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ABSTRACT 

For the purpose of estimating the release of radioactivities from the ion exchange 
resins disposed into the sea water, we have conducted a series of experiments in the water 
bath containing natural sea water using such radioactive nuclides as 51Cr, 55Fe, 6aco, 89Sr 

and fission products by changing the weight ratio of ion exchange resin to the sea water 
and the amount of nuclide initially adsorbed on the ion exchange resin under the static 
and turbulent conditions. The results are summarized as follows: 
1. The radioactivities were rapidly released from the ion exchange resin particles (Dowex 

50 and Dowex 1,50-100 mesh) on contact with the sea water. Howe~er, some differences 
were observed in the degree of release depending on the different nuclides. Such 
nuclides as 6aco and 89Sr were easily released, while 51Cr and55Fe not so easily. 

2. The released activity was observed to increas,e with the decreasing weight ratio of the 
ion exchange resin to the sea water, but with the weight ratio below 10-4 of the ion 

exchange resin to the sea water no remarkable difference was observed. 
3. The results of fractionation of the suspended matters in the sea water containing 55Fe, 
6aco and 89Sr will also be discussed. 

1. INTRODUCTION. 

It is considered to be an important 

problem to investigate the behaviour and dis

tribution of radioactivities in the ecosystem in 

the ocean, when the radioactive contamination 

and its effects due to the radioactive waste 

disposal into the sea water is studiedl - 6). 

If at any chance high level activities of spent 

ion exchange resins were disposed into the 

sea, the possible effect on man who might 

consume the' marine products contaminated. 

with radioactivity should be adequately 

assessed. To consider the effects it is neces-

sary as a first step to investigate the percent

age of the release of radioactivities adsorbed 

on the ion exchange resin and to investigate 

the behaviour and distribution of released 

radioactivities in the sea water. In order to 

estimate the release of radioactivities from the 

ion exchange resins disposed into the sea water 

* This paper was presented at the First inter

national congress of the international radia

tion protection association held in Rome, 

1966 
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and to estimate the behaviour and the distri

bution of radioactivities released into the sea 

water, we have conducted a series of experi

ments in the water bath containing natural 

sea water using several radioactive nuclides. 

Further, the behaviour and distribution of 

radioactive nuclides in suspended matters in 

sea water were also studied experimentally by 

the fractional filtration . 

2. MATERJALS AND 

APP ARA TUSES 

2. 1 Sea water 

Natu ra l surface sea water was sampled at 

about 50 mete rs apart from the Misaki beach 

of Osaka-Bay. The total sodium content 

was estimated at 9.500 ppm, the chlorinity 

17. 7 0/ 00 and pH 8. 0-8. 2. 

2. 2 Ion exchange resins 

H-types of cation exchange r esin, Dowex 

50- X8 (50- 100 mesh) were used. Their 

exchange capacity was estimated to be 4.44 

mcq .for Na+ per 1 gram of dry resin, 3.37meq 

fo r Sr++ and 3.49 meq for Co++. Cl- t ypes 

of anion exchange resin, Dowex 1- X8 (50- 100 

mesh) were also used. Their exchange 

capacit y was estimated to be 1. 91 meq for Cl 

per 1 gram of dr y resin. 

2.3 Radioactivities 

51Cr (CrCh, HCl solution) , s pecific activit y 

13.3 mCi/mg, 2.8mCi/ml. 

(Commissariat A L'Energie Atomique) 

5S'S9Fe (FeCh, HCI solution) carrier free, 26. 8 

mCi/ml. 

(Nuclea r Science a nd Eng inee ring Co. ) 

tillCO (CoCh, HCl solution) Co 0.44 mg/ ml, 

specific ac ti vity 55 mCi/mg, 24.2 mCi/ml 

(Oak Ridge National Laboratory) 

89Sr (SrC}z, HCl solution) carrier free 1. 7 mCi 

/ ml 

(The Radiochemica l Cen tre) 

Every rad ioactive cl1emica ls was diluted, and 

about 10 or 100 /lCi was adsorbed on ion ex

change resin for one experiment. 

2. 4 For measuring ,,- radioac tivities of samples 

a G- M counting system and a low- background 

gas-flow type counting system were used. 

A scintillation counter was also used for 

counting r - radioactivities. 

2. 5 A s pectro- photomete r was used to deter

mine the quantities of cobalt and s trontium 

ca r rie rs. Sodium co ntent of sea wate r was 

measured with a flame- photometer, pH of sea 

wate r was measured with the pH- mete r with 

g lass electrode. 

