 7.038-10% y o;4.679 BITh
=y 99.2745 238.0507826 4.468-10° y o ;4270 Z4Th
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Alpha spectrometry

Alpha spectrometry with Dual alpha spectro-
meter was realized before SIMS analysis. Activi-
ties were obtained from counts and calculated from
Equation 1:

&R

(M

where 4 is an activity of sample [Bq]; n, is a count
rate of isotope [s']; n, is a count rate of backg-
round [s']; ¢ is efficiency of detector; R is recovery
of electrodeposition (R = 0.86 according to [16]).
Uncertainities of alpha activity measurements were
calculated from Equation 2:

A

Y N, D

where 4 is alpha activity [Bq]; N, is number of
counts obtained from alpha spectrometry measure-

ments. Results obtained from Eq. 1 and Eq. 2 are
described in Tab. 2:

@

Tab. 2 Results from alpha spectrometry

Relatively high difference between relati-
onships 2U/A*U and 2U/*U are caused by
low activities of uranium isotopes at low-active
samples. These low-active samples were close to
background.

Conversions of activities to weights by Eq. 3
are summarized in Tab. 3:

AA,

=—"Tr 3
"N In2 ®

Tijas
where m is weight of uranium isotope [g]; 4 is
activity [Bq]; 4, is relative atomic weight; N, is
Avogadro’s constant; 7, is half time of decay [s].
Surface area after electrodeposition was 2.97 cm?.
Values of surface’s weights of uranium in g.cm™
are summarized in Tab. 3.

SIMS results

Discs prepared by electrodeposition after al-
pha spectrometry were measured at the Internati-
onal Laser Center in Bratislava by TOF-SIMS IV

2y 15y 28y By #YPIY
Disc A [Bq] 0.0068 0.0002 0.0042 1.619 0.0476
#1 u, [+Bq] 0.0017 0.0003 0.0013
Disc A [Bq] 0.0124 0.0003 0.0102 1.216 0.0294
#2 u, [+Bq] 0.0023 0.0004 0.0021
Disc A[Bq] 0.0202 0.0014 0.0173 1.168 0.0809
#3 u, [+Bq] 0.0029 0.0008 0.0027
Disc A[Bq] 0.5687 0.0153 0.5152 1.1038 0.0297
#4 u, [+Bq] 0.0646 0.0090 0.0615
Disc A[Bq] 1.086 0.0267 1.128 0.9628 0.0237
#5. u, [+Bq] 0.089 0.0127 0.091

Tab. 3 Values of weights and surface’s weights of uranium isotopes
my nsy By
Disc No.
m [g] m, [g.cm?] M [g] m [g.cm?] m [g] m, [g.cm?]

Disc # 1 2.95.10" 2.93.10 2.69.10° 9.07.10" 3.38.107 1.14.107
Disc #2 5.38.10-" 1.81.10-" 4.04.10” 1.36.10° 8.23.107 2.77.107
Disc #3 8.79.10-1 2.96.10°" 1.75.10° 5.90.10° 1.39.10- 4.70.107
Disc #4 2.47.10° 8.32.10-1 1.91.10” 6.44.10°* 4.14.10° 1.39.10°
Disc #5 4.72.10° 1.59.10° 3.34.107 1.13.107 9.07.10°5 3.06.10°%
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with Au ion gun. Bi* ions with energy 25 keV and We studied SIMS intensities of U, U and
sample current 1 pA were used. The result of mea-  2*U ions in dependence with its activities obtained
surement is mass spectra with intensity vs. m/z. Fi-  from alpha spectrometry and its calculated surfa-
gures 5 and 6 show some examples of these SIMS ~ ce’s weights. Intensities (counts) were obtained by

spectra.
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Fig. 6 SIMS spectrum of 2%U
using of lonSpec software. Figure 7 shows the li- In the Tab. 4 the results of dependence of SIMS

near correlation of SIMS intensity vs. activities of

uranium isotopes.

intensity of ions of uranium isotopes on surface
weights of uranium isotopes are presented.
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Fig. 7 The correlation between SIMS intensity of ions with m/z = 234 vs. #*U alpha activity

Tab. 4 Table with correlated values SIMS intensity vs. Uranium isotopes surface’s weights

m Intensity Linear correlation
Isotope [e- cm 7] [Counts]
U 2.93.10" 202
1.81.10" 331 y=bx R
— y = 965.42x 0.8065
2.96.10" 339
8.32.10" 701
1.59.10”° 1578
9.07.10* 134
3y 1.36.10”° 162 y =19.63x 0.9607
5.90.10”° 263
6.44.10°® 1003
1.13.107 2347
1.14.107 132
28U 2.77.107 560
y =244.52x 0.9389
4.70.107 1200
1.39.10° 4165
3.06.10° 7105
As we can seen, it’s possible to plot the calib- CQONCLUSIONS

ration curves of SIMS intensities [counts] vs. sur-
face’s weights of uranium isotopes by Equation 3,
which permits to use the SIMS measurements as
a quantitative method for measurement of surface
contamination by uranium isotopes.

The main objective of the paper is to find the
correlation between two sensitive techniques—al-
pha spectrometry and SIMS for natural isotopes of
uranium and to determine the possibility of using



of SIMS for quantitative measurement of uranium
isotopes and contaminated metal surfaces by natu-
ral uranium. Linear correlation between the SIMS
maximum ion intensity vs. alpha activity as well
as of SIMS maximum ion intensity vs. surface’s
weight were obtained according to Fig. 7 and Tab.
4, respectively. We can see from these correlations
the deviation from linearity of low-level activity
discs, which is caused by low count rates in SIMS.
These are evidently near background of SIMS de-
vice. Measurements of minimal detection mass
(MDM) of uranium isotopes and uncertainties of
the counts in SIMS need to carry out additional
experiments, but they were not realized for time
demandingness yet. Preliminary results indicate
the possibility to use SIMS for quantitative analy-
sis of surface contamination by uranium isotopes.
From SIMS measurement it may be expected the
acquirement of information about depth profiles of
distribution of uranium as well as about distribu-
tion uniformity on a metal surface.
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ABSTRACT

Brehuv I, Spaldon T., — Sestinova O., Slan¢o P, Hanéul'ak & J. Bobro M. Contamination of the Water
and Sediment Load from the Drainage Basin of the Slana River by Influence of Former and Present
Mining Activities

The paper contains information on occurrence and content of selected elements, mostly heavy meta-
Is, in samples of waters and sediment load procured from localities with former mining and subsequent
treatment and metallurgic activity. Samples were procured from spots of mining water outflows from
abandoned shafts or tunnels and outflows from active and old mining sludge basins including selected
profiles on streams in the reservoirs of waterworks (WW), in drainage basin of the Slana River. The che-
mical composition of waters and sediment load in 2 WW reservoirs of drainage basin of the Slana River is
markedly influenced by water from near—by drainage basin of the Hnilec River. Sampling was carried out
within projects that focused on study of the treatment of bottom sediments of watercourses in areas with
current and finished mining activity and observation of current state of sediment load in chosen places of

sampling.

Key words: reservoir of waterworks, mining water, sediment load, sludge basin and heavy metals

INTRODUCTION

The oldest news about extraction and opera-
ting of metals in drainage basin of the Slana River,
which is till 1918 known as Gemer, led us to the 1st
century A.D. and continues in the 21st century. In
more detail data run about mining in this territory
are from 14st century. There are mined and opera-
ted silver, copper and iron primarily. Primal extrac-
tion of iron metals was situated to surface mouth
of ore seams. This was called “iron hats” and they
were created by limonite, iron mineral, which aro-
se by weathering of siderite. The most important
iron mineral for emerge ting metalwork in Gemer
was siderite, which was for long centuries mined in
the deposits in the surroundings of Zeleznik, Hra-

dok, Roznava, Nizna Slana and Dobsina. In under-
ground were mined minerals by means of the ham-
mer and curling irons to the end of 17st century,
when gunpowder began to used in mining. Here
were mined and operated the hematite ores, too
and magnesite in the surroundings of Tisovec in
the past.

The extraction and operating of magnesite to
final products is executing still today in this region
in the industrial plants of SLOVMAG joint stock
company Lubenik and SMZ joint stock company
Jelsava.

The extraction and operating of iron ore-side-
rite is executed still today in the industrial plant of
SIDERIT Nizna Sland, which looks like a mining
plant mining the iron ore by the underground way.
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Fig. 1 The general map of the Slana River drainage basin in the territory of the Slovak Republic,
till 1918 known as Gemer, part of the European iron road — according to (1)

The rich deposits of iron minerals became the
raw material basis for iron working in the Slovak
ovens, which have been built in Gemer from 10th
century. The iron production is developing espe-
cially in the surroundings of deposits Zeleznik,
Hradok, Roznava and Dobsina. In all the draina-
ge Basin of the Slana River are on a large number
building pit-part Slovak ovens. For the iron wor-
king plants, exploiting waterpower, in this region
in the year 1344 began. It looked like the first in the

Hungarian kingdom built “the hamor” in Stitnik,
which made use of the water wheel on the drive the
bowers in ovens and the hammers on forging the
reduce iron. The Slovak ovens worked in Gemer
above half a millennium and the last from them fi-
nished melting of iron in the year 1853 in Lucka.
Building the oven of hitting type, namely in the trot
round of the stream Turiec in the surroundings of
Kamenany, in the beginning of 18th century star-
ted. In Dobsina was stated the first blast furnace in



Gemer according to the German model in the year
1772. Here works 33 high ovens and Gemer beca-
me the metallurgical base of the Hungarian part of
Habsburg monarchy, in the half of the 19th century.
This region was connected to the European market
of iron.

Due to more than one thousand years lasting
mining activity and the following processing, me-
tallurgic or iron making activities have left many
different dumps during centuries. The oldest dumps
have been covered with forests. The dumps and mine
rubbish being 150 to 50 years old, but in particular
the sludge basins built in the last 50 years can be seen
in the area also today.

The material stored in the above dumps or slud-
ge basins, especially due to rain water and mining
waters flowing from the old mining works influen-
ce the content of different elements in the water and
in the bottom deposits of surface streams and in the
two water reservoirs of this basin.

The exploring works aimed to find out by pro-
curing of samples of water and bottom deposits
(sediment load) the content of selected elements
in the individual sampling places in the drainage
basin of Slana.

EXPERIMENTAL WORKS

Sampling of water was carried out on glass
bottles with the amount of 1 litre. The sampling
localities are described in Tab. 1 and 2 and their
situation is explained in Fig. 1. The sampling wa-
ter underwent a chemical analysis using the AAS
method for the selected elements. The analysis re-
sults contained in Tab. 1 and 2 are compared with
the valid standard (2).

The sediment load was taken to glass sampling
containers from the surface layer with the thickness
of 10cm using the sampling set. The methodology
is suitable for large-scale sampling from the sedi-
ment load surfaces or from the depth of 3m under
the water surface. The sampling places were identi-
cal with the ones of sampling of water. The samples
of several localities — due to their grain size — were
not suitable for the analysis. The procured sam-
ples underwent a chemical analysis using the AAS
method, preferable for heavy metals. The analysis
results contained in Tab. 3 and 4 were compared
with the valid standard being the Methodological
Instruction of the Ministry of the Environment of
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the Slovak Republic No. 549/1998-2 to assess the
risks from polluted sediment load of streams and
water reservoirs (J5).

RESULTS AND DISCUSSION

Water

Results of the analysis of procured samples of
waters are contained in Tab. 1 and 2. The content of
selected elements in samples is compared with the
valid standard (2). Sampling of water was carried
out in spring and summer with a view to take sam-
ples during anticipated maximum and minimum
flow rates in the streams as well as in the outflows
of mining waters.

The waters were taken excluding the selected
profiles of streams and reservoirs also from locali-
ties with current and old mining loads (Tab. 1) that
can influence or contaminate the surface waters
also in case of higher flow rates. In summer the at-
tention was enlarged to the old sludge bed of “Cug-
ma“ in Roznava, the outflow of the mining water
and selected profiles of streams in the basin of the
river Slana (Tab. 2).

Chemical analyses of samples of water pro-
cured in 8 sampling places in April (Tab. 1) have
shown that only the water from the brook flowing
to the reservoir of WW Vl¢ia Dolina containing Cu
and the water flowing from the left toe drain of the
sludge basin of Nizna Slana containing Zn and Cu
exceed the limit values permitted by the valid stan-
dard. The content of the selected elements in the
remaining 6 samples of the surface waters is lower
than required by the above standard.

Tab. 2 contains results of analyses of water
samples procured in July from 16 sampling places
during the dry period. The results show that 13 out
16 samples showed the contents of selected moni-
tored elements lower than the limit value. The re-
maining 3 samples can be characterised as follows:
water sample no. 8 procured from the surface of
the current sludge bed of Nizna Slana containing
higher values of Fe, Mn and As than required by
the valid standard does not meet the requirements
for water quality in surface streams. Sample no. 10
from the mining waters from the abandoned mine
“Maria” in the cadastral area of Roziava does not
meet the requirements of the above standard due to
higher values of Fe and Co, but especially due to
high contents of Mn, Cu and Ni.
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Sample no. 11 taken from the outflow canal of
the old sludge basin of ,,Cuéma“ in the cadastral
area of Roznava does not meet the requirements of
the valid standards due to higher contents of Fe and
Mg as well as the higher contents of Sb and As.

Results in Tab. 1 and 2 prove that sources of
high contents of some selected elements (Fe, Mg,
Mn, Zn, Cu, Co, Ni and As) are outflows of waters
from old mining shafts and drifts, mining sludge
beds and dumps. After the water has flown from
the contamination source it is often largely dilluted
as soon as it flows to the surface stream or the river
Slana. That is why the contents of the selected ele-
ments in the samples from localities of the surface
streams are lower than the limit values of the valid
standard (2) for water in surface streams.

The basin of Slana is special due to the fact that
the water in the water reservoir of WW VI¢ia Doli-
na and the water reservoir in Dobsina (Fig. 1 and 2)
that is the balancing reservoir is in fact the water
from the basin of Hnilec. It is caused by the fact
that the pump-storage power station in Vliéia Do-
lina being an integral part of the water reservoir of
WW Vléia Dolina generates the electrical energy

using the energy of water brought by pressure pi-
ping from the water reservoir of WW Palcmanska
Masa in the basin of Hnilec. In the basin of Hni-
lec above the water reservoir of WW Palcmanska
Masa up to the spring of the river of Hnilec the-
re are old abandoned mining works and places of
processing of extracted ores up to the final product
—metal having the area of 84.5 km?.

Due to the transfer of water from the basin
of Hnilec to the basin of Slana through the above
pressure piping there have been assessments of wa-
ter quality made in the 3 water reservoirs of the wa-
terworks. The third water reservoir is in, or betters
under Dobsina town (Fig. 2), since 1956 focusing
on the water management point of view. What is
assessed is the quality of water. Results of chemical
analyses are not published.

Brief characteristics of this water reservoir
(4) say that there is water accumulated having the
characteristics corresponding to the water quality
of lower horizons in the water reservoir of WW
Palcmanska Masa. The basic chemical structure
excluding the concentration of the total Mn and Fe
corresponds with the chemical composition of the

Fig. 2 General chart of drainage basins of Hnilec and Slana Rivers in the territory of cross connection of water
reservoir of WW Palcmanska Masa and water reservoir of WW VI¢ia Dolina
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water in the water reservoir of WW Palcmanska
Masa (4).

Sediment load

Results of analyses of the samples of sediment
load (bottom sediments) procured from the streams
in the basin of the River Slana, WW VI¢ia Dolina,
the water reservoir in or better under Dobsina town,
as well as from the places of outflows from sludge
beds, shafts and drifts in this basin are contained
in Tab. 3 and 4. The values gained by the analysis
were compared with the standard being the Meth-
odological Instruction of the Ministry of the Envi-
ronment of the Slovak Republic No. 549/98-2 (5).

Tab. 3 contains results of the chemical analy-
sis of samples of deposits taken in April from three
localities. Each of the localities is specific in terms
of the basin of the River Slana. The sediment load
from the brook bottom in VI¢ia Dolina before it
flows to the reservoir of WW Vl¢ia Dolina reflects
the impact of relics of old mining, processing and
iron—making activities in the remote past on both
banks of this brook. Out of 10 selected elements
for which the standard used has 3 limit values the
contents of 5 elements — Pb, Sb, Cd, As and Hg
— do not reach the maximum testing value (TV),
the contents of 3 elements — Zn, Cu and Co — ex-
ceed the TV limit, but do not reach the maximum
permitted concentration (MPC). The contents of

2 elements — Ni and Cr — significantly exceed the
MPC as well as the intervention value (IV) show-
ing that the content of the element is according to
the standard used undesirable and correcting the
measures are needed.

The contents of the elements in the sediment
load from the bottom of the water reservoir in Dob-
$ind serving as the balancing reservoir for the reser-
voir of WW VI¢ia Dolina is very similar to the one
from the deposits from the brook bottom in Vl¢ia
Dolina. Out of 10 selected elements the contents
of 3 elements — Pb, Sb and As — in the sample do
not reach the testing value (TV), the content of 7
elements — Zn, Cu, Co, Ni, Cd, Cr and Hg — in the
sample exceed the TV to different extents, but the
contents of 3 elements — Cu, Ni and Cr — in the
sample exceed also the MPC and the elements Ni
and Cr also the IV.

The sample from the locality of the left toe dra-
in of the sludge basin of Nizna Slana has a similar
content of the selected elements as the preceding
two localities. The contents of 4 elements — Zn,
Co, Pb and Cd — in the sample do not reach the TV,
whereas Cu and Hg exceed it significantly. Howe-
ver, the contents of 4 elements — Ni, Sb, Cr and As
— significantly exceed all 3 limit values (TV, MPC
and IV).

The contents of heavy metals in the sediment
load (sediments) from the locality — left toe drain of
the sludge bed of Nizna Slana — from the basin in

Tab. 3 Results of the chemical analysis of sediment load samples in the Slana River Basin, from VI¢ia Dolina — brook
to Nizna Slana, (sampling — April 2006) and comparison with the Methodical Instruction of the ME the SR No.

549/1998-2
Zn Cu | Mn Co Ni Pb Sb Cd Cr As H
No.of | | oeaLiry [ cu[mn[co| n [ so|ca]cr|as]omg
sample [mg . kg']
1| ViaDolina 4y st 519 | 1000 | 123 | 6509 | 283 | <2 | 075 | 5330 | <2 | 020
—brook
W. Reservoir
3 . v, 196.4 | 104 | 1100 | 13.3 | 552.1 | 26.7 | 22 1.11 | 489.1 | 5.2 | 0.40
—in Dobsina
Sludge basin 24
6 Nizna Slana 85.0 | 59.5 | 7900 | 4.3 | 531.5 | 204 | 680.3 | 0.60 | 731.3 660 2,52
— left toe drain
TV 140 36 - 9 35 85 3 0,8 100 29 0.3
MI ME SR
No. 549/ 1998-2 MPC | 620 73 - 19 44 530 15 12 380 55 10
v 720 190 - - 210 | 530 - 12 380 55 10

TV — Testing value; MPC — Maximum permissible concentration; IV — Interventional value;
Annotation: The samples from localities No. 2, 4, 5, 7 and 8 due to their grain size, were not suitable for the analysis.



Vl¢ia Dolina and from the reservoir of WW Dob-
$ina contained in the Tab. 3 shows a high extent of
exceeding of all limit values of the contamination
of sediments with elements of Ni, Sb, Cr and As in
the individual localities.

Tab. 4 contains the results of the chemical
analysis of samples of sediment load taken in July
from 11 localities.
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Localities of sampling of sediment load no. 1,
2 and 3 although being located in the basin of the
Slana River are directly influenced by the basin
of the River Hnilec due to the pressure water sup-
ply from the water reservoir of WW Palcmanska
Masa to the water reservoir of WW VI¢ia Dolina.
Out of 10 assessed elements for which limit va-
lues exist 6 elements, namely Zn, Cu, Pb, Cr, As

Tab. 4 Results of the chemical analysis of sediment load samples out of Slana river and in Slana river basin, from VIcia
Dolina —brook to village Bretka, (sampling — July 2006) and comparison with the Methodical Instruction of ME

SR No. 549/1998-2

Zn Cu Mn Co Ni Pb Sb | Cd Cr As H
[ Lo [ [ [0 [ea] e | a T
sample [mg . ke]
1 | ViciaDolina 129.0 | <10 | 1100 | 65.8 | 95.7 [13.9] 153 |334| 812 | 129 |033
— brook
2 W::mwc‘w"lma 1942 | <10 | 2900 | 66.0 | 107.1 | 55.0 | 9.5 |2.84 [104.2| 31.3 |0.28
3 | Water Reservoir 197.1| <53 | 1500 | 62.5[139.9 | 57.7 | 14.4 | 2.40 | 1058 | 212 | 0.6
—1in Dobsina
5 |Slandriver 737 | <10 | 400 |11.1| 444 |234] 87 [091| 867 | 65 [0.09
— over Dobsina brook
¢ |Slandriver 814 | <10| 700 |14.6] 659 |24.4|13.6|1.22] 909 | 11.8 |0.16
—under Dobsina brook
7 |Sludgebasin, Niznd )y ¢ 1 01 6600 [ 79 [3267] 116 (1200 | 1.02 | 20.9 | 19 500 | 421
Slana — left toe drain
g [Slandriver, g sl 10 1500|163 ] 790 [ 101|227 | 143 | 839 | 178 |0.20
—under Nizna Slana
12 | Slandriver 66.6 | <10| 700 |10.1] 293 [23.0| 1.5 |0.52] 489 | 33 |0.19
— over Bretka
14 | Murdibrook, estuary |\ ) 3 101 900 | 149 365 |465| 5.5 | 087 550 | 34 | -
to reservoir in Lubenik
Muran brook, over
15 |junction with Sland | 112.5 | <10 | 1300 | 14.5| 49.8 | 26.1 | 30.6 | 0.54 | 86.4 | 409 | 0.2
river
16 | Standriver 913 | <10 | 800 |13.6| 415 |256| 55 | 087|593 | 41 | -
— in Bretka
TV 140 | 36 | — | 9| 35 |8 | 3 |os|100]| 20 |03
MI ME SR
No. 549/ 1998 -2 MPC| 620 | 73 | — | 19| 44 |530] 15 | 12 [ 38 | 55 | 10
v 720 [ 190 | — | — | 210|530 - | 12|38 | 55 | 10

TV — Testing value; MPC — Maximum permissible concentration; IV — Interventional value;
Annotation: The samples from localities no. 4, 8, 10, 11 and 13 were not picked-up

and Hg, show lower concentrations or concentrati-
ons very close to the TV limit in those 3 localities.
4 elements, namely Co, Ni, Sb and Cd, show con-
centrations reaching or exceeding the limit value of
MPC, however, being deep under the I'V.

