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RADIUM CONTENT OF CARBONATE SHELLS 1 

BY 

F. F .KOCZY 
The Marine Lahorawry, University of Miami 

AND 

HEINZ TITZE 
The Oceanographic Insti tution, Gothenburg, Sweden 

ABSTRACT 
Radium determinations have been made for shells from Swedish waters, the 

Mediterranean Sea and the Pacific Ocean. Their Ra/Ca ratio has been estimated 
and compared to the Ra/Ca ratio in sea water. It was found that, in general, the 
Ra/Ca ratio is proportional to the Sr/Ca ratio found by Thompson and Chow. 

Removal of radium from surface waters changes the radium content of the water. 
It is estimated that the rate of this precipitation is of the same order of magnitude 
as the rate of decay of radium in the water. Since radium is also taken up by phyto
plankton, it is concluded that the apparent half.life of radium in surface waters 

is only one-third of the natural decay constant. 

INTRODUCTION 

Approximately 50 years ago, Joly (1908) found high radium values 
in red clay samples taken on the CHALLENGER Expedition; sub
sequently Joly's measurements were confirmed by both Pettersson 
(1930) and Piggott (1933), and later Pettersson (1937) explained 
these high values. With continued study of the distribution of 
natural radioactive elements in marine environments, Pettersson 
and Rona (F0yn, et al. , 1939) published radium determinations from 
23 water samples, and more recently Pettersson (1955) and Kroll 
(1953, 1955) have contributed further data on radium in sea water 
and in sediments. Koczy (1954, 1956) has surveyed the complex 
problem of distribution in the ocean of elements in the uranium 
and radium series; and Koczy , et al. (1957), who have estimated 
the amount of ionium precipitated in sea water, have shown that 
the radium in sea water is derived mainly from radium produced 

1 Contribution No. 255 from the Marine Laboratory, University of Miami, Coral 
Gables, Florida. 
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in bottom sediments, thus confirming the ionium precipitation 
hypothesis of Pettersson. 

In order to use the vertical distribution of radium to trace the 
exchange of deep water with surface water and to use its horizontal 
distribution to deduce the kinematics of water masses, the processes 
governing the concentration of radium in the surface layer must be 
understood. The most important factor in the removal of radium 
from upper layers is the activity of organisms. If an organism pre
cipitated radium and calcium from surface layers in the same ratio 
as that found in the water, then the amount of radium precipitated 
could be estimated from the amount of calcium carbonate precipi
tation. The calcium carbonate precipitated as a result of biological 
activity might then be estimated from the sedimentation rate of 
Globigerina ooze, which might be assumed to be not less than 
10 g/m2/year. However, this estimate is too conservative, and it is 
more reasonable to assume that 25 g CaC03/m2/year are precipitated 
from a layer 500 m thick. This is equivalent to precipitation of 
0.05 g CaC03/m3/year, or 0.005 °lo of the total calcium in sea water 
(about 400 g/m3). If radium is proportionately incorporated into 
shells, 3.5 x 10-15 g Ra/m3/year (assuming Pettersson's value of 
7 x 10-14 g Ra/L), or 1.75 x 10-12 g Ra/m2/year, should be precipi
tated in the upper 500 m. This quantity is about 0.05 °lo of the 
amount of radium in a 50 m column of water one meter square; 
if radium precipitation is concentrated in the upper 50 m, where 
most of the biological activity is also concentrated, the amount 
should be equal to that which disappears by natural decay. It might 
be assumed also that part of the radium is incorporated into silica 
shells. 

Three problems, therefore, need to be considered: (1) quantitative 
estimates of carbonate precipitation in sea water; (2) determination 
of the Ra/Ca ratio in calcareous organisms and skeletons; and 
(3) incorporation of radium into carbonate-poor organisms and 
skeletons. 

This paper, dealing primarily with Ra/Ca ratios in calcareous 
organisms, presents only part of a study of the concentration, up
take, and leaching of radium in carbonate shells; some of the shells 
analyzed were collected during the Swedish ALBATROSS Expedition 
(1947-1948) while others were obtained in Sweden. The parts of 
this study that will be published elsewhere will treat (I) the radium 
content of shells of lobsters and mollusks grown in an aquarium 
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with artificially increased radium content, and (2) the radium con
tent of postglacial shells 5,000--10,000 years old. E. Tomic and 
F. Hecht determined the uranium in some of the samples, for which 
the authors wish to express their sincere gratitude. 

