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� A new method to separate six acti-
nides and 90Sr was developed.

� The method was applied successfully
to river water samples.

� The separation and the measure take
about seven hours.

� The method permits to reach high
yields.
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A B S T R A C T

Nuclear accidents occurred in latest years highlighted the difficulty to achieve, in a short time, the
quantification of alpha and beta emitters. Indeed, most of the existing methods, though displaying
excellent performances, can be very long, taking up to several weeks for some radioisotopes, such as 90Sr.
This study focuses on alpha and beta radioisotopes which could be accidentally released from nuclear

installations and which could be measured by inductively coupled plasma mass spectrometer (ICP-MS).
Indeed, a new and rapid separation method was developed for 234,235,236,238U, 230,232Th, 239,240Pu, 237Np,
241Am and 90Sr. The main objective was to minimize the duration of the separation protocol by the
development of a unique radiochemical procedure with elution media compatible with ICP-MS
measurements.
Excellent performances were obtained with spiked river water samples. These performances are

characterized by total yields exceeding 80% for all monitored radionuclides, as well as good
reproducibility (RSD � 10%, n = 12). The proposed radiochemical separation (including counting time)
required less than 7 h for a batch of 8 samples.

ã 2015 Elsevier B.V. All rights reserved.

1. Introduction

To limit the exposure of populations to radiological contami-
nation in food and in the environment in accidental and post-
accidental scenarios, the development of new and rapid radio-
analytical methods oriented toward the quantification of actinides
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and radiostrontium is essential [1]. These radionuclides have been
identified as strategic from an accidental release scenario as they
would be responsible of the majority of the alpha and beta
contamination of the environment. These radionuclides can be
measured using either radiometric or mass spectrometric detec-
tors based on the emission of ionizing radiation following nuclear
rearrangement or the mass of radionuclides present, respectively.
While their measurements is based on distinct components of the
nuclear decay, radiometric and mass spectrometric determination
are often complementary. For example, in the case of Pu
measurement, 238Pu can be easily quantified by alpha spectrome-
try while 239Pu and 240Pu isotopes cannot be discriminated. In the
other hand, measurement by mass spectrometry allows the
separate quantification of 239Pu and of 240Pu, but detection of
238Pu is challenging without extensive sample preparation due to
the isobaric interference caused by 238U, very abundant in
environmental samples [2].

Unfortunately, in emergency response mode, most routine
methodologies used for the environmental monitoring of radioac-
tivity, though displaying excellent figures of merits, are labor
intensive and have long turn-around time (TAT), making them ill-
suited as emergency response radioanalytical procedures. For
example, liquid scintillation and proportional counter methods
used for the detection of 90Sr in environmental samples are time-
consuming, especially if secular equilibrium between 90Y and 90Sr
needs to be achieved (ingrowth time up to 2–3 weeks) [3].

Over the last decades, several publications concerning rapid
analytical methods for the quantification of alpha and beta
emitters in environmental and biological samples have emerged
(Tables 1 and 2). These rapid methods frequently use alpha
spectrometry and gas proportional counter as detection techni-
ques. These techniques have excellent figure of merits but
frequently require sequential isolation of the analytes in order
to avoid spectral interferences. In furtherance of this goal,
extraction chromatography (EXC) has been applied extensively
for the separation and purification of several radionuclides,
especially the actinides. Proper EXC resin will provide adequate
separation efficiency between the analytes and the rest of the
constituents of the matrix [4,5]. Moreover, each EXC resin has
specific affinities for several elements of similar chemical families
(e.g., actinides, lanthanides, alkaline earth metals) and oxidation
states. Resins such as DGA, TRU, TEVA and UTEVA have been used

