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ABSTRACT

The behavior of radioactive "'Cs and stable Cs at the isolated undisturbed mountain pond in
Fukui, Japan was studied for the pond water, the sedimentary grains and the sl new the pmd.
The concentrations of Cs and stable Cs in the pond water ranged from 023 to 0.85 B/m' and

3
from 0.005 to 0.018 mg/m , respectively. The sedimentary grains were sorted by sieving into
fractions with diameter from 2 mm to less than 38 pm. 'Me concentrations of 13'Cs and stable Cs

in the sorted grains were measured,. and those of the adsorbed state were dtermined by subtracting

the concentration of the grain matrix. The adsorbed concentrations increased with decrease in
particle diameter and depended less on the kind of samples. The in-situ distribution coefficient
Kd depended largely on particle diameter and increased with the decrease in diameter. The

values of Kd ranged from about 20 to 1200 d/kg for stable Cs and about 15 to 1000 noAg for
131CS, and the Kd of "'Cs seemed to be sghtly smaller than that of stable Cs. 'Me concentration

of stable Cs in the sedimentary mud was found to be close to that of the fine gins. The

concentrations of stable Cs in the soil near the pond was about 77 mg/kg, and that of "'Cs was
about 06 kBq/kg for the surface layer soil and decreased with increase in soil depth.

KEYWORDS: Isolated mountain pond, Radioactive and stable Cs, Adsorption on sedimentary
grains, Distribution coefficient.

1. INTRODUCTION

In recent years, the igration and sorption of radioactive cesium in such environment as soil,

lake or river have been studied extensively 1,21, but the studies including both the radioactive and

stable cesium are few although the studies on such plant ecosystem as the soil-plant and/or
fimgus-animal pathway have been carried out 3,4]. In Fukui Prefecture, which is located at the

central part of Japan and facing the Japan Sea, there is a small isolated undisturbed mountain pond
named "Yasha-ga-Ike". The researches on the water and the sedimentary grains of this pond
have been carried out since 1998, as described in the following.

The pond "Yasha-ga-lke", with maximum depth of 75 m and about 40 are of water surface is
located at an elevation of II 00 m near the rige of mountain. 'Me pond is supposed to be formed
by landslide of the surrounding mountain of chert formation in the latter period of the diluvial

epoch. The outline of the pond is shown iFig.1a, in which a bold line indicates the contour of

water surface, a thin line the beach, a dotted line the portion of mud sediment and a bold double
dotted line the ridge line dividing the Prefectures. An arrow shows the path to the pond and the
ridge, respectively. Three side of the pond is surrounded by steep slopes except the left side in

the figure, which is facing the Japan Sea and a small flat portion coverd with bush is found. 'Me

watershed of the pond is small and no river flows in and out. The pond water is said to have
never run dry, and a small Japanese diving beetle "Yasha-Gengoro" specially protected due to its

rareness lives in the water. Thus this pond is regarded as an isolated undisturbed non-volcanic
pond, and it is supposed that a the fallout from the sky in the area has been accumulated. As to

the sediments of the pond, mud covers the central deep portion, and cIastic gains of different sizes
are found in the shallow place near the beach. 'Me grains are also found at the flat beach covered
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with water and snow in winter. Th smples Steep up-slope Ridge Line
of pond water and sedimentary grains were Trees

taken, and the neutron activation analysis, Fukui Gifu
gamma-ray spectrometry and ICP-MS were Trees Pref

Ponapplied to determine the concentrations of the
(Area: 40are) Steepradioactive and stable cesium in the samples. Up-slope

The concentration of any constituent element 0 Wn-
of the grain was found to decrease with Deepest Pt (7.5m)%
increase in particle size, and the adsorptive Bush I
behavior of trace elements onto the grains was I udSediment
confirmed [5,81. The concentrations of both
radioactive "'Cs from the global fifflout of the
weapon testing in the sixties and stable Cs in F7at enl --------
the pond water were determined 6 The
ratio of "'Cs concentration to stable Cs in four
water samples was about 50 MBq/kg. The Path
distribution behavior of stable Cs and Bush Mat Bush Up-slope rees

radioactive "'Cs between the sedimentary Fig la The pond "Yasha-ga-Ike"
grains and water in the pond was studied 71,
and the in-situ distribution coefficient Kd, defined as the ratio of the concentration in the adsorbed
state and in the water, was obtained. The Kd depended largely on particle diameter and increased
with a decrease in diameter.

