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Abstract

This study presents a rapid and novel sequential separation strategy based on extraction chromatography for determining *°Sr,
210pp and 2!°Po in drinking water samples. It involves the use of Sr resin for the separation and then liquid scintillation count-
ing and alpha spectrometry for the determination. The experimental results obtained showed that the proper acidic solution
to quantitatively retain the aforementioned radionuclides is 3 M HNO;. The optimum eluents were determined for obtaining
quantitative recoveries (70-80%) of *°Sr, 2!'°Pb and ?!°Po. The method was validated with intercomparison water samples
and is satisfactory in terms of minimum detectable activities, which are 50% lower than that established in RD 314/2016.
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Introduction

Water intended for human consumption is generally treated
for potabilization, with various parameters being routinely
controlled to ensure its quality and safe distribution to
the population as described in European Directive (EU)
2020/2184 [1]. Of these parameters, one of the most impor-
tant is the evaluation of the drinking water’s radiological
quality.

In Spain, control of the radioactive substances present in
water intended for human consumption and their screening
level requirements is performed in accordance with Royal
Decree 314/2016 [2], which was transposed from Council
Directive 2013/51/Euratom [3]. The Decree requires the
total indicative dose (ID) to be assessed, and to this end the
activity of certain artificial and natural radionuclides needs
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to be determined. Different radionuclide activities have to
be determined in different situations, such as when the gross
alpha index activity exceeds 0.1 Bq L™!. The present study
focuses on the activity determination of three of the radio-
nuclides specified in the legislation: *°Sr, 2!°Pb and 2!°Po.

In the literature there are various approaches in which
these radionuclides have been determined in environmen-
tal water samples [4—6]. These strategies generally include
a radiochemical separation, which is mandatory as sample
pretreatment to avoid measurement interferences [5, 7, 8].
The authors of these approaches have usually focused on
determining a single radionuclide or in some cases two.
However, it is important to stress that the development of
sequential radiochemical strategies to separate more radio-
nuclides is of great interest, since it could be very useful in
shortening the analysis time. The development of extraction
chromatographic resins has contributed notably to enabling
radionuclide separation/isolation.

Sr resin has become one of the most popular resins for
isolating *°Sr, 2!°Pb and 2!°Po prior to their measurement. In
the literature, as can be seen in Table 1, there are a number
of Sr resin based strategies that individually separate one
of these three radionuclides [8—10] or even isolate two of
them — e.g. *°Sr and 2!°Pb [11-13], *°Sr and >'°Po [14] or
210pp and 2'%Po [3, 7, 15-21] — in different kinds of matrices.
The table shows the load sample, resin conditioning media
and radionuclide elution media used, these being the main
parameters that may have an influence on recovery.
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Table 1 Summary of different strategies using Sr resin reported in the literature

Matrix

Load sample and
resin conditioning
media

Radionuclide elution media

% recovery References

0sr NPP spent ion-exchange 8 M HNO, 0.05 M HNO;, 99 [9]
resin
210pp, 0.01 — 8 M HNO, n.s n.s [8]
210pg Wild bildberries 8 M HNO, 8 M HNO;, 3 M HNO, - 0.05 M C,H,0,,3 M >50 [10]
HNO,
PSrand 2'%Pb  Sludge 2 M HNO, Osr 0.02 M HNO, 90 [11]
210ph 0.06 M (NH,),C,0, 98
Marine macroalgae and 3 M HNO, St 0.05 M HNO, 75-85 [12]
mussels 210py, 6 M HCI 73-85
Freshwater fish 8 M HNO, Ot 0.05 M HNO, 56-94 [13]
210pp 0.1 M (NH,),C,0, 50-88
%8r and 2'%Po  Sea urchins, mussels and 8 M HNO, Oy 0.05 M HNO, 53-75 [14]
oysters 210pg 8 M HNO,, 3 M HNO;  >50
-0.05M C,H,0,,3M
HNO,
210pp and 2'%Po  Soil, phosphate rock and 210pp 6 M HCI 60-80 [7,15-17]
phosphogypsum
Ca-rich ash samples 2 M HCI
Sediment, seaweed and 210p,, 6 M HNO; 50-70
phosphate ore
Water
Shrimp and clam 2 M HCl 210py, 0.1 M (NH,),C,0, 72 [18]
Hopg IMHNO;and0.1M 86
HNO,
Soil, sediment, shellfish 4 M HCI 210pp 8 M HCI 95 [19]
and seaweed 210pg 6 M HNO, 55-99
210pp_210B;.210pg 8 M HCI 210pp 8 M HCI n.s [20]
mixture 210pg 0.1 M HNO, n.s
Plants 3 M HNO, 210pp 0.05 C4H,,NO, 67-74 [21]
20pg 8 M HNO, n.s

