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Graphical abstract

Abstract The new EU Council Directive 2013/51/Euratom of 22 (o 2013
introduced limits for the content 6fRn in drinking water. Radon analysis in water
requires a lengthy task of collection, storagegpert and subsequent measurement in
a laboratory. A portable liquid scintillation coung device allows rapid sampling with
significant savings of time, space, and cost coeghawrith the commonly used
techniques of gamma spectrometry or methods basethe desorption of radon
dissolved in water. In this study, we describe Bbcation procedure for a portable
liquid scintillation counting device that allows esirements o?Rn in water by the
direct method, and we also consider the casé%®#f being present in the sample. The
results obtained with this portable device are cameg with those obtained by
standard laboratory techniques (gamma spectrométhya high-purity Ge detector,
gamma spectrometry with a Nal detector, and desorpillowed by ionization

chamber detection).

Keywords: radon; water; liquid scintillation counting; Triddh; radium; gamma
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1. Introduction

Radon is a natural noble gas with three main isspff’Rn (., = 3.8232 days;
hereinafter referred to aador), **Rn (12 = 55.8 s, calledhoror), and**Rn (2 =
3.98 s, calledactinon [1]. The contribution of radon exposure to théakestimated
average effective dose is around 50% (1.3 mSv ear))f2]. However, because of its
low transfer coefficient from water to air [3],tlé attention has been paid to the radon
content in water.

The concentrations of radon in water depeaihly on the radium content of the
substrate, the specific surface area of the aqutier permeability of the soil, and the
water characteristics [4]. Therefore, when grourtdwaeaches the surface, radon
concentrations decrease rapidly as the water mawdsis purified, but if water is
consumed directly, the health hazard from ingestibradon and its progeny may be
higher. This risk has led to the need for majorngfes in European and Spanish
legislation. Council Directive 2013/51/Euratom & @ctober 2013 [5] (which sets a
range of between 100 and 1000 Bddr radon in drinking water) has been introduced
into Spanish legislation [6]. This Spanish legishat establishes a limit for radon
concentration in drinking water of 500 B |

The Laboratory of Environmental Radioactivitf the University of Cantabria
routinely uses various techniques to measure radowater: gamma spectrometry
(high-purity Ge [HPGe] and Nal detectors) and aodason technique to measure radon
alpha emitters that was applied to deternfifiRa in bottled water [7] an&Rn in
water in a region of high radiation [8]. The dowdesof these techniques is their limited
applicability in fieldwork. The development of ngwortable devices based on liquid
scintillation counting (LSC) can solve this issi@. [LSC is an effective technique to
determine radioisotopes that was developed for betating in the late 1950s. It was
not until the mid-1960s that it was used for theedaination of alpha emitters, because
of its high counting efficiency (close to 100%) [1Bortable LSC devices allow large
numbers of samples to be processed, with the aalyamf in situ analysis [11].

The aim of this study was to characterizd ealibrate a portable LSC device to
measuré?’Rn in water samples, with and without the preseicddRa, by application
of the direct method. We compare our results witbsé from standard laboratory
techniques (gamma spectrometry and desorption wellio by ionization chamber

detection).



2. Materials and methods
2.1.Sample collection

Samples were collected at the thermal spa of Léda€ale Besaya, whose waters have
been studied by our group since the 1990s [12, WA]le additional samples were
collected from our laboratory, where radon in wates generated with an experimental
setup consisting of a methacrylate boxapproximately 0.2 n? filled with water.
Inside, pumped air circulates via a silicone tubattis connected to a source of
uranium, ensuring that radon is distributed evenfpughout the water, as can be seen
in Fig. 1 [14].

For LSC, the water sample was collected glaas beaker, and a pipette was used
to transfer 6 ml to a 20 ml glass vial (to which 4 Aqualight liquid scintillation
solution for the direct method had been previoaslged). Care was taken to introduce
the sample below the scintillator fluid, with mahagitation of the vial for at least 30 s

to allow complete mixing.

For gamma spectrometry with a Nal detediog, water sample was placed in a
cylindrical plastic bottle (diameter 6.5 cm anddiil0 cm; approximate volume 280
ml), while for gamma spectrometry with an HPGe dite the cylindrical bottle used
had smaller dimensions (diameter 8 cm and heidghtct; approximate volume 270
ml). In both cases, the bottles were filled so @asminimize the space between the
surface of the liquid and the cap, so as to admdoresence of free air inside the sample

bottle; the bottle was then closed with a double tceprevent leakage.

