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I Introduction

High levels of cadmium in the liver and kidney of marine mam¬

mals and seabirds hâve been reported in polar and sub-polar
régions, areas which are not known to be subjected to particularly
high inputs of cadmium (Schneider et al, 1985; Wagemann et al,
1990; Caurant & Amiard-Triquet, 1995). Similarly, very high cad¬

mium concentrations in polar and sub-polar cephalopods hâve

been recorded (Bustamante et al, 1998). Since cephalopods are a

primary food source for many cetaceans and seabirds, it has been
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proposed that a cephalopod-rich diet may be linked to the high
métal concentrations found in thèse top predators (Honda &
Tatsukawa, 1983; Muirhead & Furness, 1988; Bustamante et al,
1998).

Despite the probable crucial rôle of cephalopods in the transfer of
cadmium along food webs, only very few studies hâve examined
heavy métal behaviour and fate in cephalopods. For example, thèse

organisms are well known to concentrate cadmium to extremely
high levels in their digestive gland (Martin & Flegal, 1975; Finger
& Smith, 1987; Miramand & Bentley, 1992); however, the reason

for such a high bioaccumulation is still poorly understood.
Therefore, the présent study has examined the biokinetics of
uptake and loss of cadmium in a typical cephalopod, the common
cuttlefish Sepia officinalis, in order to characterise the bioaccumu¬
lation and rétention potential of cadmium in this organism. In the

présent work, bioaccumulation in S. officinalis was investigated
using I09Cd in combination with low (realistic) cadmium concen¬

trations in order to directly measure Cd bioaccumulation in various
body compartments ofthe cuttlefish.

Adult individuals, collected by net fishing off Monaco or provided
by the « Musée Océanographique de Monaco »; were acclimatiscd
for several weeks to laboratory conditions before expérimentation.
Numerous eggs were obtained during acclimation of adults and

they were maintained at constant température (17±1°C) in contin-
ually aerated sea water. After 8 to 10 weeks, hatching of the cul¬

tured eggs furnished several dozen juvénile cuttlefish.

Cadmium bioaccumulation could thus be studied at différent stages

of the life cycle of 5. officinalis, viz. in embryos, early juvéniles
and adults. In addition, bioaccumulation was investigated follow¬
ing exposures to the métal via sea water, sédiment, or food.

At the end ofthe exposure periods, l09Cd was measured by g-spec-

trometry in 3 compartments of eggs (capsule membrane, peri-
embryonar liquid, and embryo), 3 body compartments of juvéniles
(digestive gland, cuttlebone, and remainder), and 13 body com¬

partments of adults (digestive gland, branchial hearts, branchial
appendages, gills, kidneys, ink sack, digestive tract, génital tract,

ovocytes, skin, muscles, cuttlebone, and remainder).
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Results and discussion

Results showed that during embryonic development, cadmium was

efficiently taken up from sea water by the eggs (concentration fac¬

tor reaching 46 after 8 days of exposure). However, most of the
,09Cd burden was found associated with the capsule membrane of
the egg. Thus, the capsule most probably acts as a very efficient
shield against internai cadmium incorporation, which in turn sug¬

gests that this métal could be highly toxic for early embryos.

Once this shield is lost (after hatching), the cuttlefish bioconcen-
trates waterborne cadmium. Indeed, juvéniles as well as adults take
up cadmium quite efficiently, particularly in muscles (62% of body
burden) and digestive gland (25%). When non-contaminated condi¬
tions are restored, whole-body loss of cadmium in S. officinalis is

relatively slow (biological half life: ca. 65 days) and its kinetics are

best described by a two-compartment exponential model. In addi¬

tion, the l09Cd burden increases in digestive gland during the dépu¬

ration period reaching 70% ofthe total body burden after one month
of dépuration. This would indicate either a higher rétention effi¬
ciency of cadmium in digestive gland than in the other organs, or a

preferential translocation of cadmium from différent organs to the

digestive gland.

Despite their habit to spend most of their time on the bottom sédi¬

ments, bioaccumulation of l09Cd from contaminated sédiment
remained very low after one month of exposure. Among the différ¬
ent organs, the digestive gland contained most of the métal at the

end of the exposure period.

Regarding cadmium exposure through the food, data analysis indi¬

cates that ingested cadmium is taken up very efficiently by S. offic¬
inalis (Figure 1). Calculated assimilation efficiencies (AE) were as

high as 60% for both âge groups. Loss of l09Cd ingested with food
(brine shrimps Artemia sp for juvéniles; mussels Mytilus gallo-
provincialis for adults) was much slower than loss of cadmium
taken up via sea water, indicating a very strong rétention efficiency
of dietary cadmium by juvénile as well as adult S. officinalis. As for
the other exposure modes tested (sea water and sédiments), most of
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the cadmium ingested with food was found in the digestive gland.
The proportion of 109Cd body burden in the digestive gland reached

90% after one month of loss.

A. Sea water exposure
Remaining activity (%)

""hfr-HrHH i
10

Tb)/2= 65 d

10 20

Time (d)

30

B. Food exposure
Remaining activity (%)

100

Time (d)

I Figure 1

A. Loss of ,mCd in whole juvénile cuttlefish previously exposed to
radiolabelled sea water for 36 h (mean remaining activity ± SD,
n =8 at day 0 and n=4 at day 29) B. Loss of 109Cd in whole
cuttlefish previously fed with radiolabelled Artemia satina
(mean remaining activity ± SD, n =8 at day 0 and n=5 at day 29).
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Our results clearly demonstrate that food is a major route of cadmium
bioaccumulation in the cephalopod S. officinalis. Whatever the

source of cadmium (water or food), the digestive gland is always the

primary organ that accumulâtes the métal. This form of métal storage

may be related to the detoxification function of the digestive gland
(e.g., métal trapping by metalloproteins), which could explain why
cadmium reaches extremely high concentrations in this organ.
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