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Abstract
A purification method is developed to determine 90Sr in radioactive waste. A separation based on Sr-resin® with a pre-
treatment using TRU-resin® provides satisfactory Sr recovery yields before the 90Sr measurement by liquid scintillation 
counting (LSC) regardless the analyzed samples with low or high activity level. The selectivity of the procedure is checked 
by measuring the 90Y ingrowth after different days of separation without waiting for secular equilibrium. In order to obtain 
a REACH compliant method without scintillation cocktails, a plastic scintillation resin selective for Sr is implemented on 
the basis of the developed protocol. The optimized method is applied successfully to representative nuclear waste including 
samples with high Pu content (effluents, concretes and sludges).

Keywords  90Sr · Radiochemical analysis · Chromatographic extraction resin · Radioactive waste · Plastic scintillation 
resin · Scintillation couting

Introduction

Many older facilities of the nuclear industry have shut down 
or are planned to be stopped and need to be dismantled. At 
the same time, numerous projects for new nuclear power 
plants are emerging to meet the world's growing demand 
for energy. As a result, the growth of decommissioning and 
dismantling activities combined with new reactor projects 
imply an increase of the demand for radioactive waste char-
acterization [1]. Therefore, it is necessary to have efficient 
and fast analytical methods that are also compliant with 

safety and environmental regulations to determine the dif-
ferent radionuclides contained in nuclear waste.

90Sr is known for its high mobility in the environment 
such as its chemical analogue Ca, so it is of prime interest 
to measure it in radioactive waste. 90Sr is a typical fission 
product and a pure β emitter with an intermediate half-life 
(28.8 years) [2]. By disintegration, it becomes 90Y, a pure 
β emitter with a short period (2.67 days). The characteriza-
tion of 90Sr in nuclear waste requires its separation from the 
matrix and its interferents prior to nuclear measurements, 
generally with proportional or gas flow counters or liquid 
scintillation counters (LSC).

Through the years, many radiochemical purification 
methods have been developed to analyze 90Sr accurately. The 
first one was based on a succession of selective precipita-
tions, in particular with nitric acid [3, 4]. Despite its proven 
efficiency and some advantages, it is not the most popular 
method nowadays [5, 6]. Procedures using liquid–liquid 
extraction or ion exchange chromatography were widely 
implemented but never replaced the precipitation method 
[7–9]. In the most recent years, ICP-MS, especially with tri-
ple quadrupole detection, has become an interesting option 
to quantify 90Sr without chemical purification but due to its 
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high detection limit and high price, it is used on a limited 
scale [10, 11].

Currently, methods based on extraction chromatographic 
resins selective for Sr, named Sr-resin® developed by 
Eichrom in the 1990’s and now commercialized by Triskem, 
are the most preferred methods by characterization labora-
tories [12–14]. The advantage of this type of resin is that it 
combines the selectivity of liquid–liquid extraction and the 
rapidity of liquid chromatography. Its practicality, its effi-
ciency, and the absence of use of high-risk products make 
it a popular alternative. Horwitz et al. [14] demonstrated 
the high selectivity of Sr-resin® to remove the main inter-
ferents of Sr, for example Y and Ca. Concerning the sepa-
ration steps on Sr-resin®, the different methods published 
are very similar with the implementation of nitric acid as 
eluent with some variations of concentrations and volumes 
used. Besides, it was highlighted that Pu behaves similarly 
to Sr when using nitric acid as eluent for Sr-resin®, which 
can be problematic for some fields of applications such as 
nuclear waste [14]. A second point of vigilance towards this 
resin concerns high concentrations (above 1 M) of Ca, Na, 
K, or ammonium nitrates in samples: in such conditions, 
the capacity of the column to retain Sr can be altered [13]. 
Therefore, it is essential to be careful depending on the sam-
ples analysed and a pretreatment step might be required prior 
to the Sr-resin® separation for complex samples such as 
nuclear waste.

In the literature, various types of pre-treatments have 
been investigated [6]. For example, in the french standard 
method dedicated to 90Sr measurement in nuclear waste, 
five options are presented depending on sample characteris-
tics: carbonate, phosphate or sulphate precipitations, anion 
exchange resin or cation exchange resin with organic com-
plexing agent [15]. For a simple water sample, a protocol 
without pretreatment can be applied [16] but for more com-
plex samples, such as with tetravalent actinides, the addition 
of oxalic acid in the mobile phase is recommended during 
the separation on Sr-resin® [16]. Pre-treatments can include 
precipitations, co-precipitations, ion exchange chromatog-
raphy and extraction chromatography (for example, with 
DGA® or TRU® resins) [17].

In our laboratory, a purification method based on ammo-
nia and carbonate precipitations is implemented before the 
Sr-resin® separation for 90Sr determination in nuclear waste. 
It has been developed as an alternative procedure towards 
the method based on fuming nitric acid [5]. It has been moti-
vated by the need to improve 90Sr sensitivity and to have an 
efficient way to treat samples with high Ca and Ba contents. 
Indeed, in our Sr-based protocol, 90Sr is measured by LSC 
and recovery yield based on stable Sr by ICP-AES. The use 
of LSC provides a sensitivity gain of about a factor of 4 
because the counting efficiency increases from around 0.25 
to 1 in comparison to proportional counter (for example, 

G5000 Traveler device from Gamma products) [5]. Moreo-
ver, the Sr recovery yield obtained by gravimetry for the 
method based on fuming nitric acid can be overestimated 
due to Ca and Ba which are not eliminated completely when 
they are present in high quantity. The Sr-based procedure 
gives satisfactory results for most applications but unex-
pected problems of recovery were observed. Sr recovery 
yield can be lower than 10% for some effluents or concretes. 
Consequently, improving this current method is necessary 
to have a procedure that can be applied to various types of 
radioactive waste with high recovery and accuracy.

In addition to considerations of efficiency and perfor-
mance, purification methods must be compliant with safety 
regulations. At the end of our protocol, 90Sr is determined 
by LSC that implies the addition of a scintillation cocktail 
prior to its measurement. The current scintillation cocktails 
contains nonylphenol ethoxylates (NPE), a surfactant con-
cerned by the European REACH (Registration, Evaluation, 
Authorisation and Restriction of Chemicals) regulation [18]. 
Therefore, in a very near future, scintillation cocktails con-
taining NPE will be prohibited in laboratories or, at the very 
least, will require authorization be used. The first solution 
to this problem is the use of NPE free scintillation cocktails 
[19] but there is little experience with these products and 
their counting efficiency can be lowered [20]. For this study, 
a second option has been preferred: plastic scintillation with 
the implementation of plastic scintillation resin selective for 
Sr, named Sr PS-resin in the present work.