Sample of sediment load no. 7 from the locality
of the sludge basin of Nizna Slana from the left toe
drain shows the concentration of Ni being higher
than the IV. The content of Sb in this locality exce-
eds the maximum limit value of concentration 80
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times, the content of As even 355 times.

The samples of sediment load no. 4, 8, 10, 11
and 13 were not picked-up. The remaining 7 sam-
ples of sediment load (no. 5, 6, 9, 12, 14, 15, 16)
taken from the bottom of the River Slana and the
bed of the brook of Muran on different localities
showed concentrations of the selected elements
largely similar to the TV. Only the contents of the
elements Ni in samples no. 6, 9 and 13 and Sb in
samples no. 9 and 13 exceeded the MPC value. The
content of the selected elements in those 7 samples
was deeply under the limit IV.

A high level of contamination of sediment load
by the selected elements exceeding the limit MPC
values as well as the IV is according to Tab. 3 and
4 shown especially in the sediment load of the wa-
ter reservoir of this basin and in the deposits in the
left outflow drain from the sludge basin of Nizna
Slana.

CONCLUSION

The results of analyses of the water and sedi-
ment load (bottom deposits) samples, picked up in
the selected localities, influenced by old and pre-
sent mining activities and their assessment may
state the following:

— The outflow of mining waters from old mining
works in the basin of the River Slana, espe-
cially the outflow from the Maria mine and the
outflow from the old sludge “Cu¢ma* in Rozita-
va may have a negative impact on the level of
water contamination in the River Slan4 in case
of minimum flow rates by several selected ele-
ments. However, after flowing to the River Sla-
na and mixing with its water the analyses of the
samples procured have shown that the content
of the selected elements was on the level that
is in accordance with the valid requirements for
the quality of the surface water.

— Analyses of samples of water from the outflow
of the left toe drain and from the surface of the
active sludge basin of Nizna Slana have shown
that this sludge basin may also have a negative
impact on the content of several elements in the
water of the River Slana, especially in case of
minimum flow rates.

— However, the samples of sediment load (bottom

deposits) procured in the same localities as the
samples of water that were thanks to their gra-
nulometry suitable for the chemical analysis
have shown that almost all analysed samples
have the content of the selected elements close
to the level of the TV of the valid standard for
the environment or they slightly exceed it. It is
true especially for the content of Hg from the
locality of Vl¢ia Dolina — brook up to the river
of Sland in Nizna Slana,

— almost two thirds of elements from the majority
of localities exceed the value of the maximum
permitted concentration — MPC,

— elements Co, Ni, Sb, Cr in the monitored locali-
ties of water reservoirs and in the left toe drain
of the sludge basin of Nizna Slana significantly
exceed the intervention value — IV of the valid
standard for the environment,

— keeping of water in water reservoirs contributes
to the increase of the contents of selected ele-
ments in the sediment load (bottom deposits).

Monitoring of contamination of water and se-
diment load in the selected profiles in the basin of

Slana as well as Hnilec need to be continued by

sampling and analysing of samples.
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ABSTRACT

Babosova M., Noskovi¢ J. & Palaticka A. Inputs of Nitrogen by Precipitation Into the Soil in the Agri-
cultural Region of the Southwestern Slovakia

In the years 2005 and 2006 atmospheric precipitation was caught on the experimental base of the
Slovak University of Agriculture in Nitra — Dolnd Malanta. Concentrations of N-NO,, N-NH," a N-NO,
were evaluated. The experimental base of the Slovak University of Agriculture in Nitra — Dolna Malanta
is situated cca 5 000 m east of the area of the SUA Nitra, 48° 19°20"" of the northern latitude and 18° 8'5""
of the eastern longitude. The results were presented in mg.I"! and inputs of nitrogen into the soil in kg.ha™'.
The average concentration of nitrate nitrogen, ammonium nitrogen and nitrite nitrogen were 2.61 mg.1™!,
1.0 mg.I'" and 0.08 mg.I"! respectively for the whole monitored period. On the average 14.90 kg.ha™! of
nitrate nitrogen, 6.18 kg.ha™' of ammonium nitrogen and 0.05 kg.ha™! of nitrite nitrogen were infiltrated
into the soil in the monitored area. The total sum of N-NO,” + N-NH," + N-NO," is made up 71.02 % of
N-NO,, 26.78 % N-NH," and 2.20 % of N-NO, for the whole monitored period. About 21,50 kg.ha™* of
nitrogen was infiltrated into the soil during the years 2005-2006.

Key words: atmospheric precipitation, nitrate nitrogen, ammonium nitrogen, nitrite nitrogen, inputs of

nitrogen by precipitation into the soil

INTRODUCTION

Atmospheric water contains dissolved gases
which form normal composition of the air (oxygen,
nitrogen, carbon dioxide and rare gases), gaseous
pollutants of the air (sulphur dioxide and sulphur
trioxide, nitrogen oxides, ammonium, etc.) as well
as solids (particles of dust, smoke, plants, microor-
ganisms) (Tolgyessy, et al., 1997). Anions of strong
mineral acids are very important components of
polluted atmospheric waters because they can sub-
stantially increase natural acidity of atmospheric
precipitation, particularly sulphate ions. There are
fewer amounts of nitrates in atmospheric precipita-
tion but their concentration has the rising tendency
over the last years (Mind’as, Kunca, 1997). They are
formed during the contact of atmospheric nitrogen

oxides with water (Noskovi¢, Gabris, 1995). Under
normal conditions, nitrogen oxides represent a very
small amount in the air, hundredths of milligrams
(www.referaty.atlas.sk). Nitrogen compounds (ni-
trogen monoxide, nitric oxide and nitrogen diox-
ide) are typical components of the atmosphere in
cities and industrial sites. They are formed during
fuels combustion; they are in exhaust gases of mo-
tor vehicles and air pollutants from some chemi-
cal factories. They are formed during electric dis-
charges in the atmosphere, too. Nitrogen monoxide
mainly comes from natural sources; it is formed in
microbial denitrification in soil and water. Nitro-
gen oxides are transformed to nitric acid by pho-
tochemical oxidation. Another compound, which is
found in precipitation, is ammonium. It is released
from microbial decomposition of organic matter
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and leaks from fertilizers, animal excrements and
combustion processes. In agricultural areas, am-
monium nitrogen ratio dominates over other sourc-
es (www.fpv.umb.sk).

MATERIAL AND METHODS

In the years 2005-2006 atmospheric precipita-
tions were caught on the experimental base of the
Slovak University of Agriculture in Nitra — Dolna
Malanta. The experimental base of the SUA in Ni-
tra — Dolna Malanta is situated cca 5 000 m east of
the area of the SUA Nitra, geographic coordinates
are 48° 1920 N and 18°8'5"" E. The area is situ-
ated in western part of Zitavska upland. Locality of
the experimental base has a lowland character with
undistinguished gradient to the south and it is at an
altitude of 175-180 m asl. In term of agriculture
the base belongs to the maize cropping region.

As for the climate, the territory of the experi-
mental base of the SUA Nitra belongs to the very
warm region. The annual average temperature is
9.7 °C and the average precipitation represents 561
mm. In 2005 the average temperature was 9.6 °C
and precipitation represented 638.2 mm. In 2006
the average temperature was 10.1 °C and precipita-
tion represented 507.1 mm. In winter months pre-
cipitations fall in the form of snow, rain with snow
or rain.

Atank made of inert material was used for
catching the precipitations. The amount of fallen
precipitations was ascertained by arain gauge.
There were also some precipitations during both
years of the monitored period whose amounts were
so low that they could not be analyzed. In 2005 it
was 0.1-1.1mm and 0.1-1.0mm in 2006. In 2005
the precipitations represented 1.7mm what makes
up 0.27 % of the total amount of fallen precipita-
tions, in 2006 it was 4.5 mm what makes up 0.89 %
of the total amount of fallen precipitations.

Nitrate nitrogen (spectrophotometrically using
WTW-nitrospectral in concentrated sulphuric acid),
ammonium nitrogen (spectrophotometrically using
indophenol blue — Berthelot reaction) and nitrite
nitrogen (spectrophotometrically using sulphanilic
acid and 1-naphthylamine) were determined in
collected precipitations. The results were given in
mg.l"". Inputs of nitrogen given in kg.ha™ into the
soil were calculated according to N-NO, ", N-NH,,
N-NO," concentrations and the amount of fallen
precipitations.

RESULTS AND DISCUSSION

Results obtained by the analysis of rainfall wa-
ters showed that the concentration of nitrate nitro-
gen in precipitations fluctuates. In 2005 its average
value ranged from 1.80 (July) to 3.53 mg.I"! (Janu-
ary), the average concentration was 2.68 mg.l™".
In 2006 it ranged from 1.30 (September) to 3.95
mg.l" (February) and the average concentration
was 2.54 mg.I"". The average N-NO, value for the
whole monitored period represented 2.61 mg.l™!
(Fig. 1, 2). From the results it follows that there
was higher fluctuation of nitrate nitrogen concen-
tration in 2006 in comparison with the year 2005.
The values of average nitrate nitrogen concentra-
tion are analogical with the Budska results (2004)
which ascertained its average value of 2.84 mg.1"!
at the Hieb&ci boudy station and 2.68 mg.I! at the
Rychory station. Obtained data showed that N-NO,~
concentrations did not exceed 4 mg.I"! which is the
boundary value of permissible limit in atmospheric
precipitations according to Tuzinsky (1995).

Inputs of N-NO," by precipitations into the soil
is shown in Table 1. From the results it follows that
the highest average month value of N-NO," inputs
was in December 2005 (3.71 kg.ha'!) and in May
2006 (2.37 kg.ha™"). This could be caused by higher
amount of precipitations in these months (113.2 mm
in December 2005 and 95.6 mm in May 2006). The
lowest value was in March 2005 (0.08 kg.ha™') and
in September 2006 (0.17 kg.ha™). It can be stated
that there was no seasonal regularity in N-NO,
concentrations during the monitored years. Gene-
rally in 2005 17.09kg of N-NO, .ha" infiltrated
into the soil by precipitations and in 2006 it was
12.70 kg of N-NO, ha™'. During the monitored

2,70

mg.dm

2005 2006 Average 2005-

2006
Years

Fig. 1 The average concentrations of N-NO, (mg.I"")
in atmospheric precipitations in 2005-2006



5,00
4,00

° ’l~ I

£ 3,00 .

S . =

o 4

2 2,00 -
1,00 L
0,00

1 2 3 4 5 6 7 8 9 10 11 12
months

—— Year 2005 - - & - - Year 2006 ——&—Average |

Fig. 2 The average concentrations of N-NO," (mg.I"")
in atmospheric precipitations in each month over
the years 2005-2006

period 14.90 kg of N-NO," .ha' infiltrated into the
soil by precipitations on the average per year. Nos-
kovi¢, Gabris (1995) found out that 5.71 kg of N-
NO; got into the soil in surroundings of Nitra. This
implies that the amount of N-NO,~ which got into
the soil in Dolna Malanta over the monitored years
depended on their concentrations in precipitations
and also on the efficiency of precipitations.

Nitrate nitrogen ratio made up of 68.19 %
of the total sum N-NO,” + N-NH,* + N-NO,
(mg.1"") in 2005 and in 2006 it made up to 78.84 %.
Its average ratio represented 71.02 % of total sum
N-NO,” +N-NH," + N-NO, over the whole period
(Table 2).

In 2005 the average concentrations of ammo-
nium nitrogen fluctuated from 0.48 (February) to
2.50 mg.l"! (July) and its average concentration
was 1.18 mg.I'". In 2006 the average concentra-
tions of N-NH," ranged from 0.23 (May) to 1.84
mg.I"" (August) and the average concentration rep-
resented 0.81 mg.I"!. The average concentration of
N-NH,"was 1.0 mg.I"" (Fig. 3, 4) over the whole
monitored period. It agrees with Dubova, Bublinec
(1998) opinion who state that ammonium nitrogen
creates half of N-NO, deposition. The detected
average value of ammonium nitrogen corresponds
with Dubova, Bublinec results (1997) who ascer-
tained its average value 1.15 mg.I"'in precipitations
in chosen localities of the protected landscape area
Muréanska planina. Analogous to nitrate nitrogen
there was no seasonal regularity in N-NH," con-
centration.
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Fig. 3 The average concentrations of N-NH," (mg.I™")
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Fig. 4 The average concentrations of N-NH,*
(mg.I"") in atmospheric precipitations
in each month over the years 2005-2006

In 2005 the amounts of ammonium nitrogen
infiltrated into the soil ranged from 0.07 (March)
to 1.48 kg.ha' (July) and the average amount of
N-NH," represented 7.47 kg.ha™' over the whole
experimental year. In 2006 inputs of ammonium
nitrogen by precipitations into the soil fluctuated in
interval from 0.05 (September, December) to 1.55
kg.ha! (August) and the average amount represent-
ed 4.88 kg.ha™! (Table 1). On the average 6.18kg
of N-NH,"ha™' got into the soil by precipitations
during the whole monitored period. It corresponds
with Noskovi¢, Gabri$ results (1995) who found
out that 7.00kg of N-NH,"ha™" infiltrated into the
soil by precipitations in surroundings of Nitra.

Ammonium nitrogen ratio made up 30.03 % of
the total sum N-NO,” + N-NH," + N-NO," (mg.I"")
in 2005 and in 2006 it was 23.54 %. The average
value was 26.78 % over both experimental years
(Table 2).

In 2005 concentrations of nitrite nitrogen in
precipitations fluctuated in interval from 0.03
(February, April, June) to 0.17 mg.I"" (July) and
the average value represented 0.07 mg.1"'. In 2006
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the concentrations ranged from 0.03 (September)
to 0.29 mg.I"! (March) and the average value was
0.09 mg.I"". Its average value per two experimental
years represented 0.08 mg.I"! (Fig. 5, 6). It follows
that there was no seasonal regularity of N-NO,
concentrations.

0,10

2005 2006 Average 2005-2006

Years

Fig. 5 The average concentrations of N-NO,™ (mg.I"")

months

—&—year 2005 - - & - -year 2006 =——#— Average ‘

Fig. 6 The average concentrations of N-NO,~ (mg.I™")
in atmospheric precipitations in each month
over the years 2005-2006

Inputs of nitrite nitrogen by precipitations
into the soil fluctuated from 0.004 (October) to
0.07 kg.ha (November) in the first monitored

in atmospheric precipitations in 2005-2006

Tab. 1 Inputs of N-NO,, N-NH," and N-NO," (kg.ha™) into the soil by precipitations 2005-2006

Year 2005
Months Precipitations N-NO~ N-NH* N-NO, N-NO,+N-NH,;*+N-NO~
January 36.4 1.28 0.21 0.03 1.52
February 58.3 1.57 0.28 0.02 1.87
March 3.4 0.08 0.07 0.01 0.16
April 78.7 2.02 0.89 0.02 2.93
May 60.9 1.86 0.73 0.02 2.61
June 31.5 0.75 0.20 0.01 0.96
July 59.0 1.06 1.48 0.04 2.58
August 94.5 1.80 1.03 0.06 2.89
September 47.1 1.22 1.08 0.03 2.33
October 12.1 0.36 0.30 0.004 0.66
November 43.1 1.38 0.40 0.07 1.85
December 113.2 3.71 0.80 0.04 4.55
X 638.2 17.09 7.47 0.35 2491
Year 2006

Months Precipitations N-NO~- N-NH /' N-NO, N-NO,+ N-NH,*+ N-NO-
January 57.4 1.23 0.24 0.05 1.52
February 39.0 1.54 0.41 0.02 1.97
March 352 0.89 0.46 0.10 1.45
April 48.1 1.73 1.36 0.09 3.18
May 95.6 2.37 0.22 0.12 2.71
June 63.9 1.66 0.18 0.03 1.87
July 23.7 0.46 0.11 0.01 0.58
August 84.0 1.38 1.55 0.06 2.99
September 12.7 0.17 0.05 0.004 0.22
October 15.3 0.34 0.09 0.006 0.44
November 24.4 0.68 0.16 0.02 0.86
December 7.8 0.25 0.05 0.008 0.31

z 507.10 12.70 4.88 0.52 18.10




year and the average value represented 0.04 kg of
N-NO, ha". In the second year inputs of nitrite nit-
rogen ranged from 0.004 (September) to 0.12 kg.
ha! (May) and the average value was 0.06kg of
N-NO, ha™. The average value per two experi-
mental years represented 0.05kg of N-NO, ™ .ha™'.

Based on inputs of N-NO,, N-NH," and
N-NO, it was determined that in 2005 24.91 kg of
N.ha! got into the soil by precipitations in the mo-
nitored area and in 2006 it was 18.10 kg of N.ha™'.
From the obtained data it follows that on the ave-
rage 21.50 kg of N.ha' per year was infiltrated
into the soil by precipitations. It corresponds with
Dubova, Bublinec results (1998) who measured
1040kg of N.ha'. Noskovi¢ et al. (2000) ascertai-
ned that 13.72kg of N.ha™! got into the soil by wet
deposition in surroundings of Nitra.

In 2005 nitrite nitrogen ratio made up 1.78 % of
the total sum N-NO,”+N-NH_* + N-NO, (mg.I""),
in 2006 it made up 2.26 % and its average value per
two years represented 2.20 % (Table 2).
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ABSTRACT

Noskovi¢ J., Babosova M. & Palaticka M. Monitoring and Evaluation of Concentrations of Sulphates
and Chlorides in the Water of the Natural Reserve Zitavsky luh

Over the years 2003—-2004 the concentrations of sulphates and chlorides were evaluated in the water of
the Natural Reserve (NR) Zitavsky luh. Taking of water samples in the NR was realized in regular monthly
intervals from 5 sampling sites. The obtained data showed that during the monitored period the regularity
in seasonal dynamics of sulphates was not manifested. The highest mean value for the whole period was in
January (65,2 mg.I'") and the lowest mean value was in July (43,9 mg.I""). Depending on sampling site the
highest mean SO,* concentration (74,7 mg.I"") for the whole period was in the site of ending of the under-
ground channel which transports the water from the river Zitava to NR. The lowest mean concentrations
for the whole period (51,8 and 53,8 mg.1"") were determined in sampling sites which are characterized with
shallow standing water level and rich layer of organic sediments above the bed. The reason of sulphates
falling in these sampling sites was probably, especially in summer season, creating of anoxic conditions
suitable for the reduction of sulphates. Depending on sampling time their highest mean concentrations
for the whole period were recorded mostly in autumn and winter season. The maximum mean value was
in September (46,8 mg.1™") and the minimum in March (26,8 mg.1""). The increase of their concentration
in September was probably caused by chlorides in applied potash fertilizers (KCl) on agricultural lands
situated in the surroundings of NR. Depending on sampling site the highest mean concentration of chlo-
rides for the whole monitored period (38,9 mg.I"") was in sampling site situating on the open water area
near floodgate controlling of the water from NR and the lowest mean value (35,2 mg.I"") was in the site of
ending of the underground channel.

Key words: chlorides, sulphates, water quality, wetland

INTRODUCTION

Sulphur occures in form of different inorganic
and organic compounds in waters (T6lgyessy et al.,
1997). Energy stable sulphated anion SO,* forms
the largest amount of sulphur in rivers and small
water reservoirs (Lellak, Kubicek, 1991).

Sulphates get into waters especially from gyp-
sum and anhydrit as well as by oxidation of sulphi-
de minerals (Pitter, 1999). Their concentrations in
rivers are increased by waste water disposal with

the content of inorganic and organic sulphur com-
pounds. Some mineral waters are extra rich in sul-
phates (Tolgyessy, Melichova, 2000). The source
of sulphates in surface waters is also atmospheric
precipitations (Lellak, Kubicek, 1991).

Chlorides together with hydrogen-carbonates
and sulphates are the main anions in waters. They
are in different rocks from which they get into the
soil after their weathering. Anthropogenic sources
of chlorides are sewerages and some effluents wa-
ters of organic origin (Biskupi¢, 1991, Pitter, 1999).
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Pitter (1999) considers the road salting in winter
season and using of potash fertilizers in agriculture
as the main source of chlorides.

MATERIAL AND METHODS

The Natural Reserve was established in 1980,
and originally it represented a wetland with the area
of about 140 ha. The actual area is 74.69 ha, situ-
ated at an altitude of 132-133m a. s. |. Geographic
coordinates are: 48°12° N and 18°19” E. As for the
climate, the territory belongs to the warm and dry
region with mild winter and the average annual
temperature of 9.5 °C. The annual precipitation
total represents 600 mm. In term of geologic stand-
point the research area belongs to older Quaternary
(pleistocene). This area is created by extensive and
ground level of Pleistocene sediments, primarily
calcium loess, which create a base rock (bedrock)
of large soil amounts. The territory of the Reserve
comprises parts of three cadastral zones belong-
ing to the villages Mana, Kmetovo and Michal
nad Zitavou (district Nové Zamky). The original
side channel of Zitava crossing the southern and
western part of the territory in 600 m long and be-
longs to the catchments area of the Zitava River,
the training bank of the river represents the west-
ern boundary. The northern boundary is identical
with the boundaries of the districts Nitra and Nové
Zamky. The lowest parts on southeast of the con-
sidered wetland are typical marshes. The source of
water is the surface water of the regulated Zitava
River transported along an underground channel,
from which the water periodically penetrates to the
wetland surface. Until 1994, higher situated, peri-
odically flooded meadows (cca 35 ha) were regu-
larly mowed with machines.

The locality represents a significant habitat, es-
pecially because it serves as a foraging and breed-
ing site for several endangered wetland bird spe-
cies, both nesting and migratory. There have been
confirmed 39 at-European-level endangered bird
species occurring in this area: 7 critically endan-
gered, 16 endangered and 4 migratory (Danko et
al., 1995). The locality represents one of the most
significant occurrence places of species Porzana
porzana, Anas querquedula and Circus aerugi-
nosus. Svobodova (1992) confirmed 262 upper
plant species, 36 from them was being endangered
species of Slovak flora. The critically endangered

taxon of high ecosozological value is Adonis flam-

mea, endangered rare taxons: Clematis integrifolia,

Papaver albiflorus, and Viola pumila. From the

endangered species we list here: Adonis vernalis,

Carex melanostachya, Carex paniculata, Catabrosa

aquatica, Nepeta pannonica, Taraxacum palustre,

Tithymalus salicifolius, and Veronica longifolia.

