
Vol. 47: 17-30, 1988 I MARINE ECOLOGY - PROGRESS SERIES 
Mar. Ecol. Prog. Ser. I Published July 21 

Cadmium in marine invertebrates and arctic cod 
in the Canadian Arctic. 

Distribution and ecological implications 
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ABSTRACT: Seals and other marine mammals in the North American Arctic have high concentrations 
of cadmium in the kidney, particularly in relation to northern European seals. We measured cadmium in 
other organisms to determine whether the metal was generally elevated in Canadian arcbc marine 
ecosystems. Samples of dominant organisms were collected from the epontic (under-ice) community in 
the central Canadlan Arctic in 1983 and 1984, and in the pelagic community in the eastern Canadian 
Arctic in 1982 and 1983. Cd concentrations in invertebrates ranged from 0.17 pg g-' in Mysis litoralis to 
consistently high concentrations of 14 to 16 kg g- '  in hyperiid amphipods These were equivalent to, or 
lower than, the values in corresponding organisms outside the Arctic, including hyperiid amphipods 
which have similarly high levels in the north Pacific Ocean. With the exception of 1 species of amphipod 
(Gammarus setosus), there were no significant differences (p > 0.05) between sampling sites or years. 
Arctic cod Boreogadus saida, an important food item for most arctic vertebrates, ranked among the 
lowest of the Canaban arctic organisms in Cd concentration (0.40 kg g-l) ,  but was appreciably higher 
than fish from northern Europe (Baltic Sea). Except for arctic cod, there was no evidence of elevated Cd 
concentrations unique to the marine community of the Arctic. High Cd levels in arctic marine mammals 
should not be taken as evidence of general ecosystem contamination. However, the high levels in 
hyperiid amphipods, notably Parathemisto libellula, take on a particular significance because the 
amphipods are prominent in the diet of many arctic marine vertebrates. 

INTRODUCTION 

High levels of cadmium in the liver and kidney of 
marine mammals have been reported for the North 
American Arctic and Greenland, areas not known to be 
subjected to high inputs of the metal (Rahn 1981). 
Mean kidney concentrahons are 267 pg g-' dry weight 
(SD 97.7) in northern fur seals Callorhinus ursinus in 
Alaska (Goldblatt & Anthony 1983) and 150t pg g-' 
(range 36t to ~ 8 5 ~ )  in ringed seals Phoca hispida from 
western Greenland (Johansen et al. 1980). In Green- 
land seals, the maximum value approaches the critical 
concentration of 800t pg g-1 in the kidney cortex at 

' Present address: Environmental and Resource Studies, 
Trent University. Peterborough, Ontario. Canada K9.J ?B8 
Tissue concentrations marked with a cross were originally 
reported in terms of wet weight but have been multipLied by 
4.0 as a general conversion factor to dry weight. The factor is 
used here for conversions of concentrations in both the 
whole body and in specific organs, to simplify the reader's 
comparisons within this paper 

which kidney dysfunction is expected to occur in 
humans (Friberg et al. 1974), assuming a conservative 
cortex/whole kidney concentration ratio of 1.25 
(Cherry 1981). These tissue levels are very high com- 
pared to those for seals in northern European waters; 
ringed seals in the Gulf of Finland have a mean kidney 
concentration of only 4.8+ pg Cd g-' in kidney (range 
0 . 1 6 ~  to 1 6 ~ )  although they contain relatively high 
levels of contaminants such as mercury (48+ (rg g-l) in 
liver and PCBs ( 3 0 0 ~  pg g-l) and total DDT ( 3 0 0 ~  pg 
g-l)  in blubber (Pertilla et al. 1986). 

There are few data to provide a background for 
explaining the high Cd concentrations in the North 
American arctic mammals. Bohn & McElroy (1976) 
reported whole-body and liver concentrations of Cd in 
arctic cod Boreogadus saida from the Canadian eastern 
Arctic, and also values for copepods that were well 
within the range reported for copepods from uncon- 
taminated areas outside the Arctic (Table 5) .  Although 
some studies have reported slightly higher concen- 
trations of dissolved Cd in surface waters of the Arctic 
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Fig. 1. Study areas in the Northwest Territories of Canada 

than would be expected from temperate regions 
(Moore 1981, Kremling 1985) there has been no 
thorough evaluation of Cd concentrations in the lower 
parts of the food web and no apparent reason for high 
tissue levels in arctic seals and some other mammals. 

The present study was undertaken to document Cd 
concentrations in organisms of the arctic marine com- 
munity and to relate the levels observed in the food 
web to those in the marine mammals. Our hypothesis 
was that Cd concentrations in the organisms would 
reflect, in general, the elevated concentration of Cd in 
arctic waters noted in other stuches, and that the seals 
in the Canadian Arctic would show proportional eleva- 
tions similar to other organisms. The initial objective 
was therefore to collect representative organisms from 
all trophic levels of Canadian arctic marine ecosystems 
and measure their Cd content. Ultimately, it is intended 
to use the measured concentrations to test whether the 
differences in tissue concentrations between ringed 
seals in Europe and Canada result from differences in 
Cd content of the respective diets. This paper reports 

Place names attempt to reflect recent changes from English 
to Inuktitut 

the results of the collection and analysis of organisms 
from the spring ice community near Kaujuitoq' (Corn- 
wallis Island) and the open water community of north- 
ern Baffin Island, in the central and eastern Canadian 
Arctic, and examines their significance with respect to 
marine mammals. 

MATERIALS AND METHODS 

Collection of organisms. Pelagic, benthic and inter- 
tidal organisms were collected in the waters surround- 
ing Cape Hatt, on northern Baffin Island, N.W.T. 
(Fig. 1) in the last 2 wk of August 1982 and 1983. Full 
descriptions of aquatic species in the area are given in 
Sekerak et al. (unpubl., cited in Bradstreet 1982). All 
sampling was conducted from the camp of the Baffin 
Island Oilspill Program (BIOS) a t  Cape Hatt, hence the 
present study uses the names for individual bays (i.e. 
Z-lagoon, Bay 12) used by that project (for description 
of project see Arctic, Vol. 40,  Suppl. l ,  1987). 

