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ABSTRACT. In the present paper different methods for radium isotopes determination in the environmental samples are discussed. In the framework of IAEA
Contract No 11298 the new procedure is adapted and applied for more precise determination of the Radium isotopes concentration in soil and rock materials. The
radiochemical procedure is based on fusion technique for rapid determination of Ra-226 described by R.Bojanowwski at all, 2002. The isotope of Ba-133 was used for
determination of the chemical yield. The main steps in the procedure described and discussed in this study are: 1) total sample decomposition by fusion with Lithium
Metaborate; 2) dissolution in Na,SO, and citric acid solution; 3) separation of Barium and Radium by co-precipitation as sulfate; 4) source preparation on 0.1 pum pore
size filter by filtration of the fine Ba/Ra -sulfate precipitation; 5) alpha spectrometry of the source for ’Ra, “Ra and “’Ra isotopes determination immediately after
source preparation to avoid Radium daughters growth 6) °Ba yield determination by gamma spectrometry.

The procedure was tested successfully on IAEA-reference materials. Large number analyses for Radium isotopes content in samples of the newly developed
reference material from the region of the village of Eleshniza were performed. The proposed material had been previously tested for uranium isotopes content and
has shown acceptable homogeneity. The results from radium isotopes determination show homogeneity in Ra concentration and dis-equilibrium with parent uranium
isotopes making this way the proposed Eleshniza material interesting reference material for naturally occurring uranium series.
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B poknapa ce anckyTvpat pasnuyHM METOAM 3a onpedensHe Ha W30TonuTe Ha pagus B Npobu oT okonHata cpepa. MoapobHO e u3noxeHa HoBaTa aganTupaHa
aHanuTU4Ha npoLeaypa 3a no-NpeLnsHo onpeaensiHe Ha U30TONUTe Ha paaus B MOYBEHM W ckanHu Npobu, paspaboTeHa B pamkuTe Ha Jorosop No 11298 ¢ MAAE.
PapuoxvummnyHata meToauka ce 6asvpa Ha N3nonN3BaHETO Ha TEXHWKATA Ha CTOMWNKA, cneaBaiikv R.Bojanowwski at all, 2002. 3a onpepensiHe Ha xumuyeckus Lobus
ce M3non3ea Tpacep " Ba. OCHOBHWUTE CTHK/ B METOMMKATA, Pa3rMexaH 1 MUCKyTUpaHV B TOBA M3CTIeaBaHe ca: 1) MbHO pasTBapsiHe Ha npobarTa kaTo CTonwmka
¢ nuTeB metabopart; 2) pa3TBapsiHe Ha cTonumkara B pasteop Ha Na,SO, 1 nMMOHeHa kucenuHa; 3) pasaensiHe Ha paausi u bapusi NocpefcTBOM ChbyTasiBaHe KaTto
cyndatii; 4) N3roTBsHE Ha U3TOYHWK Ype3 dunTpupaHe Ha Ba/Ra cyndathn MukpoyacTuuy npes ¢unTsp ¢ pa3mep Ha nopute 0.1 pum; 5) anda-cnekTpomeTpus 3a
onperensHe Ha “Ra, %‘Ra 1t “°Ra n30T0NM HEMocpe/CTBEHO Crief U3rOTBSHE Ha U3TOUHNKA, 3a [ Ce M3BerHe U3PaCTBAHETO Ha [IbLEPHUTE U30TOMM Ha paavs; 6)
ramMa-CnekTpOMETpUs 3a U3MepBaHe akTWBHOCTTA Ha Tpacepa 'Ba 3a OLiEHKa Ha X/MWYeckus 1o6us. MeTogukata e TeCTBaHa YCMELUHO BLPXY PehepeHTHM
maTepuan Ha MAAE. Bsixa u3BbpLUeHN 3HauuTeneH Opoit aHanuau 3a CbAbPKAHWETO Ha M3OTONMUTE HA pafMs B MpeanaraHus HOB pedpepeHTeH matepuan ot
paitoHa Ha Enewnmua. Matepuanst oT EneluHuua, TeCTBaH YCnewwHo 3a XOMOreHHOCT Mo OTHOLLEHWE Ha M30TONWUTE Ha ypaHa B eAHO NPEeANLLHO U3CneaBaHe nokasa
1 [obpy pesynTaTi No OTHOLUEHME CbABPXKAHUETO Ha M3OTOMUTE Ha paaus. HapylleHoTo paBHOBECWE MEXAY CbAbPXaHWETO Ha ypaH W paguil B Matepuana ro
npaBu 0coBeHO MHTEPECEH KaTo pepepeHTeH MaTepuan 3a paAnoaKkTUBHUTE CEMENCTBA Ha NPUPOLAHIS YpaH.

