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FOREWORD

This report summarizes the results of research and
monitoring studies on contaminants in northern Canada,
and related activities conducted under the auspices of
the 1998/99 Northern Contaminants Program. The
projects cover all aspects of the northern contaminants
issues, including: sources and transport; contamination
of marine, freshwater and terrestrial ecosystems; human
exposure through diet and related health implications;
communication activities and education of northern
residents; and international initiatives addressing the
global aspect of the problem.

These projects were evaluated by the Technical and
Science Managers Committees on Contaminants in
Northern Ecosystems and Native Diets to ensure that
they supported the overall Northern Contaminants
Program objectives.

A list of addresses for the project leaders is given in
Appendix |.

PREFACE

Ce rapport résume les résultats de recherches portant
sur les contaminants et d'études sur la surveillance des
contaminants dans le Nord canadien, et activités
connexes. Ces études ont été menées dans le cadre
du Programme de lutte contre les contaminants dans le
Nord, 1998/99. Ces projets représentent tous les
aspects du probléme des contaminants, incluant les
sources et le transport, la contamination des éco-
systémes aquatiques (eaux douces et eaux salées) et
terrestres, I'exposition de I'organisme humain en raison
de son régime alimentaire et ses effets sur la santé, la
communication avec les résidents du Nord et leur
éducation, et les initiatives internationales abordant
I'aspect global du probléme.

Les comités de gestionnaires techniques et scientifiques
sur les contaminants dans les écosystéemes du Nord et
dans les régimes alimentaires des Autochtones ont
examiné ces projets afin de s’assurer qu'ils répondent
al'ensemble des objectifs du Programme de lutte contre
les contaminants dans le Nord.

Vous trouverez a l'appendice 1 une liste des
gestionnaires de projet.
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INTRODUCTION

The Northern Contaminants Program (NCP) was
established in 1991 in response to concerns about
human exposure to elevated levels of contaminants in
wildlife species that are important to the traditional diets
of northern Aboriginal peoples. Early studies indicated
that there was a wide spectrum of substances —
persistent organic pollutants (POPs), heavy metals, and
radionuclides — many of which had no Arctic or Canadian
sources, but which were, nevertheless, reaching
unexpectedly high levels in the Arctic ecosystem. The
Program’s key objective is to reduce and, where
possible, eliminate contaminants in northern traditionally
harvested (country) foods while providing information
that assists informed decision making by individuals and
communities in their food use.

Under the first phase of the NCP (NCP-I), research was
focussed on gathering the data required to determine
the levels, geographic extent, and source of con-
taminants in the northern atmosphere, environment and
its people, and the probable duration of the problem.
The data enabled us to understand the spatial patterns
and temporal trends of contaminants in the North,
confirmed our suspicions that the major sources of
contaminants were other countries, and were an
important element in our assessment of human health
risks resulting from contaminants in traditional foods
(including consideration of benefits from continued
consumption of those foods). Results generated through
NCP-l are synthesized in the Canadian Arctic
Contaminants Assessment Report (CACAR: Jensen et
al. 1997).

Extensive consultations were conducted in 1997/98 to
find the common elements between the concerns and
priorities of northern communities and the scientific
needs identified as critical for addressing the issue of
contamination in Canada’s North. As a result, priorities
for future research are based on an understanding of
the species that are most relevant for human exposure
to contaminants in the North, and geographic locations
and populations that are most at risk.

In 1998/99, the NCP began a second phase (NCP-Il),
which will continue until 2002/03. NCP-Il supports
research designed to answer questions about the
impacts and risks to human health that may result from
current levels of contamination in key Arctic food species.
To ensure a balanced assessment of the risks, an
emphasis is placed on characterizing and quantifying
the benefits associated with traditional diets. Com-
munications activities are also emphasized and
supported under NCP-Il. Under the leadership of the
northern Aboriginal organizations, the dialogue between
northerners and the scientific community, which was

initiated in NCP-I, continues to build awareness and an
understanding of contaminants issues, and helps to
support the ability to deal with specific contaminant
issues at the local level.

In addition, the NCP effort to achieve international
controls of contaminants will remain strong in NCP-II.
The legally binding LRTAP protocol has now been
successfully negotiated and was signed by 34 countries
(including Canada) at the UN ECE Ministerial Con-
ference in Aarhus, Denmark in June 1998. Canada
ratified this agreement in December 1998. Negotiations
for a legally binding global instrument on POPs under
the United Nations Environment Programme have
begun, a new phase of the circumpolar Arctic Monitoring
and Assessment Programme (AMAP) is under way, and
the Canada/Russia Program on Scientific and Technical
Cooperation in the Arctic and the North is continuing.
NCP-II will continue to generate the data that allows
Canada to play a leading role in these initiatives.

The NCP is directed by a management committee that
is chaired by the Department of Indian Affairs and
Northern Development, and which includes represent-
atives from the five northern Aboriginal organizations
(Inuit Tapirisat of Canada, Inuit Circumpolar Conference,
Dene Nation, Métis Nation, and the Council for Yukon
First Nations), the Yukon, Northwest Territories and
Nunavut Territorial Governments, and four federal
departments (Environment, Fisheries and Oceans,
Health, and Indian Affairs and Northern Development).
The management committee is responsible for
establishing NCP policy and research priorities and for
final decisions on the allocation of funds. There are two
regional contaminants committees in the Yukon and the
Northwest Territories that support this national
committee, and a similar committee will soon be formed
in Nunavut. Funding for the NCP-II's $5.4 million annual
research budget comes from the Treasury Board and
the four participating federal departments.

This report provides a summary of the research and
activities funded by the Northern Contaminants Program
in 1998/99, the first year of NCP-II. Itis a compilation of
reports submitted by project teams, emphasizing the
results of research and related activities that took place
during the 1998/99 fiscal year. The report is divided
into five chapters that reflect the broad scope of the NCP:
Sources, Pathways and Fate of Contaminants;
Ecosystem Contaminant Uptake and Effects; Human
Health; Education, Communications and Community-
based Strategies; and International Policy and Program
Coordination. Projects that are reported in this Synopsis
of Research will be presented at the 9" Annual Northern
Contaminants Program Results Workshop, to be held
in White Rock, BC, September 29 — October 1, 1999.
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L. Barrie

NORTHERN CONTAMINANTS AIR MONITORING:
A KEY ELEMENT OF NORTHERN CONTAMINANT PATHWAYS STUDIES

Project Leader:

Project Team:

Len Barrie, Atmospheric Environment Service (AES), Downsview, ON

Renata Bailey, Terry Bidleman, Ken Brice and Desirée Toom-Sauntry (AES);

B. Billick, B. Grift, Lyle Lockhart and Gary Stern (Freshwater Institute (FWI), Winnipeg, MB);
Donna Dougherty and Phil Fellin (Conor Pacific); Chris Halsall (University of Lancaster);

Derek Muir (Environment Canada)

OBJECTIVES

1. To measure and understand the occurrence and trends of selected organochlorines (OCs) and
polycyclic organic hydrocarbons (PAHSs) in the Arctic atmosphere.

2. To provide insight into contaminant pathways (i.e. sources, transport, transformation and

removal processes).

3. To enable validation of models of contaminants in the northern environment with atmospheric

observations.

4. To maintain an archive of organic extracts of Arctic air samples for retrospective investigation for
“contaminants of the future” (e.g. new generation pesticides, degradation products of pesticides
currently not recognized as contaminants or contaminants that were undetectable previously by less

modern analytical methods, etc.).

5. To operate a major long-term trends measurement station for the Arctic Monitoring and Assessment
Programme (AMAP) at Alert, NWT (in operation since 1992) in parallel with a western Russian Arctic
station funded by the \ Canadian International Development Agency and the Department of Indian and
Northern AffairsDepartment of Foreign Affairs and International Trade.

DESCRIPTION

Since January 1992, measurements of airborne
persistent organic pcllutants (POPs) including herbi-
cides, pesticides, synthetic industrial compounds and
PAHs have been made on a weekly basis in the
Canadian and Russian Arctic (Figure 1). This report
focuses on OC results from Tagish, Yukon and is
extracted from Bailey et al. (1999).

Concentrations of hexachlorocyclohexanes (HCHs),
chlordane, DDT, and other OC pesticides were
measured in ambient air samples on a weekly basis
between December 1992 and January 1995 at Tagish,
Yukon, Canada. Mean concentrations of chlordanes and
DDT were <1.5 pg-m, while y-HCH and o-HCH mean
concentrations were ~10 pg-m= and ~65 pg-m=,
respectively (Table 1). Other OCs were observed at
mean concentrations of <6 pg-m= (including tetra-
chloroveratrole (4CL-VER), pentachloroanisole (PCA),
and dieldrin (DIELD)) and ~15 pg-m= (endosulfan).
Hexachlorobenzene (HCB) was present at higher levels.
These measurements were analysed with air parcel back
trajectories and other meteorological information to
provide insight into sources, transport, and chemical
transformation of OC pesticides to the western Canadian
Arctic. In winter, unusually high air concentrations of

HCHs, DDT, and chiordanes at Tagish were
predominantly influenced by trans-Pacific long-range
atmospheric transport from eastern Asia that generally
occurred within five days (Figure 2). HCH and heptachlor
epoxide (HEPT EPOX) concentrations were correlated
with the time that air spent over eastern Asia prior to
arrival at Tagish (Figure 3). However, chiordane and
DDT, which also increase with trans-Pacific transport,
do not show a correlation with time the upwind airshed
included Asia (Figure 3) as these pesticides can undergo
partial degradation in soils prior to transport. Trans-
Pacific transport from Asia did not result in exceptional
levels of other OC pesticides such as dieldrin and
endosulfan. Air masses originating predominantly from
North America had the highest concentrations of HCHs,
chlordanes, and endosuifan when the 5-day upwind
airshed included the western United States. Endosulfan
concentrations may also be influenced by suspected
usage of endosulfan in the west coastal and prairie
regions of Canada. When the occurrence of long-range
transport from Asia was low, such as in the summer,
most OC pesticides exhibited a significant dependence
of atmospheric concentration on iand surface
temperature.

11
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Figure 1. Locations of Northern Contaminants Program's air monitoring stations
(black ovals). Ny Alesund is operated by the Norwegians.
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L. Barrie

Figure 2. Long-range atmospheric trajectories to Tagish arriving at 700 hPa level (~1500 m) during strong
trans-Pacific transport out of Asia for three seasons: A. Winter (December to February); B. Spring
(March-May); and C. Fall (September-November). Not shown is the summer season (June-August)
as no trans-Pacific transport out of Asia occurred.
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Figure 3. Dependence of (A) a-HCH, (B) y-HCH, (C) heptachlor epoxide and trans-chlordane, and (D) total
DDT concentration (gas + particle) on fraction of the time the 5-day upwind airshed included Asia
(f) for sampling periods with strong trans-Pacific transport from Asia.
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Table 1. A comparison of average and standard deviation (in brackets) of weekly atmospheric concentrations of OC pesticides in the gas and
particulate phase in the Canadian Arctic at Tagish, Yukon and Alert, Nunavut in summer and winter.