2. 6 Water ba ths ' used fo r experiments were 

made of ac r yl- plastics. The SIze was 1,000 

mm (length) x 500 mm (width) x 1,000 mm 

(heig ht) . Cylindrical water baths made of 

g lass and those of poly- ethylene were a lso 

used, the sizes of which were 113 mm ,0 x 145 

mm (height) and 300 mm,0 x 430 mm (height) 

respectively. 

2. 7 Sea water in the acryl plastic water bath 

was stirred with compressed air which was 

led into the center of the water bath throug h 

a vinyl ch loride pipe (inner diameter 13 mm) 

connected to a blower- pump with a flow-rate 

of one liter per second. (Plate 1) A glass 

water bath with a stirrer of a stainless 

propeller (about 200 r. p. m. ) was a lso used. 

Plate 1. Experimental wate r bath. 

2. 8 Suspended m a tters il1 the sea wate r were 

filtered successively with Toyo- filter paper 
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No. 5A (mean pore size; 18,u) , milli-pore filter 

OS type (mean pore size; 10 ,u), SM type 

(mean pore size; 5,u), RA type (mean pore 

size; 1,u), and HA type (mean pore size; 

0.5,u). 

·3. EXPERIMENTAL 

PROCEDURES 

3. 1 Weight ratios of ion exchange resin 

to sea wster. 

Keeping the volume of seq. water in the 

water bath constant, the weight of ion ex

change resins mixed with the sea water was 

changed for the range of weight ratio from 

10-3 to 10-7• 

3.2 Initial carrier puantities in ion 

exchange resins. 

The quantities of stable carriers adsorbed 

on the cation exchange resins were changed, 

keeping the radioactivity was previously 

adsorbed on the resins constant. 

3.3 Released radioactivity from ion 

exchange resins. 

Ion exchange resins on which radioactive 

nuclides were adsorbed were placed in the 

sea water in the water bath for experiments. 

An aliquot of the water (1 ml) was sampled 

with definite time interval at each of 5-9 

points indicated in Fig. 1 in order to deter

mine the spacial distribution of the radio

activity in the sea water. After epuilibrium" 

the percentage of the released radioactivity 
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Fig. 1. Experimental water bath (mm) 
(A) plan, (B) elevation, and 
sampling position. 

was estimated from the residual radioactivity 

in the resins. 

3.4 Measurement of suspended matter in 

the sea water. 

3.4.1 Fractionation of suspended matter. 

With a definite time interval an aliquot of 

sea water (1. 51) was sampled several times 

Table 1. Properties of filters. 

Filter Material Color 
Thickness Flow rate* Mean pore 
micron mljmin. cm2 size micron 

TR-No.5A Cotton White 200 18 
MF-OS Cellulose plastic White 280 500 10 
MF-SM Cellulose plastic White 170 560 5 
MF-RA Cellulose plastic White 150 300 1 
MF-HA Cellulose plastic White 150 65 0.5 

TR: Toyo Roshi (Toyo Filter Paper), Japan. 
MF: Millipore filter, U. S. A. 

* : Flow rate of water at 25°C with a pressure 70 cm Hg. 
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and filtered successively through five different 

types of filters as listed in Table 1. in the 

order of pore sizes to fractionate suspended 

matter in the sea water by suction with 

rotary vacuum pump. 

rinsed with distilled water. 

Each f r,action was 

The chloride in 

filtrate was tested with silver nitrate and the 

ammonium with Nessler's reagent. 

3.4.2 Measurement of dry weight of su~

pended matter in the sea water. 

Fractionated suspended matter was dried 

in a desiccator until the weight became 

This final ,filtered sea water was again filter

ed through five other new filters of the same 

types used in the above. Residual activities 

on these filters were subtracted from the 

above values as backgrounds respectively. 

3,6 Autoradiography of accumulation of 

radionuclides in the suspended matter 

The auto radiograms of each fraction of 

suspended matter in the sea water were taken 

with contact method. Fuji medical X-ray 

films (PX type) were used. 

constant, and weighed. 3.7 Temperature 

3. 4. 3 Measurement of organic ·suspended 

matter. . 

Total nitrogen of dry samples was deter

mined by micro:-Kjeldahl method. The 

quantities of nitrogen were used as index of 

organic suspended matter. The amount 'Of 

total organic matter was estimated by multi

plying the nitrogen quantities by 17 according 

to D. L. Fox7). 

3.5 Concentration factor and accumulation 
fraction of radioactive nuclides in the 
suspended matter in the sea water. 

Concentration factor is defined as the ratio 

of radioactivity (cpm/g) of each fraction of 

suspended matter in the sea water per dry 

weight. to the radioactivity concentration 

(cpm/mi) of final filtered sea water (sea 

water filtered with HA type filter). 

Concentration factor . 