In 1982, pelagic zooplankton were collected with 
either a 0.25 m2 conical net with a PVC cod bucket, or 
with a 0.10 m diameter Miller sampler, towed from a 
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4.3 m Zodiac inflatable boat at approximately 2 to 3 
knots. To reduce contamination, nets were constructed 
of nylon mesh, canvas and PVC or fiberglass. The hoop 
of the conical nets was made of 9.5 mm tubular stain- 
less steel while the tow ropes and bridles were 8 mm 
diameter polypropylene. Mesh sizes were 64, 273, 505, 
and 1050 pm. In 1983, all pelagic invertebrates were 
collected using the same conical nets equipped with a 
3.6 kg hydrodynamic depressor. This sampled at  great- 
er depths (20 to 25 m), and collected more specimens, 
especially of copepods, pelagic amphipods, and 
chaetognaths. 

Intertidal amphipods were collected during low tide 
using hand-held dip nets. Scavenging benthic 
amphipods were collected with a minnow trap covered 
with 273 pm mesh, baited with the head of fresh arctic 
char Salvefinus alpinus and retrieved from 3 to 5 m 
depth after 18 to 36 h, or in one instance, by a dip net as 
they consumed a fish in a gill net. There was no 
indication of contamination using the metal minnow 
trap since there was no significant difference @ > 0.05) 
in the Cd concentrations of amphipods collected by the 
2 methods. 

Frozen samples of the pelagic amphipod Para- 
themisto libellula, and arctic cod, were obtained from 
the gut of harp seals taken at Grise Fiord, N.W.T., 
courtesy of D. Lavigne and D. Murie, University of 
Guelph. Freeze-dried P. libellula, from Iqualuit (for- 
merly Frobisher Bay), N.W.T. were provided by J. Fife, 
Arctic Biological Station, Ste-Anne de Bellevue, P. Q. 

Pelagic invertebrates were also collected earlier in 
the season, under the ice, in June 1983 and 1984 in 
Barrow Strait, immediately south of Kaujuitoq (for- 
merly Resolute Bay), N.W.T. In both years the conical 
nets described above were used through holes or leads 
in the ice, and remained in the current under the ice for 
10 to 15 min at depths of 10 to 40 m. 

Epontic algae were collected in June 1983 by taking 
cores of 23 cm diameter through the ice with a stainless 
steel corer, melting the lower portion, and passing the 
water through a pre-washed, dried, and pre-weighed 
0.45 pm Millipore filter. In 1984, samples of the epontic 
community were collected into a plastic tank by a 
suction apparatus held against the bottom of the ice by 
a diver. The water was passed through 64 pm nylon 
mesh and then through a 0.45 pm Millipore filter. The 
material retained by the 64 pm mesh (primarily harpac- 
ticoid copepods) and the filters were then frozen. 
Samples from both years contained a wide range of 
organisms including algae, calanoid and harpacticoid 
copepods and small amphipods, hence they will be 
called 'algal community' or 'epontic community' sam- 
ples rather than algal samples. Large under-ice 
amphipods (Gammarus setosus) were collected in 1984 
by divers using dip nets. 

Immediately after collection, the organisms were 
sorted to species and, if possible, to size-class, partially 
dried by removal of surface water, and stored in acid- 
washed Petri dishes. Individual organisms were 
arranged in the dishes so that they did not come in 
contact with each other, allowing subsequent analysis 
of the Cd content of each organism. Copepods, 
chaetognaths, mysids, medusae and pteropods were 
grouped in cleaned plastic vials and subsamples taken 
later for analysis of Cd content. After sorting, contain- 
ers were frozen and shipped to the University of 
Guelph, where they were stored at -20 "C until analy- 
sis. Representative specimens of invertebrates were 
preserved in 4 % formalin and identified by Dr C. T. 
Shih, National Museum of Canada, Ottawa. 

Arctic cod Boreogadus saida were collected by seine 
in October 1983 at Arctic Bay, northern Baffin Island. 
Fish were individually sealed in Whirl-pak bags and 
frozen within 2 h of capture. Identification was con- 
firmed by Mr C. Renaud, Ichthyology Section, National 
Museum of Canada. 

Sample preparation. Glassware was cleaned by 
soaking in a dilute solution of a commercial preparation 
of phosphoric acid (Servac, Wyandotte Corp.), then 
soaking in double deionized water for 24 h,  in 5 % 
HN03 for 24 h, and double deionized water for 24 h. 
Before weighing, glassware was heated overnight at 
80 "C and cooled in a dessicator. Plastic Petri dishes and 
vials for sample storage were soaked for 24 h in 5 % 
HN03 and 24 h in double deionized water. Since Cd is 
used as a stabilizer in some plastics (Dixon 1981), only 
clear, Linear polyethylene was used to store samples. 
Organisms were handled only with stainless steel or 
teflon-coated instruments. 

Before analysing for Cd content, invertebrates were 
thawed, identified to species, and usually measured for 
total body length (for crustaceans, from the posterior tip 
of the telson to the anterior tip of the eye). Both wet and 
dry weights were measured in 1983 and 1984 and those 
samples are the main results reported here. Only wet 
weight was measured for most of the 1982 samples, 
however samples of some organisms such as Mysis 
litoralis were pooled in the field so that freezing 
altered the water content, and Cd concentrations were 
based on dry weight. Because of this inconsistency, 
samples from 1982 are used primarily to support the 
data from the other 2 yr. For very small organisms, 
individuals of equal length were grouped together to 
allow accuracy in weighing as well as sufficient Cd to 
exceed detection limits. Approximately 10 small Para- 
themisto ljbellula (3 to 4 mm total length) were 
grouped together, while up to 50 small Gammarus 
setosus (taken at Kaujuitoq in 1984 from the brood 
pouch of females) made up a single sample. Mysids, 
chaetognaths, medusae and ctenophores could not be 
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separated as individuals because of the damage du- 
ring freezing and were grouped to species in the field, 
and subsamples taken for analysis. Individual arctic 
cod were weighed and measured for total length, 
dried for 48 h at 80°C and re-weighed. ~ o d ' l i v e r s  
collected from harp seal stomachs were dissected from 
the partially digested fish, dried for 48 h at 70°C and 
digested as outlined below. 

Samples were digested using the wet ashing tech- 
nique of Wagemann et al. (1983) with slight modifica- 
tion. Concentrated reagent grade HN03 was added to 
the sample and allowed to sit overnight or until foam- 
ing stopped, heated gently until almost dry and further 
H N 0 3  added. The heating and HN03 additions were 
repeated until little residue remained. A final addition 
of H N 0 3  included enough concentrated H2SO4 to bring 
the final dilution of the digest to 2 to 8 % H2S04. The 
sample was heated until charring occurred, cooled, and 
clarified using 30 or 50 % HzO2. Charring and clarifica- 
tion were repeated until charring no longer occurred. 
Two blank digests were included with the samples and 
given the same quantity of acids and peroxide as  the 
sample. After final charring, the sample was clarified 
and brought to volume (e.g. 10.0 m1 or 25.0 ml) with 
double deionized water. Samples were stored in glass 
vials for 1 wk or less, or in vials of linear polyethylene 
for longer times. 

