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Abstract
Rapid radioanalytical methods are important in the case of a radiological emergency and for the defence against nuclear 
hazards, especially for pure alpha and beta emitters like 239/240Pu and 89Sr/90Sr. A new fast method was developed with an 
overall analysis time altogether around 11 h, for only strontium isotopes about 7 h. The method combines two extraction 
chromatography resins, DGA- and Sr-resin, to separate mainly strontium and plutonium. A broad variety of food samples 
with different fat, carbohydrate and protein contents were tested and successfully analysed. The yields obtained were typi-
cally around 95% and 70% for 90Sr and 242Pu.
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Introduction

In the event of a radiological emergency the contamination 
of food products, especially with alpha and beta emitters, 
can be a tremendous hazard for the population. Therefore, 
the rapid determination is required in order to take effec-
tive countermeasures. Regarding pure alpha emitters the 
plutonium isotopes 238Pu and 239/240Pu are some of the most 
important isotopes in such an event due to their high dose 
coefficients (effective dose) for ingestion (e.g. 239/240Pu: 
2.5E−07 Sv Bq−1 [1]). One of the most important pure beta 
emitters is radiostrontium, particular in regard of ingestion 
(dose coefficient for ingestion: 89Sr: 2.6E−09 Sv Bq−1, 90Sr: 
2.8E−08 Sv Bq−1 [1]). Especially because of the similar 
chemical behaviour of strontium to calcium, leading to an 
enrichment of strontium in bones. However, the determina-
tion of the activity levels of pure alpha and pure beta emit-
ters in food requires a complex radiochemical treatment, 
most of all because of self-absorption effects in volume 
samples. Another reason in the case of pure beta emitters is 

the continuous beta spectrum, which does not allow a high 
selectivity without an element-specific radiochemical treat-
ment. In the case of pure alpha emitting radionuclides, the 
element-specific radiochemical treatment helps to minimize 
the self-absorption effects in the alpha source and the over-
lapping of the peaks in the spectrum. Therefore, the develop-
ment of radioanalytical fast methods is highly required [2].

In this study the focus lies on food samples, which are dif-
ferent from other environmental samples like soil or ground-
water. The main difference between them is the nature of 
the sample matrix and accordingly the sample pre-treatment 
step. In groundwater samples the focus lies more on the pre-
concentration of the isotopes. For soil samples, the complete 
dissolution and matrix interferences are the most challenging 
part in the sample pre-treatment. Food samples contain a 
lot of carbohydrates, proteins and fat (so a plenty of organic 
material). The radiochemistry of an organic material differs 
significantly from that of a mainly inorganic material like 
groundwater or soil sample. This aspect should be consid-
ered in the sample pre-treatment. By food samples the focus 
is on the destruction of organic matter with the goal to apply 
afterwards classical radioanalytic [3].

The most important radiostrontium isotopes are the 
two fission products 89Sr (T1/2 = 50.56  days) and 90Sr 
(T1/2 = 28.79 years). A recent review gives a good overview 
of the available methods to determine radiostrontium in 
environmental samples [4].
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A common approach for the fast determination of radi-
ostrontium is co-precipitation with oxalate, then rapid col-
umn separation with strontium resin cartridges, followed 
by liquid scintillation counting (LSC) [5]. The Sr-resin 
uses a dicyclohexano-18-crown-6 derivate as extractant, 
which retains strontium under acidic conditions. Nowa-
days new resin materials are under development, such 
as plastic scintillation resins which are able to do both 
simultaneously, separation and detection of strontium [6]. 
Mass spectrometric methods (MS) to detect strontium are 
emerging, but they are still not an equivalent to beta meas-
urements via LSC or low-level beta counting because of 
isobaric and polyatomic interferences and the compara-
tively high detection limits [7].