Radioactivity of each fraction per dry 
weight (cpm/g) 
Radioactivity concentration of final 
filtered sea water (cpm/ml) 

At equilibrium state, the accumulation frac

tion of radioactive nuclides in each fraction 

were calculated by the following formula. 

Accumulation fraction 

Accumulated radioactivity in each 
fraction of suspenqed matter per 
liter of sea water containing 
suspended matter (cpm/l) 
Total radioactivity per liter of sea 
water containing suspended matter 
(cpm/l) 

All experiments were conducted at room 

temperature. 

4. EXPERIMENTAL RESULTS 

4. 1 Release of Radioactivities from the 
Ion Exchange Resins into the Sea 
Water 

4.1. 1 Effects of the Weight Ratios of Ion 

Exchange Resin to the Sea Water on the 

Release of the Radioactivities. 

The percentages of activities of 60CO, 89Sr 

and fission products released from the cation 

exchange resins into the sea water were 

measured under the static and turbulent 

conditions for the different weight ratios 

(about 10-4-, 10-5, 10-6, 10-7) of the ion ex

change resin to the sea water. The final 

percentages of the released activities after 

the equilibrium state was reached are shown 

in Table 2. 

As can be seen in this table, the 60CO and 

P9Sr . were observed to be released nearly 100 

% and no marked difference in the release 

percentages were observed for the weight 

ratio of 10-5-10-7• A similar tendency was 

observed with the fission product mixture. 

However, since the relative percentages of 

the different nuclides included in the fission 

product mixture may change according to the 

age, the percentage of release as measured 
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Table 2. Effects ·of the weight ratio of cation exchange spectrum of the fission pro

duct mixture on the ion ex

change resins was measured 

before and after the release. 

resin to sea water on the release of the radioactivities, 
under the statiC and turbulent conditions. 

Weight ratio Release of activity (%) 

resin: sea water 60CO Fission 89Sr 
products 

10-4 99.25 89.85* 98.80 
10-4 98. 50 
10-5 99.92 96.26* 99. 95 
10-5 99. 94 
10-6 99.97 98.30* 99. 99 
10-6 99. 96 
10-7 99.97 

* The gross beta actiyity. 

Condition of 

release 

Turbulent 
Static 
Turbulent 
~tatic 

Turbulent 
Static 
Static 

The results are shown in 

Fig. 2. 

The photo-peaks corres

ponding to l03Ru, l06Ru, 

(106Rh) and 95Zr, 95Nb were 

observed. Because of the 

Table 3. Final percentages of the released activities of 

marked lowering of the 

corresponding peaks after 

the release, it may be esti

mated that the corresponding 

nuclides might have been 

released. 
various nuclides, after the equilibrium state or about 
50 hours elapsed,' under the static and turbulent 
conditions. 
(the. weight ratio of resin: sea water = 10-6). 4.1,3 The effects of the. 

amounts of nuclide initially 

adsorbed on the ion exchange 

resins on the release of 

acti vi ties. 

Radioactive 
Nuclides 

89Sr 
51Cr 
55Fe 
60CO 
F.P. 
F.P. 

1011 exchange 
resin 

Cation exchange resin 
Cation exchange resin 
Cation exchange resin 
Cation exchangs resin 
Ca tion exchange resin 
Anion exchange resin 

* The gross beta activity. 

with the gross activity may also change. 

4. ,. 2. The percentages of the release of 

activities of different nuclides. 

Release of 
Static 
condition 
99.96 
44.0 
19.0 
99. 79 
75.0* 
80.0* 

The percentages of the release of activities 

of different nuclides were meaured under the 

static and turbulent conditions for the fixed 

weight ratio 10-6 of the ion exchange resin to 

the sea water. 

Table 3. 

The results are shown in 

As can be seen in this table, such nuclides 

as 60CO and 89S1 were easily released, while 

51Gr and 59Ee were not so easily. 

In case of fission product mixture, the 

release experiment was conducted not only 

with the cation exchange resins· but also with 

the anion exchange resins. The gumma ray 

activity (%) 
Turbulent 
condition 

99. 99 
47.0 
36.6 
99. 97 
98.3* 
97.4* 

Prior to the release ex

periment, different amounts 

of non-:-radioactive carriers 

of Co and Sr (varying from 

nearly zero to about maxim

um exchange capacity of the 

resins) were adsorbed on the ion exchange 

resins together with fixed activities of 60CO 
and 89Sr. 

The release expenment was conducted for 

the fixed weight ratio of 10-3 of the ion 

exchange resin to the sea water. 

The residual activity and the residual 

amount of the carrier nuclide in the resins 

at equilibrium state are shown in Fig. 3. 

