“\«~ Facultatis

Journal of Faculty of Ecology and Environmental Sciences
Technical University in Zvolen

, Volume 12
~ Supplement 2

2004




Acta Facultatis
Ecologiae

Journal of Faculty of Ecology and Environmental Sciences
Technical University in Zvolen

Periodikum Fakulty ekolégie a environmentalistiky
Technicka univerzita vo Zvolene

VI. BanskoS§tiavnické dni 2004

Environmentalne dopady energetiky na ZP
Trendy v environmentalistike
a radioenvironmentalistike

Edited by Peter Hybler

Volume 12
Supplement 2

2004



Editorial Board

Editor-in-Chief
Viadimir KONRAD

Executive Editor
Peter Brrusik

Members
Miroslav Badida (Kogice), Jozef BLano (Banska Stiavnica), PaveL Jano$ (Usti nad Labem),
Ladislav Jepuicka (Bratislava), Jozef KLna (Bratislava), Méria Kozova (Bratislava),
Peter KrcunAK (Bansk4 Stiavnica), Juraj Lapomersky (Bansk4 Stiavnica),
Rudolf Mioriak (Banska Stiavnica), Andrej OrmAK (PreSov), Wlodzimierz PRADZYNSKI (Poznat),
Jan Supuka (Nitra), Peter UrBan (Bansk4 Bystrica)

List of Reviewers Acta Facultatis Ecologiae 12, Suppl. 2
VL BanskoStiavnické dni 2004

Jozef BLaxo (Banské Stiavnica), Ladislav Dzurenpa (Zvolen), Jan Crrapan (Banské Stiavnica),
Matej FLorex (Bratislava), Frantidek Kacik (Zvolen), Eva MICHALKOVA (Banska Stiavnica)

Linguistic cooperation
Renéta MikuLASovA (Bansk4 Stiavnica)

Recommended citation:

Hybler P. (Ed.) 2004: VI. Bansko3tiavnické dni 2004: ,,Environmentaine dopady energetiky na ZP. Trendy
v environmentalistike a radioenvironmentalistike“, Acta Facuitatis Ecologiae, 12, Suppl. 2, ...pp. Article
author 2004: Article title. In Hybler P. (Ed.), VI. Bansko3tiavnické dni 2004: ,Environmentalne dopady
energetiky na ZP. Trendy v environmentalistike a radioenvironmentalistike®, Acta Facultatis Ecologiae, 12,
Suppl. 2: 129 pages. :

© Technick4 univerzita vo Zvolene

ISSN 1336-300X



Fakulta ekolégie a environmentalistiky TU Zvolen
Slovensks nukledrna spoloénost’

Urad pre normaliziciu, metrolégiu a skiSobnictvo SR
Asocificia priemyselnej ekolégie na Slovensku
Slovenské elektrirne a. s., AE Mochovce
Slovenské elektrarne a. s., AE Jaslovské Bohunice -
ZdruZenie pre reguliciu rizika z radénu
W-Ekoklub, Bansk4 Stiavnica

VI. Banskostiavnické dni 2004

Environmentilne dopady energetiky na zp
Trendy v environmentalistike a radioenvironmentalistike

v ditoch 6. — 8..10. 2004
(are&l FEE TU Zvolen, Banska Stiavnica, Kolpasska 9B)



Obsah/Contents

PrEASIOV/PIEIACE ....ovveiivrcieerieeciiie it cibeste e esneseeseetesssrentosesasasssesaessasssssssassasessasssntsssnsssssssassosenmenen 7

Sekeia nukledrnych technolégii
Section for nuclear technologies

Vasil Koproa
Radioaktivny odpad a zadnd ast palivového cyklu jadrovych elektrarni na Slovensku
Radioactive waste and the back part of fuel cycle of nuclear installations in Slovakia ..................... 11

Radoslav BomM, Karol HoLy
Hodnotenie radénového rizika dozimetrickym pristupom
The assessment of radon risk by dosimetric approach .............cccoeevecerninscnncereressesessscessessenenes 15

Silvia DuLanskA, Katarina OLAsovA
Korelacia radionuklidov v radioaktivnych odpadoch
Correlation of radionuclides in radioactive Waste .........ceeveiveeireiiereseeinsieti it eaetestsseseenenas 19

