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We investigated the interference of radiolead in the isolation of radiostrontium using a stron-
tium-specific resin by means of 358r and 212Pb radiotracers. The resin was found to be almost
equally specific for lead ions as well. Elution of Pb2+, however, was found to occur at very low
acid concentrations (<0.02 M HNOj3) of the elutant. Even with pure distilled water as the
elutant, elution of lead cannot compete with strontium, due to the delayed elution dynamics
caused by residual acid in the column. In contrast to strontium, which is eluted quickly from
the column and almost quantitatively after 4 mL elutant (practically independently of the acid
concentration of the elutant), lead is eluted with much delay and not completely after the
10 mL elution. The Eichrom method for the determination of radiostrontium in water pro-
poses elution with 0.05 M HNOj3, which was found extremely useful, because at such an acid
concentration, no radiolead is eluted from the column and allows the production of a pure
radiostrontium fraction which can be measured by liquid scintillation counting.
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INTRODUCTION

Following the Fukushima nuclear accident, enor-
mous efforts have been undertaken to monitor the re-
leased radionuclides, both in Japan [1, 2] and globally
[3]. In most cases, y-emitting radionuclides such as '3'1,
129mTe 134Cs, 136Cs, 137Cs, and others were monitored
and investigated, see e. g. [4-8]. Gamma-emitters offer
the advantage of allowing the qualitative and quantita-
tive determination of the activity in a straightforward
radioanalytical measurement, without major require-
ments with respect to sample preparation.

The analysis of other radionuclides, in particular
pure [ -emitters, is much more elaborate because it
usually requires the separation of the targeted
radionuclide from other B -emitters, which may even
occur in excess. In particular, this refers to the
radiostrontium isotopes **Sr (7, = 50.5 d) and *°Sr
(T, = 28.9 years). Both radionuclides, of which the
long-lived ?°Sr is regarded as the more important one,
are prominent fission products and biologically rele-
vant. Due to its chemical similarity with calcium,
radiostrontium is taken up into the bone and generally
believed to have a long biological half-life. Stron-
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tium-90 (maximum S~ energy 0.5 MeV) has a
short-lived daughter, *°Y (7}, = 64 h), which is a very
poor y-emitter as well, but a powerful S -emitter with a
maximum [ -energy of 2.3 MeV. Bone-seeking
radiostrontium adversely affects the bone and the bone
marrow and may cause leukemia [9] or skeletal malig-
nancies [10], thus giving rise to the need of its monitor-
ing (especially in food) after nuclear accidents
[11-14]. Following the Fukushima accident, only few
studies were conducted with respect to the monitoring
of 2Sr [11, 15].

Environmental analysis of *°Sr (and its daughter
nuclide °°Y) requires the effective separation from
other y-emitters before its measurement using liquid
scintillation counting (LSC) or other radioanalytical
methods. Without separation, in particular radio-
cesium isotopes are likely to cause interferences, espe-
cially since they usually occur in excess in the environ-
ment after a nuclear accident or explosion (both higher
fission yield and volatility). Today, the separation us-
ing strontium-selective resins (“extraction chromatog-
raphy”’) has become state-of-the- art [16-20], although
electrochemical separation of °°Y has also been used
recently [21]. Previous publications [22-24] on the en-
vironmental monitoring of *°Sr using this method have
already addressed the possible interference with 21°Pb.
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A more in-depth evaluation of the interferences be-
tween lead and strontium and their elution dynamics is
the topic of this study.