The released percentages of activities are 

given in Table 4. 

The specific activities in the ion exchange 

resins before and after the release of the 

activities are shown in Fig. 4. 

According to the results of the experi

ments, the residual percentages of activities 

in the ion exchange resins were observed to 
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CHANNEL NUMBER 

Gamma-ray spectra of fission 
products in the resin. 
Condition of release: Turbulent, with 
the weight ratio 10-3 of the resin to 
the sea water. 

20 40 60 80 100 

PERCENTAGE OF THE CARRIER ADSORBED 
ON THE ION EXCHANGE RESIN BEFORE 
THE RELEASE 

(100% = The maximum exchange capacity of 
the resin) 

Fig. 3. Effect of the amount· of carrier initially 
adsorbed on the resin on the release of activity. 
Condition of release: Turbulent, with the weight 
ratio 10-3 of the resin to the sea water. 

Table 4. Effects of the initial amount' of carrier in the 
resin on the released activity, under the turbulent 
condition. 
(the weight ratio of resin: sea water = 10-4). 

Amount of carrier in the 
resin bet' ore the release* 

% 
20 
50 

100 

Release of 
---s-oCo 

% 
98.55 
98.50 
98.52 

activity 
89Sr 

% 
95. 75 
94.82 
94.48 

* 100% =The maximum exchange capacity of the resin. 
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o BEFORE THE RELEAsE. 

~ AFTER THE RELEASE AT 

EQUILIBRIUM STATE. 

20 50 100 

PERCENTAGE OF THE CARRIER 
ADSORBED ON THE ION EXCHANGE 
RESIN BEFORE THE RELEASE 

(100% = The maximum exchange capacity 
of the resin) 

Fig. 4. Specific activity in the cation 
exchange resin before and after the release. 
Condition of release: Turbulent, with the 
weight ratio 10-3 of the resin to :the sea 
water. 

remain the same in spite of the large diffe

rences in the initial amount of carriers. In 

other words, the residual percentages of the 

carriers in the ion exchange resins were 

observed to increase linearly with the increase 

of the initial amount of carriers as expressed 

in the percentage against the saturation 

capacity of the ion exchange resins. From 

these results it was confirmed that the mass 

action law holds in the exchange reactions 

under the condition of the exchange reactions 

under the condition of the experiments. 

The specific activities in the ion exchange 

resins before and after the release remained 

unchanged in each experiment within the 

limit of error in these experiments. The 

behaviour of the non-radioactive carrier 

nuclides was' the same as that of the radio

active and therefore the use of the carrier 

was justified in this case. 

4. ,. 4 The distribution of concentration of 

the released activities. 

Vertical and horizontal distributions of the 

activities released from the ion exchange 

resins into the sea water have been measured 

under the static and turbulent conditions in 

the experimental bath. The results are 

shown in Fig. 5-15 as a. function of time. 

In case of 89Sr (Fig. 5) the distribution was 

observed to be almost uniform after a few 

hours. However, in case of 51Cr (Fig. 10) 

the distribution was observed, to be quite 

irregular with respect to the time as well as 

with respect to the location. Such a diffe

rence in the distribution pattern might be 

ascribed to the difference in the physico

chemical state of the nuclide in the sea 

water. 

4. 2 Fractionation of the suspended matter 
in the sea water and nccumulation of 
radioactive nuclides in each fraction. 

In Table 5. the analytical Qata of each 

fraction of suspended matter in the sea water 

and the concentration factors of radionuclides 

per dry weight of suspended matter are 

given. It can be seen that the quantity of 

organic matter was relatively less than that 

of inorganic matter and that the greatest 

concentration factors and accumulation 

fractions of radionuclides were obtained in 

the f ra:ction of large particle sizes recovered 

by the Toyo Filter Paper Type No. 5A (mean 

pore size 18,u), rather than in the fractions 

of relatively small particle sizes. 

The concentration factors of radio nuclides 

in each fraction of suspended matter as a 

function of elapsed time are shown in Fig. 16. 

The accumulation of the radioactive nucli-
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Fig. 5. Distributions of concentration 
of the released activity of 89Sr adsorbed 
on the cation exchange resin, uner the 
sta tic condition. 
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Fig. 6. Distributions of concentrations 
of the released activity of 60CO adsorbed 
on the cation cxchange resin, under the 
static condition. 

(A) Vertical distribution. 
(B) Horizontal distribution. 
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Fig. 7. Distribution of concentration 
of the released activity of fission 
products adsorbed on the cation 
exchange resin, under the static 
condition. 

(A) Vertical distribution 
(B) Horizontal distribution 
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Fig. 8. Distribution of concentration 
of the released activity of fission 
products adsorbed on the anion 
exchange resin under the static 
condition. 