_ Tagish Winter Tagish Summer Alert Winter Alert Summer

(pg:m®) Particle Gas Particle Gas Particle Gas Particle Gas

HCB 0.08(0.13) 42.4(11.6) 0.05(0.08) 27.2(14.9) 0.13(0.28) 58.8(47.7) 0.12(0.13)  45.4(17.6)
0-HCH 0.14(0.23) 64.8(28.5) 0.15(0.14) 61.3(23.4) 1.07(1.82) 66.8(51.4) 0.06(0.10)  55.0(43.9)
y-HCH 0.07(0.09) 9.29(4.17) 0.04(0.05) 12.2(7.45) 0.87(1.65) 11.8(9.5) 0.02(0.05) 10.7(12.1)
OXYCHL 0.02(0.01) 0.72(0.31) 0.02(0.01) 0.89(0.23) 0.10(0.17) 0.77(0.64) 0.02(0.01) 1.27(0.56)
C-CHL 0.02(0.02) 1.02(0.49) 0.01(0.00) 1.11(0.41) 0.24(0.46) 0.97(0.73) 0.01(0.01) 1.44(0.78)
T-CHL 0.01(0.01) 0.61(0.31) 0.01(0.00) 0.38(0.15) 0.14(0.23) 0.52(0.47) 0.01(0.00)  0.55(0.36)
C-NONA 0.01(0.01) 0.08(0.09) 0.01(0.00) 0.11(0.10) 0.02(0.03) 0.04(0.05) 0.01(0.01)  0.24(0.12)
T-NONA 0.01 (0.01) 0.78(0.45) 0.09(0.35) 1.00(0.50) 0.16(0.28) 0.63(0.56) 0.01(0.01)  1.47(0.87)
HEPTCHL 0.01(0.01) 0.02(0.01) 0.01(0.00) 0.02(0.01) 0.01(0.01) 0.02(0.02) 0.01(0.00)  0.02(0.01)
HEPT EPOX 0.01(0.01) 0.88(0.47) 0.01(0.01) 1.43(0.41) 0.17(0.33) 0.82(0.76) 0.01(0.01) 1.60(0.78)
p,p-DDT 0.02(0.01) 0.12(0.13) 0.02(0.01) 0.12(0.13) 0.05(0.07) 0.11(0.13) 0.02(0.01)  0.16(0.14)
o,p-DDT 0.02(0.01) 0.36(0.35) 0.02(0.01) 0.53(0.30) 0.05(0.07) 0.21(0.28) 0.02(0.01)  0.41(0.39)
p,p-DDE 0.02(0.01) 0.45(0.37) 0.01(0.00) 0.23(0.13) 0.11(0.25) 0.51(0.64) 0.01(0.00)  0.23(0.21)
o,p-DDE 0.02(0.01) 0.13(0.13) 0.02(0.01) 0.12(0.12) 0.02(0.02) 0.17(0.24) 0.02(0.01)  0.14(0.18)
ENDO 0.04(0.06) 5.50(2.92) 0.05(0.11) 7.38(1.93) 0.18(0.30) 3.42(3.32) 0.02(0.01)  5.79(3.65)
DIELD 0.03(0.04) 0.76(0.54) 0.03(0.05) 0.87(0.27) 0.31(0.42) 0.74(0.72) 0.02(0.05) 1.67(0.82)
4CL-VER 0.07(0.04) 2.07(1.43) 0.07(0.03) 0.90(1.75) 0.08(0.06) 1.20(1.52) 0.07(0.03) 1.03(2.05)
PCA 0.02(0.01) 3.03(1.06) 0.02(0.03) 1.80(0.81) 0.02(0.03) 4.12(3.41) 0.01(0.01) 1.89(0.77)

Winter: October 1993-April 1994
Summer: May 1994 - September 1994

HCB, hexachlorobenzene, o- and y-HCH, hexachlorocyclohexane isomers; OXYCHL, oxychlordane; C-CHL, cis-chlordane; T-CHL, frans-chlordane; C-NONA, cis-nonachlor;
T-NONA, frans-nonachlor; HEPTCHL, heptachlor; HEPT EPOX, heptachlor epoxide; p,p-DDT and o,p’-DDT, isomers of dichlorodiphenyltrichloroethane; p,p’-DDE and o,p*-
DDE, isomers of dichlorodiphenyldichloroethene; ENDO, endosulfan; DIELD, dieldrin; 4CL-VER, tetrachloroveratrole; and PCA, pentachloroanisole
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OBJECTIVES

1. To determine coplanar polychlorinated biphenyls (PCBs), polychlorinated naphthalenes (PCNs), brom-
inated and chlorinated diphenyl ethers (BDPEs/CDPEs) and chloroparaffins in air from Arctic monitoring

stations and in marine mammals.

2. To search for other “new” chemicals in the Arctic environment, not currently monitored by the Northern
Contaminants Program (NCP), but of potential concern based on known persistence, extent of usage

and toxicology.

DESCRIPTION

This project focusses on “new” chemicals in the Arctic
environment — new because they are not being currently
monitored by the NCP or new in the sense of being
currently used in Canada, the U.S. and Europe (e.g.
pesticides). From a national and international regulatory
perspective, finding new chemicals in the Arctic implies
that these compounds are sufficiently persistent in the
atmosphere and sea water to be transported long
distances from sources. Both the Canadian Toxic
Substances Management Policy and the United Nations
Economic Commission for Europe (UN-ECE) draft
protocols on persistent organic pollutants (POPs) include
the presence of chemicals in remote environments as
evidence of persistence. If found in Arctic food webs,
there is the added threat that these compounds are
bioaccumuiative and are contaminants of human food.
Other monitoring programs such as the Integrated
Atmospheric Deposition Network (IADN) in the Great
Lakes are also interested in the long-range transport of
current-use pesticides and other halogenated aromatic
compounds.

Pesticides

A study by Chernyak et al. (1996) reported the presence
of the pesticides chlorpyrifos, atrazine, endosulphan,
chlorothalonil, metolachlor and trifluralin in seawater or
fog water samples in the Bering Sea. Endosulphan has
been frequently measured in Arctic air (Halsall et al.
1998, Bidleman et al. 1995) and surface seawater
(Jantunen and Bidleman 1998). Pentachloroanisole
(PCA), a metabolite of the wood preservative penta-
chlorophenol (PCP) is also routinely found in air at Arctic
air monitoring stations (Halsall et al. 1998), and free PCP
has been measured in Yellowknife (Waite et al. 1998).

All of these pesticides are currently used in Canada,
the U.S. and Europe. Barrie et al. (1997) noted that the
degradation rates of pesticides which are regarded as
relatively non-persistent in temperate environments, are
much slower in the Arctic.

Organochlorine pesticides are already being monitored
by the NCP, but pesticide enantiomers and photoisomers
are not included. Examining these could enhance our
understanding of transport, sources and deiivery to the
food chain. The enantiomeric composition of chiral
pesticides provides clues to their sources. For example,
trans- chlordane in ambient air over the Great Lakes is
non-racemic, indicating that it is not from current usage
but “recycled” by volatilization from contaminated soils
or the lake itself (Bidleman and Falconer 1999). The
finding of non-racemic heptachlor epoxide in air over
the Great Lakes is also evidence of emission from soils
(Bidleman et al. 1998). The enantiomers of o-HCH
(hexachlorocyclohexane) allow volatilization from the
Arctic Ocean to be differentiated from long-range
transport (Jantunen and Bidleman 1996).

Halsall et al. (1998) found that the proportion of trans-/
cis-chlordane at Arctic air monitoring stations has
decreased in recent years, suggesting an “older” source
of chlordane. This could indicate that the chiordane we
are now seeing in Arctic air comes from re-emission
rather than current usage. Recently it has been shown
that at least one chlorobornane congener is non-racemic
in Melipax, a toxaphene-like product from the former
German Democratic Republic (Vetter and Schurig 1997).
Also, it is possible that enantioselective degradation of
chlorobornanes takes place in soils. Measuring the
enantiomer ratios for these pesticides can yield
information on sources and pathways.
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Enantiomers are also valuable indicators of selective
metabolism and bioaccumulation processes. Large
differences in accumulation properties for the individual
enantiomers of a-HCH, chlordane compounds,
heptachlor epoxide and methylsulphonyl PCBs have
been found in the food chain arctic cod - ringed seal -
polar bear (Wiberg et al. 1998). Several components of
toxaphene are chiral, including the hexa- and hepta-
chlorobornanes that are produced by diagenesis in
sediment. Examining the enantiomeric composition of
these would provide clues to their mechanism of
formation (e.g. abiotic vs. microbial dechlorination) and
bioaccumulation.

Photoheptachlor, a persistent, bioaccumulative and toxic
transformation product of heptachlor, has been identified

in ringed seal blubber, polar bear fatand human plasma

from Northern Quebec (Zhu et al. 1995), but is not
included in the list of pesticides monitored in air and
water. Jakalski and Khan (1993) found that aldrin and
dieldrin in phytoplankton were converted to their more
toxic photoproducts, indicating the potential of
phytoplankton to alter the chemical and biological
characteristics of hazardous chemicals present in
surface waters.

Industrial Chemicals

Reviews of data on contaminants in Arctic food webs
found that information was limited or non-existent on
levels of certain industrial compounds: PCNs, chlor-
inated and brominated diphenyl ethers (CDPEs, BDPEs)
and chloroparaffins (de Marche et al. 1998, Muir et al.
1997). These contaminants have been detected in biota
in Svalbard and in northern and southern Sweden
(Falandysz and Rappe 1996, Jansson et al. 1993,
Jarnberg et al. 1993, 1997, Sellstrom et al. 1993). PCNs
have also been found in human adipose tissue from
Ontario municipalities (Williams et al. 1993), demon-
strating their ability to be transferred to people.

Prior to this study, neither PCNs nor coplanar PCBs had
been measured in air samples from the Canadian Arctic.
Several PCNs exhibit dioxin-like activity and have been
assigned toxic equivalency factors. Jarnberg et al. (1993)
found that 12% of the TEQ in pike from Lake Vanern,
Sweden was contributed by 1,2,3,4,6,7- and
1,2,3,5,6,7-hexachloronaphthalene. Coplanar and
mono-ortho PCBs were found in fish from the Slave River
(McCarthy et al. 1997), caribou (Hebert et al. 1996) and
Arctic marine mammalis (Norstrom and Muir 1994). The
coplanars accounted for 14% of the dioxin-type toxic
equivalents (TEQ) in human plasma samples from
Northern Quebec, and 64 % of the TEQ was contributed
by mono- and di-ortho PCBs (Ayotte et al. 1997).

Of the chloroparaffins, the short-chain C,,—C,;
compounds (SCCPs) have the greatest potential for
environmental release (Environment Canada 1993) and

exhibit the highest toxicity (Willis et al. 1994).
Researchers in Sweden have found that the SCCPs
inhibit intercellular communication in rat liver epithelial
cells, a phenomenon which suggests that these
chemicals may be acting as tumour promotors (Kato
and Kenne 1996). In Canada, shori-chain PCAs are
classified as priority toxic substances.

BDPEs are flame retardant chemicals that are added to
manufactured products including paints, plastics, and
textiles (van Esch 1994); as such they can be released
into the environment when the products containing
BDPEs are discarded (Hutzinger et al. 1976, Hutzinger
and Thoma 1987) . The annual production of BDPE in
1992 was 40,000 tons, and it continues to grow
consistently (van Esch 1994). The extensive use of
products containing BPDEs has resulted in the release
of these compounds into the environment. BDPEs are
lipophilic compounds and are shown to bio-accumulate
through the food web (Sellstrém et al. 1993).

BDE-209 (deca-BDE) was detected in soil and sludge
in the areas surrounding plants where BDPEs were
manufactured in the U.S. (De Carlo, 1979). Two years
later Andersson and Blomkvist (1981) reported the
presence of BDPEs in sampies collected along Visken
River in Sweden. Jansson et al. (1987) first indicated
that BDPEs are giobal contaminants by demonstrating
the presence of BDPEs in fish-eating birds and marine
mammals in samples collected from the Baltic Sea, North
Sea and Arctic Ocean. BDPE congeners were observed
in marine fish, shellfish, and sediment (Watanabe et al.
1987) and in air particulate matter from Japan and
Taiwan (Watanabe et al. 1992). BDPEs were also
reported in cod liver and herring from the North Sea (de
Boer 1989), and in eels from freshwater systems in the
Netherlands (de Boer 1990). Stafford (1983) reported
the presence of BDPEs in eggs and tissues of fish-eating
birds from six states in the US and from Ontario, Canada.
Stanley et al. (1991) reported the presence of BDPEs
in human adipose tissue. Norén and Meironyté (1998) .
found that BDPEs in human milk increased over the past
25 years and that concentrations of BDPEs doubled
every five years.

