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Much of our knowledge of the behaviour of Co in the marine biosphere comes as a result 
of studies with57Co, 58Co and roco, all of which are present in fallout and in discharges from 
nuclear facilities. These radionuclides have been detected in a variety of marine species, with 
reported concentration factors ( CF) for phytoplankton, crustaceans, and fish of about 1500, 
700, and 250, respectively ( GOMEZ et al., 1991 ), in agreement with values reported for stable 
Co by PENTREATH (1977). In contrast, CFs obtained from laboratory radiotracer studies tend 
to lie between 10 and 50 (HARRISON, 1986). Upon consideration of the work by LOWMAN 
& TING (1973) on the preferential uptake of Co-cobalamine over cobal_t in marine organisms, 
we questioned whether the speciation of the metal could be responsible for the observed 
differences in CFs. Instances abound where the physicochemical speciation of substances are 
known to affect their bioavailability, e.g. in food vs water (Co, Ru~ Cs, Sr; SUZUKI et al., 1979) 
and organic vs inorganic (Co; UEDA et al., 1981) experiments. 

In seawater, the metal is present primarily as the Co ... + ion, and its chloro-, sulfato-, and 
carbonato-complexes. Of the soluble cobalt fraction, cationic, anionic, and neutral species have 
been detected, and there have be-en several reports of the formation of complexes with 
various organic ligands in natural waters and under laboratory conditions (LOWMAN & 
TING, 1973). Concentrations of the metal in seawater vary up to ea 0. 1 µg I-1, decreasing away 
from continental margins to 7 ng 1·1 in oceanic surface waters (KNAUER et al., 1982, 
COUGHTREY& THORNE, 1983). Co-cobalamine has also been detected in seawater, but at 
levels of the order of 0.1 ng 1-l (LOWMAN & TING, 1973) . Thus, cobalt associated wlth 
cobalamine represents about a one thousandth part of the total soluble metal in open waters. 
H has not been shown whether the Co-cobalamine in seawater is utilised by biota. Here we 
describe the results of laboratory radiotracer studies which have examined the relative 
bioavai1ability of ionic cobalt and co-cobalamine to different marine organisms. 

Experimental Results 
We completed studjes on the uptake and retention of both cobalt species in a simple 

marine food chain comprising phytoplankton (Dunaliella tertiolecta and Chaetq_ceros 
pscudocurvisetum), copepods (mainly Centropages·sp. t and fish (Serranus scriba). Retention 
of both forms of Co from the diet was alw studied for the latter two organisms. 

Phytoplankton accumulated more than 60 times as much Co-cobalamine as of CoCl2 from 
the water, and retained the metal for a significantly longer period (a retention half-time of 4.4 
vs 0.6 d) . Accumulation of CoCb after ingestion of radiolabelled phytoplankton by copepods 
was not measurable, whereas retention of Co-cobalamine reached 42% of the quantities 
ingested. Fish accumulated Cowcobalamine 21 times more rapidly from seawater than they did 
CoCh. They retained ingested Co-cobaiamine (100%) 20 times more efficiently than ingested 
C0Cl2 ( 5%), with one third of the ingested Co-cobalamine being retained with a half-time of 8 
d and the remaining two thirds with a half-time of 53 d, a value which was not significantly 
different from the retention half-time of Co02 (47 d). 

Discussion and Conclusions 
The application of the measured parameters to a simple three-compartment biokinetic 

model (NOLAN et al., 1990) showed that food is the main source of the metal in marine fish 
and that preferential accumulation in the food web of the Co-cobalarnine complex over 
inorganic cobalt species could explain the cobalt concentrations measured in marine 
organisms. When the model parameters are modified~ so that inorganic cobalt parameters are 
used for uptake from water, and cobalamine parameters are used for uptake from food, then a 
CF of 200 ( 80°1<., of which is accounted for by the diet) is predicted. This value is greater than 
anything reported from laboratory investigations, but is similar to environmentally 
determined CF values, which were based on stable cobalt analysis in fish (PENTREATH, 
1977). 

In conclusion, we consider that there is preferential uptake and retention of cobalamine­
associated cobalt by marine biota. Because of the persistence of the vitamin in the water 
column, and in spite of the relatively tiny fraction of the total soluble cobalt which is 
associated with it, this compound represents a major source of the metal in marine 
organisms, the importance of which is out of all proportion to its relative concentration in 
the water. 
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