For the separation of plutonium isotopes from other acti-
nides a wide range of column materials can be used, includ-
ing anion exchange resins and extraction chromatographic 
resins like TEVA-resin or DGA-resin [8–10]. The DGA-
resin uses the N,N,N′,N′-n-octyldiglycoamide as extractant. 
It shows a high affinity to Pu and americium in nitric- and 
hydrochloric medium [2]. α-spectrometry allows the deter-
mination of 238Pu and 239/240Pu. However, the determination 
of the ratio of 239Pu to 240Pu is impossible due to overlapping 
peaks. The plutonium source for the α-measurement can be 
prepared by electrodeposition or by microcoprecipitation. As 
radioactive tracer 242Pu or 236Pu can be used. Another way 
to measure long-lived plutonium isotopes is via Inductively 
Coupled Plasma (ICP)–MS [11]. ICP–MS has a short meas-
urement time and allows the determination of the isotopic 
ratio 239Pu/240Pu, since it measures atomic masses. In the 
case of a low activity level of 238Pu and consequently a low 
mass of 238Pu, interferences with uranium arise. Further-
more, the ICP-MS method is inadequate to determine 238Pu 
due to its relatively short half-life [12]. Moreover, highly 
contaminated samples cannot be analysed with an ultra-
sensitive mass spectrometric instrument without diluting 
the samples. In the case of a sample with unknown activ-
ity levels of plutonium isotopes, α-spectrometric measure-
ments are indispensable. Therefore, ICP-MS measurements 
can complement α-spectrometry in some cases, but cannot 
replace it.

The aim of the present study was to develop a fast method 
to determine the activity concentrations of 90Sr and pluto-
nium isotopes in food samples. In this study, the Sr-resin 
was chosen to separate radiostrontium, because it is a well-
established material for the separation of strontium [2] and 
has been proven successfully in the development of other 
fast methods [6, 13]. To separate plutonium the DGA-resin 
was chosen as column material because of its promising 
features in separating not only plutonium, but also other 
actinides, which is an important feature in respect of further 
developments of this method [2]. The simultaneous separa-
tion of plutonium isotopes and radiostrontium isotopes in the 

same sample aliquot has the advantage to be faster than two 
separate procedures and smaller sample volumes are needed.

New fast methods to detect radiostrontium and pluto-
nium isotopes, which can provide faster information about 
the contamination of food are crucial in an emergency case 
and can have a great impact of the health of the population.

Materials and methods

Chemicals

All chemical reagents and Atomic Absorption Spectroscopy 
(AAS) standards were obtained from Merck Chemicals, 
Germany. The chemicals were of analytical grade. The cal-
cium and barium AAS standards were  Certipur® standard 
solutions and the strontium AAS standard was a  Certipur® 
ICP standard. The 2 mL Sr- and the DGA-cartridges were 
obtained from Triskem International, France. The 90Sr tracer 
was obtained from Physikalisch-Technische Bundesanstalt 
(PTB), Germany, the 241Pu tracer was obtained from AEA 
Technology, UK, and the 242Pu tracer was obtained from 
National Institute of Standards and Technology (NIST), 
USA. The scintillation cocktail Ultima Gold AB was 
obtained from Perkin Elmer, USA.

Samples

In order to cover a wide range of different carbohydrate, fat 
and protein contents, a broad variety of food samples, like 
salad, cereals, hazelnut spread, grapes and full cream milk 
were analyzed. The fat, carbohydrate and protein content 
of each food matrix tested in the experiments is listed in 
Table 1.

All food samples, except for the wild boar meat and 
the pasta casserole, were bought in a local supermar-
ket. The wild boar meat was obtained from a hunter from 
Garmisch-Partenkirchen, Germany. The pasta casserole was 
homemade.

