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Distribution ratio R for 6OC0, 85Sr and l34Cs between loess and

ground water was measured by using 16 loess samples taken from the
field test site of China Institute for Radiation Protection, in
which the field test of radionuclide migration had been performed.
The R of each radionuclide was taken nearly constant value
among 16 samples. This revealed that the site can be regarded as
uniform loess medium from the view point of sorption ability.
The sorption ability between the three radionuclides was the order
13405 6OCo 858r. The 85Sr was an available nuclide for

of >>

. . . 85 . . .
examining the migration phencomena, because Sr might easily migrate

>

in the loess medium due to its low sorption ability. The results of
parametric check suggested that it is necessary to select the wvalid
temperature and pH for determining the R value. The sorption of Sr
on the loess was dominated by reversible ion-exchange reaction,

while that of Co and Cs was dominated by irreversible one.

The study was carried out under a cooperative research between Japan
Atomic Energy Research Institute and China Institute for Radiation
Protection.
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1. Introduction

In the assessment of environmental impact on shallow land burial of low level
radioactive waste, the migration of radionuclide released from the wastes into local ground
water flow system is one of the important pathways. Understanding the processes of the
radionuclide migration in hydrogeologic environments is thercfore an important factor in
the design and assessment of subsurface radioactive waste repository®®. We have been
performed in situ field tracing tests examining radionuclide migration in the natural loess
medium at field test site of China Institute for Radiation Protection, by using radioactive
tracers; ®Co, ®Sr and '*Cs, to cvaluate the radionuclide migration in unsaturated
hydrogeologic environments.

It is well recognized that many radionuclides such as ®Co, BSSr and *Cs migrate
at velocities less than the ground water in environment, as a result of geochemical
interactions of the radionuclides with geological materials. Distribution coefficient has
usually used as a convenient parameter of quantifying the geochemical interactions®. The
distribution coefficient is defined as an equilibrium distribution .of the radionuclides
between the solid and solution phase®. The distribution coefficient for evaluating the
radionuclide migration can be roughly predicted from distribution ratio, which is the ratio
of radionuclide concentration sorbed on solid phase to that dissolved in liquid phase,
measured under static condition by batch method. It is also known that the value of
distribution ratio is affected by physico~chemical properties of radionuclide concentration,
temperature, pH, etc.®™®,

Laboratory experiments were made to study the variation of the distribution ratio as
well as the influence of contact time of soil and solution, radionuclide concentration, pH
and temperature on the distribution ratio of ®Co, ¥Sr and ™Cs in the loess medium at
the test site. Furthermore, desorption properties of the radionuclides from the loess was
investigated, to determine the distribution ratio on desorption process, and to elucidate

sorption mechanisms of the radionuclides on the loess.

2. Experimental

2.1 Soil and Ground Water
Soil and ground water were taken from the field test site of China Imstitute for
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Radiation Protection (Fig.1). Sixteen loess samples were taken from depths of 0.5, 1.0,
1.5 and 2.0 m at 4 sampling points in the test site, and they were sieved into 12 mesh
under. Ground water was sampled from a well of 170 m in depth. Physico-chemical

propertics of the loess and the ground water are listed in Table 1 and 2, respectively.

2.2 Sorption Experiment

Distribution ratios were measured by the following method proposed by Relyea et
al®®,  Ten milliliters of ground water were added to each sample tube (made of
polycarbonate and had 25 ml in volume capacity) containing 1 g of loess sample. The
wash procedure was repeated by 3t1mes After removal of the third wash solution, each
tube must be reweighed and the weight must be recorded to determine the volume of
excess solution left in each sample. Then, 10 ml of spiked ground water with ®Co, *Sr
or **Cs were placed in each tube. After replacing tube caps, three tubes of each parallel
sample were placed in a small plastic bag, then several small plastic bags (3 to 5 small
bags) were placed in a larger plastic bag to prevent any contamination caused by leaky
tubes. Next, the bags were placed into a constant temperature box (25 C). The bags
were shaken each every day with one's hand. During shake, solid and liquid were mixed
until there were not any sticking in tube bottom. In addition, blank tests were conducted
to detect sorption of tracer by centrifuge tube walls. After contact between soil and
ground water within 168 h, the sample and blank tubes were centrifuged for 20 minutes
at 6,000 1pm (5,400 G) to separate the phases. A supernatant of 5 ml was sampled into
a counting tube and counting rate of it was measured with well type Nal(Tl) detector.

Distribution ratio R (ml/g) was caiculated by the equation:

vV B X
R ——ﬁ,—(i- 1) “W | (1)
where, ¥: volume of spiked ground water (ml), W: weight of loess sample (g), B:
radioactivity of blank solution (cpm), E,: radioactivity of supematant in sample tube (cpm),

X: volume of solution left in loess after washing (ml).

