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Abstract

This paper presents a three-stage protocol for gross alpha and gross beta evaluation in water samples in emergencies.
The novelty of this approach is the great level of detail for its application in this type of sample, following the criteria
proposed in well-established safety guidelines. This protocol makes use of a rapid method adapted from different
proposals found in the scientific literature. The method is based on a simple preparation of the sample and a rapid
measurement by liquid scintillation counting on Quantulus 1220, which permits the evaluation of waters with different
salt content (from 5 g'of continental and drinking water, to 35fdf seawater) and pH (from 1 to 8) in emergency
situations. The protocol and the method allow to prioritize the most active samples and to assess contamination is less
than 2 hours. Both were tested and validated with spiked water samples with different ratios of alpha and beta emitters
(2:1, 1:10 and 10:1) and with intercomparison water samples. Relative bias are below 10 %, except in the samples with
activities close to the limits of detection and relative standard deviation are below 10 % in most of the samples, which
give a clear idea of the robustness of the method.
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1. Introduction

In emergencies, because of nuclear and radiological accidents or malevolent acts, numerous radionuclides could be
released into the environment, and a rapid response is necessary to evaluate the possible contamination of the
environment and population.

The Laboratorio de Radiactividad Ambiental of the Universitat Politécnica de Valéncia (LRA-UPV) is a support
laboratory within the emergency response plan of the Valencian Community (Spain) in case of radiological emergency.
LRA-UPV is developing rapid methods for determining alpha, beta and gamma emitters in different environmental
matrices, such as water, aerosol filters, vegetation, food, etc. (Ordofez et al., 2019; Saez-Mufioz et al., 2018).

Gross alpha and gross beta determination in a radiological emergency is a useful and rapid screening method to
detect alpha and beta emitters’ contamination. In particular, the evaluation of the radiological quality of water is
necessary to protect population. The Spanish and European regulation limit gross alpha and gross beta activities in
drinking water to 0.1 Bgiand 1 Bq T in normal situations (RD 314/2016; Council Directive 2013/51/EURATOM).
However, these limits can be exceeded in a radiological emergency. The International Atomic Energy Agency proposes
operational intervention levels (OILs) in their safety guides, which must be taken into account in decision making
during an emergency. The OlLs are 5 B¢ lemd 100 Bq kg for gross alpha and gross beta respectively, to ensure that
total effective dose of 10 mSv y&awill not be exceeded (IAEA, 2011). Moreover, the United States Environmental
Protection Agency establishes analytical action levels (AALSs), analytical decision levels (ADLs) and requirements in
the activity uncertaintiesuf,) in water samples corresponding to a dose of 5 and 1 mSv for both gross alpha and gross
beta (EPA, 2008).

The main procedures found in the scientific literature for gross alpha and gross beta determination are both based on

evaporation or co-precipitation in a thin source deposit prior to measurement by gas-flow proportional counting or
liquid scintillation counting (Fons et al., 2013; ISO 10704, 2019; ISO 11704, 2018; TadetraVi, 2012; Zapata et al.,
2009). However, these methods may not be appropriated in case of an emergency because of the time necessary for the
preparation of the sample, the extra laboratory material needed in case of analysing several samples at the same time,
and the possible cross contamination of the samples. For these reasons, some research studies proposed the direc
measurement of the water sample in case of a nuclear or radiological emergency (Rusconi, et al., 2004; Sanchez-Cabeza
and Pujol, 1995; Stojkogiet al., 2017).

In a similar line of research, the LRA-UPV proposes a three-stage protocol for emergency response. It enables to
assess gross alpha and gross beta contamination in water samples in less than 2 hours and prioritize the analysis of the
most active samples according to decision levels from safety guides. The rapid method proposed is based on the direct
counting of the sample by liquid scintillation in Quantulus 1220. The procedure is applicable to waters with different
salt content (from 5 g'lof continental and drinking water, to 35df sea water) and pH (from 1 to 8), since different
corrections must be applied in the measurement and calculation according to the characteristics of the sample. This
paper describes the protocol and method proposed, the calibration and the optimization of the parameters necessary to
carry out the measurement and its validation with intercomparison and spiked water samples.