n.s. not specified

It can be observed that acidic conditions are commonly
used in the conditioning and sample loading steps. Authors
generally use HNO; or HCI at different concentrations for
this purpose. In the case of *°Sr, its affinity with the resin
reaches maximum values at between 3 and 8 M HNO;
[9]. However, as previously stated in the literature [22],
hydrochloric acid media are useless in terms of strontium
extraction because de-solvating strontium chloride neutral
species is more difficult than de-solvating neutral nitrate
species formed using nitric acid.

As regards 2'°Pb, this radionuclide presents a high
retention in nitric acid (0.1 — 8 M) and hydrochloric acid
(0.1 — 2 M) media [18, 23]. Similarly, *!°Po is highly
retained in 1 M HNO; [23], despite the fact that high
recoveries were also achieved in other conditions, such
as stronger nitric acid concentrations (8 M HNO;) and in
a wide range of HCI concentrations [5]. It can therefore
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be concluded that both the composition of the condition-
ing solvent and the sample loading solution are important
because they have a notable effect on the selectivity and
retention capacity of each radionuclide on the resin.

The aim of this study is to present for the first time a
strategy to sequentially separate and then determine three
radionuclides—?°Sr, 2'°Pb and 21OPo—using the Sr resin.
To this end the various experimental conditions that may
have an effect on the efficacy of the retention of the radio-
nuclides in that resin are evaluated. This approach will
be useful in minimizing the turnaround time needed to
separate and determine the radionuclides and can there-
fore be used in situations that call for a quick response,
especially when determining those radionuclides that con-
tribute to the indicative dose estimation (RD 314/2016) in
drinking water samples. Finally, the method is tested and
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validated by analysing water samples from intercompari-
son exercises.

Experimental part
Reagents and instruments

All the chemical reagents and solutions used in this study were
of analytical grade. HCI (35%) and HNO; (65%) were supplied
by J.T. Baker (Deventer, Holland). Ammonium oxalate and
ascorbic acid were supplied by Chem-Lab (Zedelgem, Bel-
gium) and Panreac (Darmstatd, Germany). Strontium nitrate
and lead nitrate were supplied by Fluka Chemie GmbH (Swit-
zerland) and Probus (Barcelona, Spain) respectively.

Sr resin (100-150 pum, 2 mL columns) and a 12-hole vac-
uum box were supplied by TrisKem International (France)
and were used for the radiochemical separation of gy 210pp,
and 2!%Po. The extractant used in Sr resin is a crown-ether
(4,4°(5°)-di-tert-butylcyclohexane-18-crown-6) diluted in
1-octanol.

The liquid scintillation (LS) cocktail, Optiphase HiSafe
3, and polyethylene (PE) scintillation vials used to prepare
the *°Sr and 2!°Pb samples were supplied by PerkinElmer
(Waltham, USA) and Sarstedt (Niimbrecht, Germany) respec-
tively. To determine these radionuclides an ultra-low-back-
ground Quantulus 1220™ liquid scintillation spectrometer
(PerkinElmer) was used. It was equipped with three sample
tray tables with 20 positions and the EASY view spectrum
analysis programme.

