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ABSTRACT : liver, muscle and blubber tissues of tvahort-finned pilot whales
(Globicephala macrorhynchus) and two pygmy sperm whalekdgia breviceps) stranded on
the coast of New Caledonia have been analyse®ftnate elements (Al, Cd, Co, Cr, Cu, Fe,
organic and total Hg, Mn, Ni, Se, V, and Zn). Liweas shown to be the most important
accumulating organ for Cd, Cu, Fe, Hg, Se, anddoith species;. macrorhynchus having
the highest Cd, Hg, Se and Zn levels. In this gsgctoncentrations of total Hg are
particularly elevated, reaching up to 1452g" dwt. Only a very low percentage of the total
Hg was organic. In both species, the levels of Hgdirectly related to Se in liver. Thus, a
molar ratio of Hg:Se close to 1.0 was found forsgkecimens, except for the youngist
breviceps. Our results suggest th&. macrorhynchus have a physiology promoting the
accumulation of high levels of naturally occurringpxic elements. Furthermore,
concentrations of Ni, Cr and Co are close to oowethe detection limit in the liver and
muscles of all specimens. This suggests that mimciyity in New Caledonia, which
typically elevates the levels of these contaminamthie marine environment, does not seem

not to be a significant source of contaminationtfe@se pelagic marine mammals.

Keywords : Heavy metals ; Cadmium ; Mercury ; Nickislarine Mammals ; Pacific Ocean



INTRODUCTION

Heavy metals generally occur at very low conceiuingt in oceans (Bryan 1984).
Nevertheless, most of marine organisms concentrate elements at higher concentrations
than those occurring in their environment. This cess, currently described as
bioaccumulation, concerns toxic elements such aerGth, as well as essential ones such as
Cu, Fe, Se, or Zn. Slight variations of heavy metahcentrations in the environment of
marine organisms could lead to a significant inseeaf their metal burdens. Enrichment of
sea water in heavy metals may occur naturally lwall@nvironmental processes, such as
volcanism or upwellings. In addition to this natuaaigin, human activities can lead to
increases of trace element concentrations in doasters, subsequently leading to an
increase of metal burdens in biota.

In New Caledonia, mining activities plus strongumat erosion due to tropical rainfall have
resulted in enrichment of several metals in coastkrs (mainly Co, Cr, Fe and Ni), and
consequently in the coral reef food webs (Monnioale 1994). These authors reported high
metal burdens in several species of filter-feediagdians from shallow waters. However, the
impact of metal contamination does not appear tdirbied to coastal waters and, in fact,
high levels of Co, Cr and Ni have also been reploirtethe tissues of a cephalopod living in
deeper waters, the nautild¢autilus macromphalus (Bustamante et al. 2000).

Current literature on heavy metal concentrationdNew Caledonian marine lower trophic
level organisms is scarce (e.g. Monniot et al. 184stamante et al. 2000), and no data for
marine mammals have been published to date. Inubiik, baseline information is presented
for the concentrations of 12 trace elements intibgues and organs of two odontocetes
species, i.e., pygmy sperm whalogia breviceps (de Blainville, 1838) and short-finned
pilot whale, Globicephala macrorhynchus (Gray, 1846)for which very few information on

trace elements are availablEhese marine mammals give the opportunity to stigate the



impact of mining activities on high trophic levelganisms stranded in New Caledonia. It also
provides information on the bioaccumulation andogiication processesf Cd and Hg in
marine mammals from a tropical zone, toxic elemarfitieh are currently reported to raise the

question of physiological damages in the tissugsinarine predators.