The succession of the main vegetation formation of

Glyceria maxima, Typha latifolia is in progress and

has a significant impact on the decrease in the nest-

ing bird species. Wood vegetation in the southern
part of the Reserve consists of associations and
communities of Salicion albae, with expanding
an invasive North American species — Negundo
aceroides. At present, the riverine vegetation can
only be found in the rest of original, non regulated
flow of Zitava. The dominant woody plants are:

Salix alba, Salix fragilis, Salix cinera, Alnus gluti-

nosa and Populus alba. The shrubs are represented

by Crategus monogyna, Rosa canina and Rubus
caesius.

The water from the wetland was sampled re-
gularly, over the whole period of years 2003-2005,
monthly, always around the date of the 15th. The
layout of the sample sites system was proposed in
such a way as to obtain the best possible data for
evaluation of the changes in bivalent and univalent
alkaline cations concentrations in dependence on
space and time. We have established the following
five sites:

1. The beginning of the old original bed of the Zi-
tava River. It is the collection spot of the water
transported from the Zitava River through the
underground channel to the western part of the
Reserve during spring and summer months.

2. Pursuing original meander of the old Zitava
River with the protective levee on the southern
bank.

3. An open water area, with the water outfall re-
gulated with a floodgate to control the flood
water level in the southeastern part of the Re-
serve.

4. and 5. The sample sites situated on the open wa-
ter area in the southeastern part of the wetland,
with marshy character, adjacent to a road.

In taking water samples sulphates were deter-
mined volumetrically by lead nitrate and chlorides
were determined volumetrically according to Mohr
(Gabris, Noskovi¢, 1988). The results were given
in mg.1".



Sample site 1

Sample site 2
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Sample site 3

Sample site 4

The water in the individual sampling sites was
ranked in the categories of surface water quality.
It was performed by comparison of the calculated
characteristic value of the indicator and the corre-
sponding system of limit values which are stated
by the STN 75 7221 (The quality of water — Clas-
sification of the surface water quality).

RESULTS AND DISCUSSION

Over the monitored years the mean concentra-
tions of sulphates were from 41,0 (2005) to 69,1
mg.1""(2003) and the average value was 58,4 mg.I™!
for the whole period (Fig. 1).

Based on their concentrations in dependence
on sampling time (Fig. 2) it can be stated that the
regularity in their seasonal dynamic was not mani-
fested during the monitored period. The concentra-
tions of SO,* ranged from the minimum average
value in September 2005 (32,8 mg.1"") to the maxi-
mum average value in January 2003 (78,3 mg.1™").
Klopatek (1978; In Patten, 1990) found out the

Sample site 5

range of the average concentrations of SO,* from
15 to 99 mg.l"! in riverine wetland of Wisconsin.
The highest mean value over the whole period was
recorded in January (65,2 mg.I"") and the lowest
average value in July (43,9 mg.I""). The decrease
of SO, concentrations in summer months is prob-
ably connected with the low concentration of dis-
solved oxygen in the water (Benackova, 2007).
Pitter (1990) states that the sulphates in water are
subjected to biochemical reduction under anaero-
bic conditions. After the reduction sulphide and its
ionic forms are created. The reduction is caused
by desulphurating bacteria Desulfovibrio finding
in ground waters, riverine sediments, putrescent
surface waters and sewerages. Nevertheless, the
presence of few amounts of organic substances
as hydrogen donors is needed. Polanski a Smuli-
kowski (1971) state that during oxygen deficiency
the remains of organisms cumulating on the bed
are decomposed by putrescent bacteria. During
this process sulphide and other toxic substances
are formed. Sulphide diffuses into higher parts of
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Fig. 1 The average concentrations of SO,> in mg.I"'
over the years 20032005

water column. Dissolved oxygen can oxidate by
anorganic way or sulphide is oxidated into free sul-
phur by aerobic sulphur bacteria which can oxidate
it up to sulphates.
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Fig. 2 The average concentrations of SO,*
in dependence on sampling time

In dependence on sampling site the concentra-
tions of SO,* in the monitored years were different
(Fig. 3). The concentrations of sulphates decreased
with every following year. The lowest concentra-
tions were recorded in 2005 with the minimum
average concentration in sampling site No. 5 (34,7
mg.I""). The highest concentrations were in 2003
with the maximum in sampling site No. 1 (74,7
mg.l™"). The highest mean sulphate concentration
for the whole period was also in sampling site
No. 1 (65,0 mg.I"") and the lowest concentration in
sampling site No. 5 (51,8 mg.I™"). The second low-
est concentration was in sampling site No. 4 (53,8
mg.1""). The reason of lower SO,* concentrations in
sampling sites No. 4 and 5 which are characteristic
with shallow standing water level and rich layer
of organic sediments above the bed was probably
caused by creating of anoxic conditions suitable for

the sulphate reduction, especially during summer
season. According to Tdolgyessy and Melichova
(2000) the concentrations of sulphates occuring in
surface waters are not of hygienic importance.
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Fig. 3 The average concentrations of SO,*
in dependence on sampling site

Based on calculated characteristic SO, values
for the whole monitored period and according to
the standard STN 75 7221 the water in sampling
sites No. 1, 2 and 3 was ranked into the 2nd class of
the water surface quality (clean water) and in sam-
pling sites No. 4 and 5 into the 1% class of the water
surface quality (very clean water).

In comparison with sulphates the concentra-
tions of chlorides were lower. The average concen-
trations in the monitored years ranged from 35,1
(2004) to 41,8 mg.I"! (2003) and the average con-
centration for the whole period represented 37,4
mg.1" (Fig. 4). Similar values were found out by
Klopatek (1978; In Patten, 1990) in riverine wet-
land in Wisconsin (17-54 mg.1""). Bologova (2003)
found out the average value of chlorides 46,2 mg.I™!
in wetland communities of Abrod.
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Fig. 4 The average concentrations of Cl in mg.1"!
over the years 2003-2005



As for the sampling time (Fig. 5) the highest
average concentrations of chlorides for the whole
monitored period were recorded in principle during
autumn and winter season with the maximum value
in September (46,8 mg.I'"). The increase of their
concentration in September was probably caused
by chlorides in applied potash fertilizers (KCl) on
agricultural lands situating near the Nature Reser-
ve. Cey et al. (1999) state that Cl concentration
in waters is influenced by agricultural activities
which are probably the reason of raised concentra-
tions of chlorides in summer and autumn months.
Chlorides are poorly adsorbed by soild phase of the
soil. They are washed out from the soil and they
are chemically and biochemically stabled in the
water environment. They can get into the environ-
ment as contaminants or as products of wide scale
of human activities (sewerage, effluent waters of
organic origin, the use of potash fertilizers in ag-
riculture (KCl), road salting during winter season)
(Pitter, 1999). The minimum average concentration
of CI- for the whole monitored period in dependen-
ce on sampling time was in March (26,8 mg.1™").
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Fig. 5 The average concentrations of CI” in dependence
on sampling time
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The influence of sampling sites on the concen-
trations of chlorides in the monitored years (Fig. 6)
was not so strong. The highest mean concentration
was in sampling site No. 1 in 2003 (44,4 mg.1™").
In 2004 the lowest mean concentration was also
recorded in this sampling site (28,9 mg.lI") (Fig.
P29). The maximum average value for the whole
monitored period was in sampling site No. 3 (38,9
mg.I""). The minimum value of the whole period
was recorded in sampling site No. 1 (35,2 mg.1™").

Based on calculated characteristic values
of chlorides and according to the standard STN
757221 the water in sampling site No. 4 was
ranked into the 1% class of the water surface quality
(very clean water) and in sampling sites No. 1, 2, 3
and 5 into the 2™ class of the water surface quality
(clean water).
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Fig. 6 The average concentrations of chlorides
in dependence on sampling site
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Table 1: Calculated characteristic values and the water surface quality

Sampling site 1. 2. 3 4. 5
Indicator N0 e Crr SO,* Crr SO,* Crr S0, Crr SO,* CIr
Unit mgl! | mgl! | mgl! | mgl! | mgl' | mgl' | mgl!' | mgl! | mgl!' | mgl'
Calculated
characteristic | 86,4 51,5 85,7 53,2 86,4 53,2 79,8 49,7 75,5 51,0
value
Class of II. 1L 1L 11 1L 1L I L L 11
quality
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ABSTRACT

Palaticka A., Noskovi¢ J. & Babosova M. Evaluation of Dissolved Oxygen and Organic Substances
Concentrations in Water of the Nature Reserve Aluvium Zitavy

In 2006 concentrations of dissolved oxygen and organic substances were evaluated in water in the Na-
ture Reserve Aluvium Zitavy (indirect method based on their oxidation by K,Cr,0, was used). The results
are represented in mg O,.I"". Taking of samples took place in 6 sampling sites in regular month intervals.
Based on obtained data and according to the standard STN 75 7221 (Water quality — The classification
of the water surface quality) water in individual sampling sites was ranked into the classes of the water
surface quality.

From the data it is clear that the concentrations of dissolved oxygen and organic substances in the
Nature Reserve Aluvium Zitavy changed in dependence on sampling sites and time. The highest mean con-
centrations of dissolved oxygen in dependence on sampling time were found out in spring months and the
lowest concentrations in summer months. They ranged from 1.6mg O,.I"" (July) to 9.0mg O,.I'" (March).
Falling dissolved oxygen values can be related to successive increase of water temperature, thus good
conditions were created for decomposition of organic matter by microorganisms in water and sediments
in which they use dissolved oxygen. In dependence on sampling place the highest mean concentration of
dissolved oxygen was in sampling site No. 4 (6.0 mg O,.I'") which is situated in the narrowest place in the
NR. The lowest value was in sampling site No. 2 (3.6 mg O,.I'"") which is a typical wetland ecosystem.
High mean values of COD_, in dependence on sampling time were determined in summer months and
low values during winter moths. Dependence of COD,, values on sampling site was also manifested. The
lowest mean value was obtained in sampling site No. 4 (59.5 mg.1"") and the highest value in sampling site
No. 5 (97,1 mg.I'") which is also a typical wetland. Based on the results and according to the STN 75 7221
we ranked water in all sampling sites into the 5th class of the water surface quality (very strongly polluted
water).

Key words: dissolved oxygen, chemical oxygen demand, organic substances, surface water quality,
wetland

INTRODUCTION

Oxygen is the basic indicator of water environ-
ment features. Total revival of aquatic ecosystems
as well as majority of chemical and biochemical
processes depend on content of dissolved oxygen
(Hudec, 1996). The concentration of dissolved
oxygen in water depends on temperature and

partial pressure of oxygen in gaseous phase (Sa-
lek, 1999). Water is able to receive more oxygen
when the temperature is lower and the pressure is
higher (Strauss, 1992). The amount of dissolved
oxygen also decreases with the depth of water. In
critical situations on the ground it can decrease be-
low the value of 1,0 mg.l"" (Brvenik et al. 2003).
Oxygen is used in respiration of aquatic organisms,
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especially decomposers and consumers. When
there are favourable weather conditions during the
day it is produced in the process of photosynthesis
by producers. It is also gained due to a contact of
water level with atmosphere (Salek, 1999). In high
productive waters, such as shallow lakes, ponds
and slowly flowing rivers with many macrophytes
and enough nutrients, there is a higher concentra-
tion of oxygen and lower amount of carbon dioxide
during the day. At night there is the opposite situa-
tion (www.fns.uniba.sk).

There are lots of different organic substances in
waters. The source of these substances are products
of photosynthesis of algae and aquatic vegetation,
losses through photosynthesis, organic compounds
which are released in hydrolysis and as a result of
decomposition of dead animals by microorgan-
isms. Increased content of easy degradable organic
substances deplete large amount of oxygen from
the water and thus it can fall up to zero (Kubicek,
Lellak, 1991).

Individual determination of individual organ-
ic substances is very complicated and therefore
the methods were sought to make possible to use
representation of the total organic substances con-
centration in the water and to describe the rate of
total water pollution (Gabris et al., 1998). Most of
them are subjected to biochemical oxidation which
is conected with oxygen consumption. Some sub-
stances are not oxidated biochemically but they are
oxidated chemically (Stred’ansky et al., 2005).

Indirect laboratory methods based on chemi-
cal or biochemical oxidation are usually used to
determine the organic substances in waters. From
chemical methods we use the oxidation with per-
manganate potassium (Kubelova method) and the
potassium dichromate method. However, perman-
ganate potassium does not oxidize all organic sub-
stances (weaker oxidizer). Therefore, the dichro-
mate method is more suitable and it is also called
the chemical oxygen demand (COD).

MATERIAL AND METHOD

The Nature Reserve (NR) Aluvium Zitavy is
situated in cadastral land of the village Martovce,
22 km north of the district Komarno. The area lies
in Podunajska Lowland, on the bottom land of the
rivers Zitava and Nitra, at an altitude of 107—-112 m
asl (www.dunajsko.sk). It belongs to the catch-

ments area of the river Nitra which joins the river
Viéh. Aluvium Zitavy was established as the Nature
Reserve in 1993, mainly for protection of biotopes
of European importance (riverine willow-poplar
and alder wood forests) and other species of Euro-
pean importance (Proterorhinus sp., Rhodeus ama-
rus, Gobio albipinnatus, Bombina bombina, Lutra
lutra, Citellus citellus) (www.martovce.sk). Aluvi-
um is the part of CHKO Dunajské luhy (www.chu.
enviroportal.sk). Its area is 32,53 ha. Its larger part
is flooded along the year, but especially in spring.
There are different biotopes, aquatic, wetland and
riverine vegetation. Riverine forests, particularly
willow stands, almost along Aluvium provide suit-
able ecological conditions for nesting of avifauna as
well as hiding places. There are more than 76 bird
species occurring in this area (www.zitava.sk).

As for the climate, the territory belongs to dry
or slightly dry region and is ranked among the dri-
est regions in Slovakia. The average annual tem-
perature is 9.9°C, the coldest month is January
(with an average month temperature —2.1°C) and
the warmest month is July (with an average month
temperature 20.5°C). The average annual precipi-
tations represents 550—-600 mm, most of it falling in
May, June and July (www.martovce.sk).

In term of geology, the area is created by qua-
ternary, recent and alluvial sediments. Only in the
eastern part of the area there are quaternary Pleisto-
cene blown sands and sand dunes.

Concerning the hydrogeology quaternary sands
and gravels superimposed with loess form a base
rock (bedrock). Haplic chernozems, haplic gleysols
and mollic fluvisols are the main soil types (Www.
martovce.sk).

The research area belongs to the agricultural re-
gion with high productivity specialized in growing
cereals, oilseeds, sugarbeet and trifolium. Animal
production is focused on pig and poultry breeding
(www.martovce.sk).

NR Aluvium Zitavy has a high biological value
and observes an important function for preservation
of fauna and flora gene pool. The rarest living avi-
fauna species are for example Ardea sp., Remiz sp.,
Botaurus sp., Circus sp., Anas sp., Acrocephalus
sp., Charadrius sp., Locustella sp. Leucojum aes-
tivum grows in the NR and protected Nuphar lutea
occurs on the water level. Limna minor forms green
cover on the water level. There are wetland species
of flora, from which stands of Phragmites australis,



DBypha latifolia, Carex sp., Scirpus sp., etc. domina-

te, among two fill slopes (www.zitava.sk).

Taking of water samples was realized from 6
sampling sites in the NR. Water samples were ta-
ken regularly during the whole year, 15" day of
each month. The sampling sites were proposed to
obtain the best possible data for the evaluation of
the changes in concentrations of dissolved oxygen
and organic substances in water in dependence on
space and time. We have established the following
six sampling sites:

1. Inflow of the river Zitava into the Aluvium.
Phragmites australis and Salix sp. grow along
the river Zitava and they are also typical for the
whole area of the NR. The average depth is 0.32
m.

2. and 3. The sampling sites are typical wetland
ecosystems. There is avery dense stand of
Phragmites australis and Salix sp. in this part of
the NR. Water level is covered by Lemna minor.
Water in these sites flows very slowly and its
high changes in dependence on weather during
the year. The average depth is about 0,30 m.

4. It is situated near the bridge on which there is
a road to the village Martovce. It is also the nar-
rowest part of Aluvium; therefore water flow
reaches the highest speed in the river Zitava.
There are typical stands of Phragmites australis,
Salix sp., Alnus sp. on the banks of the river. The
average depth is 0.40 m.

5. and 6. They are characterized as typical wetland
ecosystems. The river Zitava flows out of its
watershed here while rapid snow melting dur-
ing spring months and intensive precipitation
amount in summer months. In comparison with
the second and the third sampling site the river
floods the whole area between two slopes. The
water level decreases about few meters during
dry weather in summer months. This part of
Aluvium is mostly represented by an open water
area. Typha latifolia, Phragmites australis, Al-
nus sp. and Salix sp. grows along the river. The
water level in the sixth sampling site is covered
with Lemna minor which forms a typical green
cover. This sampling site is situated about 120m
from the place where the river Zitava joins the
river Nitra. The average depth in the 5" sam-
pling site is 0.26 m and 0.39 m in the 6™ sam-
pling site.
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In taken water samples the concentrations
of dissolved oxygen were determined by inoLab
Multi Level 3 with galvanic oxygen sonde StirrOx
G. The concentrations of organic substances were
determined by an indirect method based on their
oxidation with dichromate potassium by means of
solutions of Merck spectrophotometrically. The
method is analogical with ISO 6060, EPA 410A.
The results of dissolved oxygen and organic sub-
stances concentrations are given in mg O,.I"".

The water in the sampling sites was ranked in
the categories of surface water quality. It was per-
formed by comparison of the calculated charac-
teristic values of indicator and the corresponding
system of limit values which are stated by the stan-
dard STN 75 7221 (Classification of the surface
water quality). According to the standard STN, the
characteristic value of indicator is the value with
the probability of non-overfullfilment of 90 % in
COD,, and with the probability of overfullfilment
90 % in dissolved oxygen.

RESULTS AND DISCUSSION

From the results of average concentrations
of dissolved oxygen in water of the NR Aluvium
Zitavy in dependence on sampling time shows that
the highest values were during winter and early
spring months. The maximum value was meausred
in March (9.0 mg O,.I""). Since April there was
a tendency of successive decrease of average con-
centrations of dissolved oxygen. The minimum
value was measured in July (1.6 mg O,.1"") (Fig. 1).
This fall is probably related to successive increase
of water temperature. Thus good conditions were
created for decomposition of organic matter by mi-
croorganisms in water in which they use dissolved
oxygen. We supposed that very low average con-
centration of oxygen in July is connected with the
highest temperature of water (22 °C) measured in
this month in the NR (Fig. 2). It is known from lit-
erature (Losos et al., 1984, Pitter, 1999) that the dis-
solubility of oxygen in water subsides with rising
water temperature. Benackova, Noskovi¢ (2005)
found out similar dependence between dissolved
oxygen concentration and water temperature in the
NR Zitavsky luh.
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As for the sampling place the highest average
concentrations of dissolved oxygen were measu-
red in sampling sites No. 1 (6.0mg O,.I'"") and No.
4 (5.5mg O,I"). Sampling site No. 1 is situated
on the inflow of the river Zitava into the Nature
Reserve and sampling site No. 4 is situated on the
narrowest place of the NR where water flow has
the highest speed. These sites are characterized by
permanent water flow. Lower values of dissolved
oxygen were in sampling sites No. 2, 3, 5 and 6
(Fig. 3) because these sites are typical wetland
ecosystems. They are overgrown by aquatic plants
and there is a huge amount of organic matter from
extinct plants in sediments thus good conditions
for accumulation of organic substances in water
are created. Different conditions in sampling sites
No. 2, 3, 5 and 6 were probably the reason of lower
concentrations of dissolved oxygen compared with
sampling sites No. 1 and 4 Benackova, Noskovi¢
(2005) and Sedlakova (2004) measured low con-

centration of dissolved oxygen in similar localities
(the NR Zitavsky luh and the NNR Parizske mocia-
re respectively).

Based on calculated characteristic values of
dissolved oxygen and according to the standard we
ranked all sampling sites into the 5" class of the water
surface quality (very strongly polluted water).

Total content of organic substances in water in
the NR Aluvium Zitavy was evaluated according to
COD,, values. In dependence on sampling time the
highest values were determined in summer months
with the maximum in August (129.3mg O,.I").
Benackova, Noskovi¢ (2005) measured the high-
est values of COD,, in August in the NR Zitavsky
luh, too. High values of COD_, in summer months
are obviously related to intensive decomposition of
organic matter. The lowest values were measured
in winter season with the minimum in December
(52.7mg O,.I'") (Fig. 4). The fall of COD_, values
in winter can be connected with unsuitable thermal



conditions for decomposition of organic substances
in water. Similar results in seasonal dynamics of
organic substances concentration were detected by
Pivokonsky et al. (2001), Sedlakova (2004), Be-
nackova, Noskovi¢ (2005).

Influence of sampling sites on COD, values

7,00
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was opposite in comparison with influence of sam-
pling sites on dissolved oxygen concentrations.
Higher values were in sampling sites No. 2, 3, 4,
5 and 6 and the lower ones were in sampling sites
No. 1 and 4 (Fig. 5). Organic substances which got
into the water through the decomposition of extinct
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Tab. 1 Ranking of water in sampling sites into the classes of the water surface quality according to the standard STN

757221
Sampling site 1. 2. 4 5. 6
Indicator o, |copb.,| O, |cob.|l O, |cOob.| O, |CODb,| O, [COD,| O, |COD.
Unit mg mg mg mg mg mg mg mg mg mg mg mg
o,I"| o, I'" |0, 1" | O,I""| O, I"| O,I'"| O,I"| O,I'"| O,.I""| O,I'" | O,.I"| O,I"
Calculated
characteristic | 2,6 98,5 1,2 88,0 1,2 88,3 0,6 74,4 0,6 |246,8 | 0,9 |2057
value
Class of quality| V. V. V. V. V. V. V. V. V. V. V. V.

hydrophytes can be considered as the main reason
of the increase of COD,, values in sampling sites
No. 2,3, 5and 6.

Based on the calculated characteristic values of
COD_, and according to the standard STN 75 7221
all sampling sites are ranked into the 5" class of the
water surface quality (very strong polluted water).
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ABSTRACT

KTluciarova D. & Gregorova D. Magnetic Susceptibility Mapping of Roadside Pollution
In the last years, several proxy methods have been used to outline increased levels of pollution. One

of them is based on measurements of the concentration of (ferri)magnetic minerals of antropogenic origin.
This approach was successfully applied in several European cities and has shown that magnetic parameters
(mainly magnetic susceptibility) can be used as a proxy for heavy metals pollution in topsoils.