20pg was auto-deposited on silver disks supplied by
Goodfellow (Huntingdon, United Kingdom) and determined
by alpha spectrometry (EG&G ORTEC, 676 Model, USA),
which includes an ion-implanted silicon detector (ORTEC,
size: 450 mm2; alpha resolution: 25 keV FWHM at 5.48 MeV
of ' Am) in a vacuum chamber (Edwards, Model E2M8), a
detector bias supplier, a preamplifier, a linear preamplifier and
a multichannel pulse height analyser.

The standard solutions of 2°Sr/°°Y, 21°Pb/219Bi/21%Po and
209po used for the method optimization were provided by
CIEMAT (Madrid, Spain) and Eckert & Ziegler (Valencia,
California). The certified nominal activity for °Sr/*’Y was
246.7+0.3 Bq g~!, for 2'°Pb/*1°Bi/?!%Po it was 580+ 10 Bq g ™!
and for 2’Po it was 100+ 15 Bq g~".

An inductively coupled plasma mass spectrometry (ICP-
MS) Elan DRC-e (Perkin Elmer, Spain) was used to calculate
the recovery of the sequential separation process for the stable
strontium and lead. The system was fitted with a Scott spray
chamber and a crossflow nebulizer (Perkin Elmer, Spain).
"' Ga and ?°>T1 were used as internal standards to compensate
for instrument drift between runs.

Batch studies

The chromatographic capacity factor (k) for the Sr resin
for the radionuclides under study was determined. The
procedure used was as follows.

First, 10 mL solutions containing 0.5 mL of Sr(II) and
Pb(II) solutions (1000 ppm respectively) and 1 mL of
209po (5039 Bq L™') at the appropriate HNO; molarity
(3 M) were shaken for 24 h with 0.15 g of Sr resin. Blank
samples were also measured. The samples were then fil-
tered using a syringe and a 0.45 um cellulose filter. The
Sr(II) and Pb(II) present in the nitric phase were deter-
mined by ICP-MS, while ?*Po activity was determined
by LSC.

From this batch study, the weight distribution value
(Dw) of the Sr resin can be calculated by determining the
radionuclide activity in the case of 2°Po or the element
concentration in the case of Sr(II) and Pb(II), in solution
before and after their contact with the Sr resin. This is
done using Eq. 1 [24]:

_Ao—AsXV
W= X (M

s

D

where A is the initial element activity (Bq mL~") or concen-
tration (mg L"), A, is the final element activity (Bq mL™")
or concentration (mg LY after being in contact with the Sr
resin, Vis the sample volume (mL), and m is the mass of Sr
resin used in the batch experiment (g).

Dw can then be used to obtain the chromatographic
capacity factor (k” in g mL™'), which can be calculated
using Eq. 2 [24]:

K = Dw/f 2

where fis the specific conversion factor for D, to k’ for the
Sr resin and has a value of 2.17 [25].

Procedure

The procedure used to sequentially separate and determine
%08r, 21%Pb and 2!°Po in water samples is composed of three
steps: pretreatment of the water sample, radionuclide sepa-
ration using the Sr resin, and finally measurement of *°Sr
and 2'°Pb with a liquid scintillation counter and of 2!°Po
with an alpha spectrometer.

First of all a volume of 500 mL of water sample was
evaporated to dryness with a sand bath, under controlled
temperature to avoid polonium volatilization [5], after add-
ing the corresponding tracers (0.5 mg of Sr(II), 0.5 mg of
Pb(II) and 0.5 mL of 2*Po tracer at 23.46 +0.49 Bq L™").
The dry residue was then re-dissolved to a final volume of
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10 mL with 3 M HNO; and loaded through a 2 mL column
of Sr resin.

The sequential separation of 98¢, 219ph and ?'°Po was
performed following the steps of the complete schema
shown in Fig. 1 and Table 2. First, the 2 mL columns of
Sr resin were connected to a 12-hole vacuum box with a
peristaltic pump and to a funnel. The conditioning step
was then performed with 10 mL of a solution of 3 M
HNO; before loading the sample solution with a flow rate
of 1 mL min~!, in accordance with the protocol (steps I
and IT in Table 2). The retained polonium was then eluted
with 10 mL of 8 M HNOj; (step III). Afterwards the stron-
tium was eluted with 10 mL of 0.05 M HNO; (step IV),
and the lead was eluted with 10 mL of 0.06 M (NH,),C,0,
(step V).