2. Materialsand methods
2.1 Spiked and intercomparison water samples



Different standards were prepared for the development of the method and the calibration of the system. Moreover,
spiked samples and intercomparison water samples were used to test and validate both the method and the response
plan.

Among alpha emitters, standard solutions of different activitié$®6 (7.65(0.02) Bq§ supplied by NIST)?*Ra
(10.01(0.11) Bq 4, supplied by CIEMAT)?*Am (437.7(2.3) Bq g, supplied by Amersham plc) and uranyl nitrate
(>98 % purity, supplied by Panreac) were used for spiking water samples. In case of beta emitters, standard solutions of
different activities of°SrP% (810(6) Bq @), #Sr (55.3(0.4) Bq §), *H (973(13) Bq ), “C (954 Bq ¢) in carbonate
form, ®Ni (912 Bq ¢") supplied by Amersham plc and potassium standard solution (1000(2))nsgdplied by
Panreac were employed.

Intercomparison water samples used for validation were a natural sea water supplied by the Spanish Nuclear Safety
Council (CSN, in Spanish) in the intercomparison CSN/CIEMAT 2015 (Water 7); and two spiked water samples
containing organic and inorganic compounds from the Mixed Analyte Performance Evaluation Program (MAPEP-14-
Grw31, MAPEP-16-GrwW34) supplied by the Department of Energy of the United States.

2.2 Sample preparation and measurement

The methodology for gross alpha and gross beta determination in water samples consists of a simple and fast
preparation of the sample and the measurement by scintillation counting.

The water sample is homogenized and filtered (0.45 um pore size) in case of a non-potable water. In addition,
samples are heated (80 °C) and stirred for 30 minutes if they contain disS@Rreand its descendants (ISO 11704,

2018), controlling the weight loss of the sample by gravimetry. Then, 8 ml of the sample are added to a 20 mL
polyethylene vial (supplied by PerkinElmer) and mixed with 12 mL of scintillation cocktail UltimaGold LLT
(PerkinElmer). For blank samples, HPLC grade water was used following the same methodology.

After the preparation of the samples, vials are immediately measured by scintillation counting in a low background
scintillation spectrometer Quantulus 1220 (PerkinElmer). One of the main parameters that must be taken into account is
the sample quench level. Quenching includes all mechanisms that reduce the light produced in the scintillation process
and it implies a decrease in detection efficiency. In addition, the emission spectrum shifts to lower energy channels. The
detector was configured with the low coincidence bias and the multichannel analyser (MCA) in the Alpha/Beta
configuration. Pulse Shape Analyzer (PSA) parameter was selected depending on the Standard External Quenching
Parameter (SQP(E)). Counting times for the samples and blanks were variable and the external standard gamma source
was measured for 2 minutes to determine the SQP(E). Counting windows for alpha and beta emitters were appropriately
selected also to avoid chemiluminescence and photoluminescence extra counting.

WinQ was the windows software for controlling Quantulus 1220 and acquiring measurement spectra. EASY View
was the spectrum analysis program used and the spectra shown in this paper were obtained using Matlab code.

2.3 Calibration of Quantulus 1220

Calibration sources of an alpha emitter certified reference solution and a beta emitter certified reference solution
without other interferents were preparéfAm and®’SrP° standards were selected for identification of emergencies
due to an artificial radionuclide contamination by alpha and beta emitters, respectively.