METHODS AND RESULTS 

Radium. These determinations were made according to the prin
ciples given by Kropf (1939) and described by Kroll (1955). The 
samples were dissolved in 50 to 100 ml hydrochloric acid to which 
10 to 50 ml n-butyl alcohol (p.a.) had been added to eliminate foam
ing. After the evolution of gas ceased, the solution was evaporated 
to dryness. The salts were allowed to cool, after which concentrated 
hydrochloric acid and 10 to 30 ml of 70 °lo perchloric acid were 
added; then the solution was again evaporated to dryness. The re
maining salt was fumed with a mixture of chloric and perchloric 
acids until it was completely white or slightly yellow (iron). Finally, 
the salt was dissolved in dilute hydrochloric acid and filtered. This 
solution was put into a specially designed bottle suitable for the 
final transfer of the accumulated emanation into the ion chamber. 
Fresh plankton was fused in a mixture of K 2C03 and Na2C03, in 
nickel crucibles, so as to convert the silica into soluble form. The 
main part of the organic matter was removed before the fusions 
were carried out. 

The ionization current caused by the decay of radium emanation 
was measured with a Wulf Electrometer, and the natural background 
was balanced by a second ionization chamber with a reversed charge. 
Nitrogen, at least three weeks old, was used as a neutral filling gas. 
Before the mixture of radioactive material and nitrogen was put 
into the chamber, it was dried with magnesium perchlorate. The 
sensitivity of the electrometer, 3.02 x 10-13 g Ra/degree, was con
trolled by radium standards. The amount of sample used was 
determined by the expected radium content. The error of estimation 
increased rapidly below a total radium content of 10-12 g. Small 
samples, less than 30 g of postglacial shells and a few grams of the 
others, were used in order to be able to process them quickly. For 
the present samples, the accuracy of measurements, discussed by 
Koczy (1949), is estimated to be better than 20 °lo and is, on the 
average, ± 10 °lo-
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TABLE I. RADIUM, CALCIUM, AND URANIUM CONTENT OF RECENT SHELLS 

LocaJ,ity Date of Weight Ra Ca u Ra/Ca 
Sampling (g) (J0-13g/g) (g/g) (µg/g) (J0-18) 

MOLLUSCA 
Class GASTEROPODA 

PROSOBRANCfilATA 
1. Buccinum undatum Lysekil Sep 1956 9.206 0.52 0.383 1.36 
2. Cypraea tigris No data 21.534 1.19 0.392 3.03 
3. Cypraea specioBUB No data 20.851 0.45 0.389 1.15 
4. Littorina littorea Hovas Jul 1956 23.467 0.19 0.373 0.51 
5. Murex brandaris Monaco May 1956 20.334 0.19 0.379 0.502 
6. Nassa reticulata HovAs Jul 1956 16.798 0.25 0.385 0.649 
7. Patella carolea Monaco May 1956 20.199 0.15 0.379 0.395 
8. TrochUB specioBUB No data 22.360 0.80 0.390 2.05 
9. Turbo cetoBUB No data 21.284 1.06 0.378 2.80 

Class LAMELLIBRANCmATA 
10. Cardium edule Hovas Jul 1956 20.430 0.66 0.390 1.69 
11. Cardium echinatum Lysekil Sep 1956 7.800 0.96 0.378 2.54 
12. Cyprina islandica Borno 24.831 0.45 0.383 1.17 
13. Mytilus edulis Hovas Jul 1956 21.301 0.71 0.389 1.83 
14. MytilUB edulis S.Sjii.lh Sep 1956 13.027 1.17 0.374 1.32 3.13 
15. MytilUB edulis S.Sjii.lh Sep 1956 15.891 1.36 0.380 1.70 3.58 
16. MytilUB eAuliB Skar Sep 1956 15.107 0.32 0.380 0.52 0.842 
17. M ytilUB edulis W . Borno Sep 1956 13.658 0.69 0.383 0.97 1.78 
18. Myti lUB eduliB o.l.Borno Sep 1956 20.821 0.32 0.376 2.13 0.852 
19. MytilUB edulis o.l.Borno Sep 1956 31.277 0.41 0.364 1.113 
20. MytilUB edulis o.l.Borno Sep 1956 18.126 0.41 0.378 1.00 
21. MytilUB edulis Saltii.llefj. Sep 1956 22.123 0.39 0.378 0.82 1.03 
22. MytilUB gallaprovin-

ciallis Monaco May 1956 21.134 0.29 0.377 0.769 

23. Ostrea edulis* No data 26.338 0.14 0.391 1.27 0.369 

24. Ostrea edulis* No data 60.167 0.20 0.390 1.27 0.513 

25. Saxicava artica Hovas Jul 1956 20.490 1.27 0.388 3.27 

26. VenUB ovata Lysekil Sep 1956 10.351 1.11 0.381 2.91 

Class CEPHALOPODA 
27. Sepia officinalis Sep 1939 20.766 0.43 0.356 1.21 

CRUSTACEA 
Class ENTOMOSTRACA 
Order CIRRIPEDIA 

28. ValanUB sp. Oskii.r No data 21.283 1.92 0.374 5.14 

* From same sample. 
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TABLE I (continued). 

