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Abstract

The determination of gross alpha/beta activity concentrations of drinking water is the first step of the environmental mo-
nitoring studies and can provide a rapid evaluation of the radioactive content of a sample. In this study, a procedure us-
ing liquid scintillation spectrometry (LSS) for the simultaneously monitoring of gross alpha/beta activity concentration
in drinking water was determined, verificated with proficiency test sample and applied to the real drinking water sam-
ples in Turkey. The results indicate that the method provides good accuracy and precision. LSS can be employed as a

screening technique in high activity concentrations.

Keywords: gross alpha/beta activities; drinking water; liquid scintillation spectrometry (LSS); radioactivity measu-

rement; environmental monitoring

1. Introduction

Water is one of the most important life sources of
the people. In order to decide the use of water for the hu-
man consumption, physical, chemical, bacteriological
and radioactive properties must be well defined. Espe-
cially the radioactivity in drinking water is not a new
fact, having been present to some extent for thousands of
years. Therefore, homeowners should be aware of the
steps they might wish to take to test their private drin-
king water wells for radioactivity and to reduce their ex-
posure.

Gross alpha/beta analysis is the first step in determi-
ning the level of radioactivity in drinking water. This test
serves as a preliminary screening device and determines
whether radionuclide specific analysis is required to furt-
her characterize the water. According to World Health Or-
ganization,' water is considered adequate for human con-
sumption when the screening level for gross alpha activity
concentration is below 0.5 Bq L™ and that for the gross
beta activity concentration is below 1.0 Bq L™'. By EU
Council Directive 2013/51/Euroatom of 22 October
20132, recommended screening levels for gross alpha acti-

vity and gross beta activity are 0,1 Bq L™'and 1,0 Bq L™,
respectively in each member state.

This WHO guideline is adopted to National Legisla-
tion of Ministry of Health in Turkey. When the values
(Gross o.> 0.5 Bq L™ and Gross  >1 Bq L) are higher,
further analysis should be carried out in Turkey. * The rou-
tine method used in our laboratory for monitoring gross
alpha/beta activities is the “EPA 900.0 Gross Alfa and
Gross Beta Radioactivity in Drinking Water” standard
method. The method relies on gas—flow proportional
counting (GFPC). The efficiency of the method is depen-
dent on the water residue mass. The technique requires a
uniformly thickness, homogeneous layer of residue mate-
rial on the planchet. Multiple calibration standards are al-
so needed to cover a range of residue masses.* The met-
hod isn’t suitable for the determination of radon or
low—energy beta emitters such as tritium in drinking wa-
ter. In the literature, there are various studies about proce-
dures using liquid scintillation counting for the monito-
ring of gross alpha/beta activities in environmental wa-
ter.”” Also, several studies have suggested using the liquid
scintillation spectrometric (LSS) method instead of GFPC
due to its advantages of higher detection efficiency and fa-

Kahraman et al.: Radioactivity Measurement Method for Environmental ...

595



596

Acta Chim. Slov. 2015, 62, 595-604

ster analyzing time.*!" Liquid scintillation spectrometric
is an analytical technique which measures activity of ra-
dionuclides from the rate of light photons emitted by a li-
quid sample.'”> The LSS measurement technique is appli-
cable to all forms of nuclear decay (alpha and beta partic-
le, electron capture, and gamma-ray emitting radionucli-
des). LSS applications range from radioactivity analyses
(*H, **Rn etc.) in drinking water, food control for 8r, ra-
dioactive effluent measurements at nuclear power plants,
emergency preparedness for nuclear power and homeland
security, radiocarbon dating, biofuel and other bio—based
material analyses. The LSS method also has been widely
employed in radionuclide metrology. The aim of this
study was to determine the procedure based on liquid
scintillation spectrometry for measuring gross alpha/beta
activities for environmental monitoring of the drinking
water samples in Turkey. The established procedure with
verification and comparison was applied to the real drin-
king water samples from various regions in Turkey. Firstly,
the effect of the total dissolved salt concentration, pH, type
of vial (teflon coated polyethylene and low potassium
glass vial) and volume and the type of scintillation cocktail
were also studied to determine the best conditions for mea-
suring gross alpha/beta activity in the drinking waters. For
the method verification, spiked water samples at different
concentrations were prepared from “Alpha High
(AH-B11144) and Beta 2 (B2)” proficiency test exercise
samples of the NPL-2011 proficiency test. Before spiking
by AH-B11144 and B2 solutions, the water sample was
chosen from a group of samples for which the gross alp-
ha/beta proportional counter analysis results were lower
than limit values. This was done to have samples that are
representative of actual waters commonly encountered in
the laboratory. Then for the application of the method to
the actual comparison sample, IAEA proficiency test sam-
ple was used. More than 10 samples of drinking water
from various regions in Turkey were prepared and measu-
red in LSS according to the establish procedure.