All 1983 and 1984 samples were analysed using a 
Scintrex AAZ-2 spectrophotometer with electrothermal 
atomization and Zeeman modulation background 
correction. The detection limit, defined as  3 times the 
standard deviation of the blanks, was ca 0.50 ng ml-l, 
giving a working range of 1.00 to 5.00 ng Cd ml-' using 
10 p1 samples. The atomization program was: drying 
time 10 to 15 S;  ashing 250°C for 30 S; atomization 1300 
to 1350°C for 3 S. The atomization cycle and subse- 
quent calculation of standard curves and concen- 
trations were conducted by an Apple 11 microcomputer 
using software purchased from Scintrex Corp., Toronto, 
Canada. Samples collected in 1982 were analysed with 
a Varian AA6 in flameless mode using CRA-90 carbon 
rod attachment and H2-deuterium background correc- 
tion. The atomization cycle was: drying 100°C for 20 S; 

ashing 350°C for 30 S;  atomization 1200°C for 3 s at a 
ramp rate of 225. Working range was 5.0 to 50.0 ng  Cd 
rnl-' for a sample size of 2 ,u1. All standards were made 
by dilution of a 1.00 mg Cd standard (Fisher Scien- 
tific) in a solution of the appropriate H2SO4 concen- 
tration (2 or 8 %). 

Total Cd in the digest was calculated as  concen- 
tration in ng ml-' X number of m1 in the digest. The 
mean total Cd (ng) in the blanks was then subtracted, 
giving the amount of Cd present in the organisms. This 
value was divided by the number of individuals in the 
sample to produce the body burden. Cd concentration 
was calculated as body burden (ng Cd) divided by 
body weight (mg; wet and dry weight when possible). 
Concentration in grouped individuals was derived by 
dividng the total Cd in the digest by the sample 
weight, to avoid errors caused by rounding off. Each 
digest was considered to be one observation, for both 
large and small organisms, in subsequent statistical 
analyses. 

Analytical accuracy and precision. Blank samples, 
spiked blank samples, and NBS bovine liver standard 
1577a (National Bureau of Standards, Washington, 
D.C.) were analysed at the same time as field samples. 
Blank and spiked blank vials showed no loss of Cd by 
volahlization with the heating during digestion 
(Table l ) .  Contamination from the reagent grade 
chemicals remained constant at 3 to 5 ng Cd per digest. 
The contamination measured in the blank digests was 
assumed to be constant through each sample set (gen- 
erally 43 samples per set) and was subtracted from the 
total Cd measured in each digest. For the 3 yr of sam- 
ples, only 3 sets of samples were discarded because of 
apparent contamination. 

Measured Cd in NBS standard bovine liver was 0.41 
(SD 0.04) pg Cd g- '  dry weight (n = 5) or ca 94 % of the 
published value of 0.44 ? 0.06 ug Cd g-1 dry weight. 
The standard deviation was 9.6 O/O of the mean. Preci- 
sion, defined here as the standard error of the mean, 
averaged 4 .3%.  Interference during the atomic 
absorption procedure was tested by adding spikes of 
0 to 400 ng Cd to a homogenized sample of Para- 
themisto libellula. The resulting regression of meas- 

Table 1. Summary of tests of analytical accuracy and precision using the Scintrex AAZ-2  atomic absorption spectrophotometer to 
measure Cd. All concentrations are in ng g-', followed by standard deviations. Expected concentration for NBS bovine liver is 

based on a dry weight concentration of 440 ng g-' 

Sample Expected concentration Observed concentration Number of 
in digest in digest measurements 

Blank 0.00 0.40 f 0.25 4 
Blank with sp~ke of 20.0 ng Cd 2.00 2.09 + 0.23 5 
Blank with spike of 100.0 ng Cd 10.0 10.1 + 0.30 3 
NBS bovine liver standard 1577a 2.26 + 0.42 2.21 f 0.57 5 
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ured versus nominal (or spiked) Cd showed a direct 
relationship with a slope of 1.07 (3 = 0.98), indicating 
full recovery of the spikes. 

If similar samples (i.e. the same species from the 
same area but different years) yielded different cad- 
mium concentrations on the 2 spectrophotometers, val- 
ues determined on the Scintrex machine were consid- 
ered more reliable because of Zeeman background 
correction and the opportunity to inspect printed 
absorption curves. For example, 1982 measurements 
on the amphipod Anonyx sarsi were discarded because 
of high variabhty, possibly caused by interference du- 
ring the absorption phase. Subsequent measurements 
of A. sarsi with the Scintrex machine were relatively 
uniform. Consistency of Cd concentrations was also 
tested by comparing wet weight concentrations of 3 
species collected from the same area at Cape Hatt in 
1982 and 1983. There was no significant difference 
observed for Parathemisto libellula (4.07 pg g-' t SD 
1.38 to 12.04, n = 37; 5.70 pg g-' + SD 2.58 to 12.56, 
n = 59), or for Gammarus setosus (0.08 pg g-' f SD 
0.04 to 0.19, n = 19; 0.07 pg g-' + SD 0.04 to 0.15, n = 

41). For Boeckismus edwardsi the mean wet-weight 
concentrations for the 2 yr proved to be significantly 
different (0.15 pg g-' + SD 0.08 to 0.29, n = 36; 0.23 pg 
g-' + SD 0.17 to 0.31, n = 24). 

Statistical analysis of results used commercially 
available statistical packages. Most regressions and 
residual analyses were done using BMDP (Dixon et  al. 
1983), while all ANOVA tests and comparisons of 
means were conducted using SAS (SAS Institute, Cary, 

North Carolina, USA 1982). A statistically significant 
difference was considered to exist if p I 0.05. 

RESULTS 

The major groups of organisms collected, their diets, 
and range of body lengths are given in Table 2. Four of 
the species in which individual organisms could be 
analysed (Parathernisto libellula, Anonyx sarsi, Boreo- 
gadus saida, Garnrnarus setosus) showed continuous 
ranges of body size from young of the year (Y-0-Y) to 
adults, while samples of Mysis litoralis, Boeckismus 
edwardsi and the Kaujuitoq sample of G. setosus 
showed distinct bimodal distributions of size. The 
larger M. litoralis (mean length of 24.8 mm) contained 
reproductively mature males with extended pleopods 
and females with fully developed brood chambers. The 
size classes of G. setosus from Kaujuitoq consisted of 
gravid females (mean length of 26.7 mm) and a sepa- 
rate Y-0-Y class of 3 to 4 mm, collected from brood 
pouches of females. 

