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ON THE OCCURRENCE OF URANIUM AND THORIUM IN 
THE BIOSPHERE OF NATURAL WATERS. PART II. URA­
NIUM AND THORIUM IN CORALS, MOLLUSCS AND FISH

C o n t e n t s :  1. Introduction, 2. Uranium and thorium in corals, 3. Uranium and 
thorium in molluscs, 4. Uranium in fish, 5. Uranium in other organisms, 6. On the 
mechanism of accumulation of uranium in marine organisms; Streszczenie: Refe­
rences.

1. INTRODUCTION

Attention of research w orkers has been focused on the distribution of 
! uranium  and thorium  not only in aquatic plants but also in some aquatic 

animal organisms including corals, molluscs, Echinodermata and fish. As 
w ith plankton and marine algae, in these organisms also lower levels of 
both elements were found than in the bottom sediments.

This survey of the literature  concerning the occurrence and levels 
of uranium  and thorium  in some components of the biosphere of natu ra l 
w aters supplem ents the data presented in P art I of the present study.

2. URANIUM AND THORIUM IN CORALS

2.1. General remarks

The extent of coral reefs is restricted to warm  seas only, as below 18°C 
corals perish. A nother im portant factor affecting the formation of coral 
reefs is the cleanness of the water. Suspended particles of im purities 
may concentrate on the surface of corals and impede their growth. In 
turn, the irradiation of the w ater depends on the concentration of im ­
purities. The light intensity, in turn, affects symbiosis of corals with 
a group of microscopic brown-yellow algae, so-called zooxanthelles. These
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single-cell plants live inside coral cells and occur in such enormous num ­
bers (about 30,000 individuals per mm 3 of coral tissue) tha t their colour 
affects that of the corals themselves. Consequently, zooxanthelles live 
in a safe environm ent of corals and utilise their metabolic products, i.e. 
carbon dioxide, phosphates and nitrates, which provide food for them. 
On the other hand, corals use up the excess oxygen produced by the 
algae during photosynthesis. Recent observations suggest the ability of 
zooxanthelles to stim ulate the metabolism of corals w ithout contributing 
to their feeding process. Corals grow much faster w ith zooxanthelles 
than w ithout them.

The fauna of the Atlantic coral reef consists of 35 species belonging 
to 26 genera, whereas reefs of the Indo-Pacific fauna consists of 700 spe­
cies and 80 genera. The most abundant are the Acropora (3 Atlantic and 
150 Indo-Pacific species) and Porites (3 and 30 species respectively). The 
size of the particular species depends on the depths at which they grow, 
strength of current and mass of detritus covering them.

The main components of corals, branching in some cases to form 
original shapes, are skeletons made from calcium carbonate, which re ­
main after the wasting away and falling off of the living tissue covering 
them.

2.2. The levels of uranium and thorium in living corals

The level of uranium  in living corals ranges from 2X1 O'4 to 4X1 O'4 
per cent [13, 22, 24, 29, 31, 40, 45, 50, 61, 63], The capacity to accumulate 
uranium  in these organisms differs and depends on the species and loca­
lity. For instance, mean levels of uranium  in species inhabiting the same 
basin are 4.5X10'4, 3.6X10'4 and 3.0X10’4 in Madracis asperula, Cla- 
docera patriarca and Bathycyathus maculatus, respectively [31], A similar 
relationship was found by Broecker and associates [33] between the coral 
species and accumulation factor of uranium . Of the Pacific corals the 
highest levels of uranium  w ere found in the Acropora (2.63—3.03 ppm). 
Porites (2.6 ppm) and Leptastrea (2.7 ppm) genera [61, 63], The lowest 
level of uranium  was found in Favia (1.28 — 1.67 ppm) [63],

Among the Atlantic species the highest level of uranium  was found 
in Desmophyllum cristogalli (4.0 — 4.7 ppm). M eandrina braziliensis (4.2, 
4.8 ppm), Madracis asperula (4.5 ppm), Trochocyathus sp. (4.0 ppm), Ma­
dracis sp. (4.0 ppm), Dendrophyllia sp. (4.6 ppm) [31], and Mussa (4.4 ppm) 
[40]. The smallest quantities of uranium  are accumulated by the Diploria 
labirinthiform is [50], M ontastrea annularis (2.5 ppm) [31, 50], Scolmia cu- 
bensis (2.6, 2.7 ppm) and M eandrina areolata (2.7 ppm) corals [31],

In the Red Sea corals, Favia and Stilophora pistillata, 2.24 and 2.49 
ppm of U were detected [22].