Peter Canarko, Ondrej SLAvfx, Vojtech NIZNANSKY
Kontaminované zeminy v aredli SE-VYZ v ramci vyrad’ovania jadrovej elektrarne A-1
Management of radiactively contaminated soil within the frame of NPP A-1 decommissioning...... 25

Jozef Kuruc, Alexander CEkLOVSKY, Pavol RaJEC

The Determination of 2°Ra in Water SAMPILES .....c.ccoceevevrerereorirerecrerseoreeressisssssessssesesssesssesssssarsassssaeses 29
Pavol Rasec

Moderné separatné metddy pre izolaciu radionuklidov ;
Modern separation methods for radionuclide iSOlation..........ccocveermririemieeireieteree et sneneenens 33

Magdaléna VicanovA, Denisa NikobEMovA, Alena HutkovaA, Zuzana KorReNOVA
Medzilaboratérne porovnanie merania koncentracie radénu v pédnom vzduchu
Intercomparison of soil radon concentration measurements ..............cccceveree. e nas 39

Magdaléna Vicanova
Sledovanie radiatnej zafaZe pracovnikov jaskyii z expozicie radénu
Radiation load from radon exposure 0f €ave Staff ............ccoiveriereerenecsinnineerinseseessesseseerresesssnseesenas 45

Radoslav Boum, Karol HoLy
Hodnotenie radénového rizika mikrodozimetrickym pristupom
The assessment of radon risk by microdosimetric approach ..............ccceererrveerreneeiresieesrerennens 51

Stefan Hustava, Ladislav Havapa
VyuZitie velkoobjemovych proporciondlnych detektorov na detekciu zdrojov Ziarenia gama
Utilisation of large-volume proportional detectors for gamma radiation sources measurement ......... 55

Miroslav Hornik, Juraj Lesny, Martin Prpiska, Jozef Aucustin

Obmedzenia pouZitePnosti metdd fytoextrakcie na remedidciu pddy kontaminovanej radiocéziom
Limitations of applicability of phytoextraction methods in remediation of soil contaminated with
TAGOCESILN ..ttt ettt e st sttt et a s ne st et s sasabasessa e s astesasnasasasea 61



Lucia ZAvopskaA, Juraj Lesny
Stadium kinetiky sorpcie Sr2* na pddnych matriciach

Kinetic study od Sr2* sorption on SOil MALIICES ......ceveerrreiniinnreririesniissseseeressnsess s essassans

V. SEMENOV

Radiation risk in the structure of oVerall TiSK .......ccovvereercrrenrercrrencccencsnsensisssessesiesinsssesscenens

Andrej Moize3
MozZnosti pédnej emanometrie pri posudzovani vplyvov na Zivotné prostredie
Soil emanometry possibilities in the assessment of different influences on the environment

Iveta SMETANOVA, Karol HoLY, Anna PoLAkovA, Igor Tunyl, Gideon Stemitz
Radon monitoring at Modra Astronomical and Geophysical Observatory — the results

of the first year of observation Feetereetete e e et e et s sesa b e sre s st b s n e s e b e e st sas

Sekcia environmentéilneho inZinierstva
Section for environmental engineering

Dagmar SAMESOVA '
Aspekty odpadového hospodérstva v environmentilnom systéme riadenia podniku

Acpects of waste management in the environmental system of bussines management ..........

Pavel Jano$, Milena RyznarovA, Hana BuckrovA, Sylvie GROTSCHELOVA
Netradi¥ni sorbenty pro &iténi odpadnich vod

Non-conventional sorbents for wastewater treatment ...........ccccoeceerirnriiciressinnsrosirenessseersnens

Jaroslav Demko
Environmentalne aspekty spalovania biomasy alebo &o s popolom zo spalovania biomasy
Environmental aspects of biomass incineration or what to do with ash from biomass

INCINETALON ...t cvvcvevececaeertes e ressbeneseseeetsesesssssrseraseessesessaresessnsssenossenss

Andrea BumovA, VasiL Koprpa, Juraj LEsny
Vyutzitie slovenskych zeolitov k obohacovaniu pdd zinkom a zniZovaniu hladin kadmia
The exploitation of Slovak natural zeolites and zeolone to enrichment of soils with Zn

and t0 decTease OF Cd IEVEIS ......cvuieviieieritiirereiaereeresreseraeeeesessessesnanersesssanenesaesssrenesssstsasssssssone