The aim of our study was to trace the distribution and concentration of contaminants (heavy metals) in
the soil along the road carrying appreciable traffic by using magnetic proxies. The area of this study was
the part of the main road between Pezinok and Pezinska Baba. We tested how far magnetic measurement of
soil samples can give information about road soil pollution. The soil samples (very close to the road, 0.5 m
and 2m from the road) were collected each 50 m on the 3km long way, air-dried, sieved and measured for
the bulk magnetic susceptibility on the Kappabridge (KLY-2).

The results show that the soil samples near the road are characterized by enhanced magnetic suscep-
tibility, with highest values and that the magnetic susceptibility decreases with increasing distance from
the road. The geochemical analyses revealed the high positive correlation. Therefore the measurement of
magnetic susceptibility of soils can be — in this case — used as a supplemental method to the geochemical
mapping; method, which allows to assess, in a simple, cheap and rapid way, the level of soil pollution in

sites, where the geochemical data are missing.

Key words: magnetic susceptibility, heavy metals, magnetic screening, pollution of roadside soils

INTRODUCTION

Pollution of soils and sediments significantly
reduce environmental quality and affect human
health. As a condition for effective protection and
remediation actions, the screening and detection of
soils and sediment pollution has become increas-
ingly important. The pollutants of most concern are
heavy metals and organic contaminants.

Magnetic techniques were shown to be highly
useful in investigating industrial pollutants and oth-
er atmospheric aerosols. The intention of magnetic
studies of aerosols has been the discrimination of
fly—ash from other aerosols based on the charac-
teristic magnetic properties of anthropogenic dusts.
Recent studies (Strzyszcz, 1993; Strzyszcz and

Magiera, 1998; Petrovsky et al,. 1999) demonstrate
how a combination of simple magnetic susceptibil-
ity measurements can help identify regions where
soils contain higher than average concentrations of
fly-ash and other anthropogenic dusts. In addition
to fly-ash, there are other numerous atmospheric
pollutants such as vehicle and aircraft emissions
or dust from cement production, open pit mining,
and steel production. Vehicle emissions have been
suggested to be a significant source of magnetic
pollutants (Hunt, 1986). However, details about the
origin and the composition of these particles are
presently unknown.

Preliminary studies indicate a possible correla-
tion between magnetic susceptibility measurements
and atmospheric contaminants. Particles below the
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PM 10 limit (10pm) can significantly affect human
health as they can easily be transported into deeper
parts of the respiratory tract and accumulated in
the alveoli (LfU — Landesanstalt fiir Umweltschutz,
1998). It is well known that due to their specific
surface, such particles are excellent absorbers and
carriers of pollutants such as heavy metals. Mag-
netic methods provide an inexpensive and quick di-
agnostic alternative to other techniques for (direct)
analyzing pollutants and are extremely sensitive to
magnetic particles of the above mentioned grain
sizes (Hoffmann et al,; 1998, Leven et al., 1998).

Sediments and soils can act as natural storage
for many types of pollution. Magnetic proxies rep-
resent powerful means for routine screening and
detecting contamination due to heavy metals.

Here, we report results of our investigations
focused on pollution screening using magnetic sus-
ceptibility on roadsides. The main aim of this study
is to test the applicability of the magnetic mapping
method.

ENVIRONMENTAL MAGNETISM
— MAGNETO-SCREENING
OF POLLUTION

Overview

A description of the method of environmental
magnetism including a few results demonstrating
the capabilities of this technique are presented below
(more detailed reviews are found, e.g. in (Oldfield,
1991; King and Chanell, 1991; Strzyszcz, 1993,
Dearing, 1994; Heller and Evans, 1995; Verosub and
Roberts, 1995; Reynolds and King, 1995; Petrovsky
and Elwood, 1999).

In environmental magnetism, magnetic proper-
ties of materials such as soils, sediments and dusts
are investigated. Such measurements provide pow-
erful tools for approaching environmental prob-
lems of concern such as climate and environmental
changes and, more recently, environmental pol-
lution. The high sensitivity of magnetic measure-
ments allows the detection of very low quantities
of magnetic material which often act as proxies for
the underlying environmental processes. Anthropo-
genic pollution can also have a strong magnetic sig-
nature and magnetic techniques have proven to be
capable of discriminating between different sourc-
es of pollution. Magnetic techniques have been
applied successfully in studies of climate changes,

soil erosion, analyzing of atmospheric (e.g. by
detecting high fly-ash) and pollution produced by
historical or active mining and other anthropogenic
activities. The sensitivity of magnetic techniques is
suited for rapid measuring of very small quantities
of magnetic particles in bulk samples (in general
equivalent to ppb in chemical analyses). Magnetic
parameters are capable of discriminating the ferro-
magnetic component of atmospheric dust derived
from soil-sizes particles from different source areas
as well as fly-ash from different industrial sources
(e.g. Hunt et al,. 1984; Chester et al., 1984; Oldfield
and Robinson, 1985; Hunt, 1986).

Although magnetic studies have been suc-
cessful in providing proxies for environmental
processes, the fact that many of the environmen-
tal magnetic results rely on bulk techniques means
that only average magnetic parameters are obtained
from many measurements.

Methods

The principle of the method of environmental
magnetism, namely of the magnetic-proxies tech-
nique which is used in this study for the screening
and detection of pollution can be summarized as
follows:

(1) Allrocks, sediments and soils contain a certain,
mostly accessory portion of ferri(o)magnetic
minerals.

(2) These phases are: Fe-oxides (magnetite, Fe,O,
maghemite, y-Fe O, hematite, a-Fe,0,), Fe-
-hydroxides (goethité, a-FeOOH), Fe-sulfides
(pyrrhotite, Fe S;; greigite, Fe,S,) or similar
phases.

(3) In addition, aerosols and dust of anthropoge-
nic origin containing different ferri(o)magnetic
phases with Fe partly substituted by other ca-
tions like Ni, Co, Cr, Ti, Al, Mg are deposited
and accumulated in soils and sediments.

(4) With the help of magnetic proxies such as sus-
ceptibility, potentially polluted areas can be
mapped in the field (so-called magnetometry):
2D-mapping.

(5) Only the magnetic signal related to the secon-
dary ferri(o)magnetic phases of anthropogenic
origin is of interest.

(6) A series processes are known to result in an en-
hancement of the magnetic signal in soils or se-
diments (Maher, 1998). Therefore, the anthro-
pogenic magnetic signal must be discriminated



from the background (derived from lithogenic
and other secondary ferri(o)magnetic mineral
phases.

(7) Proper magnetic parameters can be used as
proxies for the detection of environmental pol-
lution.

(8) Anthropogenic ferri(o)magnetic phases mainly
consist of highly magnetic spherules produced
during processes such as combustion (fly-ash),
welding, steel production, smelting and others
(Hoffmann et al., 1998; Knab et al., 1998; Le-
ven et al., 1998).

MAGNETIC MAPPING OF
ROADSIDE POLLUTION

The area of this study is the main road from
Pezinok Pernek to Pezinska Baba. Fig. 1 represents
the part of the way which was chosen as the first
test side for detailing magnetic susceptibility map-
ping because: (1) a high level of pollution can be
expected along this road (high traffic density per
day, place where are very frequent motorbike rac-
ing, (2) vehicles are the only significant source of
pollution in this area, (3) there is only grass land on
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both sides of the road (the magnetic signal is not
disturbed by agricultural processes such as plough-
ing, (4) the present road-line is many years old and
an undisturbed accumulation of the pollution due
to traffic can be expected for this time span, (5) to
our best knowledge, the soil on both roadsides has
not been disturbed significantly within the last few
years.

Two emission-components are largely respon-
sible for the roadside environmental contamina-
tion: (1) vehicles and (2) materials used for the road
construction (asphalt, bitumen being most impor-
tant). A large variety of solid, gaseous are emitted
into the environment. These pollutants accumulate
in the topsoil, migrate to the water system (pen-
etration to ground-water), or are taken up and ac-
cumulated by plants or microorganism. Only solid
particles are responsible for the enhancement of the
magnetic signal in the topsoil. These include soot
particles, metallic or fly-ash particles produced by
abrasion (e.g. brake system), rust or paint particles
due to corrosion.

The soil samples were collected each 50 m on
the 3 km long way in 3 distances (near the road,
0.5m and 2 m from the road) and measured on
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the kappabridge KLY-2 (AGICO, Brno) in the
Geophysical Institute of SAS. A single test profile
was measured in order to qualitatively determine
the degree of magnetic pollution along a road with
high traffic density.

SUMMARY AND CONCLUSIONS

Magnetic susceptibility mapping was used
in the field in order to trace potentially contami-
nated area along the road. Clearly enhanced values
of the magnetic susceptibility were found on the
roadsides. In order to highlight the trend of sus-
ceptibility vs. distance on the roadside is that the
soil samples near the road are characterized by
enhanced magnetic susceptibility with the high-
est values (7.64.10° m3.kg ") and that the magnetic
susceptibility decreases with increasing distance
from the road (2.27.10° m* kg™) how it is present-
ed in Fig. 2. The preliminary study has shown that
magnetic mapping was demonstrated to provide
a rapid, cheap, efficient and highly sensitive alter-
native method for investigating of potentially con-
taminated area. For the correlation with the heavy
metals is necessary to refill the magnetic suscepti-
bility data with chemical analyses (AAS).

Magnetic mapping can help significantly re-
duce the cost (time) in comparison with direct
analyses of pollutants. We propose that magnetic
screening should be performed as a first step of de-
termining environmental pollution and the tracing
of its potential sources.

Magnetometry provides a proper base for more
systematic sampling which in practice means pre-

selection in order to reduce time-consuming and ex-
pensive laboratory analyses to a reasonable level.
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ABSTRACT

Jeskovsky M., Holy K., Sykora I., Meresova J., Miillerova M., Bulko M. & Polaskova A. Concentrations
of”?Rn and its Progeny 2'’Pb in Lower Atmosphere in Bratislava

Monitoring of atmospheric radioactivity in Bratislava has been carried out by the Department of
Nuclear Physics and Biophysics of Faculty of Mathematics, Physics and Informatics of Comenius Uni-
versity. Air activity concentration of gaseous *Rn and its progeny 2'°Pb, bound to aerosol particles, were
measured. The concentrations of *?Rn varied from 0.59 to 11.1 Bq.m™ (average value 3.73 + 0.17 Bq.m™)
and concentrations of !°Pb from 0.22 to 2.37 mBq.m™ (average value 0.83 £ 0.02 mBq.m™). Temporal
variation with seasonal behaviour was observed. The correlation study has been carried out between the

meteorological factors and concentrations of radionuclides.

Key words: seasonal variations, 2?Rn, 2!°Pb, air radioactivity

INTRODUCTION

The atmospheric pollution is a very topical pro-
blem at present. Study of emission processes and
chemical-physical transformations of pollutants,
associated with meteorological processes of turbu-
lent diffusion and transport is therefore important.
Useful tools to study these processes are radon and
its progeny, even if are measured at ground level,
because the atmospheric processes are dependent
on the dynamic evolution of the boundary layer.

22Rn originates from the decay chain of U,
which is a component of rocks and soils since nu-
cleosynthesis. Radon is produced in soil and after
that is exhalated to the ground level of atmosphere
where is decayed and its progeny are bounded to
the atmospheric aerosols. The ??Rn exhalation rate
depends on the soil type and concentration of**’Ra
in soil. The variations of exhalation rate are caused
by precipitation and soil moisture. The variations

of 2Rn air concentrations and subsequently of its
decay products are induced mainly by atmospheric
mixing. Air activity concentration of *?Rn shows
seasonal variations with maximum values in winter
and minimum in summer [1]. It also exhibits diur-
nal variations with the maximum in the night hours
and the minimum in the afternoon [2].

The radon daughter product with half-live long
enough to stay in the atmosphere longer than few
hours is 2'%Pb. It is transported through the atmo-
sphere bounded to aerosol particles and precipitated
back to the Earth surface by dry or wet deposition.
The level of volume activity of 2'°Pb is influenced
by several meteorological factors.

The aim of this paper is to present the results
of the long-term measurement of radioactivity con-
centration in low level atmosphere [3—6]. In partic-
ular it is concerned with *?Rn and ?!°Pb, compared
with basic meteorological parameters.
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EXPERIMENTS

For determination of ?Rn and *'°Pb concentra-
tions in lower atmosphere were used the following
methods.

Concentrations of *Rn have been measured
by the continual method using the scintillation
chamber. Data have been obtained every half-hour
and averaged for two-hour interval [3] and for one-
-week interval.

The atoms of 2!°Pb are attached to the aerosol
particles at ground level of atmosphere. Aerosols
were collected by pumping of the air on the nitro-
-cellulose filters with the hole of 0.85 um in diame-
ter. The exposed filters were changed every week.
Concentrations of ?'°Pb on filters were estimated
by the gammaspectrometric measurement using
HPGe detector situated in the low-background la-
boratory [4-6].

RESULTS AND DISCUSSION

The seasonal trends of measured **Rn and *'*
Pb concentrations during the period from January
2005 to September 2006 are presented in Fig. 1.
During the period of 21 months were 82 sets of
nitro-cellulose filters collected. The mean value of
22Rn concentrations is 3.73 + 0.17 Bq.m™® and the
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mean value of ?'°Pb concentrations is 0.83 + 0.02
mBq.m, respectively.

Concentrations of radionuclides show a seasonal
variation with maximum in the autumn to winter pe-
riod and minimum in the spring to summer period.
The increase of concentration in the cold season is
attributed to frequent inversion conditions of the
surface air layer. The decrease in the warm season is
a result of intensive air mixing during these months.

Correlation analysis between concentration of
these two radionuclides was carried out and cor-
relation coefficient was found to be 0.72 (Fig. 2)
in a weekly period and 0.88 in a monthly period,
which implies a strong correlation between air con-
centrations of *?Rn and *'°Pb. The correlation be-
tween air concentrations of radionuclides and me-
teorological parameters is presented in Tab. 1. The
values of correlation coefficients are comparable
for both of the radionuclides and for whole year
data did not show any significant correlations be-
tween studied meteorological factors and concen-
trations. Comparison of the temperature data and
concentrations of radon shows a shift between their
variations. If only data from summer months (from
May to September) were chosen for the correlation
analysis between temperature and concentrations
of 22Rn and ?'°Pb, correlation coefficient for >?Rn
was found —0.71 and for ?''Pb —0.59.
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Fig. 1 Air activity concentrations of >?Rn and ?'°Pb in the atmosphere
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Fig. 2 Correlation between air activity of *’Rn and ?'°Pb in a week period

Tab. 1 Correlation coefficients between air activityconcentrations of radionuclides and meteorological parameters
Air temperature Air pressure Air humidity Precipitation
222Rn (week period) -0.19 0.44 0.31 -0.22
22Rn (month period) -0.28 0.57 0.41 -0.42
210Ph (week period) -0.31 0.37 0.14 -0.36
21%Ph (month period) -0.38 0.48 0.50 -0.39
CONCLUSION Acknowledgement

The concentrations of gaseous *Rn and ?'°Pb
in the ground level of atmosphere indicate seasonal
variations in Bratislava region. Correlation coeffi-
cients between radionuclides were found 0.72 for
a weekly period and 0.88 for a monthly period. The
high coefficients prove relations between 2Rn and
219Pb in air at the ground level of the atmosphere.
The concentrations of ’Rn and 2'°Pb ranged from
0.59 to 11.1 Bq.m™ with average 3.73 + 0.17 Bq.m®
and from 0.22 to 2.37 mBq.m~ with average
0.83 + 0.02 mBq.m?, respectively. These are typi-
cal values of air activity concentrations of *?Rn and
219Pb for the European area [7-9]. The correlation
study between air concentrations of radionuclides
and meteorological parameters was carried out and
shows correlation between temperature and con-
centration of radon in summer months.

The authors acknowledge to the grants of the
Ministry of Education of the Slovak Republic
(VEGA project No. 1/3046/06, ESF project JPD
BA 3 2005/1-034) and Comenius University in
Bratislava (Grant of Juniors UK/369/2007).

REFERENCES

1. AHMED, A.A., MOHAMED, A., ALI, A.E,
BARAKAT, A., ABD EL-HADY, M., EL-HUSSE-
IN, A. Scasonal variations of aerosol residence time
in the lower atmospheric boundary layer. Journal of
Environmental Radioactivity 77 (2004), 275-283.
HOLY,K.,BOSA,L,BOHM,R.,POLASKOVA,A.,
HOLA, O. Analysis of the daily 2?Rn courses in the
surface layer of the atmosphere. 3. Banskostiavnické
dni 2001, (Conf. proc. Banskd Stiavnica, 2001),
(2001) 105-118.

HOLY, K., BOSA, L., POLASKOVA, A., BOHM,
R.,HOLA, O., ONDO-ESTOK, D. Ten years of con-
tinual monitoring of >?Rn concentration in Bratislava



128

atmosphere. IRPA, Regional Congress on Radiation
Protection in Central Europe 2003, (Conf. proc.
IRPA, Bratislava, Slovakia, 2003).

SYKORA, I, CHUDY, M., DURANA, L., HOLY,
K., MERESOVA, J. Aerosols radioactivity in the
Bratislava atmosphere. XXIV. Days of Radiation
Protection 2001, (Conf. Proc. of the 24™ DRP, Jasnd
pod Chopkom, Slovakia, 2001), (2001) 145-147.
SYKORA, I, MERESOVA, J., CHUDY, M.,
HOLA, K. The Study of Aerosol Component of At-
mosphere in Bratislava. IRPA, Regional Congress on
Radiation Protection in Central Europe 2003, (Conf-
proc. IRPA, Bratislava, Slovakia, 2003).

SYKORA, L., MERESOVA, J., JESKOVSKY, M.,
HOLY, K. Variation of Bratislava atmosphere aero-

sols radioactivity: Conf. Proc., Intern. Conf. on En-
viron. Radiat.: From Measur. and Assess. to Regul.,
Vienna, Austria, April 23-27, 2007 (in press).
WINKLER, R., DIETL, F., FRANK, G., TSCH-
IERSCH, J. Temporal variation of "Be and ?'°Pb size
distributions in ambient aerosol. Atmospheric Envi-
ronment 32 (1998), 983-991.

TODOROVIC, D., POPOVIC, D., DJURIC, G.,
RADENKOVIC, M. ?Pb in ground-level air in
Belgrade city area. Atmospheric Environment 34
(2000), 3245-3248.

VECCHI, R., MARCAZZAN, G., VALLI, G. Sea-
sonal variation of 210Pb activity concentration in
outdoor air of Milan (Italy). Journal of Environmen-
tal Radioactivity 82 (2005), 251-266.



129

ACTA FACULTATIS ECOLOGIAE, 16: Suppl. 1, 129-132 Zvolen (Slovakia), 2007

EVALUATION OF BOTTOM SEDIMENT QUALITY IN
SELECTED SMALL WATER BASIN

Natalia Kovalikova — Magdaléna Balintova

Stavebna fakulta Technickej Univerzity v Kosiciach, Ustav budov a prostredia, Katedra materidlového
a environmentalneho inzinierstva, Vysokoskolska 4, 042 00 Kosice,
e-mail: natalia.kovalikova@tuke.sk, magdalena.balintova@tuke.sk

ABSTRACT

Kovalikova N. & Balintova M. Evaluation of Bottom Sediment Quality in Selected Small Water Basin
Erosion processes in watersheds belong to serious ecological and economical problems because of
negative consequences in terms of soil and water deterioration as well as on the environment as a whole.
Sediments, originated by water erosion, cause silting of the small water basins, that belong among
crucial problems in water management mainly due to the reducing of the basin’s accumulation capacity.
Besides quantity, quality of sediment affects, also downstream areas and thus the water quality because

they act as a potential sink for many hazardous contaminants.
The aim of this paper is assessment of bottom sediment quality in small water basin KlI'uSov in the east

of Slovakia.

Key words: sediment quality, water basin, nutrient

INTRODUCTION

Changes in land use, started centuries ago, have
increased the rate of many erosion processes. Incre-
ased soil erosion causes a rise in sediment supply to
rivers, and is also of concern for the sustainable use
of soils for agriculture. Soil erosion affects about
17% of the total land area in Europe.

Erosion is one of the most important pathways
of sediment and nutrient entries into river systems.
The release of nutrients (particularly nitrogen and
phosphorus), which predominantly originate from
agriculture and domestic sewage, can significantly
affect the balance of the aquatic ecology and often
produce algal blooms throughout the body of water
and at the surface, resulting in eutrophication of la-
kes and rivers [1].

Although such sources of pollution as sewage
discharges may contribute significantly to nutrient
enrichment in some regions, diffuse sources — par-
ticularly agriculture — are the major contributors.

About 80 % of the nitrogen in rivers is present
as nitrate. Nitrate concentrations in rivers are lin-
ked to the proportion of arable land in the upstre-
am catchment (figure 1) — the highest levels occur
where large amounts of nitrogenous fertilisers and
animal manure are used. In 2001 nitrate levels in
rivers where arable land covers more than 50 % of
the upstream catchment area were three times hi-
gher than in catchments with arable land cover of
less than 10% [2].

Agriculture also contributes to phosphorus lo-
ading of surface water. As with nitrogen, intensive
farming methods produce a surplus of phosphorus
in the soil.

Not only water quality but also sediment qu-
ality monitoring is necessary for ecological status
assessment of water ecosystems.

Sediment as a pollutant is harmful itself and
is even more when combined with contaminants,
such as heavy metals, nutrients, pesticides and
other organic micro-pollutants.
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Fig. 1 Nitrate concentrations in catchment

Significant amounts of nutrients can be contai-
ned in sediment, and its release can significantly
influence the quality of the body of water [3].

MATERIAL AND METHODS

Bottom sediment quality was monitored in
small water basin (SWB) Kl'uSov, which is situated
at the Tisovec stream, in district of Bardejov, in the
east port of Slovakia. It was built for fishing, irriga-
tions, recreation and for retention of high water. Its
basic attributes are shown in table No. 1.

Tab. 1 Basic attributes of small water basin (SWB) Klusov

According to the last measuring, the quantity of
sediments in the Kl'uSov reservoir was approxima-
tely 24 507.30 m®. This fact resulted in decreasing
the capacity of SWB about 33%. For the reason
of sediment quantity and requirement for dredging
the reservoir is being discharged the water off at
present.

For the assessment of bottom sediment qual-
ity, there was realized the sampling of bottom sedi-

Fig. 2 Points of taking sediment and soil samples

ments and also sampling of arable land in vicinity
of reservoir.