MATERIALS AND METHODS

Sampling and sample preparation

In spring 1997, two short-finned pilot whalé&sl@bicephala macrorhynchus) and two pygmy
sperm whalesKogia breviceps) stranded on the coasts of New Caledonia. Thesaain
were autopsiedshortly after death.Stomach contents were collected and stored in 90%
ethanol for later diet analyses. Teeth were ex@thdbr ageing and skin samples were
collected for genetic analysiFissues and organs (liver, blubber and muscle¥wampled
for heavy metal and radionuclides analyses (Gagrigiual. 2000)Separated tissue samples
were placed in decontaminated glass vessels ameldstéd —20°C. They were then freeze-
dried, finely ground and stored in plastic vials.

The two strandeds. macrorhynchus were probably part of a bigger pod observed in the
vicinity of the stranding location on the day afestding. This species is commonly encounter
outside of the lagoon by long liners in both nearshand pelagic environments but there is
no evidence that they are resident in the aretadin seasonal inshore to offshore movements
are related to the distribution of squid they feeadOlson and Reily 2001).

Little is know on the status df. breviceps in New Caledonia as they are very discrete

animals, rarely observed alive. Most of the infotiora on this species come from stranded



animals which have been documented earlier in Nahleddnia (Robineau and Rancurel

1981; Sylvestre 1988).

Age determination

Teeth were used for age determination, followirgrdicommendations of Neilsen (1972) and
Perrin and Myrick (1980). Teeth taken up from tbeér jaw were cleaned, fixed and stored
in 70% glycerined alcohol. Before sectioning andirshg, teeth were decalcificated with
DC3 (Labonor®©). Sections were then examined to td@ growth layer groups (GLGS)
assuming 1 GLG equals 1 years, as described bynRerd Myrick (1980). Three series of
several independent readings were done for eacth teection according to Hohn and
Fernandez (1999). All readings were recorded to ribarest whole year and age was

expressed as mean + SD for each individual.

Somach contents analysis

Stomach contents were washed and the containecelewere sorted by type. Fish species

were determined from the otoliths by J. Rivatomfrine laboratory of marine biology of IRD

(Nouméa, New Caledonia). Cephalopod species wemrrdmed from the beaks by Dr R.

Young from the University of Hawaii.

Metal analysis

Metal analyses were performed by inductively codplplasma atomic emission

spectrophotometry (ICP-AES) for Al, Co, Cr, Cu, Bdn, Ni, V and Zn, by atomic



absorption spectrophotometry (AAS) for Cd, Cu, 8é @n, and with an Advanced Mercury
Analyser (AMA) for total and organic Hafter extraction

For ICP-AES measurements, 2 aliquots of approx.@0f eachhomogenisediry sample
were digested in Teflon containers with 4 ml of 66403 and 1 ml of 30% kD, using a
microwave digester (ANTON-PAAR, Perkin Elmer). Téhigested contents were made up to
25 ml with Milli-Q quality water. Elements were dysed by ICP-AES with an OPTIMA
3200 DV, Perkin-ElmerMulticomponent Spectral Fitting Models were usedctorect for
spectral interference between elements.

For AAS measurements, 2 aliquots of approx. 30(freach homogenised dry sample were
digested with 3.5 ml of 65% HN{at 60°C for 3 d. The digested contents were tlieied to

10 ml in Milli-Q quality water. Cd, Cu, Se and Zrewe assayed using flame and graphite
furnace atomic absorption spectrophotometer Va#ia@ Plus with deuterium background
correction.

For AMA measurements, aliquots ranging from 10 @ontg of dried material were analysed
directly for total Hg in a Advanced Mercury Analysspectrophotometer (Altec AMA 254).
Hg determination involved evaporation of Hg by pexsive heating until 800°C was reached
and then held under oxygen atmosphere for 3 mohsabsequent amalgamation on a Au-net.
Afterwards, the net was heated to liberate theectdld mercury, subsequently measured by
UV atomic absorption spectrophotometry. The samecquure was performed for the
analysis of organic Hg after extraction adaptednfrothe et al. 1972. Organic Hg was
extracted from 2 aliquots of approx. 500 mg of ehcmogenised dry sample using 2 ml of
acidic sodium bromide (30% NaBr in 4N,$0y), 4 ml of cupric sulfate (2.5% CuQ@h
milli-Q quality water) and 10 ml of toluene undagitation for 10 min in glass flasks. The

organic phase was then separated and used fonéhesis in the AMA.