Plastic scintillator can be described as solid solution of 
fluorescing agent in aromatic solvent polymers. Once opti-
mized, plastic scintillators are equivalent to scintillation 
cocktails in terms of role and composition [21]. In 2004, a 
study proved the efficiency of plastic scintillation technique 
for measurement of beta emitters such as 90Sr [22]. Follow-
ing these successful results, a scintillating extraction chro-
matographic resin was developed by the same group [23]. 
The extractant used for Sr-resin®, a crown ether namely 
4,4(5)-di-t-butylcyclohexano-18-crown-6, was impreg-
nated on the microspheres of plastic scintillator. The resin 
has a selectivity similar to the commercialized Sr-resin® 
[23]. When working with Sr PS-resin, purified 90Sr which is 
retained on the resin is not eluted contrary to what is done 
with Sr-resin® and is directly measured in a scintillation 
counter. The procedure based on plastic scintillation resin 
is compliant with REACH regulation by avoiding the use 
of scintillation cocktails. Moreover, since no elution step is 
carried out, this procedure saves time and reduces nuclear 
waste produced. The Sr PS-resin was validated on milk and 
environmental samples [24, 25] but has not yet been applied 
to radioactive wastes.

The goal of this study is to demonstrate the robustness 
and efficiency of a new pre-treatment for a radiochemical 
procedure based on Sr-resin® in order to determine 90Sr 
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accurately in nuclear waste samples. The work investigates 
different ways to solve low recovery problems encountered 
for some samples with our reference method. The new 
method relies on the implementation of another extraction 
chromatographic resin prior to Sr-resin®: the TRU-resin® 
selective for transuranian elements. Finally, to be REACH 
compliant, the method has been adapted to PS Sr-resin and 
validated for nuclear waste samples.

Experimental

Reagents and equipments

For selectivity tests, certified ICP standards including a mix 
of numerous elements (Ag, Al, As, B, Ba, Be, Ca, Cd, Co, 
Cr, Cu, Fe, K, Li, Mg, Mn, Mo, Na, Ni, Pb, Sb, Se, Sr, Si, Ti, 
Tl, V, Zn), are purchased from SPEX Certiprep or VWR or 
SCP Science (namely QC28, QC21, QC7 or single element 
standards). Those solutions are also used for the establish-
ment of ICP-AES calibration curves. In this work, ICP-AES 
devices are implemented to characterize the selectivity, i.e. 
to determine which elements were present in the different 
fractions obtained at each step of the methods. Addition-
ally, they are used to measure Sr recovery yields for each 
experiment. Two different instruments are available in the 
laboratory: a SpectroBlue® from Spectro Ametek and a 
PQ9000® from Analytik Jena. During a typical ICP batch 
sample run, blanks and quality control solutions (dilution 
of a QC28 standard) are added for quality control. The ISO 
11352 standard is considered to estimate the ICP measure-
ment uncertainties [26]. It is established at 5% for sample 
without digestion and 10% with digestion considering k = 1.

The Sr-resins® and TRU-resins® are purchased from 
Triskem. They are either conditioned in 2  mL column 
for gravitational flow separation or in 2 mL cartridge for 
separation on vacuum box. For some experiments, an auto-
mated separation system from ESI (prepFAST® station) 
was implemented and in-house cartridges with Sr-resin® 
were prepared. The Sr PS-resin were prepared at the Uni-
versity of Barcelona similarly to what was described in Ref. 
[23–25] and sent to our laboratory directly conditioned in 
2 mL cartridges.

All the chemicals used in this experiment are of analytical 
grade and the water is of ultra-pure quality from a Milli-
Q purification system supplied by Millipore (France). All 
the eluent solutions for separations are dilutions of concen-
trated nitric acid at 69% obtained from Merck or Supelco. 
For the Sr PS-resin, another eluent is needed [23–25]: a 
LiNO3 solution at a concentration of 6 M was prepared from 
a salt obtained from VWR. In the reference method based 
on Sr-resins®, other chemicals were used for precipitation 
steps: iron nitrate nonahydrate (Alfa Aesar) with an 18 g/L 

solution, concentrated ammonia at 28% (VWR) and satu-
rated aqueous solution of Na2CO3 prepared from its anhy-
drous salt (Sigma Aldrich).

All the nuclear measurements (liquid scintillation and 
plastic scintillation) are done with the AccuFLEX LSC-
8000® scintillation counter from Hitachi. The 20 mL poly-
ethylene scintillation vials are purchased from Zinsser and 
the scintillation cocktails, Ultima Gold LLT®, from Perkin 
Elmer. The measurements last 10 min after 30 min waiting 
time. 90Sr is measured between 1 and 275 keV whereas 90Y 
is counted from 275.5 keV to 1500 keV. A blank is measured 
before each batch and removed from each sample measure-
ment. For the preparation of spiked samples and calibration 
of the scintillation counter, a standard solution of 90Sr + 90Y 
is purchased from CERCA. The activity of the source was 
around 40 kBq/g. With our liquid scintillation counter, the 
detection efficiency was very close to 1 for 90Sr.

If necessary, the samples are digested with a microwave 
oven (Speed Wave from Berghof, Germany) with different 
acids depending on their nature.

Samples

As the goal of this paper is to validate a new protocol on 
radioactive waste samples, it is necessary to work on repre-
sentative samples with a variety of different characteristics. 
Four samples which are the similar to the ones selected in a 
previous article [5] were chosen: a low activity level efflu-
ent (Sample 1), a contaminated effluent (Sample 2), spent 
ion exchange resins embedded in concrete (Sample 3) and a 
highly contaminated sludge (Sample 4). As the samples are 
received in the laboratory a long time after their condition-
ing, no 89Sr is detected because of its short period.

For sample 1, as it contained 90Sr below limit of detection 
(LOD), it was spiked with a known activity of 90Sr source. 
An ICP-AES measurement showed a low contamination of 
K and Na (respectively 1.1 mg/L and 1.5 mg/L at 10% k = 2) 
and traces of Ca, Si and Zn (approximately 0.1 mg/L) [5].

The samples 2, 3 and 4 had to be digested according to 
the in-house method presented in previous publications [5, 
27].

Sample 2 contained 0.2 g/L of Na, 20 mg/L of Ca and 
1 mg/L of Fe. About 5 mL of sample was digested with 
10 mL of 69% nitric acid (HNO3). The main gamma emitter 
was Cs-137 with a mass activity of around 100 Bq/ml.

Sample 3 was digested with a mix of 10 mL of 69% 
HNO3 and 3 mL of 37% hydrochloric acid (HCl) with or 
without hydrofluoric acid (HF) depending on the experi-
ments. Digested sample 3 contained a high content of Ca 
(around 0.7 g/L) because it is one of the main components 
of concretes with Si. Without HF in the digestion proto-
col, the Si is not completely digested. However, to avoid the 
hazardous manipulation of HF, it was first preferred to test 
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the protocol without it initially. The main gamma emitters 
were Cs-137 and Co-60 respectively with mass activities of 
around 16,000 Bq/g and 80,000 Bq/g.