Sediment samples were taken from the res-
ervoir in June 2006. One composite sample was
taken from each selected locality. Previous re-
search has shown that it wasn’t necessary to collect
samples more times, because sediment quality in
the reservoir, which is run the water off, isn’t evi-

Altitude Average depth Surface area Total capacity
[m above SL]| [m] [ha] [m?)]
343.00 3.5 2.20 72 128

dently varying. Samples were collected to plastic
bucket. Localities for taking of sediment samples
are shown in figure No. 2.

The weight of the collected composite sam-
ples represented about 3 kg. The samples were air
dried at room temperature, any coarse lumps were
crushed and samples were homogenized. Sediment
samples were sieved through a 0,063 mm sieve.

Collection of soil samples from arable land in
vicinity of reservoir was realized in accordance
with [4]. Two composite samples — P1, P2, con-

sisting of 30 subsamples — were taken using a soil
probe (figure 2). Soil samples handling were identi-
cal with the handling of sediment samples.

Samples of bottom sediments and soils were
analyzed for total N, P, K. The analyses of the ta-
ken samples were made in the average sample and
also in the sample with grains smaller than 63 pm.
Chemical analyses were realized in laboratory of
State Geological Institute of Dionyz Stur SpiSska
Nova Ves.



RESULTS AND DISCUSSION

Table 2 gives the results of chemical analysis
of followed compounds (N, P, K) in average sam-
ple of sediments and soil.
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From chemical analysis, given in table No. 2, it
shows that concentrations of P, N, K in separate se-
diment samples are diverse. The reason is irregular
sediment deposit in the reservoir, because coarse
sediments settle down on an inlet to the reservoir

Tab. 2 Concentration of N, P, K in soil and in bottom sediments of SWB Kl'uSov

SWB KluSov
bz Unit Soil from the field Sediment from the reservoir
parameters
P1 P2 S1 S2 S3
P total [%] 0.069 0.065 0.113 0.09 0.07
N total [%] 0.08 0.12 0.24 0.2 0.14
K [%] 1.80 1.67 2.42 2.05 1.71

and fine sediments are deposited close to the dam.

Because the fine sediments have a high surface
area, they carry have the most pollutants and the
highest values were detected in collection locality
No. 1, that means close to the dam.

Nutrient concentration in sediments is near-
ly 2-fold from this in the soil. This increase may
depend on the nutrient content in the water, or it
depends on the finest particles of soils, because of
carrying the most of pollutants [5].

In a follow-up research, content of P, N, K was
followed in the finest particles (with grains smaller
than 63 pm) of sediment sample S1 and soil sam-
ples P1, P2 (Tab. 3).

Sample P1 contained 72,7 % and the sam-
ple P2 80,2% particles with grains smaller than
63131 um. Sediment sample S1 represented 100 %
particles with granularity below 63 microns. Lite-
rary information [5] about higher concentrations

of the followed compounds (N, P, K) in samples
P1, P2 and in fraction below 63 microns were not
confirmed. This fact comes from the values con-
frontation given in tables 2 and 3. The granularity
impact of soil particles on the concentration of the
followed compounds are the object of the further
research.

CONCLUSION

For ecological status assessment of water eco-
systems, it is necessary to study not only surface
water quality but also sediment quality and quality
of soils, which are taken from hillslopes during the
soil erosion.

The results from chemical analyses confirmed
the information from scientific papers, that the con-
centrations of P, N, K in the chosen sediment sam-
ples are diverse due to irregular sediment deposit

Tab. 3 Concentration of N, P, K in the arable land and in bottom sediment of SWB Kl'uSov

SWB Kl'usov
Soil from the field Sediment from the reservoir
Measured Unit (fraction < 63 pm) (fraction < 63 pm)
parameters

72,7 % 80,2 % 100 %
P1 P2 S1

P total [%] 0.068 0.066 0.110
N total [%] 0.09 0.13 0.24
K [%] 1.77 1.68 2.22
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in the reservoir. These concentrations increase with
proportion of the finest particle fraction, because
pollutants are preferentially attached to the finest
particles. From chemical analysis also follows, that
nutrient concentration in sediment samples in the
reservoir is nearly 2-fold from this in the soil.
Considering that the sediment has been accu-
mulating in the reservoir for 18 years, this fact can
be connected with fertilizing in previous period of
time, which is the object of the further research.
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ABSTRACT
Smetanova I., Holy K., Miillerova M. & Polagkova M. The Variations of 22Rn Activity Concentration
in Borehole Water — a Comparison between the First Halves of 2006 and 2007

Three boreholes V-1 (10 m),V-2 (40 m) and V-3 (10 m) have been drilled in the Lower Triassic quar-
tzite at the area of Astronomical and Geophysical Observatory in Modra-Piesok. Since January 2006 the
sampling of borehole water has been performed three times per week for the 22 Rn activity concentration
analyses. Radon concentration in water has been studied in comparison to the water level changes in
the boreholes, the precipitation amount and the height of snow cover. The variations of **Rn activity
concentration in borehole water measured since January to July in 2006 have been compared with those
measured in the same period in 2007. It was observed that radon concentrations in V-1 and V-3 boreholes
were changing when the precipitation amount was more than 20 mm in both years of thestudy. A similar
variation was recorded in the state of water level in those boreholes. The effect of the precipitation was not
observed in V-2 borehole for both periods of our research. The melting snow caused the increase of water
level and the decrease of radon concentration in all three boreholes. The courses of water level and the
values of *?Rn activity concentration were not the same for compared months, because of the significantly
lower precipitation amount in 2007.

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

INTRODUCTION

Radon concentration in underground water de-
pends on many factors, mainly on the uranium con-
tent and mineral composition of surrounding rock
environment and on radium dissolved in underg-
round water. The diameter of connected fractures
in rock massif, the possibility for radon degassing
from water and also the hydrodynamic factors, that
control the mobility of underground water, influen-
ce the radon content in water [1, 2].

Underground water can move through rock via
connected crack and fissures of various diameters.
The position of the underground water level is not
stable. The continuous flow of groundwater to the

valley results in a general lowering of water level
except after the periods of significant precipita-
tion. The seasonal rise of water level during winter
months is observed due to the slight of evapotrans-
piration [3]

During the seasonal falling stage of the water
table, some of the radon dissolved in water of the
large fractures likely remains in the water as it rece-
des to a lower position. Much of the radon reverts
to vapor in the interconnecting fractures when wa-
ter drains down. Radon clinging to fracture walls is
free to move as the water moves out and also radon
that was held in pores that are too small for water
to penetrate can now move out into the larger air-
-filled fractures. As the water table rises seasonally,
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the airborne radon is pushed upward and outward.
A large amount of precipitation may cause a rise of
the water level and entrapment of air with an airborne
radon by the downward infiltrating water [3].

In this paper we present the results of radon
concentration monitoring in water from boreholes.
We will compare the interdependence among the
variations of *’Rn activity concentration in bore-
hole water and water level changes with precipi-
tation from January to July in both years 2006 and
2007 of our investigation.

METHODS

Three boreholes V-1 (10 m), V-2 (40 m) and V-
3 (10 m) have been drilled at the area of Astronom-
ical and Geophysical Observatory of Comenius
University in Modra-Piesok (AGO Modra) in the
Little Carpathian Mts (40 km NE from Bratislava).
The inner diameter of those boreholes is 80 mm,
they are cased with a PVC pipe with 10 % perfora-
tion along the whole length. All of them have been
drilled in the Lower Triassic quartzites folded in
the granodiorite of the Modra massif [4, 5].

Since August 2003 the investigation of radon
concentration in borehole air has been performed
in V-2 and V-3 borehole [6]. The continual moni-
toring of the atmospheric temperature is also per-
formed in Modra AGO from 2003 [6]. Since 2006
the study of the ?2Rn activity concentration chang-
es in borehole water has been performed in all three
boreholes [7].

The sampling of water from boreholes has been
carried out regularly three times a week by plastic
bottle. Simultaneously the state of water level has
been measured. The *’Rn activity concentration

Average monthly temperature
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[@2006 @ 2007

temperature [ °C]

analyses have been executed at the laboratory of
the Department of Nuclear Physics and Biophysics
at Faculty of Mathematics, Physics and Informatics
of Comenius University in Bratislava. The scintil-
lation cell of Lucas type DS 401M with volume
125ml have been used for the measurements of
radon concentration in water [8].

The precipitation amount and the height of
snow cover have been regularly measured at the
observatory and which was kindly available for our
investigation.

RESULTS

In this paper were studied the results obtai-
ned from January to July (respectively to August
in the case of V-1 borehole) for two years of the
investigation of ??Rn activity concentration in bo-
rehole water at AGO Modra. This time period was
selected to comparise of the results because since
summer there is no water in V-1 and V-3 borehole
each year.

It is interesting and very useful, that those two
years of our research were completely different for
the sake of different atmospheric temperature, pre-
cipitation amount and height of snow cover (Fig. 1).
Generally, in 2006 the winter temperatures were
significantly lower than in 2007. Equally the pre-
cipitation amount in winter and spring months was
higher in comparison with 2007. Since January to
March the study area was covered by a permanent
thick layer of snow in 2006. On the contrary, there
was almost no snow in 2007. Those different con-
ditions allowed us to compare the courses of radon
concentration in borehole water and the changes of
water level in diverse situations.

Precipitation amount 02006 E@ 2007
150
120 1
90
60 -
30 -

0,

precipitation
[mm]

month

Fig. 1 The comparison between the average monthly atmospheric temperature and the precipitation amount
at AGO Modra for the years 2006 and 2007



V-1 BOREHOLE

The courses of **Rn activity concentration
and water level in V-1 borehole were very similar
during both years of our research. After a signifi-
cant rainfall (20 mm and more) the water level in
borehole increased up to 3m, on the contrary, the
radon concentration in water decreased sharply. As
the water level was falling to the stage before rai-
ning, radon concentration in water started to rise.
The changes of R activity concentration betwe-
en minimal and maximal value were about 70-80
kBg/m?® in 2006 and 20—-60 kBg/m?*in 2007.

In 2006 the study area was permanently cove-
red with a snow layer up to 1m for the period of
three months. After the melting of this snow cover,
the water level increased rapidly up to 5 m. The
situation in 2007 was completely different. The-
re was nearly no snow, only for a few days each
month. The height of the snow cover was no more
than 0,15 m. After the melting of snow in Janua-
ry, the water level increased up to 4 m. The rise of
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water level in February and March was only up to
1,5 m, due to a thinner snow cover.

Since the end of June 2006 there was no wa-
ter in the borehole until the raining in the middle
of August. An intense growth of water table was
observed after the precipitation amount of 40 mm.
A very similar case occurred in June 2007. Because
in 2007 the precipitation amount was significantly
lower than during the same period in 2006, the
water in V-1 borehole started receding since the
beginning of April. The water vanished from this
borehole at the end of May. After the strong pre-
cipitation in June the water level ascended from
the level under the borehole bottom to almost Sm.
Since the middle of July there has not been water
in borehole again.

The negative correlation between the ?Rn ac-
tivity concentration and the state of water level was
observed in both years of our research. This nega-
tive correlation turns to correlation when the water
level was less than 6m under the surface.

A
V-1 (10m) 2006
120 T 0
—0—Rr_1 1
100 o T
I 'E' water £
EEL 80 T3 =
s £2 14 @
m e X >
= 2 5 60 5 9
T E 3 16 5
L ao 40 3
L8 2 T 7 g
<25 - T8
T 9
0 == 10
0 30 60 90 120 150 180 210 240
day
B V-1 (10m) 2006 C V-1 (10m) 2006
120 120
O ¢ R=068 T R =0.91
= 80 * r [ £ 80 L
«© \E_ 40 s L & é- 40 /
R < X
< g 0 0 M .
8 6 4 2 0 10 8 6
water level [m] water level [m]

Fig. 2 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 August 2006 (A). The negative correlation between ?Rn
activity concentration in water and the state of water level in borehole was observed (B).

If the water level in borehole was less than 6m, the positive correlation between those
variables appeared (C)
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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-1 since January to July 2007 (A). The negative correlation between ?Rn
activity concentration in water and the state of water level in borehole was observed (B). If the water

level in borehole was less than 6 m, the positive correlation between those variables appeared (C).

V-2 BOREHOLE

The V-2 borehole is the deepest one and it con-
tained water during the whole studied period du-
ring both years of our research. The radon concen-
tration in borehole water reached the highest values
among all investigated samples.

No perceptible influence of precipitation to
the state of water level or to the changes of radon
concentration in water was recognized in this bo-
rehole.

From January to July 2006 one conspicuous
maximum of *’Rn activity concentration was no-
ticed. It was observed in March, at the beginning
of the snow cover melting. Radon concentration in
borehole water attained more than 150 kBg/m?.

A rapid snow melting, lasting approximately
ten days in March 2006, created a large amount of
water that increased the water level in this borehole
about 5 m. Simultaneously, the radon concentra-
tion in water decreased. Since April the water level
in borehole stayed at the level about 2 m lower in
comparison to previous state before snow melting.

During the studied period in 2007 a very ex-
pressive maximum of *?Rn activity concentration
appeared. The values of radon concentration rea-
ched up to 240 kBg/m?. It was not connected with
snow melting or precipitation. Those high values
lasted during whole April, since then the radon
concentration started to fall. The previous state
was reached approximately after three months. The
decrease of radon concentration was much smaller
in comparison to the radon decay.

In 2007 no significant rise of water caused
by snow melting was observed, due to the lack of
snow. Similarly, the characteristics of the V-2 bo-
rehole were not affected by precipitation likewise
than in the previous year, only with one exception.
A strong precipitation with 40 mm amount of water
per day increased the water level about 1 m for one
day in June. Equally the radon concentration in bo-
rehole water increased after this rainfall. After that
both the values of ’Rn activity concentration and
the height of water level returned to the previous
state quickly.
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Fig. 4 The courses of the ??Rn activity concentration in water, precipitation amount, the state of the water level
and snow cover in V-2 borehole from January to July in 2006 (A), in 2007 (D). No correlation of ?Rn
activity concentration in water and the state of water level in borehole was observed (B, C)

V-3 BOREHOLE

In V-3 borehole the lowest values of the *’Rn
activity concentration in water were measured. The
positive correlation between radon concentration in
water and the state of water level in this borehole
appeared in both periods of our investigation.

The snow melting in 2006 caused the rise of
water level in V-3 borehole at the end of March

2006, but it was not so conspicuous like in the same
time in V-1 and V-2 boreholes.

In comparison with previous year, there was no
water in V-1 borehole during January 2007, because
of the precipitation deficiency last autumn. The first
snow melting at the beginning of February brought
the increase of water level from the state under the
bottom of this borehole to nearly 4 m. Following
snow meltings increased the water level to the 3 m.
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After significant precipitation (20mm), identi-
cally like in V-1 borehole, the water level started
to rise. However, the growth of water level was
slower and much lower in comparison with V-1, it
reached only up to 2 m. In 2007 the increase of the
water level after the precipitation was only negli-
gible, up to 1 m.

During both years of our study, the radon
concentration in V-3 borehole increased when the
amount of precipitation was more than 20 mm. The
higher values of ’Rn activity concentration lasted
approximately for 20 days in 2006 and for 15 days
in 2007. Since May 2007 the influence of precipi-
tation has not been clearly observed.

From April 2007 the water level started rece-
ding considerably due to precipitation deficiency.
Equally the radon concentration in water started to
decrease. The falling of water level in 2007 was
more rapid than in 2006, because of the precipita-
tion shortage in spring months.

At the end of July there was no water in V-3
borehole in both years of our research. Identically,
the radon concentration in borehole water was very
low. Similarly, the strong precipitation with amo-
unt of 40 mm occurred a few weeks ago, was not
able to convert this situation in the both compared
periods.
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Fig. 5 The courses of the ?’Rn activity concentration in water, precipitation amount, the state of the water level
and snow cover in V-3 borehole since January to July in 2006 (A), in 2007 (D). The positive correlation
between **’Rn activity concentration in water and the state of water level in borehole was observed (B, C)

DISCUSSION

The responses of all three boreholes V-1, V-2
and V-3 to the precipitation were not of the same
type. It was confirmed in both years of the moni-
toring.

The results obtained during both years of the
research show that both V-1 and V-3 boreholes
were affected by precipitation, if the precipitation

amount was more than 20 mm per day. The infil-
trated water increased immediately the water level
in those boreholes. In V-1 borehole the growth of
water level was approximately one meter higher
than in V-3, due to the different position of those
boreholes. All three boreholes are situated on the
slope of the hill above the observatory. The V-3
borehole, together with V-2, is situated about 9 m
higher than V-1. During the raining a part of water



soaks into the soil, another part flows down the hill
and this way could contribute to the higher increase
of water level in V-1 borehole. As the groundwater
drains away to the valley, the water level in V-1
and V-3 boreholes is falling until the next intense
precipitation.

At the beginning of summer the water level in
V-1 and V-3 boreholes started to decrease rapidly
because of warm weather and stronger evapotrans-
piration. Usually in summer the groundwater level
is under the bottom line of those two boreholes. In
2007 this process started earlier, because of a pre-
cipitation deficiency in spring months. Neither the
heavy raining with precipitation amount of about
40 mm per day could not change the water level
falling.

In V-2 borehole no influence of the precipita-
tion to the water level changes was observed. Only
in June 2007, after the heavy raining, the water le-
vel increased about 1 m, but it decreased rapidly.
The water level in this borehole is too deep under
the surface to be affected by precipitation.

The precipitation significantly influenced also
the radon content in borehole water in V-1 and V-3,
but not in the same way. While in V-1 the negative
correlation of the 2’Rn activity concentration to the
increase of water level after the precipitation was
observed, in V-3 the positive correlation was found
out. The possible explanation of this phenomenon
is in the different way of enrichment of boreho-
le water with radon. While in V-1 and V-2 radon
transport from the underlying granodiorite body is
prevailing, in V-3 the radon supply comes from the
radon transported by precipitation water from air of
soil and rock fissures.

All three boreholes were drilled in the quartzi-
te, folded in granodiorite. The maximal thickness
of quartzite is about 50 m. The bottom of V-1 and
V-2 borehole is located much lower in comparison
with V-3. We suppose that granodiorite is the main
source of radon in water for V-1 and V-2 boreholes,
because their bottoms are closely to the granodio-
rite body. Radon created in mineral grains of gra-
nodiorite is transported upwards through the rock
fissures filled with groundwater. Therefore radon
concentration in borehole water is much higher in
comparison with V-3 borehole.

The bottom of V-3 borehole is situated in hi-
gher level above granodiorite than V-1 and V-2.
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Probably the connection of rock fissures is also not
advantageous for a radon transport from below. On
the other hand the enrichment of borehole water
after the precipitation was noticed. The rainfall wa-
ter during the soaking catches radon from the air
of soil pores and rock fissures and brings it to the
borehole water.

In V-1 borehole was observed, that the preci-
pitation reduces radon concentration in borehole
water, because infiltrated water has a lower activity
concentration in comparison with groundwater in
this borehole. As the water in V-1 is sinking, the
transport of radon from granodiorite prevails and
radon concentration in borehole water is restored
to the previous stage until next rain.

The variations of *Rn concentration in V-2
borehole were not connected with precipitation.
In 2006 the maximum appeared in the beginning
of snow melting. It was probably caused by wa-
ter transport to the borehole. When the whole area
was covered by a thick layer of snow and the upper
layer of soil was frozen, the exhalation rate of ra-
don from soil was very low. The radon could not
escape to the atmosphere and it was accumulated
in soil and rock pores and fissures. The soaking
water from melted snow could enrich the boreho-
le water with radon this way. The explanation of
a very expressive maximum in 2007 is difficult.
The rise of radon concentration was very quick, but
the decrease lasted for three months. It was con-
nected neither with snow, nor with precipitation.
The decrease was much slower in comparison to
the radon decay.

The influence of the snow melting to the water
level changes and radon content in borehole water
was noticed in all three boreholes. In 2006 a large
amount of snow covered the whole study area for
three months. The snow melting intensively incre-
ased the water level in boreholes to the higher state
of the year in V-1 and V-2 borehole. The increase
in V-3 was not so significant. Simultaneously the
radon concentration in water decreased due to infil-
tration of non active water into a borehole. Contra-
ry to 2006, in 2007 the snow cover was very poor.
However, the snow melting increased the water
level in V-1 and V-3 boreholes. Also the radon con-
centration in those boreholes was changed, similar-
ly like after the precipitation.
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CONCLUSION

The values of *?Rn activity concentration in all
studied boreholes were very different in both years of
the investigation. The highest radon concentrations
were measured in V-2 borehole, the lowest in V-3.

The different responses of the studied bore-
holes to the precipitation were confirmed in both
years of our research. While V-1 and V-3 boreholes
were significantly affected by precipitation with
an amount more than 20 mm, in V-2 borehole this
phenomenon was not observed.

The precipitation caused the rapid increase of
water level in V-1 and V-3 boreholes. In spite of
this, the courses of the ?Rn activity concentration
were not the same. In V-1 the negative correlation
of radon concentration in water to the water level
in borehole was observed, in V-3 the positive corre-
lation. This phenomenon is probably caused by the
different type of an enrichment of borehole water
with radon. While in V-1 the radon comes mainly
from underlying granodiorite body, in V-3 the ra-
don is supported by infiltrated precipitation water
from the air of soil pores. In the case of V-1 bore-
hole, infiltrated precipitation water reduces radon
concentration in borehole water.

In V-2 borehole no influence of precipitation
was observed with one exception after the strong
precipitation in June 2007. Similarly like in V-1,
the borehole water is enriched by radon from gra-
nodiorite.

All three boreholes were affected by snow mel-
ting. It was clearly observed in 2006, when the snow
cover was massive. After the melting of snow, the
water level increased rapidly, simultaneously the
radon concentration in borehole water decreased
in every borehole. In 2007 snow melting affected
only V-1 and V-3 boreholes, due to not permanent
and poor snow cover. The effect was the same like
in the case of precipitation.

Because of hot weather and strong evapotrans-
piration, during the July/August the groundwater
level in V-1 and V-3 decreased under the borehole
bottom in both years of the research. In V-2 the wa-
ter occurred permanently.
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ABSTRACT

Miillerova M., Holy K., Bujnova A., Polaskova A. & Hola O. Continuous Monitoring Systems for
Indoor Radon Measurement: Construction and Results of their Testing
Two continuous radon monitoring systems were built on the basis of the scintillation chambers. The

first system used the large volume scintillation chamber with the volume of 4.5 liters and the second one
the commercial scintillation chamber with the volume of 1 liter as the detectors for radon concentration
measurement. Both systems were calibrated by Ward-Borak method. The detection limits of monitoring
systems are 2.9 Bq'm= and 5.1 Bq'm™ respectively, at — 2 hour counting period and 30% statistical un-
certainty.