The same standards were used in the selection of the optimal PSA, which permits the discrimination between alpha
and beta pulses. The optimal PSA is obtained minimizing the total interfergnserf of alpha interference,) and
beta interferencerg) given by Egs. (1) and (2) that are shown below:

CPMa-pB

T, = —PMasb 0<t,<1 (1)

CPMgR+CPMg—a

Wherecpm,_,z are the counts per minute produced by alpha pulses but misclassified as beta pulses in beta spectrum
and beta window; andpm,_,, are the counts per minute produced by alpha pulses and detected correctly in the alpha
spectrum and alpha window.

cpmpg

TB = m 0< TB <1 (2)

Where cpmg_,, are the counts per minute produced by beta pulses but misclassified as alpha pulses in alpha
spectrum and alpha window; anpmg_,; are the counts per minute produced by beta pulses and detected correctly in
the beta spectrum and beta window.

Three replicates df*Am calibration standard (43 Bq) and three replicate¥%i*°Y calibration standard (58 Bq)
were prepared in the same geometry than water samples. The standards were measured with different PSA values from
10 to 250 to obtain the minimal interference. Moreover, optimal PSA depends on the energy of the calibration standards
selected {'Am and’Sr/°Y) and the sample quench level (SQP(E)). In normal water samples it usually depends on



their acidification or pH. For this reason, cherhigaench was studied and several drops of carkiosctdoride were
added to the standards to obtain five differentiealof SQP(E), from 740 to 680 approximately.

Detection efficiencies for gross alph&,} and gross betakg) were obtained measuri§’Am and *Srf%
calibration standards respectively, for each optiRBA depending on the sample quench leiglandEg and their
uncertaintyu (E) for k=1 were calculated following Eq. (3) and (dBspectively.

_ (epmes—cpmp) ©)
60-Acs-Mcs
2 (cpmes)+u? (cpmp) | u?(Acs) | u?(Mcs)
u(E)=E- |- + + 4
() \/ (cpmcs—cpmp )? Acs? Mcs? )

Wherecpm,s are the counts per minute of the calibration statd*Am for gross alpha an®Srf% for gross
beta) andpmjg are the counts per minute of the blank, both imthe alpha spectrum and alpha window for gross
alpha, and in the beta spectrum and beta windowriass betad s (Bq g") is the activity of the calibration standard
and M s (g) is the mass of the calibration standard. Meeeau (cpm.s) andu (cpmg) are the uncertainties of the
counts per minute that are calculated,/apm/t, beingt the time of measurement of the calibration stashaarthe
blank;u(A.s) andu(M,s) are the uncertainties of the activity of the catton standard and the mass.

2.4 Calculation of activity and limit of detection

Gross alpha and gross beta activity,(4;z) and their uncertainties were calculated by Eja(il (6), respectively.

A(BqIt) = Emsame) (5)
_ 4. |uE(ecpmg)tu? (cpmp) u?(E) | u?(v)
u(@)=4 \/ (cpmg—cpmp )? + E?2 , V2 (6)

Wherecpmg andcpmy are the counts per minute of the sample and @wekbiespectively, both counts in the alpha
spectrum and alpha window for gross alpha, andhé eta spectrum and beta window for gross bt the
efficiency for gross alpha or gross beta calculdigdeq. (3) and/ is the volume (I) of the water sample (8 ml).
Moreover,u (cpms) u (cpmp) are the uncertainties of the counts per minute daha calculated agcpm/t, beingt
the time of measurement of the sample or the bla@k) andu (V) are the uncertainties of the activity of the e#ficy
(by Eq. (4)) and the mass.

The limit of detection for gross alpha and gros®lgD,, LDg) in Bq ' was calculated with the blank samples
following the equation proposed by Currie, 1968:

271+ 4.65-/Cplank
- EV-t

LD 7
wherecy .. IS the number of counts for the blank, V is théuawe of sample (1), t is the counting time (s) &
the detection efficiency of the standard solution.