CDPEs are a group of potentially significant organo-
chlorine contaminants. CDPEs can be formed as by-
products in the manufacturing process of chlorophenols
(Firestone et al. 1972) or in combustion processes
(Paasivirta et al. 1986). Individual CDPE congeners have
been reported to be immunotoxic and induce hepatic
microsomal enzymes (Howie et al. 1990). Toxicity and
induction depends on structure, but relationships are
not similar to PCBs. The mono-ortho chloro-substituted
CDPE congeners have been shown to be more potent
inducers of aryl hydrocarbon hydroxylase (AHH) and
ethoxyresorufin-O-deethylase (EROD) activities and
more immunotoxic than their non-ortho analogues
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(Howie et al. 1990), whereas the non-ortho PCBs are
more active than the mono-ortho PCBs. Relative
toxicities, toxic equivalent factors (TEFs), for the non-
and mono-ortho CDPEs according to Safe (1992) are
similar to the mono-ortho substituted PCBs (TEF oppes =
0.001). CDPEs are known to be persistent in the
environment and can act as precursors of poly-
chlorinated dibenzo-p-dioxin (PCDD) and
polychlorinated dibenzofurans (PCDFs) in photolytic
reactions (Humppi and Keinola 1985). As with BDPEs,
CDPEs have been detected at ug-kg' levels (lipid
weight) in fish, fish-eating birds and marine mammals
from remote areas (Paasivirta et al. 1986, Koistinen et
al. 1993, 1995), but extremely limited information is
available in Arctic marine mammals. Koistinen et al.
(1993) reported a mean XCDPE concentration of 7.89
ng-g" (lipid weight) in salmon muscle from the Tenojoki
River, Finland. '

Haloacetic Acids

In addition to the above new chemicals, it is likely that
haloacetic acids (HAAs) are present in the Arctic
environment. HAAs can be classified as persistent but
non-accumulating chemicals. However, HAAs are
phytotoxic and trichloroacetic acid (TCA) has been used
as a herbicide. Environmental emissions of trifluoroacetic
acid (TFA) are expected to increase because it has been
found to be an atmospheric degradation product of
several hydrofluorocarbons and hydrochlorofluoro-
carbons (HCFCs) which are being introduced as
replacements for the ozone-destroying chlorofluoro-
carbons (CFCs) under the Montreal Protocol. The
Henry's Law constants of HAAs are low (<0.1 Pa m®
-mol") and characteristic of chemicals that are efficiently
removed from the atmosphere by precipitation and air-
water gas exchange, making them likely candidates for
contamination of Arctic snow and water.

ACTIVITIES IN 1998/99

Sample Acquisition

Participating laboratories have worked to develop the
capability for analysing a wider range of POPs and
current-use pesticides with application to air, marine
mammals and seawater. The chemicals include PCNs,
coplanar PCBs and pesticide enantiomers, currently
used pesticides, BDPEs and CDPEs, chlorophenols
(including PCP) and SCCPs. The following samples
were acquired and analytical methods are briefly outlined
below.

Air Samples

Monthly air samples (combined extracts of weekly
samples) from Alert and Dunai for 1994 were received
from the archives. These were equally split among the
three participating laboratories.

Marine biota

Blubber samples from five Pangnirtung beluga were
analysed for BDPEs and CDPEs by the Department of
Fisheries and Oceans (DFO) Freshwater Institute
laboratory in Winnipeg. For a study of new pesticides,
we compiled results of previous work carried out at the
Freshwater Institute, on plankton, Arctic cod and beluga
muktuk, for which EPCB and XHCH have been
previously reported (e.g. Muir 1997). The National Water
Research Institute (NWRI) laboratory also analysed 44
samples of ringed seal blubber collected in 1998 from
two locations in Labrador and three locations in the
Ungava Bay/Hudson Strait region of Northern Quebec.

Seawater

Sea water samples were collected during several cruises
in the Canadian Arctic as part of the Surface Heat Budget
of the Arctic Ocean (SHEBA) and the Northwater
Polynya (NOW) programs. The samples from Baffin Bay
and Kane Basin were collected by A. Fisk (Canadian
Wildlife Service) as part of the NOW studies. Those from
SHEBA were collected by Rob Macdonald (DFO, 10S)
and colleagues. Three large volume seawater samples
(100 L) from the Canadian Archipelago were collected
by W. Strachan (NWRI) during the September 1997 Joint
Ocean Ice Study (JOIS) cruise and sub-sampled for
HAAs. Samples were collected in 1 L polypropylene
bottles, refrigerated after collection and shipped in
coolers at 4°C to NWRI Burlington.

Analysis

Methods for analysis of SCCPs were reported last year
(Muir et al. 1999). Tomy et al. (1998) published the
results of an international inter-laboratory study in which
seven different laboratories compared their quantitative
methods used for measuring SCCP. Samples quantified
in this study consisted of “known” but unstated
concentration of a commercially available SCCP product
and a number of “real world” environmental samples.

CDPEs and BDPEs were determined in air and marine
mammal samples by high resolution electron ionization
mass spectrometry using the method described by
Sergeant et al. (1998). Prior to GC-MS analysis the
compounds were isolated by elution from 3% deactiv-
ated silica gel column with dichloromethane.

Custom standard solutions were purchased from
Cambridge Isotope Laboratories (Andover,
Massachusetts), and comprise analytical, surrogate
spiking, and performance Standards. One hundred uL
of extract was transferred into a GC vial and was spiked
with the C,,-tetra- through octa-CDPE surrogate
mixture. The sample was evaporated to dryness at room
temperature to minimize losses and 20 pL performance
standard (100 p-uL *C,, hexa-CDPE and tetra-BDPE)
added for analysis.
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High resolution GC/MS determination of BDPE and
CDPE was carried out on a VG AutoSpec-Q mass
spectrometer connected to a Hewlett-Packard 5890 GC
equipped with a CTC A200s autosampler. The GC
injection port was configured for 1 puL on-column
injections, with an initial temperature of 110°C, held for
one minute, ramped at 100°C per minute to 280°C and
held there for 55 minutes. Gas chromatographic
separation prior to MS was achieved using a 60m x 0.25
mm x 0.25mm Restek Rt,5 capillary column. The GC
conditions were the same as above except that the final
hold was extended to 60 minutes. Total run time was
90.7 minutes. Sample ionization was performed by
electron ionization (El) at an electron voltage ranging
from 30 to 40 eV depending on the optimal parameters
of the instrument. Source temperature was 270°C and
the resolving power of the analyser was 10 000. The
mass spectrometer was operated in SIM mode using a
total of eight descriptors to analyse the 23 BDPE
congeners. Quantitation of samples was by internal
standard method with a 20/20 spreadsheet, using EPA
8290 QA/QC protocols.

PCNs and coplanar PCBs were determined in air by
GC - negative ion mass spectrometry using Hewlett-
Packard MS Engine with methane reagent gas. A 30m
DB-5 column was used for the analysis. The air samples
were first fractionated on alumina-silica columns to
separate PCBs and PCNs from organochlorine (OC)
pesticides. Fraction 1 (eluted with petroleum ether) was
subjected to further fractionation on mini-columns of
silica and activated carbon to separate multi-ortho PCBs
(eluted with cyclohexane - dichloromethane) from PCNs
and coplanar PCBs (eluted with toluene). PCNs were
quantified against Halowax 1014, a commercial PCN
mixture. The percentages of individual congeners in
Halowax 1014 were determined by GC - flame ionization
detection, and this mixture was then used as the
standard for PCN determinations. Single-congener
standards were used for the coplanar and mono-ortho
PCBs with *C-labelled congeners of PCBs 77, 105, 126
and 169 as recovery surrogates and either PCB-103 or
mirex as an internal standard. Methods have been
published by Harner and Bidleman 1997 and Harner et
al. (1998).

In previous work at DFO Winnipeg, endosulphan
isomers in plankton, Arctic cod and muktuk were
determined by GC-ECD using 60 m x 0.25 mm i.d. DB-
5 columns with H, carrier gas. Confirmation was by exact
retention time matching with authentic standards. For
the ringed seal blubber, which was analysed by the
NWRI laboratory, endosulphan isomers were determined
on a 30m x 0.25m DB-5 column using pressure
programming and confirmed with a DB-1 column.
Samples were also analysed for other current use
pesticides such as lindane (y-HCH) and penta-

chloroanisole (PCA, a methylation product of penta-
chlorophenol), as well as PCBs. Only PCA was
determined and not the parent compound pentachloro-
phenol. Reagent blanks were also analysed for
endosulphan isomers and the suiphate in both
laboratories.

Samples for HAAs were analysed using the method of
Scott and Alaee (1998) with minor modifications. In brief,
seawater samples were evapo-concentrated (50 mL)
and HAAs were derivatized in situ with 2-fluoroaniline
in the presence of the dicyclohexylcarboiimide to yield
fluoroanilides HAAs. The fluoroanilides were analysed
by selected ion monitoring GC-MS (Scott and Alaee
1998).

RESULTS AND DISCUSSION

Air Samples

A pilot study of new chemicals in Arctic air was carried
out with mid-year funding received in October 1997. The
samples from Alert-Dunai consisted of six polyurethane
foam (PUF) and three glass fiber filter (GFF) extracts,
representing spring, summer and winter months of 1994,
plus a blank PUF and GFF. Samples from the 1996 Oden
expedition of the eastern Arctic Ocean were also
analysed. Results of this initial study for PCNs, copianar
PCBs, SCCPs and BDPEs were reported to NCP last
year (Bidleman et al. 1999, Muir et al. 1999).

The above measurements of PCNs and coplanar PCBs
have recently been published (Harner et al. 1998). Work
is being done to improve analytical methods for PCNs
with the goal of increasing the number of PCN congeners
that can be separated. Special attention is being given
to resolving PCNs that have dioxin-like activity or are
characteristic of different source types (e.g. Halowax
fluids vs. combustion-derived).

The archived air samples received during 1998/99 have
been analysed for BDPEs. Results from the mid-year
study, summarized in Figure 1, indicated that the majority
of the BDPEs are collected on the front polyurethane
foam piug (P1). These results are consistent with other
organohalogen compounds. BDPE levels observed in
Alert were higher than Dunai. This can be attributed to
the higher usage of these compounds in North America
than in Russia. The peak concentration of BDPEs were
July and August, indicating more volatilization from the
southern regions. The majority of PBDEs observed in
this study contained tetra bromo followed by the penta
bromo homologue group. Over 80% of the tetra
homologue group was BDE 47 (2,2',4,4'-tetra BDE) and
BDE-99 (2,2',4,4’',5-penta BDE). These results are
consistent with those observed in marine mammais from
the Arctic, and lake trout from the Great Lakes.
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t-BDPEs in air samples from Alert and Dunai (1994-95)
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Figure 1. t-BDPEs in air samples from Alert and Dunai (1994-95).

Biota Samples

Five Pangnirtung beluga were analysed for CDPEs and
BDPEs in the study of temporal trends of contaminants
in marine mammals, and as part of the new chemicals
project. The work was done by G. Stern (FWI) and M.
Ikonomou (I0S). Results (Tables 1 and 2) are presented
here and also in this year’s report on the temporal trends
project (Stern and Addison 1999). Mean concentrations
of BDPE and CDPE in the Pangnirtung beluga were
10.24 +2.30 and 60.44 +9.12 ng-g"', respectively. As
observed in blubber samples from Kimmirut beluga (Muir
et al. 1999), the Br4-DPEs were predominant, in
particular the 2,2',4,4’-BDPE congener which represents
~80% of the total. Four-fold higher BDPE levels were
observed in the Pangnirtung beluga, but this can almost
certainly be attributed to the fact that the mean age of
the Pangnirtung animals was 20.2 years relative to 6.3
years for the Kimmirut animals. BDPE concentrations
were about six-fold lower than CDPE concentrations
which, in turn, were about 80-fold lower than PCBs.

A paper on an interlaboratory study of analytical methods
for chloroparaffins has been published (Tomy et al. 1998)
and a new medium chain (C,,-C,;) chloroparaffin
methods paper has recently been accepted for
publication (Tomy and Stern 1999).

Endosulphan is widely used in the U.S. and Canada for
insect control on high value crops. Major use areas are
in the corn belt of the U.S. (U.S. Geological Survey 1998)
and southwestern Ontario. Approximately 900 tonnes
were used annually in the mid-1990s in the U.S., mainly
on cotton and fruit crops. Endosulphan (alpha and beta
isomers) and its oxidative degradation product
endosulphan sulphate have previously been determined
in Arctic air and confirmed by high resolution GC-MS
(Halsall et al. 1998). There are no previous reports for
endosulphan in the Arctic marine food web.

Endosulphan (o~ and B- isomers) and endosulphan
sulphate were detectable in plankton and Arctic cod at
low ng-g™ levels (Table 3). Endosulphan sulphate was
the most prominent form of endosulphan in all samples.
Levels of lindane, PCA and TPCBs are reported for
comparison. The sulphate was present at similar levels
to lindane in plankton and muktuk. Highest endosulphan
levels were found in beluga muktuk, which was primarily
skin (average lipid content = 19%) and in ringed seal
blubber.