2. Experimental

2. 1. Reagents and Solutions

Deionized water was used in order to determine op-
timum measurement conditions and the minimum detec-
table activities (MDA). Two spike waters were prepared
from TAI drinking water. TAI drinking water was obtai-
ned from a well in Turkish Aerospace Industries, Inc. area.
It has the lowest activity and the minimum residue pro-
perty at highest volume. NPL 2011 B2 and NPL 2011
(AH) proficiency test solutions containing beta and alpha
emitting radionuclides, respectively were used. The gross
beta activity of NPL 2011 B2 was assigned as 5.83 + 0.06
Bq g (k =2) by using LSS method. The gross alpha acti-
vity of NPL 2011 (AH) was assigned as 44 + 12 Bq g”' (k
= 2) by means of LSS in the final proficiency test report.'

Ultima Gold LLT (UG LLT), Optiphase Hisafe 3
(OP HS 3) and Ultima Gold AB (UG AB) cocktails from
Perkin Elmer were used as the scintillation cocktails.
21 Am and *°Sr/*Y standard solutions were used in the de-
termination of the optimum PSA value. The activity of
2! Am standard solution (Isotope products, source no:
1263-71-3) is 7.48 kBq g and reference date is on De-
cember 1, 2007. The activity of *°Sr/*’Y (Isotope pro-
ducts, source no: 1217-1-1) standard solution is 3.71 kBq
¢! and reference date is on October 1, 2006. To prepare a
quench set, *H standard solution containing 7.39 kBq g™
was used from Isotope products (reference date is on Au-
gust 1, 2009 and source no: 1389-13-2). Different beta
emitting standard radionuclide solutions: 210py 14C) 134Cg
and *°Sr/*°Y obtained from Isotope products, *’K salt from
IAEA RGK-1 and *°Cl from NIST (SRM 4943) were
used for the determination of the beta counting efficiency.
All solvents and reagents (CaCl,, NH,, HNO, etc.) were
of analytical grade and used without purification.

2. 2. Instrumentation

Activity measurements were performed using Wal-
lac Quantulus 1220 low background liquid scintillation
counter. The instrument is equipped with a pulse shape
discrimination device (PSA) and an external standard of
152Eu which allows to measure external spectral quench
parameter [SQP(E)]. By using PSA, alpha and beta events
were recorded in separate alpha and beta multi—channel
analyzers. PSA level represents a dividing line to distin-
guish alpha events from beta ones. The optimum PSA le-
vels were determined by calibrating with a set of pure
> Am and *°Sr/*°Y standard solutions. The misclassifica-
tion of signals (spillover,%) was defined as the percentage
of the excess alpha counts when calibrating with a pure
beta emitting standard or the percentage of the excess be-
ta counts when calibrating with a pure alpha standard.

Quenching, the main interference for LSS, may af-
fect the optimum PSA setting and counting efficiencies.
Quench correction curves were obtained from using a set
of quenched standards. The quench level was quantified
with Spectral Quench Parameter of External standard,
SQP(E).

Twenty—milliliter of teflon coated polyethylene and
glass vials (Perken Elmer) were used.

Spectra were analyzed using EASY View Spectrum
Analysis Software. The counting windows were set to
channels 500-800 in the alpha spectrum and channels
50-900 in the beta spectrum.