The radon monitoring systems and the professional radon monitor AlphaGUARD were tested in real
conditions of working room. The testing showed that long-term courses of radon activity concentrations
obtained by all three monitors are highly correlated (R? ~ 0.95). Also the average values of radon activity
concentrations calculated on the basis of measured data are identical in the scope of counting errors already

at the measurement of the radon activity concentrations in the range of (10-120) Bq-m.

Key words: indoor radon, radon monitor, radon variation, continual measurement, calibration

INTRODUCTION

Under the term ‘indoor air’ we understand the
air inside flats, houses or other enclosed areas. Main
sources of radon (***Rn) in buildings are underlying
rocks, building materials, outdoor atmosphere and,
to a lesser extent, the tap water and natural gas.

Radon gets into enclosed spaces by exhalation
from the floors, walls and cracks in the rooms. Ra-
don concentration in the indoor atmosphere is not
stable. As a rule in the indoor air the radon con-
centration is being changed in a relatively short
time [1]. The measurement and the study of these
changes are possible by means of the continuous
radon monitors [2—6]. A correct calibration and ve-
rification of their operation in the environment with
changing radon concentration is a precondition of

their successful utilization. This paper describes
constructions and results of testing three continuo-
us radon monitors which are used for radon dia-
gnoses of inhabited buildings.

RADON MONITORS

The first radon monitor (SCH 1L) is built on
the basis of the scintillation chamber of Lucas type
with the volume one liter. The inner wall of the
chamber is coated with ZnS(Ag). Scintillations are
collected through the glass window to a photomul-
tiplier tube which is placed at one end of the cham-
ber. The flow rate of the air through the chamber is
0.6 I'min'. The sensitivity of the scintillation cham-
ber is 0.06 cpm at 1 Bq'm™ of *’Rn concentration.



142

The chamber background measured at the stable
flow of the inactive air through the chamber is abo-
ut 0.1 cpm.

As the second radon monitor was used Alpha-
GUARD monitor (AG) developed by Genitron
Company [7]. In AlphaGUARD cylindrical ioni-
zation chamber in combination with DSP-tech-
nologies is used for radon concentration measure-
ment. The active volume of the ionization chamber
is equal to 0.56 liters. The measured gas enters the
ionization chamber via a large surface glass fiber
filter in a diffusion mode. The sensitivity of the de-
tector is 0.05 cpm at 1 Bq'm= of ??Rn concentra-
tion. The background signal due to an internal de-
tector contamination is less than 1 Bq-m=. Alpha-
GUARD was operated in the flow mode at the flow
rate of the air through the monitor of 0.6 I'min".

The third radon monitor (LSCH) is built on the
basis of the large scintillation chamber. The cham-
ber has a cylindrical shape. The inner diameter is
120mm and its length is 400 mm. The volume of
the chamber is 4.5 liters. To achieve good geomet-
rical conditions for radon detection the inner space
of the chamber is divided into 9 sectors. The wa-
1ls of the sectors are coated with ZnS(Ag). Scin-
tillations are collected through two glass windows
placed at the ends of the chamber to two photo-
multiplier tubes. At the flow rate of the air through
the chamber of 0.5 I'min~' and with an aerosol filter
closely outside the chamber inlet the sensitivity of
the scintillation chamber is 0.3 cpm at 1 Bqg'm™ of
22Rn concentration. The chamber background me-
asured at the stable flow of the inactive air through
the chamber is about 2.4 cpm.

RESULTS AND DISCUSSION

For the comparison of an operation of radon
monitors the radon concentration was measured in
the same unventilated room. During the measure-

ment the air was being sucked in with the flow rate
of 0.6 I'min! through one liter scintillation cham-
ber and simultaneously through AlphaGUARD and
with the flow rate of 0.5 I'min~' through a large scin-
tillation chamber. For the large and one liter scin-
tillation chamber the radon activity concentrations
corresponding to the time interval of 2 hours were
calculated on the basis of every 30 minutes records
according to the method published by Ward and
Borak [4]. AlphaGUARD monitor was operated
in flow mode with a 10-minute lasting measuring
cycle. On the basis of the recorded data the average
radon activity concentrations corresponding to the
time interval of 2 hours were calculated.

In Fig. 1 the air supply line for one liter scin-
tillation chamber and AlphaGUARD is shown and
in Fig. 2 for the large scintillation chamber. In the
Fig. 3 there are shown courses of the radon acti-
vity concentration measured by all three monitors.
For an illustration there was chosen such case of
measurement where the course of the radon activi-
ty concentration was not regular during the whole
measured interval. The radon activity concentra-
tion shows noticeable changes. The regular varia-
tions with the low amplitude and low average va-
lues of the radon activity concentration measured
an 27/3/2007 — 1/4/2007 and 6/4/2007 — 13/4/2007
correspond to the unventilated room. In the time
period from 1/4/2007 till the 6/4/2007 an addi-
tional radon source to the room was brought in.
The regular variations showed larger amplitudes
than in previous days. In the time interval from
8:00 a.m. till 10:00 a.m. of April 4", the room was
ventilated by opening the windows.

Further, as can be seen in Fig. 3, the courses
of the radon activity concentration measured by
means of all monitors are almost identical. Even in
some details it is possible to find the same respon-
ses of all the monitors. All three devices recorded
a growth during the 1/4/2007 and also an intense
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L_ - - - meter pump filter filter
20Rn decayed AlphaGUARD
volume
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Fig. 1 The continuous monitoring system for the ’Rn measurement in indoor air on the basis of one liter
scintillation chamber and AlphaGUARD monitor
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Fig. 2 The continuous monitoring system for the *?Rn measurement in indoor air on the basis of the large
scintillation chamber

decrease on 4/4/2007 during the time interval
8:00-10:00. The average value calculated from
the radon activity concentration measured during
the whole period is (50.7 + 7.6) Bq'm for Alpha-

GUARD monitor, (47.0 = 7.1) Bq'm™ for one liter
scintillation chamber and (42.9 £+ 6.4) Bq'm= for
the large scintillation chamber, which is a good ag-
reement in the scope of counting errors.
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Fig. 3 *’Rn activity concentration in the room measured by three radon monitors

-
N
=3

100 -

80

60

40

20

SCH 1L - radon activity concentration [Bq.m'3]

y=0.98x +0.7
R?=0.95

40

60

80 100 120

LSCH - radon activity concentration [Bq.m'3]

Fig. 4 Correlation plot of the *’Rn activity concentration measured by a large scintillation chamber
and by one liter scintillation chamber
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Fig. 5 Correlation plot of the *’Rn activity concentration measured by one liter scintillation chamber
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Fig. 6 Correlation plot of the *’Rn activity concentration measured by a large scintillation chamber
and AlphaGUARD monitor

The figures 4, 5 and 6 show the correlation
plot of radon concentrations measured by one li-
ter scintillation chamber and the large scintillation
chamber, one liter scintillation chamber and Al-
phaGUARD monitor, and the large scintillation
chamber and AlphaGUARD monitor, respectively.
The relations between radon activity concentrati-
ons measured different radon monitors are line-
ar and the correlation coefficients are very high

(R? ~ 0.95). However, as can be seen in Fig. 5
and 6, AlphaGUARD records radon activity con-
centrations a few percent higher than the other two
monitors. It is caused mainly by the difference in
the measurement of daily variations where Alpha-
GUARD provides higher values of radon activity
concentrations in their minima than scintillation
chambers (Fig. 7).
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Fig. 7 The courses of the *?Rn activity concentration measured by one liter scintillation chamber and
AlphaGUARD monitor

Tab. 1 Detection limits of radon monitors for 2 h counting period and 30% statistical uncertainty

Monitor AG

SCH IL LSCH

Detection limit [Bq'm™] 4.6

5.1 2.9

The detection limits of radon monitors for
2-hour counting period and 30 % statistical uncer-
tainty are shown in Tab. 1. As can be seen the hi-
ghest sensitivity has the monitor built on the basis
of the large scintillation chamber. The sensitivities
of other two monitors are mutually comparable.
Compactness and high sensitivity are advanta-
geous features of the AlphaGUARD monitor but
monitors based on scintillation chambers are better
adaptable for different conditions of radon measu-
rements.

CONCLUSION

We built two radon monitoring systems on the
basis of scintillation chambers and compared the
operation of three continuous radon monitoring
systems in the real conditions. The results of tests
show that the records of radon activity concen-
trations of all three monitors are very similar and
average values of radon concentrations calculated
on the basis of the measured data are identical in
the scope of counting errors. Moreover, it was fo-
und out that AlphaGUARD provides radon activity

concentrations a few percent higher in minimum of
daily radon variations than other two monitors. All
three monitors can be successfully used for solving
different problems of radon diagnosing of inhabi-
ted buildings starting from the level of radon con-
centration of some Bq'm™.
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Andras P., Mamonova M., Ladomersky J., Turisova I., Lichy A. & Ruskova J. Influence of the Dump
Sites on Development of Selected Plant Tissues at the Lubietova Area (Slovakia)
Natural installation and development of plant species such as Pinus sylvestris, Betula pendula, Quer-

cus petraea, Salix fragilis, Mentha longifolia, Acetosella vulgaris, Juncus articulatus can be observed at
the old mine waste dumps in the Cubietova — Podlipa (Zelena Valley, Slovakia) area, specific to the local
chemical conditions such as low content of essential nutrients and high content of heavy metals (Fe, Cu,
As, Sb, Cd and others). Content of heavy metals and landscape features of the dump material are not ap-
propriate for the vegetation development. The individual parts of the plant tissues (roots, branches/stems,
leaves/needles, flowers/fruits) are contaminated by heavy metals and tissues are damaged differently, re-

spectively.

Key words: mining dumps, heavy metals, contamination of plant tissues

INTRODUCTION

First written evidence about mining activity in
the Cubietova area came from the Anjou monarchy
time in 1340 [1]. Cubietova deposit was historically
important by mining of copper ores. Gold was ob-
tained in small amount as well. The biggest boom
of mining activity was in the fifteenth and the six-
teenth century and lasted for almost 200 years. This
period ended by Turkish invasions in 1571-1588.
In the eighteen century, iron became the main com-
ponent for mining production.

The revival of mining activity was in 1810 and
the attenuation in 1863. In the period 1860-1870
decline of the European copper mining activity due
to competition of oversea ore deposits caused the
stopping of mining activity in the Cubictova area
for more than 100 years and mining dumps were
interesting only for researchers and mineral collec-
tors [2]. Hydrothermal ore mineralization is evolved
at 3 deposits: Podlipa in the east border of village,
Svitodusna and Kolba in the closure of the Peklo
Valley, 5 km east of village where cobalt, silver and
nickel are observed besides iron and copper.
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The most important Podlipa deposit dump-
-field, which represents about 2 km? area, is situated
1 km east of the village center, at the south slope of
the Vysoka spot height (995.5 m), in western direc-
tion from the Zelena Valley (Fig. 1). It is situated
in the LCubietova crystalline complex of Permian
age which consists of greywackes, arcose schists
and conglomerates [1]. The deposit was exploited
by 18 adits from 570 to 700 m (Fig. 1), from the
bottom adit Empféngnis to the top adit Francisci
[3]. Copper content in manually graded ore was
about 4-10 wt. %. Copper content in dump waste
material was 0.9-2.4 wt. % [1, 4].

Heavy metals can reach plants from the soils
due to their higher content in the base rocks or
from the sources of different anthropogenic ac-
tivities. Heavy metals from the air pollutants can
reach plants through pores/water or soil solution
[5]. Their penetration influences soil-ecological
conditions such as soil types, soil pH, concentra-
tions and bonds of heavy metals, humus content
in soil, oxidative-reductive conditions around root
system connecting with microbial decomposition
of inorganic and organic substances, soil moisture,
temperature, utilized fertilizes and preparations for
plant protection [6].

Natural installation of mine waste dumps by
plants is inhibited due to fine-grained soil flushing
from the slopes and fast draining of rain water from
the surface into the basal level of dumps or into the
impermeable sub-soil by soil-forming substratum.
Therefore only several large mine waste dumps
provide the possibility to enroot to resistant plants
in depressions or at local plains after centuries.
Many authors have devoted to the study of plant
contamination at the mine waste dumps in recent
years [7-12].

The main aim of the presented work was the
monitoring of heavy metal pollution in different
plant tissues. We sampled also the stream water,
drainage water (both from the reference and con-
taminated sites), and water from wetland situated
beneath the dump-field to get sense about the so-
urce of the studied heavy metals and about their
migration.

MATERIAL AND METHODS

The samples (of about 10kg weight) of sedi-
ments from the dumps and soils from the 15-20cm

depth, surface water (stream water, drainage water,
and water from wetland) were collected for the cha-
racterization of components of landscape contami-
nation. To each water sample of 1 000 ml volume
was added 10 ml of HCl Following reference sites
were selected for comparison of territories loaded
by heavy metals and non-contaminated natural
environment: planes A and B (Fig. 1) are situated
outside of geochemical anomalies of heavy metals
and represent graywakes of Permian age, similar
to material at the dump-field. The samples of plant
material were collected from the contaminated pla-
nes C, D, E, F (Fig. 1). Planes C and D are situated
on the terrace of the highest dump, plane G is be-
low the dump of the Empféngnis adit and plane E
is the wetland below the dump-field.

The realization of the plant sampling was dif-
ficult at the contaminated planes C and D due to
missing vegetation cover. Vegetation creates small
isles and is enrooted in few depressions which have
enabled limited soil-forming process. The selection
of plant species was performed so that it could be
possible to compare all identical plant species from
the contaminated planes with plants from the re-
ference sites. The samples of hardwood species
(Betula pendula, Quercus petraea, Salix fragilis),
coniferous species (Pinus sylvestris, Abies alba, Pi-
cea abies) and herbs (Juncus articulatus, Mentha
longifolia) were studied. The samples of Aceto-
sella vulgaris were collected at the contaminated
planes. At everyone site 10 individuals of each
plant species were sampled to get average sample
Five coniferous individuals of approximately same
age were sampled for branches (in case of Picea
abies also needles) from the fourth or fifth spike
with approximate length of segment from 10 to 15
cm. In the case of Pinus sylvestris were analysed
two-years old needles. Roots of the same length
and with 2-3 cm diameter were obtained from the
surface soil level. Similar mode of sampling was
used for hardwood species: 3—4 years old branches
were sampled from the lower limbs. The samples
were dried at laboratory temperature and then ho-
mogenized.

The samples of technogenous sediments from
the dumps and soils were dried and 0.25 g of sam-
ple was heated in HNO,-HCIO -HF to fuming and
taken to dryness. The residue was dissolved in
HCIL. Solutions were analysed by ICP-MS analyse
in the ACME Analytical Laboratories (Vancouver,
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Fig. 1 Podlipa dump-field

Canada). Plant samples were divided into roots,
branches/stems, leaves/needles and flowers/fruits.
0.5g of vegetation sample was after split diges-
tion in HNO, and then in Aqua Regia analysed by
ICP-MS for ultralow detection limits. The conta-
mination of live and dead parts was compared in
several plants. Plants were analyzed in the same
laboratory as sediments. As and Sb were analysed
in the laboratories of Geological Institute of the
Faculty of Natural Sciences, Comenius University,
Bratislava. The samples were pressure-decompo-
sed in Aqua Regia and analysed using electroter-
mic atomization. The water samples were analyzed
in the National Water Reference Laboratory for
Slovakia at the Water Research Institute in Brati-

slava. Microscopical analyses of plant tissues were
realized in the laboratories of the Department of
Wood Science and Technology of the Technical
University Zvolen.

RESULTS AND DISCUSSION

Sediments and drainage water
contamination by heavy metals

Table 1 presents concentrations of Fe, Cu, Zn,
Pb, Ag, Cd, Ni, Co, As and Sb in the sediments from
the reference sites A and B and contaminated planes
C — F. Soil from the reference site A contains sur-
prisingly the highest Zn concentrations. Sediments
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from the dump plant C contain the highest con-
centrations of Fe, Pb, Ag, Ni, Co, As and Sb. Site
E shows the highest Cu and site C the highest Co
concentrations. Sediment from the wetland (plane
E) contains mostly Cu (6766 ppm). Sediment from
the plane F is mostly contaminated by Cd and Zn
(with exception of the Zn concentration in referen-
ce site A).

Water sample VX from the Zelend Valley be-
low mine waste dumps has the lowest pH from the
collected surface water (tab. 2). This sample has
the highest concentrations of Fe and Cd. Sample
VF has pH 6.7 and the highest concentrations of
Cu (810 pg/ml), Zn (30 pg/ml), Ag (2 pg/ml), Ni (8
pg/ml) and Sb (0.2 pg/ml) and Co (7.0 pg/ml). The
comparison of water from the reference plane with
other water samples shows its gradual saturation by
heavy metals from the dump material. Concentrati-
ons of heavy metals culminate in the wetland whe-
re is assumed partial precipitation of metals.

Tab. 1 Lubietova, analyses of the dump-field sediments

Plant tissues contamination by heavy
metals

The knowledge of content of heavy metals in
plants is important from the point of foot cycle con-
tamination. The intensity of plant contamination by
heavy metals is necessary to critize dependence up
on plant species.

Leaves are the most contaminated part of
Mentha longifolia in case of all observed heavy
metals at the dump-field and reference site (tabs 3
and 4). As and Sb analysis shows higher contami-
nation of flowers where As content is 1.44 ppm and
Sb content is 2.07 ppm. Similarly. the highest con-
centrations of heavy metals (with exception of As.
Sb. Cu and Ag) were determined in leaves of Ace-
tosella vulgaris from the valley below the dump-
-field besides As and Sb (tab. 3). Plant roots are the
most contaminated part of Juncus articulatus from
the wetland besides Cu and Sb (tab. 3). The highest

Fe Cu Zn Pb Ag Cd Ni Co As Sb
Sample % ppm
A 1.38 25 39 16.1 0.1 0.1 8.5 5.1 7 10.4
B 1.12 390 36 13.6 0.3 0.1 7.8 7.1 32 17.5
C 2.58 541 20 24.1 1.6 0.1 31.6 53.6 294 39.2
D 2.14 1977 23 7.9 0.3 0.1 17.1 36.2 34 15.6
E 2.25 6766 19 17.7 0.7 0.1 25.8 34.9 153 26.4
F 1.61 1388 29 16.2 0.6 0.3 16.6 15.1 85 17.7
Explanations to the tab. 1-4: localization of samples is marked at fig. 1
Tab. 2 Lubietova, spectrochemical analyses of surface and drainage water
Fe Cu Zn | Pb | Ag | cd [ Ni | Co | As | sb
Sample | pH
ppb
VB* 6.3 221.0 14.2 0.0 0.0 0.2 0.2 2.7 0.0| 0.00 0.0
VB** 6.5 299.0 25.8 0.0 0.0 0.6 0.4 5.3 0.0| 0.02 0.0
VB 6.5 260.0 20.0 0.0 0.0 0.4 0.3 4.0 00| 0.01 0.0
VX* 5.7 342.5 34.1 4.3 0.0 1.0 0.3 5.1 2.6 0,00 0.1
VX*¥ 7.1 297.7 35.9 5.3 0.1 1.2 0.7 5.3 3.0| 0.01 0.1
\2. Sl 6.4 320.2 35.0 4.8 0.1 1.1 0.5 5.2 28| 0.01 0.1
VF* 6.5 164.2 795.3 34.6 0.0 1.6 0.5 7.7 62| 0.01 0.1
VEF** 6.9 156.4 824.7 25.4 0.0 2.4 0.5 8.3 7.8 0.01 0.3
VE#¥* 6.7 160.3 810.0 30.0 0.0 2.0 0.5 8.0 7.0| 0.01 0.2
Explanations:

* sampled on June 2006 afier rainfall
** sampled on June 2007 in dry season
% qverage sample



concentrations of Fe. Cu. Cd. Ni. As and Sb were
determined in the plant tissues from the reference
site in root system (tab. 4).