Ringed seal blubber contained higher levels of -
endosulphan than the o-isomer. Endosulphan sulphate
was not determined in the seal blubber. Reagent blanks
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Table 1. Brominated diphenyl ethers (ng-g™") in biubber samples from five male Pangnirtung beluga (age>17

years).
Sample Year Br,-DPE Br,-DPE* - Br.-DPE Br,-DPE Br,-DPE ZBDPE
B-92-06 1992 0.713 6.52 0.715 0.244 0.006 8.20
B-92-10 1992 0.807 8.96 1.04 0.410 - 11.22
B-92-13 1992 0.932 8.85 1.15 0.020 - 10.95
B-95-59 1996 0.663 5.41 0.628 0.027 0.130 6.85
B-95-544 1996 0.887 9.69 1.20 0.125 0.046 11.95

*In each sample the 2,2’,4,4'-BDPE congener corresponds to ~ 80% of Tetra-BDE

Table 2. Chlorinated dipheny! ethers (CDPEs) and PCB concentrations (ng-g™') in blubber samples from four
male Pangnirtung beluga (age>17 years).

Sample  Year  CI-DPE CI-DPE CI-DPE CI-DPE CI-DPE Cl,-DPE XCDPE PCBs

B-92-06 1992 0.363 4.49 8.15 39.0 759 217 61.76 6596
B-92-10 1992 0.201 2.53 6.25 40.0 8.75 2.77 60.50 6037
B-92-13 1992 0.244 2.71 4.63 47.0 11.0 3.95 69.53 5981
B-95-544 1996 0.703 4.61 8.19 33.0 3.51 1.29 51.30 4965

Table 3. Concentration of current use pesticides: lindane, pentachlorophenol (as anisole) and endosulphan in
Arctic marine biota (ng-g* wet weight).

Species/Location N Lipid % y-HCH PCA o-Endo B-Endo Endo ZPCB
Sulphate
Plankton >150 um mean 3 26 0.39 <0.01 0.11 0.08 0.63 54.5
W. Hudson Bay, 1995 SD 14 0.1 - 0.05 0.04 0.23 15.0
Arctic cod (whole) mean 3 7 0.47 0.1 0.10 <0.01 0.30 6.2
Resolute Bay, 1993 SD 0.4 0.08 - 0.02 0.02 - 0.10 1.2
Beluga muktuk mean 14 19 5.3 0.00 1.1 0.8 4.5 828
E. Hudson Bay, 1995 SD 9 21 0.00 0.47 0.2 2.5 306
Ringed seal blubber mean 20 96 4.1 0.24 0.53 1.9 565
N. Quebec/Labrador SD 14 1.5 0.17 0.35 1.2 306
- females - 1998
Ringed seal blubber mean 24 90 4.2 0.26 0.66 2.0 598
N. Quebec/Labrador Sh -~ 10 2.8 0.18 0.71 2.4 369
- males - 1998 '

Table 4. Average concentrations of trifluoroacetic acid (ng-L™") in Arctic seawater (1998)"

Location Samples (N) Depth (m) ng-L*

Baffin Bay (E1) 7(x2) 489 141

Kane Basin (N1) 8(x2) 579 145

S. Baffin Bay (S5) 6(x2) 365 125

Beaufort Sea (75N 140W) SHEBA | 20 1500 122

Beaufort Sea (75N 160W)SHEBA |l 15 3000 127
Samples from Baffin Bay and Kane Basin were duplicates (x2). Those from SHEBA were mainly single replicates over a depth
profile.
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analysed with the ringed seal blubber contained trace
levels of endosulphan equivalent to 0.05 ng-g* o-
endosulphan and 0.1 ng-g” B-endosulphan, well below
levels in environmental samples. Mean endosulphan
levels in males and females did not differ significantly
(t-test at P<0.05). a-endosulphan was strongly
correlated with B-endosulphan in males (r=0.85)and
females (r=0.76). o- and B-endosulphan were also
strongly correiated with y-HCH in male ringed seals
(r=0.7-0.8) but not in females. Neither isomer was
correlated with ZPCB nor with age of the animals. On a
lipid weight basis, a-endosulphan increased in
concentration by about 3x between piankton and arctic
cod, and 10x between plankton and beluga muktuk but
showed <2x increase between plankton and ringed seal.
The results suggest that endosulphan does biomagnify
in the Arctic marine environment although additional
measurements on plankton and cod would be useful to
confirm this preliminary observation.

Haloacetic Acids in Arctic Seawater

Of the eight haloacetic acids determined (mono-, di-,
trichloro, mono-, di-, trifluoro, mono-bromo, dibromo-)
only TFAwas present above detection limits (1-5 ng-L").
Blanks (ultrapure water) showed low levels of TFA (<10
ng-L"). Although there was some variation with depth
and between duplicates, especially at the SHEBA sites,
overall mean leveis of TFA were relatively consistent at
all locations (Table 4). TFA was found at all depths at
the SHEBA sites including water at up to 3000m. TFA is
an atmospheric degradation product of HCFCs which
are replacing CFCs in air conditioning. It is weakly
phytotoxic and highly resistent to degradation
(Boutonnet et al. 1999). There are concerns that
increased use of HCFCs will result in a buildup of TFA
in the aquatic environment. These levels in the Arctic
suggest that TFA has a natural source or other unknown
anthropogenic sources in the marine environment
because they could not be generated by the current
emissions of HCFCs.

Other Progress

Liquid-phase vapour pressures of 17 PCN congeners
were determined directly by a capillary GC method, and
correlation with previously published GC retention
indices allowed vapour pressures to be estimated for
all 75 PCNs. Relationships of vapour pressure to the
number of chlorines (homologue and LeBas molar
volume) were established. Heats of vapourization
followed the order: non-ortho PCBs>PCNs ~ mono-ortho
PCBs>multi-ortho PCBs. PCNs and copianar PCBs
have a greater affinity for octanol than multi-ortho PCBs.
This implies that PCNs should partition to aerosols to a
greater extent than multi-ortho PCBs of the same
volatility, a phenomenon already established for coplanar
PCBs in urban air (Falconer et al. 1995, Harner et al.
1998). The PCN vapour pressure study was carried out

under a contract to F. Wania and was recently published
(Lei et al. 1999).
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OBJECTIVES

Barry Hargrave, Bedford Institute of Oceanography (BlO), Department of

1. To develop a model or models describing the accumulation of persistent organic

pollutants (POPs) in Arctic marine food webs.

2. To use the model(s) for the evaluation of existing food web contaminants data and to relate
contaminant levels in biota to other environmental media (i.e. water, sediment, air).

3. To provide a framework for the design and evaluation of future field studies (i.e. the Arctic

Archipelago Project).

DESCRIPTION

Persistent, bioaccumulative contaminants such as
PCBs, DDTs, toxaphene, chlordane and mercury pose
the greatest concerns for human and ecosystem health
in the Arctic. The primary source of these contaminants
to Northern peoples is from the consumption of marine
mammals such as beluga (Delphinapterus leucas),
narwhal (Monodon monocerus), ringed seal (Phoca
hispida) and walrus (Odobenus rosmarus). The high
contaminant levels found in marine mammais result from
bioaccumulation processes through the marine food web
in which marine mammals are at, or near the top of the
web. Previous work resulted in the development of
models describing the processes and rates of con-
taminant accumulation of persistent organic pollutants
(POPs) by marine mammals for both individuals and
populations, particularly for beluga and ringed seals
(Hickie et al. 1999a, 1999b, Kingsley and Hickie 1993).

This report provides a summary of progress made on
developing and assessing a model to predict the
bioaccumulation of POPs throughout the Arctic marine
food web. The project is being done in collaboration with
Barry Hargrave (DFO-BIO) who is providing data from
the 1993 POLARPRO year-round study near Resolute,
NWT. The initial food web bioaccumulation model is
based upon the existing pseudo steady-state model by
Campfens and Mackay (1997). In this model, a food
web is treated as a set of organisms with each having
defined feeding preferences and physiological properties
(e.g. size, growth rate, metabolic rate, lipid content).
Bioaccumulation processes included are: exchange with
water through the gills; uptake from food with a specified
efficiency; and losses by egestion, metabolism and

growth. Accumulation from sediment may also be
considered for benthic organisms. The physical/chemical
properties of contaminants are also considered as they
affect both bioavailability and transfer efficiencies. A
complete and detailed mass balance is included in the
output of these models. Owing to the existence of the
species-specific contaminants models for marine
mammals, the primary goali of the food web model is to
develop a quantitative/predictive link between con-
taminant concentrations in the environment (water and
sediment) and the concentrations in organisms
consumed by marine mammais or by Northern peopie
directly.

ACTIVITIES IN 1998/99

Work during the past year has focussed on the following
tasks:

Additional species

The species considered in the initial model were primarily
those included in the POLARPRO contaminant study.
These included: pelagic phytoplankton, two size classes
of herbivorous zooplankton, the herbivore Mysis oculata,
predaceous invertebrates Themisto and chaetognaths
(e.g. Parasagitta sp.), and two age classes of Arctic cod.
The model was extended this year to include several
other species including Arctic char (Salvelinus alpinus),
scavenger amphipods (e.g. Anonyx nugax), clams (Mya
truncata), sculpins (Myoxocephalus quadricornis), and
small benthic infauna. Char are an important country
food for Northern people, while clams are the primary
prey for walrus (Odobenus rosmarus). Anonyx and
sculpins have both been considered as potential
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monitoring species for contaminants in the Arctic marine
ecosystem. The addition of benthic species extends the
model to include consideration of sediments as a
potential source of contaminants to the food web.
Contaminant data are available for Anonyx from the
POLARPRO study, while data are available from the
literature for Arctic char and, to a lesser extent, for clams
and sculpins (Jensen et al. 1997).

Revision of the model bioenergetics subroutine
The respiration and feeding rates, or “bioenergetics”, of
organisms are critically important components in
modelling contaminant bioaccumulation. Organism
bioenergetics is a controlling factor for the rates of
chemical uptake and loss across respiratory surfaces
(gills) and the feeding rate which determines chemical
exposure via the diet. The Campfens/Mackay food web
model, like other current food web models, estimates
the respiration rate of each organism as a function of
body size using an allometric equation derived for
aquatic organisms from temperate ecosystems. This
allometric equation was revised to suit Arctic aquatic/
marine organisms based on analysis of respiration rates
collected from the literature for a variety of species
ranging from zooplankton (Conover and Gustaveson
1999) to Arctic cod (Hop 1997) and Arctic char (Holeton
1973, 1974). Similar analyses were done to estimate
the feeding rates of Arctic species and were incorporated
into the model.

Stable Isotope Modelling
Ratios of nitrogen and carbon stable isotopes are used
extensively to quantitatively estimate the trophic
positions and feeding interactions of species in food web
ecology and studies of contaminant bioaccumulation
(Kidd et al. 1995). In contaminant studies, empirical
relationships can be derived between contaminant
concentrations in the organisms and their numerical
trophic level scores which provide an overall measure
of contaminant transfer efficiency between trophic levels
(an average biomagnification factor). A subroutine was
added to the model which predicts stable isotope-derived
trophic level scores for each organism in the model food
web based on its defined feeding preferences. The
subroutine was based on a study of trophic relations in
the marine food web of Barrow Strait-Lancaster Sound
by Hobson and Welch (1992) where they developed the
relationship
TL=1+(D,-54)/3.8

where TL is the trophic level of a consumer and D, is
the 3'°N value of the consumer's tissue. This novel model
component provides a check that feeding preferences
defined for each organism in the model are consistent
with their trophic positions determined by measured §'°N
values. Calculated TL values were in good agreement
with measured values as shown by the regression

TLe =0.97 TL,..s. + 0.05 (r2 = 0.94, n=13).

Evaluation of model performance

Evaluation of the revised model was limited to six
chemicals or groups of chemicals: ZPCB, =DDT,
>Chlordane, HCB, a—HCH and y~-HCH. Model resuits
for o—HCH and y-HCH were combined to enable
comparisons with data presented as THCH. Model
results were compared with average concentrations from
the POLARPRO contaminant data set and data for other
species compiled from the literature. Data for clams and
mussels were from Cameron and Weiss (1993) and Muir
et al. (1995); data for sculpins were from Bright et al.
(1995); and data for anadromous Arctic char were
summarized from Muir and Lockhart (1993). Sediment
data were not available for the Barrow Strait-Lancaster
Sound region, but were conservatively estimated based
on sediment:water fugacity ratios of 1.0 for HCHs, 1.5
for HCB and 2.0 for ZPCB, =DDT and ZCHL.