For those samples involving pooled individuals, aver- 
age Cd concentrations ranged from 0.17 pg g-' for 
Mysis litoralis to 6.31 vg g-' in a homogenized sample 
of the hyperiid amphipod Parathemisto libellula taken 
from the gut of harp seals (Table 3, dry weights). The 3 
samples of epontic community were not significantly 
different from each other in cadmium concentration, 
nor were the samples of copepods, ctenophores or 
chaetognaths. The averages in Table 3 were calculated 

Table 2. Summary of major groups and sizes of organisms collected, with their habitats, diets and sites of collection in the 
Northwest Territories 

Species/Group S ~ t e  Habitat Diet Body length range (mm) 

Epontic community Kauluitoq Underice surface - - 

Cope pods Cape Hatt Pelagic Herbivore 0.1-6.0 
Kaujuitoq Pelagic Herbivore 0.1-7.0 

Mysis litoralis Cape Hatt Benthic-pelagic Detritivore 12.0-28.0' 

Amphipods 
Gamrnarus setosus Cape Hatt Intertidal zone Herbivore 9.5-35.0 

Kaujuitoq Underice surface Herbivore 3.5-36.0' 
Onisim us glacialis Cape Hatt Pelagic Omnivore 4.0-15.0 
Anon yx sarsi Cape Hatt Benthic Omnivore (scavenger) 7.941.0 
Parathemisto libellula Cape Hatt Pelagic Carnivore 4.5-37.0 

Kaujuitoq Pelagic Carnivore 2.7-25.1 
P. abyssorurn Kaujuitoq Pelagic Carnivore 13.0-16.0 
Hyperoche rnedusarum Kaujuitoq Pelagic Carnivore 4 0-9.0 
Boeckismus edwardsi Cape Hatt Benthic Omnivore (scavenger) 5 0-14.0' 

Fish 
Boreogadus saida Arctic Bay Pelagic Carnivore 70.0-168.0 

Two distinct size classes 
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Table 3. Mean Cd concentration of pooled organisms collected at Cape Hatt, Kaujuitoq and Gnse Fiord. Sample size (n) refers to 
number of subsamples 

Sample Site Year Cd concentration 
(pg g-' dry weight) 

(+  SD) 

4.74 (3.77-5.96) Phytoplankton Cape Hatt 

Epontic community 
Filtered 
< 64 p m  fraction 
> 64 pm fraction 

Kaujuitoq 
Kaujuitoq 
Kaujuitoq 

Kaujuitoq 
Cape Hatt 
Kaujuitoq 

Copepods 

Pteropods 
Clione limacina Cape Hatt 

Ctenophores Cape Hatt 
Kaujuitoq 
Kaujuitoq 

Mysids 
Mysis litoralis Cape Hatt 

Amphipods 
Parathemisto libellula Grise Fiord 

Chaetognaths Cape Hatt 
Kaujuitoq 

Fish 
Boreogadus saida (livers) Grise Fiord 

as arithmetic means of untransformed data, and sample 
size refers to the number of subsamples analysed. 

Mean dry-weight concentrations for measurements 
on individual organisms were calculated as geometric 
means to normalize the residuals (Table 4). The means 
ranged from consistently low values in Gammarus 
setosus from Z-lagoon at Cape Hatt and in the mysid 
Mysis litoralis (0.45 and 0.29 kg g-l .  respectively), to 
high values of 14 to 16 pg g-' in some samples of the 
hyperiid amphipods Parathemisto spp. and Hyperoche 
medusarum. Cd concentrations did not differ slgnifi- 
cantly among samples of a given species, except that 
G. setosus showed a difference for 2 adjacent bays at 
Cape Hatt in 1983 (Z-lagoon, 0.45 pg g-'; Bay 12, 
9.57 yg g-l)  and also between each of the Cape Hatt 
samples and the one collected at  Kaujuitoq (3.07 yg 

9-l). 
For all the dry-weight Cd concentrations of individu- 

als or pooled samples of the same organisms (Tables 3 
& 4), Scheffe's multiple-range test showed no signifi- 
cant difference between sampling sites (Cape Hatt 
versus Kaujuitoq), seasons (summer versus spring) and 
year of sampling (1982 versus 1983 at Cape Hatt, 1983 
versus 1984 at Kaujuitoq), with the single exception of 
Gammarus setosus which was accordingly treated as 

3 discrete samples. A grand mean for each species or 
group was calculated by pooling all data from all 
samples. Those grand means are compared with 
summarized data from other reFons in Table 5. Means 
from the present study are categorized into trophic 
levels in Fig. 2, based on the diets (i.e. level 1 = pri- 
mary producers, 2 = herbivores, 2.5 = omnivores and 
scavengers, 3 = carnivores, 4 = secondary carnivores). 
Despite the similarity in the diets of hyperiid 
amphipods and arctic cod (see below), the latter have 
been placed in a marginally higher trophic level 
because they consume hyperiid amphipods. 

There were differences between the grand mean Cd 
concentrations of most species (Table 6), as determined 
by Scheffe's multiple-range test on all pooled species 
data or grand means, after first removing Parathemisto 
abyssorurn and the pteropod Clione limacina because 
of small sample sizes (n = 3). The hyperiid amphipods 
P. abyssorurn, P, libellula and Hyperoche medusarurn 
had the highest Cd concentrations, followed by the 
Bay 12 sample of the amphipods Gammarus setosus 
and Onismus glacialis, a pelaqc omnivore. The high 
concentrations in P. libellula were consistent through 
all samples collected, despite the higher proportion of 
Y-0-Y sampled at Kaujuitoq in both 1983 and 1984 (i.e. 
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Table 5. Comparison of Cd data from present study with Cd values from the literature. N.W.T.: Northwest Territones 

Source Area Mean 
concentration 

(pg g- '  dry weight) 
(It_ 1 SD) 

Range Reference 

P P P 

Water (surface; pg I-') 
Dissolved 
Total 
Dissolved 
Total 
Dissolved 
Dissolved 
Dissolved 
Dissolved 
Dissolved 
Total 

