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Abstract — Strontium selective chromatographic material (Sr-Spec™) was investigated for
separation of radiostrontium from environmental soil and water sample. This chromatographic
material has great capacity of binding of strontium ion in nitric acid media, and has selecti-
vity to permit the separation of stontium from bulk amount of calcium. But the extraction
of strontium was reduced by the other interfering ions such as K and Ba. So, in order to
apply this material to the soil sample, prior removal treatment of K and Ba was needed. But
the Sr-Spec material could provides simple and effective methods for the separation and re-
moval of radiostrontium from liquid sample.
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INTRODUCTION

Radiostrontium (**Sr and *Sr) is among
the most hazardous isotopes generated in
nuclear operations. Long-lived nuclides 7%
Pu, 2Py, *Am, *Sr, and ®'Cs were deposi-
ted on the soil surface in the sixties as a re-
sult of the global fallout from nuclear wea-
pons testingl1, 2] and again in 1986 after
the reactor accident at Chernobyll3] “Sr is

the long-lived beta emitter(about 28 year),
and have no gamma-ray emissions and the-
refore had to be radiochemically separated
and measured by means of teir beta emis-
sions. Because of their chemical similarity to
calcium, radiostrontium can replace calcium
in the biosphere and reaches man via the
food-chain. These isotopes, if ingested, are
readily incorporated within bone tissue,
where they may be retained for a considera-
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ble length of time(biological half-live is about
50 year[4]. Due to the long residence time
in the human body and the high radiotoxicity
of radiostrontium, the separation and measu-
rement of radiostrontium and its activity in
environmental samples have important mea-
nings. In recent years, numerous methods
have been made in separation of strontium.
There are a number of different radiochemi-
cal procedures available in the literature
which based upon precipitation(5], liquid-li-
quid extraction[6], ion-exchange(7], and ch-
romatographyl8]. All of these procedures,
however, suffer from various limitations. For
example, precipitation method must contain
tedious and time-consuming treatment which
must often be repeated several times to ob-
tain adequate recovery of strontium. Further-
more, this method involves the use of fuming
nitric acid which is extremely hazardous. Li-
quid-liquid extraction is too cumbersome for
use with large number of samples and usua-
lly requires the use of toxic solvent such as
tri-butyl phosplate or dichloroethane. Ion-ex-
change procedures typically require careful
pH control, becausesatisfactory separations
from calcium are archived only within a nar-
row pH range. Moreover, this pH range is
affected by the amount of calcium present
[9]. Horowitz and coworkers have shown
that strontium may be efficiently extracted
from aqueous solutions containing high con-
centrations of nitric acid by solution of va-
rious crown ehters dissolved in any of a nu-
mber of aliphatic alcohols and ketons{ 10, 11].

He demonstrated that extraction chromatog-.

raphy, using a solution of 44'(5)-bis(tert-
butylcyclohexano)-18-crown-6(DtBuCH18C6)
(Fig. 1) in l-octanol sorbed on an inert sub-
strate(Amberchrome or Amberlite), provides
a simple and effective method for the preco-
ncentration and separation of strontium from
nitric acid medial12]. Such a work has rece-
ntly become commercially available under the
trade name Sr.Spec(EIChroM Industries,
Inc.) By considering the possibility that Sr.
Spec™ could be successfully applied to the

Fig. 1. Structural formular of 4,4'(5")-bis(tert-but-
ylcyclohexano)-18-crown-6.

analysis of radiostrontium, we applied this
chromatographic material for separation of
strontium from environmental sample, and
examined the fact that Sr.Spec™ has selecti-
vity to permit the separation of strontium
from samples containing various interfering
radionuclides and large amount of calcium.
We examined its applicability to determina-
tion of radiostrontium about environmental
radiation monitoring programs also.

EXPERIMENTAL

Materials The chromatographic material
(St.Spec™) was obtained from EIChroM in-
dustries, ILUSA. The characteristics and pro-
perties of this material are described in table
1, and was used without any purification.
The tracer Sr, *Mn, %Co, **'Cs were obtai-
ned from Isotope Product Laboratory(Bur-
bank, California.U.S.A.) as aqueous solutions
of the nitrate. All other reagents were ACS
grae and were used as purchased.
Apparatus Gamma counting were perfor-
med on a high purity Ge(Li) low - backg-
round detector.(EG&G Ortec, Inc,TN) Ga-
mma spectra were evaluated with MAESTRO
(Ortec) software and IBM PC-AT personal
computer for multichannel analyzer emula-
tion.