In addition, influence of various parameters on R values was examined within

following ranges;
a) Effect of contact time 1~ 168 h
b) Effect of concentration : 10° ~ 10™ mol/l
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¢) Effect of pH 5~ 10
d) Effect of temperature :25 ~ 45 C.

2.3 Desorption Experiment
Without washing with ground water, 2.5 g of the loess was contacted with 50 ml

of deionized water spiked ®Co, ®Sr and ¥Cs for 3 days. Liquid phase was separated
from the loess by centrifugation and was removed. Residual loess sorbed the radionuclides
was used for desorption experiments, as the tracing loess. Liquid phase prepared without
the radionuclides was used for determimation of the distribution ratio on desorption process,

as the equilibrium water.

a) Determination of distribution ratio on desorption process
The tracing loess was contacted with 50 ml of the equilibrium water for 3 days.

The mixture were centrifuged to separate the phases. Radioactivity of supematant was

measured by gamma-ray detector.
Distribution ratio R’ (ml/g) on desorption process was calculated by the equation:

V B - E - Ed
F = s 2
R=5 —F @

where, E,: radioactivity of supernatant on desorption precess (cpm).

b) Sequential chemical extraction procedure
Extracting reagents and procedures for selective extraction of the radionuclides from

the tracing loess were described elsewhere in detail®®. The the tracing loess were

sequentially contacted with 50 ml of following 5 kinds of solution;

1st step: 3 times with 0.5 mol/1 CaCl,,
to remove a fraction exchanged by Ca*.
2nd step: 2 times with 0.5 mol/l KCl,
to remove a fraction exchanged by K.
3rd step: 2 times with 0.1 mol/l NH,OH*HC,
to remove a fraction sorbed on manganese oxide.
4th step: 2 times with 0.2 mol/l K-oxalate,

to remove a fraction sorbed on iron oxide.
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5th step: 1 time with 30 ,% H,0,,

to remove a fraction interacted with organic substance and calcite.

The solution extracted the radionuclides was separated from the residue by

centrifugation. Radioactivities of the solution and final residue were measured.

3. Results and Discussion

3.1 Distribution of R in Loess Medium

The R values determined for 16 samples are listed in Table 3. The R values were
not affected by the sampling points as well as the sampling depths, for all three
radionuclides. The mean R value X of ®Co, ¥Sr and ™Cs were 5,400, 82 and 7,500,
respectively. The standard deviation ¢, for each radionuclide was calculated from a
population containing the 16 samples. The 0, was 270 for Co, 6.3 for 8Sr and 1,200
for 3Cs, as seen in Table 3. Table 4 shows a comeclation between confidence and error
relating to the R values of 16 samples. Even if the confidence of 30, is required, that
is 99.7 %, emor of three radionuclides is smaller than 48 % (at ™Cs).

The R of each radionuclide was taken nearly constant value between 16 samples.
This reveals that the test site can be regarded as uniform loess medium from the view
point of sorption ability and is very suitable for examining the migration behavior of
radionuclide.

The R of ¥Sr for the loess was markedly smaller than ®Co and **Cs, as seen in
Table 3. It has been well known that sorption of Sr is significantly affected by the
coexistence of Ca and Mg ion and it is decreased with increasing concentration of the
coexistent cations in solution phase®@9. Calcium and strontium belong to the same
alkaline earth metal. So the ®Sr ion adsorbed once on the loess will be easily replaced
with the Ca ion in ground water by ion exchange reaction®. Since the loess mainly
consists of Ca compounds, the ground water passed through the loess soil layer contains
a great deal of Ca ion, as seen from Table 1 and Table 2. Therefore the low R value
of ®Sr is possibly caused by the presence of Ca ion in the ground water.

Strontium 85 having low R value will easily migrate in the loess geological
formation. This suggests that ¥Sr is the most available radionuclide for examining the

migration behavior of radionuclide in the test site.
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3.2 Influence of Various Parameters on R

a) Influence of contact time
The R profiles of ®Co, *Sr and *Cs studied as a function of time are shown in

Fig. 2 (a), (b) and (c), respectively, in which R is normalized by the value measured at
the longest contact time. It was observed that there are two sorption processes in the time
course of the R. In the first process, the R values of the three radionuclides were
immediately increased with a lapse of time. In a second process, the R values of all three
radionuclides were kept in each constant, after 70 h for ®Co, 140 h for *Sr and 110 h
for ¥*Cs. The results show that the main interaction of three radionuclides between the
loess and the ground water was equilibrated within 140 h. Possibly the sorption
mechanism of all three radionuclides might be mainly contributed to sorption on the
external accessible surface of the loess, because the interaction was equilibrated rather

immediately®.