Phytoplankton 
Grouped sample (> 64 pm) 
Grouped sampie (3 76 m) 
Grouped sample (> 64 pm) 
Grouped sample (> 64 pm) 
Grouped sample (> 64 pm) 
Grouped sample (> 64 pm) 
Epontic community 
(r 0.45 m) 

Epontic community 
(> 0.45 pm <64 pm) 

Epontic community 
(> 64 ,urn) 

Copepods 
Grouped sample 
Grouped sample 
Grouped sample 
Grouped sample 
Grouped sample 
Grouped sample 
Grouped sample 
Zooplankton (mostly 

copepods) 
Grouped sample 
La bidocera acutifrons 
Anomalocera pa  tersoni 
Calanus plumchrus 
C. plumchrus 
C. plumchrus 
C. cristatus 
C. glacialis 

Chaetognaths 
Grouped sample 
Grouped sample 
Grouped sample 

Mysids 
Eucopia sculptica uda 
Grouped sample 
Grouped sample 
Mysis litoralis 

Amphipods 
Lysianassidae 
Gammams zaddachi 
G. setosus 
G. setosus 

N. Atlantic 
North Sea 
North Sea 
Central Arctic 
Strathcona Sound. N.W.T. 
E. Davis Strait, N.W.T 
Smith Sound, N.W.T 
Lancaster Sound, N.W.T 
Baffin Bay, N.W.T 
Baffin Bay, N.W.T 

Eaton (1976) 
Danielssen et al. (1985) 

0.008-0.025 Kremling (1985) 
Moore (1981) 
Thomas et al. (1983) 
Campbell & Yeats (1982) 
Campbell & Yeats (1982) 
Campbell & Yeats (1982) 

0.05-0.06 Campbell & Yeats (1982) 
0.02-0.06 Campbell & Loring (1980) 

California 
California 
Baja California 
Northeast Pacific 
Baja California 
Pond Inlet. N.W.T 
Kaujuitoq, N.W.T 

2.2-24.7 Martin et al. (1976) 
0.5-7.0 Knauer & Martin (1973) 
2.8-17.9 Bruland et al. (1978) 

2-5 Martin & Broenkow (1975) 
4.2-20 9 Martin & Broenkow (1975) 

- Present study 
- Present study 

Kaujuitoq, N.W.T. Present study 

Kaujuitoq, N.W.T. Present study 

California 10 
Pacific Ocean 2 8 
Baja California - 
Baffin Island 2 
Loire Estuary, France 2 
North Pacific 13 
Bering Sea 6 
Baltic Sea 19 

1.6-7.5 Martin & Knauer (1973) 
0.6-6.5 Martin & Knauer (1973) 

- Martin & Broenkow (1975) 
- Bohn & McElroy (1976) 

0.39-1.15 Amiard-Triquet et  al. (1980) 
0.97-18.13 Hamanaka & Mishima (1981) 

- Hamanaka & Mlshima (1981) 
0.20-4.6 Szefer et  al. (1985) 

E. Cdn. Arctic 
Atlantic Ocean 
Mediterranean Sea 
Bering Sea 
N.  Pacific Ocean 
Okhotsk Sea 
N. Pacific Ocean 
Okhotsk Sea 

0.69-3.80 Present study 
- Leatherland et al. (1973) 
- Polikarpov et a1 (1979) 
- Hamanaka & Tsujita (1981) 

3.09-14 55 Hamanaka & Tsujita (1981) 
4.67; 5.21 Hamanaka & Tsujita (1981) 

- Hamanaka & Tsujita (1981) 
1 66-14 55 Hamanaka & Tsujita (1981) 

N. Baffin Island 
N. Pacific Ocean 
E. Cdn. Arctic 

- Bohn & McElroy (1976) 
- Hamanaka & Mishirna (1981) 

0 54-1.78 Present study 

- Leatherland et al. (1973) 
- Amiard-Triquet et al. (1980) 
- Schafer et  al. (1982) 

0 13-0.60 Present study 

N. Atlantic 
Loire Estuary, France 
California 
Cape Hatt, N.W.T 

Baffin Island 
Loire Estuary, France 
Z-lag. Cape Hatt 
Bay 12, Cape Hatt 

- Bohn & McElroy (1976) 
- Amiard-Triquet et al. (1980) 

0.08-2.04 Present study 
2.68-26.7 Present study 
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Table 5 (continued) 

Source Area n Mean Range Reference 
concentration 

(brg g- '  dry weight) 
( +  1 SD) 

Amphipods 
G. setosus Kaujuitoq, N.W.T 22 3.07 (1 .89499)  1.05-9.15 Present study 
Boeckismus edwardsi Cape Hatt, N.W.T 24 0.75 (0.54-1.04) 0.40-1.38 Present study 
Anonyx sarsi Cape Hatt, N.M'.T 29 2.66 (1.56-4.54) 0.82-6.99 Present study 
Onisimus glacialis Cape Hatt, N.W.T 14 6.07 (4.25-8.65) 2.69-11.8 Present study 
Mixed sample (mostly N. Pacific Ocean 13 21.44 ? 10.78 1.74-36.93 Hamanaka & Mishirna (1981) 

Parathemisto sp.) 
Parathemisto libellula Bering Sea 11 5.27 (4.72; 6.24) Hamanaka & Mishima (1981) 
P. libellula Bering Sea 3 6.68 5.37-7.98 Hamanaka & Tsujita (1981) 
P. libellula Bering Sea 18 9.07 f 7.71 3.35-33.3 Harnanaka & Ogi (1984) 
P. libellula E. Cdn. Arctic 97 11.4 (5.96-21.8) 2.80-42.5 Present study 
P. pacifica N. Pacific Ocean 6 10 30 2 5 64 4.16-14.50 Hamanaka & Tsujita (1981) 
P. pacifica Bering Sea 1 6.72 - Hamanaka & Tsujita (1981) 
P. japonjca Okhotsk Sea 1 2.83 - Hamanaka & Tsujita (1981) 
P. a byssorum Kauluitoq, N.T.W. 3 16.1 (12.3-21.1) 11.8-19.5 Present study 
Hyperia galba Bering Sea 2 11.34 + 0.41 - Hamanaka & Tsujita (1981) 
Hyperoche medusarum E. Cdn. Arctic 12 10.3 (5.59-19.1) 3.48-29.5 Present study 

