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1. INTRODUCTION

This work has been carried out for assessment of secondary migration of the
Chernobyl-derived radionuclides through a river system in terms of their amount and forms
of the mobile component. It would contribute a) to clarify controlling factors which cause
remobilization / immobilization of the released radionuclides for the river system in the
vicinity of the Chernobyl Nuclear Power Plant, and also b) to find effective countermeasures
to prevent secondary contamination in a river system after a nuclear accident. With the
objectives described above, migration behavior of the radionuclides in the river system in
the exclusion zone was investigated for suspended solid, bottom sediment and river water.
In this paper, i) the result of radiochemical analyses for dissolved radionuclides and ii)

physical form of *37Cs j n river waters are described and discussed.

2. EXPERIMENT

Samples for analyses of activities were collected from four sites situated at the
Pripyat River (4 km east of Chernobyl City, 1 km down from a bridge of Route P-19), the
Sahan River (6 km west of Pripyat Town) , the Uz River (6 km South-west of Chernobyl
Town, under a bridge of Route P-10) and the Lake Glubokoye (East bank, 6 km north of
Pripyat Town) in 1995 (Fig.l). The Sahan and Uz rivers are tributaries of the Pripyat river.
Suspended solids and colloids were collected on filters of three pore sizes (1, 0.45 and 0.20
|im) sequentially from 100-150 liters of river water. The material of the first filter (1 u,m) is
cotton yawn , the second and third (0.45 and 0.20 urn) filters are made of cellulose acetate.
After the filtration, "dissolved" (finer than 0.20 u,m fraction) 137Cs and 134Cs was collected
on a acrylic fiber impregnated with potassium hexacobalt(II) ferrate(II) (KCFC).

For the river water samples of Pripyat river (collected on Sept. 23 1995), Sahan
River (collected on Apr. 2, 1995) and Glubokoye lake (collected on Sept. 20, 1995),
dissolved 9 0Sr and transuranic nuclides of 238Pu, 239+240^ 2 4 1 ^ 2 4 1 ^ ^ 244cm w e r e
obtained by a method of co-precipitation for 20-50 liters of the filtrated water (finer than
0.20 \im fraction). Then, following radiochemical analyses were adopted. Strontium-90 was
analyzed by a method of liquid scintillation counting after purification of 9(^Sr using a
cation exchange resin [1]. The transuranic nuclides except for 2 4 1Pu were analyzed by a
conventional radiochemical separation by ion exchange resins, followed by alpha-ray
spectrometry for electro-deposited samples [2]. Plutonium-241 was analyzed by a liquid
scintillation counting technique for re-dissolved electro-deposited samples. Dissolved 137Cs
on KCFC was measured by gamma-ray spectrometry after incineration of the acrylic fiber.
Briefly, the cartridge filter of pores size lmm for suspended form of 137Cs was incinerated
in an electric furnace at 450 °C for 8 hr. Then, the ash was analyzed by gamma-ray
spectrometry. Details of ' 3 7 Cs measurement can be found elsewhere [3].
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3. RESULTS

3.1 Water Chemistry

The concentrations of major ions in each sampling location were determined by the
method of ion chromatography and ICP-AAS. The major constituents of the river Pripyat
in the exclusion zone were Ca2+ (2.8-3.0 meq/1) and HCO3' (2.4-2.6 meq/1). The secondary
constituents were Na+(about 0.4 meq/1), Mg2+(about 0.3 meq/1) , Cl" (0.40-0.45 meq/1) and
SO42 ' (0.8-1.0 meq/1). The river water of Pripyat river was slightly alkaline (pH 8.5-8.7)
while the river water in the tributaries (Uz and Sahan rivers ) was less alkaline (pH 7.5). An
important finding was high concentration of dissolved organic carbon in every water body.
Concentration of the dissolved organic carbon ranged between 12-13 mg/1 in the river water
studied, which value is a few times higher than a range 2 to 10 mg/1 which is typically found
in rivers and lakes [4].

3.2 Dissolved Radionuclides

The activities of dissolved radionuclides in the riveft Pripyat, Sahan and the lake
Glubokoye are shown in Table 1. Strontium-90 and 137Cs were predominant radionuclides
there. Strontium-90 was the highest among others in Pripyat and Sahan rivers (137Cs / 9 0Sr
= 0.25-0.14), but in the lake Glubokoye activity of 137Cs was the highest (137Cs / 90Sr =
1.4). Contribution of transuranic nuclides of 238Pu, 239+240^ 241pu 241 A m a n d 244cm

to the total dissolved activities in Pripyat, Sahan rivers and Glubokoye lake were 1.3, 1.8
and 0.07 % , respectively . Among the analyzed transuranic nuclides , 241pu na(j the largest
fraction and 244Cm had the smallest one.