Fugacity calculations for air, water and zoo-
plankton

Fugacities were calculated for five organic chemicals
(a—HCH, y-HCH, HCB, cis-chlordane, and frans-
chlordane) in Arctic air, sea water and zooplankton using
data that were collected on a monthly basis as part of
the POLARPRO study. Fugacity ratios were then
calculated for water:air, zooplankton:air, and zoo-
plankton:water (W:A, Z:A and Z:W, respectively). The
W:A fugacity ratios for these chemicals were published
previously by Hargrave et al. (1997), where they were
used to estimate seasonal changes in chemical fluxes
between sea water and air. Air concentration data used
in these calculations were from the sampling station at
Alert, NWT. Fugacity ratios between zooplankton, water
and air were calculated to test the widely held
assumption that concentrations of POPs in plankton are
at, or near, equilibrium with their dissolved con-
centrations in water (i.e. at equai fugacity). This
assumption is employed in most food web bio-
accumulation models, including the Campfens/Mackay
model. A Z:W fugacity ratio equal to one would validate
this assumption. It would also demonstrate that chemical
concentrations (or fugacities) in zooplankton could be
used as a surrogate for water concentrations in
estimating chemical fluxes between water and air. This
would be especially useful for chemicals with extremely
low water concentrations such as specific PCB
congeners-or DDT components. Deviations from unity
would raise fundamental questions regarding our
understanding of contaminant bioaccumulation at the
lower trophic levels.

RESULTS AND DISCUSSION

Food Web Modelling

The relationship between observed concentrations
(ng-g™ lipid) and model-predicted concentrations for the
13 organisms considered in the food web model are
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Figure 1. Model-predicted and observed concentrations of the six test chemicals in the
organisms considered in the food web model. The regression line described in
the text is shown in relation to the ideal 1:1 relationship.
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Figure 2. Observed and predicted concentrations of EDDT (ng-g™' lipid) in organisms
considered in the Arctic marine food web model.
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shown in Figure 1. Results for ZDDT are shown in
greater detail in Figure 2. The only changes in model
variables between trials for the six chemicals were to
the chemical characteristics (molecular weight, log K,,,,,
Henry's Constant) and their concentrations in water and
sediment. All other parameters were default values
incorporated into the model data tables. Chemical
concentrations in the blubber of male ringed seais and
beluga whales (Muir et al. 1993) are included to provide
an overall impression of the bioaccumulation of these
chemicals through the entire marine food web. They are
shown in relation to concentrations predicted using the
models developed previously for beluga whales and
ringed seals.

Overall, there was reasonable agreement between
observed values and those predicted by the food web
model as shown by the spread of data about the line
denoting the ideal 1:1 relationship in Figure 1. About
one-third of the predicted values fell within a factor of
two of the measured concentrations, while about two-
thirds fell within a factor of three. This level of resolution
is similar to that reported for the Campfens/Mackay
model (1997) when applied to the Lake Ontario food
web. There was, however, a tendency to underestimate
the extent of bioaccumuiation through the food web from
plankton to fish as shown by the linear regression

10910 (Cprecicted) = 0.67 10810 (Copserves) + 0-32 (7 = 0.54, n = 90)

The model predicted a lipid-normalized biomagnification
factor (BMF) of 1.0 (i.e. no biomagnification) for THCH
between plankton and fish (Arctic cod, char). BMFs
calculated from measured concentrations were less that
1.0, which could result from some biotransformation of
HCHs by fish. Amodest degree of biomagnification was
predicted for HCB (BMF = 1.4), but was less than the
measured BMF value of 2.5.

Predicted plankton-cod and plankton-char BMFs for the
remaining chemicals ranged from 2.0 for Zchlordane to
3.0 for ZDDT and ZPCB. These values were lower than
the measured BMFs in all cases where values ranged
from 2.3 for Zchlordane in arctic cod to 9.0 for XPCBs in
char. Some of the discrepancies may result from
underestimating the contribution of benthic contaminant
sources to the food web. Combining data from a number
of different locations and sources may also contribute
to some of the differences.

At the base of the food web, predicted concentrations
of HCHs, HCB and Zchlordane in zooplankton were
lower than mean measured concentrations by factors
of two to three, while concentrations were accurately
predicted for ZDDT or slightly overestimated for TPCB.
These findings are of possible significance for several
reasons. First, the assumption of equilibrium partitioning

of chemicals between water and plankton used in the
model may not describe bioaccumulation by plankton
adequately. This is examined in greater detail below in
relation to the Z:W fugacity ratios. Second, any
inaccuracy in estimating concentrations in organisms
at the base of the food web would be carried forward in
estimating concentrations in organisms from higher
trophic levels.

Among individual organisms, concentrations in the
scavenger amphipod Anonyx were the most poorly
predicted, being underestimated for all six chemicals
examined. Predicted concentrations ranged from 2.5-
fold lower for ZPCB to as much as 65-fold lower than
mean measured values for ZHCH. The high con-
centrations of POPs found in Anonyx are thought to
result from their scavenging from carcasses of marine
mammals. This could be confirmed by comparing the
POPs concentration profiles found in Anonyx to those
of the more abundant marine mammals. The iow
predicted concentrations for Anonyx probably result from
the exclusion of marine mammals from the current
steady-state food web model.

The strong correlation between mean measured and
predicted concentrations of POPs shown in Figure 1 for
marine mammals (male ringed seals and beluga) only
resulted after making allowances for biotransformation-
enhanced elimination rates which were estimated using
the models. Without this, the marine mammai models
would overestimate the concentrations of several of the
chemicals that are prone to biotransformation processes,
notably HCH and HCB in beluga and HCH, HCB and
chlordane in ringed seals. Estimated elimination half-
lives ranged from 0.5 years for HCB to 6.9 years for
2DDT inringed seals, while values ranged from 1.9 years
for HCH to about 15 years for EDDT and ZPCB in beluga.

Fugacity Calculations

Water:air (W:A), zooplankton:air (Z:A) and zoo-
plankton:water (Z:W) fugacity ratios were calculated for
o—HCH, y-HCH, HCB, cis- and trans-chlordane.
Representative results are shown for y-HCH and cis-
chlordane in Figure 3 on a monthly basis along with
annual averages. The W:A ratios were consistent with
the values presented by Hargrave et al. (1997) and
provide an internal check on the caiculations performed
here. A W:A fugacity ratio value >1 is indicative of a flux
of chemical from water to air (outgassing). Avalue <1 is
indicative of deposition from the atmosphere to the water.
The fugacity ratio for a-HCH was always >1 suggesting
a steady efflux from the sea. Ratios were similar in most
months for y-HCH except May and October when values
fell just below 1. HCB ratios were close to 1 throughout
the year, the highest value of 2 occurring in June. The
highest ratios for a-HCH and y-HCH also occurred in
June and could be attributed to lower air concentrations
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Figure 3.

Calculated monthly fugacity ratios between water, air and zooplankton for y-HCH,

and cis-chlordane along with annual average values. Water:Air ratios are equivlent
to the values from Hargrave et al. (1997).

during that month. The W:A ratios for cis- and trans-
chlordane showed strong seasonal fluctuations with
values greatly exceeding 1 in many instances and
particularly for cis-chlordane. Ratios for cis-chlordane
ranged from 10 to 30 from January to March and
declined to values <1 from July to October. Ratios then
increased in November and December. A similar trend
was evident for frans-chlordane but ratios were always
less than the values for cis-chlordane. Except for June,
the ratio was <1 from April to November suggesting an
extended period of deposition to the sea. The strong
seasonal trends for cis- and trans-chlordane could
largely be attributed to decreases in air fugacity during
colder months which result from greater partitioning to
aerosol particles and higher atmospheric particulate
levels.

Zooplankton:Water ratio values exceeded unity in nearly
all cases. Annual average fugacity ratios were 4.6 for o-
HCH, 2.0 for y-HCH, 7.1 for HCB, 9.1 for cis-chlordane
and 8.3 for trans- chlordane. These results indicate that
the widely held, but rarely tested, assumption that
concentrations of organic contaminants in plankton are
in equilibrium with water does not appear to apply in the
Arctic marine ecosystem for reasons yet to be
determined. The magnitude of these deviations from
equilibrium conditions clearly demonstrates the need to
re-examine bioaccumulation processes at the base of
the food web and, if possible, revise that portion of the
food web model accordingly. It is emphasized that
contaminant bioaccumulation or biomagnification that
occurs at the base of the food web ultimately influences

the concentrations found in higher trophic levels. These
results also show that the Z:A fugacity ratio cannot be
considered as a reliable surrogate for the W:A ratio in
estimating chemical fluxes between water and the
atmosphere.

Closer examination of the Z:W ratios shows a fairly
consistent seasonal pattern with peaks occurring in June
and July when there is open water, and again in mid-
winter (December and January). The magnitude of
seasonal shifts in the Z:W fugacity ratio varies between
chemicals, but too few chemicals were examined here
to relate them to chemical-physical properties. These
seasonal shifts may be accounted forin part by seasonal
changes in system productivity and in the lipid content
of the plankton. A dynamic contaminant fate and
bioaccumulation model would be required to account
for the seasonal changes in plankton contaminant levels.

CONCLUSIONS

Overall, the food web bioaccumulation model performed
adequately in predicting tissue concentrations within a
factor of three for about two-thirds of the observations.
Regression analysis showed that the model tended to
underestimate the extent of bioaccumulation through the
food web. This may have resulted, in part, from
underestimating the contribution of benthic contaminant
sources to the food web, and also from underestimating
the extent of bioaccumulation from water to plankton.
For the latter, fugacity calculations showed that the
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assumption of equilibrium partitioning between water
and plankton does not appear to apply in the Arctic
marine ecosystem.

Several data gaps and research needs pertinent to this
project have been identified. First, data are required to
better characterize contaminant levels in sediments and
benthic organisms. This would aid in developing a better
understanding of benthic-pelagic coupling in the marine
food web and the contribution of contaminants in the
sediments and benthos to the pelagic food web. Second,
additional measurements of low level POPs (e.g. PCB
congeners, chlordane, DDT and metabolites) are
needed for sea water and plankton to develop a better
understanding of bioaccumulation processes at the base
of the food web.

Expected Project Completion Date: March 31, 2002.
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FATE OF ORGANIC CONTAMINANTS AND MERCURY IN ARCTIC AND ALPINE ECOSYSTEMS
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OBJECTIVES

Long-term

1. To further the knowledge of snow and ice-related contaminant transport processes necessary
for pianning and conducting an intensive study of atmospheric deposition and air-snow pack
exchange processes in the Canadian Arctic Archipelago Project, which was tentatively planned
for 1999-2000 and 2000-2001 (Bidleman 1997, pers. comm.).

Short-term

1. To extend the available data base of air-ice adsorption coefficients of non-polar organic chemicals
to include persistent chlorinated organic contaminants of particular interest in the Canadian Arctic.

2. To measure the air-ice adsorption coefficient for mercury vapour as a function of temperature.

3. To measure the rate of decrease of snow specific surface area as a function of temperature in

controlled laboratory experiments.

4. To liaise with other partners with a view to collaborating in field experiments that are designed to
validate models of transport and ecosystem uptake, as influenced by snow, of persistent chlorinated
organic contaminants (Northern Ontario and Canadian Rocky Mountains) and of Hg (Northern Quebec),
with specific attention to the effects of snow specific surface area and of temperature.

5. To extend the available data base on snow specific surface area to include samples of fresh and
metamorphosed snow and obtain data on the rate of specific surface area decrease during
metamorphosis under natural conditions in the field experiments mentioned in the previous objective.

6. To ensure that the information developed in the above studies is transferred to Northern Contaminants
Program (NCP) modellers and used in the planning of snow/ice-related sampling and measurements
during the field part of the Canadian Arctic Archipelago Project.