Fish 
Gadus morhua Norway 2 Muscle 0.01 - Lande (1977) 
G. morhua Malvik, Norway 4 Muscle 0.02 - Lande (1977) 
G. morhua Gulf of Bothnia - Liver - 0.06-0.18 Pertilla et  al. (1982) 
G. morhua Gulf of Bothnia 9 Muscle - 0.008-0.072 Miettinen & Verta (1978) 
G. morhua Baltic Sea - Muscle - 0.008-0.20a Brugrnann (1981) 
Boreogadus saida Strathcona Sound, 15 Lver 0.7220.37 0.35-1.6 Bohn & McElroy (1976) 

N.W.T 47 Whole fish 0.6240.22 0.26-1.5 
B. saida Strathcona Sound, 50 Whole body 0.40 0.13-1.51 Present study 

N.W.T (0.21-0.76) 
B. saida Grise Fiord, N.W.T. 6 Liver 1.14 (0.77-1.68) 0.69-1.86 Present study 
Clupea harengus Malvik, Norway 2 Muscle 0.01 - Lande (1977) 
C. harengus Gulf of Bothnia 20 Muscle 0.024 f 0.012 - Pertilla et al. (1982) 
C. harengus Balhc Sea - Muscle 0.008-0.800 Brugrnann (1981) 
Baltic herring Gulf of Bothnia 147 Muscle - 0.05-0.17a Miettinen & Verta (1978) 
Sprat Gulf of Bothnia 32 Muscle 0.07-0.08a Miettinen & Verta (1978) 
Perch Gulf of Bothnia 198 Muscle 0.01-0.14a Miettinen & Verta (1978) 
Myoxocephalus scorpius Strathcona Sound, 3 Muscle 1.4-tO.3 1.0-1.6 Bohn & Fallis (1978) 

N.W.T. 61 Liver 4.15 3.1 0.9-16.0 
Salvelin us alpin us Strathcona Sound, 3 Liver 2.0k0.3 1.6-2.3 Bohn & Fallis (1978) 

N.W.T 

a Converted from wet weight concentration to dry weight, assuming a wet/dry ratio of 4.0 

mean body weights of 0.16 and 0.08 mg, respectively). 
The 1983 sample consisted of 6 digests, each with 10 
small (3 to 4 mm) P. libellula, and a single digest with 
one adult, yet it still showed a mean concentration of 
5.79 pg g-l. 

Arctic cod contained the second lowest whole-body 
concentration (0.40 yg g-l) among the 17 groups tested 
and was significantly lower than both the copepods 
and hyperiid amphipods which are a major part of its 
diet. Arctic cod was not significantly different from 
Mysis litoralis, another of its food items. 

The variability of Cd content between the groups of 
organisms can also be illustrated by comparing whole- 
body burden of Cd (Table 4). Arctic cod had the highest 
values, with a mean burden of 182 ng Cd (n = 50) and a 
maximum of 3430 ng Cd in a single fish. However, 
since that fish weighed 8.2 g (dry), its concentration 
was only 0.42 pg g-l. The next highest burdens were 
found in the amphipods Anonyx sarsi, Parathemisto 
abyssorum and P. libellula which had mean values of 
118, 118 and 79.2 ng Cd respectively. One specimen of 
P, libellula collected at Cape Hatt in 1983 contained 
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n = g  epontic community (>6L urn l 
1 n.25 epont~c commun~ty (c64 um) 

n = 5  phytoplonkton 
- --- 

n.39 copepods 

- G. setosus (8ay 12) 

n: 3 2  M _ y s  htorol~s 
11.24 Boeckismus edwardsi 

2.5 n.29 Anonvx sarsi 
n: 3 Clione limacina 

n=14 Onisimus qlacialis ----------- 
n:lL ctenophores - i- 
n.15 cho~tognaths 

3 n.12 1.'- Hvoeroche rnedusarurn 
n.97' Parathemisto l m a  

17.3 
- ------ 
3,5 n.50 Boreoaadus s o l d ~  (whole body) 

n.6 

0 5 10 15 20 25 30 35 

Cd CONCENTRATlON ( p g  g-l d w )  

Fig. 2. Trophic level of organisms versus mean Cd concen- 
tration of the species reported in Table 5. Values for 
Gammarus setosus are for individual samples which were 
significantly different. Trophic levels are based on diets of the 

organism 

1442 ng Cd, 42 % of the maximum observed in arctic 
cod, a remarkably high burden considering the body 
size of only 120 mg dry weight (= 12.0 pg Cd g-l). 

DISCUSSION 

A primary objective of this study was to collect 
organisms which represented a number of trophic 
levels and niches in the arctic marine system. In addi- 
tion, it was important to collect adequate samples of 
arctic cod and Parathemisto libellula, 2 species which 
are dominant in the arctic marine community (Dunbar 
1957, Bradstreet & Cross 1982). The list of species 
summarized in Table 2 shows that a range of ecological 
groups was collected from both the epontic and the 
summer pelagic communities. A satisfactory range of 
body sizes was obtained for most organisms, thereby 
minimizing the effect of body size on the estimates of 
mean concentration and burden for each species. 

Comparison of groups within Ulis study 

There was a low degree of variability between sam- 
ples of the same organism taken at different times or 
places. This was particularly evident for the epontic 
community, chaetognaths, copepods, mysids, and to a 
lesser extent amphipods. Lack of significant within- 
species differences, but differences between most of 
the kinds of organisms, suggests that procedures in 
chemical analysis were satisfactory, with adequate 
control of contamination. Apparently our sampling 
methods avoided the usual major sources of metal 
contamination of plankton samples from sampling 
devices, hydrographic wire, or from rust, paint chips, 
and other sources on the research vessel (Martin & 
Knauer 1973, Hamanaka & Tsujita 1981). 