Procedures Distribution ratio(Dy) measu-
rement; The distribution ratio of strontium
from 3 M HNO; solution by the resin was
measured bymixing of *Sr spiked solution of



Table 1. Characteristics of Sp.SpecTM chromatogra-
phic material and packed column.

SpSpec™ Material
10M DtBuCH18C6 in 1-octanol
(d=0912g/mD)
Amberchrom™ CG-71 or
Amberlite™ XAD-7

Stationary Phase

Support

Particle Size(diam.) 50— 100 pm
Extractant Loading 40 weight percent
Average Density of 1.12g/ml

Extractant-loaded
Beads

Packed Column

Vs ml/ml of Bed 0.146 + 0.004

Bed Density(g/ml) 0.33

Vm(F.CV) ml/ml of Bed 071+ 001

Capacity(mg/ml of Bedh 106

various concentration with DtBuCH18C6.

Equal volumes(1 ml) of a ®Sr tracer in 3 M
nitric acid and various concentration of Dt-
BuCH18C6 dissolved in an n-octyl aicohol,
were pipetted into a 15-ml glass-stoppered
tube and stirred for nearly 60 min. at room
temperature. After settling for about 60 min.
aliquots from aqueous phase were withdrawn
for radioassay. The distribution ratio(Dy) of
the ions defined as the ratio of concentration
of the ion in the organic phase and in the
aqueous phase, was calculated by described
below.

_A AV

_Yaq
A, Vs

where A, and A, are the activity of the
aqueous solution before and after equilibra-
tion with constant nitric acid concentration
solution. V,, is total aqueous phase volume
and V, is aqueous phase volume needed for
radiometric determination.

Preparation of soil sample; Woodland un-
disturbed surface soil were taken to a depth
of 2 cm. A sample of 2 kg was then weighed,
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air dried and placed in an oven at 100°C for
24 hour, and sieved to remove stones and
febbles, and crushed to pass through a 2-mm
mesh sieve. The dry sample was carefully
ashed at 550°C over night. If the ash was
not free of organic carbon, the residue was
moistened with concentrated nitric acid, fu-
med off to dryness, and ashed again at 550
°C over night. To a 50 g of pretreated sam-
ple into a 3 liter beaker, 200 mg of Ca car-
rier, 50 mg of Sr carrier and 0.1 mi of &g
tracer were adde. The sample was dissolved
with 500 ml of conc. HCl by heating on a hot
plate about 2 hour. The sample filtered and
washed the residue with hot water and pre-
served the filtrate. The residue was redissol-
ved with conc.HCl with stirring, followed by
filtering and washing with hot water and tra-
nsferred the filtrate and washing to the first
of filtrate. The filtrate was evaporated to 400
ml and added 1 liter of conc. HNO; and eva-
porated to 100—200 ml. Allowed to cool and
diluted to approximately 1500 ml with water.
And added 50g of oxalic acid with stirring
until the powder was completely dissolved,
ad adjusted the pH of solution to 55—6.0
with 1. 1 ammonia water. If the brown color
of ferric hydroxide persists, add more oxalic
acid and readjust the pH. After several hours
the solution was cooled and filtered and the
precipitate washed with distilled water. The
precipitates and filtering paper were transfe-
rred to an appropriate size platinum dish and
dried overnight at 100°C and ignited the
oxalate precipitate in a muffle furnace at 400
—500°C. Continuous heating with slow rai-
sing the temperature about to 700°C for 2
hours performed complete ignition of precipi-
tates. After cooled to room temperature the
remaining precipitate was dissolved y heating
with 20 ml portions of 1:1 HNO;, and eva-
porated to completely dryness and the final
residue was dissolved with 10 to 20 ml of 3
M HNO,. In order to perform the chromato-
graphic separations of strontium from soil
samples, prepare the Sr.Spec™ column and
add 15 ml of 3M HNO, to the column and
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add 15 ml of M HNO; to the column and let
it drain out of the column by 1 ml/min. flow
rate. Transfer the sample solution using a
plastic transfer pipette to the reservoir of the
column. Add half and let it drain before ad-
ding the rest. Rinse the sample beaker with
3 ml of 3M NHO; and add it to the column
reservoir after the feed has passed through.
Rinse the column three times with 6 ml por-
tion of 3M HNOs. Let one solution pass co-
mpletely through the reservoir before adding
the next. Rinse the column reservoir with
each addition. Record the end time of the
last rinse to the nearest 15 minutes as the
start of yttrium ingrowth. Elute the strontium
with 20 ml of 0.05M HNO; into a plastic
beaker. Weigh the counting planchet accurate
to the nearest tenth of a milligram. Evapo-
rate the strontium eluate onto the planchet
under a infrared heat lamp by adding small
portions to the planchet and allowing each
portion to evaporate to near dryness between
additions. Cool the dish and reweigh after all
of the solution has evaporated. Calculate the
residue weight and the chemical recovery of
strontium. Dissolve the precipitate with a
small portionof 3M HNO; and diluted to 500
ml of plastic container with water. Count the
gamma activity of ®Sr and calculate the re-
covery of ®Sr and compare the chemical
yield of strontium by gravimetric and radio-
metric method. In order to test the existing
of non-retained strontium through the step of
loading of sample solution and washing, elua-
tes of each step were collected using withf-
ractional collector(ISCO retriever 500™) and
counted *¥Sr gamma activity each portions.