For the desorption technique, the sample plased in a glass beaker, and the
required volume of 100 ml was transferred to aggfaguakit cylinder. Fig. 2 shows the

specific containers used for each technique.

2.2 Measurement techniques

2.2.1. LSC with alpha/beta separation

The LSC device used was a small Triathler (modé&l@24; 330 x 250 x 190 mm) with
an integrated alpha/beta separator (Hidex, Finlahigha/beta separation is a feature of
the Triathler: it applies a pulse length index ttidterentiates the longer pulse duration
of alpha particles%100 ns) from the shorter pulses of beta partict@® (ns) [15]. This

technique detects the alpha emission$*®a, ?*Rn, and its progeny by means of a



photomultiplier tube [16]. The liquid scintillatoused (Aqualight, Hidex) is a
hydrocarbon with two aromatic rings knowndisopropyl naphthalenewhich is used

in the so-called direct method to measure radowmsiter.

Eq. (1) was used to calculate the activity dueatton in the water 3 h after the sample
and scintillator had been prepared in the vial.

_ G-B
"~ Ef60V’

1)

whereA is the activity (Bq1), G is the counts per minute (cpnB,is the background

count obtained with the equipment for a sample gmegb with distilled water (2 cpm in
this study), E; is the equipment’'s efficiency (counts per secoisditegrations per

second)yV is the sample volume (), and 60 is a factor &ams$form counts per minute to
counts per second. The elapse time of 3 h is nagess achieve secular equilibrium
between radon and its short-lived proget§Ro,%*Pb,?*Bi, and*“Po).

LSC device calibration for the direct method

The initial efficiency (of the first measurementasv2.80 (as given in the owner’s
handbook: 0.93 per radioisotope present) when TARn and its progeny were present
in the sample (see Fig. 3). In contrast, an efficyeof 3.73 was used with a sample
containing®®Ra (see Fig. 4).

In Fig. 3, the peak in the window labekeérom channels 400-630 corresponds to
222Rn and*®Po, while windowb, from channels 630-800, identifié¥Po. The peak in
Fig. 4 from windowc, from channels 320-600, is wider than peakecause of the
presence of?®Ra,?*’Rn, and?*%Po, while in peakl there is only*‘Po.

The first step to set the efficiency stanéth a certified source d?®Ra supplied
by the National Institute of Standards and TechgwINIST) with an activity of 2482
Bq ¢*, according to its certificate. From this sourcutibns were made with high-
purity water at various known concentrationg; 20, 32, 100, 296, 843, and 298§ I™.
The vials corresponding to these dilutions areeda®, F, E, D, C, B, andA in the

tables.



The second step was to fill a vial for eachcentration, by addition of 6 ml of each
dilution below the 14 ml of liquid scintillator preusly added. These vials were left for

40 days before measurement to allow full ingrowftthe radon progeny [17].

After this time the vials were measured)direg the results presented in Table 1,
where the Triathler value is the result obtainedefach vial by application of Eq. (1)
with E¢ = 3.73.

The results obtained from application of #fficiency given in the manual (3.73
when radium is present) show differences from tle@tetical values that are impossible
to solve by changing only the efficiency. The explgon lies in the interference
generated by'%Po (alpha emitter, 138.3763 days), which is dist@sicendant df°Ra
found in standard samples BfRa that have not been purified in the last 10 ydaise
certificate for the standard sample used in oudystindicates that it has not been

purified for 67 years.)

Ten years after purification, the activitytbe >*°Pb radioisotope is estimated to be
around 27% of that established fé%Ra [18]. To estimate the error due to the presence
of #%o0 (the same activity as f61Pb) in the calibrated samples prepared in thisystud
and to determine the efficiency, Eq. (2) was apbleedetermine the theoretical activity
of this radioisotope considering the date of prapan of the NIST certified source:

Apo = Ap; = App = Aga(1 —e7%), (2)

whereAgais the activity of*°Ra in the sample (disintegrations per minute, dgw)is
the activity of?*°Po in the sample (dpmpep is the activity of**Pb in the sample
(dpm), Ag; is the activity o"*°Bi in the sample (dpmY), is the decay constant 8fPb
(0.693/22.23 per year), andis the time from?Ra-standard purification to the
calibration (years).