Table 1  Fat, carbohydrate and protein content of the food samples

Sample matrix Fat (%) Carbohydrates 
(%)

Protein (%)

Salad 0.1 2 0.9
Wild boar meat 8.3 – 21
Grapes 0.3 15.4 1
Cereals 10.4 11.1 11
Pasta casserole 12.6 – 9
Hazelnut spread 30.9 56.3 6.3
Milk 3.6 5 3.3
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Equipment

For microwave digestions a Mars 6 instrument from CEM, 
Germany, was utilized. Beta measurements were performed 
by LSC, using an ultra-low-level Wallac Quantulus 1220 
system from Perkin Elmer, USA. Elementary analysis was 
performed by AAS with a contrAA 700 spectrometer from 
Analytik Jena, Germany. Alpha measurements were per-
formed using a PIPS detector in a Canberra Alpha Analyst 
alpha spectrometric system from Canberra, Germany. For 
the radiochemical separation a polycarbonate vacuum box 
system from Triskem International, France, was used.

Experimental

Sample pretreatment

Four different approaches were tested to prepare the sam-
ples: an open wet acidic digestion, an acidic microwave 
digestion, ashing the sample in a microwave muffle furnace 
and ashing the sample in a muffle furnace with subsequent 
dissolution. These four approaches were tested with three 
different matrices: salad, cereals and hazelnut spread.

The open wet acidic digestion was tested with 11 g of 
sample, 15 mL of concentrated nitric acid (65%) and 6 mL 
hydrogen peroxide (30%). The sample was slowly heated up 
to 130 °C on a hot plate.

The two ashing methods were tested with 20 g of sample 
per vessel with different programmes varying the heating 
steps and time from 2 h till 5 h until the end temperature of 
600 °C was reached.

Furthermore, the acidic microwave digestion was tested 
with different concentrated nitric acid (65%)–hydrogen per-
oxide (30%) ratios (5:2 to 5:4), with different amounts of 
sample per microwave vessel (from 0.3 to 1 g) and different 
temperatures (150–180 °C) using time programs from 5 to 
25 min excluding the cooling time.

Preliminary separation tests

Prior to the experiments with spiked food samples some pre-
liminary tests were done. The separation of the three alkaline 
earth elements calcium, strontium and barium was tested in 
water on the 2 mL Sr-cartridges with carriers and at different 
concentrations of nitric acid (2–8 M).

The 2 mL DGA-cartdridge was tested with a 6 M  HNO3 
loading solution containing 0.5 mg calcium carrier, 241Pu 
and 242Pu tracer solutions. Then the cartridge was rinsed 
with 6  M  HNO3. Two different elution schemes were 
applied.

Separation scheme I

Calcium was removed from the cartridge with 8 mL of 
deionized water. Plutonium was eluted with 20 mL 0.5 M 
HCl–0.1 M  NH2OH solution. An aliquot of 5 mL from the 
plutonium fraction was taken and mixed with 15 mL of 
the Ultima Gold AB cocktail for an LSC measurement of 
pure beta emitter 241Pu. Then the plutonium source for the 
alpha-measurement was prepared by microcoprecipitation 
according to the alpha measurement description below for 
the determination of alpha-plutonium.

Separation scheme II

Calcium was removed from the cartridge with 8 mL of a 
0.1 M  NaNO2 solution. Americium (the decay product of 
241Pu) was eluted with 10 mL of a 0.5 M HCl–0.1 M  NaNO2 
solution. Finally, plutonium was eluted with 10 mL of a 
0.1 M  NH4HC2O4 solution.

Moreover the optimal way to stack the Sr and the DGA-
resin was examined.