(A) Vertical distribution 
(B) Horizontal distribution 
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Fig. 9. Distribution of concentration of the 
released activity of 55Fe adsorbed on the 
cation exchange resin, under the static 
condition. 
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the released activity of 51Cr adsorbed on 
the cation exchange resin, under the static 

condition. 
(A) Vertical distribution 
(B) Horizontal distribution 

?-< 
b 
[; 
E::: 
o 
<G 
~,---.. 
~~ 
cfJ~ 
<G~ 
~b 
~::> 
~Z 
0::; ....... 

[

X lSlll'E/{ ] 
o CSNTEl{ 
A lJNUEH. 
• LEFT 
A l{ICIIT 

b3 ~ lOOL-___ -'-___ ..L.. ___ .L----I 

bg5 200r------------------. 
r::r:..P-t 
OcfJ 
Zb 
OZ ....... ::> 
bO 
<GO 
0::;'-../ 

b 
Z 
t3 (B) 
z IOO~-----~------~--~--~~~ o 2 4 
o . ELAPSED TIME (HOURS) 

Fig. 11. Distributions of concentrations of 
the released activity of 89Sr adsorbed on the 
cation exchange resin, under the turbulent 
condition. 

(A) Vertical distribution. 
(B) Horizontal distribution. 
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Fig. 12. Distributions of concentrations of 
the released activity of 51Cr adsorbed on the 
cation exchange resin, under the turbulent 
condition. 

(A) Vertical distribution 
(B) Horizontal distribution 
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the released activity of 55Fe adsorbed on the 
cation exchange resin, under the turbulent 
condition. 

(A) Yertical distribution 
(B) Horizontal distribution 

(A)- Vertical distribution 
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Table 5. Fractionation of the suspended matter and accumulation of radioactive nuclides. 
(Initial radioactive concentration in the sea water was about 10-4 microcurie/ml). 

Size range 
of 

suspended 
matter 
micron 

18 
10-18 
5-10 
1-5 
0.5-1 

Dry Organic Organic Inorganic Concentration factor 
. matter __ .=:..p-=-er=-.::dry weight Accumulation fraction 

weIght N matter * by 
difference 55Fe 60CO 89Sr 55Fe 60CO . 89Sr 

mg/ml mg/ml mg/ml mg/ml 
4.19 0.06 1.02 3.17 
0.94 0.02 0.34 0.60 
2. 74 
4. 05 
3. 90 

0.01 
O. 03 
0.04 

0.17 
0.51 
0.68 

2;61 
3.54 
3.22 

23.0 X 102 93.0 X 102 52.0 X 102 5.2 X 10-2 56.1 X 10-2 2.0 X 10-4 
0.6x 102 4.2x 102 2.6x 102 0.8x 10-2 7.8x 10-2 O.4x 10-4 

·8.0 x 102 24.0 x 102 14.0 X 102 2.9 X 10-2 10.2 X 10-2 0.8 X 10-4 

0.6 X 102 0.27 X 102 0.4 X 102 0.7 X 10-2 1.3 X 10-2 0.5 X 10-4 

0.6 X 102 0.11 X 102 0.4 X 102 0.5 X 10-2 0.7 X 10-2 0.4 X 10-4 

* Organic matter (mg/ml) = ?rganic nitrogen (mg/ml) x 17 

Concentration factor 

Accumulation fraction 

. Activity of fraction (cpm/,.,---a---<-)_,--;;~ 
- ActiVlty--or1iltered sea water (cpm/ml) 

Activity of fraction per liter of sea water (cpm/ml) 
Activity of sea water containing suspended matter (cpm/l) 
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Fig. 15. Distributions of concentrations of 
the released activity of fission products 
adsorbed on the cation exchange resin, under 
the turbulent condition. 

(A) Vertical distribution 
(B) Horizontal distribution. 
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des in the suspended matter was observed to 

reach an equilibrium in about 7-10 days. 

The accumulation fraction of radio-activity 

in each fraction of suspended matter is 

shown in Fig. 17. It can be seen that the 

majority of radioactivity was not retained 

on any of the filters used in this experi

ment. 

4.3 The distribution of radioactive 
nuclides in each fraction of 
suspended matter. 

The distribution of radio nuclides in each 

fraction indicated the tendency that a higher 

activity of 60CO was observed in the fraction 

of larger particles, while that of 55 Fe in the 

fraction' of smaller particles (Table 5, Fig. 

17). 

The ratio of the specific activity per dry 

weight of suspended matter in each fraction 

to the average activity per dry weight of 

the total suspended matter is shown in Fig. 