Table 2 shows in the last column the eséuhatlues of'%Po (the same value as
for ?*%Pb) obtained with Eq. 2 for each vial, while theddié column presents the

theoretical values 6f%Ra in the 6 ml of known samples in each vial.

Once the activity of'®o (A in each vial had been estimated (last column of
Table 2), the total alpha activitp{) was determined (Table 3) by multiplication of the
theoretical activity of?Ra by 4 (sincé*Ra,?*Rn, ***Po, and**Po are in equilibrium)
and addition of this to the estimate fPo.



Table 3 presents the values Af for each vial against the total alpha count
quantified by the Triathler. Fig. 5 shows a graphiepresentation of the values in
Table 3.

The linear fit in Fig. 5 corresponds to E8), whose slope is the efficiency in this
calibration:

Crotal = 8.70 + 0.87 - Ag,
(3)

Table 4 shows the activities calculated ppligation of an efficiency of 0.87 per
radioisotope present in the spectrum to the coomgasured by the Triathler. These
values are similar to the theoretical activitiesttod samples prepared with the NIST

certified source, taking into account their undettas.

With use of the aforementioned results andalaie of 0.87 per radioisotope, a
definitive efficiency of 2.62 (three radioisotope®.87) is established when the sample
contains radon without the presence of radium (Ry. while it is 3.49 (four

radioisotopes x 0.87) when the spectrum (Fig. dicites the presence BfRa.

The good results obtained by our laboratorynational [19] and international
intercomparison exercises for radon in water dennates that the efficiency calculated

was correct.

2.2.2. Gamma spectrometry
2.2.2.1. HPGe coaxial detector

The equipment used in this study was an HPGe clodetactor (model GL-2015-7500,
Canberra, USA). The device is designed to detewinga emissions from soil, sludge,
ash, environmental filters and, ultimately, any plamwhose gamma emission falls
between 30 and 3000 keV. The photons resulting fgamma emissions from the
sample enter the active volume of the detector iateract with its atoms. These
interactions are converted to electrical pulses @n@ proportional to the energy of the
photons emitted, and which are stored in equivdieite energy increments over the

range of the spectrum [20].



22Rn activity was determined 3 h after preparatiorthef sample bottle, with the
count performed in the area of the spectrum coomding to?**Pb (351.932 keV), as
shown in Fig. 6 where window contains the peak 6t*Pb for this emission energy. A

3 h elapse time is necessary to achieve seculatibegum between radon and its
progeny t*%Po,?*Pb,?*Bi, and***Po).

2.2.2.2. Nal detector

The equipment used was a Nal detector (Canberrd),Ughich uses a scintillation
technique based on the luminescence radiation peatiby interaction with certain
materials. Depending on the material used, thetiBation detector can be liquid or
solid. In this case a solid scintillation deteot@s used for spectrometric determination
of gamma emitter$??Rn activity was measured by the counts measurednidow f, as
seen in Fig. 7, corresponding to the triplet?Pb (241.997, 295.224, and 351.932
keV), and windowg, corresponding t6“Bi (609.312 keV) [1].

2.2.3 Desorption technique for®?Rn in water followed by ionization chamber
detection

The equipment used was an AlphaGuard PQ2000-PR@in{Bastruments, France),
which uses a specific kit for measurifffRn in water. The system shown in Fig. 8
allows continuous bubbling (generated by the pump)jch causes desorption of radon
in the water and directs it to the detector vieeusity vessel. Once inside the detector,
the radon diffuses and passes through a largeesudi@ea fiberglass filter (which
prevents entry of its progeny and aerosols) intgliadrical ionization chamber (where
a potential of 750 V is maintained). The alphaipke$ emitted by radon ionize the air,
causing the cathode to attract positively chargadigles and the anode to attract

negatively charged particles.

3. Results and discussion

3.1. Water samples withf*°Ra in the Triathler

For water samples wheféRa is present (detected from an alpha spectrum asiéh
Figs. 3 and 4), it is necessary to wait at leastldgs for thé’>Rn and its progeny to
grow and reach secular equilibrium [17]. Fig. 9 whdhe alpha spectrum of a water

sample containing radium over a period of 40 dayse sample prepared in our



laboratory was bubbled with air overnight to eliati® all radon and then measured
from the first day (when it contains orf§fRa) to the 40th day (when it contafif&Ra,
222Rn,**%Po, and**Po).