Date of Weight Ra Ga u Ra/Oa Locality 
Sampling (g) (lfrllg/g) (g/g) (µg/g) (J0-11) 

CIBBB MALAC0STBACA 
Order DECAP0DA 

29. Ganeer pagurua No de.ta. Nov 1956 17.896 0.55 0.276 2.00 
30. Oarcinua maenaa Lysekil Jun 1940 21.883 0.97 0.274 3.54 
31. Nephrops norvegicus Lysekil Jun 1940 5.269 1.42 0.175 8.10 
32. FRESH PLANKTONt No de.ta. Me.r 1939 18.470 2.75 0.00454 - 605.7 

t 34.22 °lo organic matter; 65.57 °lo SiO1 e..o.; 0.21 °lo Ce.CO1 • 

Calcium. After all measurements of radium were completed, the 
samples were brought to equal volumes by adding distilled water 
to facilitate sampling for determination of calcium by precipitation 
and determination as calcium oxalate. The method of Treadwell 
(1951) was used with slight modifications. Results of the analyses 
are given in Table I. 

The values given in Tables I and II are the means of two deter
minations and have a maximum error of ± 0.3 °lo-

TABLE II. C0MPAJUS0N OF THE CA AND RA/CA VALUES WITH THE CA AND SR/CA 
VALUES 

According f.-0 According t.-0 

Group 
Koczy and Titze Thompson and Chow (1955) 
Ga Ra/Ga Ga Sr/Oa 

(g/g) ( X Jfr11) (g/g) ( x lfr 1) 

1. Ostreide.e 0.390 0.435 0.362 1.22 
2. Littorinide.e 0.373 0.510 0.381 1.53 
3. Muricide.e 0.379 0.502 0.382 1.62 
4. N e.ssari.ide.e 0.385 0.649 0.364 1.89 
5. Pleurophoride.e 0.383 l.17 0.392 1.57 
6. Dibre.nchie.te. 0.356 1.21 0.358 3.74 
7. Mytilide.e 0.378 1.60 0.383 1.56 
8. Veneride.e 0.381 2.91 0.383 1.86 
9. Se.xi ca. vide.e 0.388 3.27 0.380 2.42 

10. Euce.ride. 0.242 4.55 0.248 6.16 
11. Thore.cice. 0.374 5.14 0.336 4.44 
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DISCUSSION 

The Ratio of Radium to Cakium in Shells. According to F0yn, 
et al. (1939), the average content of radium in the North Sea and 
in the Skagerrak is 0. 7 x 10-13 g Ra/1. Surface waters of the ocean 
contain about 0.5 x 10-13 g Ra/1. The calcium content of sea water 
is 0.4 g Ca/1. Therefore the ratio of radium to calcium in sea water 
is about 1.33 x 10 - 13 and may be as high as 2.5 x 10-13_ The Ra/Ca 
ratios obtained from shells are about the same, varying between 
0.5 and 5.0 x 10-13 (Table I) . It might be concluded, therefore, that 
neither radium nor calcium is taken up by organisms in preference 
to the other; however, systematic differences were found among 
different orders and families of organisms. The smallest Ra/Ca ratio 
is found in the oyster (Ostrea edulis), the highest in crustaceans. 

The variation of the Ra/Ca ratio with locality was investigated 
in the blue mussel (Mytilus edulis, samples 14--21). Two specimens 
taken in the Skagerrak and others taken in the interior of Gullmars
f jord at varying distances from the mouth showed that both the 
radium and the calcium contents decreased with a decrease in 
salinity. The variation in salinity of the surface water in Gullmars
fjord is between the limits of 36 and 15 °/00 ; i.e., the lowest salinity 
is about half of the maximum. Two samples of river water gave an 
average radium content of 0.65 ± 0.5 x 10-14 g Ra/1 (0.0 and 1.3 ± 
0.5 x 10-14 g Ra/1) and a calcium content of the order of 30 mg/1. 
Thus the river water should show about the same Ra/Ca ratio as 
sea water. Consequently, mixing of salt water and river water in 
a 1 : 1 ratio should not alter the Ra/Ca ratio from that of sea water 
more than a few percent. The decrease in the Ra/Ca ratio of shells 
to one third must then result from some mechanism other than 
availability of the ions. It is clear that, within this locality, the 
radium content of shells is constant within the limits of the error 
of determinations, as is demonstrated by samples 18, 19, and 20. 

Three samples from the Mediterranean (samples 5, 7, and 22) 
show very low radium contents. Mytilus gallaprovinciallis (22) has 
the smallest radium content of all the mytilids analyzed. This is 
probably a consequence of the lower radium content in the surface 
water of the Mediterranean Sea (0.6 x 10-13 g Ra/1 compared with 
0.8 x 10-13 g Ra/1 in the Skaggerrak; Pettersson, 1955), but the 
Ra/Ca ratio may also be influenced by the growth rate of organisms. 