MATERIALS AND METHODS
The strontium-specific resin

The strontium-specific resin is based on
crown-ether (4,4'(5")-di-t-butylcyclohexano-18-crown
-6) and was purchased from Eichrom®/TrisKem®
(SR-resin™, 100-150 pm). This type of resin is very se-
lective for strontium and shows little affinity for the
chemically related calcium or other typical fission prod-
ucts such as radiocesium or actinides such as thorium.
However, previous studies demonstrated a high selec-
tivity for certain other elements, including barium, lead
and polonium [25-27]. The interference with ubiqui-
tously naturally occurring radiolead, most importantly
210pb (a member of the 238U decay chain), potentially
poses a serious problem in the determination of *°Sr. In
contrast to other possibly interfering radionuclides,
such as “°Ba (y-emitter) or 21°Po (« -emitter), >'°Pb is a
relatively poor y-emitter (low energy y-emission at 46.5
keV with 4.25% intensity), just like the targeted analyte
%0Sr. Lead-210, hence, cannot or may only hardly be
identified via y- or a-spectrometry. Moreover, its
half-life (7, = 22.2 years) is comparable to the one of
90Sr, which makes it impossible to distinguish the con-
tribution of one radionuclide to the measurement of the
other by cooling. Although the maximum S~-energies
are different (>'°Pb: 17.0, 63.5 ke V), a contribution to
the count rate of the LSC measurement of *Sr cannot be
excluded. Lead-210 is also a strong conversion and Au-
ger electron emitter [24].

Both strontium and lead show some chemical
similarity. In the environment, both elements usually
occur in a divalent state [28]. Further, they have simi-
lar ionic radii in crystals: 1.18 A for Sr** and 1.19 A for
Pb?" (both for co-ordination number 6). It does, there-
fore, not come as a surprise that one of these elements
often occurs along with the other, for example in hu-
man and animal bone [28, 29].

Radiotracers

Spotting the mass flow in extraction chromato-
graphic experiments, such as the determination of the re-
covery (yield) of the several types of ions, has tradition-
ally been done by the chemical analyses of stable carrier
ions [22-24]. In the present study, we have developed an
alternative  analytical protocol using y-emitting
radiotracers instead. For strontium, we used ¥Sr (T, =
= 04.9 d; y-line at 514 ke V) which was produced by neu-
tron irradiation of stable Sr(NO,), in the TRIGA Mark II
research reactor of the Atominstitut [30]. A Sr stock solu-

tion was prepared in 8 M HNO, with an initial 33Sr
activity concentration of approximately 1360 Bg/mL.
The solution also contained 10 mg/ mL stable strontium
which acted as the carrier over the course of the experi-
ments.

A suitable y-emitting proxy for 2'°Pb was found
in the naturally occurring lead isotope 2'*Pb (**’Th
progeny; T, = 10.6 h; y-line at 238.6 keV). It was
used in the form of a 23>Th stock solution with a con-
stant 2'?Pb activity concentration of 320 Bg/mL
(solution of approx. 30 years old Th(NOj;), with
cr, = 84 mg/mL). In this case, stable Pb?" had to be
added as a carrier in the form of Specpure® AAS Pb
standard solution (cp, = 1000 pg/mL).

The use of y-emitters offers several advantages.
Samples can be analyzed non-destructively, with no
sample preparation and within a reasonably short time.
Also, the extraction chromatography column can be
analyzed as a whole in order to obtain at least qualita-
tive information on retained radionuclides.

Experimental set-up

In this study, we have used aqueous samples
which constitute not only the simplest sample matrix,
but can also be regarded as a simulation of contami-
nated water such as rain water.

Aliquots of the >'?Pb (1 mL) and *Sr (0.2 mL)
stock solutions, as well as of the lead carrier (1 mg Pb*"),
were compounded and adjusted with concentrated nitric
acid to 8 M. The Sr specific resin was equilibrated with
8 M HNO,; for at least 45 min before loading the column
with the mixture (total volume per experiment 10 mL).
The column was made up of approximately 300 mg of Sr
resin. The columns were reused only once, as this has
previously been confirmed not to affect the resin's per-
formance [22, 24]. The time of loading was noted for de-
cay correction. After loading, the column was rinsed
with 2 mL of 8 M HNO;, followed by the Eichrom-rec-
ommended rinsing, using 5 mL of a solution of 0.05 M
oxalic acid in 3 M HNO; [31]. The elution was per-
formed with elutants based on nitric acid with variable
concentrations. Throughout the experiments, the elutant
volume was constant at 10 mL.