3. Resultsand discussion
3.1 Windows selection

Alpha and beta windows were selected in alpha asid Ispectrum respectively, for efficiency and afstiv
calculation. The windows were selected after stuglythe spectra obtained in Quantulus 1220 by diffealpha and
beta emitters. As it can be seen in Fig. 1, thetspef alpha emitters with energies that rangenfda2 to 7.7 MeV
appear in channels higher than 400. In case of dmitters, Fig. 2 shows the spectra of radionuslidéh different
maximum energy of emission from 18.6 ke¥H) to 2280 keV {°). By definition, gross beta activity excludes
radionuclides with maximum energies below 100 ki\particular tritium. Therefore, a beta window Ihég than 250
removesH spectrum and also part Y€, which is suitable for gross beta determinatinraddition, the efficiencies for
high energy beta emitters, such’®r (546 keV)2Sr (1500 keV) and’y (2280 keV), are still high. For these reasons,
the counting alpha window comprises channels 40024, and the counting beta window channels 25M241
Moreover, chemiluminescence and photoluminescewcmting will not affect alpha and beta activitieschuse it
appears in channels below 120.
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3.2 PSA selection and efficiency calibration

For the correct discrimination of alpha and betassions, the PSA was optimized depending on thepkaquench
level (SQP(E)). Different calibration standards eveneasured modifying the PSA and the total interfees were
calculated. Fig. 3. shows the variation betweamd PSA for different chemical quench levels af sample (SQP (E)).
There is a minimum interference for each quenchiage, but the more quenched sample, the greatemthimum
interference.
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Fig. 3. Total interferencer( as a function of the PSA, for different levelssaimple quenching (SQP (E)).

Table 1 shows the minimum interference for eachnmdtPSA depending on the quenching parameter thir
experimental standard deviation between threeaaels. The minimurm is 2.8 % for a PSA of 90 when the calibration
standards were not quenched with £(EQP(E) of 738), and the interference is 5 % @velofor quenching values
between 738(3) to 717(3) and PSA between 90 tor8e. highest interference studied is 8.8 % for P$A® and
SQP(E) of 680. Alpha and beta efficiencies andrtheicertainties (k = 1) for gross alpha and grost lactivity
calculation were also obtainef, is close to 100 % anH; approximately 90 %, but they also decrease witlhemo
quenched samples (lower SQP (E) values).



Tablel
Optimal PSA, total interference, alpha interference, beta interference and alpha and beta efficiencies according to the sample quench
level (SQP(E)). Efficiency uncertainties calculated for k =1.

SQP(E) | OptmalPSA | ¢ T, 4 E, (%) +u | Eg(%)*u
738(3) 90 0.027| 0006 0021 116.1+07 90.5 + 0}4
728(3) 85 0.040| 0008 0032 115707 89.0 +0}4
717(3) 80 0.053| 0010 0043 1159+07 87.2+0}4
704(3) 75 0066 0011 0058 1158+0.7 85.5 + 0|4
680(3) 65 0.088| 0013 0073 1149+07 82.1+0}4

Moreover, the relationship between the optimal PSA and the quenching parameter SQP(E) is linear and can be adjusted
to a line defined by Eq. (8) with a 99.7 % of adjustment.

PSAoptimal =0.422- SQP(E) — 22212 (8)
3.3 Measurement protocol for emergency response

In case of an emergency, a fast evaluation of gross alpha and gross beta activities in water samples is necessary to
protect population. For this reason, an emergency response plan was developed with the establishment of measurement
protocols that permit a rapid evaluation of the contamination and prioritize most active samples. Measurement protocols
were selected taking into account the sample quench level to optimize the PSA, and the limit of detection and the
uncertainty obtained for the activity to reduce the time of measurement. In addition, emergency decision levels found in
the literature were taken into account in the development of the plan (EPA, 2008; IAEA, 2011).

