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1. Introduction

Since the atomic weapons tests in the fifties and early
sixties of the last century and the nuclear power plant
accidents (Chernobyl in 1986, Fukushima in 2011), also
anthropogenic fission and activation products are
dispersed in nature [l]. They included such
radionuclides as **Cs, ¥’Cs, *'I and *°Sr. Due to their
relatively long half-lifes of 28.5 and 30.17 yr, the
fission products *°Sr and '*’Cs which are of relevance
from the radiation protection point of view, can still be
detected in environmental samples.

For the determination of *’Sr in environmental
samples numerous methods such as fuming nitric acid
procedure, ion exchange, or extraction techniques using
Sr Specific resin from Eichrom Technologies have been
described [2-4]. In this paper we present soil sample
data of vertical distribution of *’Sr activities from
selected areas in Jeju Island, Korea.

2. Materials and methods
2.1 Reagents and equipment

All chemicals used are of analytical grade, and the
pure water is obtained with a Gradient A10 (Millipore,
USA). The carrier solution Sr(NO;), is prepared by
weighing from the corresponding salt. Reagents used
for the digestion of the moss samples were 37%
analytical grade HCl (Merck, Germany) and 65%
analytical grade HNO; (Merck, Germany). Sr-Spec
resin(particle size: 100 um to 150 ¢m) was obtained from
Eichrom Industries, Inc. A standard solution of QOSr/goY,
provided by KRISS (Korea Research Institute of
Standards and Science; Certification No. 1107-00441-
001), was used for calibrating the counting efficiency of
*Sr and Y as a function of quenching. Separation of
“Sr and Y was carried out with extraction
chromatography utilizing a Sr-Spec column. Ultima
Gold LLT (Perkin Elmer Instrument) scintillation
cocktail was mixed with the sample solution in a 20 mL
low-potassium glass vial. Quantulus 1220 (Perkin
Elmer Instrument) was used for the measurement of
radiostrontium by liquid scintillation counting (LSC).

2.2 Collection of the samples
This study took place at Jeju Island (Korea), ca.

1,400 km southeast of the Fukushima Daiichi nuclear
power plant. Annual rainfall of Jeju Island ranges

between 1,000 mm and 1,800 mm, with an average of
1,460 mm. The altitude of Mt. Halla (center place of
Jeju Island) is 1,950 m. The samples were collected
from 4 locations in 2013 (Fig. 1, Table 1). Sampling
area and locations are presented in Table 1.
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Fig. 1. Sampling sites of Jeju island.

Our soil samples stem from the eastern part
(Sanbangsan, 424 m), northern part (Gwaneumsa, 548
m), the western part (Dolohreum, 692 m), the southern
part (Miaksan, 472 m) and the of the Mt. Halla in Jeju
island. With a tube an approximately 10 ~ 20 cm deep
bore was drilled into the soil. The obtained 4 samples
were divided into layers. Before measurement the
samples were air dried.

Table 1. Geographical information of the sampled
locations

Location Geo code Algrt};de Sa(r;;;;éed
(Sanbangsan)  Dagealioop 424 2013:06:05
(Gwarllljumsa) 132360"2353?2748;'\115 548 2013-07-11
(Dolirrleum) 13 23;3;7'}58 946"’1’\115 692 2013-07-18

(Miilfsan) 1323613831;3001\]]3 472 2013-08-08

2.3 Determination of *’Sr in soil

All samples were dried in an oven at a temperature of
105°C for 24 h. The samples were powdered and
homogenized in the laboratory. The 100 g soil samples
were ashed at 550 °C in an electric furnace. Soil ashes
were dissolved in 1 L of 9 M HCI and 1.0 mL of 10.0
mg/mL Sr carrier was added. After stirring for 5 h, the
sample solution was filtered; the beaker and filter were
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washed with a few milliliters of 9 M HCI and 500 mL
hot water. Iron precipitate was removed from the
alkaline solution (> pH 10) by conc. NH;. A few
milliliters of HCI (< pH 1) and 40 g of oxalic acid ware
added to the solution. Strontium oxalate was
precipitated from the alkaline solution (> pH 4) by conc.
NHj. The precipitate was filtered through a GF/C filter
paper. The precipitate was dissolved in ca. 30 mL 8 M
HNO;. Subsequently *Sr was purified on Sr-Spec resin.
The flow rate for all procedures was kept at 1 mL/min.
The fractions were mixed with the cocktail Ultima Gold
LLT scintillation cocktail and measured by LSC on a
Quantulus1220 (Wallac, Finland, now Perkin Elmer).
The stripped solution was evaporated by heating on a
hot plate at 100°C. The lower limit of detection (LLD)
of *Sr was calculated according to [5]. It was 1.1 Bq
kg" for soil samples (counting times and chemical
recovery as with ash samples, sample mass: 100 g of
dried soil).

3. Results and discussion

The *°Sr activity concentrations of each sample are
shown in Table. 2. The *’Sr vertical concentrations in
the investigated soil samples were 18.24 +0.42 ~2.77 +
0.22 Bq kg in eastern part (JE; Sanbangsan, 424 m),
18.27 + 0.28 ~ 1.69 + 0.11 Bq kg' in northern part (JN;
Gwaneumsa, 548 m), 45.27 £2.60 ~3.76 £ 0.19 Bq kg
"in the western part (JW; Dolohreum, 692 m) and 8.70
+0.59 ~ 1.09 + 0.14 Bq kg in the southern part (JS;
Miaksan, 472 m) of the Mt. Halla in Jeju island,
respectively.

Table 2. Activity concentrations of *’Sr in Jeju island
soil samples with depth

. Depth Sr-90 Activity
Site (cm) (Bq kg™ -dry) MDA
JE 1-2 18.24 £0.42 0.33
3-4 14.51 +1.24 2.18
4-6 7.72+0.51 0.80
6-8 7.39+0.56 0.93
8-10 2.77+0.22 0.39
IN 1-2 18.27+0.28 0.21
3-4 13.48+£0.24 0.20
4-6 6.22+0.19 0.24
6-8 7.51+0.17 0.18
8-10 1.69+0.11 0.21
W 1-2 13.46 £ 0.67 0.91
3-4 4527 +£2.60 3.83
4-6 7.86+1.11 2.30
6-8 4.56 +0.29 0.45
8-10 3.76 £0.19 0.26
JS 1-2 8.70 £ 0.59 0.94
3-4 1.09+0.14 0.29
4-6 3.64+0.20 0.29
6-8 <MDA 2.14

8-10 1.46 £0.41 0.96

Activities of *°Sr show the highest value at the surface
soil and decrease with depth (Fig. 2).
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Fig. 2 Vertical distribution of *Sr activities in the soils
from Jeju island: (a) JE, (b) JN, (¢) JW and (d) JS sites.

4. Summary

Vertical distributions of *°Sr activities are studied for
the soils of four areas, Jeju island, Korea. Activities of
“Sr show the highest value at the surface soil and
decrease with depth.
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