2. 3. Determination of the Optimum
Measurement Conditions
The optimum measurement conditions (cocktail

type, cocktail: sample ratio, vial type, optimum pH value
and total dissolved salt concentration effect) were deter-
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mined by using deionized water in order to measure gross
alpha/beta activity concentration in drinking waters by us-
ing LSS method. According to ISO 11704 (Water qua-
lity—Measurement of gross alpha/beta activity concentra-
tion in non—saline water-Liquid scintillation counting
method-2010 Edition), deionized water samples contai-
ning different CaCl, concentrations (between 0 and 2000
mg L") were prepared and heated to remove the dissolved
222Rn. The pH values of prepared deionized samples by
using preconcentration procedure of this ISO method we-
re adjusted to 1.7 = 0.2 with 8 M HNO,; to avoid adsorp-
tion on container walls. The evaporated deionized water
samples were prepared in different cocktail types (UG
LLT, OP HS 3 and UG AB) at different cocktail: sample
ratios (12:8, 14:6, 16:4) and some observations were done
to determine the optimum cocktail: sample ratio at the op-
timum cocktail type. Later, vials were measured in LSS
instrument and evaluated the values of count rate and
SQP(E) for each sample. After that, the effect of vial type
on sample quenching was investigated. For this purpose,
samples on the glass and teflon coated polyethylene vials
at the selected cocktail type and the optimum cocktail:
sample ratio were prepared and counted in LSS. Finally,
prepared samples at the different pH values (between 0.2
and 4.0) from the prepared evaporated deionized water at
the selected cocktail: sample ratio were measured in the
LSS instrument to investigate the pH effect on sample
quenching.

2. 4. Determination of Optimum PSA Value

The optimum PSA value was established by calcula-
ting alpha and beta misclassification at different PSA set-
tings (50-150) with pure **'Am and *°Sr/*°Y standard so-
lutions. The standard solutions were diluted to 6 mL eva-
porated deionized water (pH = 1.7 + 0.2) in the measure-
ment vials containing 14 mL of UG AB cocktail. The re-
sulting mixture was shaken for 45 minutes, waited for 1
hour in the instrument for dark adaption and measured at
20 minutes counting time in LSS. The alpha misclassifica-
tion as beta, M, and beta misclassification as alpha, MB
were calculated according to Equation (1) and (2), respec-
tively and the graph of the alpha misclassification and be-
ta misclassification versus PSA values was plotted. From
this graph, the optimum PSA value was determined from
the intersection point of the two lines.

o bt - Ny in pMCA f100 (1)
N,in fMCA + N, in aa MCA
N, in a MCA
% M, = - * 100 2)

Nyin BMCA + Njin a MCA

where M =alpha misclassification as beta; Mg= beta
misclassification as alpha; N =measured count rate for al-

pha; NB= measured count rate for beta and MCA=multic-
hannel analyzers.

2. 5. Preparation of Quench Set

The quench set was prepared by “14 mL UG AB
plus 6 mL deionized water” cocktail, *H standard referen-
ce solution and quencher agent (nitromethane). The requi-
red amounts of *H standard reference and nitromethane
were added to 10 vials containing the cocktail, respecti-
vely. Added amounts of nitromethane ranged from 20 to
120 pL. The quench sets were measured in the LSS instru-
ment one more time in order to check the sample stability.
The net count rate in cps was obtained using Easy View
program and the activity of each sample mass was calcu-
lated from the sample mass and the tritium standard acti-
vity concentration [Eq. (3)]. After that, the value of effi-
ciency for each sample was calculated by using the effi-
ciency equation, Eq.(4) for each measurement. The
quenched parameter, SQP(E) values were obtained from
registry file. Then the Quench curve of tritium
[Efficiency% versus quench parameter, SQP(E)] was plot-
ted and fitted to a polynomial equation [Eq. (5)].

Activity = Acticity,,, * Mass 3)

cpm count rate

4)

Efficiency = € =
dpm

Activity

Where efficiency (€) is defined as the ratio of the ob-
served counts per minute (cpm) to the disintegrations per
minute (dpm).

Ens=kotki* SQP(E) +ka*[SQP(E)]*+

X (5)
+k3*[SQP(E)]*+...