An inverse relationship was found between the growth ra te  of co­
rals and their uranium  content. In the rapidly growing species the u ra ­
nium level was 2.88 X10'4 per cent, w hereas in the slowly growing ones 
(4.06—4.33) X10~4 per cent [53]. On the other hand the rate  of growth 
of corals is affected by such factors as transparency and tem perature of 
water, irradiation and the presence of zooxanthelles [17]. The enhanced 
levels of uranium  in slow-growing corals can be explained as being due 
to fractional precipitation of uranium  and calcium by polysaccharides in 
those layers of the corals where calcification takes place [53]. The 234XJ/238U 
activity ratio in contemporary corals is the same as in the oceanic w ater 
and amounts to 1.15 ±0.02 [14, 18, 26, 40, 53, 58, 60, 61].

The ratio of the U /C a concentrations in several species of corals 
from islands and atolls, taken in the central Pacific Ocean amounts to 
5.9X lO '8, i.e. this is slightly lower than in oceanic w ater (8X10~6) [63]. 
In the Atlantic corals the ratio is higher, reaching (9—14)X10'G [53],

2.3. On the levels of uranium and thorium in skeletons of fossil 
corals

There are many reports on the levels of uranium  in coral skeleton m a­
terial from Quaternary and older periods [6, 13, 14, 18, 33, 40, 45, 50, 52, 
54, 58, G2, 63], In the skeletons of marine corals w ith an aragonite struc­
ture, the level of uranium  remains constant in contrast to deposits of 
older corals prone to recrystallization, in which the level of uranium  
attains a minimum [(1—2)X10-4 per cent], A similar phenomenon of 
leaching the elem ent was observed in older corals exposed to the action 
ox postsedim ental tectonic movements on land and in contact w ith less 
saline ground and surface w aters [25]. Accordingly, diagenetic processes 
affect the levels of uranium  to some extent.

As far as the level of thorium  is concerned, skeletons of fossil co­
rals have been insufficiently examined. The levels of thorium  in wastes 
are considerably lower than those of uranium  and do not attain 0.1 ppm 
[29, 58, 61]. Osmond and associates [40] however, found a level of tho* 
rium  of the order of several ppm  in skeletons of old corals.

2.4. Microdistribution of uranium in living corals

In living corals uranium  is concentrated principally in three layers: in 
the organic m atter, the aragonite skeleton and on the surface of the 
skeleton. Most of the uranium  from sea w ater (40—70 ppm) is bound 
by the organic m atter into complexes. The skeleton layer contains only 
about 3 ppm of U and in the outer parts of the skeleton 0.04—0.06 ppm



of U. Due to a low percentage of the uranium -rich organic m atter rela­
tive to the whole mass of coral (0.1%), this fraction has no significant 
influence on the level of uranium  in these organisms. The fact tha t only 
a small quantity of uranium  (2 per cent of the total quantity  present 
in the aragonite skeleton) is adsorbed on the surface of coral is explained 
in term s of a small active surface area of corals, amounting to 1.5— 
—1.8 m V g [11-

Examination of other corals showed tha t the level of uranium  dec­
reased on passing from the surface into the inner portions of the skele­
ton, being frequently  1.6— 1.9-times lower than tha t of the surface 
parts. In the Ocuiina diffusa coral, the distribution of uranium  is diffe­
rent. There are alternating concentric bands of relatively high and 
lew concentrations of the element. There is also a th ird  type of hetero­
geneity of m icrodistribution of uranium  in the coral skeletons which 
manifests itself in disseminated patches of increased uranium  contents, 
the nature of which is independent of the morphological features of the 
corals [46], Gvritzm an and associates [23] studied the microdistribution 
of uranium  in the Red Sea corals during diagenesis.

3. URANIUM AND THORIUM IN MOLLUSCS

3.1. General remarks

Molluscs inhabit the so-called supralittoral and littoral zones (tidal zo­
ne) and even the sublittoral zone (down to a depth of 40 m). The 
supralittoral zone constitutes an area situated im m ediately above the 
so-called high w ater level, flooded during storms only. The littoral 
zone is closer to the sea and remains under its constant influence. 
The epifauna of these zones includes molluscs, insects, crabs etc.

