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ABSTRACT

The temporal trends of trace metas and stable Pb isotopes in seawater from the late Holocene
to the 20th Century at four locations in the Canadian Arctic were reconstructed by analysing sequences
of marine bivalve shdls. At two high-latitude sites, Cornwallis Idand and Axdl Helberg Idand, the
concentrations of Hg, Cd, Pb and other metal's and the isotope ratios of Pb in shellsin the early 1990s
were Smilar to or lower than Holocene materid, afinding congstent with modern seawater metals being
derived solely from natural geologica sources. However, a two lower-latitude sites in southeast
Hudson Bay and Bradore Basin (Newfoundland), significant increases of Pb and, in one case, Hg
occurred in modern (1970s) shells. Changes in Pb isotopes were consstent with the introduction of
American indugtrid Pb (in Newfoundland), and Canadian or Eurasian industrid P (in Hudson Bay)
into local seaweter. These findings suggest thet in the mid- to late-1970s, Sgnificant amounts of
industrial Pb and Hg had entered parts of the sub-Arctic marine environment, but not the High Arctic.

INTRODUCTION

Metdsin the Arctic environment, particularly Hg and Cd, continue to be the focus of scientific
attention because of their presence in biota and humans at concentrations that may be of toxicologica
sgnificance. People in the Canadian Arctic have higher average tissue concentrations of Hg than
southern Canadians, and some traditional foods including marine animas contain concentrations of Hg
and Cd that greatly exceed Canadian dietary intake guiddines (Outridge et d. 1994; Wagemann et d.
1996). However, the extent to which long-range industrid pollution is responsible for this Stuationis
unclear, because the naturd background levels of many trace metas may dso be high in certain
geological settings.

The objective of this study was to determine whether industrid emissions of Hg, Cd, Pb and
other metas are detectable in modern Arctic seawater, by determining the historica trends of these
metals in marine bivave shels from the pre-industria period to recent decades. Stable Pb isotope ratios
were used to determine the possible origin of any “foreign” Pb. Mollusc shells areided for time trend
recongtructions of seawater metals because they incorporate metas including Pb, Cd and Sr in direct
proportion to their seawater concentrations (Hockett et al. 1997; Mashiotta et d. 1997), and are
commonly present both live and buried in Holocene beach ridges throughout the Arctic.

Shells of various species were collected live and from raised beach ridges at four locations
across the Canadian Arctic and sub-Arctic. These sequencesincluded: Mytilus edulisin Bradore
Basin, Newfoundland (50.47°N, 57.25°W), M. edulis a asite in southeast Hudson Bay (55.58°N,
77.33°W), Mya truncata and Hitella arctica near Resolute, Cornwallis ISand (74.68°N, 94.83°W),
and H. arctica and Astarte borealis in Expedition Fiord, Axel Heiberg Idand (79.35°N, 91.17°W).
The Holocene samples were dated by radiocarbon anaysis of shells from the beach ridges, and were
collected within one degree latitude/longitude of the modern samples; in most cases the collections were
within afew kilometres.



METHODS

Shells were sdlected for their excdllent state of preservation, specificaly to avoid those with
ggns of surface erosion or encrustation that might denote post-depositiond leaching or growth of
carbonates due to groundwater. Samples for analysis were removed by cutting out complete radia
sections with a dremd tool; separate sections were removed for andysis of Hg and for al other metals
and Pb isotopes. Samples were cleaned by removing the periostracum and any adhering soil with a
rotary hand-grinder, then immersing the shells successively in 10%0HNO; and distilled-delonized water.
Sample preparation and anaysis were as described for trace eements and Pb isotopes by Outrige and
Stewart (1999), and for Hg by Outridge et d. (in press). Theinstrumenta techniques were: for Hg, the
AMA-254 solid-sample Hg andlyser (Milestone Instruments, Sorisole, Itay); and for other trace
elements and Pb isotopes, the Elan 5000 ICP-M S (Perkin EImer - SCIEX, Concord, Ontario).