Fig.1 Detailed schema of the
sequential separation procedure
for ?°Sr, 21°Pp and 2'°Po in
water samples by the Sr resin

Once the sequential separation had been carried out,
the activity of *Sr and 2!°Pb were determined using a low
background Quantulus 1220™ liquid scintillation spectrom-
eter. In the case of *’Sr, samples were measured by select-
ing the high-energy beta measurement mode. The ratio
between the sample volume and the LSC cocktail volume
was 8:12. The sample was stored for 15 days in order to
allow for the ingrowth of °°Y and the establishment of the
Y /*°Sr radioactive equilibrium. For 2!°Pb, the alpha/beta
measurement mode with pulse shape analysis (PSA) was
used, set at a value of 95 [26]. In this case the volume ratio
between the sample and the scintillation cocktail was 4:16.
210pp was measured immediately after separation to avoid
the growth of daughter radionuclides. The counting time
for both radionuclides was 1000 min (2 cycles of 500 min).

Sample

Evaporate to dryness
Dissolve in 10 mL 3 M HNO;

Add 50 ppm Sr + 50 ppm Pb
+0.5 mL of 23.46 + 0.49 Bg/L ¥°Po

ICP-MS
measurements*

1) Conditioning
Srresin 2) Sample load
3) Elution
| |

A) 290 (eluate)

Alpha spectrometry

| B) %5r (eluate) | | C) 2%b (eluate) |

ICP-MS ICP-MS
measurements* measurements*
LSC

* |CP-MS measurements to calculate recovery of the extraction process.

Table 2 Sequential extraction

< ” Step Description Eluent or matrix Concentration  Volume [mL] Targeted
gg)ndlztll(())ns for tlzlleo separgtlon of [mol L] radionuclide
Sr, ~*“Pb and “""Po using the eluted
Sr resin
I Conditioning HNO; 3 10 -
II Sample loading HNO; 3 10 -
I Po elution HNO, 8 10 20pg
v Sr elution HNO, 0.05 10 Osr
v Pb elution Ammonium oxalate 0.06 10 210pyp
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Sample aliquots were also taken to determine stable stron-
tium and lead content by means of ICP-MS and to calculate
the recovery of the sequential separation process. The *°Sr
and the 2!°Pb can be calculated using Eq. 3:

R,— R,

= —— x K
e*n*V*fa* v 3)

where A is the radionuclide activity (BqL™"), R, is the gross
count rate (s™1), R, is the background count rate in (s7h, e
is the counting efficiency, n is the chemical yield, V is the
sample volume (L), f, is the aliquot correction factor (the
volume of the aliquot of Pb or Sr fraction divided by the
volume of total eluted fraction) and K, is the waiting time
correction factor.

219po was auto-deposited on a silver disk following a
modified procedure previously published by our laboratory
[27]. Auto-deposition was performed for 3 h at 85 °C in an
80 mL 2 M HCI solution under continuous stirring. Sam-
ples were counted for 300,000 s with a chamber pressure of
107 Torr, and the radiochemical recovery was obtained by
determining the *Po tracer activity. The detection efficien-
cies, which were derived from the detector calibration using
a stainless steel planchet with certified activities of 233y,
2392240py and ' Am, ranged between 17.77% and 17.92%.