Experimental set‑up for food samples

The procedure to simultaneously determine alpha and beta 
emitters, like plutonium and strontium, in food samples is 
shown in Fig. 1. First, the food samples were prepared for 
the experiments. Solid food was cut in small pieces and milk 
was stirred before processing. For solid food samples the use 
of a meat grinder or other homogenizer was intentionally 
omitted to avoid cross contaminations. In order to get homo-
geneous samples in the case of the solid food samples spe-
cial care was taken to include all parts, like for example for 
the wild boar meat, the fatty and the muscle parts. Approxi-
mately 11 g of solid food and 55 mL of milk, respectively, 
were taken for the experiments. 0.5 mg of each strontium, 
calcium and barium carriers were added to the samples in 
order to monitor the chemical yield and the separation of the 
three alkaline earth metals. Additionally, the samples were 
spiked with 90Sr, 241Pu and 242Pu tracers. Next, the samples 
were dissolved via microwave digestion with a cocktail con-
sisting of 5 mL of concentrated nitric acid (65%) and 2 mL 
of hydrogen peroxide (30%). After digestion, the solution 
was evaporated to dryness and the residue was dissolved in 
10 mL 6 M nitric acid. The appearance of the solution was 
examined.

The oxidation state of plutonium was adjusted in two 
steps. First, 1.5 mL hydrazinium hydroxide was added to 
reduce plutonium to Pu(III). In the second step, Pu(III) 
was oxidized with 1 g  NaNO2 to Pu(IV). Depending on 
the fat and protein content of the sample, a filtration step 
using a 0.45 µm cellulose nitrate filter was needed before 
the separation on the cartridges. In this arrangement on 
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Fig. 1 a DGA-cartridge was stacked on a Sr-cartridge and 
placed on the vacuum box. All the fractions were col-
lected in plastic LSC vials. From these fractions an ali-
quot was taken for the AAS measurement. The flow rate 
was 1 mL min−1 for the elution steps and 3 mL min−1 for 
the rinse steps. The cartridges were preconditioned with 
6 mL of 6 M nitric acid before loading the sample solu-
tion. After loading the sample solution, the cartridges were 
rinsed with 6 mL of 6 M nitric acid and separated. In order 
to save time the elutions of strontium and plutonium from 
the cartridges were done simultaneously.

From the Sr-cartridge barium was eluted with 8 mL of 
8 M nitric acid and afterwards strontium was eluted with 
8 mL of deionized  H2O. The separation scheme II was 
applied to separate calcium, americium and plutonium on 
the DGA-cartridge.

α‑Spectrometric and LSC measurement

The strontium fraction was mixed with 15  mL of the 
Ultima Gold AB cocktail and measured for 1 h in a Quan-
tulus 1220 instrument. The α-source was prepared by 
microcoprecipitation with neodymium fluoride. 50 µL of a 
1 mg mL−1 neodymium nitrate solution and 1 mL of conc. 
hydrofluoric acid were added to the plutonium fraction. 
After 15 min the solution was filtered through an 0.1 µm 
polypropylene filter and the filter was washed twice with 
1.5 mL of deionized water each and finally with 1.5 mL 
of ethanol. The filter was dried for 45 min. Then, the filter 
was counted for 3 h by the alpha spectrometer. Details on 
the alpha-spectra are given in the next chapter.

Fig. 1  Separation scheme of the fast method to determine radiostrontium and plutonium isotopes in food samples
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Results and discussion

Sample pretreatment

Four approaches were tested and several aspects were 
taken into account to select the most suitable methods for 
an emergency situation: the time needed for a complete 
dissolution of the sample, the amount of residue, the col-
our and visual appearance after the dissolution, the safety 
aspect for the laboratory staff, the sample quantity and 
the goal to find one general approach for all types of food 
samples.

The open wet acidic digestion took over 12 h to digest 
the food samples. The acidic microwave digestion dis-
solved the food samples within 1 h. The other two meth-
ods, ashing the sample in a microwave muffle furnace and 
ashing the sample in a muffle furnace, both took over 5 h 
to ash the samples. In total about 130 runs were done to 
identify the optimal sample preparation procedure suit-
able for any kind of food sample. With regard to the crite-
ria mentioned above the acidic microwave digestion was 
selected as the most suitable pretreatment method.