Sample 4 corresponds to an evaporator concentrate with 
similar activities as in Ref. [27]. This matrix is particularly 
complex due to high quantities of different cations and radio-
nuclides. About 1 mL of sample was digested with 10 mL 
of 69% HNO3. The sample concentrations of Na, Ca and 
Fe were respectively around 70 g/L, 3 g/L and 1500 mg/L.

Reference method

Many years ago, the in-house method based on Sr-resin® 
called here reference method has been developed for 90Sr 
determination in radioactive waste. In fact, the in-house pro-
cedure using successive precipitations with fuming nitric 
acid was found to be inaccurate for samples with high con-
tent of Ca, Ba or 89Sr [5]. The purification method begins 
with the addition of 2 mg of stable Sr to the sample solution 
(between 1 and 10 mL, depending on the sample, directly or 
in the digested solution). After an evaporation step, the resi-
due is recovered in 8 M HNO3. Approximately 1 mg of Fe is 
added if the sample does not contain this Fe quantity. About 
1 mL of concentrated ammonia is then added to the solu-
tion to induce the co-precipitation of lanthanides, actinides, 
and some metals at pH = 9–10. After a centrifugation step 
at 3500 rpm during 10 min, the precipitate is discarded and 
the supernatant is recovered. It is known that the supernatant 
obtained after ammonia precipitation contains Sr but also 
Ca, some metals such as Ni, Co if these latter are initially 
present in the sample [28]. Afterwards, a few milliliters of a 
saturated solution of Na2CO3 are added to the supernatant. 
The solution is heated on a hot plate until the appearance of 
a precipitate of SrCO3. At this point of the method, alkali 
metals and anionic compounds, except carbonates, remain in 
the supernatant [29]: they are removed by filtration on 0.45 
µm syringe filters (Millex®). It must be noted that if Ca is 
present in the sample, it co-precipitates with SrCO3. 10 mL 
of 6 M nitric acid solution are then passed through the filter 
to dissolve the carbonate precipitate.

The resulting solution is then loaded on Sr-resin® (intro-
duced in a column or a cartridge depending if a vacuum box 
is used or not) previously conditioned with 6 M nitric acid 
solution. At this step, Sr is retained on the resin. 20 mL of 4 
M nitric acid solution is used to wash the resin and discard 
remaining interferents, such as Ca and Ba [13, 14]. Concern-
ing Y, it was mainly precipitated at the precipitation step 
with ammonia but the possible remaining traces can also 
be eliminated during this washing step. Finally, Sr is eluted 
with 20 mL of 0.02 M nitric acid solution. After evapora-
tion, the purified fraction is dissolved in 15 mL of 0.02 M 
nitric acid solution. This step allows to remove the possible 
remaining traces of volatile radionuclides such as 3H.

5 mL of the purified fractions are introduced in a liquid 
scintillation vial with 15 mL of scintillation cocktail. After 
shaking, the 90Sr activity is measured in the scintillation 
counter after 30 min waiting. 250 μL of the final solution are 
used for recovery determinations on stable Sr by ICP-AES. 
In this method, it can be noted that the stable Sr has two 
functions: carrier and tracer.

Developed method

The new protocol was based on the same separation con-
ditions for Sr-resin® as those described in the previous 
paragraph. It starts with the evaporation of the sample to be 
purified into dryness. The residue was recovered in 10 mL 
of 6 M nitric acid solution. The obtained solution is directly 
loaded on a TRU-column® previously conditioned with 6 M 
nitric acid solution. After passing through the resin, it is 
collected at the end of the column: the fraction contains Sr 
which is not retained in those conditions on TRU-resin®. 
The collected solution is directly loaded on Sr-column®, 
also conditioned with 6 M nitric acid. If the separation is 
carried out with cartridges with a vacuum box, the top of 
Sr-cartridge® is placed and connected to the bottom end of 
TRU-cartridge®. Once the solution has passed through the 
two cartridges, the TRU-cartridge® is removed. Then, the 
protocol includes the same steps as described before: a wash-
ing with 20 mL of 4 M nitric acid solution and an elution 
but with only 15 mL of 0.02 M nitric acid instead of 20 mL. 
As the evaporation step has already discarded volatile radio-
nuclides, the evaporation is not repeated at the end of the 
procedure. Moreover, it was checked that a volume of 15 mL 
is large enough to obtain the same Sr recovery yields. Both 
modifications are time saving. At the end, the 90Sr activity 
is measured according to the same procedure as previously 
described and the recovery yield is determined by ICP-AES. 
A schematic of the developed method is presented in Fig. 1.

Method adapted to Sr PS‑resin

To eliminate the use of scintillation cocktails and obtain 
a REACH compliant protocol, the optimized method pre-
viously presented was adapted to the plastic scintillation 
resin called here Sr PS-resin. As recommended in previ-
ous publications [25], 5 mg of stable Sr are used as tracer 
for yield determination. At first, after addition of stable Sr, 
the sample is evaporated to dryness and dissolved with 6 M 
HNO3. The solution is transferred to the reservoir placed on 
the top of the two cartridges containing the selected resins 
(TRU-resin® and Sr PS-resin) for the implementation of the 
vacuum box. Indeed, for the moment, the Sr PS-resins are 
conditioned in cartridges. Prior to the sample loading, the 
resins were conditioned with 6 M HNO3.
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Before operating the vacuum pump, a tared vial must be 
positioned in the vacuum box in order to recover all the 
loading and washing fractions. Then, the vacuum pump can 
be started and the solution passes through both cartridges. 
The elution rate must be approximately one drop per second. 
After the solution has completely passed through the resins, 
the TRU-resin® cartridge is removed and a new reservoir 
is placed on the Sr PS-resin cartridge. Then, 15 mL of 4 M 
HNO3 are used for a first washing of the resin. A second 
washing is performed with 4 mL of 6 M LiNO3 aqueous 
solution. This step eliminates nitric acid, limits chemilumi-
nescence and maximizes counting efficiency during nuclear 
measurements [23]. When washings are finished, the vac-
uum is pushed to 0.6 Bar during at least 10 min to dry the 
Sr PS-resin. Once dried, the cartridge is removed from the 
vacuum box and placed directly in the scintillation vial. The 
geometry of the cartridge has been adapted to standard scin-
tillation vial but it must be positioned vertically and upright 
in the vial. Finally, the scintillation vial is placed in the scin-
tillation counter for the measurement after 30 min waiting.