Juraj LapomerskY, Emilia HrRoNcovA, Viadimir VarGoveix )
Vplyv podmienok manuélinej regulacie kotla spalujuceho drevo na tvorbu emisii
Emissions’ producton dependency on conditions of the wood combustor manual operating

Ladislav WeLwARD, Zuzana PERHACOVA, Matis§ ZLEvSKY
Banskogtiavnické vodné nadrZe a ich ochrana )
Protection of the selected water reservoires in water management system Banské Stiavnica



(author’s formatted copy) 29

Acta Facultatis Ecologiae, 12, Suppl. 2: 29-32
VI. Banskostiavnické dni 2004 (Edited by Peter Hybler)

Zvolen (Slovakia), 2004

THE DETERMINATION OF **Ra IN WATER SAMPLES

Jozef KURUC, Alexander CEKLOVSKY, Pavol RAJEC

Department of Nuclear Chemistry, Faculty of Natural Sciences, Comenius University, 842 15 Bratislava,

Slovak Republic, kuruc@fns.uniba.sk

ABSTRACT

Kuruc J., Ceklovsky A., Rajec P.: The Determination of **Ra in water samples

The objective of this work was to develop a method for determination of **°Ra volume activities of
*Ra in drinking water, using of radon emanation technique. This specific method for **°Ra is based on
the emanation and scintillation counting of **’Rn, a daughter product of ***Ra. The ***Ra from the water

sample is separated by co-precipitation on barium sulphate. The precipitate is dissolved in EDTA
reagent, placed in a sealed bubbler and stored for ingrowths of “?Rn. After ingrowths, the gas is
purged into a scintillation cell. When the short-lived **’Rn daughters are in equilibrium with the parent

(4h), the scintillation cell is counted for alpha activity. All results were in range from 0.017 Bq.dm™ to
1.54 Bq.dm™. This measurement proved that the separation technique and measurement method are fully
applicable for determination of **°Ra in drinking water samples.

Key words (INIS): radium 226; radon 222; radiation monitoring; drinking water; dose commitments;

radioecology; site characterization

Introduction

Radium is anaturally occurring radioactive
element formed by the decay of uranium in the
environment. It occurs at low levels in virtually all
rocks, soil and water. There are several methods to
determinate radium in water, such as alpha-
spectrometry, liquid scintillation counting, radon
emanation technique and also modern extraction
methods for fast radium analysis. The objective of
this work was to develop a method for
determination of **Ra volume activities of **Ra in
drinking water using of radon emanation
technique.

The method is based on emanation and
consequential scintillation detection of **’Ra
and its daughter nuclides 2'*Po and *'*Pb
(activity of *'*Bi is neglected, because o-decay
on the *'°TI represents only 0.04%). Because
half-life of all daughter nuclides of the **’Rn is

shorter as half-life of the **’Rn, a state of radioactive
equilibrium exists among conterminously elements.
In the state of radioactive equilibrium with the **’Rn
the other daughter nuclides have identical activity,
therefore

Aoy = Ay + Ay + 43,

where A, — total activity; A, 4>, A; — activities of
*22Rn, *'®Po and *'*Pb, respectively. Thus measured
activity is 3-multiple of the **Rn activity, what is
necessary to take into accounts in calculations. The
state of radioactive equilibrium between “*Ra and
*2Rn is consolidating during around 10 half-life of
22Rn (T, = 3.82 days). The radioactive equilibrium
among these radionuclides is the main factor that
allows determination of *°Ra through **’Rn.
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EXPERIMENTAL

This method of separation and determination of
Ra is described in M.S. thesis of CEKLOVSKY
(2004). The method uses co-precipitation of
*26Ra with barium sulphate in acidic solutions of
HClI and H,SO, After decantation and
centrifugation of precipitate the alkaline
solution of EDTA is added and warmed on
water bath up to dissolution. Sample is
transferred into emanation container, which is
bubbled during 20 min by nitrogen and it is
waiting from 4 to 30 days for equilibrium
between “*Ra and **Rn.