RESULTS AND DISCUSSION

Shdllsof Mytilus edulis collected in Bradore Basin in 1923 and 1979-81 exhibited significant
increases of Pb, Zn and Mo compared with severd |ate Holocene samples (Table 1A). Concentrations
of these metds were generdly highest in 1923. However, Hg leves increased steadily with increasing
age of the samples, a pattern consistent with post-burid diagenetic contamination. In southeast Hudson
Bay, modern M.edulis shells again had significantly higher concentrations of Pb, and Hg was dso
elevated above Holocene levels (Table 1B). Modern Hg was 50-300% above Holocene
concentrations, depending on the sample age.

The increased modern Pb levels were paralleled at both sites by significant changes (P<0.01) in
Pb isotope ratios (Fig. 1). In Bradore Basin, two different “foreign” Pb sources prevalent at different
times are indicated by the different trend directions between the Holocene and 1923, and subsequently
between 1923 and 1979-81. The latter shift was possibly due to the introduction of USindustrid Pb
from Missssippi Valley oresinto loca seawater. Long-range transported Pb from US industrial
emissions, ether deposited directly from the atmosphere or indirectly via North Atlantic seaweter
circulation, is a plausble source given its widespread distribution (Boutron 1995; Hamdin et d. 1997).
Although no known industrid Sgnature can account for the pre-1923 shift in isotopic vaues, this change
may aso be due to industrid P, given that sgnificant pre-20th Century increases of Pb deposition
were documented in the Greenland ice cap (Boutron 1995). In Hudson Bay, a different source of
indugtrid Poislikdy. In this case the shift in isotopic compogtion is most likely due to either Canadian
or Eurasan/European indudtrid emissons, which have smilar isotopic sgnatures. The winter
amosphere in the Canadian High Arctic is dominated by EurasarVEuropean industrid Pb (Sturges et dl.
1993), but its presence in the atmosphere over Hudson Bay is not documented.

In contrast to the lower-latitude Sites, bivalve shells at both Stesin the High Arctic exhibited no
sgnificant modern increases in trace meta concentrations (Table 1C-F), nor significant changesin Pb
isotope ratios (data not shown). At al four sites, Cd concentrations in most shells were either below
detection or not sgnificantly different through time. In H. arctica at Resolute, a signficant Cd increase
was found in the 1983 sample but not in 1991.

Pogt-deposition diagenesis is unlikely to have created the positive increasing trends of metals
observed at two stes. Groundwater conditions such aslow pH which may have leached el ements from
buried Holocene shells would aso have caused erosion of the shell matrix. This sudy was careful to
avoid shells with obvious sgns of surface deterioration. Absorption of eements from dkaine
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western Canadian Arctic aso exhibit sgnificant increases of Hg over pre-industria samples (Outridge,
unpublished data), and show isotopic evidence of Eurasian Pb (Outridge etd. 1997). There was no
good evidence of recently elevated Cd at any of the Stes. The site-to-ste differencesin this study
indicate that further locations must be surveyed to properly ascertain the degree and geographic extent
of recent metd increases in the Arctic marine environment. Also, more recent samples from SE Hudson
Bay and Bradore Basin are desirable to document the trendsin Pb and Hg since the 1970s.

REFERENCES

Boutron CF (1995) Environ. Rev. 3:1-28.

Hamelin B, Ferrand JL, Alleman L, Veron A (1997) Geochim. Cosmochim. Acta 61:4423-3328.
Hockett D, Ingram P, LeFurget A (1997) Mar. Environ. Res. 43:131-143.