2. 6. Determination of Beta Counting
Efficiency

Mean beta counting efficiency was determined by
using different beta emitting standard radionuclide solu-
tions: 2!°Pb, '“C, 13*Cs, K, °Sr/*°Y and 3°Cl. The requi-
red amounts of these standard solutions were added to
each vial containing 14 mL UG AB and 6 mL deionized
water, respectively. Then, these vials were measured in
LSS at 1 h counting time. Later, counting efficiency value
for each radionuclide was calculated from the measured
net counting rate, quench curve and CIEMAT/NIST effi-
ciency tracing method. Thus, the mean beta counting effi-
ciency was obtained from the average of these efficien-
cies.

The CIEMAT/NIST efficiency tracing method is a
combination of theoretical calculations and the experi-
mental data obtained from a counter by using a suitable
tracer nuclide (e.g. *H) to determine the counting effi-
ciency of a radionuclide. This method is based on the free
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parameter and can be used for a variety of B—-emitting or
electron capture radionuclides. Free parameter is defined
as the energy necessary to create a photoelectron at the
photocathode of the photo multiplier tube (PMT). The
free parameter establishes a link between the counting ef-
ficiency of the radionuclide under analysis and the tracer
nuclide. The counting efficiency curve for the radionucli-
de under analysis is then obtained as a function of the
counting efficiency of the tracer. The relationship between
the tritium efficiency and the radionuclide efficiency un-
der the same conditions is calculated using the
CIEMAT/NIST program [CN2005 program (E. Gunther,
PTB/Latest version august 2005)]. Input data for the pro-
gram include atomic and nuclear data of the radionuclides
of interest, the data on LS cocktail used the composition
of the cocktail and the ionization quench parameter (kB).
Data for many radionuclides and the most common used
liquid scintillation cocktails can be found in this program.
The efficiency of radionuclide is calculated by using the
following polynomial equation obtained from the
CIEMAT/NIST program, respectively:

Erdionuclide=KoK 1 *Enstka*(€ns) ks *(Ena) +...  (6)

Firstly, the tritium efficiency values (8H73) were cal-
culated by using polynomial equation [Eq. (5)] obtained
from the quench curve of H-3 and SQP(E) values from
the instrument output for radionuclide interested. Then,
the efficiency of radionuclide interested versus efficiency
of *H was calculated using the CIEMAT/NIST program
for the given cocktail and kB value. Thus, the efficiency
values for radionuclide interested could be calculated
from this polynomial equation [Eq. (6)].

2. 7. Verification of the Method for
Measuring of Gross alpha/beta Activity
in Drinking Water

The verification samples were composed of drin-
king waters containing different amounts of alpha and
beta emitting radionuclides. TAI drinking water was
used for this purpose. Two verification samples were
prepared by using NPL 2011 B2 and NPL 2011 (AH)
proficiency test solutions containing beta and alpha ra-
dionuclides, respectively. These are called as TAI-1 and
TAI-2. Total volume of each sample was 2000 mL. The
compositions of TAI-1 and TAI-2 drinking water are gi-
ven below.

1) the gross alpha and beta activities of the TAI-1
drinking water were 2.90 Bq kg™' and 3.04 Bq
kg™!, respectively.

2) the gross alpha and beta activities of the TAI-2
drinking water were 1.43 Bq kg™ and 2.56 Bq
kg™, respectively.

The samples for gross alpha/beta analysis were pre-

pared from 500 mL TAI water samples. The pH of sam-

ples were adjusted to about pH = 3—4 with NH, and then,
they were evaporated to ~20 mL under IR lamp at 80 °C.
The pH value of the concentrated sample was controlled
and adjusted to pH = 1.7 + 0.2. The samples for counting
were taken 6 mL from the concentrated samples and were
transferred to plastic vials containing 14 mL UG AB. The
samples were mixed homogenously and counted 240 mi-
nutes at optimum PSA value in the Wallac 1220 Quantu-
lus LSS one more time. Blank was prepared by applying
the same procedures for samples from 500 mL of deioni-
zed water.

The activity values in alpha and beta windows [from
Eq.(7)] were calculated from the measured net counting
rate in these windows, respectively.

Net count rate(cps)
Efficiency™ Mass(g)

Activitn(Bq /! g) = @)

Minimum detectable activity values (MDA) for alp-
ha and beta radionuclides were calculated using Currie’s
expression'* from the measurement of blank sample.

