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Physico-chemical Behavior of Radionuclides in Seawater
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To elucidate the physico-chemical states of radionuclides in seawater in relation to uptake
by the marine biosphere, the physicochemical behavior of radiocobalt, radioruthenium and radio-
cerium in seawater was investigated by electrodialysis, high-voltage paper electrophoresis, and
also by paper chromatography for nitrosylruthenium complexes.

Most of the radiocobalt in seawater behaved as dialytic cations. However, these cationic
species were not necessarily simple divalent, because their electrophoretic bands were rather
diffuse and showed two peaks temporarily. The electroneutral form also increased with aging
in seawater. The radioruthenium in seawater showed relatively a number of well-defined species
which could be readily classified into anionic, cationic, electroneutral, colloidal or particulate,
non-dialytic and more or less adsorbable species. The radioruthenium in the chloro and nitra-
tonitrosylruthenium complexes occurred mainly electroneutral and anionic species, while nitro
and binuclear oxygen-bridged nitratonitrosylruthenium complexes showed dominant anionic species,
The hydrolysis of higher nitro and nitratonitrosylruthenium complexes to lower ones was dem-
onstrated with aging in seawater by paper chromatography. The radiocerium in seawater showed
initially cationic species. However, the electroneutral and anionic species were revealed with
aging by electrodialysis. The radiocerium were strongly adsorbed on filter paper at the starting
band in paper electrophoresis, presumably because of the formation of strongly adsorbable or

insoluble hydrolytic species or particle formation.
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RuCl,-0. 1N HNO, solution containing 1%p. -"® Rh

‘~ AgNO,

filtrate
l: oxidation by NaBiO-H, SO,
distillation
RuO,
dissolution in HCl-ethanol mixture — dissolution in 0.IN HNO, solution
evaporation — extraction with CCl .
in HCI solution CCt,
NO gas _rNO gas
nitrosylruthenium chloride — settling for 24 h
evaporation _precipitate
residue [: washing with CCl
fuming nitric acid NaNoO, solution — drying at 80T
evaporation evaporation — desalted water

1°N HNO, solution

RuNO-nitrato complex solution

desalted water

(Ru-O-Ru) complex solution

RuNO-nitro complex solution

Fig. 1 Preparation methods of nitrosylruthenium complexes.

|

1. Stirrer

2,3. Platunum electrode

4. Anionic ion-exchange membrane
5. Cationic ion-exchange membrane
6. Anodic circulatory vessel

7. Cathodic circulatory vessel
8,9. Peristaltic pump

10. Anode comp.

11. Middle comp.

12. Cathode comp.

Fig. 2 Schema of three-compartments electrodialysis.
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Table 1 Electrochemical and physical proper-
ties of ion-exchange membranes

S Kind ) Cation Anion
- G e
Item “~__| Natform Cl--form

Thickness (mm) 0.12~0.15 | 0.18~0.20
Strength (kg/cm?) 6~8 4~7
Electric specific

resistance (2-cm) 190~230 280~320
Electric effective

resistance(£2-cm?) 2.5~3.5 3.0~4.5
Water content (%) 32.2 37.6
Transport T-Na* | 0.91~0.93

number T-Cl- _ 0.94~0.96

* Pore size: 1~10 mpy
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Fig. 3 Percentage distribution of radionuclide (freshly introduced
into sea water) in each compartment during electrodialysis.

“Co 0 HE (1KM%K TRRBIA A HEEALD
N3 Did49% T1% BB TH 57285, 3 HAEKE
85%WEH I NI, U UZDHBIKBRLITHEIL, 25
AETR64% E 12510, ZU TEM % b 12T RIS
CEBUIIOIZ3ABTRLTH 1203, chlliid
Bo#mu s,

(2) ™Ru Qx4 v IREBZBNBHOE

Ru (» o ofk) OBE, =1 oL SiRE B3R
BRI, B b ICTHRREIERELICLD
13 49~65%, B4 A HEEALLNS DI 5~10
%, BAAURBEEALND BDIZR~30%TH -1
DHBBE~DOBFRIZE B4 BUTTh -1 T
NoOEE» LRI 2ELTEINTF =T 2D a0
HEERIZHKACEA 2 § 03 WhEOH#ENE L, B
T2 -T2 3D FEBREDIn 4 FROZVIE
KPR THEIET 3 S ONE» 510,