Regarding the sample quench level, different continental waters (drinking water, surface water, groundwater and
rainwater) with and without being acidified for preservation were evaluated to establish an optimal PSA based on the
normal SQP(E) of the samples. According to the results, the average quenching value for non-acidified samples (pH =
7-8) was 738, ranging from 736 to 742; while the effect of the acidity (pH = 2) causes a slight decrease in the quenching
parameter, with an average of 734, ranging from 731 to 738. Therefore, due to the SQP(E) values of the studied waters
an optimal PSA of 90 was selected for gross alpha and gross beta measurement.

The time of measurement was selected after an evaluation of the limit of detection and the uncertainty of the
activity. Three blank replicates were measured for different times with PSA of 90 (SQP(E) = 738), and the average
counts per minute obtained were 2.63 for beta and 0.14 for alphd.Dfhebtained with the proper alpha efficiency
were 6.31, 1.05 and 0.13 B{ for 10, 60 and 500 minutes of measurement, respectivelyLBpaf 30.3, 5.05 and
0.61 Bq I*. Table 2 shows different effective dose levels proposed in emergency international safety guides (IAEA,
2011; EPA, 2008) and routine drinking water regulations (RD 314/2016; Council Directive 2013/51/EURATOM), from
0.01 to 10 mSv. To avoid discrepancies between the dose factors used by the different organizations, the activities
related to these doses were calculated using the water consumption of'2ahdapgestion dose coefficients“6tAm
and®’Sr for an adult included in ICRP (1991). Gross alpha ranges from 0.1 to 70 Bhijle gross beta ranges from 1
to 500 Bq 1. Table 2 also shows the gross counts per minute that the detector would measure for these activities and the
uncertainties of gross alpha and gross beta activities for 10, 60 and 500 minutes of measurement. These results are
useful to evaluate the emergency and establish the measurement protocol for emergency response. Moreover, the
national authorities may establish dose limits and demand requirements in the uncertainty of the activity that mainly
depend on the time of measurement.

Table2
Gross alpha and gross beta activities, gross counts per minute and activity uncertainties for k = 2 with 10, 60 and 500 minutes of
measurement calculated for different dose levels.

Alpha Beta
Dose (mSv) 0.01 0.07] 0.9 1 5 10 0.02 01 0|6 L g 10
A (Bq ) 0.1 0.5 6 7 35| 70 1 5 30 50 250 500
Gross cpm 0.22 0.45 3.5 4.1 20 40 3.05 48 16.0 245 111 220
u (Bg M-10 min 0.5 0.8 2 23 5.1 7.2 2.9 3.22 6| 7.24 1562 2.1
u (Bq -60 min 0.2 0.3 0.9 1 2.1 3 1.1 1.4 2.4 3 6.7 10
u (Bq )-500 min 0.1 0.1 0.3 0.3 0.9 1.3 0.4 0.6 1 1/2 3.p 8.5

Fig. 4 shows the measurement steps of the emergency response plan selected after studying the influential
parameters in the evaluation of the emergency and taking into account the decision levels proposed by the safety guides.
They consist of a screening step, a fixed measurement step and a variable measurement step.
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Fig. 4. Diagram of the response plan to evaluate grossmapd gross beta activities in an emergency.

In the screening step, the samples are measure@Ofaninutes with an initial PSA of 90 and the SQPIE
evaluated to know the sample quench level. This alews quickly to assess gross alpha and grassdestamination
and prioritize the analysis of most active sampld® gross counts per minute (cpm) measured by Quanl220 are
used to evaluate the emergency. Table 2 showsghigadence between the cpm and the approximates gipha and
gross beta activity and the effective doses bystige. Samples with gross alpha and gross betsitagi above the
limit of detection for 10 minutes of measuremehgttare 6 Bqt (3.5 cpm) and 30 Bq ' (16 cpm), respectively,
correspond to doses close to 1 mSv. These sampéedigh contaminated, and they may not need a tonge
measurement step if the uncertainties of grossaalphgross beta activity are below the values reduby the
emergency stakeholders. Relative uncertaintiehede activities for 10-minute measurement are tlesms 30 % for
gross alpha and less than 20 % for gross betadditian, a following measurement step will be neeeg if the
quenching parameter is far from 738, the corresjpgnid optimal PSA of 90.