2. 8. Application of the Method to the Actual
Comparison Sample

For this purpose, 2013 ALMERA proficiency test
sample (IAEA-TEL-2013-04 Sample 2) was used. Sam-
ple was prepared from this actual comparison sample wit-
hout preconcentration process because of its high activi-
ties (alpha and beta activities) and counted in LSS accor-
ding to determined procedure.

2. 9. Determination of Gross Alpha/beta
Activity in Real Drinking Water
Sample

The developed procedure was applied to real drin-
king water samples. More than 12 samples (5 L for each)
from various regions in Turkey were used. The samples
were treated with the sample preparation procedure and
subsequently analyzed by LSS instrument.

3. Results and Discussion

The gross alpha/beta activity concentrations were
determined in drinking water using LSS method with the
PSA. Firstly, the effect of total dissolved salt concentra-
tions, type and volume of scintillation cocktails, sample p-
H and vial type upon the gross alpha/beta values were in-
vestigated.

Accuracy of the method was verificated using spike
water samples at optimized measurement conditions. The
developed method was implemented by using actual com-
parison sample and applied to real drinking water samples
collected from various regions in Turkey.
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3. 1. Optimum Measurement Conditions &5

3. 1. 1. Effect of Type and Volume of Scintillation
Cocktail and Total Dissolved Salt
Concentration

The effect of total dissolved salt concentration at
three cocktail types (UG LLT, OP HS 3 and UG AB) and
three cocktail: water ratios (12:8, 14:6, 16:4) were evalua-

ted using the deionized water containing 0, 250, 500, ——UGLLT
1000, 1500, 2000 mg L™ concentration of CaCl,. 740 —a—UG AB

The results are given in Figure 1. As a result of these

. . . . —a—O0PHS 3
experiments, the optimum cocktail: sample ratio was se- 720 2 . s "
lected as (14:6); samples in this ratio were homogeneous 0 500 1000 1500 2000
and transparent. In addition, samples prepared using UG CaCl: (mg L")
AB were less quenched than those prepared using other Figure 2. Relationship between SQP(E) value and total dissolved
cocktails (Figure 2). salt amount, CaCl, at 14:6 scintillation deionized water ratio

R N T it

4 * - %

B B e S S S S

OPHS 3

UG AB

cocktail:sample ratio
(12:8) (14:6) (16:4)

Figure 1. The effect of total dissolved salt concentration at different cocktail types and different cocktail: deionized water ratios (Vials from 1 to 6
contains 0, 250, 500, 1000, 1500, 2000 CaCl, mg L, respectively)
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The total dissolved salt effect on sample quenching
was investigated by using prepared deionized water and
three different cocktails at the selected cocktail: sample
ratio. In these experiments, it was observed that there was
no correlation between the total dissolved salt amounts
and SQP(E) values and these correlations are seen in Fi-
gure 2.

3. 1. 2. Effect of pH

The pH effect on quenching was investigated by us-
ing the evaporated deionized water in UG AB cocktail at
the selected cocktail: sample ratio (14:6). It was observed
that there was very little SQP(E) changing between pH
1.5 and 2.5 but SQP(E) decreased under pH 0.8 value.
There was no correlation between pH value and quench
parameter, SQP(E) at our working pH value (pH = 1.70 =
0.05) (Figure 3).

820
770
g'&ﬂ -
w0
670
620 A A A A A A A A
00 05 10 15 20 25 30 35 40
pH

Figure 3. The SQP(E) variations as a function of pH for deionized
water

3. 1. 3. Effect of Vials

Commercial standard 20 mL of low—potassium bo-
rosilicate glass vial and teflon coated polyethylene vial
were used to compare the vial effect on quenching and
background count rate. From the data presented in Table
1, it was indicated that the SQP(E) and background count
rate values were significantly different for two types vials.
Average background count rates were about 4.586 + 0.557

Table 1. The vial effect on quenching, SQP(E) 6 mL deionized wa-
ter + 14 mL UG AB, pH = 1.70 + 0.05, counting time = 15 min]

Vial Mean Mean count
Type SQP(E) rates, cpm
Teflon coated 796.59 4.586 = 0.557
polyethylene vial

Low—potassium 781.96 22.830 + 1.246
glass vial

cpm and 22.830 + 1.246 cpm for teflon coated polyethyle-
ne vial and low—potassium glass vial, respectively. The
background count rates obtained from low—potassium
glass vial were obviously higher than that from the teflon
coated polyethylene vial. It can be said that this observa-
tion may be related to the K—40 contents of glass vials as
we expect. K—40 is responsible for the higher beta count
rate in the low energy window.