Intercomparison samples

Two drinking water samples from intercomparison exer-
cises organized by the Consejo de Seguridad Nuclear (CSN)
(CSN-CIEMAT 2019) and the International Atomic Energy
Agency JAEA) (IAEA-TEL-2020-03) were analysed in
order to test the proposed method in two activity ranges.
The CSN-CIEMAT 2019 sample was a deionized water
simulating drinking water with low-level activity of *°Sr,
210pp and 2!°Po, among other radionuclides, with activity
concentrations of 7.54+0.50 BqL™!,0.39+0.30 Bq L' and
0.253+0.060 Bq L~! respectively. The IAEA-TEL-2020-03
was a tap water from Seibersdorf, Austria, with high-level
activity values of 2!°Pb and 2!°Po, among other radionu-
clides, with activity concentrations of 905+ 17 Bq L™! and
921420 Bq L™! respectively.

Results and discussion

In the following section we present a novel sequential
strategy for the separation of *°Sr, 2!°Pb and 2'°Po. This
approach will be very useful to provide a rapid response
in situations of emergency, for example when these particu-
lar radionuclides need to be determined in drinking water,
since they are some of the contributors to the ID estimation.
The evaluation of the radionuclide retention in a Sr resin

is performed using the chromatographic capacity factor to
evaluate different experimental conditions. Lastly, under the
optimum conditions found for the selective isolation of the
three radionuclides evaluated, the method was validated with
intercomparison samples.

Batch study of °°Sr, 2'°Pb and 2'°Po in Sr resin

In order to perform the batch study, different concentrations
of HNO; in the range from 1 to 4 M were employed to obtain
optimal 98y, 210pp and 2'°Po retention in the Sr resin. The
results can be seen in Fig. 2, which shows the &’ values for
all three elements when they are together in the same sam-
ple, simulating the worst scenario in which possible influ-
ence effects by competition between elements may occur.

It can be seen that strontium presented an increase in
retention when a higher nitric acid concentration was used.
For this radionuclide, k’ values of approximately 20 g mL ™"
were obtained for an HNO; concentration of 1 M and
60 g mL~! at an acid concentration of 4 M . These values are
in line with those published previously by TrisKem Interna-
tional [23], where the k’ value drops from almost 90 g mL ™!
at 8 M HNO; to less than 1 g mL™" at 0.05 M HNOj. Taking
this into account and looking at Fig. 2, it can be concluded
that the presence of 0.5 mg of Pb(II) and 0.01 Bq of >*Po
has no effect on strontium resin retention.

As regards Pb, and as shown in Fig. 2, this element pre-
sented a good retention in all the acid concentrations tested.
Indeed, its &’ value slightly decreased from average values of
760 to 670 g mL~! with the increase in the acid concentra-
tion. This is in line with results previously obtained by other
authors such as Kong et al. [18], who developed a method
to determine 2!°Bi, 2!°Pb and 2!°Po in seafood samples by
using the same resin. In the case of 210pp, these same authors
reported that it was retained in HNO; media, but the higher
the nitric concentration, the lower the 2!°Pb Sr resin affinity.

1.0E+03

1.0E+02

K Sr(1])

k' [g mL7]

— 1|

|
oK' 209P0

1.0E+01 o—0— K' Pb(ll)

1.0E+00
1 2 3 4

HNO, concentration [mol L]

Fig.2 Chromatographic capacity factors (k’) of Sr(II), Pb(II) and
209po together in a batch experiment
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219pg presented a slight better retention in 3 M HNO;
with a k’ value of 11 g mL~! compared to the other acid
molarities tested. Note that in 4 M HNO;, 210pg retention
decreased. Although TrisKem reported better results in
terms of k’ for Po(IV) in a lower acidic range (0.5-1 M
HNO;) than those obtained in our study [5], a number of
published studies in the literature find results in line with
ours [10, 14, 28]. In those cases the best performance for Po
retention was also achieved for higher nitric concentrations
to retain and selectively separate 2'°Po from the matrix and
from other radionuclides. For example, Hurtado-Bermi-
dez et al. used a high nitric acid concentration, 8 M, in a
study focusing on the separation of 2'°Po and *’Sr and their
determination in the soft tissue of seafood samples such as
oysters, mussels and sea urchins from the southern Spanish
Atlantic coast [14].