18. A higher activity of 55Fe was also 

observed in the fraction of smaller 

particles. 

4. 4 Autoradiography of radioactive 
nuclides in the suspended matter. 

The autoradiograms of 59Fe, 60Co and 

89Sr in the fraction (> 18,u) recovered by 

the Toyo Filter Paper Type No. 5A are 

shown in plate 2, 3 and 4 respectively. 

It can be seen that the radioactivity was 

accumulated in relatively large particulates. 

On the other hand the auto radiograms of 

radionuclides in the fractions (5 - 10,u) 

recovered by the Millipore Filter Type SM, 

do not show any ·large exposed spots as 

10 10 20 shown in plate 5, 6 and 7. 

ELAPSED TIME (DAYS) 

Fig. 16. Uptake of radioactive nuclides in each 
fraction of suspended matter. (initial activity 
in sea water = 10-4 It Cijml). 
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Fig. 17. Sample accumulation fraction of 
nuclides in each fraction of suspended matter. 
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Fig. 18. Ratio of the specific activity in 
each fraction to the average specific activity 
of the total suspended matter. 
(Per dry weight) 
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2 3 4 

5 6 7 

10mm 

Pla te 2- 7. The autoradiograms of nuclides in the 
fraction of suspended matter. 

Range of 
Pl ate I uclide 

Particle Sizes ( /t ) 
Exposure (hr) 

2 59Fe > 18 
3 60CO > 18 
4 89Sr > 18 
5 59Fe 5-10 
6 60CO 5-10 
7 89Sr 5-10 

5. DISCUSSION 

The exchange reaction of ion exchange 

resins have been investigated by many authors 

not only from the basic viewpoint but also 

from the viewpoint of application. 

In the present report, the percentage of 

the reI ased radioactivities was determined by 

adding the ion exchange resins conta ining 

adsorbed radioactive nuclide into the sea 

wa ter. This system ma y be considered an 

67 
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heterogeneous one consisting of salt solution 

and particles. It was discussed through what 

process these adsorbed radioactive nuclides 

would be released from the resin into the sea 

water and how they would distribute in the 

medium. 

From these experiments, it was observed 

that the adsorbed radioactive nuclides were 

released as soon as the resin particles contact

ed with the sea water, and that the released 

nuclid es formed a water mass with loca lly 



concentrated radioactivities 'in the diffusion 

process and then they diffused gradually 

through the sea water finally to reach a 

macroscopically homogeneous epuilibrium. ' 

In such release experiments, it was found that 

some nuclides as sOCo and !l9Sr were easily 

released, while others as 5ICr and 55Fe not so 

easily. The percentage of the release of 

activities increases with the decrease of weight 

ratios of ion exchange resin to the sea water, 

and no marked differences in the release were 

observed for the weight ratio between 10-5 -

10-7• The distribution patterns of radio

activity concentration in the sea water after 

the release seem to depend on the physical

chemical state of nuclides in the sea water. 

In the experiments with fixed weight ratio of 

ion exchange, resin to the sea water, it was 

observed as a tendency that the more the 

initial amounts of adsorbed activities on the 

resins,the less, although not so remarkably, 

the activities released frorri resins into the sea 

water. 

From the above-mentioned results the 

mechanisms of releasing the adsorbed activities 

from resins into the sea water were considered 

to depend exclusively on the ion exchange 

reaction, although some other reactions might 

also occur. 

Studies on the suspended matter in the sea 

water have been conducted in the past by 

many other authors S) -15) from the viewpoint 

of ocednography and fishery. However, in 

order to estimate the behaviour and the dis

tribution of radioactive nuclides in the sus

pended matter in the sea water, the method of 

the fractional filtration was employed. It 

was observed that the accumulation of each 

radionuclides reached equilibrium in 7-10 days 

and that the maximum concentration factor, 

expressed as a ratio of the activity in the 

suspended matter per dry weight to that in 

the sea water per mi11i-liter, of each radio

nuclide was found in the fraction of larger 

particles recovered by the Toyo Filter Paper 

Type No. 5A (mean pore size; 18,u). 

It might be as a general rule expected that 

the smaller the particles, i. e. the larger the 

surface area per unit weight, would accumu

late the larger amount of radioactivity could 

be accumulated per unit weight. In these 

experiments, on the contrary, the accumula

tion of radioactivity in the fraction with larger 

particles was greater. Judging from these 

results, it may be inferred that not all parti

culate fraction obtained by fractional filtration 

from natural sea water might have the same 

composition, and that the organic and inorga

nic matters of particulates accumulating 

nuclides in each fraction would be different in 

quality and quantity. The distribution of 

radioactive nuclides in each fraction indicated 

the tendency that a higher activity of sOCo 

was observed in the fraction of larger 

particles, while that of 55 Fe in the fraction of 

small particle sizes. In order to interpret 

such a tendency on the distributions of radio

active nuclides among the suspended matter 

in the sea water more adequately, further 

studies might be necessary. 