DESCRIPTION

As mentioned at the Arctic Archipelago Project
Workshop, models that are currently being used to
estimate organic contaminant fate and deposition in
Arctic ecosystems are based on “the snow adsorption
theory”. This theory postulates that the occurrence of
the contaminants in snow on the ground is due to
physical (reversible) adsorption of vapour phase organic
contaminants in the atmosphere onto snow crystal (ice)
surfaces. The key parameters in these models are the
adsorption coefficients for the contaminants, which
depend on the temperature and the vapour pressure of
the sub-cooled liquid compound, and the specific surface
area of the snow. The snow adsorption theory is
supported by laboratory measurements of adsorption

of relatively volatile organic vapours onto ice surfaces
and of the specific surface area of snow, but the theory
has not yet been tested by field experiments. Carefully
designed field experiments are ultimately necessary for
validation of these models.

One approach is to design field experiments to test
specific hypotheses motivated by the theory. For
example, one can hypothesize from this theory that
certain low vapour pressure contaminants will be almost
completely removed from the air mass through which
the snow falls before the snow touches the ground
surface. Assuming that the air through which the snow
falls is stagnant (simple one-box model), one would
expect that the contaminant concentrations observed
at ground level would decline exponentially in both media
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(air and snow) during the snowfall event. The alternative
hypothesis, that the contaminants are incorporated in
the ice Iattice during the in-cloud formation of snow,
would presumably give rise to a different expectation. A
field experiment designed to test this hypothesis might
thus involve measuring concentrations in snow and air
several times throughout the course of a snowfall event.
This requires that the time scale of the snow and air
concentration measurements is small relative to the
duration of the snowfall event. If ambient air temperature
and snow specific surface area are expected to vary
during a snowfall event, one wouid also want to measure
these auxiliary variables. Another strategy might be to
measure time-integrated snow and air concentrations
for a number of events, together with temperature and
surface area. One would expect from the adsorption
theory that variations in the magnitude of the scavenging
ratio (snow concentration : air concentration) between
snowfall events would be correlated with specific surface
area and anti-correlated with temperature. The
adsorption theory can also be used to estimate the
absolute magnitude of the scavenging efficiency; the
accuracy of the estimate depends on that of the
adsorption coefficient, which can be estimated but has
not yet been measured for the contaminants of interest.

Another prediction of the snow adsorption theory is that
the freshly deposited contaminants will tend to diffuse
out of the snow deposit and back into the atmosphere
after a snowfall event. There are several reasons for
this. Below-cloud scavenging is a dynamic process and
adsorption is reversible, so there will be a concentration
gradient in the snow deposit initially after deposition
ceases, and this gradient will slowly relax. On a longer
time scale, the specific surface area of the snow will
also tend to relax (decrease) during metamorphosis. The
capacity of the snow to retain contaminants will of course
decrease in proportion to the decrease in surface area.
There have been no measurements, to our knowledge,
of the temperature-dependent rate of decrease of the
specific surface area of natural snow. This can be
estimated from experiments (e.g. done by Jellinek and
Ibrahim in the 1960s) which used a large surface area
(approximately 10 m?-g") ice powder made by spraying
purified water into liquid air. However, this estimated rate
is probably too large, because natural snow probably
has a specific surface area much less than 10 m#-g™.
Furthermore, several processes are responsible for the
rate of change of specific surface area during
metamorphosis. These processes are: (i) the grain-to-
grain migration (by evaporation and condensation) of
water vapour, which is driven by the temperature
gradient in the snow deposit; (ii) the effect of curvature
of snow crystals (higher vapour pressure is associated
with greater curvature); and (jii) sintering of the snow
crystals (Sam Colbeck, pers. commun.). These
processes occur on different time scales, and the first

process, which involves an input of energy, can actually
produce new ice crystals that have smaller dimensions
than their precursors. It is therefore difficult to predict
the rate of surface area decrease during metamorphism
without performing a series of experiments in the
laboratory under carefully controlled conditions, and by
eventually comparing the experimental results with
measurements done in the field.

To our knowledge, there have not yet been any studies
of the chemical mechanisms by which mercury (Hg) is
incorporated in snow, despite the obvious importance
of snow for removing Hg from the Arctic atmosphere
and despite the toxicological importance of Hg. The
lifetime of Hg in the earth’s atmosphere has been
estimated to be in the neighborhood of 0.5 to 2 years,
so air concentrations are generally constant. Mercury
exists in the atmosphere primarily as elemental
Hg° vapour. Precipitation scavenging is thought to be
the main sink for Hg in the atmosphere. The Henry's
Law coefficient for Hg® is such that very little of it will
partition into water, but mercury concentrations in
rainwater are orders of magnitude larger than predicted
from the Henry's Law constant. It is believed that Hg® is
oxidized to Hg?* by ozone in cloud water; the homo-
geneous gas phase oxidation of mercury by ozone is
thought to be less important. It is also known that
surfaces can promote reaction of Hg® with ozone, and it
is logical to suppose adsorption is a necessary first step.
Therefore, it is reasonable to suppose that ice surfaces
may promote the oxidation of Hg® in the atmosphere,
and this may be a contributing mechanism to scavenging
of mercury from the Arctic atmosphere. Ice surfaces may
also be important in the depletion of mercury vapour
from the atmosphere during polar sunrise.

An understanding of the mechanisms by which mercury
is removed from the Arctic atmosphere by snowfall is
obviously required for modelling the deposition of Hg
and its subsequent fate in snow deposits. This
understanding may shed further light on questions such
as the relative importance of naturai and anthropogenic
sources. Due to the low vapour pressure and low
solubility in water of mercury, adsorption of Hg® on snow
crystal surfaces is also a possible removal mechanism
for the Arctic atmosphere. One can estimate the
adsorption coefficient for mercury vapour at the air-water
interface by assuming that elemental mercury behaves
like a non-polar organic molecule. However, this
assumption would probably be incorrect. Because the
surface tension of liquid mercury is greater than that of
water, one would expect a negative Gibbs surface
excess concentration at the air-water interface. However,
based on the vapour pressure and heat of vapourization,
mercury would be expected to adsorb on the surface of
ice, and an adsorption coefficient in the range for semi-
volatile organic compounds would be expected. There
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have not been any measurements, to our knowledge,
of the adsorption of mercury vapour onto the surface of
ice.

ACTIVITIES IN 1998/1999

Snow specific surface area measurements

The frontal chromatography method that was described
in the previous NCP synopsis report (Hoff and Wania
1999), was further tested and evaluated. The method
was also applied to snow samples taken from two remote
locations, and to a sample of synthethic snow (ice
powder) that was prepared in the lab for use in
developing a method for measuring K, values for semi-
volatile organic chemicals on the surface of ice. The
main goal of these studies was to further validate the
frontal chromatography method for measuring snow
specific surface area (SSA) and to demonstrate that the
method is sensitive enough to accurately measure SSA
for samples of metamorphosed snow.

Adsorption coefficient K,, measurements

During the 1998/99 fiscal year, an attempt was made to
develop a new method for measuring adsorption
coefficients for semi-volatile organic compounds on the
surface of ice. The work was carried out by a team of
two fourth-year chemistry students and two of the project
team members (J. Hoff and T. Gorecki).

RESULTS

Snow specific surface area method

The frontal chromatography method was used to
measure sorption of ethyl acetate and n-decane by
water-coated Chromosorb P over the temperature range
of -13°C to 20°C. Water-coated Chromosorb P was used
to simuiate the air-water/ice interface, because the
interfacial surface area can be varied by controlling the
water content (Hoff et al. 1993). Another advantage of
using wetted Chromosorb P instead of ice powder is
that sorption of decane can be measured at tempera-
tures above 0°C. Prior studies indicated that the surface
area of wetted Chromosorb P does not change when
frozen, however, a slight increase in the temperature
dependence of K, was observed (Hoff et al. 1995).

The experimental apparatus is basically a gas
chromatograph that is set up for frontal chromatography
measurements. A schematic diagram is shown in Figure
1. The main components are: (1) a device for producing
humidified carrier gas; (2) a device for producing a low
concentration of chemical vapour in the humidified
carrier gas; (3) a glass column containing snow, ice
powder or wetted Chromosorb P; (4) a four-port gas
switching valve, which is used to control whether pure

carrier gas, or carrier gas containing chemical vapour,
enters the snow column; (5) a flame ionization detector,
which monitors the concentration of methane or
chemical vapour in carrier gas coming from the snow
column; (6) a constant temperature bath, which can be
operated between +25°C and -25°C; (7) a pneumatic
flow controller used to keep the carrier gas flow rate
constant; (8) an inline electronic flow meter used to
monitor the flow rate of carrier gas that supplies the
apparatus (total flow rate); (9) a bubble flow meter used
to monitor the flow of carrier gas that bypasses the snow
column; and (10) a modified Tee union, which enables
a pulse of methane to be injected into the snow column.

The procedure for measuring sorption of chemical
vapours by water-coated Chromosorb P is as follows.
Distilled water is added to a bottle containing dry
Chromosorb P. The wetted Chromosorb P used in the
experiment had a water content of 0.406 g water per g
of wetted Chromo P. The bottle is tightly sealed and
stored at 60°C for at ieast 10 h. Approximately 31 g of
the water-coated Chromosorb P is packed into the glass
column, which has an empty volume of approximately
54 mL. The glass column isimmersed in the temperature
bath, and a carrier gas flow rate of approximately 35
mL-min~' is established. The back-pressure on the
bypass line is adjusted with a needle valve so that the
carrier gas flow is divided approximately equally between
the two flow paths. In the valve position shown in the
diagram, flow from the bypass line enters the snow
column and detector, while flow from the chemicai
vapour source goes to the needle valve and bubble flow
meter. In the other valve position, the valve routes flow
from the bypass line to the needle valve and bubble
flow meter while the flow from the chemical vapour
source enters the snow column and detector.

After thermal equilibrium is established at -10.5°C and
the detector signal has stabilized, the detector signal is
recorded and a pulse of methane is injected into the
snow column with a gas-tight syringe. After the methane
pulse has eluted, the gas valve is switched so that a
sharp front of chemical vapour enters the column. After
the front has eluted, the gas valve is switched again
and a reverse front enters the column. The recorded
detector signal is analysed on a spreadsheet to obtain
the first moments for the methane pulse t,, and the
chemical vapour front t;. The net retention volume V,, is
calculated as V =k’ V, where k' and V,, are the column
capacity factor and the dead volume of the snow column,
respectively. K’ is calculated as (t; — t,) / t, and V,, is
calculated as (empty volume) — (volume occupied by
sorbent). The latter is calculated from the density of the
sorbent. V is related to the adsorption coefficient K,
and surface area (SA) of the sorbent according to V,, =
Kia SA.
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Figure 1. Snow specific surface area apparatus.

Typical adsorption and desorption breakthrough curves
for ethyl acetate were shown in Figure 1 of Hoff and
Wania (1999). The first moments for adsorption and
desorption fronts are equal within experimental error.
The lack of hysteresis indicates that that sorption and
desorption is very rapid, which is consistent with the
hypothesis that the sorption mechanism is adsorption.
The methane injection method of determining the dead
volume gave 20-30% larger values than the calculated
method. Apparently, this is due to a systematic error in
measuring the flow rate to the detector, which was
calculated as the difference between the electronic (total)
flow rate minus the bubble (bypass) flow rate. The
calculated method is believed to be more accurate, and
is therefore used here.

Net retention volumes for n-decane were measured at
temperatures of 0.4, 11.5 and 20°C, and the values
obtained were 95.9, 39.2 and 19.9 cm?, respectively.
These data yield the equation InV, = 6433/ T — 18.95
(R?=0.9997), which is used to calculate a net retention
volume of 35.7 cm® at 12.5°C. Using the literature K,
value for 12.5°C (Hartkopf and Karger 1973) and the
equation V = K, SA, the estimated SA of the wetted
Chromosorb P is 69 000 cm?, and the SSA is 2270
cm?g'. Net retention volumes for ethyl acetate were
measured at temperatures of-13,-8, -5, -4.5and -1.2°C,
and the values obtained were 1152.4, 717.0, 469.9,
440.0 and 421.1 cm?® respectively. These data yield the
equation InV, = 6800 / T — 30.27 (R? = 0.93), which
together with the SA calculated above yields a K, value

of 0.0125 cm for ethyl acetate at -10.5°C.