Introduction Table 1.

Characteristics of Radium isotopes
Radium was discovered in 1898 by Mme.Curie in the Isotope Direct Half life Decay | Energy
pitchblende or uraninite of North Bohemia where it occurs. parent mode (MeV)
Radium is a naturally-occurring metal that is almost ubiquitous 5.61
in soils, water, geologic materials, plants, and foods at low Ra-223 | Th-227 114d | alpha 572
concentrations. The utilization of radium, uranium, and fossil
fuels has resulted in the redistribution of radium in the Ra-224 | Th-228 | 3.66d | alpha 5.69
environment by way of air, water, and land releases. The
concentration of radium in natural water is usually controlled by Ra-226 | Th-230 | 1620y | alpha 4.78
adsorption-desorption reactions with minerals and rocks and
by the solubility of radium-containing minerals. In addition, Ra-228 | Th-232 575y beta 0.046
radium is constantly being produced by the radioactive decay

of its precursors, uranium, and thorium (Table 1):
P ( ) Radium does not degrade other than by radioactive decay at

rates which are specific to each of four naturally-occurring
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isotopes. The concentrations of radium-226 and radium-228 in
drinking water are generally low, but there are specific
geographic regions where high concentrations of radium occur
due to geologic sources. Radium may be bioconcentrated and
bioaccumulated by plants and animals, and it is transferred
through food chains from lower trophic levels to humans.

Another potential source of atmospheric radium is particulate
matter created by uranium mining and milling operations. The
importance of this radioactive element is determined of its
progeny Radon. Radon is gas and also radioactive. Other
potentially hazardous substances in the tailings are selenium,
molybdenum, uranium, and thorium. The problem with
conserving of former mines is ubiquitous.

Our investigations on similar objects — on former uranium
mines in the USA EPA’s data from two former uranium mines
in the USA - Fremont National Forest (White King) and Lucky
Lass Uranium Mines. The data show that there is a tendency
of higher activities of Ra-226 in overburden pile (i.e. dis-
equilibrium) than these of uranium isotopes, although in this
case concentrations of radionuclide are lower than ours.

Table 2.
Concentrations of **U, 28U and #*Ra in the regions of USA
former uranium mines, Rep.1999

White King | White King | Lucky Lass

Radionuclide | Protore Pile | Overburden | Overburden
(0.8-3.0m) Pile Pile

(0.8-3.0m) | (0.8-3.0m)
(Ba/g) (Ba/g) (Ba/g)
U-234 2.03 0.85 0.07
U-238 2.00 0.75 0.08
Ra-226 1.36 1.97 0.07
Ra-228 0.03 0.04 0.04

The former uranium mines Eleshnitza are located in the
South-West Bulgaria in the valley of the river Mesta, Fig.1.
According to the IAEA data from TECDOC-865, Vol.2 (1996),
p.50, the waste rock deposits in the former mines of Eleshnitza
are estimated in 15.3 ha of area and 2.9x106 tons. This huge
area became a potential hazard for people’s health in the
region after closing the mines.

Fig. 1. Map of the region of Eleshnitza

There are four principal ways (or exposure pathways) that
the public can be exposed to the hazards from this waste. The
first is the diffusion of radon gas directly into indoor air if
tailings are misused as a construction material or for backfill
around buildings. When people breathe air containing radon, it
increases their risk of developing lung cancer. Second, radon
gas can diffuse from the piles into the atmosphere where it can
be inhaled and small particles can be blown from the piles
where they can be inhaled or ingested. Third, many of the
radioactive decay products in tailings produce gamma
radiation, which poses a health hazard to people in the
immediate vicinity of tailings. Finally, the dispersal of tailings by
wind or water, or by leaching, can carry radioactive and other
toxic materials to surface or ground water that may be used for
drinking water.