Method of **Rn determination by emanation
technique was developed by KoOvACsova
(2002) and optimised by ANDREJKOVICOVA
(2003); ANDREJKOVICOVA et al. (2003). The
volume activities of the *Ra in the samples
were calculated by two methods:

the 1* method:

g, =—"=C_ [Bq.dm’);
3.AEVY
the 2™ method:
n,. .C 3
=<'~  [Bg.dm
“=3appry Bedm]

where n,, — value of impulses numerousness of
the sample [s'], extrapolated from decay curve
in the time ¢, (displace of radon into scintillation
detector); n,, - impulses numerousness of the
sample, corrected to the background [s']; 4 —
correction factor of **Rn accumulation from
closure of emanation container up to time of its
transmission  into  scintillation  detector;
A=1-e™ where ¢, is time of accumulation of
*Rn activity; B — correction factor of *Rn
decay from end of de-emanation up to

o oY
beginning of measurement, B =¢e "? where t,

is time between the end of de-emanation and the
beginning of measurement; C - correction factor
of *Rn decay during measurement;
C= M3/(l-e'm3), where #; is measurement time

of sample; E - detection effectiveness [%]; V — water
sample volume [dm™]; ¥ — chemical yield [%]; A —
decay constant of “?Rn (0,00755 h™' or 0,1813 d™).
The values of minimal detection activities (MDA)
were calculated according to the relation:

2,71+4,65- [N
MpA=—"——""N . p.C
34,-E-V

where Ny - impulses numerousness of background; ¢
— time of background measurement [s]. The chemical
yield was determined to be 81 %, using gravimetric
method.

The evaluation of committed effective dose from
consumption of drinking water was realized by
calculation of effective dose per 1 year by the
consumption of 500 dm” of drinking water by adult man
(300 dm’® of natural mineral water) according to relation:

E=av. V. hing

where a, — volume activity of ***Ra in water sample
[Bq.dm™®]; ¥ — water receiving by ingestion
[dm’3.y"]; hiag - conversion factor for re-calculation
of *Ra receiving by ingestion on committed
effective dose for person from population.

RESULTS AND DISCUSSION

Six samples of drinking water from different
sources (water from well, natural mineral water from
spring and tap water) were analyzed (see Table 1).

Samples No.3 and No.4 were not dissolved in the
solution of EDTA. These samples were unusable for a-
activity measurement by radon emanation technique.
Calculated value of chemical yield of Ba is 81%. The
procedure was verified by using of standard solution of
“XRa. On the basis of our experiments the following
scheme (Figure 1) of the method was used and can be
recommended.



Table 1 Analysed samples of drinking water and volume activities of the **’Ra
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¥ ay1 £ u(av31)
. Source of mBg.dm™] 3 E(7)
No. Localit 2 MDA [mBq.dm -
y water a,n+u(ay,) [mBq ] [mSv.rok™]
[mBqg.dm™
1 Pezinok 11 s 2.66 0.01
€zino we . .
75+1.3
i 1540 = 23
2 | Povazska Bystrica | ineral 2.85 0.098
water 1165 +4.7
3 | Povazska Bystrica | tap water . - -
4 Bratislava tap water - - -
5 Bratisl t t 7062 2.33 0.0097
ratislava ap water . .
P 69%1.9
6 Spisska Ni V t t 21x38 2.6 0.0024
1sska Nova Ves ap water . .
P P 17£09
* value a, calculated by extrapolation from decay curve;
** value a, calculated from measured values of impulses numerousness
Sample, V = 1000 cm®,
HCl, ¢ = 12 mol.dm™®, V = 20 cn®
Ba - carrier, V = 2 cnm®
evaporation up to ~ +H,80,, ¢ = 9 mol.dm™3,
100 cm® wV = 20 cm’®
co-precipitation,
., Ba,Ra,S0,
l sedimentation
| decantation |
H,S0, ; © = 0.05
mol.dm™, Vv = 0.5 cm?®
centrifugation,
30 min. at 3500
rot./min.
alkaline solution of
EDTA, warming
dissolution of |Ba,Ra,SO,,
transport of solution into emanation
container
de-emanation of *?’Rn
increasing of *?*Rn
activity from *?‘Ra,
4 - 30 days
transfer of ?*’Rn
into scint.detector
equilibrium steady activity
222pn - 218pg - 2lpp > measurement
of 2%22Rn

Figure 1 Scheme of *’Ra determination by radon emanation technique
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