3.3 Dissolved and Suspended 137Cs

Table 2 shows the distribution of 137Cs in river (or lake water) over dissolved and
suspended forms. The suspended forms were divided into three size fractions as described
in Section 2 (EXPERIMENT). The predominant form (71%) of *37Cs was suspended one
in April of 1995 in river Pripyat. In September 1995, at the same location, the dissolved
and suspended form of 137Cs were comparable (48 % and 52%, respectively). On the other
hand, in the tributaries, Sahan (April, 1995) and Uz (Sept., 1995) rivers, dissolved form of

Table 1 Activity concentration of dissolved radionuclides in river and lake water

(Bq/L)

Nuclides

90Sr

137Cs
238Pu

239, 240pu

241pu

241A m

2 4 4 C m

Pripyat River
(Sept. 23, 1995)

Activity (error, %)*

0.22

5.43xl0-2

2.2x10-5

6.2x10-5

5.5x10-3

3.2x10-5

1.2x10-5

(0.5)

(2)

(74)

(35)

(21)

(89)

(33)

Sahan River
(Apr. 2, 1

Activity

1.32
1.01x10"

6.0x10-4

8.5xlO-4

3.2x10-2

7.3x10-3

5.8x10-5

1995)

(error, %)*

(0.3)
1 (2)

(29)

(21)

(52)

(11)
(55)

Glubokoye Lake
(Sept. 20,

Activity (

12.3
17.0

2.6x10-4

8.3x10-4

2.4x10-2

8.4x10-4

4.7x10-5

1995)

error, %)*

(0.2)
(19)

(20)

(14)

(7)

(12)

(28)

* Figures in parentheses denote counting error in % for measured activities.
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Table 2 Concentration of activity of Cs isotopes in river water

(Bq/L)

Pripyat River
(Date of

collection) (Apr. 3, 1995)

Pripyat River Uz River

(Sept. 23, 1995) (Sept. 22, 1995)

Forms ™C& 134Cs 137Cs 134Cs 137Cs 134Cs

Dissolved 1.76xlO"2 4.4xlO"4 5.43xlO-2 1.5x10"3 l.OlxlO"1 2.8xlO'3

Suspended
>\\im 4.53xlO-2 l .lxlO-3

l-0.45M.m

0.45-0.20nm -

Sahan River
(Date of

collection) (Apr. 2, 1995)

Forms 137Cs 134Cs

4.32xlO-2 l.lxlO"3

8.5xl0-4

1.5xlO-4

Glubokoye Lake

(Sept. 20, 1995)

137Cs 134Cs

l.lOxlO"2 2.6xlO-4

2.0xl0"3

4.6x10-4

Dissolved 1.8X10'1 4.9xlO"3 1.7X101

Suspended
>\\im 3.2X10-1 6.5x10-4 9.2X10"1 2.3xlO"2

l-0.45M.m

0.45-0.20M.m -

2.3xlO-2 8.9xl0-4

2.6xlO"3 l . lxlO-3

1 3 7Cs was much greater (85-89 %) than the suspended form. Contributions of the three
fractions of suspended forms for the total suspended activities were as follows : > l^m 98
% , 1 - 0.45 urn 1.7 % , 0.45 urn - 0.20 urn 0.3 % in River Pripyat in September of 1995.
These data can be summarized as follows: i) the suspended form of 137Cs in river was most
important in the April in river Pripyat, and was comparable to the dissolved form in
September . In river Sahan and Uz, dissolved form of 1 3 7Cs was more important than the
suspended. Concerning about 134Cs, its proportion to 1 3 7Cs was almost constant (0.024 -
0.025, decay corrected for the date of the sampling in April and September 1995) for both
dissolved and suspended fractions.