'Me chemical composition of the grain matrix, exclusive of the adsorbed constituent elements,
was obtained by averaging the results of eight samples analyzed by the neutron activation method.
The composition expressed by wt. of main elements in oxide form is as follows: A1203 321,
Fe2O3 145, MgO 0.81, K20 077, TiO 014, Na2O 004, MnO 002 and BaO 0.01. The sum is
6.45 wt. and the rest is considered to be Mstly SiO2. These values seem to coincide with
the typical ones of the chert composition.

It is the purpose of the present study to evaluate extensively about the behavior of radioactive
137 Cs and stable Cs not only for the water and sediments in the pond, but also for the soil around
the pond- Therefore, the samples of water and sediments in the pond and of soil in the flat place
near the path to the pond were taken and the concentrations of radioactive 1 37 Cs and stable Cs were
measured by gamma-ray spectrometry, neutron activation analysis and ICP-MS analysis. The
behavior of radioactive 131 Cs and stable Cs in and around the pond are evaluated and discussed.

2. EXPERIMENTAL PROCEDURES

2.1 Concentration of radioactive 131CS and stable Cs in the pond water

As described in the previous report 6], nine samples of pond surfitce water as shown in Table
I were taken from the shallow place near the beach at different occasions from June 1999 to
October 2001, where the temperature of water varied from 12.5 to 25.5 'C. The water samples
were analyzed by ICP-MS to determine the concentration of stable Cs. The in-situ collection
of radioactive 137CS was carried out four times at the pond by pumping die water to the packed
column of acrylic fiber adsorbent, impregnated with copper hexacyanocobalt ferrate. In this case,
the water taken from two neighboring sites of about 10 m apart from the beach and 25 cm deep
was supplied to two separate column systems at the rate of 100 d�/hr up to about 500 dm 3. The
fibre was dried and packed in small vessels to measure the adioactivity by gamma-ray
spectrometer.

2.2 Concentration of radioactive 137Cs and stable Cs in the sedimentary gins

As described in the previous report 7 nine samples of sedimentary grains from the shallow
place of about 50 cm depth near the beach and one grain sample from the beach were taken at the
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Table I The rain and Water Samples and their Notations 7]

Exp. No. Sampling Water Samples for Stable Cs Samples 137CS

Date -Temp('C) Grain Water Grain Water
D June 9 99 18.0 1313 DW DB* DW*

F Oct. 16,199 15.0 FB FW FB*
G Nov. 7 99 12.5 GB GW GB* GW*
H May 23,'00 19.0 HB HW HB*
I July 17, '00 25.0 113, IY 1W IB* IW*
i Oct. 14, '00 15.5 JB JW
K May 20, ' 1 20.0 KB KW

L July 23, '01 25.5 LB LW LB LW*
N Oct. 13, I 14.0 NB NW NB*

Note IY sample was taken from the beach.

same time when the water was sampled as shown in Table 1. The grain samples were dried and

sorted by sieving into II fractions of diameters; 2 - I mm, I mm - 71 0 Am, 710 - 500, 500 - 355,
355 - 250, 250 - 180, 18 - 125, 125 - 90, 90 - 63, 63 - 38 and < 38 Am. The sieves were
chosen so as to meet the ratio of the opening dimension of any screen to that of the next saller
screen is square root of two. For each fraction of sorted grain samples, neutron aivation

analysis and measurement of "'Cs radioactivity were carried out. The samples of about 8 mg

were irradiated for 20 sec and 60 min, respectively, by KURRI (Kyoto University Research
Reactor), and the gamma-ray spectrometry was applied. The concentrations of about 25 elements
such as Na, K, Rb, Cs, Mg, Ba, Cr, Mn, Fe, Co, Al, Sc, La, Ce etc. were obtained, although only
Cs is referred in this study. In order to measure the concentrations of "'Cs in the particles, the
gamma-ray spectrometry was applied to particle sample of about 60 g kept in the plastic vessel
with 6 cm diameter by 2 cm high. 'Me decay corrections for the samples were made as to
February 2000, when the measurement of the first sample 1313 was done.

In the previous works, the adsorptive behavior of trace eements [5,81 and cesium 7] was

confirmed by the surface rubbing-off and the nirtic acid leach techniques. Therefore, the

concentration of the adsorbed "7Cs and stable Cs was obtained by subtracting the

concentration of grain matrix, which is determined by extrapolating the particle size to an

infinitive, from the whole concentration of the particle, respectively.

2.3 In-situ distribution coefficient of radioactive and stable Cs between the sedimentary grains and

pond water

From the concentration data on the adsorbed Cs on the sedimentary grains and the pond water,
the in-situ distribution coefficient, Kd, defined as the rafio of the concentration in the adsorbed state
and in the water, was calculated, and compared among the samples and between radioactive and

stable Cs.