Quality control was assured using dogfish liver D& (NRCC) and dogfish muscle
DORM-2 (NRCC) as reference materials for AAS and AMind dogfish muscle DORM-1
(NRCC) for ICP-AES. These standards were treatedaaalysed under the same conditions
as the samples. The results were in good agreemiémtthe certified values (Table 1).
Detection limits (1g.g) were 0.004 for Cd, 0.5 for Cu, 3 for Zn, 0.8 &, 0.005 for total Hg
and 0.2 for organic Hg for AAS and AMA analysesr ROP-AES analyses, detection limits
were 0.006 for Al, 0.040 for Co, 0.013 for Cr, G00r Cu, 0.051 for Fe, 0.002 for Mn, 0.010

for Ni, 0.009 for V and 0.008 for Zn (ug'y Metal concentrations in tissues are reported in

ng.g* dry wt.

RESULTS

Main features, age and diet

The main features of the 4 specimens sampled, @ie amd one femal&. macrorhynchus
and one male and one femae breviceps, are reported in Table 2, with the prey species
identified from their corresponding stomach cordesmd their ages. Considering their ages,
the twoG. macrorhynchus may have been sexually matured as sexual matodyrred at 9
years for females and between 13 and 16 for malso and Reilly, 2001 onsideringk.
breviceps,, the size of sexual maturity have been documetatdzt 2.7m to 3.0m for males
and 2.6 to 2.8m for females of (Leatherwood et1£183). FurthermoreK. breviceps appears

to reach sexual maturity between 3 and 5 yearg§Ritih, in prep.). In the light of this data the
two K. breviceps presented in this paper may have been sexuallyretht

All the animals with the exception of the mafe breviceps were already stranded when

samples were collected. This last one was firstealbut it has been euthanasied after the



failure of its refloat. The autopsies didn't progidny evident reasons for the death of the
animals. Parasites were only found in great quaittithe maleK. breviceps, with a stomach
full of Anisakis simplex (Nematodes). This specimen could have suffered phrasitose,
stranded individuals from this species being frediye heavily infected by intestinal
nematodes (McAlpine, 2002).

On the other hand, the femdke macrorhynchus was probably pregnant before the stranding
as part of a foetus was found in its vicinithis female may have been fasting as its stomach

was empty (Table 2).

Metal analysis

Heavy metal and organic mercury concentrationshi liver, muscle and blubber @&.
macrorhynchus andK. breviceps are presented in Table 3. Co, Cr and Ni conceotrain all
tissues and organs fall below the detection limitlose to it (i.e. in liver). Among these
tissues, liver is the most important accumulatingaa for Cd, Cu, Fe, Hg, Se, and Zn and to
a lesser extent for Mn and V. However, the t@omacrorhynchus exhibit higher hepatic
levels for Cd, Cu, Hg, Se and Zn thinbreviceps while both species have similar hepatic
levels of Mn and V. Fe is the only metal havingh®g concentrations in the liver ¢.
breviceps than in the one d&. macrorhynchus.

In muscle, Mn inG. macrorhynchus and V in both mammals are below the detectiontéimi
The remaining trace elements were within the sarderaf concentration in the muscle of
both species (Table 3). The only exception waswlggre concentrations were 5 times higher

in G. macrorhynchus muscle compared 1. breviceps.



Blubber has generally low trace element concewoinati However, Cr exhibits the highest
concentrations among the three tissues (Table &pife its strong affinity to lipids, organic

Hg concentrations in blubber were an order of ntagkei lower than in liver and muscle.