Activities of both 83Sr and 2'>Pb were determined
using a HPGe y-detector (see [32-35] for details) in cali-
brated geometries. This allowed for the detection of re-
sidual radionuclides in the column, as well. Measure-
ment times were 3600 s throughout the study.

RESULTS AND DISCUSSION
Pb sensitivity of the Sr specific resin

As an initial experiment, the total elutability of
both #3Sr and 2!?Pb with different elutants was exam-
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ined in order to check for the sensitivity of the Sr spe-
cific resin for Pb under different elution conditions. In
this experiment, 10 mL of the elutant with variable
HNOj; concentrations (0, 0.0001, 0.001, 0.01, 0.02,
0.03, 0.04, 0.05 M HNO;) was investigated (see fig.
1). In the analytical method for the determination of
%0Gr in water provided by Eichrom [31], an elutant of
0.05 M is suggested. At this acid concentration,
Landstetter and Wallner [24] reported a total retention
of Pb in the resin. We can confirm this observation. At
HNO, concentrations higher than 0.02 M, no 2!?Pb
was eluted in detectable amounts. Gamma-spectro-
metric investigation of the loading solution, as well as
of the resin after elution, confirmed that Pb is retained
by the resin virtually completely at a loading acid con-
centration of 8 M HNOj;. The elution of Pb, however,
only takes place to a significant extent when using wa-
ter as the elutant (approximately 53% using 10 mL of
H,O0 as elutant) and dramatically decreases even at low
HNOj concentrations, as shown in fig. 1. Strontium, in
contrast, is eluted almost equally between 0 M HNO,
(i. e. pure water) and 0.05 M HNO;, with typical re-
coveries around 90%. We have found that these recov-
eries are somewhat lower than in an investigation of
environmental samples we undertook recently. One
can speculate that high Th*" concentrations may de-
crease the performance of the Sr resin in this case.

Elution dynamics of Sr and Pb

In a second experimental series, the elution dy-
namics for both radionuclides from the Sr resin were
investigated. Hereto, the elutant was not measured as a
bulk sample, but collected milliliter-wise in polyethyl-
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Figure 1. Elutability of 8Sr (circles) and 2'2Pb (crosses),

using variable HNO; concentrations with the elutant.
The elutability was calculated as the activity in the
elutant in % of the activity of the loaded radionuclides.
Uncertainties (error bars) are due to counting statistics.
Results were corrected for decay, back to the time of
loading

ene vials that were measured sequentially after the ex-
periment using the Atominstitut's sample changer. The
results of this investigation are illustrated in figs. 2
(®3Sr) and 3 (>'°Pb).
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Figure 2. Elution dynamics of *Sr in dependence of
HNOj; concentration. Uncertainties (error bars) are due
to counting statistics. Results were corrected for decay,
back to the time of loading
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Figure 3. Elution dynamics of ?*Pb in dependence of
HNOj; concentration. Uncertainties (error bars) are due
to counting statistics. Results were corrected for decay,
back to the time of loading

Strontium proved to elute quickly, especially at
low acid concentrations (fig. 2). After 4 ml or S mL (of
10 mL applied), #Sr was eluted virtually quantitatively.
The maximum activity was found in the second aliquot
for all elutants measured. Elution with the TrisKem-
-recommended HNO; concentration of 0.05 M was
shown to be just marginally delayed, so that, when ap-
plying 10 mL of the elutant, elution performance at this
acid concentration is equal to a pure H,O elutant.