for the extraction of actinides in environmental matrices [6,7]
whereas Sr Spec and DGA have shown useful extraction properties
for strontium [8,9]. As EXC can be performed with reduced solvent
volume compared to ionic chromatography, which enhance
preconcentration while reducing separation time. Mass spectro-
metric instrumentation such as inductively coupled plasma mass
spectrometry (ICP-MS) has shown promises with respect to rapid
and accurate determination of long-lived actinides. In addition,
analytical procedures designed with ICP-MS as a detection system
have shown comparable figures of merit and increase of analytical
throughput compared to other radiometric and mass spectromet-
ric approaches. Tables 1 and 2 summarize some of the recent
published rapid methods to quantify actinides and radiostrontium,
respectively by radiometric techniques and ICP-MS. While mass
spectrometry has significant advantages over radiometric detec-
tion of numerous actinides, it is plagued by two major issues: its
low tolerance to matrix effect, including the composition of the
eluents, by, and the presence of interferences (Table 3). Fortunate-
ly, many of these drawbacks can be mitigated through the use of
EXC, although designing a separation scheme for the critical
radionuclides mentioned earlier is complex. Indeed, simultaneous
determination of 90Sr and actinides by ICP-MS has, to our
knowledge, never been reported as difference in chemical behavior
on EXC between the actinides and strontium prevent from finding
a simple and effective compromise. Determination of low level of
90Sr by ICP-MS is also challenging due to the high specific activity
of 90Sr and the presence of isobaric interferences (e.g., 90Y, 90Zr)
originating from the sample matrix and 90Sr decay. These issues
remain to be properly addressed via enhancement in instrumental
sensitivity and adequate separation before mass spectrometric
measurement of this radionuclide can become routine [10,11].

The objective of this study was the development of a new,
rapid and unique method for the determination of
234,235,236,238U, 230,232Th, 239,240Pu, 237Np, 241Am and 90Sr in river
water using a combination of TEVA and DGA resins. The use of
eluents compatible with mass spectrometric approach, e.g.,
concentrations below 10 wt% for acids and below 0.2 wt% for
salts, was also investigated in order to couple off-line the
separation step to the measurement. This coupling between EXC
separation and ICP-MS significantly reduces the turnaround time
(TAT) as no previous chemical treatment would be needed before
measurement.

Table 1
Overview of existing protocols to rapidly quantify actinides and strontium using radiometric techniques.

Radionuclides analyzed Matrix Separation columns used Detection Duration time References

U, Pu, Am, Cm, Th, Np and 89/90Sr Water and urine TEVA Resin1, TRU Resin1, Sr-Resin1 Alpha spectrometry
Gas proportional counting

4.5–20 h Maxwell [8]

U, Pu, Am, Th, Soil TEVA Resin1, TRU Resin1, UTEVA Resin1 Alpha spectrometry N.A.a Kim et al. [4]
Pu, Np, Am, Cm, U Food TEVA Resin1, TRU Resin1, DGA Resin1 Alpha spectrometry 3.5–19 h Maxwell et al. [12]
Pu, Np, Am, Cm, U Urine TEVA Resin1, TRU Resin1, DGA Resin1 Alpha spectrometry 5–25 h Maxwell et al. [13]
Pu, Np, Am, Cm, U, Sr Animal tissue TEVA Resin1, TRU Resin1, DGA Resin1 Alpha spectrometry

Gas proportional counting
1 day Maxwell and Faison [14]

a N.A.: not available.

Table 2
Overview of existing protocols to rapidly quantify actinides and strontium using ICP-MS measurement.

Radionuclides analyzed Matrix Separation columns used Detection Duration time References

U, Pu, Am and Np Sea water TEVA Resin1, TRU Resin1, DGA Resin1 Alpha spectrometry
ICP-MS

N.A.a Maxwell et al. [9]

U, Pu, Am, Th and Np Urine TRU Resin1 ICP-MS N.A.a Hang et al. [15]
Th, Pu, Np, Am, and U Soil and sediment TEVA Resin1,

DGA Resin1

Alpha spectrometry
ICP-MS

N.A.a Guérin et al. [6]

Th, Pu, Np, and U Sediment UTEVA Resin1 ICP-MS 9 min/sample Perna et al. [5]
Pu, Np, Am, and U Groundwater TEVA Resin1, TRU Resin1 ICP-MS 20 min/sample Henry et al. [16]

a N.A.: not available.
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