RESULTS AND DISCUSSION

To examine the nature of the species ext-
racted, the dependence of distribution ratio
(Dy) on the extractant concentration was in-
vestigated for Sr, keeping the [HNO,] cons-
tant at 3M. In terms of chemical equilibria,
the extraction of these cations by crown
ether is described by

Sr**,, + 2NO; + x DtBuCH18CS,,, <
Sr(DtBuCH18C6) ,(NO3); orp

The equilibrium constant, Kn, is given by

Dy

Kn = [DBuCHISCET,, [NO; T (D
with ‘

D = [Sr(DtBuCH18C6),(NO,), 1.,

v =

(521,
and it fillows

log Dy = log Kn + 2 log[NO; 1,, +
x log[ DtBuCH18C6],, @

As seen from equation(2), a plot of log Dy
to log[DtBuCh18C6],, at constantt HNO;]
should be a straight line with a slope equal
to the number x of extractant molecules bin-
ded to the strontium ions in the crwon ehter
in organic phase[13]. For strontium the
slope is near unit(1.15) which indicates the
formation of 1: 1 complexes(Fig. 2). Log Kn
values for strontium with crown ether are 1.
88, which shows the relatively high extracta-
bility of strontium. These facts supports the
conclusion that the dianeter of the hole in
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081 slope=115 .
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T
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Fig. 2. Log-log plot of the distribution ratio of Sr,
Dsr vs crownehter concentration in n-octanol.
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DtBuCH18C6 is good enough to accommo-
date the strontium ions. In order to test the
unretained strontium through elution of sam-
ple solution, we checked the gamma activity
of ®Sr for eluent fractions during the loading
of sample solution and washing elution, and
calculated with respect to the initial ¥Sr tra-
cer activity of the sample vs number of free
column- volumn(F.C.V.). The mixture of 0.1
ml mixed source, which contaied the isotopes
such as *Sr, ¥'Cs, *Mn and *Co and 10 mg
of Sr carrier, and bulk amounts of Ca(~100
mg) was loaded to Sr.Spec™ column in 3M
HNO; and washed with 3M HNO, about 10
F.CV. and stripped with distilled water for
strontium ion. Elution pattern of Sr.Spec™
column chromatography was shown in Fig. 3
This figure shows that the separation of st-
rontium usingwith Sr.Spec™ column material
was achieved satisfactorily in 3M HNO, and
distilled water. There was no strontium acti-
vity detection until 24 F.C.V. and stripping of
strontium requires only a small volume of
distilled water, typically 5—10 F.C.V.(radio-
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Fig. 3. Chromatographic separation of Sr from mi-
xed-source standard solution, which did not con-
tain intefering ions such as Ba and K.