The molluscs include the snails (Gastropoda) and molluscs (Pelecy- 
poda). The size of these invertebrates varies considerably. The giant 
Tridacna dereasa mollusc attains a length of one m eter and a weight 
cf 100 kg, whereas other molluscs are many times sm aller and lighter. 
One species of molluscs lives on sand or coral reefs, others, e.g. Donax, 
dig themselves into sand periodically overflooded by waves. The tropi­
cal snail Oliva belongs to those which dig themselves in most rapidly. 
Among snails predatory species are also known, e.g. Purpura Thais 
etc. At present molluscs constitute 75 per cent of all invertebrates 
caught in an organised manner. In many regions mollusc catches exceed 
those of fish. So far molluscs have been extracted from their natural 
environment. The prospects of farming them  under artificial conditions 
seem to be more promising than those of crustaceans. Some molluscs,



such as abalons and oysters, were found to contain the narcotic paoline 
II exhibiting antiviral activity [55],

Owing to the present and fu tu re importance of some molluscs for 
man, the purpose of examining these organisms for toxic elements, in­
cluding uranium  and thorium, need not be substantiated.

3.2. The levels of uranium and thorium in live molluscs

The concentration of uranium  in the soft tissue of molluscs was found 
to be generally lower than in shells. The body of the Rapana thomasia- 
na mollusc taken from the Black Sea contains 5X 10'6 per cent of 
U and its shell (18—25)X10~6 per cent [43],

The levels of uranium  in the shells of modern marine molluscs fall 
w ithin the range (0.001—0.6) X10“4 per cent. Similar' to corals, the 
levels vary depending on the locality. In the Pacific w aters around Ca­
lifornia, mollusc shells are particularly  enriched in uranium  unlike the 
coastal w aters of Japan where the shells contain 5 times lower levels 
of the elem ent [10]. .

Of the Pacific molluscs (Pelecypoda), the highest concentration of 
uranium  was found in the Protothaca staminea (~  0.43 ppm of U) and 
Shizothaerus nuttalli (M).58 ppm of U) species found off the California 
coast, the lowest levels being found in Glycimeris aspera (about 0.10 ppm 
of U) from the coast of Japan and in Gafarium pectinatum  (about 0.019 
ppm of U) from the Raroia atoll [10].

Among the Pacific snails (Gastropoda) the highest levels of uranium  
w ere found in Buccinum baeri morchianum (about 0.39 ppm of U) from 
the region of the Aleutian Islands and the lowest in Turbo setosus 
Gmelin (about 0.008 ppm of U) from the Raroia atoll in Cerithium aluco 
(about 0.006 ppm of U) from Fiji. In the group of Atlantic snails, Litto- 
rina littorea found off the coasts of the U.S.A. is w orth mentioning, this 
containing about 0.11 ppm of U. The lowest concentration of this elem ent 
(~  0.002 ppm) was found in Tectarius m uricatus from the Virgin Islands. 
Snails from the Pacific Ocean contain frpm 0.02 ppm (Oliva bulbosa 
from Zanzibar and Cyprea tigris from Tanganyika) to 0.08 ppm of U 
(Chicoreus brunneus from India) [10].

As in corals, the enrichm ent factor of uranium  in molluscs depends 
on the species. In the shells of Marax brevifrons, the concentration of 
uranium  is about 20 times higher than tha t in Tectarius m uricatus taken 
from the same basin [10], and in the shells of Mya arenaria the concen­
tration is several tens times higher than in Mytilus edulis and Ostrea 
virginica [57]. No relationship was found between the level of uranium  
in living molluscs, salinity and tem perature [39],
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The 234-Q/238U activity ratio in molluscs is comparable with tha t in 
corals and amounts to approx. 1.13 — 1.16 [8, 18],

The U /C a concentration ratio in shells is considerably lower than 
tha t in sea w ater [9].

3.3. The levels of uranium and thorium in the deposits of shells of 
fossil molluscs

Higher levels of uranium  were found in the shells of fossil molluscs than 
in those of living molluscs, and amounting to about 1 ppm of U [18]. 
The enhanced concentration of the elem ent is accompanied by the change 
in the 234U/238JJ activity ratio amounting to 1.50 — 1.89 for shells from 
the Pleistocene and earlier [18, 47, 57].