Table 6. Comparison of means of pooled data (Table 5) using Scheffe's multiple range test. Means are in descending order of Cd 
concentration. Abbreviations along top of table correspond to species or group names listed in first column. Significant differences 

between means denoted by asterisk. Blank cells: no significant Uference between species 

I Taxa Par Hyp Gal Oni Phy Ga2 Ano Cop Epl Ep2 Arl Cha Cte Boe Ga3 Ar2 Mys 

Parathemisto libellula 
Hyperoche medusarum 
Gammarus setosus (Bay 12) 
Onisim us glacialis 
Phytoplankton (Cape Hatt) 
Garnmarus setosus (Kaujuitoq) 
Anonyx sarsi 
Copeods 
Epontic community (< 64 G) 
Epontic community (> 64 pm) 
Arctic cod (liver) 
Chaetognaths 
Ctenophores 
Boeckismus edwarsdi 
Gammarus setosus (Z-lagoon) 
Arctic cod (whole body) 
Mysis litoralis 
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The only significant and substantial variation 
between samples of the same organism was for the 
intertidal amphipod Cammarus setosus. The cause is 
not clear but it does not seem to have been analytical or 
sampling error. The lack of significant difference 
between the 1982 and 1983 samples from Z-lagoon 
(0.08 versus 0.07 yg g-' wet weight), and the similarity 
between the gammarids and their food (i.e. epontic 
algae) indicated, first, a consistency in Cd concen- 
tration within the populations and, second, that gut 
contents may have influenced the Cd concentration of 
this species. Digestive tracts were not purged prior to 
analysis for any of the organisms, and the guts of 
gammarids collected under the ice in 1984 were full of 
algae. Also, the sandy substrate of Z-lagoon, where G. 
setosus had the lowest cadmium concentrations, was 
considerably different from either the rocky substrate 
of Bay 12 or the underside of the ice at Kaujuitoq. G. 
setosus is the only species in the present study which 
showed major variability; it appears to be real and may 
be related to gut contents. 

The epontic community at Kaujuitoq did not differ 
appreciably in Cd content from the pelagic community 
at Cape Hatt. Samples of the under-ice community in 
both 1983 and 1984 contained approximately 1 to 2 pg 
g-' dry weight and were not significantly different from 
phytoplankton collected at Cape Hatt in 1983. The 
harpacticoid and calanoid copepods from the 2 com- 
munities also had similar Cd concentrations. Epontic 
Cd concentrations were similar in the 2 yr although 
warm weather during the 1984 sampling season caused 
extensive runoff for a few days prior to sample collec- 
tion. One possible reason for slightly elevated Cd con- 
centrations in the surface waters of the Arctic Ocean is 
buildup of metal in snow as the result of atmospheric 
deposition over the winter, then release during spring 
melting, with similar inputs from melting glaciers and 
icebergs (Campbell & Yeats 1982). If runoff water con- 
tained elevated Cd concentrations in 1984, there is no 
evidence that it influenced Cd content of the epontic 
community. 

The Cd concentrations reported here are in reason- 
able agreement with the few published values from the 
Arctic (Table 5). In particular, Bohn & McElroy (1976) 
report similar findings from Strathcona Sound on north- 
ern Baffin Island. Their concentrations of 2.8 and 5.0 pg 
g-l for copepods are slightly higher than the grand 
mean of 1.94 (-t SD = 1.40 to 2.69) given here, but their 
values of 1.2 to 1.3 pg g-' for chaetognaths agree 
closely with the grand mean of 1.07 (-t SD = 0.72 to 
1.59) from the present study. Bohn & McElroy reported 
whole-body cadmium of 0.62 pg g-' for arctic cod from 
Strathcona Sound, close to the value of 0.40 ( 5  SD = 

0.21 to 0.76) pg g-' reported here for the same species 
from the same area. 

Comparison with regions outside the Arctic 

The concentration of dissolved Cd in arctic surface 
waters appears to lie consistently in the range of 0.03 to 
0.06 pg 1-' (Moore 1981, Campbell & Yeats 1982) which 
is marginally higher than the concentrations reported 
for other regions (Table 5). It has been hypothesized 
that adsorption of Cd by organic matter, the mechan- 
ism responsible for reducing the concentration of Cd to 
the low ng 1-' range in the surface waters of the Atlan- 
tic and the Pacific Oceans (Boyle et  al. 1976, Bruland 
1980, Boyle et al. 1981) is reduced in arctic waters 
because of the low quantity of dissolved organic 
material. Consequently, arctic surface waters 
(< 200 m) tend to retain Cd which enters through flu- 
vial inputs (Moore 1981, Campbell & Yeats 1982) or 
from the melting of sea ice and glacier ice (Campbell & 

Loring 1980, Campbell & Yeats 1982) and do not 
demonstrate surface depletion relative to deeper 
waters (Moore 1981). Regardless of the mechanism 
involved, there is no indication that the marqnally 
higher concentrations of dissolved Cd observed in sur- 
face waters of the Arctic Ocean are transferred to the 
biota examined in this study. 

Mean Cd concentrations of all invertebrate organ- 
isms collected in this study were similar to, or less than, 
the concentrations in equivalent organisms outside of 
the Arctic (Table 5). This was particularly evident in the 
lower trophic levels, such as phytoplankton (4.74 pg 
g-l),  the epontic community (1.93 pg g - l )  and 
copepods (1.94 pg g-l) whose Cd concentration is gen- 
erally a good indicator of the level of dissolved Cd in 
the water (Bruland et al. 1978, Davies 1978). 
Hamanaka & Mishima (1981) report mean Cd concen- 
trations of about 8 vg g-' in copepods from the north 
Pacific Ocean, and 7 for the Benng Sea. The grand 
mean for the Canadian arctic copepods (1.94 pg g-l)  is 
among the lower values reported for this group in the 
literature. Similarly, the arctic chaetognaths and 
mysids are not high in cadmium compared to those 
elsewhere. 

Amphipods contained the highest concentrations of 
Cd but one group, the hyperiid amphipods, was consis- 
tently higher than any others. This is particularly 
noticeable in the Y-0-Y Parathemisto libellula col- 
lected at Cape Hatt, which were only 12 to 14 mm long 
but had 30 to 40 ~g Cd g-l. This is not a phenomenon 
of the Arctic, since equally high or higher Cd concen- 
trations have been noted in hyperiid amphipods from 
the north Pacific Ocean and elsewhere by Hamanaka 
and co-workers (Table 5; Hamanaka & Mishima 1981, 
Hamanaka & Tsujita 1981, Hamanaka & Ogi 1984). 
They have attributed the high levels to the carnivorous 
diet, and support for their hypothesis was given by the 
high Cd levels they found in copepods. 