When the sample water contafA®Ra, there are three options for determining the
222Rn activity by the direct method with the Triathler
1. The sample is measured on day 1 after bubblingnaylet: This sample contains
only ***Ra (the efficiency per radioisotope is 0.87). Theasurement of 437
cpm was put into Eq. (1), which predicté§?®Ra concentration of 1386 + 96 Bq
I1, which will be the?”Rn concentration after 40 days, when secular
equilibrium is reached.

2. The sample is measured after 40 days, once seeglalibrium has been
reached. The measurement in this case was 1755cgprasponding to the four
radioisotopes in equilibrium®{Ra, ?**Rn, ***Po, and***Po). From Eq. (1),
assuming an efficiency of 3.49 (0.87 per radioipe)pa concentration 6f°Rn
of 1395 + 114 Bq't is obtained.

3. The sample is measured after 40 days and the céwmt$Ra are subtracted:
1755 - 437 = 1318 cpm, which corresponds to tietr*Rn, ?**Po, and**Po.
The result from Eq. (1) with an efficiency of 2.62s 1396 + 120 Bd'

These results are presented in Table 5, hwbanfirms that the three options give
the same results. Option 1 is the fastest; howavegquires a pump to bubble the
sample overnight. If a 40-day wait is acceptabjeiom 2 is the easiest. Option 3 is ideal

when the counts of onf?°Rn and its progeny are required.

3.2. Performance of the four techniques on water sgples without **°Ra

Table 6 shows the results obtained with the fochnegues for samples collected in the

thermal spa and those generated in our laboragwp s

Table 7 shows the analysis of the resultsneans of a pairetitest. The results
from the Triathler, HPGe, and Nal methods were sighificantly different, while the

results from the AlphaGuard technique were markddfgrent.

4. Conclusions



The calibration of the portable LSC device, theafftier 425-034, performed in this
study by use of the direct method and water sanggasaining known concentrations
of #*Ra vyielded very good results. This was verified the results of the
intercomparison exercises f6Rn in water in which we participated in November
2015 and December 2016 [19].

The current study presents the possibilitydetermining the?”’Rn activity of a
water sample wheff°Ra appears in its alpha spectrum, without havingai for the
secular equilibrium with its progeny to be reaclied0 days). The results obtained by
LSC with the three options were similar, and thetbaption depends on the time
available to deliver the results.

The Triathler, HPGe, and Nal methods presamnilar results, and any of these
methods are suitable to meas@f&n in water. Nevertheless, for rapid measurements
that give significant savings of time, space, andt,cthe LSC technique is the best
because it requires a smaller sample (6 ml), and sieasurement interval (600 s), and

the measurement can be made in aitthe moment the sample is taken.

The desorption followed by ionization teaue (AlphaGuard) yields results
different from those from the other three techngoet only in this study but also in the
intercomparison exercises undertaken by Iproma &hé the University of Cantabria

involving 17 Spanish laboratories using variouttegues [19].



References

1. Laboratoire National Henri Becquerel. Nucleatada Laboratoire National Henri

Becquerel. 08 June 2018tp://www.Inhb.fr/nuclear-data/.

2. Belloni, P., Cavaioli, M., Ingrao, G. and Manci@. Optimization and comparison of
three different methods for the determination of228 in water Science of the Total
Environment. 173/174, 61-67 (1995).

3. Hess, C.T., Vietti, M.A., Lachapelle, E.B. andil@mette, J.FRadon transferred
from drinking water into house air. In: Radon, Raai and Uranium in Drinking
Water. Richard Cothern, C. and Rebers, P.A. Eds (ChelMé&a_ewis Publishers, Inc)
(1990).

4. Galan Lopez, M., Martin Sanchez, A. and Gémembar, V.Application of ultra-
low level liquid scintillation to the determinatiasf “*’Rn in groundwaterJournal of
Radioanalytical and Nuclear Chemistry. 261(3), &36-(2004).

5. Council of the European Unio@ouncil Directive 2013/51/Euratom of 22 October
2013 laying down requirements for the protectiortted health of the general public
with regard to radioactive substances in water mited for human consumption

Official Journal of the European Union L 292, 1913).