3.4. Microdistribution of uranium in the shells of marine molluscs

The distribution of uranium  in different structural layers of the mollusc 
shell was studied. In the outer layer of the shell the uranium  content 
was found to be higher than in the middle layers. This difference is pro­
bably due to the migration of uranium  towards outer layers of the shell 
during the growth of the molluscs [9]. Schroeder and associates [46] ana­
lysed individual layers of shells of selected molluscs for uranium  in de­
tail. In the shell of Mya arenaria the outer crystalline layer contains 
some uranium , while in the lam ellar layer — w ith the exception of the 
internal surface — uranium  is v irtually  absent. In the shell of M ytilus 
edulis, uranium  was found only in the innermost layer, which comprises 
up to 20 per cent of the total thickness of the shell. On the other hand, 
in the shell of Dendropoma irregulare, the middle portion is poorer in 
uranium  than the inner portions.

3.5. The mechanism of accumulation of uranium in the shells of 
molluscs

The mechanism of accumulation of uranium  in the shells of living mol­
luscs has not been completely elucidated as yet. It is suggested that the 
crystalline nature of the aragonite skeleton is the most im portant factor 
affecting the increase of concentration of uranium . For this reason shells 
of aragonite structure contain more uranium  than the calcite ones. Ac­
cording to another hypothesis, which cannot be ruled out, the increased 
level of uranium  in the outer layer of the shell is maintained owing to 
the presence of an organic membrane which protects the shell against



leaching by sea w ater [30]. On the other hand, enhanced levels of u ra ­
nium in fossil shells of molluscs are due to a continued concentration of 
the elem ent from the environm ent (sediments, w ater, etc.).

Results of other investigations [39] suggest tha t diagenesis is respon­
sible for enhanced levels of uranium  in the shells of living molluscs- 
The most im portant role, however, is played by organic m atter (con- 
chioline) and the possibility of the formation by uranium  (U4+) of iso­
morphic crystals w ith calcium.

4. URANIUM IN FISH

4.1. General remarks

Fish are reckoned among the nectonic organisms, i.e. those moving at 
a speed which perm its them  to be independent of sea and oceanic cur­
rents. Fish provide the major component of necton and play an im por­
tan t role in the food system of the sea, and particularly  as a source of food 
for man. Some fish species, such as Trachinus draco and synacea contain 
toxic substances which reduce the heart beat rate and act hypotensi- 
vely [55].

Unlike the sedentary organisms of natural waters, fish generally 
provide an unrew arding object for studies on the contents of various 
elements, as their nomadic mode of life makes the determ ination of the 
concentration and selectivity factors (among others for uranium  and 
thorium) difficult.

4-2. The levels of uranium in live freshwater fish

Freshw ater fish taken in the Bihar area contain about 0.2 ppm of u ra ­
nium, [34], w hereas fish from the Issyk-Kul Lake, which is rich in u ra ­
nium, contain (0.25—0.34) X10'4 per cent of uranium  based on dry m at­
ter. A m arkedly increased concentration of uranium  was also found in 
the Cyprinus specularis species living in some springs in Germany, 
whose w aters have increased levels of uranium  [16]. Generally, howe­
ver, mean concentrations of this elem ent in freshw ater fish (e.g. in carp) 
are lower, amounting to about 0.28X10'5 per cent [27, 59], The concen­
tration factor of uranium  in the freshw ater fish depends largely on the 
nature of food these vertebrates consume. P redatory  fish have a higher 
concentration of uranium  than species feeding on benthic invertebrates 
[20]. Moreover, the concentration factor of 238U and232Th was investi­
gated in some fish [51].



Mizumi and Shinichi [35] examined the accumulation factors of u ra ­
nium  in freshw ater fish under laboratory conditions and found the 
highest quantities in the gills and scales. On the other hand, under na­
tu ral conditions the greatest accumulation of the elem ent was in the 
gills and bones.

4-3. The levels of uranium in live sea fish

The concentration of uranium  in live sea fish ranges from  10‘7 to 10'5 
per cent [5, 41, 42].

Similar to other organisms, uranium  is distributed non-uniform ly in 
the body of fish. The highest content (0.05X10'4 per cent of U based, 
on dry  m atter or 0.01 X10-4 per cent based on living m atter [42, 44]) 
was found in the outer layer, i.e. in scales, fins, skin and bones. Of the 
in ternal organs, enhanced uranium  levels w ere found in the liver and 
gills (0.02 X 10'4 per cent), as compared w ith the brain, heart, tran ­
sversely striated muscles, bile and gonads which contain up to 
0.005X10'4 per cent uranium  only [42].

A similar high content of uranium  (more than 90 per cent of its 
total content in the body) was found in the outer layers of freshw ater 
fish. The accumulation of uranium  in the gonads was shown to be 
identical irrespective of its concentration in the am bient water. This 
may suggest tha t uranium  plays a role in the reproduction of fish [28].