After identifying the most active samples, a fixegasurement step of 60 minutes is performed and 8 is
adapted to the SQP(E) measured in the screenipg Bite optimal PSA used for the measurement okémaples is
obtained from Eq. (8). Gross alpha and gross betteities were calculated with detection efficieegishown in Table
1 and according to the sample quench level (SQP(&)his caselLD, and LD; are 1.05 and 5.05 Bd'.| which
correspond to committed effective doses of 0.15@t8 mSv, respectively. The relative uncertaintitthe activities,
A, of 6 Bg I* andAg of 30 Bg I*,improved considerably to 8 % and 15 %, respectiv@gmples with an intermediate
activity (A, between 1 -6 Bq‘llandA,g between 5 — 30 Bq') have a relative uncertainty below 40 % for gralgha
and below 30 % for gross beta.

For low activity samples4, < 1 Bq I* orAg <5Bq I) or strict uncertainty requirements, a variablesweement
step is performed. In this case, the protocoléssime, but the measurement time is adapted aogdaithe estimated
activities, the limits of detection or uncertaimgguirements.

3.4 Testing and validation of the method and thasuement protocol

The proposed method was applied to distilled wsaenples spiked with different ratios 8tAm and*°srf% (1:1,
10:1 and 1:10) to test the robustness of the mefhioel average SQP(E) of the samples was 736 angdtamal PSA of
90 was selected for the 60-minute measurement.eTaldhows the average gross alpha and gross btaiesc
obtained for the three replicates performed forheaatio. Average relative bias between the spiked #he
experimental activity were below 10 % for all tlaios and relative standard deviation betweenaes below 20 %.
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These good results confirm the applicability of theethod for different gross alpha and gross betivige
contamination.

Table3

Average gross alpha and gross beta activities wittertainties for k =2, relative bias and relattendard deviation between the
replicates of spiked samples with different rat®$*Am and*°srf°v.

Ratioa:p SQP(E) Spectrum E‘(EfBeJ)‘*l’ZCUe E;(p(‘;'q’;"zrl‘;a' Efl's""t('o‘;oe) RSD (%)
11 73722 o 438+05 44605 1.9 154

B 373204 38.004 2.0 124

101 73324 o 438446 4440+53 13 15

B 373:04 385204 32 59

110 73922 o 43805 470206 72 9.9
B 3744:28 378.8:35 12 144

The measurement protocol for emergency response tested with the analysis of spiked samples and
intercomparison water samples. The same samples wsad for the validation of the method. Five spikeater
samples, three of them with low activity (S1 to 88§ two with high activity (S4 and S5), and thigtercomparison
water samples (11 to 13) were analysed. 11 is anahtseawater sample from intercomparison CSN/CIEM2A15, and
12 (MAPEP-14-Grw31) and 13 (MAPEP-16-Grw34) werepplied by the Mixed Analyte Performance Evaluation
Program from the Department of Energy of the Unifates. Table 4 shows the radionuclides presethieisamples
and gross alpha and gross beta reference activiBesss alpha activities range from the water pbtadimit,
approximately 0.1 BqY, to 35 Bq . Gross beta activity range from approximately 11Bdbeta potability limit) to
337 Bq I*. Three replicates of each sample were analysetttenpotential use of the method for emergenaiesfar
low activity samples was studied.

Table4

Spiked and intercomparison water samples contaetnaith different alpha and beta emitters. Grophaland gross beta reference
activities (in Bq 1) and their uncertainties (k =2).