In order to be as time efficient as possible, the micro-
wave digestion was optimized to be as fast as possible 
with the highest possible amount of sample per vessel. 
After evaluating the experiments, the maximum amount 
was set to 1 g of solid food per vessel and 5 mL of liquid 
samples per vessel, totalizing 11 g of solid food and 55 mL 
of liquid samples per run, respectively. A digestion time 
of 20 min and a temperature of 180 °C was found to be the 
most reliable and efficient program to digest the samples. 
For hazelnut spread a special setup was found as optimum.

Preliminary separation test results

The first experiments had the goal to optimize the separa-
tion of the alkaline-earth elements barium, calcium and 
strontium. They were performed using barium, calcium 
and strontium carriers and a strontium tracer (90Sr) dis-
solved in deionized water. Different nitric acid concentra-
tions (2–8 M) were tested on the Sr-resin to achieve the 
separation of strontium from barium and calcium. It was 
found that a load with 6 M nitric acid, a rinse step with 
6 M nitric acid and a Ba removal step with 8 M nitric acid 
was the optimum to achieve the best separation of all three 
elements from each other.

Based on the optimized separation procedure the two 
different ways to stack the Sr- and the DGA-resin on top 
of each other were tested. When Sr-cartridge was stacked 
on DGA-cartridge the separation of barium from strontium 
and from calcium and plutonium was not sufficient. When 

the DGA-cartridge was stacked on the Sr-cartridge a clean 
strontium and a clean plutonium fraction was obtained. So 
the further experiments were done with the second setup, 
the DGA-cartridge stacked on the Sr-cartridge.

After the separation of plutonium applying the separa-
tion scheme I, the alpha spectrum of the plutonium fraction 
showed a 241Am peak. 241Am (T1/2 = 432 a) is the daughter 
of 241Pu (T1/2 = 14.33 a) [2]. This was due to the fact that a 
241Pu tracer solution was employed for the determination 
of the effectiveness of the microcoprecipitation step. 241Pu 
can be measured by LSC quite fast so it is an ideal tracer 
to monitor the efficiency of the microcoprecipitation step. 
241Am decays to 237Np emitting alpha particles at energies 
about 5.48 MeV and 5.44 MeV. These emissions were seen 
in the Pu alpha spectrum. Before the microcoprecipitation 
an aliquot of the plutonium sample was measured by LSC 
to compare afterwards the yield of 242Pu with the yield of 
241Pu. A loss of activity from 10 to 20% due to the micro-
coprecipitation was observed. If required, the method can 
be applied also for the measurement of pure beta emitting 
241Pu in the samples. In this case only 242Pu or 236Pu should 
be added as tracer.

In order to separate americium from plutonium, the sepa-
ration scheme II was developed. After the calcium removal, 
americium was stripped with 10 mL of 0.5 M HCl solution. 
This resulted in a small leakage of plutonium in the ameri-
cium fraction. To achieve a clean separation, plutonium was 
stabilized with  NaNO2 by changing the calcium removal 
solution from deionized water to a 0.01 M  NaNO2 solution 
and the americium strip solution to a 0.5 M HCl–0.1 M 
 NaNO2 solution. Furthermore, the plutonium strip solution 
was changed to a 0.1 M  NH4HC2O4 solution, because test 
experiments showed that the volume of the strip solution can 
be reduced to 10 mL with this adjustment.

Food experiments

The optimized method was then applied to a variety of food 
matrices to ensure that the method is suitable for any food 
matrix.

All samples were fully digested without any residue after 
the microwave digestion. After evaporating the solution to 
dryness the samples show a residue. This residue dissolved 
for the most of the samples completely in the 6 M nitric acid.

The first experiments were performed on matrices like 
salad, wild boar meat and grapes. In the next step food 
samples (cereals, pasta casserole, milk) with higher fat, 
carbohydrate and protein contents were tested. Samples 
with higher fat contents required a filtration step after the 
adjustment of the oxidation state of plutonium, leading to 
a minimal time delay of about 15 min. From all the matri-
ces analysed until now, the hazelnut spread was the most 
complex one. The preparation of this matrix took the most 
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time and the problems faced by this matrix were the most 
challenging to resolve due to the high fat and carbohydrate 
content. For this sample the microwave digestion param-
eters had to be slightly changed due to the unexpected high 
pressure formed in the microwave vessels during digestion. 
The temperature was set to 150 °C and the digestion time 
was increased by 5 min.