As a result of these studies, we chosen the optimum
measurement conditions as cocktail: sample ratio = 14: 6,
UG AB cocktail and pH = 1.70 for the determination of
gross alpha/beta activity in drinking waters (Table 2).

Table 2. Optimum measurement conditions

Parameters Optimum value

scintillation cocktail: 14: 6

sample ratio (v/v)

scintillation cocktail Ultima gold AB

vial teflon coated polyethylene
working pH 1.70 £ 0.05
preconcentration rate of water 1/25

3. 2. Optimization of PSA Setting

Measurement conditions were established by opti-
mizing pulse—shape discrimination to achieve minimal in-
terference. For this purpose, the percentages of misclassi-
fication obtained by calibrating with an **'Am standard
solution and a *°Sr/*Y (in secular equilibrium, activity of
%Sr) standard solution were plotted against the PSA levels
as shown in Figure 4. As can be seen from the figure, the
beta events were less misclassified than the alpha events
along with the increasing PSA levels. On the other hand,
the alpha events were found to have an increasing ten-
dency in misclassification when the PSA levels increased.
The crossover point of the two calibration curves was set
as the best discrimination parameter and the optimum
PSA value was determined as 87 which there is equal and

35

30
25
20
15
10

Misclassification, %

48 68 88

108
PSA

128 148

Figure 4. The graphic of the optimum PSA level determination for
plastic vial in UG AB cocktail
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minimum spill of alpha pulses into the beta MCA and be-
ta pulses into the alpha MCA.

3. 3. Method Verification

3. 3. 1. Minimum Detectable Activity (MDA)

The minimum detectable activity (MDA), Eq. (8)
was calculated from the measurement of blank vial in the
same conditions as samples using the formula reported by
Currie.'*

- (2.71+4.65)N, )| -
eV *1

Where N, is background counts (cpm), € s the detec-
tion efficiency (cpm dpm™), Vis the sample volume and ¢ is
the counting time in minute. The MDA values were calcula-
ted as 0.013 Bq L' for gross alpha and 0.075 Bq L™ for
gross beta. It was also shown that MDA for beta was higher,
which was resulting from the relatively higher background.’

3. 3. 2. Determination of Gross alpha/beta
Activity in Spike Drinking Water Sample

The verification test of the procedure was performed
using spiked TAI drinking water samples. The obtained

experimental results for gross alpha/beta measurements
compared to the reference values of activity in the added
spike solutions are presented in Table 3.

In calculation, alpha and beta counting efficiencies
were needed. Alpha counting efficiency is approximately
100% for almost all alpha decays using a liquid cocktail.'®

Mean beta counting efficiency was determined as
95% by using different beta emitting standard radionucli-
de solutions: 2!°Pb, '*C, 3*Cs, “°K, *°Sr/*°Y and *°Cl. As
shown in Table 3, the percentage deviations of the measu-
red values with respect to the added values were within
the range from 3.79% to 4.19% for gross alpha while tho-
se were from 3.29% to 9.42% for gross beta. It is clear
from the table that the experimental values were consi-
stent with the reference values.

The results are also evaluated in terms of z—test,
E-test and relative uncertainty outlier tests. A result was
only classified as ‘in agreement’ when these three tests
were passed. A failure to pass one of these tests resulted in
a classification ‘questionable’. Failure of both the & test
and z—test resulted in a classification ‘discrepant”.'® The
validity of the method was satisfactory if the results for
which the absolute values of the E-score and the z—score
were both less than or equal to 2.576. Thus, the validity of
proposed method was satisfactory according to the E—sco-
re and the z—scores.