Mashiotta TA, Lea DW, Spero HJ (1997) Geochim. Cosmochim. Acta 61:4053-4065.
Outridge PM, Evans RD, Wagemann R, Stewart REA (1997) Sci. Tot. Environ. 203:209-219.
Outridge PM, MacDonald DD, Porter E, Cuthbert ID (1994) Environ. Rev. 2:91-107.
Outridge PM, Stewart REA (1999) Can. J. Fish. Aquat. Sci.56:105-112.

Outridge PM, Wagemann R, McNedy R. (in press) Environ. Toxicol. Chem.

Sanggter DF, Outridge PM, Davis WJ (in press) Environ. Rev.

Sturges WT, Barrie LA (1989) Atmos. Environ. 23:2513-25109.



Sturges WT, Hopper JF, Barrie LA, Schndl RC (1993) Atmos. Environ. 27A:2865-2871.
Wagemann R, Innes S, Richard PR (1996) Sci. Tot. Environ. 186:41-66.

Table 1. Trace element concentrations in historical sequences of Arctic marine bivalve shells
(Units: meantSD pg/g DW, except ng/g DW for Hg. Significant differences (P<0.05) indicated
by different letters beside means. For Mytilus in Hudson Bay, Holocene samples were combined
because of low replicate numbers. Bd = below detection; na = data not available)

DATE Zn

Mo Cd Hg Pb

(A) Species: Mytilus edulis
1979-81 (N=7) 1.00 +0.43A

1923 (N=5) 3.81+2.12B
990BP(N=7)  0.01+0.02C
3400 BP
(N=5) 0.01 +0.02C
9000 BP
(N=5) 1.75 +0.33AB

Location: Bradore Basin, Newfoundland

0.04 +0.03A bd 03+0.1 0.35 +0.10A
0.05+0.02A  0.06+0.02 1.0+0.6 0.99 +0.47B
0.01+0.01B  0.04+0.02 92+3.9 0.12 +0.07C

bd B 0.01+0.02 8.8+5.8 0.08 +0.02C

0.02+0.02B  0.02+0.03 1704119 0.14 +0.06C

(B) Species: Mytilus edulis

1975 (N=13) 0.05 +0.09A
1790 BP
(N=3) 0.26 +0.18B
2730 BP
(N=4) 1.37 +1.00

Location: SE Hudson Bay

0.010 +0.01 bd 12+0.6A 0.38+0.23A
bd bd 03+0.1B 0.17+0.17B
bd bd 0.7 +0.2 0.15+0.03

(C) Species. Mya truncata

1991 (N=10) 0.09 +0.15A
6400 BP
(N=6) 0.03 +0.07B
8970 BP
(N=4) 0.14 +0.04A

L ocation: Resolute, Cornwallis Idand

0.03 +0.02A bd 88+9.0 0.26+0.10A
0.28 +0.06B bd 21.3+16.2 0.07 +0.03B
0.01 +0.01A bd 14+09  050+0.26C

(D) Species: Hiatella arctica

1991 (N=10) 0.32 +0.08
1983 (N=3) 0.38+0.12
6400 BP
(N=4) 0.31+0.33
7000 BP
(N=5) 0.29 +0.25

Location: Resolute, Cornwallis Idand
0.01 +0.01A 0.18+0.08A 0.92 +0.86 0.47 +0.35
0.03+0.01A 082+0.31B 041+0.19 0.30 +0.10

0.14+0.09B 0.10+013A 249+206 0161020

bd A 0.08+0.09A 107+0.59 043+0.14

(E) Species. Astarte borealis

Location: Expedition Fiord, Axel Heiberg Idand



1991 na na 0.12+0.10 0.08+0.06A 0.35+0.12

5580 BP na na 024+006 037+0.17B 041+0.18
7690 BP na na 015+0.11 042+0.13B 0.21+0.06
7780 BP na na 019+0.15 067+032B 0.30+0.16

(F) Species: Hiatella arctica Locetion: Expedition Fiord, Axel Heiberg Idand
1991 na na 022+005 0234007 0.60+0.21
7410 BP na na 024+009 0534046 057 +042