The LSC-spectra were processed with the spectral 
deconvolution technique. This technique allows the deter-
mination of both strontium isotopes 89Sr and 90Sr including 
also the SQP dependence, therefore the SQP values were 
not separately specified.

The results of the experiments on spiked food samples 
are summarized in Table 2. The yields of 90Sr and 242Pu 
were typically around 95% and 70%, respectively. Com-
pared to other results found in literature [6, 14] a near 
quantitative yield for strontium can be considered as a 
good result. The lower yield of plutonium in compari-
son to strontium is due to some additional loss during the 
microcoprecipitation.

Possible interferences

Beside the americium issue, which was successfully 
resolved by adapting the separation scheme II, in a few 
cases the alpha- spectra of Pu showed some traces of natu-
ral thorium and radium isotopes as can be seen in Fig. 2. 
Some of the α-spectra of plutonium showed thorium and 
radium peaks (black) in addition to the 242Pu peak (red). 
These peaks are traces of the natural uranium and tho-
rium series. This could be an issue, because the thorium 
and radium peaks can interfere with the 238Pu peaks and 
239/240Pu peaks [13]. Further work has to be done to sepa-
rate plutonium from traces of thorium and radium, which 
may be eluted from the DGA-resin together with the plu-
tonium fraction using this method.

Time requirement

One of the main project objectives was to perform the analy-
ses as quickly as possible. For the radiochemical separation, 
a vacuum box with cartridges was applied with a flow rate of 
1 mL min−1. The time interval needed for each step is pre-
sented in Fig. 3. The simultaneous determination of stron-
tium and plutonium radioisotopes can be realized in an emer-
gency situation within 11 h, thus within a day. The results for 
strontium were obtained even faster, after 7 h, because the Sr 
eluate can be measured directly with LSC for 1 h after the 
radiochemical separation. The plutonium fraction has to be 
microcoprecipitated after the radiochemical separation and 
is then measured for 3 h by alpha spectrometry.

Quality control

The fast method was tested with a national intercompari-
son sample of raw milk for strontium (Milk 3), which was 
simultaneously analyzed with the standard strontium method 
in our laboratory (Milk 1 and Milk 2) [14]. In this experi-
ment the activities of both 89Sr and 90Sr were determined by 
LSC measurement. The results are shown in Table 3. The 
results of the activity concentrations of 89Sr and 90Sr are in 
good agreement with the values obtained with the stand-
ard strontium method. Unfortunately, the target value of the 
intercomparison exercise has not been published yet, so an 
evaluation of the method was not possible.

To ensure that the method is generally applicable to 
food, the most complex matrix among the investigated 
food samples, hazelnut spread, was tested for repeatabil-
ity. The results are presented in Table 4. The mean yield 

Table 2  Spiked food samples (in parentheses the number of replicates 
if any) analyzed with the fast method and obtained yields of strontium 
and plutonium

a The maximum yield does not exceed 100%
b The plutonium fraction got partially lost during the process

Food sample m (g) 90Sr yield (%)a 242Pu yield (%)

Salad (2) 11.1 ± 0.5 99 ± 4.6 81 ± 7.9
Wild boar meat 10.8 ± 0.5 98 ± 4.5 70 ± 7.7
Grapes 11.2 ± 0.6 94 ± 4.5 54 ± 7.9b

Cereals 10.9 ± 0.5 98 ± 4.6 75 ± 7.4
Pasta casserole 11.1 ± 0.5 94 ± 4.7 66 ± 8.1
Hazelnut spread (3) 10.9 ± 0.5 96 ± 4.6 82 ± 7.3
Milk 52.6 ± 2.6 98 ± 7.5 84 ± 7.4

Fig. 2  α-Spectrum of the plutonium fraction separated from the 
hazelnut spread sample
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and the standard deviation were 91.6 ± 6.3% for 90Sr and 
81.7 ± 7.7% for 242Pu.