(3) "Ce D=4 v ITE3BENBHOLEA

WCe DWW THE, 0BE (1REEK TREBA A
DHEEEALONS bDIIS8WN TH 512dS, =4 Uy
LEBIBAU, BHETIRI6%E LT, B4
BEEAOLNBIDII3IEHEETII4A~9%TH T
W, ZOHIIMML, 25 BEIRBVTIR26%E8-
2o U UMBEBENOSEREL 1 B EIKT % Bk
BT INTMIE L~ 2% THEBCDEIP 12, &
UTEBRH%Z b 1o R E UIcOi 3 B Tik
U2y, 20BPDUEDTIEMBED 6 1
-3 (R B/ NN SV R NGO R R R=F 17 SB[ did
B2 > TOTHFEBIFED 70 4 FR® B WVidhL
FROEETZ OBV CEPED LRI,

(@) AAVTBBEOAX— 50X 5 T A

BH 1 BRISHEREOBEE 1 v SBOBR
BTCBT 34 A VRBEDA -+ I 0A 55 LTD
%,

EFlixB 4 2 o cengn “Co, Ry, *Ce



Ak - Moo B RAHHEALTE O HIER LA A 28 E)

100

INTl Al
2 ol
QU
=]

S 13 25
3100T§ w
2
§ sof
g |

or_d %Z@

0 10 25

1007 \
E 50t
\'U
3

o= N 25

Aging time  (days)

= Anode compartment

ESSXY  Anionic ion-exchange membrane
C—3 Middle compartment

ezzza  Cationic ion-exchange membrane
¥ Cathode compartment

Fig. 4 Electrodialytic patterns of %Co, *Ru
and **Ce in seawater medium
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Plate |Nuclide Ion exchange-membrane |Exposure (hr)
a 60 Cation
Co
b Anion 75
c 106 Cation
Ru 25
d Anion
e 144 Cation
Ce 25
f Anion

Plate 1 Autoradiograms of radionuclides on the ion-
exchange membranes after 25 days aging

Table 2 Fractions of different forms of radionuclides in sea water (Electrodialytic separation)

'*\\\\\ Form Charged S
- . by . — esse
b Wi "y Tonic Colloidal Ragmma: - 1 Lobd)
e Y neutral adsorbed
Time \\ RI\ Cationic Anionic Positive Negative
LU e 0,27 0.03 0.22 0.14 0.35 0
1 hr 106Ry 0.01 0.02 0.04 0.28 0.65 0
144Ce 0.02 0.01 0.56 0.08 0.34 0
uCo 0.75 0.01 0.04 0.02 0.18 0.01
1d 1Ry 0.01 0.02 0.07 0.27 0.60 0.04
144Ce 0.07 0.02 0.27 0.05 0.52 0.07
“Co 0.85 0.04 0.03 0.03 0.03 0.03
3d 1°Ru 0.01 0.02 0.04 0.27 0.54 0.11
144Ce 0.01 0.01 0.28 0.03 0.48 0.20
%Co 0.70 0.04 0.03 0.02 0.19 0.03
10~13d Ry 0.03 0.04 0.07 0.22 0.49 0.16
1Ce 0.01 0.02 0.25 0.14 0.42 0.16
“Co 0.64 0.02 0.03 0.03 0.25 0.03
25d 10¢Ru 0.02 0.02 0.07 0.20 0.54 0.16
144Ce 0.01 0.01 0.15 0.25 0.40 0.20

C=Cion.+Ccol, char.+4Cneu.+Cw. ads.
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Table 8 Fractions of different forms of radionuclides
(Paper electrophoretic separation) in seawater