Figure 1 shows the hepatic concentrations of indogélg and Se of marine mammals in
relation to age together with the inorganic Hg:Selanratio for each individual. In both
species, hepatic inorganic Hg is directly relatechépatic Se. Consequently, a molar ratio
close to 1.0 is found in all specimens, excepttlier youngeskK. breviceps (6 years old) for
which this ratio was 0.13 (Figure 1). Nevertheldssth species exhibit very different ratio
organic:total Hg in their tissues (Figure 2) wiKhbreviceps showing a higher percentage of
organic Hg tharts. macrorhynchus in liver (aver. 13%s 0.5 %) and in muscle (aver. 75

14 %).

DISCUSSION

Trace element levels

Heavy metal concentrations in the tissues of mamaenmals are globally well documented
but they concern mainly species having strong aat@ns with man, i.e. hunted for meat
consumption, by-caught during fishing or living aoastal areas. Furthermore, very few
studies have investigated trace elements such a€iCdli or V although they are potentially
toxic, probably because these trace elements ardinaccumulated in large amounts in
mammalian tissues (Thompson 1990). Nevertheles$, slements can be used as tracers of
contamination when an enrichment due to anthropgogaastivities occurs. In Alaska, Mackey

et al. (1996) have shown an increase of V in tesugs of pinnipeds and cetaceahse
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bioaccumulation of V in biota and its transfer bhe top marine predators has been related to
the contamination of sea water by oil residueshis airea. Similarly, the consequence of
intense mining activities in New Caledonia mustrbenitored by the measurement of the
concentrations oNi and its associated elements, mainly Co andrnChe food webs around
the island. Analysis in the tissues of the shomdéid pilot whales Globicephala
macrorhynchus and the pygmy sperm whalksgia breviceps have not revealed any increase
of concentrations for these three metals compawedttier marine mammals species from
various areas (Table 4). With the exception of @rthe blubber of the malés.
macrorhynchus (2.51 pg.g dwt), concentrations remained close to or below ditection
limits. Considering that these pelagic animals could haggea on species living around the
island as suggested by the examination of theirsfisimach, our results suggdhbat these
metals are not easily transferred in the food weethese pelagic odontoceteso assess the
impact of mining activities on marine mammals, fiert studies should be conducted on more
coastal species known to be resident of the imgaatea,such as the bottlenose dolphin
(Tursiops truncatus) or the dugongugong dugon) that spend all their life in the waters of
the New Caledonian lagoon.

Most of the studies on the bioaccumulation of tretements in marine mammals have
focused on toxic Cd and Hg, which are well bioacolated in mammalian tissues
(Thompson 1990). Nevertheless, numerous rare spéeee been poorly investigated and
there is a lack of data f&. macrorhynchus andK. breviceps. Table 5 shows the paucity of
information reported for these two species. Thesgme study provides new information on
metal concentrations in these marine mammals. De ddontocetes stranded in New
Caledonia exhibited very high levels of Cd and Hidjvier, reaching 464 and 14%@.g" dwt,
respectively. HoweverG. macrorhynchus displayed much higher concentrations of Cd and

Hg thanK. breviceps (Table 3).
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Both species occupy a high and similar trophic ley4.3 and 4.4or G. macrorhynchus and

K. breviceps, respectively), assessed by stable isotope asa(fZauly et al. 1998). They
mainly prey upon squid although this may be impleteé by a large proportion of fish f@x.
macrorhynchus (around 40%) and a lower one rbreviceps (around 20%) in certain areas
(Pauly et al. 1998). The concentrations of Hg ie liker of G. macrorhynchus sampled in
New Caledonia suggest that fish constitute an itapomprey items for this species as fish are
considered to be the main Hg source for marinepigglators (Law et al. 1992). This was
confirmed by the analysis of stomach contents shgwkeveral fish species in the dtG.
macrorhynchus (Table 2). However, no fish remains were founthm stomach contents Kt
breviceps but its diet included several crustaceans spedmsh are known to have very low
Hg contents (Cossa et al. 1990).