6. de Espafa, GREAL DECRETO 314/2016 del 29 de Julio por el questablecen
los criterios sanitarios de la calidad del agua censumo humandoletin oficial del
Estado 183. 53106-53126 (2016).

7. Soto, J., Fernandez, P.L., Gomez, J., RodenaQuihdés, L.S. and Delgado, M.T.
Medida de la concentracién d&°Ra en aguas embotelladas espafiolBsletin
Sociedad Espafiola de Hidrologia Médica, Vol VI, na35-150. (1991).

http://www.elradon.com/web/index.php/category/articulos/page/8/.

8. Soto, J., Fernandez, P.L., Gomez, J., Quind&s, dnd Delgado, M.TRaddn en el
agua en una regién de alto nivel de radiacion natuBoletin Sociedad Espafiola de
Hidrologia Médica, Vol VI, n°2 85-88. (1992).
http://www.elradon.com/web/index.php/category/aitis/page/6/.

10



9. Whittaker, E.L., Akridge, J.D., Giovano, dwo test procedures for radon in drinking
water: Interlaboratory Collaborative StudyUS EPA Environmental Monitoring
Systems Laboratory, Las Vegas. NV. EPA 600/2-87(0839).

10. Gomez Escobar, V., Vera Tomé, F., Lozano, &@d Martin Sanchez, A.
Determination of?*Rn and *®Ra in aqueous samples using a low-level liquid
scintillation counter Applied Radiation Isotopes. Vol. 47, No 9/10, &#&l7 (1996).

11. Todorovic, N., Jakonic, Il., Nikolov, J., Hansmal. and Veskovic, M.
Establishment of a method for determination in wide low-level liquid scintillation

counter Radiation Protection Dosimetry. 1-5 (2014).

12. Soto, J., Delgado, M.T., Fernandez, P.L., Géeuindds, L. Niveles dé?Rn
en el Balneario Las Caldas de Besaya. Revista dal&a e Higiene Publicab5(1) 71-
75. (1991). http://lwww.elradon.com/web/index.phggary/articulos/page/8/.

13. Sainz, C., Rabago D., Fuente, |., Celaya, 8.@mnindds, L.SDescription of the
behavior of an aquifer by using continuous radomitaring in a thermal spaScience
of the Total Environment. 543, 460-466 (2016).

14. Celaya Gonzalez, Study of*Rn behavior in the processes of recharge-discharge
in aquifers: simulation in laboratory and applicati to a real caseThesis, University

of Cantabria (January, 2018)tps://repositorio.unican.es/xmlui/handle/10902/13308.

15. Wisser, S., Frenzel, E. and Dittmer, IWhovative procedure for the determination
of gross-alpha/gross-beta activities in drinkingtera Applied Radiation and Isotopes.
64 368-372 (2006).

16. Kitto, M.E.Characteristics of liquid scintillation analysis cddon in water Journal
of Radioanalytical and Nuclear Chemistry.Vol.18%, N 91-99 (1994).

17. Kitto, M.E., Menia, T.A., Bari, A., Fielman, ®., Haines, D.K.Development and
intercomparison of a reusable radon-in-water stardeRadiation Measurements. 45,
231-233 (2010).

18. Salonen, LCalibration of the direct LSC method for radon inn#ing water:
Interference from*'Pb and its progenies accumulated iffRa standard solutian
Applied Radiation and Isotopes. 68, 131-138 (2010).

11



19. Celaya Gonzélez, S., Rdbago Gémez, D., Fueert@nd] |., Quindds Lopez, L.,
Bon Carreras, N., Valero Castell, M.T., Gutiérredllaviueva, J. L., and Sainz
Fernandez, C.A simple national intercomparison of radon in watdRadiation
Protection Dosimetry. 1-7 (2018).

20. Fuente Merino, Puesta a punto de un equipo de fluorescencia desrayportatil
con fuentes radiactivas: Aplicaciones medioambiesta Thesis, University of

Cantabria (2015).
https://repositorio.unican.es/xmlui/bitstream/handle/10902/6787/Tesis%201FM.pdf.

SO|I source

Iw ﬁq o
$ 7 1‘—

Fig. 1. Artificial generation of radon in water.
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Fig. 2. Specific containers used for each techniqueedoiption; 2, Nal
detector; 3, liquid scintillation counting; 4, higlurity Ge detector.
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Fig. 3. Alpha spectrum of sample witffRn,%**Po, and*‘Po.
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Table 1 Comparison between the theoretical value and tiaghler value with use of the
efficiency (3.73 given in the handboc
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Vial Theoretical Triathler

value (Bq1l')  value (Bql?)