4.4- The levels of uranium and thorium in the waste of dead fish

In the residue deposited of fish bones on the bottom of seas and oceans, 
the concentration of uranium  attains very high values (up to 700X10"4 
per cent [7, 11]).

S till higher contents of this elem ent (0.3—0.5 per cent) were found 
in an apatite fraction of Devonian fossils in sediments rich in fish re ­
mains. The m aterial also contained considerable quantities of thorium. 
So far as uranium  was concentrated mqstly in the apatite fraction, 
thorium  enriched a hydrocarbon fraction formed during the decay 
fish and other organisms [12, 32],

5. URANIUM IN OTHER ORGANISMS

There is little inform ation in the literature  about the content of uranium  
in Echinodermata. In the sea-urchins, Dendraster excentricus and Den- 
draster laevis, inhabiting the w aters off the coasts of California and



Mexico, the concentration of uranium  am ounts to 0.17—0.18 ppm [50], 
Adriatic sea-urchins (Arbata sp.) and Amphiura chiajei contained 0.85 
and 0-07 ppm of U, respectively [43]. The concentration factors of u ra ­
nium  for the A rbatia sea-urchin and the Verongia aerophora sponge 
w ere 425 and 8 respectively.

6. ON THE MECHANISM OF ACCUMULATION OF URANIUM 
IN MARINE ORGANISMS

This survey of the literatu re shows tha t the concentration of uranium  
in marine organisms, w ith the exception of corals, is lower than the 
mean concentration of the elem ent in the m arine and oceanic bottom 
sediments and the E arth’s crust [48], The U /C a concentration ratio 
is always sm aller for marine organisms than for sea water. Moreover, 
the extent of accumulation of uranium  in m arine organisms was found 
to be relatively small and comparable w ith a value characteristic of 
te rrestria l organisms. These findings indicate tha t uranium  is an abio- 
genic elem ent [21]. In some specific cases, however, it may act as a bio­
stim ulant [19].

The concentration of uranium  in marine organisms can be due to 
coprecipitation w ith calcium carbonate, organic m atter and ion exchan­
ge. In living organisms, uranium  has been shown to be able to form 
both simple camplexes and chelates w ith such substances as ATP (ade­
nosine triphosphates), hexose diphosphates and hydroxycarboxylic acids. 
In plants, uranium  can be bound by cellulose derivatives. In the com- 
plexing of uranium , both the bicarbonate ion and proteins are im portant 
[2—4, 15, 36—38. 41, 49].
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Streszczenie
Dokonano przeglądu literatury na temat występowania uranu i toru w koraitwcach, 
mięczakach, rybach i szkarłupniach. Wykazano, że zawartości uranu w żyjących



koralowcach wynoszą od 2 do 4 ppm i zależą nie tylko od regionu wegetacji i cech 
osobniczych lecz również od takich czynników, jak przezroczystość, temperatura 
i naświetlenie wody oraz obecność zooksantelli w tych organizmach. Stosunki 
aktywności 2 :M U /2 3 8 U  oraz stężeń U /C a w koralowcach są bardzo zbliżone do 
wartości charakterystycznych dla wody morskiej. Wskazano na duże znaczenie 
procesów diagenetycznych w  kształtowaniu się stężeń uranu w starszych kora­
lowcach.

Zawartości uranu w muszlach współczesnych mięczaków wahają się od 0,001 
do 0,6 ppm. Podobnie jak w przypadku koralowców występują tu różnice w za­
wartości uranu w zależności od regionu życia i cech gatunkowych mięczaków. 
Stosunek stężeń U /C a dla muszli jest niższy w porównaniu z tą wartością obliczo­
ną dla wody morskiej a stosunek aktywności 234U/238U jest zgodny z analogicz­
nym stosunkiem dla koralowców.

Scharakteryzowano rozmieszczenie uranu w rybach słodkowodnych i morskich 
oraz wskazano na znaczne zawartości uranu i toru w zwietrzelinach obumarłych 
ryb. Zwrócono uwagę na nierównomierne rozmieszczenie uranu w niektórych na­
rządach wewnętrznych i w ciele ryby. Wykazano, że zawartość uranu w tych orga­
nizmach zależy nie tylko od regionu życia i cech gatunkowych lecz również od 
charakteru pokarmu,, jakim się żywią te kręgowce.

Uwzględniono mechanizm akumulacji uranu w omawianych organizmach oraz 
scharakteryzowano charakter rozmieszczenia uranu w koralowcach i mięczakach.
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