The tared vial used to recover all the fractions is then 
replaced in the vacuum box to collect the washing fraction 
of the TRU-resin® with 5 mL of water. The final solution is 
weighed, homogenized and a known volume is taken to per-
form the dilution prior to ICP-AES analysis. It will be used 
to determine the overall Sr yield of the method. In the case 
of Sr PS-resin, the recovery yield is calculated indirectly by 
determining the Sr quantity collected in the vial.

The last step is to verify the separation by measuring the 
90Y ingrowth the days following the separation. The com-
plete process on Sr PS-resin is illustrated in Fig. 2.

Results and discussion

Reference method

The reference method of the laboratory provides accurate 
90Sr results [30] but can present low Sr recoveries. Due to 
the complexity of the samples analysed in the laboratory, 
it is difficult to identify which analyte or matrix is respon-
sible for this loss. For example, values of Sr yields smaller 
than 10% were observed for clear effluents with low level 
of radioactivity and also for more complex samples, such 
as effluents with a moderated content of suspended solids 
and concretes. Different assumptions have been put forward 
based on experimental observations and theoretical knowl-
edge of the method. The first hypothesis was that the pres-
ence of F− can induce weak Sr yields. Indeed, Sr is known 
to precipitate easily with F− as SrF2 (solubility product value 
Ksp of around 5 × 10−9 and a solubility of 0.1 g/L in water) 
[31]. The formation of SrF2 precipitate can explain the 
unsatisfactory results obtained for concretes digested with a 
mixing of HNO3 and HF but not for simple effluents where 
no F− was detected in solution. Thus, a more detailed study 
was undertaken by taking into consideration the composition 
of the samples. After the digestion step, common elements 
were found in significant quantity (> 1 mg in the analysed 
aliquot) in “problematic” samples: Al, Ca, Fe, Si, NO3

−, 
Cl− and F−. The presence of anions was mainly related to 
acids used for digestion: HNO3, HCl and HF knowing that 
HF is only added for concretes in the laboratory. First, a 
focus was placed on the evaluation of the Sr loss during pre-
cipitation steps with ammonia and carbonate. Synthetic solu-
tions were prepared with the elements previously identified. 
Other analytes which are known to have a similar chemical 
behaviour to Sr or to be present in significant content were 
added complementarily. As Pb is highly retained on Sr-
resin® [12–14], it was interesting to determine its behaviour 
in the precipitation steps. As reminder, stable Fe was sys-
tematically added for ammonia precipitation in the reference 
protocol. Sr was measured at each step of the pretreatment 
in the presence of ten analytes: alkali metal (Li), alkali-earth 
metals (Ca, Ba), transition metals (Ag, Al, Co, Mn, Pb) and 
metalloid (Si). Their cumulative recovery yields are given 
in Fig. 3. It can noted that the composition of the carbonate 
precipitate was determined after its dissolution in 6 M nitric 
acid which corresponds to “Carbonate precipitate dissolved 
before Sr-resin” in Fig. 3.

As expected, Ba and Ca behaved similarly to Sr and were 
not separated during the pretreatment with precipitations, 

Fig. 1   Optimized method with TRU-resin® as pretreatment
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Fig. 2   Method adapted to Sr 
PS-resin

Fig. 3   Cumulated Sr recovery yield in % after each step of the pretreatment prior to Sr-resin separation on the reference method and monitoring 
of 10 analytes. Uncertainties on experimental values are 10% at k = 2
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which is not problematic since the selectivity of the Sr-
resin® is supposed to solve the problem [14]. However, it 
is necessary to be careful with the quantity of Ca present 
in order to avoid a retention capacity loss of the Sr-resin®. 
From the literature [14], it was highlighted that the capac-
ity can be affected above a concentration of ~ 10−2 M. Al, 
Mn and Pb were discarded during ammonia coprecipitation 
with Fe but not Ag and Co. The latter is known to form vari-
ous complexes with NH3 which prevents its precipitation in 
basic medium [28]. It is important to note that ammonia 
precipitation is also useful to discard actinides [29] such as 
241Pu which is a problematic interferent of 90Sr measurement 
by liquid scintillation. Ag and Co were eliminated in the 
next stage with carbonate precipitation. Alkali metals (K, 
Li) behaved similarly to Ag and Co: they did not precipitate 
in ammonia medium but they were removed with carbonate 
precipitation. Si was not detected in the solution recovered 
in 8 M HNO3 after dry evaporation. A cloudy solution was 
observed after addition of 8 M HNO3 that could be attributed 
to insoluble Si. The obtained cloudy solution was filtered 
on Millex® filter before ICP-AES analysis, otherwise the 
nebulizer could be clogged with the suspended solids. This 
step explained the almost complete absence of Si and it can 
be deduced that the loss of Si was not corroborated to the 
one of Sr.

The overall Sr recovery yield after the pretreatment was 
around 65%, which is satisfying for a complete purification 
process but not for only the first steps of a method applied to 
a simple synthetic solution, as it is the case here. No impor-
tant loss of Sr was noticed after evaporation and carbonate 
precipitation. In contrast, a significant loss of around 30% 
was observed during ammonia precipitation. This result was 
in agreement with a previous work which showed a 30% 
loss in presence of Fe, Ni, Co, Ba, Eu and Cs [32]. Another 
test was performed with a multi-element solution (named 
QC28 from VWR): in this case, the loss of Sr was lower but 
was still significant. Consequently, the loss of Sr during our 
reference method can be variable depending on the sample 
composition but it originated from ammonia precipitation, 
maybe by adsorption of Sr on iron hydroxides [33]. Conse-
quently, it was decided to discard this step and to investigate 
a new pretreatment which would be robust for all composi-
tions of samples.

For that purpose, the selectivity of Sr-resin® was stud-
ied in our chromatographic conditions to better guide our 
choice towards the new pretreatment step. Horwitz et al. [14] 
only reported the behaviour of common elements and fission 
products in 3 M HNO3 + 0.01 M oxalic acid. Experiments 
on Sr-resin® were carried out with a multi-element QC28 
solution (1 mg of each element in the sample solution). As 
expected, Sr-resin® has a very high selectivity towards 
alkali metals, alkali-earth metals and transition metals. 96% 
of stable Sr was recovered in 0.02 M HNO3 and only Ba was 