A 2943 + 141 3360 + 274
B 843 +41 969 + 88
C 296 + 14 350 + 38
D 100 £5 120 £18
E 32+2 42 +10
F 20+ 2 26+ 8
G 12+1 18+ 6

Table 2 Value estimated forPo in each vial by Eq. (2).

Theoretical Theoretical Estimated

value for value for Value for

Vial
26Ra 26Ra 210Pg
(Bq 1) (dpm) (dpm)
A 2943 £141 1060 =51 928 + 25
B 843 + 41 303 + 15 265+ 13
C 296 + 14 107 +£5 93+4
D 100 +5 36+2 32+2
E 32+2 12+1 101
F 202 7+1 61
G 12+1 4+1 4+1

dpm, disintegrations per minute



Table 3 Total alpha activity4,) in disintegrations per minute and total alphantsu
(Crota) IN counts per minute for eavial.

Vial Ac=4 -Ara+Avro Crotal
A 5168 + 2206 4514
B 1477 £ 61 1302
C 521 +20 470
D 176 £ 8 161
E 58 +4 56
F 34+4 35
G 20+4 24

Table 4 Comparison between the theoretical and estimatkeets with the calculated

efficiency (0.87).

Theoretical Estimated
Vial value value
Bql)  (Bql)
A 2943 £+ 141 2944 + 236
B 843 +41 850+ 72
C 296 + 14 309 + 28
D 100 £5 106 + 12
E 32+2 32+2
F 20+ 2 20+2
G 12+1 12+1

Table 5 Results obtained with the Triathler for water skEspwith
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Counts

Activi
Option Measurement Radioisotopes per  Efficiency ct1v11t y
date min (Bq 1Y)
ute
1 Day 1 26Ra 437 0.87 1386 + 96
226Ra,222Rr1’218P0’
2 Day 40 g 1755 349 1395:114
222R 218P
3 Day 40 nPoand e o6 13964120

214P0

Table 6 Results (Bq1t) and uncertaintiek = 2) obtained for the water samples with
each of the four techniques.

Triathler HPGe Nal Alphaguar
Day d
(MT:600s) (MT:3600s) (MT:36005) o o0

Samples collected in the thermal spa of Las Caldas de Besaya

0 335+ 36 382 +24 417 £ 24 276 +71
2 247 + 30 240 £ 15 283 +17 159 + 54
4 174 + 22 162 +11 178 +12 96 + 35
6 119+ 18 129 +9 106 + 8 54 +23
8 82+14 74+5 61+7 23+13
10 55+12 40+4 31+6 12+9
12 37 10 303 11+6 66

14 27 £ 8 202 5+6 5+6

Samples from radon-water generated in our laboratory

0 150 = 20 156 =10 186 + 12 114 +40
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2 101 + 16 95+7 120+ 9 62 + 25
4 67 £12 57+5 70+7 37+18
6 48 +£10 27+3 41+6 21+12
8 33+8 18+2 29+6 12 +10
10 24 +8 10+£2 17+ 6 7+7
12 14+6 8§+2 5+6 4+5
HPGe, high-purity Ge; MT, measurement time.
Paired Probability Significantly
DF Mean X-Y?
t value (two-tail) different
Tr vs Ge 14 4.33 1.04 0.318 No
TrvsNa 14 -3.20 -0.42 0.679 No
TrvsAg 14 41.67 6.95 6.74E-6 Yes
GevsNa 14 -7.53 -1.42 0.177 No
GevsAg 14 37.33 4.51 4.93E-4 Yes
NavsAg 14 44.87 3.98 0.001 Yes

—Tabte 7 Results of the paireddest for the fourtechmiques.—————————————

2 Difference between the two means.
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Ag, AlphaGuard method; DF, degrees of freedom; legh-purity Ge method; Na, Nal
method; Tr, Triathler method.
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Highlights:

Cdibration of a portable liquid scintillation counting device for radon

measurements in water by the direct method.
Interference of #°Po in samples with **Rawhen the direct method is used.
Use of the portable liquid scintillation counting device versus standard

laboratory techniques (gamma spectrometry and desorption).