Fresh plankton from the North Sea, included because of its high 
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Ra/Ca ratio in spite of its low calcium content, had the highest 
radium content of all samples: 2.75 x 10-13 g Ra/g. Plankton organ
isms apparently play an important role in the removal of radium 
from ocean water, and the high rates of production and high standing 
crops of plankton in temperate waters may influence the removal 
of radium from surface layers. 

Comparison of Ra/Ca and Sr/Ca Ratios in Carbonate Shells. Since 
radium has chemical properties similar to strontium, differing mainly 
in its ionic radius, it might be assumed that radium would be taken 
up preferentially by organisms which take up strontium preferen
tially. Thompson and Chow (1955), who determined the strontium 
content of many shells, found a rather high variation in the Sr/Ca 
ratio. In Table II , results of the present investigation, grouped by 
families or orders, are compared with Thompson and Chow's re
sults. Mean values, where available, or single values arranged ac
cording to increasing radium content, are shown. 

Generally, families of organisms having high Ra/Ca ratios also 
have high Sr/Ca ratios. These are the Saxicavidae (Mollusca, Lamelli
branchiata), Thoracica (Crustacea, Cirripedia), and Eucarida (Crus
tacea, Decapoda). Only the Dibranchiata (Mollusca, Cephalopoda) 
have high strontium and low radium contents. One may define the 
enrichment factor for strontium as the Sr/Ca ratio in shells to the 
Sr /Ca ratio in sea water and the corresponding enrichment factor 
for radium as the ratio of Ra/Ca in shells to the Ra/Ca ratio in sea 
water. Fig. 1 shows a positive correlation between these two factors. 
Eucarida and Thoracica have Sr/Ca ratios of about 60 °lo of that 
in sea water, while the other groups listed in Table II have a con
siderably smaller ratio, about 20 °lo of that in sea water. Oysters 
had not only the lowest Ra/Ca ratios but the lowest Sr/Ca ratios 
as well. As shown in Table II , the Ra/Ca ratio, varying between 
20 and 250 °lo of that of sea water, is more widely spread than the 
Sr/Ca ratio. This larger variation in the Ra/Ca ratio may be due to 
large variations in the radium content of sea water, for , although 
a radium content of 0.75 x 10- 13 g/1 has been assumed for these 
calculations, ALBATROSS samples taken in the open ocean gave sur
face values of radium varying from 0.3 to 0.9 x 10-13 g/1. Now, the 
strontium content of sea water is apparently as constant as the 
calcium content. Hence, the larger variability in radium content 
could cause a spread of the Ra/Ca ratio, masking groupings in the 
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Ra/Ca ratio. The variations of radium in surface waters depend 
not only on ~he q1;1antity and rate of supply of deep water but on 
the geochemical history of the particular water mass. 

The fact that the radium factors are higher than the strontium 
factors is surprising, since radium, having a larger ionic radius, 
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should be more difficult to incorporate in shells. But the incorpor
ation of radium may be governed by mechanisms other than sub
stitution into the crystal lattices and by its extremely low concen
tration in sea water. This would make comparison of the two en
richment factors on the basis of mixed crystals irrelevant. 

SUMMARY 

Radium determinations for a number of shells show that this 
element is extracted from sea water to about the same extent as is 
calcium. In general, the Ra/Ca ratio of shells is proportional to the 
Sr/Ca ratio found by Thompson and Chow (1955) and it seems to 
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be characteristic for each organism and environment. Radium is 
removed from surface layers of the ocean by the activity of cal
careous organisms at about the same rate as it decays, provided 
a total carbonate removal of 25 g/m2/year is assumed. The removal 
of radium from sea water by plank.tonic organisms is difficult to 
estimate. It is almost impossible to determine the total amount of 
organic material which is removed from the surface layer because 
it is not known whether radium is accumulated in the skeleton or 
in the organic parts of these organisms. However, if we assume that 
the average production of plankton is about 40 gC/m2/year (cor
responding to approximately 100 g dry weight of organic matter), 
it may be assumed also that about 1 °lo of the annual production 
of living matter is removed from surface layers. The radium content 
of one sample of plankton was found to be 2.75 x 10-13 g Ra/g; the 
same amount must be removed per square meter per year. This is 
of the same order of magnitude as the removal of radium by cal
careous shells, thus reducing the apparent half life of radium in sur
face water to about 1/ 3 of the natural decay constant. 

Thus the horizontal distribution of radium may give indications 
concerning the movements and mixing of surface water. Although 
current speeds may not be obtained in this way, the direction of 
currents may be so estimated. 
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