Snow specific surface area method application
Synthetic snow was prepared in a freezer room (-15°C)
by spraying distilled water through a nozzle to produce
a fine mist, which fell into an aluminum tray containing
liquid nitrogen. The product was examined with a hand-
held microscope at a magnification of 30x. It consisted
of clusters of 10 to 30 spherical particles, which had
diameters in the range of 0.1 to 1.0 mm. The SSAvalues
obtained for artificial snow were 499 cm?-g™ for a fresh
batch, which was measured one day after it was made,
and 350 cm?-g™ for another batch, which was allowed
to age in a freezer at -18°C for 3 weeks before the SSA
was measured.

Snow samples were collected during late February of
1998 at Bow Lake in Banff Park, Alberta by J. Blais and
Derek Muir. The samples were taken at two “lysimeter
sites”, one of which was located in a forested area and
the other in a clearing approximately 2 km from the
forested site. The samples were taken using a core tube,
so that the full snow pack was collected and integrated,
and placed in heavy gauge polyethylene bags, which
were then placed in a very large cooler with dry ice. The
cooler was shipped by air to the University of Waterloo,
and it was stored in a freezer room at -10°C while the
SSAs were being determined. This was accomplished
within 10 days. The snow was highly metamorphosed,
and examination with a 10x hand lens revealed rounded
snow grains with diameters in the range of 0.05-0.10
cm. Assuming that the grains are spherical, the
geometrical surface area ranges from 60-120 cm?g,
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which is consistent with the SSAs tentatively reported
in the previous synopsis of NCP research (Hoff and
Wania 1999), which were 89 and 104 cm?g-' for the
forested and open Bow Lake samples. However, these
SSA values were calculated using an estimated K, value
for ethyl acetate, which, as mentioned above, is probably
too large by approximately a factor of 2. The SSAs for
the forested and open Bow Lake snow samples should
therefore be revised to 183 and 214 cm#g™, respectively,
to be consistent with this more accurate experimental
value for K,,.

Snow samples were collected during early February,
1999 at the Turkey Lakes experimental field site near
Sault Ste Marie, Ontario by Graham LaHaie in
cooperation with W. Strachan. The main objective was
to determine whether the concentrations of chlorinated
organic pesticides decrease in the snow pack several
days after falling due to a decrease in snow surface area.
To test this hypothesis, 6 aluminum trays were put down
before a snowfall. Three trays were sampled immediately
after the fall, and the other three trays were sampled 10
days later. The snow samples were sent to the University
of Waterloo for SSA determination and to the Canada
Centre for Inland Waters (CCIW) for chemical analysis.
The SSA samples were placed in plastic Tupperware
containers, which were placed in a well-insulated
Coleman cooler packed with dry ice. The cooler was
shipped by air to the University of Waterloo, whereupon
it was stored in a freezer room at -10°C until SSA was
determined 3 to 4 days later.

In all, two shipments containing 3 samples each were
analysed for SSA during the 1998/99 fiscal year. The first
shipment contained samples that were collected on
February 5, 1999, immediately after a snowfall event that
amounted to 19 mm of snow water equivalent. These
samples were stored for two days at-20°C in a chest freezer
at the Turkey Lakes site before being shipped to the
University of Waterloo. A second shipment of snow for SSA
analysis was collected on February 15, 1999 from a
duplicate set of 3 trays that were put down at the same
time as the first set of trays. These samples were shipped
immediately after collection. A polyethy-lene roof, installed
over the sampling trays after the snowfall event, protected
the snow in the second set of trays from a subsequent 13
mm precipitation event, which occurred on February 11.
Approximately 60% of the precipitation was rain. The
samples for SSA were taken from the top-most layer of
snow in the trays, which did not seem to be disturbed, but
the samples for pesticides were not taken due to the fact
that the bottom layer of snow was either partially melted
or infused with water from outside the trays. The SSA
values obtained from the first sampling were 668, 689 and
675 cm#g™, and those for the second sampling were 677,
666 and 678 cm?g™. The average values of 677 and 674
cm?g™ for the fresh and aged samples, respectively, do
not indicate a significant decrease in SSA due to aging.

Adsorption coefficient K, measurements

The experimental approach was to equilibrate a
synthetic snow (ice powder) of known surface area with
a stream of nitrogen gas containing a mixture of
contaminants. The normal alkanes C,,H,, through C,;H;,
were used as model contaminants. The contaminant
concentrations in the carrier gas emerging from the
column of the ice powder were monitored by quanti-
tatively trapping them with a C;H,,-bonded silica column
(Harner et al., 1996). After establishing the contaminant
concentrations that were in equilibrium with the ice
powder, clean carrier gas was used to elute the alkanes
from the ice powder. By comparing the quantities of
alkanes trapped by the CzH,, column during this elution
step with those trapped before, the K, values can, in
principle, be calculated. Gas chromatography was used
to quantify the contaminant concentrations in hexane
used to elute the C,H,,column. The surface area of the
ice powder was determined by the frontal chroma-
tography method described above.

Although the work did not continue until the first K,
values were obtained (it ended when the students
completed their advanced lab course and the allocated
budget was exhausted), the apparatus was constructed,
and some of the basic techniques (e.g. use of a C;H,,
column to measure contaminant concentrations in
nitrogen) were tested. In all, a significant amount of
progress was made in deveioping the new method.

DISCUSSION AND CONCLUSIONS

The present K, value for ethyi acetate on ice, 0.0125
cm at -10.5°C, is larger than the previously estimated
value, 0.027 at-11°C, by a factor of two (Hoff and Wania
1999). The previous value was estimated using the K,
value for 25°C (Hoff et al. 1993) and by assuming that
the heat of adsorption is equal to the heat of con-
densation. The present value is considered to be more
accurate and is therefore preferred. Previously reported
SSAs for snow samples therefore need to be revised.
For the. snow aging study (Figure 2 in Hoff and Wania
1999), the SSA values for fresh snow samples are
revised to 1100-1300 cm?-g', and the SSA value for the
sample aged 4.5 days is revised to 600 cm?-g™'. For the
slightly aged snow samples from Turkey Lakes the range
is 600 to 700 cm?-g™'. These vaiues are within the range
of values obtained for fresh snow using N, adsorption
(Hoff et al. 1998). For the highly metamorphosed
samples from Bow Lake (Hoff and Wania 1999), the
revised SSA values are 183 and 214 cm?g', which are
significantly smaller than those for the fresh or slightly
aged samples, supporting the hypothesis that SSA
decreases during metamorphosis. The SSA values of
synthetic snow prepared in the laboratory fall within the
range of the natural samples.
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OBJECTIVES

Long-term

Mary C. O'Brien, Darren Tuele, Doug Sieberg and David Paton, I0S, Sidney, BC

1. To understand the: Arctic Ocean’s role in contaminant transport and accumulation in the Canada
Basin and the downstream selective withdrawal of these contaminants into the Canadian Archipelago.

Short-term

2. To analyse archive samples collected along the Joint Ocean Ice Studies (JOIS) (September 1997)
cruise track through the Canadian Archipelago to the Surface Heat Budget of the Arctic (SHEBA)

site in the Canada Basin interior (Figure 1).

DESCRIPTION

The results of recent Northern Contaminants Program
(NCP) research (Barrie et al. 1997) indicate that the
highest concentrations of HCHs in the Arctic Ocean are
observed within the Canada Basin interior. In the early
1990s, the surface waters of the Canada Basin
contained the highest concentrations in the world’s
oceans — concentrations which were 4-10 times higher
than, for example, Pacific or Atlantic waters now entering
the Arctic. HCH concentrations in bodies of water that
can exchange with the atmosphere, such as those found
in the source regions of the Bering Strait and Fram Strait
and in seasonally ice-free shelf regions, reflect a
downturn in atmospheric concentrations (Barrie et al.
1997). However, high HCH concentrations persist in the
Canada Basin interior and are the result of a combination
of factors: atmospheric concentrations that peaked
nearly twenty years ago; the slow renewal time of upper
layer waters in the Canada Basin; and the presence of
a near-permanent ice cover (Macdonald et al. 1997).
These high concentrations are found in the upper 200
m of the water column — the region most closely
associated with biological activity. The Canada Basin
time series station is unique; it provides an opportunity
to observe the ocean’s response to the atmospheric
downturn in HCH concentrations that occurred in the
early 1990s, and thus, to estimate the residence time of
this high HCH reservoir.

Sometime between 1989 and 1993, the location of the
Atlantic-Pacific water mass boundary changed from the
Lomonosov Ridge to the Alpha-Mendeleyev Ridge
(McLaughlin et al. 1996). This shift signalled a
displacement of the upper 200-300 m of Pacific-origin

waters from the Makarov Basin. The significance to
Canada is that the most likely route for the exit of this
water is through the Canadian Archipelago and, as
discussed above, the water contains a potentially large
inventory of contaminants.

The strength of our HCH contaminant sampling program
is that it has been integrated with other broad science
plans. This means that contaminant distributions can
be interpreted and modeled within the full context of
physical, chemical and biological processes, and of
atmospheric and oceanic transport mechanisms. Clearly
this approach is of far greater value for understanding
the ocean’s role in the perstistence of giobally
transported contaminants than that of sampling that is
isolated in time or space.

ACTIVITIES IN 1998/99

Samples collected during the Joint Ocean Ice Studies
(JOIS) 1997 mission for HCH profiles, together with
samples of arctic cod and zooplankton, were analysed
for organochlorine concentrations. Geochemical data
collected at the same time have also been collated.

RESULTS

Samples for organochlorine determination were
collected along the JOIS 1997 track, including stations
within the Archipelago and along a section out to the
SHEBA deployment location (Figure 1). Sections and
vertical profiles for HCH have been completed and are
undergoing interpretation. Data are now also available
for biota but have not yet been synthesized.
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Figure 1. Location of sampling sites for JOIS-97. All stations where geochemical data have been

collected are shown in red; stations where
with black.

DISCUSSION/CONCLUSIONS

The HCH profiles from the Archipelago (Figure 2) show
typically elevated concentrations in the upper 100 m of
the water column. Surface a-HCH concentrations of
3500-4000 pg-L™, to the west of Resolute (Stations 24,
27, 34 and 36), agree well with the observations of
Hargrave et al. (1997) and suggest that levels in this
region have not dropped much since 1996. We infer that
the decreasing trend from January to December found
by Hargrave et al. (1997) has not been maintained;
concentrations have either remained constant or even
increased slightly since that time. In contrast, the low
surface o-HCH concentrations found to the east of
Resolute on the north sice of Barrow Strait (Stations 4
and 8) suggest that there is considerable lateral
variability in the channels, something that has been
anticipated from the complex circulation patterns. We
are examining the geochemical data in order to unravel
the reasons for the HCH spatial variability.

contaminant data were collected are circled

Station 34 in Viscount Melville Sound is located in a
basin. The deep water at this station, which has an
anomalously old ventilation age as indicated by CFC
measurements, seems also to show a discontinuity in
the HCH profile at about the 200 m depth (Figure 2).
Clearly, this basin contains HCH exchanged at an earlier
time and therefore provides an excellent site to seek
evidence of in-situ removal processes.

The section across the Canada Basin margin (Figure 3)
shows an obvious boundary between coastal water
(Stations 2, 3 and 4), which has reduced a-HCH
concentrations, and interior water (Stations 5+). To
further complicate this appealing pattern, Stations 10
and 14, which are well within the pack, also exhibit
anomalously low surface concentrations. The
geochemical evidence suggests that surface
stratification may play a role by preventing the
atmospheric exchange process at some sites and not
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(see Figure 1, westernmost transe

at others. Stratification is not uniformly distributed across
the section and is partly controlled by run-off and partly
by ice-melt (Macdonald et al. 1999). Alternatively, the
patchiness evident in Figure 3 may reflect the exchange
of water masses from the margin into the interior,
something that we hope to resolve by examining the
geochemical data. Further HCH determinations and
biological tissue analyses should help to resolve this
puzzle.

Expected Projecf Completion Date: April 30, 1999.
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OBJECTIVES

1. To measure the intra-annual variability of contaminant transport and food-web accumulation in the Canada
Basin from October, 1997 to October, 1998 from the drifting platform provided by the Canadian Coast

Guard Ship (CCGS) des Groselliers and SHEBA.