4. DISCUSSIONS

4.1 Mobility of radionuclides from soil to river water
In order to quantify the secondary migration of the radionuclides in the soil as a

source of contamination of aquatic environment, relative abundance of a radionuclide i to
that of 1 3 7Cs was assessed for the Sahan river watershed. An index defined as follows was
introduced :

Mobility index = { [Aj /A c s] river water } / { [Ai /A c s] soil }
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In this comparison, 1 3 7 Cs was chosen as a standard nuclide because i) it is
generally known as one of the least mobile nuclide, ii) it is the major radionuclide in the
area, and iii) its analytical error was small. In the Sahan river watershed, a soil core was
sampled in September of 1995 in a forest within 0.5 km from, the sampling location of river
samples in the Sahan river. From the core, lower leaf litter layer and the top soil layer (0-1
cm) beneath the litter layer were analyzed for their activity concentrations. Then the index
defined above was evaluated. The derived values of the mobility index are listed in Table 3.
The result clearly shows that the relative mobility to 137Cs was highest for 90Sr and lowest
for Pu-isotopes. The values for Pu-isotopes fell in a narrow range, suggesting that they
behave similarly as identical element. Interesting was high mobility of 241Am. The order
of the mobility was as follows:

, 239+240^ 2 4 1 ^ <{ 137Cs ] < [ 2 4 1 A m ] « [ 90Sr)

The highest mobility of 2 4 1Am among the analyzed transuranic nuclides would be
an important implication for evaluation of the fate of long-lived radionuclides derived from
the Chernobyl accident. Though the above finding on the mobility of radionuclides is
consistent with the known characters of the investigated radionuclides, it is just apparent
one. A connection between the radionuclides in soil layers and those in river water should
be thoroughly studied [5] with considerations for actual transport processes such as
movement of soil solution, run-off water, erosion of contaminated soil particles.

Table 3 Comparison of normalized concentration of activity in surface soil and
in river water in the Sahan river watershed (normalized to I 3 7Cs, dissolved
activity in river water are from Tables 1 and 2 )

Activity Ratio of normalized activity * *
in Surface Soil *

[ A(nuclide)/A(137Cs)] water

Activity (Bq/g) [ A(nuclide)/A(137cs)] soil

Nuclides

137Cs

90Sr
241Pu

239, 240^

238Pu

241Am

In Soil
lowest
litter layer

359

119

98.7

3.78

1.91

3.01

layer
top soil
0-lcml

20.1

5.52

6.80

0.15

0.082

0.14

For Soil
lowest
litter layer

-

22

0.7

0.4

0.6

4.8

layer
top soil
0-1 cm

.

27

0.5

0.6

0.8

5.8

* The sample was collected on Sept. 18, 1995
** A(i) denotes activity concentration of nuclide i in (Bq/L)

and (Bq/g) for water and soil samples, respectively.
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Chernobyl
Nuclear Power Plant

FIGURE CAPTIONS

Fig. 1 Locations of sampling sites of river and lake water samples in the exclusion
zone of the Chernobyl Nuclear Power Plant. The soil samples from the Sahan
river watershed were collected on its left bank near the river water site .

4.2 Phase distribution of Cs isotopes

The present data showed that the distribution of 137Cs varied over dissolved and
suspended forms due to differences in sampling occasions and locations. In the
concentration of dissolved 137Cs in the river Pripyat, the reason for the lower value in April
of 1995 than in September of 1995 would be dilution by water flood due to snow melting.
Concerning about the suspended form ( > lum) , the value in the April was not significantly
lower than in the September. It means that there was large* input of the suspended form
compared to the dissolved form in the April, in spite of the increased water flow. This large
input of the suspended form of 137Cs would be from erosion of contaminated, surface soil
particles. In Sahan and Uz rivers, the suspended form was not so important as in the
Pripyat river. This must be due to lower concentration of suspended solid in the tributaries
compared to the main stream.

The present result concerning about the phase distribution of l37Cs indicates that
the major controlling factor for the distribution is the concentration of suspended solid in
river water, as found in the studies for weapon fallout l37Cs in a river in Japan [1]. Its
seasonal and spatial variations are reflected in our present observations.
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5. CONCLUSIONS

Composition of radionuclides in river and lake water in the exclusion zone of the
Chernobyl area was investigated. The main part of dissolved radioactivities was from 9 0Sr
and I 3 7 Cs. The contribution of the transuranic nuclides (238Pu, 239+240pU) 241pu _ 2 4 1 A m

and 2 4 4Cm) to the total dissolved radioactivities was as small as 0.07 - 1.8 %.

As for 137Cs in water, suspended form of 1 3 7Cs was predominant (48-70%) in the
Pripyat river, while it was small in the Uz river and the Sahan river. The difference possibly
reflects the difference in availability of suspended solid in river water. The component of
suspended form greater than 1 urn was found to have a significant role in transportation of

Comparison between the relative activities of radionuclides in the soil and the river
water in the Sahan river watershed suggested that apparent mobility of the radionuclides
from the soil layer to the river water in the watershed may be in the order of [Pu-isotopes]
< [ 1 3 7Cs ] < [ 241 Am ] « [ 90Sr].
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