Finally, taking into account all the results for £’ for the
three radionuclides under study, 3 M was the chosen molar-
ity of the nitric acid solution for the sample loading and
conditioning in the sequential separation procedure, being a
compromise between all the values obtained and thus ensur-
ing the optimal retention of each radionuclide in the Sr resin.

Optimization of Sr resin separation parameters

An optimization of the different variables that affect the pro-
posed strategy was carried out, including the volumes and
concentrations of different reagents. Both the elution step
and the conditions used were optimized, leading to good
recoveries in a previous study performed in our laboratory
[11]. 8 M HNO;, 0.05 M HNOj; and 0.06 M ammonium oxa-
late were used to elute 2'°Po, **Sr and 2!°Pb respectively. The
volume of *°Sr and ?!°Pb elution solution (10 mL) was the
same we used in our laboratory to perform intercomparison
exercises, obtaining recoveries of 70-80%. This volume is
also in line with Dalencourt et al. [29], who reported effi-
cient Pb elution with 10 mL of ammonium oxalate. In the

case of 21%Po, a total volume of 10 mL of 8 M HNO; was
collected in 2 mL fractions to determine the minimum strip-
ping volume required. The results obtained showed that, for
10 mL, over 80% of the initial polonium can be eluted.

In addition to optimizing the Sr resin separation param-
eters, all the elution fractions and wastes were analysed
to determine the presence of 908y, 210ph and 2'9Po and to
check there were not interferences in the measurements. As
an example, 2'°Po not eluted (approximately 20%) remained
in the waste of the sample loading, so no interference in the
%0Sr measurement is expected.

Method validation

This novel sequential separation of 208y, 219pp and 219Po was
validated via an analysis in triplicate of water samples from
two different intercomparison exercises organized by CSN-
CIEMAT in 2019 and the IAEA in 2020. These samples
contained *°Sr, 2!°Pb and 2!°Po in different ranges of activity
concentrations.

Table 3 shows the mean activity values obtained for 0gr,
210pp and 2!°Po using the method developed in the present
study and the certified values reported by the intercom-
parison exercise organizers. The values obtained generally
agreed with the established values except for the IAEA-
TEL-2020-03 sample in which 2!°Po was underestimated,
probably due to a problem in connection with the stability
of the sample. Nevertheless, the z-score value—which is a
standard measure of laboratory systematic error calculated
using the certified value and standard deviation of the exer-
cise—was — 1.4, indicating that the result obtained was satis-
factory. In the case of the CSN-CIEMAT 2019 sample, the
organizer stated that the 2!°Pb activity in the sample was
not known. The certified value shown in the table is the
average value obtained from all those reported by partici-
pants. The participants’ results were widely dispersed and
the CSN-CIEMAT communicated that the 2!°Pb activity

Table 3 Results obtained for two intercomparison samples (CSN-CIEMAT 2019 and IAEA-TEL-2020-03)

Sample Radionuclide Certified value [Bq Mean measured value % RSD Z-score Mean measured value Z-score
L) of the present study (Bq obtained using conventional
L methods (Bq L)
CSN-CIEMAT 2019 “Sr 7.54+0.50 6.75+0.21 16 -09  6.88+0.27" -06
210pp 0.39+0.30 0.48+0.08 12 0.3 0.20+0.08* -0.7
20pg 0.25+0.06 0.28 +0.06 5 0.5 0.23+0.01° -03
IAEA-TEL-2020-03 2'°Pb 905 +34 1098 +31 9 1.4 826 +45° -04
876+11° -02
20pg 921 +40 547 +26 5 -14 - -

4Sr resin+LSC

b Auto-deposition + alpha spectrometry

“Gamma spectrometry
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concentration was not evaluable. Bearing all this in mind,
the 2!°Pb activity concentration obtained agreed with the
mean value reported by the CSN-CIEMAT.

The method’s reproducibility, expressed as relative stand-
ard deviation (RSD), was evaluated by determining g,
210pp and 2!%Po activity concentrations on three consecutive
days. The values obtained are also shown in Table 3.