2.4 Concentration of radioactive and stable Cs in the sedimentary mud

The samples of sedimentary mud were taken at two places of 25 in and 45 in in water depth,

using the edge for slime coupled with auger handle. The mud can be taken into the space of 0
cm in diameter and 50 cm long of the edge portion. The mud samples were dried, and neutron
activation analysis and measurement of 13'Cs radioactivity were carried out in order to determine the

concentrations of radioactive and stable Cs.

2.5 Concentration of radioactive and stable Cs in the soil sample

The soil smples were taken from the flat area near the path to the pond by using a thin-wall

tube with 75 mm of inner diameter. The area is covered with bush and slopes slightly toward the
pond. The soil was taken out from the tube by dividing every 2 n,4 and dried. After removing

- 253 -



JAERI-Conf 2003-010

the small pebble with diameter larger than 2 mm, the concentration Of 3CS in the soil was
measured by the gamma-ray spectrometry by Ge (Li) detector for the dried sample of about 60 g
in the plastic vessel with 6 cm diameter by 2 cm high.

3. EXPERIMENTAL RESULTS AND DISCUSSION

3.1 Concentration of radioactive 131CS and stable Cs in the pond water 61

Each time of collecting "'Cs at the pond, two systems of the column were used and the
average of the results was adopted as a representative. The results of 13'Cs concentrations in
the pond water are 023, 027, 0.85 and 084 B/M3 for the water samples of DW*, GW*, IW* and
LW*, respectively, and they are plotted against the water temperature in Fig. 1. The
concentration seems to depend on the water temperature.

The concentration of stable Cs in the pond water is shown in Fig. 2 for nine water samples.
The Cs concentrations varied from about 0.005 to 0.018 ing/in' and the temperature changed from
12.5 to 25.5 C. The concentration seems to increase with increasing the temperature of pond water.
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Fig. 1 "'Cs Conc. vs. Water Temp. Fig. 2 Stable Cs Conc. vs. Water Temp.

3.2 Concentration of radioactive I 3Cs and stable Cs in the sedimentary grains

(1) he concentration of radioactive ""Cs and stable Cs in the whole grains

ne concentrations of stable Cs for the eight grain samples of DB, FB, GB, 1B, IB, IY LB
and NB and those of "'Cs for the six samples of DB*, FB*, GB*, IB*, LB* and NB* are measured
and plotted against the average diameter of the sieved particles in Fig. 3 and 4 respectively 7] It
is seen that the concentrations of both stable Cs and "'Cs increase with decrease in diameter, as
reported for many stable elements in case of DB and GB samples [51, and that the difference of
concentrations among samples is not so large.
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Fig. 3 Concentration of Stable Cs in the Grains Fig. 4 Concentration of Radioactive "'Cs in the Grains
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(2) The concentration of the adsorbed "'Cs and stable Cs

The concentrations of the adsorbed 131Cs and stable Cs were detrmined by subtracting the
concentration of grain matrix, which is determined by extrapolating the particle size to an infinitive,
from the whole concentration of the particle given in Figs. 3 and 4 as described in the previous
report 7]. The matrix concentration thus determined varied aong the samples from 1.3 to 24
mgikg for the stable Cs and 0025 to 0060 kBq/kg for the "'Cs and the average values are about
2.1 mg/kg for the former and about 003 kBq1kg for the latter. All the data of the adsorbed
concentrations are shown in Fig. for stable Cs of eight samples and in Fig. 6 for "'Cs of six
samples 7]. It is to be noted in these figures that the adsorbed concentrations of stable Cs and
"'Cs are pretty close aong the samples, respectively, although they were taken under different
conditions of season and temperature as shown in Table .
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3.3 In-situ Distribution Coefficients of Stable Cs and 137CS

The distribution coefficient Kd was calculated using the data on the concentrations of stable Cs
and 117Cs adsorbed on the particles and those of the pond water, as described in the previou report
[7]. The in-situ distribution coefficients of the stable Cs for eight smples of DB, FB, GB, B,
113, lY, LB and NB and those of radioactive 137CS for the samples of DB*, GB*, IB* and LB* are
plotted against the particle diameter in Figs. 7 and 8, respectively. 'Me comparison is made
between the in-situ Kd of the radioactive 1-17CS and stable Cs in Fig. 9 From these three figures,
the followings cm be sn for sble Cs and radioactive 117CS. (1) The Kd depends largely on
particle diameter in the range from 2 nim to less than 38 gn and increases with the decrease in
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Fig. 7 In-situ Distribution Coeff. Kd of Stable Cs Fig. In-situ Distribution Coeff. Kd of "Cs
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diameter. (2) The change of Kd among
samples is small, although the samples were 1000� ... ........ ............................................ ...... .