\\\\\\ - Form Charged Electroneutral
g (Remaining at
Time ™ RI Cationic Anionic starting zone)
~ —
°Co 0.96 0.00 0.04
108Ru-nitro 0.01 0.97 0.02
Ohour 1%8Ru-nitrato 0.44 0.12 0.44
(orignal) 1%Ru-binuclear 0.81 0.04 0.15
108Ryu-chloro 0.06 0.72 0.22
141Ce 0.46 0.02 0.52
%Co 0.88 0.01 0.11
108Ru-nitro 0.01 0.93 0.06
1 hour 1%8Ru-nitrato 0.04 0.16 0.80
198Ru-binuclear 0.18 0.40 0.42
1¢Ru-chloro 0.01 0.11 0.88
144Ce 0.01 0.00 0.99
Co 0.94 0.02 0.04
18R u-nitro 0.00 0.94 0.06
3 days 108Ru-nitrato 0.05 0.20 0.75
18R u-binudear 0.04 0.64 0.32
10¢Ru-chloro 0.02 0.16 0.82
#4Ce 0.02 0.01 0.97
9Co 0.68 0.03 0.29
19¢R y-nitro 0.02 0.94 0.04
38-59 days 18Ru-nitrato 0.09 0.26 0.65
10%Ru-binuclear 0.15 0.48 0.37
196Ru-chloro 0.14 0.38 0.48
144Ce 0.02 0.02 0.96
. 7
)b iginal 3d 59 d
e origina 224 aag)ilrs\g : aZiynsg
10
3s
D B N A )

Cathode ——

$6 iz “Ru OX)ENERTH 5,
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Electrophoretic mability (mmV ™ H'cm)
Fig. 5 Electrophorstic patterns of Co in seawater medium (static condition)
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Fig. 6 Electrophoretic patterns of *Ru complexes in seawater medium
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Table 4 Behavior of nitrosylruthenium
complexes in paper partition

chromatography
Complex Rf in MIPK Rf in DBC
Tetra and pentanitrato (0.9—1.0 0.2—0.7
Trinitrato 0.4—0.9 Y
Dinitrato ~0.25
Mononitrato <0.1
Dinitro 1.0
Higher nitro: <0.5
NO,: Ru=3:1 ~0.5
NO,: Ru>3:1 0.2
Chloro
Trichloro-RuNO ~0.2 /
(RuNOCly)

From A.G. Wain,

Fletcher (1959)®

P.G. M. Brown and J. M.

Cathode «——

Electrophoretic mobility [mmV™Hcm)

———— Anode

Fig. 7 Electrophorstic patterns of *4Ce in seawater medium (static condition)

Table 5 Effect of aging on the distribution of RuNO complexes in seawater
(Paper chromatographic separation in MIPK equilibrated with 3N-HNO,)

RuNO-nitro RuNO-nitrato RuNO-binuclear
Time of % Ru with Rf % Ru with Rf 2% 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

s 9.1 61.9 29.0 76.8 23.2 61.9 38.1
1 hour 10.2 70.1 19.7 84.2 15.8 87.7 12.3
3 days 8.8 33.2 58.0 99.3 0.7 92.5 7.5
38 days 5.8 28.2 66.0 99.1 0.9 9.6 3.4
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Fig. 8 Distribution of **Ru complexes species in seawater medium (continuous aeration)
(Chromatographic separation in MIPK elution)
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Types of chloro complexes

Ru(11D) :

General formula

MRuCl,~M,RuCl,, M,(Ru(NO)Cl,)

Ru(IV) :

Formula

M,(RuCly), M,(RuCl,0H), RuCl,-5H,0, Ru(OH)Cl,, Ru(NO)Cl,
Chlorides
RuCl,, RuCl,, RuCl,

Types of nitrosyl complexes

: RuNO(IID)
: nitrato(—NO,™)

Nitrosylruthenium radical

Ligand

nitoro(—NO,-), nitrito(—ONO~)

hydroxyo(—OH-)

aquo( —H,0)
chloro(—CI-)

Nitrato nitrosylruthenium complexes: General formula RuNO(NO,)x(OH)y(H,0)z

Nitro nitrosylruthenium complexes :

X+Y+Z=5

General formula RuNO(NO,)x(NO,)y(OH),_x_y(H,0)

X>=1, X+Y=3

Chloro nitrosylruthenium complexes: Trichloro nitrosylruthenium{RuNOCI,(OH)H,03~
Tetrachloro nitrosylruthenium{RuNOCI,OH "
Pentachloro nitrosylruthenium{RuNOCI, )"

Polynuclear species :

RuNO-NO,-OH-H,0< 31> RuNO(OH),H,0

from hydrolysis of nitrato complexes
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