Minimum detectable activity (MDA) is an important
parameter for estimating the suitability of a method, and this
was determined using the Curie definition. Table 4 shows
the MDA calculated in the present study for a volume of
500 mL of water samples. It can be seen that the sequential
method is suitable for determining *°Sr, 2!°Pb and 2!°Po in
fast response situations that require an ID such as MDA to
be calculated for *°Sr, 2'°Pb and 2!°Po. These were 97.5%,
50% and 60% lower respectively than those established in
RD 314/2016 [2].

The current method also showed improvements in the
MDA of *°Sr and 2!°Pb compared to the conventional meth-
ods used in the laboratory as regards the quantity of sample
volume needed and the time spent on sample pretreatment
and radionuclide separation. The sample volume required in
the present method is three times lower than that required to

Table4 Minimum detectable activities of *°Sr, 2'°Pb and 2'°Po
achieved in the present study, those achieved using conventional
methods and the rates laid down in RD 314/2016

Matrix Radionuclide MDA in MDA MDA in RD
present study conventional 314/2016
[BqL™] methods [Bq  [Bq L]
LY
Water  Sr 0.01 0.01 0.4
210py, 0.01 0.01 0.02
210p, 0.004 0.004 0.01

determine the three radionuclides by conventional methods.
For example, in our laboratory a volume of 4 L is required to
determine 2!°Po in water samples [27]. We could also save
around 24 h in terms of sample pretreatment.

As can be observed in Table 5, different figures of merit
such as sample volume, analysis time and MDA can be com-
pared between the present study and other methods previ-
ously published in the literature that have focused on deter-
mining *°Sr, 2!°Pb and ?!°Po in water samples. In the case of
MDA, the results obtained in this study are comparable with
others that require higher water volumes to perform the radi-
onuclide determination. While the methodology presented
by Villa et al. [17] was able to achieve the lowest MDA,
this was done by pretreating large water volumes (30 L),
which is more time-consuming and tedious. Lluch et al. [30]
developed a method based on PS resin that combined the
separation and detection steps. Although this strategy had
only been applied on spiked environmental water samples,
the MDA presented did not represent a water sample with
environmental activity levels. Finally, most of the studies
presented in the literature do not specify how long it takes
for the analysis to be carried out. However, one might expect
that, due to the large volume samples handled, it would
require high turnaround times. The method we present in
this study took about 4 h to separate the radionuclides, which
is suitable for rapid response situations.

Conclusions

The proposed strategy for sequentially separating and
determining *°Sr, 2!°Pb and 2'°Po using an extraction chro-
matographic Sr resin was successfully applied for the first
time. The sequential separation of these three radionuclides
was performed using 3 M HNO; as the optimal solution to

Table 5 Comparison of studies based on **Sr, 2°Pb and ?!°Po separation and determination in water samples

Reference Sample Separation method Radionuclides Carrier Pretreatment Measurement MDA [mBq L™
volume [L] time [h] time [h]

[17] 30 Sr resin 210pp 20 -30 mg Pb(I) n.s 10 0.12

210pg 0.1—0.2mBq*®Po  n.s. n.s 0.005
[27] 4 Co-recipitation in 210pg 0.01 Bq *®Po 30 83 0.1

hydroxide form

[30] 0.01 Ps resin 210py, 0.36 mg Pb(II) n.s 1¢ 28
This study 0.5 Sr resin sy 0.5 mg Sr(I) 4° 16 10

210py, 0.5 mg Pb(II) 16 10

210pg 0.01 Bq ®Po 83 4

Plus 6 h for 21%Po auto-deposition
®Plus 3 h for 2!°Po auto-deposition
“Measurement of spiked water samples

n.s. not specified
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condition and load the sample and determine good retention
of the radionuclides under study.

It was applied to two intercomparison water samples and
obtained good reproducibility values and low minimum
detection activities. The present approach could therefore
be an interesting alternative for separating and determining
%08r, 21%b and 2!°Po in water samples compared to con-
ventional methods. It has the advantage in terms of rapid
response and would be useful in emergency situations.
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