taken at different conditions. 3 The Kd of ---------�
DB

"'Cs seems to be slightly smaller than that of
E GEr

stable Cs. 4 The values of Kd ranged from GB

3 .... IB'about 20 to 1200 /kg for stable Cs and about
15 to 00 M3/kg for "'Cs. The Kd seems to I 100-.
be influenced by the concentration in the water, LB'

since the adsorbed concentrations do not diffeT LB

largely among samples as seen in Figs. and 6.
'A
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Fig. Comparison of Kd between Stable Cs and ... Cs I

Three mud samples were taken fom different places of 25 in depth, and four samples from 45
in in depth. The results of the concentration
of stable Cs are shown in Fig. 10, and the 14-

average concentration is about 90 mg/kg. 12 - ------ . . ... .... .........

This value is pretty close to the values of 7 to 9 .... .... ... ........
nig/kg determined for the very fine grains with 8- ----------------- . ........... .............

diameter of less than 38pm ' The same CO 6 ....... .........L............................ ..................

tendency was found for most of the other 1154 +
Of 117CSelements. The radioactivity was 2.5m 2.5m 2.5m 4.5m 4.5m 4.5m 4.5m

preliminary measured for one sample, which 8 Depth from the Water Surface (m)

gave the value of 00087 kBq/kg. Further data Fig. 10 Conc. of Stable Cs in the Mud Samples BX

are required for discussing the behavior.

3.5 Concentration of radioactive and stable Cs in the soil samples

Five soil samples named as 01Z, 02Z, 03Z, 04Z and 05Z were taken at intervals of about 0
in in the flat area near the path to the pond and dried. Each sectioned soil sample after removing
the matter larger than 2 mm in diameter is
analyzed by gamma-ray spectrometry and one -a 1.( Cs: stable Cs137CS
sample by neutron ativation in order to obtain

of 3 0 Csthe concentrations Cs and stable Cs The so A
results are shown in Fig. I . It is seen that (1) ---------- ---------- ----------- ----------- 0 o1z,0
the concentration of stable Cs has nealy constant 02Z

0Avalue of about 7.7 mg/kg, and (2) the 0.0 ---------- -.*-.W ------------ A 03Z-

concentration of "'Cs is about 06 kBq/kg for v 04Z'

the soil of surface layer and decreased with
0.0 6 05Z-

increase in soil depth. 0 5 10 15 2C

Depth Of Soil (cm)
Fig. I Conc. of Stable CS 17 CS i 1 the Soil

4. CONCLUSION

The behavior of radioactive "'Cs and stable Cs at the isolated undisturbed mountain pond in
Fukui, Japan was extensively studied for the pond water, the sedimentary grains and the soil near

the pond. of 31C q/M3
The concentrations s and stable Cs in the pond water ranged from 023 to 0.85 B and

from 0.005 to 0.018 nig/irO, respectively, and seemed to increase with the temperature between 12.5
and 25.5 'C. The samples of sedimentary grains were taken, and sorted by sieving into fractions
with diameter from 2 mm to less than 38 gn. The concentrations of "'Cs and stable Cs in the
sorted gins varied from about 004 to 025 kBq/kg and from about 2 to mg/kg, respectively.
The concentrations of the adsorbed state of 13'Cs and stable Cs in the sorted grains were determined
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by subtracting the concentration of the grain matrix, respectively, from the concentration of whole
particle. The adsorbed concentrations increased up to about 7 mg/kg with decrease in particle
diameter to less than 38 Lm and depended less on the kind of samples. The in-situ distribution
coefficient Kd, defined as the ratio of the concentration in the adsorbed state and in the water,
depended largely on particle diameter and increased with the decrease in diameter. The values of

1000 M/kg 37Kd ranged from about 20 to 1200 m/kg for stable Cs and about 15 to or Cs, and
the Kd Of 131CS seemed to be slightly smaller than that of stable Cs. The concentration of stable
Cs in the sedimentary mud was about 77 mg/kg, which is close to that of the fine grains.

The concentrations of stable Cs in the soil of the bush area near the pond was about 77 mg/kg,
and that Of -7CS was about 06 kBq/kg for the surface layer soil and decreased with increase in soil
depth.
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