detected in the Sr fraction (around 8% of the initial quantity). 
From Ref. [14], it is known that Ba has a behaviour close 
to Sr on Sr-resin®, which can explain the presence of Ba in 
the final fraction. The remaining Ba might only be disturb-
ing in case of radioactive barite concretes but these samples 
are rarely encountered in the laboratory. If such samples 
had to be analysed, gamma spectrometry analysis should be 
carried out to check whether the Ba-133 decontamination is 
satisfactory or not. If Ba-133 elimination is not sufficient, 
a second separation on Sr-resin® can be implemented to 
complete its removal. Tetravalent actinides which were not 
considered up to now are supposed to behave similarly to Sr 
[14], which can be problematic for samples containing 241Pu, 
a beta emitter interfering with 90Sr. The addition of oxalic 
acid as a competitive complexing agent in the eluent was 
demonstrated to induce the elimination of Ba and actinide 
elements [14] while Sr was still retained on Sr-resin®. Based 
on the high selectivity of Sr-resin®, it was decided to per-
form a single purification step on Sr-resin® with and with-
out oxalic acid. The procedure without pretreatment before 
Sr-resin® was applied to three types of radwaste samples: 
a low contaminated effluent spiked with 90Sr and two more 
complex samples containing Pu and 90Sr notably. As some 
samples were contaminated with Pu, the influence of oxalic 
acid was evaluated: oxalic acid at a concentration of 0.05 M 
was added or not in 4 M HNO3 washing solution. The results 
were compared to our reference value and the normalized 
errors (En) were calculated for the three real samples (see 
Table 1) according to the formula given in Ref. [28]. A En 
value lower than 1 means that there is no significant dif-
ference between the reference method and the developed 
method without pretreatment.

As expected, the method based on a single purification 
on Sr-resin® was only accurate for low contaminated efflu-
ent. A En value of 0.7 allowed to validate the result with 
a Sr yield of 93 ± 10%. For this sample, since no bias was 
detected without pretreatment, the washing with oxalic acid 
was not tested. As a result, a fast and simple method is avail-
able for samples with low contamination but is not suitable 
for all natures of nuclear waste samples. Indeed, for samples 
2 and 3, when only implementing Sr-resin®, the measured 
90Sr activities were significantly higher in comparison to the 
reference values whereas the Sr yields were higher than 90%. 
This overestimation can be linked to the presence of interfer-
ents, such as 241Pu in the purified Sr fraction. For samples 2 
and 3, oxalic acid was added in the washing solution but it 
had not the expected efficiency. A decrease of activity was 
observed for both samples (− 9% for sample 2 and  − 7% 
for sample 3 respectively) compared to the method without 
oxalic acid, which can correspond to a partial elimination of 
interferents. However, the En values remained significantly 
higher than 1. A low efficiency of oxalic acid was already 
highlighted in a previous publication from Grate et al. [34] 



1918	 Journal of Radioanalytical and Nuclear Chemistry (2024) 333:1911–1925

who noticed that only 10% of Pu(IV) was discarded with 
oxalic acid. A complementary test was undertaken with an 
oxalic acid concentration 10 times higher than previously but 
no significant improvement was observed. In conclusion, a 
purification method based on Sr-resin® with the addition of 
oxalic acid in the washing solution is not adapted to provide 
reliable 90Sr results for various types of radwaste samples. 
Therefore, it is necessary to find a new robust pretreatment 
to eliminate interferents, especially tetravalent actinides, 
prior to the separation on Sr-resin®.

Developed method

In order to solve the problems described previously, it was 
decided to implement a TRU-resin® prior to Sr-resin® to 
discard actinides. This approach has already been proposed 
for 90Sr analysis in urines [35], environmental soils [36, 37] 
or radioactive wastes [38] with precipitation steps at the start 
of the protocol. The TRU-resin® is known for its high selec-
tivity towards actinides and does not retain Sr when using 
nitric acid eluent with a concentration between 1 and 8 M 
[36, 37]. As a preliminary study, a synthetic sample with Sr 
and 27 stable analytes was purified with a protocol based on 
TRU-resin® and Sr-resin®. The distributions of all elements 
in the different fractions of the protocol were determined in 
order to precisely characterize the selectivity of the devel-
oped method (see Fig. 4). To determine which elements were 
retained on the TRU-resin® with 6 M HNO3, the resin was 
rinsed with water after the separation: this fraction is named 
“retained on TRU-resin®” in Fig. 4.

Figure 4 shows that, in the final fraction (named Sr elu-
tion), only Sr was detected with a very high recovery yield 
of around 97%. This value is comparable to the one obtained 

with the Sr-resin® method without pretreatment (> 90%) 
which confirms the fact that Sr was not fixed at all on TRU-
resin® when using 6 M HNO3. Moreover, it can be seen 
that Ba was not detected in the Sr fraction whereas traces 
of Ba were observed with the method without pretreatment. 
The separation without pretreatment was realized with an 
automated separation system and the optimized method 
with TRU-resin® with a vacuum box. The presence of Ba 
in the elution fraction in the first experiments could be due 
to the speed of elution or some other parameters that should 
be optimized. The washing of the TRU-resin® with water 
shows that Fe, Mo, and Ti were retained in our chroma-
tographic conditions. Their recovery was not quantitative 
when using water as rinsing solution because they were 
highly fixed and water has not a sufficient elution capac-
ity, confirming previous publications [38–40]. Ag was not 
observed whatever the fractions analysed. Since the previ-
ous experiments showed that Ag was not retained on Sr-
resin®, it can be deduced that it was fixed on TRU-resin®. 
As expected, the other analytes were discarded during the 
loading on TRU-resin®. Concerning Pb, it was not detected 
in any fractions because it was highly retained on Sr-resin® 
[14] and not eluted in our conditions. Si was not recovered 
quantitatively due to the same problem of solubility as men-
tioned above.

Therefore, this first investigation performed on non-
radioactive elements demonstrated the potentiality of the 
developed procedure based on TRU-resin® and Sr-resin®: 
a purified fraction of Sr was obtained with a high recovery 
yield. The next step of the work was to verify the elimina-
tion of actinides and particularly Pu. For that purpose, the 
new method was applied for 90Sr analysis in the same types 
of radioactive samples as previously tested: contaminated 

Table 1   Results of 90Sr measurement in real radwaste samples with the method on Sr-resin® without pretreatment, comparison of washing with 
or without oxalic acid

Uncertainties are given in % at k = 2

Sample 1: Effluent spiked with 90Sr

Reference activity of 35 Bq/g (± 3%) Washing without oxalic acid Washing with oxalic acid

Activity [Bq/g] 35.4 (± 12%) –
En 0.7 –

Sample 2: Contaminated effluent

Reference activity of 9.9 Bq/g ± 11% Washing without oxalic acid Washing with oxalic acid

Activity [Bq/g] 16.2 (± 12%) 14.7 (± 12%)
En 3.6 2.7

Sample 3: Spent ion exchange resin embedded in concrete

Reference activity of 1913 Bq/g ± 11% Washing without oxalic acid Washing with oxalic acid

Activity [Bq/g] 5062 (± 12%) 4711 (± 12%)
En 2.7 1.9
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effluent, concrete, and sludge. The results in terms of En val-
ues are presented in Table 2. For the investigations reported 
in Table 2, the concrete was digested with a mixing of HNO3 
and HCl.