Table 3. The experimental results for gross alpha/beta compared to reference values of activity concentration in added spike solution

Sample Added activity,

Measured activity by LSS,

Relative

b c

code (A, Bg L™ (A Bg L™ Bias (%) & Z—score R,
alpha beta alpha beta alpha beta alpha beta alpha beta alpha beta
TAI-1 290+1.60 3.04+0.20 301 +£1.66 3.14+0.22 379 329 005 034 0.65 056 055 0.07
TAI-2 143+156 2.56+0.21 149+1.64 2.29+0.19 4.19 942 0.03 -095 0.72 -1.81 1.10 0.08

experimental value and U

ref

A, -4, A_-A,
» 7-Score: Z = — e :
o, 0,058234,,

te the z—score is the ratio between 0.15 and 2.576

. U, . . .
OR, = 1 *, where; R, is relative uncertainty of the measured value'®

exp
A

exp

, Where; & is € score, A, , is the experimental value, A

is the standard uncertainty of reference value

is the assigned value, chp is the standard uncertainty of the

ref

Where; S, is standard uncertainty for proficient assessment in Bq g!. The factor of 0.05823 used to calcula

Table 4. Uncertainty budget of gross alpha/beta activity concentrations in TAI-1 (k = 1)

Relative uncertainty (%)
on the alpha activity concentration

Uncertainty component

Relative uncertainty (%)
on the beta activity concentration

Counting statistic (including background) 1.30 1.61
Weight 0.42 0.42
Counting efficiency - 0.75
Misclassification 0.019 0.014
SQP(E) 0.02 0.02
activity from NPL sample 55.06 6.77
Combined uncertainty (quadratic sum) (%) 55.08 7.01

Kahraman et al.: Radioactivity Measurement Method for Environmental ...

601



602 Acta Chim. Slov. 2015, 62, 595-604

> = . . .
2 E = ':: Olen The uncertainty associated with the
E Olo < @ p activity concentration has been calcula-
“s s w ted according to the appropriate rules of
F 2o len ~ Z ol uncertainty propagation to give a combi-
£5 P = 2= ned standard uncertainty. The combined
= = uncertainty is the estimated standard de-
o viation equal to the positive square root
z Qe P 2l of the total variance obtained by combi-
% i‘% TPE % g TIPS ning all variance and covariance compo-
S g = nents using the law of propagation of the
£ Zopla S Y @ | oo uncertainty.
g5 i f:; L& The parameters contributing to the
= c uncertainty budget include the uncertain-
o o, ties in the counting statistics, detector ef-
i 8 = '§ E i~ ficiency, quench parameter [SQP(E)],
E [CRES E LS misclassification, mass of sample and ac-
< e .
8 8 tivities of the NPL proficiency test solu-
> . .
Z 1E g AR tions. The total uncertainty due to all pa-
N . .
g2 S-S rameters is presented in Table 4.
g = p
© = 7 ) w 7 Combined standard uncertainty of
(=9 (=9
E z % £ 2z % sample was calculated as a 7.01% for
g g E " 8 é s E = 8 gross beta and 55.08% for gross alpha.
Z |ge 2 O = = Z |1Ee s <= £ The major contributions for beta emitting
& % z 3 & % P 3 come from the counting statistics and the
S |2& .E’£ o & 3 &t 2 | & uncertainty of the NPL 2011 B2 profi-
! = E E B A E ciency test solution. But, the major con-
Q Q p— . . Cier
z = < c © < tribution for alpha emitting comes from
£ 3 £ §>r the uncertainty of the NPL 2011 (AH)
R = % R 2 |n % proficiency test solution. The uncertainty
5 |2 P E + A 5§ |2 = 2|+ A due to misclassification and quench para-
g 8L 30|3 = s |2 202 = meter are considered to be negligible
> g = = < ! > ST < ! d he oth ;
£ g2 — E £ E 3 E compared to the other uncertainty com-
£ |E = < 5 T < ponents
g |= & > g |=M = ’
G4 @ 0 0 = G4 3} =
; é < o e E % é 2 a g
2 |8 2%+ ° Z |§ =%l|% < 3. 3. 3. Application of the Method
s | Pl g s 7 E£-2 $ to the Actual Comparison
5 = - 2 c = - Sample
& I 2 8
“;’ g g g The comparison tests of the proce-
3 %, & 3 % 5 dure were performed using 2013
g = 8 g = 8 ALMERA proficiency test sample
5 '?; N = 5 g '?; I £ (IAEA-TEL-2013-04 Sample 2). The
§ g g g |= E § g o ;: by 5 obtained experimental results for gross
;2 (852 |& 5 ;| & gz | g alpha/beta measurements compared to
5 |z 3:: - g 5 | 2 E the real values of activities are presented
8 .§ g 8 .E Z in Table 5 and 6. The MDA values were
£ |~ = £ |~ E calculated as 0.300 Bq L™ for gross alp-
2 3 Z 3 1
g 2 & 2 ha and 1.881 Bq L™ for gross beta.
= 2 = g
£ 8 E =
) Q< o O <
= = a2 = . .
% ) i £ g £ i £ 3. 3. 4. Determination of Gross
& 2= 3 & 23 3 Alpha/beta Activity in Real
b < 2 Q E ] < 28 E e
£ 3 g2 3 2 3 me E Drinking Water Sample
N = S oH ~ © N = S oH ~ °
o ; 21 =in N é by ; 21 A0 N é The results of gross alpha and beta
E g o 2 5 g = E g o 2 5 gl = measurements of 12 drinking water sam-
— = — < .
3 g % é 31 A 3 S % é Sl 8 ples by LSS were reported in Table 7. The
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Table 6. The experimental results for gross alpha compared to refe-
rence values of activity concentration in actual comparison sample

