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Physico-chemical Behavior of Radionuclides in Fresh Water
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In order to elucidate the physico-chemical behavior of the radionuclides such as #Co, **Ru
and *Ce in fresh water, the effects of aging of the radionuclides in fresh water on their physico-
chemical states were studied by high-voltage paper electrophoresis, and were also investigated by
paper chromatography for nitorosylruthenium complexes,

%Co showed not only cationic species, but also electroneutral species with aging in fresh
water, !®Ru in the original form of chloro complexes showed relatively a large number of well-
defind species, with aging in fresh water, the negatively charged forms decreased slowly with
changing of electroneutral forms. !**Ru in the binuclear complexes of nitrosylruthenium was
separated into four anionic, one neutral and one cationic species. The cationic fraction decrea-
sed with increasing anionic and with changing neutral. By paper chromatographic separation,
about 909, of Ru appeared with Rf < 0.2 corresponding to lower nitrato, nitoro and uncomplexed
species, !°®Ru in the nitrato complexes was separated into two anionic, one neutral and one
cationic species. The cationic fraction decreased with changing both neutral and anionic,
More than 95% of Ru appeare with Ry <{ 0.2, °°Ru in the nitro complexes was separated into
more than several anionic, one neutral and cationic species. The dinitro species with R >0.8
decreased with increasing mono- and nonnitro species with R¢<0.2, %*Ce in the original dilute
HCI solution showed initially cationic species. However, the electroneutral species was formed
with aging in fresh water. Colloidal or particulate and more or less adsorbable species of **Ce

were also found.
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Table 1 Limnological characterisitics of
the fresh water

Tested item Mean value
Temperature 11+1C
pH 7.8
Alkalinity 30.3 ppm
Na 2.6 ppm
K 0.2 ppm
Ca ' 25 ppm
Cl- 9.6 ppm
Total dissolved solids 114.7 ppm
Residue after ignition 79.9 ppm

(inorganic)
Dissolved organic matter 34.8 ppm
(loss on ashing)
Total suspended matter 1.8 ppm
Electrical conductivity 241pymho/cm
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Table 2 Fractions of different forms of radionuclides in fresh-water
(Paper electrophoretic separation)

\\\\\\\ Form Charged Electroneutral
< T (Remaining at
Time \ RI ~—__| Cationic Anionic starting zone)
8Co 0.96 0.00 0.04
108Ryu-nitro 0.02 0.91 0.07
O hour 1%Ru-nitrato 0.14 0.09 0.77
(orignal) 199Ru-binuclear 0.69 0.24 0.17
1%Ru-chloro 0.06 0.72 0.22
144Ce 0.46 0.01 0.53
“Co 0.96 0.02 0.02
18R y-nitro 0.04 0.88 0.08
1 hour 196Ru-nitrato 0.04 0.13 0.83
18R u-binuclear 0.08 0.50 0.42
teeRu-chloro 0.08 0.18 0.74
1#4Ce 0.00 0.01 0.99
¢Co 0.63 0.12 0.25
1¢Ru-nitro 0.03 0.91 0.06
3 days 198Ru-nitrato 0.02 0.12 0.86
18R u-binuclear 0.05 0.60 0.35
198Ru-chloro 0.02 0.11 0.87
#Ce 0.00 0.02 0.98
Co 0.52 0.00 0.48
108Ry-nitro 0.04 0.88 0.08
2559 days 108Ru-nitrato 0.03 0.22 0.75
198Ru-binuclear 0.06 0.73 0.21
1%8Ru-chloro 0.03 0.33 0.64
1#4Ce 0.04 0.02 0.94
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Fig. 1 Electrophoretic patterns of **Co in fresh water medium (static condition)
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Fig. 2 Electrophoretic patterns of °°Ru complexes in fresh water medium
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Plate 1 Autoradiograms of paper electrophoretic patterns of Ru-

complexes in fresh water
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Fig. 3 Effect of aging on the distribution of
18RuNO-complexes in fresh water
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Fig 4 Electrophoretic patterns of */Ce in fresh water medium (static condition)
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Table 8 Effect of aging on the distribution of RuNO compexes in fresh water
(Paper chromatographic separation in MIPK equilibrated with 3N-HNO,)

RuNO-nitro RuNO-nitrato RuNO-binuclear
Time of
9, Ru with Rf 9% Ru with Rf 9%, Ru with Rf
Aging
Rf 0~0.2 0.2~0.8 0.8~1.0 | Rf 0~0.2 0.2~1.0 | Rf 0~0.2 0.2~1.0
oo, 16.7 125 10.8 93.7 6.3 80.2 19.8
1 hour 19.2 40.6 49.2 96.5 3.5 89.8 10.2
3 days 26.3 44.9 28.8 99.9 0.1 92.3 7.7
25 days 31.2 48.4 20.4 99.5 0.5 94.8 5.2
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Fig. 6 Electrophoretic patterns of *°Co and ***Ce in natural waters
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Fig. 7 Electrophoretic patterns of Ru complexes in natural waters
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Table 4 Fractions of different physico-chemical forms of some radionuclides in natural waters

. Charged*
Aging . . Natural Electro- | Vessel wall
time Radionuclides Methods waters JCatio;; Anionic| ™eutral absorbed
paper electrophoresis | Fresh water | (.52 0.00 0.48
*Co paper electrophoresis S 0.68 0.03 0.29
electrodialysis ea water 0.67 0.05 0.25 0.03
Fresh water | 0.04 | 0.88 0.08
%8R u-nitro paper electrophoresis —
Sea water 0.02 0.94 0.04
Fresh water | 0.03 0.22 0.75
1Ru-nitrato | paper electrophoresis —
25~59 Sea water | 0.09 | 0.26 0.65
days Fresh water | .06 0.73 0.21
16.Ru-binuclear | paper electrophoresis
Sea water 0.15 0.48 0.37
paper electrophoresis | Fresh water | (.03 0.33 0.64
1*Ru-chloro paper electrophoresis S 0.14 0.38 0.48
eletrodialysis A water | 5.00 | 0.22 | 0.54 0.16
paper electrophoresis | Fresh water | (.04 0.02 0.94
#4Ce paper electrophoresis Sea water 0.02 0.02 0.96
electrodialysis wa 0.16 | 0.26 | 0.40 0.20

* : Including charged colloids
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1

[RuNO(NO,),0H(H,0),]° (neutral)
-

[RuNO(NO,,(OH),H,0]-+H*+ (anionic)
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T RELEOER= b I REHEKRRBKRTHED U, 3
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Fig. 8 Transformation of RuNO complexes
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