Comparing to reference activities, the results on samples 
2 and 3’ can be validated with En values of respectively 0.1 
and 0.02. The Sr yield values were respectively 89 ± 10% 
for sample 2 and 89 ± 10% for sample 3. It is only 4% below 
the Sr yield obtained without pretreatment for sample 1. It 
means that the loss of Sr due to the TRU-resin® is mini-
mal even with complex samples. As a reminder, the method 
without pretreatment did not work for these two samples. 
Comparing to the reference method, an additional advantage 
is the decrease of the number of steps: two precipitations 
steps implying a centrifugation and a filtration become one 
separation step on two extraction resins. Moreover, in the 
perspective of a potential automation, the separation on res-
ins can be adapted more easily than precipitations.

Recently, publications investigated the use of 90Y 
ingrowth to perform a rapid 90Sr measurement without 

waiting for secular equilibrium [41–43]: accurate 90Sr results 
were obtained within a few days. This approach enables to 
gain time without reducing analysis quality. It can also be 
applied to control the selectivity of 90Sr purification and the 
elimination of interfering radionuclides, which is of prime 
interest for complex samples such as radioactive waste. 
Indeed, the ingrowth of 90Y will be biased by the presence 
of interferents [44]. In the present work, it was decided to 
compare the experimental ingrowth factor related to 90Y 
(noted IF) with the theoretical value calculated from the 
following equation.

where A
tot

 is the total activity for any time t, A0

tot
 is the total 

activity for zero time, lambda
Sr

 and lambda
Y
 are respectively 

the decay constants of 90Sr and 90Y.
Equation 1 was derived from Bateman’s work [43, 44]: it 

was simplified since the period of 90Sr is largely higher than 
the one of 90Y. The theoretical IF values were calculated at 
1.23, 1.84 and 1.97 respectively after 1, 7 and 14 days of 
ingrowth, in agreement with the data given in Ref. [43]. If 
an interfering radionuclide, for example 241Pu, is still present 
in the purified fraction after the separation, the IF value will 
be too low in comparison to the theoretical value.

Before applying this approach to a real sample, a 90Sr 
source with a known activity was purified on Sr-resin® and 
the purified fraction was measured just after the separa-
tion, then 1 day, 7 days and 14 days after the separation 
(noted respectively as T + 1 day, T + 7 days, T + 14 days). 

(1)

IF
theoretical

=

A
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A
0
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=

A
Sr
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Y
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0
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Fig. 4   Distribution in % of the 27 interferents and Sr during the different separation steps of the developed method with TRU-resin® and Sr-
resin®. Uncertainties on experimental values are 10% at k = 2

Table 2   Results of 90Sr analysis in radwaste samples with the devel-
oped method with TRU-resin® and Sr-resin®, *3’ is the same sample 
type than 3 but a different fraction digested with HNO3 and HCl

Uncertainties are given in % at k = 2

Sample 2 3’* 4

Reference activity 9.9 (± 11%) 2143 (± 11%) 1370 (± 11%)
Activity [Bq/g] 9.7 (± 12%) 2148 (± 12%) 1677 (± 12%)
En 0.1 0.02 2.0
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The experimental IF values were calculated as the ratio of 
the total counts of the whole spectra at a given time over 
the initial total counts. Values of 1.26, 1.82 and 1.95 (with 
an uncertainty of 1%) were determined respectively at 
T + 1 day, T + 7 days, T + 14 days. The differences between 
the experimental and theoretical IF values were lower 3%, 
which validates the approach. Consequently, the IF was 
checked after several days following the separation process 
for real samples. For samples 2 and 3’, the IF values meas-
ured at T + 14 days were respectively 1.98 (± 1%) and 1.86 
(± 1%), which corresponds to a difference of 2% and 6% in 
comparison to the theoretical value of 1.97. As the differ-
ence was below 10%, it can be deduced that no interferent 
was present in the purified fractions and that the measured 
90Sr activity is accurate for samples 2 and 3 (contaminated 
effluent and spent ion exchange resin embedded in concrete).

For sample 4 (sludge), the Sr yield was still very satis-
factory (96% ± 10%) but a En value of 2 was determined, 
which is too high to validate the result: the 90Sr activity is 
overestimated. As for the other samples, the approach of 
90Y ingrowth was applied: an IF value of 1.61 (± 3%) was 
found at T + 7 days, meaning a difference of 13% below 
the expected value of 1.84. The incorrect values of En and 
IF indicate that a β emitter interferent was not efficiently 
discarded during the process and biased the measurement. 
The sludge sample was similar to the one studied in Ref. 
[27]: it is known that it contains many different radionu-
clides including Pu in significant quantity (measurements 
of 239/240Pu and 241Am + 238Pu by alpha spectrometry and 
241Pu by liquid scintillation after separation) and a high salt 
content. The most likely assumption is that the elimination 
of 241Pu might be not complete with this complex sample. 
In fact, from our experimental results, it can be inferred that 
the interfering radionuclide is not sufficiently retained on 
the TRU-resin® and it behaves in a similar way to Sr on 
the Sr-resin®. From literature [13, 40], it can be supposed 
that the most probable radionuclide is one beta isotope of 
Pu so 241Pu.

To solve this problem, an experiment was carried out with 
two TRU-resin® columns instead of one. Indeed, for sample 
4, the capacity of the TRU-resin® could have been exceeded 
or interferents in high quantity (ex: U) or a high salt content 
could have reduced the capacity of the TRU-resin® as it 
was observed with Fe on TRU-resin® [40]. Sample 4 has 
a high content of metals in a matrix of 2 M NaNO3, which 
can lower the efficiency of TRU-resin®. For both cases, the 
Pu might be not retained completely on TRU-resin® and 
in consequence, eluted with Sr in the final fraction. For the 
protocol based on two TRU-resin® columns, the volume 
of sample solution loaded on the column was still 10 mL. 
The only change was the addition of a second TRU-resin® 
column between the first one and the Sr-resin® column. The 
results obtained for sample 4 are given in Table 3.

With the new procedure, the En value was found at 0.05 
and the IF value was determined at 1.79 at T + 7 days, 
meaning a difference of only 3% with the theoretical value. 
Consequently, the addition of a second TRU-resin® is an 
efficient solution for the purification of 90Sr in highly con-
taminated samples such as sludges. The probability than the 
issue comes from 241Pu is high because it is also a pure 
beta emitter and a second TRU-resin® solved the problem. 
However, there is no definitive proof from this experiment. 
Another important point to underline is that the Sr yield 
was not affected by the second TRU-resin® with a value of 
92 ± 10%. In conclusion, to analyze complex samples with 
high Pu content, two columns (or cartridges) of TRU-resin® 
are necessary to provide accurate 90Sr measurements.