metric yield was about 95 %) Gravimetric
yield of strontium was 93 %. The good ag-
reement of radiometric and gravimetric reco-
very of strontium shows that strontium was
effectively separated from sample solution
contains bulk amount of calcium. However,
several other cations, most notably potassium
and barium, also have diameters which could
enable them to fit in the crown cavity. As a
result, although the crown ether resin pre-
fers strontium, in the presence of sufficiently
large quantities of ions such as potassium
and barium, and the extraction of strontium
reduced. In order to examine the effects of
competing ion upon the retention of an such
an ion on a Sp.Spec™ column material, elu-
tion fraction of standard solution, which con-
tains bulk amounts of barium, potassium ion
(about 50 mg respectively) was evaluated,
and calculated the tracer ®Sr activity. In this
case, strontium activity was detected in initial
stage of elution through loading of standard
solution and washing the column. Elution pa-
ttern was shown in Fig. 4. The loss of stron-
tium from loading and washing stage was
about 13 %. This means that some losses of
strontium will occur during the scrubbing

12
3M HNO4 distilled water
10 M
o 8 .
E
:g a _
g 6- H
= I
3
~ 4
2-
0 ¥ T T T T T
0 5 10 15 20 25 30 35
FCV.

Fig. 4. Elution pattern of Sr when the bulk conce-
ntration of K and Ba were added to the solution.



6 AR BB EEE | 208 $15E 19954

Table 2. Comparison between radiometric and gravimetric recovery of strontium from envi-
ronmental soil sample with prior removal of K and Ba,and water sample without prior re-

moval of K and Ba.

No. of soil radiometric gravimetric No. of water radiometric gravimetric
sample  yield of Sr(%) yield of Sr(%) sample yield of Sr(%) yield of Sr(%)

1 748 74.1 1 95.1 931

2 62.0 711 2 940 93.8

3 730 710 3 96.5 94.6

4 76.1 724 4 95.8 941
elution due to the competing role of K and 100000 o DBE=INCAR GISEGMENT# 0 SEOUENCER 0
Ba for the crown ether resin. The significant 10000 DATA COLLECTED AT 17: 01 : 54 ON 16~ AUG—%4
low value of strontium yield(65 %) indicates o
that the extraction of strontium was reduced
due to the presence of interfering ions. Fur- g 10w
thermore, much more volume of distilled wa- % o
ter(20 F.CV.) was needed for stripping of £
strontium than the solution without interfe- S ow
ring ions. It follows that a reliable radio ana- ool
lytical separation of strontium by use of Sp.
Spec™ crown ether resin requires prior re- ) 0% 6143 8191
moval of the other interfering ions present 10000 sy D~ 1w kol SauENT %OLSEQUENCE R 0
in the sample. Removal of the K and Ba can 100000f DATA COLLECTED AT 09:04:15 ON 17-AUG-%
be easily achieved by oxalate and barium ch-

romate precipitation. Table 2 shows the anal-
ytical recovery data of strontium from envi-
ronmental soil with prior removal of the K
and Ba and from environmental water wi-
thout prior removal of such ions. There was
good agreement between gravimetric and ra-
diometric yield of strontium. But the total st-
rontium yield was lower than the yield of st-
rontium about water sample. For the water
sample, good agreement of strontium yield
was achieved even if the water sample was
not treated for prior removal of other ions.
The contents of other interfering ions in wa-
ter is relatively small compare to the soil sa-
mple and it is possible to think that the role
of competing ions in water is less effective
than the complicate matrix of soil sample.
The separation of strontium by use of Sp.
Spec™ was more effectively acquired for wa-
ter sample than the soil sample. Fig. 5 shows
the gamma spectra of multi-nuclides standard
solution before and after the passing through

coun Counts X 1000

2048 4096, 6143 8191
Channel Number

Fig. 5. Gamma spectraof multinuclides-mixed sta-
ndard solution a) before and b) after the passing
through Sp.SpecTM column.

Sp.Spec™ column. According to these gamma
spectra, the Sp.Spec™ material did show
high selectivity for strontium. In particular,
the various elements that were present(*
Am, B™Te, %Cr, 1Sn, #Y) were not retai-
ned on the column. Therefore, the Sp.Spec™
material could provides simple and effective
methods for the separation and removal of
radiostrontium from nuclear waste solution.
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CONCLUSION

The work described here demonstrated
that Sp.Spec™ chromatographic material has
great capacity of selective binding of stron-
tium ion in nitric acid media. This material
has selectivity to permit the separation of st-
rontium from bulk amount of calcium. But
the extraction of strontium was reduced by
the interfering ions such as K and Ba. So,
in order to apply this material to the separa-
tionof strontium about environmental soil sa-
mple, prior removal treatment of K and Ba
was needed. But the Sp.Spec™ material
could provides simple and effective methods
for the separation and removal of radiostron-
tium from nuclear waste solution.
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