Ref. Isotopes Ay xu Ag tu Ratioo:f3
S1 2IAm + %05y 0.511+£0.031| 0.727 £0.015 11
S2 | Am +9sr% +“K | 0.511+0.031| 16.98+0.43 1:30
S3 K 16.25 + 0.43 0:1
sS4 2IAm + %051y 346+0.4 341412 11
S5 2Iam + 9srfoy 11.64 +0.2 337+10 1:30
11 Not spiked 0.15+0.02 149+1.8 1:100
12 280Th +90gy 6.5 0:1
13 20Th +%0gy 0.67 2.15 1:3

*Uncertainty not available

The samples were measured and analysed followmgnigasurement protocol for emergency response gedpo
Table 5 shows the results for the different measerd steps (screening, fixed and variable). Insttreening step, the
cpmg, cpmg and the quenching parameter SQP(E) of the sam@les obtained. The most active samples were S4 and
S5 with values for gross alpha and gross beta abévpmg and 3.5cpm,, corresponding to doses higher than 1 mSv.
Intermediate values of 0.3 - 0.5 cpm were obtafioed51, S2 and 12 in gross alpha, and values ofl® €pm for S2,
S3, 11 and 12 in gross beta. The rest, S3, 12 &nd blpha and S1 and 13 in beta, presented valoss to background
(0.14 cpm,, 2.63 cpmg). The quenching parameter in most of the sampege from 733 to 742, except the
intercomparison samples 12 and I3 with an avera@®(&) of 709 due to their higher acidification. iittes for
samples S4 and S5 were calculated applying Ecar(8)Eq. (6). Average values of S4 were 32.1 + 48'Bor gross
alpha and 35.3 + 6.2 Bd for gross beta; and S5 obtained 12 + 3 B@uhd 348.3 + 18.5 Bd'lfor gross alpha and
gross beta respectively.

After the screening step, a fixed measurement sfef0 minutes was performed to evaluate the agtioftthe
intermediate samples and reduce the uncertainthanactivity of most active samples. Gross alphd gross beta
activities of the samples were calculated, and ey shown in Table 5. However, some activitiesewselow the
limits of detection {D, = 1 Bq I, LDg =5Bq i) and a longer measurement step is necessary iifyuhe alpha and
beta activity of S1 and I3, and the alpha activitys2. Samples 12 and 13 were also measured wittpéimal PSA.

Finally, samples S1, S2, 12 and I3 were measuredviariable measurement step to calculate grossuapd gross
beta activities. All the samples were measured5fad minutes, S1 and S2 with PSA of 90, and 12 &havith an
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optimal PSA of 75 obtained from Eq. (8). ResultsTable 5 show that all the activities are abovatfimf detection

(0.13 and 0.61 Bq'Ifor gross alpha and gross beta, respectively).

Tableb

Results obtained for different spiked and intercorigspa water samples analysed following the emerg@natocol (screening step,
fixed measurement step and variable step). Aaiwitind limits of detection calculated in Boand expanded uncertainties for k = 2.

Screening step Fixed measurement step Variableurezaent step

Ref. | SQP(E)| cpm,tu | cpmgtu A, xu Ag tu LD, | LDg | PSA Az *tu Ag tu LD, | LDg
S1 | 735+x1| 041+0.20 3.12+0.56 <LD <LD| 097| 51| 90 | 047+0.15/ 1.1+0.4 0.12| 0.6
S2 | 735+x1| 044+02]1 1061 <LD 184+21098| 51| 90 | 054+0.16| 184+120.12| 0.6
S3 | 734+x1| 0.18+0.13 103x1p <LD 17.4+£190.97| 50

S4 | 733x1| 181+13 179+138 321+ 3586 | 1.05| 5.0

S5 7331 6.9+0.8 153.4+3)9 1201 34884 1.05| 5.0

11 732+2| 0.27+£0.16 8.9+0.9 <LD 141+1/81.01| 4.8

12 706 +3| 0.18+0.13 6.0+0.8 <LD 82+16106| 51| 75 < LD 6.9+0.7| 0.13| 0.6
13 703+1| 0.15+0.12 3.8+0.6 <LD <LD | 1.03| 50| 75 0.42+0.14f 25+0.6 0.13| 0.6

Once the measurement protocol was tested, the spiked and intercomparison water samples were feed
validation of the method, taking into account iepeatability and accuracy. The repeatability of thethod was
evaluated with the standard deviation (SD) and rtHative standard deviation (RSD) between the thegdicates
analysed of each sample. The assessment of theaagowas performed through the calculation of #lative bias
between the average experimental activity andefexence activity.