The elution of lead, in contrast, proved to be
much delayed (fig. 3). The maximum activity concen-
tration was found in mL-aliquot No. 6 (0.0001 M
HNO;) or No. 9 (0 and 0.001 M HNO,), respectively.
It is obvious that, after elution with 10 mL, some resid-
ual 21?Pb is still retained in the resin (as also observed
by y-spectrometry on the resin after elution). The inte-
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gral elution performance at 0 and 0.0001 M HNO; was
quite comparable (220 and 260 Bg/10 mL, respec-
tively), whereas at 0.001 M HNO;, only a total of
merely 60 Bq was eluted after the 10 mL elution.
Please note that (due to the lower activity of the stock
solution), errors due to counting statistics were much
higher with 2!>Pb than with 3°Sr, introducing some un-
certainty into this discussion. It is likely that residual
acid after loading and rinsing in the column is respon-
sible for this delayed elution. Only after a couple of
mL, the residual acid was removed by the elutant.

Effects of n-octanol

In one of their pioneer works on the interference
of 219Pb in the determination of *’Sr, our colleagues
from the University of Vienna proposed the separation
of Pb and Sr in a two-step procedure [22]. First Pb>*
ions are separated via a Dowex ion-exchange resin
(Cl-form). In a second step, Sr*" ions are separated
from the other cations with the help of the above men-
tioned strontium-specific resin. Interestingly, after
loading the column with 8 M HNO;, Wallova et al.,
somehow propose the rinsing of the column with dis-
tilled water saturated with n-octanol, followed by a
rinsing with 8 M HNO; (saturated with n-octanol) for
further strontium purification. Further rinsing steps in-
clude 8 M HNO; (removal of bismuth and polonium)
and 3 M HNOj (removal of yttrium, radium and cal-
cium). Finally, strontium elution with distilled water is
proposed [22].

We repeated this procedure on the stron-
tium-specific resin with two small modifications. One,
we repeated the experiment not only with the 8Sr
tracer, but also with the 212Pb tracer in order to investi-
gate the behavior of Pb?" with the n-octanol saturated
rinsing solutions. Two, we used the well-proven rins-
ing solution consisting of 3 M HNO; and 0.05 M ox-
alic acid in order to efficiently remove foreign cations.
Rinsing agents H,O and 8 M HNO; were allowed to
stay in the mixture with n-octanol for four days prior to
their use for full saturation.

We found that rinsing the column with 10 mL of
distilled water saturated with n-octanol already elutes
Sr quite efficiently (approx. 60% of the loaded
amount) and Pb (approx. 75% of the loaded amount).
This result is consistent with our previous findings
(figs. 1 and 2) which suggested efficient elution for
both ions at a neutral pH. The elutability of 2!?Pb ap-
pears to be slightly enhanced when H,O saturated with
n-octanol is used.

Itis likely that Wallova et al. meant conditioning
the column using H,O saturated with n-octanol and 8§
M HNOj saturated with n-octanol, because the analyt-
ical separation scheme in the same publication (fig. 1
in [22]) does not mention these “rinsing” steps. After
all, Wallova et al. came up with decent results in their

study (relatively high %°Sr activity concentrations in
animal bone), which would not have been possible if
the entire amount of *°Sr was virtually accidentally
eluted from the resin in the first rinsing step.

In any case, we think it is important to report this
to the radiological community so that it can exercise
caution when using Wallova's analytical protocol,
which, apart from this possible confusion, we found
extremely suitable and recommendable.

CONCLUSIONS

The strontium-specific resin was found to be al-
most equally specific for lead ions, as well. The elution
of Pb2", however, was found to occur at very low acid
concentrations (<0.02 M HNOs;) of the elutant. In this
respect, results of the Wallner group in Vienna (who
found co-elution of *Sr and ?!°Pb when using distilled
water) could be confirmed [24]. Even with pure dis-
tilled water as the elutant, the elution of lead cannot
compete with strontium, due to the delayed elution dy-
namics probably caused by the residual acid in the col-
umn. In contrast to strontium, which is eluted quickly
from the column and almost quantitatively after 4 mL
elutant (practically independently of the acid concen-
tration of the elutant), lead is eluted with much delay
and not completely only after the 10 mL elution, due to
the residual acid in the column.