On assessing the possible effects due to 

the disposal of radioactive nuclides in environ

mental hydrosphere, the so-called concentra

tion factor as defined in the beginning of this 

paper has been used. Oftentimes, the 

expected average concentration of the activity 

in the water medium is estimated by simply 

dividing the total activity of the waste disposal 

by the estimated total volume of the environ

mental water medium, and then the concent

ration of activity in the biological sample is 

estimated by just multiplying the expected 

average concentration o,f activity in water 

medium by the so-called concentration factor. 

If the concentration factor is really the factor, 

by which the biological sample may concent

rate the activity from the environmental water 

medium, or if the so-called concentration 

factor is the one obtained under the equilibri

um condition which could simulate the actual 
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situation of the waste disposal, and if the 

sample fraction or the concentration of 

sample in the medium is sufficiently small, 

the estimation of the final concentration of 

activity in the biological sample by the above 

procedure may be approximately justifiable. 

However, if a high.1y contaminated fish at 

the highly contaminated part of the sea water 

medium swims out into the surrounding low 

contaminated water, and if the so-called 

concentration factor is estimated as the ratio 

of the concentration of activity of highly 

contaminated fish sample to that of the low 

contaminated water medium where the fish 

was caught, an' unusually high concentration 

factor may result. In this case, the concent

ration factor is merely a ratio of the concent

ration of the sample to that of the medium at 

the place where the sample was caught, but it 

does not represent the factor by which the 

sample may concentrate the activity from the 

environmental water medium. If such a high 

concentration factor were used on evaluating 

the possible hazard to man at the time of the 

radioactive waste disposal into the environ

mental hydrosphere, a much too conservative 

result may come out for the permissible level 

of waste disposal, giving the people an erro

neous impression. Therefore, m case of the 

hazard analysis of the' waste disposal into 

hydrosphere, the use of the sample accumula

tion fraction (AFs) or the sample concentration 

factor (CFs) defined in the below seems to be 

more reasonable. In the following, some of 

the relationships and the interrelationships 

between some of the parameters which may 

be useful in the analysis of the problems of 

contamination are introduced. 

Notations: 

(Medium + Sample) == MS 

Medium = M, Sample = S 

A(M) = activity of medium 

Acs) = activity of sample 

ACMS) = ACM) + Acs) 

A/Kg = concentration of activity per Kg 

of material concerned 

Acs)/Kgcs) = concentration of activity 

per Kg of sample 

ACM)/Kg(M) = concentration of activity 

per Kg of medium 

Acs)/KgCMS) = activity of the sample 

included in Kg of medium plus 

sample 

ACM)/Kg(MS) = activity of the medium 

included in Kg of medium plus 

sample 

In the following relations, the activity per 

unit mass is used instead of the activity per 

unit volume, because strictly speaking the 

volume may be dependent on the temperature. 

However, even if we replace the activity per 

unit mass with the activity per unit volume, 

it is obvious that the similar relations should 

hold. 

( 1) Sample to Medium Concentration 

Ratio: CRCS-M) 

CRCS-M) ~ - A(~f~Jtc~_ 
A(M)/KgCM) 

This is so-called concentration factor 

which is the ratio of concentration of sample 

to that of the medium. 

( 2) Medium to Sample Concentration Ratio: 

CRCM-S) 

CRCM-S) = ACM)/KgCM) - __ 1 __ 
Acs)/Kg (S) CRCS-M) 

This relation may be important when the 

medium is more useful than the sample itself. 

For instance, at the time of decontaminating 

water medium by the biological sample in it. 

(3) 

(4) 

(5) 

(6) 

Sample Accumulation Fraction: AFs 

AFs = ~CS)/~g~ == Acs) < 1 
ACMS)/KgCMS) ACMS) 

Medium h.ccumulation Fraction: AFM 

AFM == A(M)/Kg(MS) == ~(~-::;;: l' 
A(MS)/Kg(MS) ACMS)-

Sample Concentration Factor: CFs 

Acs)/Kgcs) 
ACMS)/KgCMS) 

CFs== 

Medium Concentration Factor: CFM 
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A(M)/KgCM) 
ACMS)/KgCMS) 

(7) Sample to Medium Ratio: RS-M 

RS-M == -~~
Kg(M) 

( 8) Medium to Sample Ratio; RlIf-S 

RM-S == ~gCM) = --c-' _1_ 
Kgcs) RS-M 

( 9 ) Sample Fraction: Fs 

Fs = ._l{g~_) -
KgCMS) . 