Concentrations of Zn, Pb, Ag and Co are the
highest in leaves and stems. Quercus petraea
shows an important contamination by heavy meta-
Is in roots at the dump-field (tab. 3). The exception
is a moderate As increase (0.77 and 0.64 vs. 0.50
ppm) in its leaves and branchess.
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Contamination of Salix fragilis from the wetland
below the dump-field is significant in leaves (tab. 3).
Cu, Co, As, Zn and Sb are concentrated in roots. The
highest Ag concentrations are in branches. Leaves
of Betula pendula from the dump-field are the most
contaminated part (tab. 3). Exception is the preferen-
tial contamination of Pb. As and Sb in roots. Pinus
sylvestris from the dump-field and reference plane
tends to preferential contamination of leaves (tabs. 3

Tab. 3 Analyses of plant tissues from dump-field Cubietova — Podlipa

o | Site | Pan | Fe | cu | zo [ Po | Ag [ ca| Ni | co| As |sb
Sample plant ppm

a 91.7] 7.1 1680 24.1] 002] 008] 580 090] 2.14]2.90

Betula D b 1585 66| 1670 18.6| 290| 0.04] 350 0.70] 150 030

pendula | LB-7 | b 3089 86| 7130 75.6| 1690| 0.15] 10.70] 6.70] 0.50] 0.10

¢ 380.0| 253 3540 3.8| 820| 0.08] 1090 340 1.29] 0.14

a 2746| 92| 5900 57.1] 40.10] o.10] 11.80] 3.50] 050] 025

Quercus | C b 2041 00| 4170 47| 204] o10] 470] 1.00] 064] 0.09

petraea |LB-100 | ¢ 852| 81| 1030| 286/ 3030[ 0.06] 3.70] 1.00] 0.77] 0.11

d 2100 65| 1460| 17.1] 002] 005 3.00] 1.10] 037] 007

a 156.8| 28.1] 1500 145| 070] 0.03] 270 230 042|050

Pinus b 1646 29| 1570 322 3.04| 003] 250 130] 056] 013

sylvestris LB_C103 b 1430 00| 1670 205 o10] 0.03] 230] 10| o062] 011

¢ 1485| 59.9| 4430| 383 800| 0.10] 490| 250 0.15] 0.04

d 954| 68| 1280 152] 004| 003] 270 1.60] o041]0.10

a 218 75| 3240] 386 007] 007] 610] e10] 3.14] 053

Picea C b 1582 12.1] 1605] 20| 082] 0.04] 920 080 059 0.12

abies LB-14 b2 — — — — — — — — 0.19| 0.12

¢ 1341 101] 1460] 19] 070] 0.03] 920 080 085]0.19

_ a 1252 108] 2214 154 3.10] 0.06| 620 125 049 0.96

/:l’[’[’jf LI;-S b 221.6 80| 27701 155] 140] 005 s540| 1.80] 1.34] 034

¢ 732 87| 870| 315]2080| 0.04] 542 1.60] 224] 1.14

a 3580 372 85.10| 514| 2251 020] 1020] 870 19.70] 1.52

Juncus E b 2094 70.1] 3320 379 470] o.10] 490| 260 140 1.67

articulatus | LB-1 ¢ 2080 683] 3201 359 400] o.10] 492| 255 1.28] 1.60

d - - - - I - | 364 0.44

a 246.0| 1004| 2330| 160| 020] 006 470 120] 057] 021

l;‘:;’l%’l‘;a E b 89.4| 143 13.10] 11.4] 004] 004 240] 050 005/ 0.08

LB-112| ¢ 593.6| 173.3| 3830 412| 240| 010 7.60| 330] 0.76] 0.26

d - - - - N - 1 144 207

. a 4156 63.5] 8400 60| 020] 020] 13.00] 970 284 021

fi‘glfzs L}]33-2 b 1313] 00| 2080 63| 530 005] 370 060] 026]0.15

¢ 5659 00| 74.10| 986| 080| 020] 21.00] 620] 052] 0.1

a 184.0| 133.7] 2230 46| 030] 006| 940| 57| 1731 346

Acetosella | E b 1768 72.9] 31.10] 23.1| 740| 0.08] 1200 7.70] 13.08] 3.30
vulgaris | LB-13

¢ 701.0| 465[18580| 135.1| 038| 042] 3630] 2560 1297] 3.27

Explanations to tab. 3 and 4: a —roots; b — live branches and stems; b, — dead branches; ¢ — leaves and needles;

d — flowers and fruits
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and 4). Higher contamination by heavy metals (Fe,
Cu, Co, As and Sb) in other plant parts is mostly
a weak increase of their concentrations compared
with concentrations in leaves, e.g. Cu concentra-
tions 8 vs.7. As concentrations 0.16 vs. 0.13. Co
concentrations 2 vs. 1.3 ppm in plant from the re-
ference site.

The comparison of additive concentrations of
heavy metals in individual types of plant tissues
(roots, branches/stems and leaves/needles) was
carried out to obtain more complex contamination
model of the plant tissues. The comparison was
performed with the following wood species and
herbs: Betula pendula, Quercus petraea, Picea
abies, Abies alba, Pinus sylvestris, Juncus articu-
latus, Mentha longifolia. It was possible to collect
their samples from the dump-field and reference
site, respectively. The study showed (Fig. 2) that

the highest concentrations of Fe, Pb, As, Sb and Zn
were determined in the root system. Cu contamina-
tes leaves and needles in preference. Fe probably
enters leaves and needles up to certain concentra-
tion level in preference. When this concentration
level is exceeded, Fe accumulates in root system
after it cannot enter leaves and needles.

The contamination of plant tissues of live and
dead branchess was compared in several plants
from the dump-field (Betula pendula, Pinus sylves-
tris, Picea abies) and reference site (Betula pendu-
la, Quercus petraea) (tabs 3 and 4). Betula pendula
from the dump-field (tab. 3) showed higher As and
Sb concentrations in live branches. Higher con-
centrations of Fe, Cu, Zn, Pb, Ag, Cd, Ni and Co
were determined in dead branches. Pinus sylves-
tris (tab. 3) showed higher concentrations of Fe,
Cu, Pb, Ag, (Cd), Ni, Co and Sb in live branches

Tab. 4 Analyses of plant tissues from the reference site Cubietova — Podlipa

Site | Pt | Fe | Cu | Zn | Pb | Ag | Cd | Ni | Co | As | Sb
Plant Sample of the
plant ppm
a 1920 2.0/ 27.10| 1920] 0.02] 0.06| 510| 230| 031| 0.20
Be’;l’; s b 107.7 3.5] 16.90| 14.80| 1.30| 0.02| 3.00| 7.70| 0.12| 0.27
enauta
P LBA0 L_bs 108.8| 5.6| 4130| 7560 | 1.90| o0.12] 1.70| 670 0.20| 0.05
c 2090 6.9 2550| 3.10| 540| 0.07| 470| 1.80| 0.14| 0.04
a 1742 421 32.00| 31.10| 0.08| 0.06| 7.82| 153| 035| 0.19
Quercus s b 67.1| 00| 2540| 2.00| 0.02| 004| 340| 1.80| 0.06| 0.04
petraca | | oo b, 158.6| 3.2 3630 3040| 020] 0.06| 3.80| 1.00| 0.63] 007
c 1232 3.1 2750 2220| 0.05] 0.03| 28| 1.30| 0.16] 0.09
_ a 111.1 8.1] 1020 10.80 | 0.05| 0.02| 2.00| 2.00| 0.16] 0.51
Sy’l)v";;‘;is LBﬁOI b 840| 00] 1280 1140 120] 0.02] 220] 030 0.04] 0.03
c 136.8| 6.6] 2290 17.00| 0.10] 0.06| 450| 1.30| 0.13] 0.06
a 121.6| 45| 2240 28.60| 0.04| 005| 4.11| 410| 033] 052
Picea A b 952 | 81| 1020] 1.15| 0.55| 060| 7.10| 5.10| 0.07| 0.06
abies || oo © 90.8 | 7.4 1001| 1.11| 048| 052| 7.00| 420| 0.17] 0.08
d 84.1| 21| 863| 098 060 0.02| 820 070| 0.57| 0.16
b a 98.1 34| 19.70] 1000 0.80| 0.04| 5.13| 1.11] 039| 1.20
all’;f B b 112.8| 46/ 2000] 1180 080| 004] 430] 140] 0.07] 0.03
LB-113 c 41.7 3.0| 1720| 22.40| 3.50| 0.03| 490| 0.70| 0.15| 0.11
a 199.5| 34.1| 3950 430| 020] 0.08| 510| 1.00| 0.59| 0.18
J“f_“'” s b 103.2| 88| 4290 1540| 0.50| 0.05| 3.00| 130| 0.16| 0.07
articu-
s | LB-114 ¢ 1004 | 8.0/ 38.12| 1541 049| 0.03| 299| 130| 0.17| 0.05
d - - - - - - - - 031] 0.06
a 246.0 | 100.4 | 2330 | 16.00| 020| 006| 470| 120| 057| 0.21
lMe’?;hl‘f s b 89.4| 143] 12.10] 11.40| 0.04| 0.04| 240| 050| 0.05] 0.08
ongijolia
& 1B-101 L_¢ 593.6| 173.3 | 38.30| 41.20| 240| 0.10| 7.60| 3.30| 0.76| 0.26
d - - - - - - - —| 144] 207
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Fig. 2 Cumulative heavy metal concentrations in individual types of plant tissues
a —roots b — branches/stems c — leaves/needles
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and higher concentrations of Zn, (Cd), As in dead
branches. As and Sb concentrations were possible
to compare in Picea abies (tab. 3).

Higher As concentrations were in living branch-
es (0.59 vs. 0.19 ppm). Sb concentrations were equal
in living and dead branches (0.12 ppm). Betula pen-
dula from the reference site (tab. 4) showed higher
concentrations of Ni, Co and Sb in living branches.
Increased concentrations of Fe, Cu, Zn, Pb, Ag, Cd,
Co and As were in dead branches. Quercus petraea
(tab. 4) showed higher Co concentrations in living
branches and higher concentrations of Fe, Cu, Zn,
Pb, Ag, Cd, Ni, Co, As and Sb in dead branches.

Plant tissues

Plants at the mine waste dumps have lack of
organic nutrients and moisture besides higher con-
centrations of heavy metals. They mainly populate

2500

g &

width of year shoots (pm)

Sirka ro&nych kruhov (pm)

=
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roll

2007 2006 2005 2004 2003

depressions or weathered parts of the dumps. Per-
manent plants prevail at the old mine waste dumps.
Annual and biennial plants are rare. Year shoots in
living branches of Pinus sylvestris from the dump-
-field are narrow (Fig. 3). Anomalous thin-walled
tracheides (weak summer wood) were determined in
several year shoots from 1994-1999. It shows that
secondary coarsening of cell-wall did not pass off
and bond between secondary cell-walls of tracheides
of reaction wood weakened and exfoliation of sum-
mer tracheide cell-wall layers (fig. 4) was described.

Lack of moisture (mostly in summer) is pro-
bably the main reason of this state besides contami-
nation of tissues by heavy metals. It is probably the
reason of insufficient soil-forming at the dumps.
Formation of pressure reaction wood was determi-
ned in tissues from 1995-2007 (Fig. 5). Formation
of very narrow year shoots has been observed in

2002 2001 2000 1999 1998 1897

roklyear

-1 =8=2 —i—3 4

Fig. 3 Comparison of the current year shoots in analysed samples of the Pinus sylvestris.
Dump-field — sample LB-103: 1 — living branches. 2 — dead branches; Reference site — sample LB—101: 3 — living
branches. 4 — dead branches

dead branches of Pinus sylvestris from the dump-
-field over the last 13 years (Fig. 3). Occurrence of
numerous calluses with near formation of nume-
rous resin canals was confirmed. Cell-wall coarse-
ning of the summer tracheides is completely mis-
sing in the last year shoots. Tracheides of reaction
wood in live branches from the reference site are
relatively regular.

In some samples of Betula pendula is visible
zonal occurrence of thick-walled fibres (Fig. 7).
Exfoliation of secondary cell-wall of summer tra-
cheides is possible to observe in the cross-section.
This trend weakened in 1999-2000. Marks of
weaken cohesion of secondary cell-wall and its ex-
foliation extreme narrow year shoots are possible
to observe in the cross-section of dead branches.

Vega @Tescan
Katedra ninky o dreve - DF TU Zvolen

Fig. 4 The living branches of the Pinus sylvestris from
the reference site: exfoliation of summer tracheide
cell-wall layers
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Fig. 5 Compression of wood formation during the
1995-2007 period in the living branches
of the Pinus sylvestris from the dump-field
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Fig. 8 shows comparison of width of year
shoots from the analyzed samples of Betula pen-
dula from the dump-field and reference site. The
width of year shoots is narrower in sample from the
dump-field. It suggests more stressful conditions
for vegetation at the dump-field. The zonal occur-
rence of thick-walled and thin-walled libro-shaped
fibres, scalar perforation and hyphae in vessels is
possible to observe in the cross-section of living
branches of Betula pendula from the dump-field
by detail enlargement (Fig. 9). In living branches
of Betula pendula membranes of axial parenchyma
and parenchyma of medullary ray are enzymatic
decomposable and parenchyma of medullary ray is
without stock substances. Irregular width of year
shoots and preferential setting of vessels into radial

roklyear

Fig. 6 Comparison of the current year shoots in analysed samples of the Betula pendula.
Sample LB-7 from the: 1 — living branches. 2 — dead branches; sample LB—10 from reference site:
3 — living branches. 4 — dead branches.

groups is possible to be observed in the cross-sec-
tion of live branches from the reference site. Mem-
branes of thinned parenchyma of medullary ray
were enzymatic decomposabled.

Changes of pH and oxidative-reductive poten-
tial affect the release and precipitation of heavy
metals. It causes the heavy metals transfer into the
bottom sediments, solution or soil/rock environ-
ment. Bowen [13] states that Ag, As, Cd, Cu, Pb,
Sb and Zn metals have the tendency to accumulate
in the upper soil horizon due to vegetation recy-
cling, atmospheric deposition and adsorption by
organic mass. Fe, Co and Ni metals usually accu-
mulate in higher concentrations in dislocated clay
minerals and autigene sesqui-oxides in lower hori-
zon of the soil profile enriched in clay and oxyhyd-
roxide components.

|

DET: or ST RI 1

DATE: 033107 200 ym
Dievice: TSE130

Vega ©Tescan
Katedra niuky o dreve - DF TU Zvolen

Fig. 7 Living branches of Betula pendula
from dump-field; zonal occurrence
of thick-walled fibres.
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Plant contamination by Fe causes the atrophy
of plant tops and the root coarsening [14]. It has
been observed by Picea abies where the deforma-
tion of tree tops and the formation of ,,stork nests”
has been occurred. Plant contamination by Cu
causes the formation of dead stains on lower leaves
at steam, purple and violet stem coloring (A4cefo-
sella vulgaris), atrophy of the root system and leaf
chlorosis with green veining.

PR )
LR

DET: SE Detector L
DATE: 633107 ™
Dievice: TSS130

SEM MAG: 300 kx
HV: 150KV
VAC: HiVae

Vega €Tescan
Katedra minky o dreve - DF TU Zvolen

Fig. 8 Reference site dead branches of Betula pendula,
a— scalar perforation in vessels.. b — hyphaes

Cannon [14] states that the flora loading by Zn
causes the abundant occurrence of plants with leaf
chlorosis with green veining (Picea abies, Betula
pendula), dead stains on leaf-tips (Acetosella vul-
garis) and rudimentary root system (Picea abies).
Plant loading by Ni and Co causes the formation
of white stains [14]. White stains were described
by Salix fragilis. Plants receive Cd mostly by roots
[15, 16] in Cd* form [17] by diffusion due to me-
tal chelatation by organic acids secreted by plant
root system [18]. Hagrini [15] states that the hi-
ghest Cd contents are in roots, lower in leaves and
then in stems and fruits. The lowest Cd contents
are in seeds. Our research of plant tissues from the
dump-field and reference site confirmed these sta-
tements.

Higher Cd contents cause several diseases such
as leaf chlorosis [19], root darkening [20] and for-
mation of violet-brown stains on leaves [21] which
is probably caused by the change of phenols me-
tabolism [22]. Diseases have been observed at the
studied locality by Picea abies (needle chlorosis),
Quercus petraea (root darkening), Acetosella vul-

garis (formation of violet-brown stains on leaves).
Shedding ofleaves and needles is present frequently
as well. Lack of Cd causes the increase of biomass
formation. High Cd content causes unproportional
growth of leaves and roots, cell extension and stag-
nation of cell division [23]. For instance, needle
length is ultra small by Pinus sylvestris (only 2 cm)
at the mine waste dumps in Podlipa.

Pitter [24] states that in neutral and alkaline
area which is typical in Cubietova. The following
complexes can form in higher concentrations: [Pb(-
C0,),I*, [Pb(OH),(aq)]’ and [PbOH]". Pb shows
the affinity to form complexes with insoluble mo-
uld substances. It causes Pb fixation in the upper
humus layer [25]. Extracellular uptake based on
ion exchange and complex formation with ligands
of cell-wall predominates in Pb uptake by orga-
nisms [26]. Pb accumulates mostly in roots if Pb
uptake by roots predominates [25]. This statement
was confirmed in our study. It is possible to obser-
ve in contaminated plants the atrophic plant growth
(Picea abies, Quercus petraea, Betula pendula),
leaf chlorosis and drying, root damage and decrea-
se of wood reproduction ability.

Lagerwerff [27] states that the content of Cd,
Pb, Mn, Zn and Co decreases in plant tissues with
increasing pH in case of their identical concen-
trations in soil. This explains the relatively low
contamination level observed in plants at the LCu-
bietova locality. Generally, As toxicity increases in
the following order: organic compounds of As*',
arsenates — inorganic compounds containing As’*,
organic compounds of As®*, arsenites — inorganic
compounds of As*, arsanes [28]. Arsenates and
arsenites can form methylane compounds whereby
they merge into the lower toxic forms [29]. Specific
anomalous of flora caused by As and Sb contami-
nation were not determined.

Concerning the plant distribution it was not
possible to obtain the identical plant species from
each plane A-F (Fig. 1). It was impossible to com-
pare the contamination level of plant tissues with
the contamination level of soils and sediments
from the planes, neither with contamination level
of surface water.

CONCLUSIONS

It was determined that at the Podlipa locality
the concentrations of heavy metals in plant tissues



decrease in the following order: Fe, Zn, Pb and
Cu. The comparison of contamination of indivi-
dual plant tissues showed that the highest concent-
rations of heavy metals have roots and then lea-
ves and stems. Flowers, seeds and fruits have the
lowest concentrations of heavy metals. Plant tis-
sues are considerably damaged at the dump-field
and increments of year shoots are extremely nar-
row. Anomalous cell-wall coarsening, occurrence
of calluses, resin canals and numerous hyphaes in
vessels suggest defense mechanism of plants which
are exposed to stress factors at the dump-field such
as contamination by heavy metals, soil and mo-
isture deficiency, movement of incohesive material
down the slope.
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ABSTRACT

Blazkova M. Identifying Disparities in the Podkrusnoho¥i Rock Environment

Rock environment is a fundamental part of the overall environment; however the necessary indicators
for its evaluation do not exist. This paper is an introduction of defining them and gives directions for their
elaboration. To identify them, the environs in Northern Bohemia were chosen, where the rock environ-
ment, along with Northern Moravia, is the most afflicted. A predominant amount of the known factors
disrupting the rock environment are represented here to an exceptional degree of accumulation. It concerns
the disparities of the region under investigation in contrast to other regions in the Czech Republic.

Key words: rock environment, indicators, disparity, mineral mining

INTRODUCTION

The area of Northern Bohemia, especially the
North Bohemian brown coal basin, is known for
the enormous anthropogenic disturbances to the
Earth’s surface. A qualified estimate pouts it at
90 % of the surface in the districts of Chomutov,
Most, Teplice and Usti nad Labem.

The anthropogenic changes to the surface arise
due to human activities or are corrected with man’s
assistance. Their classification is genetic according
to how and why man made them. The intensity of
the disturbances depend on several factors such as
the settlement density, the location of industries, the
occurrence and deposition of raw materials, the type
of usage of the agricultural and forest soils, etc.

CLASSIFYING THE INTENSITY
OF THE DISTURBANCES TO
THE ROCK ENVIRONMENT

For an overall appraisal of the disturbances to
the rock environment it is necessary to combine
the individual processes and not to appraise them

separately. It concerns the changes by mutually
connected stimuli and the mediated effects and
consequences.

For the Czech Republic were determined 5 ca-
tegories [1, 2] especially for mechanical and then
chemical disturbances. Levels 1-5 classify relati-
onships from mild to extreme disturbances.

Mechanical disturbance to the rock environ-
ment is based on phenomena such as erosion and
sedimentation, slope movement, karstic features,
mining mineral materials, old mines, building and
ground work.

On a territory classified in the 5" level of me-
chanical disturbance more than 50 % of the surface
is afflicted by marked relocation of large volumes
of rock and earth. The surface and underground
mining and sites are undermined with the threat
of surface subsidence. It is densely populated, has
frequent slope movements, strong erosion and the
resulting sedimentation and a large concentration
of industrial activities.

Chemical disturbance to the rock environment
is defined by pollution of underground water and
soils, agricultural activities, an excessive occurrence
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of nitrates, heavy metals, contaminated mine water,
atmospheric deposition affecting soils and plants,
radon emanations, etc.

Areas assessed at the 5" level have a catastro-
phic level of underground and surface water pollu-
tion by risk elements in above the limit concentra-
tions. Soils are contaminated by anthropogenic ac-
tivities on the surface and atmospheric deposition.
There is an occurrence of radon anomalies etc..

In general both of the above-mentioned types
of disturbance to the rock environment, i.e. mecha-
nical and chemical, work in simultaneously.

According to this classification of disturbance
to the rock environment it is estimated that 8-15%
of'the Czech Republic’s area has strongly disturbed
rock environment. More than 5 million inhabitants
live here [2]. The most serious are those afflicted
areas with the most intensive mining activities and
the largest concentration of industry. In the Czech
Republic’s territory there are the areas of Northern
Moravia and Northern Bohemia, where live over 3
million inhabitants.

Therefore evaluating the environment with the
focus on the rock environment is one of the most
important criteria. In the official methodologies
this criterion only manifests itself in connection

with devastation of the surface. Thus one of the
most important aims of the project is to specify the
disparity in the rock environment in the most dis-
tinct example, those at Podkrusnohofi territory of
Northern Bohemia.

FORMULATING THE FACTORS
OF THE ROCK ENVIRONMENT
IN THE INVESTIGATED AREA
OF NORTHERN BOHEMIA

Through the study of the available information
and the field survey in the territories of the Chomu-
tov, Most and Teplice districts the following rock
environment factors were found and specified.

A predominant part of these factors are those
negatively influencing the rock environment.

The factors are significantly disparate in com-
parison with other regions in the Czech Republic.
The disparity primarily concerns their exceptional
accumulation in this territory. The factors do not
act individually but in various combinations and
thus more intensively.

The following table presents an overview of
the factors influencing the rock environment.

Factor Weight/extent® | Negative effect | Positive effect | Notes
Surface mining 1 yes no
Underground mining 1 yes no
Anthropogenic 1 New landscape
yes yes .
geomorphology formations
SFablhty of the mining 1 yes o
pit slopes
Stability of the spoil
bank slopes ! yes no
Old mine pit 2-3 yes no
Sinks and mining Used during land
3 yes yes/no .

pools reclamation
Seismic activity in 3 o o
the area y
Occurrence of radon 3 yes no
Radioactive ash from

L 2 yes no Rarely measured
energy emissions
Mine water .
(by quality) 2 yes yes/no Used when flooding hollows
Waste deposition 2 yes no

Low water temperature but

Geothermal energy 23 1o yes locally very substantial
Mineral reserves 1 no yes Mineral wealth

*weight/extent — 1) very significant, 2) significant, 3) slightly significant



SPECIFIC EXAMPLES OF
FACTORS THAT ARE PART OF
THE ROCK ENVIRONMENT
AND INFLUENCE IT

The examples are given for factors indicated by
weight and extent of 1, i.e. very significant factors.

Underground and surface mining
The territory under investigation is the part of

the North Bohemian Basin (NBB) and the major

mining activity here is brown coal.

In the Podkrusnohofi, the coal has been mi-
ned in an industrial way for more than 150 years
and in the period from 1945 to 1998 alone almost
3.4 billion tonnes of brown coal were mined; but
in the period up to the Second World War brown
coal mining in this area only occasionally excee-
ded 20 million tonnes per year. However in the post
war period brown coal mining grew drastically. In
essence for every five-year-plan period it grew by
more than 10 million tonnes and in the mid 80’s the
North Bohemian Brown Coal-field was mined 74.6
million tonnes a year [3].