As a reminder, one of the main issues related to our ref-
erence method based on precipitations and Sr-resin® was 
the drastic loss of Sr in case of concretes digested with 
HF. The developed method was applied to such samples: it 
provided a very satisfactory recovery yield of 95% and the 
bias compared to the reference method was lower than 10%, 
which enables to achieve our initial objective of high Sr 
yields whatever the studied matrix. Finally, the method was 
evaluated during a European NKS intercomparison [30]: the 
z-score obtained was satisfactory (see lab 7), which clearly 
proves the accuracy and robustness of the developed method.

Method adapted to Sr PS‑resin

As the developed method provided satisfying 90Sr results for 
various types of radioactive waste, it was decided to inves-
tigate the potentialities of the Sr PS-resin. The aim is to 
eliminate the use of scintillation cocktails uncompliant with 
REACH regulation while preserving the performances of the 
purification method.

With the scintillation counter available in the labora-
tory, the liquid scintillation measurement is based on the 
determination of a detection efficiency at each measurement 
from a quenching curve previously established with stand-
ard solutions [45]. For the plastic scintillation measurement, 
another strategy was applied as it has already been done in 
previous publications [23–25]. An average detection effi-
ciency was determined by repeating separations with known 

Table 3   Results of the analysis for 90Sr measurement with the opti-
mized method and two TRU-resins® as pretreatment on sample 4 
(sludge)

Uncertainties are given in % at k = 2

Sample Activity [Bq/g] IF after 7 days

Reference 1370 (± 11%) 1.84
New method 1363 (± 12%) 1.79 (± 1%)
En/difference 0.05 3%
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activities of 90Sr source and then applied on every sample. 
Sáez-Muñoz et al. [25] demonstrated that the amount of Sr 
fixed on the resin had a great influence towards the detection 
efficiency: the greater the Sr mass is, the lower the efficiency 
is. Consequently, during the different experiments, various 
stable Sr masses were added to take into account this fac-
tor. The eleven values of detection efficiency obtained are 
illustrated in Fig. 5 and compared with the data reported by 
Sáez-Muñoz et al. [25].

Our experimental points did not show a clear tendency for 
the range of Sr masses investigated. Comparing these results 
with the ones obtained by Sáez-Muñoz et al. [25], it can be 
seen that the two studies were in agreement as the values 
reported by Sáez-Muñoz et al. are included in the scatter-
ing of our points, except for the data related to 5 mg. The 
difference related to the 5 mg mass can be explained by the 
differences of scintillation counters. For the range of inves-
tigated Sr masses, between 2.7 mg and 4.2 mg of Sr fixed on 
the Sr PS-resin, the detection efficiency can be considered 
as a constant: the average detection efficiency obtained was 
0.91 ± 10% for our studies. From these experiments, it can 
be deduced that the Sr yield should be between 50 and 100% 
to consider the impact on detection efficiency as unsignifi-
cant. As reminder, the detection efficiency was very close 
to 1 for 90Sr measured in liquid form with our scintillation 
counter. The detection efficiency obtained with the Sr PS-
resin is high even if it is slightly below compared to liquid 

scintillation, which is very promising for 90Sr determination 
in radioactive waste.

Once the average detection efficiency has been assessed 
for our procedure, two aliquots of a 90Sr source solution 
were purified respectively on Sr-resin® for liquid scintilla-
tion measurement and on Sr PS-resin for plastic scintillation 
measurement. The Sr yields obtained were determined at 
86% for Sr-resin® and 80% for Sr PS-resin respectively: the 
values are very close in agreement with Ref. [23–25]. The 
spectra obtained with our scintillation counter are presented 
in Fig. 6 for both separations just after the separation and 
10 days after the separation. The spectra were normalized 
with these recoveries to be compared directly.

The 90Sr spectra obtained at T = 0 had a very similar pat-
tern, which is in agreement with our previous experiments 
since the detection efficiencies were very close. However, at 
T + 10 days, the spectra were found to be slightly different. 
With plastic scintillation, the overlap between 90Sr and 90Y 
was more important: 90Y signal was more quenched and was 
shifted to lower energy, which could have been problematic 
if one had tried to measure 90Y alone.

A synthetic sample with a multi-elemental QC28 solution 
(1 mg of each interferent in the sample solution and 5 mg 
of Sr) and a known activity of 90Sr from a source was puri-
fied with the protocol adapted for Sr PS-resin including the 
pretreatment with TRU-resin®. The distribution of the 27 
interferents and Sr are presented in Fig. 7 at each step of the 
procedure. The differences between the two methods were 
the use of the 6 M LiNO3 aqueous solution for the second 
washing step (it allowed to replace nitric acid that would cre-
ate chemiluminescence during LSC measurement [23–25]) 
and the removal of the Sr elution step.

As expected, the separation was similar than the one 
observed for Sr-resin® with TRU-resin® as pretreatment 
(see Fig. 5). Indeed, the extractant impregnated is the same 
for Sr-resin® and Sr PS-resin, so the selectivity and the Sr 
recovery yield must be very close. For this experiment, the 
Sr recovery yield reached 84%, which proves the efficiency 
of the separation. The presence of a great number of analytes 
did not affect the performance of the Sr PS-resin.

Similarly to Sr, it was determined by indirect measure-
ment that Pb was fixed on the Sr PS-resin, which can bias 
the detection efficiency applied for every sample. Fortu-
nately, stable Pb was not present in significant quantity in 
the usual samples encountered at the laboratory. However, 
the influence of Pb was checked: in the present experi-
ment, 90Sr was measured in the presence of 1 mg of Pb. 
The value of En obtained (calculated between the refer-
ence value of the source and the measurement performed 
by plastic scintillation after separation) is 0.2, meaning 
that stable Pb, up to 1 mg, had no significant influence on 
90Sr measurement. An initial ICP-AES measurement could 
ensure that the amount of Pb is not too high in case of 

Fig. 5   Detection efficiency for 90Sr measurement on Sr PS-resin as a 
function of stable Sr mass retained on Sr PS-resin (red). Experimental 
data of Sáez-Muñoz et  al. [25] were added for comparison (black). 
(Color figure online)



1922	 Journal of Radioanalytical and Nuclear Chemistry (2024) 333:1911–1925

particular samples. The potential presence of 210Pb (a beta 
emitter formed from the disintegration chain of 238U which 
disintegrates into 210Bi, which is also a beta emitter [46]) 
could induce a bias during 90Sr measurement. However, as 
the couple 210Pb/210Bi has different half-lives (respectively 
22.23 years and 5.012 days [46]) in comparison to the cou-
ple 90Sr/90Y, the presence of those radionuclides would be 
detected during the measurement of 90Y ingrowth which 
would be biased.