Similar exposures to Cd would occur for both spec@nsidering the high dietary intakes due
to cephalopod consumption (Bustamante et al. 1888)represent 60% and 75% of the diet
of G. macrorhynchus and K. breviceps, respectively (Pauly et al. 1998). NevertheldSs,
macrorhynchus had hepatic Cd concentrations of one order of ntadm higher thark.
breviceps (Table 3). It appears from the scarce data aVailalthe literature thaf. breviceps
generally have lower Cd concentrations tkammacrorhynchus (Table 5). This suggests that
diet does not explain alone the high concentratadnSd in the tissues d&. macrorhynchus
and that a particular physiology promoting the acglation of naturally occurring Cd could

be envisage for this species.

Detoxification processes
Extremely high levels of toxic Hg and Cd may triggellular and physiological damages of
thetargetorgansgspecially kidneyGallien et al. 2001)Despite the lack of the main storage

organ for Cd analyses (i.e. kidne¢)d concentrations encountered here in liver sugeest
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higher concentrations in kidney as it is always ¢hse in marine mammals (Aguilar et al.
1999). Renal dysfunction has been linked to Cd concedatrstin liver exceeding 20 pg'g
wwt (approx. 100 pg:gdwt) (Honda 1985, Fuijise et al. 1988). macrorhynchus had Cd
concentrations in liver far higher than that lifiie. 225 and 464 pg’gdwt), while the livers

of K. breviceps were clearly below that limit (Table 3). Thus, @dtoxification processes
should be particularly efficient in the liver anaiikey of G. macrorhynchus to support such
high concentrations and needs to be investigateaeiu

Marine mammals are exposed to methyl Hg through fisnsumption, but only a small
fraction of the total Hg in liver and muscle @f macrorhynchus was found to be organic Hg,
l.e. <1% and <15% of the total Hg, respectivelyg(F2). This is far below the percentage of
organic Hg to total Hg that is usually found ingbdissues of adult marine mammals, which
generally ranges from 3 to 20% for liver and froént@ 95 % for muscle (Caurant et al. 1996,
Wagemann et al. 1998). Gaskin et al. (1974) alported values ranging from 2 to 17 % for
organic Hg in the liver o6s. macrorhynchus from the Lesser Antilles, but muscle had only 42
to 60% of total Hg in the organic form. Therefooeganic Hg concentrations in liver and
muscle ofG. macrorhynchus from New Caledonia are relatively similar to thdsam Lesser
Antilles (Gaskin et al. 1974). Apparently, the Iénaction of hepatic organic Hg appear to be
due to very high total Hg concentrations. Howegeich a low organic fraction in muscle of
G. macrorhynchus from New Caledonia remains questionable. It hasnbsuggested that
residual mercury could be mobilised and concerdrdtem muscle and blubber in other
tissues prior to death i@. macrorhynchus from the Cumberland Islands (Stoneburner 1978).
This author explained that a stress period, vigt, feould lead to such remobilization. The
very low percentages of organic Hg in blubber supthos speculation.

It is noteworthy thaK. breviceps preferentially feeding on cephalopods and shriirgble 2),

had concentrations of organic Hg in their tissugsilar to that of G. macrorhynchus.
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Cephalopods and shrimp displayed lower methyl Hgeras than fish, i.e. from 29 to 55%