In 1991 the Czech government accepted deci-
sion to suppress Czech mining, especially coal. The
result was the issuing of the government resoluti-
ons on territorial environmental mining limits. The
Governmental Resolutions affecting the Podkrus-
nohoii brown coal basin block almost 3.5 billion
tonnes of usable brown coal reserves.

This inhibitory variant on the development of
mining means a definite and irreversible end to
brown coal mining in the Northern Bohemia by the
end of 2150.

Open pit coal mining takes place in the fol-
lowing localities:

— VrSany Mine and Ceskoslovenské arméady
Mine, they are owned by the Mostecka uhelna
spole¢nost (MUS) in Most

— Nastup TuSimice Mines with the quarries Mer-
kur and Libous and Bilina (formerly Maxim
Gorkij) owned by Severoceské doly based
in Chomutov.

The last underground mine in the territory is the

Centrum Mine (MUS)

Anthropogenic geomorphology
The anthropogenic accumulations have arisen
in the North Bohemian brown coal basin since the
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start of coal mining and intensive industrial activi-
ties. Anthropogenic accumulations are understood
to be the external and internal spoil banks of surfa-
ce mines, sludge settling lagoons for power plant
ash, various dumps, slag heaps and landfills.

In the territory of the North Bohemian brown
coal basin anthropogenic changes to the morpho-
logy of the rock environment as a result of mining
unequivocally dominate.

However the phenomena that have arisen in
connection with the activities of a number of large
industrial enterprises are also significant. In the in-
vestigated territory there is a number of industrial
formations.

The most significant of the external slag he-
aps are currently merged into the landscape and
the landscape has even gained something from it.
These, for instance, are the Lochocicka slag heap
near Usti nad Labem, Radovesicka near the town
of Biliny, Obrancti miru and Velebudicka slag he-
aps, which tie into the built up area of the city of
Most. In the most west parts of the territory under
investigation the Merkur and Bfezno slag heaps
near Chomutov are also significant.

From the geomorphological standpoint these
slag heaps are protuberant. The territory’s morpho-
logy is also formed by anthropogenic depressions
which are the new lakes and those being newly
built.

The present lakes, used for recreation, are Bar-
bora near Teplice, or Matylda and Benedikt near
Most. Currently, with a time horizon of 2-3 years,
the lakes of Chabatovice and Most — Lezaky will
be ready for use.

Stability of the slopes in coal mines
and slag heaps

An example of monitoring, defining warning
states and limiting the expansion of the mining ar-
eas is the section of the main Krusnohory slope be-
tween Vysoka Pac and Horni Jifetin, with the width
of about 5km, which is, without doubt, the most
problematic area in the forefront of advanced min-
ing in the NBB. It is the highest and the steepest
and also has specific geological conditions.

The huge coal mine Cs. armady was expanded
from the central area of the basin to the foothills of
the Krusné Mountains by the end of the 70’s.

The most critical sites are below Jezefi Castle
and the Jezerka nature reservation.
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A stabilising buttress and the monitoring system
ensure the slope’s stability even in the subsoil of the
Jezeti Castle. The rest of the castle’s lower park the
“arboretum”, is within the range of the stabilising
buttress and it is in the monitoring system’s area.

Mining using the opencast system in a pit over
200 m deep under the slope of the mountain made
of a tectonically distressed and porous crystalline
complex has no parallel in the world.

Research into the slopes of the slag heaps
was realised on modelled localities of the Merkur,
Libous, Chabarovice slag heaps and the old slag
heaps in the area of the Varvazovska Basin near
Usti nad Labem.

The research was aimed at measuring the geo-
mechanical properties of the spoil material through
field methods and in site measurement (permeabi-
lity, aeration and pore pressure).

The results of the research led to the following
conclusions:

— the main source of the pore pressure is the
Earth’s own weight;

— developments in pore pressure are conditional
on the amount and extent of the structural chan-
ges in the backfill;

— the nonlinear development of the pore pressure
is caused by the heterogeneity of the backfill’s
creep over time.

CONCLUSIONS

The information given here is the summary of
general mapping of the significant factors in the
rock environment.

In the next stages the problem will be further
studied and a specification of the factors for indi-
cators of the rock environment will be made. With
the regards to the fact that such indicators do not,
as yet, exist, these will be supported by further re-
search and specific information.
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ABSTRACT

Zapletal M. & Chroust P. Modelling Stomatal Ozone Flux and Deposition to Coniferous and Deciduo-
us Forest in the Czech Republic

There are presented the estimates of ozone concentration and deposition flux to coniferous and deci-
duous forest in the Czech Republic on a 1 x 1 km grid during growing season (April — September) in 2006.
Ozone deposition flux was derived from ozone concentrations in the atmosphere and from its deposition
velocities. To quantify the spatial pattern in surface concentrations at 1 km resolution incorporating topo-
graphy, empirical methods are used. The procedure maps ozone concentrations from the period of the day
when measurements are representative for the forest areas of countryside. The effects of boundary layer
stability are quantified using the observed relationship between the diurnal variability of surface ozone
concentration and altitude. Ozone deposition velocities were calculated according to the multiple resistan-
ce model incorporating aerodynamic resistance (R ), laminar layer resistance (R,) and surface resistance

(R). Surface resistance (R ) comprises stomatal resistance (R

). R, was calculated with the respect to

sto

global radiation, surface air temperature and land cover.

Key words: ozone concentration, ozone deposition, resistance model, stomatal fluxes, topographic effects, ozone

1. INTRODUCTION

Photooxidants with ozone as the major com-
pound have been the concern for vegetation in Eu-
rope for long time. There is an evidence that the
ambient ozone concentration found in Europe can
cause a range of effects to vegetation, including vi-
sible leaf injury, growth and yield reductions [1].
Ozone is an air pollutant of great consequence for
sustainable development of forest in the Czech Re-
public.

Level I ozone critical levels for forest trees
were based upon the AOT40 concept [2]. Level
I aproach has a number of serious problems if the
aim is to assess the likely ozone damage to vege-
tation. AOT40 is calculated only on the basis of
ambient ozone concentrations regardless of whe-
ther this ozone is actually absorbed by the plant or

not [3]. On European scale, the application of an
uptake based approach for assessing the possible
risk of O, causing damage to vegetation requires
the availability of models capable of calculating
the seasonal and diurnal courses of O, flux on ve-
getated surfaces [3, 4, 5]. Ozone flux is a fuction
of ozone concentration above plant canopy and the
resistance to ozone transfer from there into the sub-
-stomatal cavity of an individual leaf. This resistan-
ce is a function of a number of factors, including
atmospheric turbulence, canopy height and structu-
re, species-specific phenology, and the effects of
factors such as irradiance, soil moisture deficit and
vapor pressure deficit on the stomatal component
of the resistance.

The results of the evaluation of the relationship
among ozone concentration, AOT40 exposure index
and the flux to coniferous forest in Hruby Jesenik
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Mountains in 1998 in the Czech Republic were pre-
sented in [6]. The results of evaluation of relationship
between AOT40 exposure index and the total ozone
flux to coniferous and deciduous forest in the Czech
Republic in 2001 were presented in [7, §].

Estimates of ozone concentration and depo-
sition flux to coniferous and deciduous forest in
growing season (April—September) for the year
2006 in the Czech Republic on a 1x1km grid are
used. Ozone deposition flux to forest was estimated
from the monitored and modelled ozone concentra-
tions in the air and from its deposition velocities.
The data of ozone concentration from the Czech
Hydrometeorological Institute database were used
[9]. Empirical methods to quantify the spatial pat-
tern in surface concentrations at 1 km resolution,
incorporating topography, are used.

2. MATERIAL AND METHODS

2.1 Ozone concentrations

For this study were used the databases of the
Air Quality Information System of the Czech Re-

public [9]. At present the measurements of ozone
concentration are carried out at 60 automated am-
bient air quality stations representing rural, moun-
tainous and urban areas. Automatic monitoring sta-
tions operate continuously on a 30 minutes time re-
solution. The ozone concentration measurement is
based on ultraviolet absorption photometry. Some
of the stations, within the meteorological monito-
ring framework, also record global solar radiation.

For this study were used the monitoring data
from rural areas (23 automated rural monitoring
stations for ozone concentrations measurements
and 73 meteorological monitoring stations for wind
speed, global radiation, air temperature and relative
humidity measurements).

Ozone concentrations during afternoon in the
vegetation period, when the planetary boundary
layer is well developed, were compared on the ru-
ral monitoring sites. Listing of daily mean ozone
concentration, mean ozone concentration in the pe-
riod from 11 to 17 o’clock UTC from April to Sep-
tember 2006 and the altitude of monitoring station
are presented in Table 1.

Tab. 1 Listing of daily mean ozone concentration, mean ozone concentration during the period 11 to 17 o’clock UTC,
during April to September 2006 and the altitude of monitoring stations

. Mean ozone concentration (g m~)
Site name Altitude from April to September 2006
(masl) Daily mean 11-17 UTC

Kuchatovice 334 77 99
Mikulov — Sedlec 245 79 98
Churarnov 1122 103 110
Kocelovice 519 75 95
Svratouch 735 77 87
Krkonose Rychory 1001 91 95
Serlich 1011 79 86
Hojna Voda 818 102 113
Kostelni Myslova 569 84 101
Kosetice 534 76 94
Piebuz 904 81 93
Sous 771 79 97
Jesenik 625 89 99
Piimda 745 85 96
Ondiejov 514 74 89
Bily Kiiz 890 87 93
Cervend 749 79 86
Studénka 231 62 95
Lom 265 67 96
Rudolice v Horach 840 90 100
Snéznik 588 87 100
TuSimice 322 71 95
Stitna n.V1ai 600 94 103




The methods developed to incorporate the
effects of topography into the map of rural mean
ozone concentration are described in [10] and the
underlying theory is examined in [11]. The map
was produced by interpolating the afternoon value
of the variable from rural sites then modifying the
resulting grid cell values to account for the diurnal
cycle in ozone concentration. Afternoon average O,
concentrations (the concentration during the period
from 11 to 17 o’clock UTC) at the rural monitoring
sites are interpolated accross forest area ecosystems
by applying a minimum curvature interpolation al-
gorithm[12] that produces gridded data at 1x 1 km
resolution. Minimum curvature is used as ozone
varies quite slowly across the landscape during the
average period and this interpolation method pro-
vides a smooth fitted surface. For the 24 hour mean
ozone concentration this is done using the variable
AO, (the difference between the seasonal average
ozone concentration during the period from 11 to
17 o’clock UTC and the daily mean concentration).
This variable was then related to the altitude (h) of
the monitoring station. This effect is quantified in
Fig. 1 as the relationship between altitude of moni-
toring station and AO,.

y= 41'5766—0.0018 altitude

R®=0.7291

A O3 (g ni’)
12

0 200 400 600 800 1000 1200
altitude (ma.s.L)

Fig. 1 Relationship of seasonal AO, (difference of
seasonal 2006 average O, concentration in the period
from 11 to 17 hours UTC and seasonal 2006 24 average
O, concentration) at rural sites to the sites altitude

The relationship:

AO3 = 41‘576670.0018 altitude (1)

was used with an altitude map of country to obtain
AO, for each 1x 1 km grid square of the forest area.
The afternoon value in each grid square is adjusted
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for the diurnal cycle using relationship (1).

2.2 Ozone deposition flux

2.2.1 Description and application
of the ozone deposition flux model

Since no simple method was available for the
direct measurement of ozone deposition flux, the
deposition flux was estimated from measured con-
centrations of ozone in the air multiplied by the
corresponding deposition velocities:

F=V(2)C>) @

where F is the deposition flux of the component to
a unit area (e.g. m?), ¥, is the deposition velocity of
the ozone and C(z) is concentration of the ozone at
height z above surface.

The ozone deposition model differentiates the
stomatal and non-stomatal deposition components
and estimates ozone deposition according to vege-
tation-specific parameterisation. Deposition veloci-
ty for ozone was calculated by using the resistance
analogy. Deposition velocity ¥, may be expressed
by the inverse of the sum of three resistances:

V(z)= ! 3
@R )+ R, + R, ®)

The three resistances represent three stages of
transport: the aerodynamic resistance, R , for the
turbulent layer, the laminar layer resistance, R,
for the quasi-laminar layer, the surface or canopy
resistance, R , for the receptor itself. In this study
the acrodynamic resistance, R , is calculated from
micrometeorological relations suggested by [13]
and [14] and the quasi-laminar layer resistance,
R,, is calculated from micrometeorological relati-
ons suggested by [14]. R and R, may be assessed
on the basis of known wind velocity and a surfa-
ce roughness. The annual average values of the
surface roughness, z,, for different surface types
were derived from the literature [13, 15]. Annual
averages of the surface roughness, z,, were related
to the corresponding surface characteristics in the
forest territory of the Czech Republic according to
the CORINE Land Cover classes [16]. Land Cover
classes used were coniferous forest (Picea abies)
and deciduous forest (Fagus sylvatica).

The surface resistance (R ) comprises the plant
canopy (described using a “big leaf” formulation)
and the underlying soil. Surface resistance was
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calculated using the following equation:

1 1 1)
k.= * t2 ) @
' Rsta + Rm Rinc + R R

soil ext

R, was calculated on the basis of known global ra-
diation, surface temperature, relative humidity and
land cover according to Eq. (4) using the results
and assumption obtained from literature (Table 2),
for calculating and parameterization of the land-
-cover specific canopy stomatal resistance (R, ),
the mesophyll resistance (R ), the canopy cuticle
or external leaf resistance (R, ), the soil resistance
(R,), and the incanopy resistance (R, ), respecti-
vely.

The stomatal resistance (R, ) includes dependen-
ce upon global radiation and surface air temperature.
Here we use the following generalized function to

estimate the canopy stomatal resistance [17]:

R =R{1+[200(G+0.1)" [?}{400[T (40-T)]"'} (5)

where R, is input resistance in s m™', G is the global
radiation in W m~ and 7, is the surface air tem-
perature (°C). We only extract values of R, from
Wesely's (1989) table [17] that are pertinent to the
present study (Table 2).

The incanopy resistance (R, ) for vegetation
was modelled with [21]:

R, =bLAIhu, (6)

where LAl is the one leaf area index, / the vegeta-
tion height, b an empirical constant taken as 14m!
and u, is a friction velocity. The current paramete-
rization that was used to calculate the surface resis-
tance (R)) for coniferous forest (Picea abies) and
deciduous forest (Fagus sylvatica), is summarised
in Table 2.

In this article are presented calculations for the
growing season in 2006. The resistance model of
the ozone deposition velocities calculation under
conditions on the forest territory of the Czech Re-
public was applied as follows: the forest area of the
Czech Republic was divided into 41 forest natural
regions, and the seasonal average horizontal wind
velocity, u, for the growing season at 73 meteo-
rological stations, was extrapolated for all these
regions. The value R and value R, were calculated
from the micrometeorological relations by [13] and
[14] by using the average value, z,, according to in-
dividual surface type and seasonal average values,
u_, in the different regions.

Tab. 2 Vegetation — specific parameters used in the ozone deposition model

Pt | Coptrons | Conffoue oot | Diduens | Decions v
LAI 8.6 [15] 5 [18]

R (scm™) 2.5 [17] 1.4 [17]

R (scm™) 0 [17] [17]; [19]

R, (scm™) 30 [20] [20]

R_ (scm) 200 [20] 20 [20]

2For mixed forest

The seasonal average deposition velocities,
V (z), of ozone at a 10 m reference height for indi-
vidual surfaces (grid cells 1 x 1 km), represented in
regions surrounding the 73 meteorological stations
on the Czech forest territory were calculated by
diurnal averages of the values R , R, and R, from
Eq. (3). Each grid cell (1x1 km) was assigned the
dominant surface type.

Seasonal average value of ozone deposition flux,
FO,, was calculated from seasonal average concen-
tration, C(z), seasonal average deposition velocity,
V (z), and time, ¢, in a 1x1 km grid resolution.

3. RESULTS AND DISCUSSION
3.1 Ozone concentrations

The hourly mean ground level concentration
of ozone in rural sites in the Czech Republic vary
between 0 and 205 pg m™, but generally lie in the
range 40 to 120 pg m=. Days with the concentra-
tion maxima exceeding 100 pg m™ can be taken
to imply photochemical episodes, when the ozone
concentration is raised above the background level
by a combination of anthropogenic precursor emis-
sions and weather conditions [7, 8].



The effects of wind on ozone concentration are
to reduce the effects of depletions at the ground on
surface concentrations. As wind speeds and tur-
bulent mixing processes are enhanced on hills, it
follows that surface depletion effects are less on
hills than sheltered lowland sites [7, 8]. The effects
are illustrated by neighbouring monitoring stations
which differ substantially in an altitude, as in an
example Studénka (STU) and Bily Kiiz (BKR)
(The Beskydy Mts) differ by 659 m in the vertical
yet are within 39km horizontally (Fig. 2). These
show almost identical concentrations during the
period 11-17 o’clock UTC (respectively 12—-18
o’clock CET) in growing season while the night
time concentrations differ by 40 % or more.

-3

concentration (ug m )
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—&— Studénka
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Fig. 2 The effects of altitude on ozone concentration at
Studénka (STU) and Bily Kiiz (BKR) from
April to September 2006

Diurnal average cycles at rural monitoring sta-
tions from April to September 2006, plotted in 3
groups by site altitude are shown in Fig. 3.
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Fig. 3 Diurnal cycles at rural monitoring stations from
April to September 2006, averaged into 3 groups
by site altitude

The magnitude and timing of mid-afternoon
peak is very similar at all sites, showing that ru-
ral concentrations are generally comparable over
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the wide geographical area during this period. The
diurnal cycles in ozone for summer period show
that during the afternoon many of the monitoring
stations in the same region (within 100 km of each
other), show similar concentrations despite consi-
derable altitude differences within the boundary
layer. These effects may be seen in the whole rural
monitoring network in the Czech Republic [7, 8].
Similar effects on rural areas in the United King-
dom were described by [10] and [11]. The very si-
milar concentrations during the afternoon period of
the day with the most effective vertical mixing for
neighbouring rural monitoring stations show that
during this period the rural monitoring stations are
providing data which are representative of a much
larger geographical area than during the night when
local effects of shelter etc. generate great horizontal
variability [7, §8].

The rural monitoring network contains 23 si-
tes to define the spatial patterns and simple direct
interpolation between the sites fails to predict the
pronounced effect of topography on the pattern of
surface ozone concentration.

The attribute of the minimum-curvature algori-
thm is a tendency to maintain the recorded values
at the monitoring stations as much as possible. The
incorporation of an altitude enhancement at 1x1
km scale (according to [10]) provides a realistic
picture of the variation in ozone concentration with
undulating topography of the Czech Republic. In
the case of the seasonal average ozone concentrati-
on, there is a perfect agreement between the mea-
surements and the map (Fig. 4).
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60 70 80 90 100 110
measured daily mean concentration

Fig. 4 Plot of the measured daily mean ozone
concentration from April to September 2006
versus the estimated values in the grid squares
containing the monitoring site
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Spatial distribution of the mean ozone con-
centration over the forest territory in the Czech
Republic in April—September is shown in Fig. 5.
Ozone concentration values are ranging from 57 to
116 pg m. Mean ozone concentration is 79 pg m.

The highest values of ozone concentrations
were recorded in the borderline of mountain re-
gions (higher altitudes), in the Krusné Mts in the
northwest part of the country, the Jeseniky Mts in

the northern part of the country and the Sumava
Mts in the south. The locations in higher altitudes
are more exposed to ground ozone and are less
affected by night inversion conditions. Thus the
concentration values of ground ozone in the open
grow up with an increasing altitude. The highest
values of ozone concentrations were localised in
higher altitudes of the mountain areas.

Fig. 5 Mean ozone concentration (ug m~) in forest in the Czech Republic ona 1 x 1 km grid
in April — September 2006

3.2 Ozone deposition flux

Spatial distribution of mean total and stomatal
fluxes of ozone to coniferous and deciduous forests
over the Czech Republic in April—September are
shown in Fig. 6. The highest values of total fluxes
of ozone were recorded in higher altitudes of mo-
untain areas, in Kru§né Mts in north-west, the Su-
mava Mts in the south and the south-eastern parts
of the Czech Republic.

Ozone deposition model statistics are presen-
ted in Table 3.

Calculated deposition velocities of ozone for
coniferous and deciduous forest were compared
with observations based on the data from literature
(Tab. 4). The modelled data are in good agreement
with the observed ones.
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Fig. 6 Mean total and stomatal fluxes of ozone (nmol m2s™) to forests in the Czech Republicon a 1 x 1km

grid in April — September 2006
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Tab. 3  Ozone deposition model statistics for coniferous and deciduous forest in the Czech Republic in April — Septem-

ber 2006
Ozone flux Stomatal ozone flux Deposition velocity
nmol m2s™! nmol m2s~! cm s
Surface
Mean Min Max Mean Min Max Mean Min Max
Spruce 3.27 2.29 4.33 1.71 0.67 2.32 0.26 0.1 0.65
Beech 4.26 2.71 5.95 3.07 1.79 4.22 0.34 0.1 0.8
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Tab. 4 Comparison of observed and modelled dry-deposition velocities (cm s™)

Observation Model calculation for Czech Republic
Surface
Mean Range Reference Condition Mean Range Condition
Spruce 0-0.7 [23] June 0.26 0.1-0.6 April—September
Beech 0.4 0.1-0.7 [24] April—May 0.34 0.1-0.75 | April—September
4. CONCLUSIONS 2. FUHRER, J. and ACHERMAN, B. (eds.): 1994,

This study describes the modelling of ozone
concentrations and deposition to a coniferous and
deciduous forest on 1 x 1 km for the territory of the
Czech Republic. The deposition has been assessed
from the measured and modelled concentrations of
ozone in the atmosphere.

The effects of boundary layer stability were
quantified using the observed relationship betwe-
en the diurnal variability of surface ozone concen-
tration and altitude. Climatic conditions in higher
altitudes differ from those in lower altitudes. The
locations in higher altitudes are more exposed to
ground ozone and are less affected by night inver-
sion conditions. Thus the concentration values of
ground ozone in the open grow up with an incre-
asing altitude of mountain areas of the Czech Re-
public.

It seems clear that patterns of ozone concentra-
tion and pattern of ozone deposition are different.
The difference between ozone concentrations and
ozone deposition is largely due to the fact that in
the central Europe, the meteorological conditions
favour ozone formations (high temperatures and
high vapour-pressure deficits) tend to inhibit sto-
matal conductance and hence uptake.
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