Measured mean activity by LSS,

Sample code BqL!
alpha beta

s ol <MDA, <MDA,
S_02 0.139 = 0.007 <MDA[3
S_03 0.059 +0.005 0.235 £0.015
S_04 0.044 +0.003 0.064 = 0.006
S_05 0.016 +£0.003 0.072 = 0.009
S_06 0.039 £ 0.003 0.065 +0.008
S_07 0.029 = 0.003 <MDA[3

S 08 <MDA,, <MDA,
S_09 0.215 £ 0.008 0.393 +0.022
S_10 0.042 = 0.004 0.076 £ 0.011
S_11 <MDA,, 0.087 = 0.006
S_12 0.023 = 0.004 <MDA[3
S_13 0.102 = 0.003 0.144 += 0.007

MDA, = 0.011 Bq L' and MDA = 0.058 Bq L™!

gross alpha activity varies from 0.016 + 0.003 Bq L™ to
0.215 + 0.008 Bq L', while the gross beta activities were
detected from 0.064 + 0.006 to 0.393 + 0.022 Bq L™". The-
se values are both below the stated intervention levels for
National Legislation of Ministry of Health in Turkey. The
MDA values for these samples were calculated as 0.011 Bq
L for gross alpha and 0.058 Bq L™ for gross beta.

4. Conclusions

In emergency situations many samples have to be
analyzed quickly and with sufficient sensitivities. All arti-
ficial radionuclides should be detected by LSS. Detection
limits should be lower than reference levels fixed for coun-
termeasures adoption. Therefore, in this case, LSS is em-
ployed as a screening technique in order to identify sam-
ples containing more radioactivity than expected (on the
basis of natural radionuclides concentration). In this study,
liquid scintillation spectrometric method was successfully
used to determine the gross alpha/beta activity concentra-
tions simultaneously in drinking water as an alternative
screening procedure. The procedure was tested with spiked
real water sample and actual comparison sample. The ob-
tained results indicate that the method is effective and pro-
vides good accuracy and precision. Therefore, LSS can be
employed as a screening technique in order to identify
samples containing more radioactivity than the expected.

In addition, the results show that gross alpha/beta
activity concentrations in drinking water in Turkey are al-
lowable values and analyzed waters are safe for consump-
tion from radioactivity point of view.
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Povzetek

Dolocitev skupne koncentracije aktivnosti alfa in beta v pitni vodi je prvi korak okoljskih $tudij za spremljanje radioak-
tivnosti. Predstavlja hitro oceno radioaktivne obremenjenosti vzorca. V tej Studiji smo dolodili proceduro s tekocinsko
scintilacijsko spektrometrijo (LSS) za hkratno spremljanje skupne koncentracije aktivnosti alfa in beta v pitni vodi, po-
trdili njeno ucinkovitost s testnim vzorcem in jo uporabili na dejanskih vzorcih pitne vode iz Turcije. Rezultati kazejo,
da daje metoda dobro to¢nost in natan¢nost. LSS lahko uporabimo kot presejalno tehniko pri visokih koncentracijah ak-
tivnosti.
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