The Eichrom method for the determination of
radiostrontium in water proposes elution with 0.05 M
HNO; [31], which was found extremely useful, be-
cause at such acid concentration no radiolead is eluted
from the column.

For other resins, such as the Actinide ResinTM
by Eichrom/TrisKem, it has been suggested to add the
resin directly into the LSC cocktail [36]. If this is done
with the strontium-specific resin — loaded with both
%0Sr and 2'°Pb — this could be quite problematic. In
such a case, both ?°Sr and 2!°Pb contribute to the
counting in the LSC through direct S-radiation from
the resin into the LSC cocktail and probably also
through the elution of both nuclides from the resin into
the non-acidic cocktail.

We observed that the resin performance (Sr re-
covery) was slightly poorer when loading not only
85Sr with a stable Sr carrier, but in combination with a
relatively concentrated Th*" solution, along with a
Pb?* carrier, indicating an interference of the resin
with excess Th*" ions.
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Mapuja KOHAJIAT, Augpeac MY3UIIEK, IN'eopr MITAJHXAY3EP

O YTHUIIAJY 21ph HA OAPEBUBAIGE %Sr KOPMITREILEM CMOJIE
CNELU®UYHE 3A CTPOHIINIYM

HcrpakuBany cMO yTHUIIA] pafilOaKTUBHOT OJI0Ba IIPU U30Malliji PAAMOAKTUBHOT CTPOHIIUjyMa
kopucrehn cMony crienuduuny 3a CTpoHIEjyM, ynorpebom St u 212Pb paanooGenexkusaua. 3a cMony je
YOUEHO fla IMa CKOPO HCTE KapaKTEePUCTHUKE U 3a joHe oJ10Ba. Mnaxk, 3a enynujy je HabeHo f1a ce pemasa npu
jako HUCKMM KOHIeHTpamnujama kucennHe enyranTta (<0.02 M HNO;). Yak u ca 9ncTOM ACCTHIOBAHOM
BOJIOM Kao €JIyTaHTOM, eJlyliija 0JI0Ba HE MOKE JIa ce MOPEAU ca ENyLUjOM CTPOHILIUjYMa YCIIe] Kallllbeha
AUHAMUKE eJIylidje U3a3BaHe 3a0CTAJIOM KHCEJINHOM y KOJOHU. Y OJHOCY Ha CTPOHIUjYM, KOju ce Op30
eJyupa M3 KOJIOHE M CKOPO YBeK KBaHTUTATHBHO mocine 4 mL enyraHTa (mpakTHYHO HE3aBHCAH Off
KOHI[EHTpaNyje KICEJIMHE eIyTaHTa), OJI0BO Ce ellyrpa ca JOCTa Kalllibelkha U TO He MOTIYHO HU IOCIe
10 mL enyuuje. Eichrom meTop 3a ogpebuBame painoakTUBHOT CTPOHLIUjyMa Y BOJIU IpeJIaKe eqyuujy ca
0.05 M HNOj3, mmrTo ce noka3ano BeoMa KOPUCHUM, jep IIpU TaKBOj KOHIEHTPALIUj 1 KUCEINHE HeMa eJTyLuje
PafgnoaKTHBHOT OJI0Ba 13 KOJoHe. To oMoryhasa npon3Bofky YACTOT PAJHOAKTHBHOT CTPOHIIjyMa KOjH
ce MOXe MepuTH noMohy Opojaya ca TeYHUM CUUHTHUIATOPOM.

Kmwyune peuu: paouoobenexcusad, paouociipoHyujym, 04080, eKCIlipaKuyuoHa xpomaitiozpaguja, iiewHu
CUUHTHAUAATILOD, HCUBOTUHA CPEOUHA