Results and discussion

The methods for determination of radium can be classified into
two categories:

»  Based on direct measurement of Radium isotopes as
such - alpha/beta/lgamma spectrometry or ICP-MS
analysis;

e Based on its decay products Rn-222, Po-218, Po-
214 and Bi-214.

The second category is the most popular because the
methods offer both high sensitivity and specifics (radon
emanation) or require little effort for sample preparation and
measurement. However, they are time consuming as samples
need to lay in wait for the decay products to build up. Usually,
the samples are kept in gas-proof vessels for a month or more
during which the secular equilibrium within the decay chain is
achieved.

The determination of Radium isotopes by alpha spectrometry
for samples of rock material is described bellow. The method
for Radium isotopes determination was applied both to IAEA
reference (Soil 5 and IAEA 315) materials and rock material
collected around former Uranium mines of Eleshnitza:

The radiochemical procedure is based on fusion technique
for rapid determination of Ra-226 described by R.Bojanovski et
all, 2002. The isotope of Ba-133 was used for determination of
chemical yield.

An aliquot of about 0.2 g of previously ashed material
Eleshnitza is placed in Pt crucible and Ba-133 tracer is added.
One gram Lithium Metaborate (five times the weight of sample)
is added and mixed with the sample. This mixture is heated on
the flame of spirit burner to dryness, avoiding spattering. The
crucible is covered with a lid and put in a crucible oven until a
homogenous melt is obtained with no visible particles inside.
The sample is heated at about 800°C for 20 minutes.

After this the crucible is removed, cooled and a pinch (~0.1
g) of NaBr is added. The heating is resumed until the contents
turn to liquid. When the melt assumes a ball-like shape, it is
rolled gently around the crucible walls until all fine beads of
molten material that may adhere to them combine with the bulk
of the melt. Then quickly it is transferred to the beaker
containing 50 ml of the dissolving solution — combined solution
of Na2S04 and citric acid. This solution is stirred vigorously
with teflon stirring bar and a portion of 50ul of seeding
suspension of BaSO4 is added immediately. The stirring
continues another 5 minutes and the second portion of 50pl of
seeding suspension of Ba2SO4 is added. The process of
stirring is maintained to the total dissolution of the melt. In our
case it is about 40 minutes.
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SAMPLE - Ra

Ashing at 600°C

Fission with LIBO,
at 800°C

v

Total dissolution of the
melt in sulfate media

A
Co-precipitation
with BaSO,

Filtration with Gelman
Filter, 0.1 um

v

Ba-133 recovery
gamma-spectrometry

Alpha
Spectrometry
of Ra-226

Fig. 2. Schema of the radiochemical procedure

Then the precipitate is filtrated by vacuum filtration system on
a membrane filter with pore size of 0.1 um (Gelman filter). The
beaker and filter chimney are washed with bi-distillated water
followed with 80%ethanol and all washes are passed through
the filter.

Then the so prepared source of Ba(Ra)SO4 is given
consequently for alpha and gamma measurements.
The radiochemical procedure can be summarized in the
scheme, given on Fig.2.

Alpha spectrometry was performed by ORTEC Octete Alpha
Spectrometric system equipped with 8 Ortec ULTRA-SA™ low
background ion implanted detectors with 300mm? active area.
The alpha spectrometric system was obtained under IAEA
TCP RER 2/003. More information about the features of the
spectrometric system are given in Veleva (1998).

The measured total system resolution FWHM for #'Am 5.486
MeV alphas is close (or even lower) to 19keV for 4cm source
to detector distance for all detectors. Energy calibration as well
as efficiency calibration for one of source geometry (co-ppt.
Source) is done by mixed radionuclides standard containing
28, 24U, Py and *'Am with known activity, and for
geometry of electroplated sources the efficiency calibration is
estimated by Amersham *'Am standard. The experiments
were performed on different aliquots of already prepared
“Eleshniza reference material”. The material is close to
composition of rock with main components: 73.79 % SiO,;

13.72 %A105; 3.17 % K,0; 1.46 % Fe,05. On Fig.3 is given
typical alpha spectra of the Eleshnitza material.