b) Influence of concentration
The result of concentration effect on R is shown in Fig. 3, in which R is normalized

by the value measured at 10 mol/l. The R values of ™*Cs were constant up to a certain
concentration, but in a concentration region higher than 10° mol/l the R values were
decreased with increasing its concentration. On the other hand, the R values of ®Co were
not affected by its concentration. Such tendency is possibly caused from that the
background concentration of ®°Co is rather high, as seen in Table 1. As to *Sr, the effect
of concentration was not examined, because the background concentration of stable

strontium is significantly high in both the loess and the ground water, as seen in Table

1 and 2.

c¢) Influence of pH

Figure 4(a), (b) and (¢) show R values of ®Co, ®¥Sr and ™Cs over a pH range
between 5 and 10, respectively, in which R is normalized by the value measured at pH
8.1. The R of ®Sr was significantly increased with pH. The R values of **Cs were also
gradually increased with pH, excepting the R of YS-3D. The R values of YS-3D were
decreased with increasing pH in a pH range higher than 8.1. It is well known that the
negative charge density on the surface of many soils is increased with pH in the
solution®®. This suggests that the ®*Sr dissolved in the solution of higher pH is adsorbed

on the surface of the loess by surface charge attraction®9, while the (s may be sorbed



JAERI-M 94-077

by a specific interaction mechanism besides the surface adsorption.
The R values of ®Co were little affected by pH and its sorption mechanism may be

not reflected by the surface adsorption based on surface charge attraction.

d) Influence of temperature

The temperature dependency of R is given in Fig. §, in which R is normalized by
the value measured at 25 “C. The R values of ®Co were most affected by temperature.
The R values of ®Co were decreased with increasing temperature but those of **Cs were
opposite, for both the loess samples YS-1D and YS-3D. As to ¥8r, the R values at low
femperature were larger than those at high temperature for YS-1D while it was opposite
for YS-3D.

The increase of temperature generally cause to increase chemical reaction rates and
to decrease physical reaction rate®. As to the interactions between minerals and
radionuclides, some become more stable at higher temperature and others become
opposite®, Whatever the direction of a change in the stability of reaction, the stability

may be altered as changes of R with temperature.

3.3 Desorption Properties of Radionuclide

Distribution ratio R’ determined on the desorption process is compared with R
determined on the sorption process in Table 5. The R’ value of ®Co and 'Cs was
significantly larger than the R. The R’ value of ®Sr agreed well with the R. These
results suggest that the interaction of *Sr with the loess is based on a reversible
equilibrium reaction, while the interaction of *Co and Cs is not so. |

Figure 6 shows the concentration of radionuclides desorbed by each extraction step.
The results of chemical extraction is summarized in Table 6 as a fraction percent of
radionuclides desorbed from the tracing loess by each reagent.

All of ¥Sr sorbed on the loess was desorbed by CaCl, and KCl. The sorption of
8Sr on the loess was dominated by reversible ion—exchange reaction. The fact that the
sorption ratios of ®Sr on both the sorption and desorption process were closed and the St
was sorbed on the loess by reversible jon—exchange reaction, is expected that the migration
of ®Sr through the loess medium must be well expressed by the equilibrium sorption
model using the distribution coefficient.

The %°Co sorbed on the loess was extracted with NH,OH*HCI and K~oxalate by 20.7

and 27.6 %, respectively. The result revealed that most dominant sorption mechanism of
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%Co is an association with ferro-manganese oxide. Since ferro—manganese oxide do not
easily dissolve into ground water in the natural environmental condition, the association
with forro-manganese oxide can be regarded as irreversible sorption. In addition, about
20 % of the sorbed ®Co was not extracted by all the extracting procedure. More than
80 % of *'Cs sorbed on the loess could not be extracted and 11.4 % of that was
extracted with KCl. This shows that the most dominant sorption of *’Cs can be attributed
to the interaction with layer silicates. Most of “’Cs interacted with layer silicates is
irreversibly fixed, though K* can partially replace Cs*. The reason that the R’ of %Co and
13Cs did mot agree with the R is attributable to irreversible sorption of ®Co and ¥'Cs onto
the loess. So, the migration of ®Co and '*Cs in the loess medium seems to be difficult

to evaluate by the equilibrium sorption model using the distribution coefficient.

4. Conclusion

Distribution ratic R for ®Co, ¥Sr and Cs between loess and ground water was
measured by using 16 loess samples taken from the ficld test site of China Institute for
Radiation Protection.

The distribution data of R in the test site indicated that the test site can be regarded
as uniform loess medium from the view point of sorption ability.