53 to 94%, respectively (Cappon & Smith 1982). Cared toG. macrorhynchus, higher
percentages of organic Hg in the tissue& dbreviceps related to lower total Hg contents in
liver could be explained by a lower rate of hepdemethylation. Low percentages of methyl
Hg in liver have been reported for many marine maitsnspecies (e.g. Itano et al. 1984,
Wagemann et al. 1998). This supports the idea ofimaous demethylation of methyl Hg
occurring in liver throughout the animal's life spaubsequently leading to the formation of
mercuric selenide (HgSe) granules (Pelletier 198%vin-Aralar & Furness 1991, Nigro &
Leonzio 1996). HgSe granules (tiemannite) have kdentified in the liver of seabirds,
marine mammals and humans (Martoja & Berry 1980lefrer 1985, Hansen et al. 1989,
Nigro & Leonzio 1996). Moreover, many studies alsported that Hg and Se are correlated
in a 1:1 molar ratio as in HgSe (Koeman et al. 1di8Isen & Dietz 1990l.aw et al. 1997
Wagemann et al. 1998§5. macrorhynchus and K. breviceps from New Caledonia had a
Hg:Se molar ratio close to 1 and a low percentdgerganic Hg in liver (Fig. 1 & 2). This
suggests the presence of tiemannite granules asu#t bf demethylation of organic Hg in
liver. However, the younge$t. breviceps, a 6 years old male (Table 2), had a low hepatic
Hg:Se ratio due to low total Hg concentrations.sThpecimen also exhibited an elevated
percentage of hepatic organic Hg (Fig. 2). Palnusa al. (1995) have shown that
demethylation of Hg by Se is efficient reachingheeshold Hg concentration of 100 pg.g
wwt (approx. 500 pg:§dwt) in the liver of the dolphiStenella coeruleoalba. Although this
threshold should be different from one speciesnmtlzer, it clearly appears that the youfg

breviceps had Hg concentrations far below such a threshold.

CONCLUSION
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The present study providesw information on trace elements concentratiortbéntissues of
two rare marine mammals species from a tropicak.arery low Ni, Co and Cr
concentrations in the tissues @f macrorhynchus and K. breviceps suggest that industrial
extracting activities in New Caledonia does notespnt a significant source of contaminants
for these two particular species. On the other haed/ high Cd and Hg concentrations in the
liver of these marine mammals were related to depleda and fish consumption. Interspecific
differences in the bioaccumulation, i.e. highest @dd Hg concentrations irG.

macrorhynchus, remain questionable and should be related tphlysiology of this species.
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Table 1. Comparison of trace elements concentmtipiy.g* dry wt) of certified standards
from the NRCC determined in the present study wattified values.

Metals DOLT-2 (n=6) DORM-2 (n=3) DORM-1 (n=3)
Certified values Present study Certified value®resent study Certified value®resent study

Al - - - - - 13121

Cd 20.8+0.5 21.4+0.6 0.043 +0.008 0.042+D.01 - -

Co - - - - 0.049 +0.014 < QL

Cr - - - - 3.60 +0.40 3.45+0.17

Cu 258+1.1 26.9+13 2.34+0.16 2.28+0.24 2250.33 5.24 +0.05

Fe - - - - 63.6+£ 4.9 66.7+1.4

Total Hg 2.14+0.28 2.13+0.02 4.64 £0.26 4.50.36 - -

OrganicHg  0.693+0.053 0.759 +0.0184.47 + 0.32 4.38+0.28 - -

Mn - - - - 1.32+0.26 1.11+0.02

Ni - - - - 1.20+0.30 0.97 £ 0.08

Se 6.06 + 0.49 5.48 +0.13 1.40 £ 0.09 1.31+0.15 - -

Zn 85825 83.6+34 256+23 262+21 213 21113
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Table 2. Characteristics of the odontocetes angspdentified in their stomach contentésge
is the mean = SD of 3 counting of growth layer grau

Species Sex

Length (m)

Age

Prey identified in tioensch content

Globicephala
macrorhynchus

14 +1

122

Fishes :
Bathyclupea malayana (Bathuclupeidae)
Antigoniia sp. (Caproidae)
Synagrops sp. (Acropomatidae)
Diaphus sp. (Myctophidae)
Cubiceps sp. (Nomeidae)
Chlorophthalmus sp.(Clotophthalmidae)
Cephalopods :
Senoteuthis sp. (Ommastrephidae)
3 unidentified species (Ommastrephidae)
Moroteuthis sp. (Onychoteuthidae)
Lycoteuthis sp. (Lycoteuthidae)
Histioteuthis sp. (Histioteuthidae)
5 unidentified species (Histioteuthidae)
Empty stomach