Peak: 42441 = 4728.29 ke
FWWHM = 147.07 FW. 1M = 268.35
Gross hrea: 21640

Ra-?26 Met: 14072 £313

4.785(94.5%)
4.602(5.9%)

LL238 area

914 = 4675.04ke¥

Ha- Fu
5.74979.1%,), 5.717(53.7%)

n-2 R
Po-212
£.519751.0%),6.5511.6%)
5.605(26.1%) 6.28 .784

za: 21640 £.425(7.6%)

Fig. 3. Alpha spectrum of one of the Eleshniza samples

The procedure has the following important advantages:

. It is really very simple and fast — the fission of the
sample with lithium Metaborate, the follow dissolving of the
flux and preparing the alpha source take only 3 hours;

. The measurement of sample is carried out
immediately after that. In this way there is no time for ingrow
of daughter's products that could contaminate the detector
and alpha specter itself;

. The technique is environmental friendly - no
concentrated acids are used. In comparison with the digestion
technique used in uranium determination procedure, where
Hydrofluoric acid (that is very toxic) is used.

. The last but not least in importance, the procedure is
cheap. Except of using of Lithium Metraborate, that is
relatively expensive because of special technique for its
purification, no special materials are used.

The challenges in Ra determination by a-spectrometry,
compared to the alpha spectrometry of other radioactive
elements as Uranium, Plutonium etc. is due to two main
reasons: First of all the chemical yield is determined by other
technique (gamma spectrometry of "**Ba) and second - fast
growth of radium daughters. Therefore alpha spectrometry of
Radium require:
precise efficiency calibration - in our set of measurements
the systematic error is estimated as < 7%
reproducible geometry - measurements at least in 2
chambers to minimize error
to obtain precise results for all alpha emitting Radium
isotopes several measurements for a sample are needed-
at least one immediately after co-precipitation and 2nd -a
month later
for ?Ra determination if te.s>0.01.T, , or for times of
3200s and more, a decay correction is applied:

d)

A=A.f, where f=A t/(1-exp(-A 1))

*Ra and **Ra close energies leads to peaks overlay - if
their activities are similar determination by daughters Po
isotops is applied
f)  the possible contamination of the detector and vacuum
chamber requires regular background measurements.
On Fig.3 is given an example of the detector contamination
by recoil atoms and consequential clean up by decay in the

e)
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energy regions of %2Rn, #®Po, ?“Po. If 2Ra contamination
occurred, it will increase the Detection Limit for the detector life
time.
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Fig. 4. Background variation of the detector 3. The values (in imp/s) for
“Ra and *’Rn energy regions are on the left axes and **Po, **Po- on the
right

The obtained results for ?°Ra concentration in more than 15
sub-samples from the Eleshnitza reference material have
proved the reproducibility and reliability of the presented
method, see Fig.5. The measured concentrations are
comparable to those obtained by gamma spectrometry of the
%Ra daughters and by LSC.

Table 3.
Comparison of the results for Ra-226 by LCS, gamma- and
alpha-spectrometry in kBa/kg

Sample LCS Alpha-spec | Gamma-spec
No
1 10.3+1.3 12.8+22 13.9+45
2 124+ 0.6 12.3£0.9 134 +4.7
3 128+ 0.9 136+£1.2 14.2+35

The results from analyses showed disequilibrium with
uranium concentrations previously determined in the same
material. When for uranium content (*8U, 2U) received an
average concentration of 2.0 Bg/g, for 226Ra we received
12Bg/g. Large number analyses for Radium isotopes content in
samples, previously tested for uranium isotopes content, show
acceptable homogeneity for both elements.

penopbyaHa 3a nybnukysaHe om
kamedpa “lpunox+a eeocpusuka’, [T1O

20 +

15 +

10 +

Fig. 5. 226Ra concentration and 1 uncertainty in Eleshniza samples
Conclusion

The developed procedure proved as appropriate (suitable) for
alpha emitting Radium isotopes determination in soil, rock and
other samples. The disequilibrium between parent U isotopes
and daughters Radium isotopes in Eleshnitza material make it
very interesting as reference material for testing different
analytical techniques for naturally occurring uranium series
determination.
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