The quality control of the radiostrontium analysis was 
supported by AAS measurements. The stable isotopes of 
strontium, calcium and barium were measured with AAS 
to monitor the chemical yield of strontium and the separa-
tion of the three alkaline earth metals. The obtained results 
for the other samples were similar in regard of the separa-
tion of strontium, barium and calcium The AAS results 
of the wild boar meat experiment are shown in Fig. 4 as 
an example. The largest part of barium and calcium is not 
retained on the columns, but found in the effluent and the 
first washing fraction. A small fraction of barium and cal-
cium is retained on the Sr-resin and eluted with the barium 
fraction. A part of the calcium is retained on the DGA-
resin and eluted with the calcium fraction. No calcium or 
barium is found in the strontium or plutonium fraction. All 
the strontium is found in the strontium fraction.

Fig. 3  Analysis time needed for 
the determination of radiostron-
tium and plutonium isotopes

Table 3  Activity concentration with the statistical counting error of 
89Sr and 90Sr for raw milk from the intercomparison exercise

Sample 89Sr activity (Bq L−1) 90Sr activity (Bq L−1)

Milk 1 19.5 ± 0.1 5.5 ± 0.03
Milk 2 19.2 ± 0.1 5.2 ± 0.03
Milk 3 19.4 ± 0.1 5.4 ± 0.03
Mean 19.4 ± 0.14 5.4 ± 0.12

Table 4  Yield and absolute uncertainty obtained for strontium and 
plutonium for spiked hazelnut spread (Hs) samples

a The maximum yield does not exceed 100%

Sample 90Sr yield (%)a 242Pu yield (%)

Hs-1 94 ± 4.6 91 ± 7.3
Hs-2 83 ± 4.8 82 ± 7.2
Hs-3 98 ± 4.5 72 ± 7.2

Fig. 4  Results of the AAS 
measurement of the wild boar 
meat experiment
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Uncertainty analysis and detection limits

The uncertainty analysis and the determination of the detec-
tion limits were performed with the software UncertRadio 
2 version 2.1.8 2017/07 according to ISO 11029 [15]. The 
detection limit of 90Sr was 0.5 Bq kg−1 for solid food and 
0.1 Bq L−1 for milk. The combined overall uncertainty for 
the activity concentration of 90Sr was around 15% with 
a coverage factor of k = 2. In the case of the uncertainty 
analysis of plutonium, the detection limit of 239/240Pu was 
0.1 Bq kg−1. The overall uncertainty for the activity concen-
tration of 239/240Pu will be determined in the future using an 
adequate standard reference material because the samples 
analysed during the method development does not contain 
any 239/240Pu.

Conclusions

A fast method based on extraction chromatography was 
developed for the determination of radiostrontium and plu-
tonium isotopes in food samples. A DGA- and a Sr-resin 
cartridge were combined to separate strontium and pluto-
nium. The chemical yields obtained were typically around 
95% and 70% for 90Sr and 242Pu, respectively. The overall 
analysis time for the method is around 11 h. If only radi-
ostrontium has to be determined, the overall analysis time 
reduces to 7 h. The method is applicable also for determina-
tion of 241Pu. The detection limits of strontium are about 
0.5 Bq kg−1 for solid food samples and 0.1 Bq L−1 for milk 
with one hour counting time. The detection limit of 239/240Pu 
was 0.1 Bq kg−1 with 3 h counting time. It was demonstrated 
that the method is suitable for a large variety of food sam-
ples. The method needs further work concerning the contam-
ination of the plutonium α-source with natural radionuclides. 
In case of a radiological emergency this method is suitable 
due to its quickness and its sensitivity to give a fast response 
to the decision makers.
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