Kogia breviceps

Q 3.0

19+3

Shrimps :
Pasiphea sp. (Pasiphaeidae)
Gnathophausia ingens (Mysidacea)
Meningodora sp. (Oplophoridae)
Cephalopods :
Histioteuthis sp. (Histioteuthidae)
Enoploteuthis sp. (Enoploteuthidae)
2 unidentified species
Shrimps :
Pasiphea sp. (Pasiphaeidae)
Gnathophausia ingens (Mysidacea)
Meningodora sp. (Oplophoridae)
Cephalopods :
Taonius sp. (Cranchidae)
Histioteuthidae
Enoploteuthidae
Octopoteuthidae




Table 3. Age and metal concentrations (flgdgrt) in the tissues of odontocetes from the Nevedania.
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Tissue Age Al Cd Co Cr Cu Fe Total-Hg  Organic-Hg Mn Ni Se \% Zn
Globicephala macrorhynchus & 14+1

Liver 1.38+045 225304 <dl <dl 37.4+£031472+7 1411 +24 11.7+x04 7.1x02 <dl 6243+ 0.06 135.7+0.6

Muscle 2.62+0.69 0.79+0.03 <dl <dl 0.8+0.1 347 +29 328+2.0 4.41%0.09 <dl <dl 9+1 di< 61.1+24

Blubber 153+0.14 0.95+0.03 <dl 251+0.01 49601 187 +8 11.0+0.8 0.47+0.05 0.17+0.01 <dl 4+1 <dl 21.3+£0.3
G. macrorhynchus @ 12+2

Liver 1.07+0.11 464.4+54 0.04 <dl 51.0+1.31535+17 1452+79 1.70+0.01 6.8%0.2 <dl 751 0.10 113.3x2.1

Muscle 0.88+0.26 1.48+0.03 <dl <dl 15+0.1 622+78 27.3+1.1 3.29+0.06 <dl <dl 61 di< 498+14

Blubber 1.15+0.00 0.84+0.01 <dl 0.32+0.08 260.1 18+2 3.20+£0.22 0.21+0.02 <dl <dl +0 <dl 17.3+1.3
Kogia breviceps & 6+1

Liver 211+0.29 288%0.8 <dl <dl 81+01 5W+11 7.86+0.14 125+0.12 52x0.2 <dl * 0.10 52.3+1.6

Muscle 6.58+£0.17 0.41+0.01 <dl 0.03 1.7+0.2977+18 6.07+0.17 4.65+0.01 0.26+0.01 <dl 61 <dl 429+0.7
K. breviceps ¢ 19+3

Liver 17.0+05 475%13 0.05 <dl 175+09 1286+84 77.3+0.7 7.03+0.06 5.0+£0.1 <dl + 0.68 54.3+0.8

Muscle 3.60+0.33 0.57+0.04 <dl <dl 09+0.0820+12 516+0.13 3.75+x0.11 0.12+0.02 <dl 30 <dl 67.1+0.9

dl : detection limit.

wet : dry wt ratio are 4.5, 4.0 and 1.6 for livenyscle and blubber, respectively.
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Figure 1. Concentrations of inorganic Hg)(and Se ¢ ) together with Se:Hg molar ratia(
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Figure 2. Percentage of organic Hg in the musdigé&l), liver (white) and blubber (grey) of
G. macrorhynchus andK. breviceps from New Caledonia.