28 Mar. Ecol. Prog. Ser. 4 7  17-30, 1988 

Ecological significance of Parathemisto 
and arctic cod 

In the present study, however, the Cd concentration levels in marine mammals is acknowledged, as are the 
in the food of hyperiids is as low as, or lower than that apparent smaller elevations in fish. 
in food items of the omnivorous and herbivorous 
amphipods, yet the hyperiids are clearly higher in Cd 
concentration. Since diet (see below) apparently does 
not explain the high Cd in hyperiid amphipods, there 
must be some strong physiological affinity for the 
metal, such as adsorption onto the external surface or Both of these organisms are of great importance in 
internal deposition, probably in association with metal- arctic food chains because they are abundant and are 
binding proteins. Whatever the mechanism, it is effi- consumed by most marine vertebrates. Thus they play 
cient, since Y-0-Y Parathemisto libellula had high con- a central role in the movement of energy from lower to 
centrations in both June and August, and must have upper trophic levels (Dunbar 1957, Bradstreet 1982). 
obtained it either by efficient transfer from the mother The hyperiid amphipod Parathemisto Libellula is 
or by a rapid uptake in early spring. most common in arctic waters (Dunbar 1957) although 

Arctic cod had the second lowest average whole- it is also in the western North Atlantic (Bowman 1960), 
body Cd concentration found in the study (Fig. 2), and the north Pacific (Hamanaka & Mishima 1981). It 
despite the fact that their diet is similar to that of the can reach a length of 6 cm over a life-span of 2 to 3 yr 
hyperiid amphipods. The selection of fish from other (Bowman 1960). The diet of P. libellula is primarily 
places for inclusion in Table 5 was guided by their calanoid copepods with smaller proportions of chaeto- 
documented importance in diet of northern seals, and gnaths, fish larvae and other P. libellula (Dunbar 1946, 
in particular their availability to ringed seals from the Wing 1976). Smaller P. libellula feed mainly on smaller 
Baltic Sea which have low Cd concentrations (Pertilla copepods, naupliae and phytoplankton (Wing 1976). P. 
et al. 1983). The comparison with our fish data is not libellula is not closely associated with the under-ice 
definitive because of differences in the tissues sampled community and tends to remain in the water column, 
(i.e. whole body versus muscle). The liver is a major site however it feeds on ice-associated copepods and pos- 
of accumulation, and it reached 1.14 (+ 1 SD = 0.77 to sibly the epontic algae which slough off the ice (Brad- 
1.68) pg g-' in 6 livers of arctic cod collected at Grise street & Cross 1982). The significance of P. libellula in 
Fiord. Bohn & McElroy (1976) found somewhat less in arctic marine systems has been compared to that of the 
livers from the eastern Canadian Arctic 10.72 pg g-' euphausiid Euphausia superba ('krill') in the Antarctic 
(f 1 SD = 0.35 to 1.09, n = 15)], but neither study gives Ocean (Dunbar 1946, 1957). When arctic cod become 
evidence of accumulation to high levels in arctic cod. scarce through population fluctuations (Bradstreet 
However, those 2 means are an order of magnitude 1982) or during summer offshore movements, many 
higher than liver concentrations in cod from the Gulf of arctic vertebrates feed on invertebrates, particularly P. 
Bothnia (northern Baltic) (0.06 to 0 . 1 8 ~  pg g-l; Pertilla libellula. Hyperiid amphipods may average 25 % by 
et al. 1982). The benthic shorthorn sculpin Myoxo- weight of the diet of ringed seals (LGL 1983), and 
cephalus scorpius from the Canadian Arctic (Strath- sometimes the gut contents of eastern Canadian arctic 
cona Sound) is reported to have a mean value of 4.1 f seals are almost exclusively invertebrates (Dunbar 
3.1 ~ l g  g-1 (n = 61) in Liver (Bohn & Fallis 1978). Muscle 1957, McLaren 1958). A young female ringed seal acci- 
concentration in those sculpins was approximately dentally caught at Cape Hatt during the present study 
1.4 pg g-l, about 2 orders of magnitude higher than had gut contents consisting solely of hyperiid am- 
various measurements on muscle of Scandinavlan cod phipods. 
and hemng (Table 5). The Canadian arctic fish appear Arctic cod are small gadid fish (maximum size only 
to have Cd values about 10 to 100 times higher than 23 to 38 cm at age 5 to 6 yr). They are common through- 
some fish species in the Baltic area. Among the organ- out a circumpolar range and found either in the water 
isms sampled in this study, only the arctic cod appeared column or near the bottom (Bohn & McElroy 1976, 
to be high in Cd concentration compared to equivalent Lowry & Frost 1981). Their diet is copepods, mysids, 
organisms elsewhere, even though they were very low gammarid and hyperiid amphipods and some fish in 
compared to other arctic organisms. None of the epon- spring and summer (Bradstreet & Cross 1982). Young- 
tic, phytoplankton or invertebrate samples were un- of-the-year cod feed primarily on phytoplankton and 
usual in their Cd concentration. These levels in the copepod nauplii (LGL 1983). In turn, arctic cod are the 
biota do not support the concept of unusually high basic component of the diets of virtually all other ver- 
inputs of Cd to arctic marine ecosystems, either from tebrates in arctic marine systems. Frost & Lowry (1981) 
pollution or natural causes. We reject the general report a total of 12 species of mammals, 20 birds, and 4 
hypothesis that higher Cd concentrations are charac- fishes which use arctic cod as a major portion of their 
teristic of all arctic marine biota. The presence of high diet in north Alaskan waters. Arctic cod average 65 % 
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(by weight) of the diet for all seabirds and 50 % (by 
weight) for all marine mammals in eastern Lancaster 
Sound and western Baffin Bay (LGL 1983). A single 
harp seal contained the remnants of 541 arctic cod 
averaging 8 cm in length (Finley & Gibb unpubl.). 

From this comparison, it is evldent that Parathemisto 
libellula and arctic cod have similar diets and play very 
similar roles within the arctic marine community. The 
extreme differences in their Cd concentration, how- 
ever, would indicate considerable differences in the 
quantity of Cd transferred to the upper trophic levels, 
with considerably less Cd moving through cod than 
through the amphipod. 

This difference is accentuated when the 2 species are 
compared on an energy content basis. Assuming that 
Parathemisto libellula and arctic cod contain 4.5 and 
5.5 kcal g-'  dry weight respectively (estimates based 
on values cited in Lowry et al. 1980 and Bradstreet & 
Cross 1982) then the 2 species would contain 2.55 pg 
Cd kcal-' and 0.07 pg Cd kcal-' respectively. Ringed 
seals feeding at 1600 kcal d-'  (Lowry et al. 1980) would 
be exposed to 4080 pg Cd d- '  when feedng  exclu- 
sively on P. libellula but only 112 ,ug Cd d- '  when 
feeding only on arctic cod. By contrast humans are 
usually exposed to 35 to 40 pg Cd d-' through the diet 
(reviewed by Ryan et al. 1982). Consequently, a simple 
dietary influence, resulting from the unique arctic 
marine food web, may explain the high Cd levels in 
Canadian arctic seals, an  hypothesis that could be 
tested by more precise modelling of these mammalian 
diets. 
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