Table 6 show the results obtained for the sampietiesi. The method obtained a RSD of the replicimesr than 7
% for beta activities (between 1 to 350 B, llower than 3 % for high alpha activities (betwe? to 32 Bq't) and 17
% for low alpha activities (between 0.4 to 0.6 B}y Results of repeatability are good enough bectheseleviation is
lower or similar to the individual uncertaintiestbe samples. For this reason, only one sampleirgggo be analysed
in the emergency protocol. Relative bias obtairmdyfoss alpha and gross beta are below 10 % exafaactivities far
from LD, andLDg respectively. Relative bias close to the limitsdetection increased to values between 30 — 50 %.
However, the scope of the method proposed focuseentergency situations, where the activities apeeted to be

high.

Table6

Average activity, standard deviation (SD), relatitendard deviation (RSD) and relative bias foisgralpha and gross beta activity
of the spiked and intercomparison water samples.

Ref. Gross alpha Gross beta
A, SD RSD (%) Relative bias Ag SD RSD (%) Relative bias

(Bq ") (Bg (%) (Bq I (Bq I (%)
S1 0.47 0.01 2.6 -6.8 1.08 0.07 6.8 48.2
S2 0.54 0.09 16.8 5.5 18.5 0.2 0.9 8.9
S3 - - - - 17.5 0.4 2.2 7.7
S4 32.1 0.6 1.9 -7.3 35.3 1.0 2.8 3.6
S5 12.0 1.2 0.2 3.4 348.3 2.6 0.7 3.5
11 - - - - 14.1 0.2 1.3 -5.6
12 - - - - 6.9 0.3 3.8 6.3
13 0.42 0.07 16.3 -37.0 2.45 0.14 5.8 13.8

4. Conclusions

The proposed method and the measurement protacefrfergency response developed permit a rapid &atuof
gross alpha and gross beta activities in water ksngamples with different salt content (from 5'gf continental
and drinking water, to 35 ¢ lof seawater) and pH (from 1 to 8) can be analys@itising the most active samples in

case of radiological emergencies.

Water samples were mixed with scintillation codkiaia polyethylene vial and measured on QuanttR20. The
measurement conditions were optimized and the ewprip was calibrated. Counting windows selected \betaeen
channels 400 — 1024 for grossand 250 - 1024 for gro$s and calibration standards weféAm and *°Srf°Y for
grossa and gros$, respectively. Pulse Shape Analyzer (PSA) paranveds optimized to achieve the best alpha and
beta discrimination as a function of the quenchiagameter SQP(E) of each sample. Gross alpha a®$ fgreta
activities were calculated with the correspondifficiencies for each PSA. Moreover, the emergeresponse plan
proposed consists of three-stage protocol: scrggdid min.), fixed measurement (60 min.) and vdeiaheasurement
(variable time). In case of a radiological emergemzpending on the activity of the samples, onevormeasurement
protocols are performed and the active sampleswakiated in less than 2 hours.
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Testing and validation of the method and the response procedure were presented. Spiked water samples with
different ratios ofa(***Am):p(*°srf%), 1:1, 1:10 y 10:1, other spiked samples with alpha and beta emitters and
intercomparison water samples were analysed. Relative bias were below 10 %, except in samples with activities close to
the limits of detection, and repeatability of the method was also evaluated with relative standard deviations below 7 %
in highly contaminated samples. For these reasons, the laboratory is prepared to give a fast and accurate response in
case of an emergency.
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