Fraction of the sample per Kg (MS). 

(10) Medium Fraction; FM 

FM=-~~ 
KgCMS) 

Fraction of the medium per Kg (MS). 

(11) Some of the important interrelation

ships. 

(CFs) (Fs) = (AFs) ~ 1 

(CFM) (FM) = (AFM) ~ 1 

From these relationships and interrelation

ships, it is clear for instance, that if the 

sample concentration factor (CFs) is 105, the 

sample fraction (Fs) or the concentration of 

sample in the aqueous medium must be 

smaller than 10-5• In the case of hazard 

analysis of the waste disposal into hydro

sphere,' the expected average initial concentra

tion of the activity (C) per unit volume or 

mass of the water medium is usually estimated 

by dividing the total activity of the waste 

disposal by the· estimated total volume or 

mass of the environmental water medium 

which may include the sample in puestion, 

regardless of the sample fraction in. the 

medium. . In this case, the final concentra

tion of the activity in the biological sample 

CA(s)/Kgcs)J may be estimated. by using the 

sample concentration factor (CFs) defined in 

(5) in the above from the following relation: 

A(s)/Kgcs)= (C) (CFs) 

where C is the average concentration of the 

activity per KgCMS) and may be considered to 

be equivalent to the overall average concent-

ration A(MS)/Kg(MS) in the above notation. 

Similarly, the final·total activity transfer

red to and accumulated in the sample per Kg 

of medium plus sample CAcs)/KgCMS;J may 

be estimated by using the sample accumula

tion fraction (AFs) defined in (3) in the above 

from the following rel~tion. 

A(s)/KgCMS) == (C) (AFs) 

If the concentr'ation of the sample in the 

medium, . the sample fraction (Fs) or the 

medium fraction (Fi\I) is known, the factors 

involved in the above estimation could be ch

ecked, whether they are grossly in error or 

not, by using the interrelation indicated in (11) 

in the above. 

From these points of views, the effective 

volume or mass of the medium associated 

with the sample or the average vo~ume or 

mass of the medium that could be effectively 

utilized by a biological sample in question 

seems to be also an important factor. 

6. SUMMARY 

The release of radioactivities from the ion 

exchange resins into the sea water was studied 

in the water bath containing natural surface 

sea water sampled at Osaka Bay using several 

radionuclides for the different weight ratio of 

ion exchange resin to the sea water and 

amount of nuclide initially adsorbed on the 

ion exchange resins under the static and 

turbulent conditions. The behaviour and 

distribution of radionuclides in the suspended 

matter in the sea water was also studies 

experimentally by the fractional filtration 

using several types of filters with different 

pore sizes. 

follows; 

The results are summarized as 

1. The radioactivities were rapidly released 

from the ion exchange resin particles on 

contact with the sea water. However, some 

differences were observed in the degree of 
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release depending on the different nuclides. 

Such nuclides as 60Co and 89Sr were easily 

released, w hile 51Cr and 55Fe not so easily. 

2, The released activity was observed to 

increase with the decreasing weight ratio of 

ion exchange resin to the sea water, but with 

the weight ratio below 10-4 of the ion exchange 

resin to the sea water no remarkable diffe

rence was observed. 

3. With the weight ratio below 10-3 of the 

ion exchange resin to the sea water, the initial 

adsorbed amount on the ion exchange resin 

gave no remarkable effects on the release of 

radioacti vi ties. 

4. The accumulation of the radioactive 

nuclides in suspended matter was observed to 

reach an equilibrium in about 7-10 days. 

5. The greatest accumulation and concentra

tion of radioactivity per dry weight of 

suspended matter in the sea water were 

observed in the fraction of larger particles 

recovered by the Toyo Filter Paper Type No. 

5 A (mean pore size 18,u) , rather than in the 

fractions of relatively smaller particles. 

6. The distribution of radio nuclides in each 

fraction indicated a tendency that a higher 

activity of 60CO was observed in the fraction 

of larger particles, while that of 55Fe in the 

fraction of smaller particles. 

7. Finally, after discussing the so-called 

concentration factor, it is pointed out that it 

is the ratio of the concentration of activity of 

the sample to that of the medium, but it may 

not necessarily represent the real factor, by 

which the biological sample may concentrate 

the activity from the environmental water 

medium. The use of the sample concentra

tion factor, which is the ratio of the concent

ration of activity of the sample to ·the average 

concentration of activity of medium plus 

sample, is proposed for the estimation of the 

final concentration of the biological sample 

for the purpose of hazard analysis due to 

radioactive waste disposal into environmental 

hydrosphere. 
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