Table 4. Heavy metal concentrations ([fgvgvet) in the liver of odontocete species from wasi areas.
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Species Locality N Cd Co Cr Cu Fe Total-Hg Organic-Hg Mn Ni Se Zn Authors
Globicephala melas Northwest Atlantic Ocean 9 7.88 +3.61 0.012 #£3.0 - 27+1.0 356 +221 40.30 + 38.81 - 2.53+0.51 - 11.73+9.94 39+7 Mackey et al. 1995
G. melas Northeast Atlantic Ocean 1 0.1 - 0.25 4.7 2680 0.74 - - 0.31 21 45 Law et al. 2001
Grampus griseus Mediterranean Sea 1 6.00 - 0.28 - - 1002 14.70 - - 266.4 - Storelli et al. 1999
G. griseus " 1 8.42 - 0.41 - - 478.3 7.35 - - 113.2 - Staredlal. 1999
G. griseus Northeast Atlantic Ocean 1 0.2 - 0.26 5.2 337 2.6 - - 0.71 4.6 37 Law et al. 2001
Lagenor hynchus acutus Northwest Atlantic Ocean 4 0.423 £0.294 0.013G20. - 6.3+2.2 179+100 10.36 +10.09 - 3.67 £0.53 - 531+298 41.6+9.9 Mackey et al. 1995
Mesoplodon bidens Northeast Atlantic Ocean 1 20 - 17 19 172 322 - - 1.0 133 83 Law et al. 2001
M. densirostris 1 6.2 - 0.63 5.6 248 - - 0.75 98 41 Law etl@d7
Phocoena phocoena Northwest Atlantic Ocean 6 0.444 +£0.281 0.006Q08. - 8.9+4.0 388+116  9.86 +15.17 - 4.49 +0.93 - 2.04+1.19 28+5 Mackey et al. 1995
Stenella coeruleoalba Mediterranean Sea 6 1.75+1.27 - 0.03+0.02 *2Z22 307+93 189.2 + 28.6 8.82+3.70  3.19481. - 80.3+12.7 245+7.3 Cardellicchio et al0@0
Physeter macrocephalus® North Sea 6 19.1+8.9 - 0.02+0.02 1.7+0.6 459 145+9.2 0.34+0.16 - 0.12+0.10 36+26 21+3 Holsbeck et al. 1999
Ziphius cavirostris Mediterranean Sea 18.49 - 0.12 - - 259.3 9.85 - - 110.6 - Storelli et al. 1999

 Values recalculated from dry wt.
Table 5. Heavy metal concentrations (jigwgvet) in the liver ofG. macrorhynchus andK. breviceps from various areas.
Species Locality N Cd Co Cr Cu Fe Total-Hg Orgafg- Mn Ni Se Zn Authors
Globicephala macrorhynchus
Australia 5 0.4-22.0 - - - - - - - - - - Kemperadt 1994
Caribbean Sea 5 - - - - - 88.7 £ 67.9 3.46 £0.20 - - - - Gaskin et al. 1974
Cumberland Island 4 13.90 + 3.98 - - - - 231.02.17 - - - 44.18 +19.32 - Stoneburner 1978
New Caledonia 2 50.1-102.3 0.01 <dl 8.7-12.7 202-3 313-323 0.38-2.59 1.51-1.57 <dl 146-162 35.937 Present study
Kogia breviceps
Argentina 1 7.6 - - 10.3 - 11.7 - - - 163.2 Marecchio et al. 1990
Australia 1 14.3 - - - - 1.52 - - - - - Kemper &t¥994
England 1 3.2 - 0.57 9.5 1450 14 - - 0.68 0.18 21 aw ket al. 2001
Florida - 0.22-7.60 - 0.84-4.13 2.10-144.44 - - - .8034.06 - - 10.09-15.04 Odell & Asper 1976
New Caledonia 2 6.3-10.8 0.01 <dl 1.9-41 501-624  1.7-17.2 0.28-1.56 1.11-1.15 <dl 45-5.7 16.9:18. Present study
South Africa 4 - - - - - 0.9+0.8 - - - - 285387 Henry & Best 1999
South Africa 7 - - - - - 6.1+5.6 - - - - 21.9 #74 Henry & Best 1999
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