The R between the three tadionuclides was the order of Cs > ¥Co >> ®Sr. The
®Sr is an available nuclide for examining the migration behavior, because ®Sr will be
easily migrated in the loess medium due to its low sorption ability.

The main interaction between the loess and the ground water was equilibrated within
140 h. The R value was not affected by its concentration in extremely low concentration
region. The R was affected by temperature and pH. When the adequate distribution
cocfficient for evaluating the radionuclide migration is determined from R values measured
by batch method, the effects of temperature and pH on R have to be taken into
consideration.

The sorption of Sr on the loess was dominated by reversible ion-exchange reaction,

while that of Co and Cs was dominated by irreversible one.
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Table 1 Phvsico-chemical properiies of loess soil
Term Unit Measured value
Density (g/cm?) 2.64~2.74
Porosity {%) 45.3~53. 1
Permeability (x10-4 cm/s) 0. 64~6.93
CEC {meq/100g) 11.7~21.3
Chemical composition (%)
Si0z 58. 2~66.0
Ale2D3 10.9~11.5
Feals 3.0~3.6
Ti0 0.63~6.70
Cal 6.3~9.6
Mg0 1.6~2.2
K20 2.0~12.3
Naz0 1. 7~2.0
MnQ
Element (%)
Co 0.002
Sr 0. 03

Table 2 Physico-chemical properties of ground water

Term Unit Measured value
pH 7.07~8.00
Eh {mV) 336~372
K+ {mg/1) 0.40~5.02
Na* {mg/1) 64. 6~110.9
Ca2t {mg/1) 23.0~563.5
Mge* {mg/1) 18.2~166.0
C0z2- {mg Cal03/1) 6.00~37.6
HCO3- (mg CaC0s/1) 118. 4~294.7
Cl- (mg/1) 23.8~51.9
Co {(X10-% mg/1) <5

Sr (mg/1) 0.58~6. 62
Cs (xX10-% mg/1) <5
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Table 8 Distribution of R in field test site

Sampling Sanpling R (nl/g)
Sample No. position Depth (m)
60 ¢ 855 13403

¥YS-14 YS-1 0.5 5.0x 103 7.7%x10 7.6%X 108
¥S-1B Y5-1 1.0 h,3x 103 8§.5% 10 7.9x 103
¥YS5~1¢€ Y51 1.5 . 7x10% 8.1X10 1.8x 104
YS-1D ¥Y8-1 2.0 5.7 103 7.7x10 §.7Xx1083
YS-24 YS-2 0.5 4,9x10% 7.5x10 7.2X108
Y5-2B ¥5-2 1.0 5.65x10% 9.8 %10 9.2x108
¥Y5-2C Y5-2 1.5 5.4x 103 8.0x10 6.5 103
Y521 Y52 2.0 5,7x 103 8.0x10 7.3x10%
¥S5-34 ¥Y5-3 0.5 5. 2x 108 8.8x 10 6.9 x 1083
Y5-3R ¥8-3 1.0 5.4x 108 7.5%X10 5.8x 108
¥5-3C ¥5-3 1.5 B.7x 103 §.2x10 6.6xX108
YS-3D ¥5-3 2.0 5.5x 108 9.1x 10 8.6% 103
YS-4A ¥YS-4 0.5 5. 2x 103 7.4X 10 6.8x 103
YS-4B YS-4 1.0 5.1x103 8.1%10 5.6x 103
Y5-4C Y5-4 1.5 5.6X 103 7.8x10 7.5X 103
Y5-4D Y5-4 2.0 5.8x 108 B.6x 10 7.5x103
Average, X 5.4x% 103 §.2x10 7.5x 1083

S 2.7%102 6.3 1.2x103

Table 4 Correlation between confidence and error on R of 16 samples

Confidence (%) 68.3 (o) 95.5 (26 4) $9.7 (3on)

o /XX 100 20 0/XX 100 30 n/XX 100

Error (%) 6§00 5.0 10 15
853 7.7 15 23
134Cyg 16 32 48
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Table 5 Distribution ratio determined on both sorption and desorption process

Distribution ratio {(ml/g)

Process

BUCO BSSr 137CS
R (on sorption proeeés) 9810 130 3100
R’ (on desorption process) 2800 160 6904

Table & Fraction percent of radionuclides extracted by each reagent

Percent (%)

Extracting reagent

BUCO BSSr- 137Cs
CaCl2 8.0 99.10 2.8
KC1 3.6 i.0 11. 4
NH20H-HC! 20.7 0.0 1.1
K-oxalate 27.6 0.0 2.0
H20+ 206.3 0.0 0.5
Residue 19. 8 0.0 82.12
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Fig.4 Effect of pH on R
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