To verify the quality of 90Sr separation, the measurement 
of 90Y was performed similarly to the previous method on 
Sr-resin®. It must be noted that a special care must be paid 
to the drying stage of the Sr PS-resin. An incomplete drying 
of the resin did not affect 90Sr result but the 90Y ingrowth 
was lower than expected. After a drying of at least 10 min 
with a vacuum of 0.6 bar, the problem was solved. Meas-
urements of 90Y ingrowth were performed from a 90Sr 
source after several days of separation on Sr PS-resin. The 

Fig. 6   Spectra of 90Sr nuclear measurements after separation on Sr-resin® with liquid scintillation counting (green) and after separation Sr PS-
resin with plastic scintillation counting (red), at T = 0 and T + 10 days after separation (90Y ingrowth). (Color figure online)

Fig. 7   Distribution of 27 interferents and Sr during the separation on Sr PS-resin including TRU-resin® pretreatment (* means that Li was not 
determined in the identified fraction). Uncertainties on experimental values are at 10% for k = 2
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experimental IF results are compared to the theoretical curve 
of 90Y ingrowth in Fig. 8. As reminder, they corresponds to 
the total counts of the whole spectra at a given time divided 
by initial total counts.

Even though the signals of 90Sr and 90Y are overlapped 
with the Sr PS-resin (see Fig. 6), it does not affect the 

establishment of the experimental IF curve. Moreover, the 
experimental IF values fit quite perfectly with the theoreti-
cal curve. Therefore, it is valid to use 90Y ingrowth to check 
the efficiency of the separation and the elimination of all 
interferents (such as 241Pu and 210Pb) for the method adapted 
to Sr PS-resin.

The validation of the method based on Sr PS-resin was 
demonstrated by the analysis of real samples. As previ-
ously, three types of radioactive waste were considered: a 
low contaminated effluent (sample 1), an ion exchange resin 
embedded in concrete (sample 3) and a sludge (sample 4). 
For the effluent, only one TRU-resin® column was imple-
mented before Sr PS-resin. For samples 3 and 4 that are 
more complex, the use of two TRU-resin® columns prior to 
Sr PS-resin was preferred as pretreatment. The results are 
presented in Table 4.

The results obtained showed the efficiency of the 
method with En values of 0.1 for sample 1, 0.7 for samples 
3 and 4, respectively. Moreover, the separations in term of 
selectivity were validated with the measurements of 90Y 
ingrowth after 7 days for sample 1 and 3 and 9 days for 
sample 4, respectively. With a bias of only 2% with the 
expected ratios, the absence of remaining interferents was 
confirmed for the three samples. Despite the complexity of 
samples 3 and 4 (concrete and sludge), the method adapted 
to Sr PS-resin associated with one or two TRU-resins® 
as pretreatment was validated on real radwaste samples. 
This fast protocol (only half day) provided the elimina-
tion of the elution step and thus the simplification of the 
method. Moreover, the greatest advantage was the removal 
of scintillation cocktails for the 90Sr nuclear measurement. 

Fig. 8   Comparison of experimental IF values on Sr PS-resin after 
separation (red) and the calculated theoretical curve (black). (Color 
figure online)

Table 4   Results of 90Sr analysis in radwaste samples with the method adapted to Sr PS-resin using one or two TRU-resins® as pretreatment

Uncertainties are given in % at k = 2

Sample 1: Effluent spiked with 90Sr

Method Sr recovery [%] Activity [Bq/g] IF after 7 days

Reference – 32.6 ± 11% 1.84
Sr PS-resin 82 ± 10% 32.4 ± 12% 1.88 ± 1%
En/Bias 0.03 2%

Sample 3: Concrete

Method Sr recovery [%] Activity [Bq/g] IF after 7 days

Reference – 2111 ± 11% 1.84
Sr PS-resin 81 ± 10% 1943 ± 12% 1.86 ± 1%
En/Bias 0.7 1%

Sludge 4: Sludge

Method Sr recovery [%] Activity [Bq/g] IF after 9 days

Reference – 2290 ± 11% 1.90
Sr PS-resin 75 ± 10% 2122 ± 12% 1.93 ± 1%
En/Bias 0.7 2%



1924	 Journal of Radioanalytical and Nuclear Chemistry (2024) 333:1911–1925

The protocol is thus compliant with the European REACH 
regulation. First and foremost, it is an important progress 
for laboratory technicians who can avoid the use of dan-
gerous products and also for environmental issues.

Conclusion

According to the French regulation, it is necessary to 
quantify 90Sr in nuclear waste. As a pure β emitter, it must 
be separated from its matrix and interferents with a radio-
chemical method prior to its measurement. Since its devel-
opment, the chromatographic extraction Sr-resin® is the 
separation material preferred by the analytical laboratories 
due to its efficiency for a wide range of samples. With our 
in-house reference method based on ammonia and oxa-
late precipitations followed by a separation on Sr-resin®, 
problems of low Sr recovery yields were encountered. 
The problematic step was identified as the precipitation 
step in ammonia where Sr co-precipitates with Fe even in 
simple samples. Before investigating a new procedure, it 
was checked whether a single separation with Sr-resin® 
resin was sufficiently selective, which is not the case for 
wastes with medium and high radioactivity level. In con-
sequence, an alternative pretreatment without precipitation 
steps was developed with TRU-resin®. This choice was 
made on the basis of the recognized capabilities of this 
resin to eliminate actinides specifically. The efficiency of 
this new method was tested successfully on representative 
nuclear waste samples: effluent, concrete, and sludge. For 
complex samples with especially high content of 241Pu, it 
was demonstrated that two successive TRU-resins® are 
necessary to obtain accurate 90Sr analysis. The determi-
nation of 90Y ingrowth enabled to check the selectivity of 
the developed procedure. Despite the efficiency of the new 
optimized method, it is not REACH compliant due to the 
use of scintillation cocktails for 90Sr nuclear measurement 
by liquid scintillation.

The developed method was adapted to the use of a plastic 
scintillation resin selective towards Sr namely Sr PS-resin 
that enables nuclear measurement by plastic scintillation 
without the use of scintillation cocktails. After the study 
of the selectivity and the efficiency of the method based 
on TRU-resin® and Sr PS-resin, it was validated on three 
radwaste samples including complex matrices: concrete and 
sludge. The advantages (no scintillation cocktail, simplifi-
cation of the manipulation) and the performances in term 
of selectivity and counting efficiency make the Sr-PS resin 
an advantageous choice for the characterization of 90Sr in 
nuclear waste. The possibility to extend the implementa-
tion of plastic scintillation for other radionuclides offers a 
promising perspective.
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