DESCRIPTION

SHEBA (Surface Heat Budget of the Arctic), a year-long
drift station in the Beaufort Sea, provided a unique
opportunity to examine the physical and biological
processes that support high contaminant concentrations
in top predators of the Arctic Ocean. The Beaufort Gyre
can be considered to be a large, relatively isolated ice-
covered “mesocosm” in the interior Canada Basin.
Previous work has shown this region to contain high
concentrations of HCH (Hargrave et al. 1988, Macdonald
et al. 1997) and it was suspected that other pesticides
with low Henry’'s Law constant might similarly be
enriched. During the Canadian Arctic Contaminants
Assessment Report (CACAR) review, several factors
contributing to this region’s sensitivity to persistent
organic pollutants (POPs) were identified, including cold
water, ice cover and low particle fluxes in the water
(Barrie et al. 1997). Furthermore, it has become clear
that the surface ocean of the Canada Basin is a large
reservoir that cannot easily shed its contaminants and
which will, therefore, affect downstream locations
(especially the Canadian Archipelago) for years to come.

The SHEBA platform (CCGS des Groselliers) was
therefore used as a base from which to conduct a year-
round contaminant measurement program (see
Macdonald et al. 1999a for sampling plan). In particular,
samples were collected at six intervals during the SHEBA
drift (Figure 1) to measure POPs concentrations in air,
water, suspended particulates, ice and biota, with the
intention of observing how the ocean maintains
contaminant burdens in the euphotic zone and how such
contaminants transfer into the food web. The sampling
components included water and ice, particles, algae,
zooplankton (sorted) and fish. The samples retrieved
during SHEBA will provide information about the
relationship between seasonal ice formation and melt,
seasonal atmospheric transport and water column
organochlorine concentrations in the Canada Basin and
the coupling of water-borne contaminants into and up

the food chain. Because personnei remained on the
platform throughout the year’s drift, there was an
opportunity to collect large-volume samples using
Infiltrex pumps and filters to yield valid data for
organochlorines (OCs) of concern like PCBs, chlordane
and toxaphene. A full biological program allowed the
collection of many different species which could be
sorted on site into trophic levels. Analysis of stable
isotope composition (8'*C, §'°N) and OC concentration
will allow a detailed look at the distribution of OCs as a
function of trophic level and/or predator-prey
relationships. Finally, physical and chemical data
collected during the drift will allow the interpretation of
OC data in the context of oceanographic processes
which include seasonal stratification/destratification and
regime changes (fronts) experienced during the drift.
Data such as these are impossible to collect from ships
carrying out transects, simply due to time constraints,
and are, therefore, noticeably absent from recent
assessments (e.g. Barrie et al. 1997, AMAP 1998).
Ultimately, contaminant distributions can be interpreted
and modeled within the context of physical, chemical
and biological processes occurring at the site.

The seasonal influence of ice cover was expected to
dominate during the SHEBA drift, whereas advection
was expected to be less important. Therefore, it was
anticipated that SHEBA would mimic a large mesocosm
representative of the interior surface pool of the Beaufort
Gyre. However, nature surprised us and SHEBA drifted
rapidly attimes and actually exited the Canada Basin to
drift over the Chukchi Cap for 6 months (~ January-
August) before re-entering deep water late in the
program (Figure 1). Perhaps, a change in large-scale
atmospheric pressure field (Arctic Oscillation) that
occurred in the early 1990s affected the drift pattern and
ice distribution in the Beaufort Sea.
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Figure 1. The drift path of SHEBA from October, 1997 to October 1998; sample intervals
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for this study are shown as coloured segments.

ACTIVITIES IN 1998/99

SHEBA started its drift in October of 1997. Samples were
collected during the launch and some were analysed
during 1997/98. Further suites of samples were collected
during December 1997, February 1998, April 1998, July
1998 and September 1998. Some of these samples have
been analysed but many remain to be completed and
the work of synthesizing the data has only just begun.
Similarly, much of the oceanographic and biological data
remain to be analysed and/or interpreted. In April 1998,
a sampling team was sent up to the site to conduct a
complete sampling program and to recover and re-
deploy moorings. Finally, in October 1998, the SHEBA
site was joined by the CCGS Louis S. St Laurent, the
des Groselliers was re-activated, SHEBA was recovered,
and samples were returned to Quebec. All samples have
since been shipped to the Freshwater Institute (FWI)
and/or the Institute of Ocean Sciences (I0S) where they
are well into the process of analysis.

RESULTS

A large number of samples (physical, chemical,
biological and contaminant) have been collected, some
analyses have been completed and many remain to be
done. As noted above, a regime shift occurred at the
beginning of the 1990s and the last two years have
witnessed extraordinary ice conditions (Macdonald et
al. 1999b). Not only has there been much open water in
the Canadian Basin margin, but ice has generally been
thinner (Welch 1998) and the surface ocean has been
much fresher. Water column measurements suggest that
during SHEBA there were enhanced amounts of both
ice melt and river water; satellite imagery and
geochemical data strongly implicate the Mackenzie River
as the source of much of the freshening.
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Figure 2.

A) A section of a-HCH along the drift path (Figure 1) for the top 250 m of the

water column, and B) A section of y-HCH along the drift path.

DISCUSSION/CONCLUSIONS

Preliminary examples of data emerging from this
program are the sections for a-HCH and y-HCH along
the SHEBA drift path shown in Figures 2a and 2b. These
figures reveal startling changes in HCH water-column
concentration during the year — changes that will only
be fully understood after a complete evaluation of the
supporting data. Examining the a-HCH section (Figure
2a), we can see that the concentrations early in the drift
(November-December 1997) were about 2000-3600
pg-L". These samples, taken from the interior of the
Canada Basin, are significantly lower than the
approximately 6000 pg-L" determined in the late 1980s
and early 1990s (Figure 3; Hargrave et al. 1988,

Macdonald et al. 1994, 1997). Assuming that the
decrease in o-HCH is a response of the upper ocean to
the dramatic atmospheric decrease during the early
1990s which forced a reversal in the air-sea exchange
direction (Li et al. 1998, Jantunen and Bidleman 1995)
we can estimate a half-life of a-HCH in surface waters
of the Canada Basin of about 6 years. This half-life would
include losses by advection, sedimentation, exchange
with the atmosphere, hydrolysis and microbial de-
gradation.

The remarkable decrease in HCH concentration that
occurred sometime between February and April of 1998
(Figure 2) coincides with the drift of SHEBA onto the
Chukchi Cap (Figure 1). Water properties changed at
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Figure 3. A comparison of a-HCH vertical profiles collected during SHEBA with

those collected in the region during 1993 (cf. Macdonald et al. 1994).

this time and we can be certain that SHEBA drifted
across a front that separated the interior basin waters
from coastal or Bering Sea water toward the basin
margin. The change in HCH concentration, therefore,
appears to reflect a shift from from the basin interior
where there is a permanent ice cover to the shelf where
there is seasonal ice cover, rather than HCH degradation
or uptake in the water. This observation agrees with
previous data that show the Bering Sea to contain lower
concentrations of HCH (Barrie et al. 1997). Confirming
this interpretation, we see the return to higher values
that occurred in September 1998 as SHEBA drifted back
into the basin (Figure 2). This section illustrates that
exchange between marginal water in the Chukchi Sea
with interior basin water is one mechanism whereby the
HCH concentrations will be reduced within the Canada
Basin. How the biota respond to these changes, and
what proportion of the HCH and other POPs resides in
the biota will be investigated as further analyses become
available. The y-HCH section (Figure 2b) shows the

same major features as the a-HCH suggesting little
variation in y/a ratio.

Expected Project Completion Date: March 31, 2000.
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ATMOSPHERIC MERCURY MEASUREMENTS AT ALERT

Project Leader: William Schroeder, Atmospheric Environment Service (AES),

Environment Canada, Downsview, ON

Project Team:
Dan Schneeberger, Tekran Inc.

OBJECTIVES

Alexandra Steffen, Julia Lu, Pierrette Blanchard and Len Barrie (AES);

1. To obtain baseline ambient air concentration data of total gaseous mercury (TGM) at Alert for the

purpose of establishing:

(i) ambient air concentrations in the Canadian Arctic and their linkage to elevated levels of

mercury (Hg) in the Arctic food chain;

(i) temporal variability and trends in the high Arctic; and
(iii) emission sources through the study of long range transport of this pollutant.

2. To study the chemical and physical aspects of atmospheric mercury vapour transformation after
polar sunrise and the resultant enhanced Hg?" deposition to the sea, snow and ice surfaces

during springtime in the Arctic.

DESCRIPTION

The Arctic ecosystem is exhibiting increasingly disturbing
evidence of contamination by a host of persistent,
bioaccumulating toxic substances, including heavy
metals such as mercury (Jensen et al. 1997). Mercury
vapour has a residence time of 0.5-2 years in the
atmosphere, which renders it susceptible to long range
transport and thus a means by which mercury is
transported to the Arctic.

In 1995, continuous mercury measurements were
started at Alert, Nunavut. Since then, significant
advances in our knowledge of atmospheric mercury in
the Arctic environment have been made. The discovery
of the Arctic springtime depletion of mercury (Schroeder
et al. 1998) laid the foundation for subsequent important
experimental observations regarding the atmospheric
transformation and springtime enhanced deposition of
mercury in the (Canadian) Arctic. The crucial physical,
chemical and photochemical processes responsible for
this springtime mercury vapour depletion are not yet
known. We currently believe that the rapid oxidation of
atmospheric mercury vapour, which occurs in the Arctic
after polar sunrise, turns elemental mercury into less
volatile forms (particles or reactive) which have much
shorter atmospheric lifetime. The relatively rapid
deposition to snow or ice of these oxidation products
provides an important pathway for the introduction of
mercury into the polar biosphere. This phenomenon may
impact large areas of the Northern Hemisphere at that
time of the year when biota are preparing for their peak
summertime activity.

This study is providing scientific data to better
understand temporal trends and potential sources of
atmospheric total gaseous mercury (TGM) in the high
Arctic and to further our knowledge of key atmospheric
transformation and deposition processes.

ACTIVITIES IN 1998/99

Ground-based atmospheric TGM was measured
continuously at Alert. By the end of 1999, a five-year
record of continuous data will have been collected.

Between March and May 1998, we participated in the
Polar Sunrise Experiment (PSE’'98) to study the
springtime mercury depletion phenomenon. Our team
collaborated with a number of colleagues from the
Atmospheric Environment Service (AES), York Uni-
versity and from U.S. institutions such as Purdue
University and the National Center for Atmospheric
Research (NCAR). The first “Arctic Mercury Pyrolyser”
was employed to investigate the conversion of
atmospheric mercury vapour from its long-lived
elemental form to oxidized mercury species. in parallel
with the pyrolyser experiments, an intensive ambient
air sampling campaign for “filterable” particulate-phase
mercury species was also carried out.

Additionally, during 1998/99, a number of exploratory
tests and preliminary experiments were undertaken to
improve existing capabilities for weekly samples of
recently fallen Arctic snow.
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Experimental results derived from this field study and
laboratory work have provided new information and
supporting evidence concerning the environmental role
of the aerial pathways connecting the atmospheric
elemental mercury vapour depletion processes taking
place each spring in the Arctic troposphere.

RESULTS AND DISCUSSION

Ground level measurements were continued for TGM
in ambient air at Alert. The quality of the data being
obtained has improved each year. As a participant in
the Canadian Atmospheric Mercury Measurement
Network (CAMNet), we now follow the network’'s QA/
QC data protocol in which the Research Data Manage-
ment and Quality Control System (RDMQ) is used for
data processing (Schroeder et al. 1999a). Once the data
has been thoroughly quality controlled, it will then be
submitted to the National Chemistry Database
(NatChem). TGM concentrations for 1998 are presented
in Figure 1. Similar to previous years, distinct seasonal
patterns are observed. These include the perennial
springtime mercury vapour depletion phenomenon, and
an increase in TGM concentrations in summer followed
by a fall decrease to steacly background levels. Potential
source contribution function modeling results of the 1995
TGM data (Lin et al. 1999) indicate that in the fall and
winter, anthropogenic contributions include the
populated areas in Europe, the United States and
Canada. The elevated concentrations in summer appear
to be of geological origin, in agreement with previous
observations (Xiao et al. 1991).

As indicated above, during the PSE’98, the springtime
mercury depletion phenomenon was investigated.
Previous field studies (Schroeder et al. 1999b) revealed
a possible anti-correlation between the total particulate
mercury (TPM) and TGM during that period. This
suggests that the elemental mercury is being converted
(by one or more reactive species existing in the
springtime Arctic atmosphere) to a more reactive
mercury species (likely Hg?") either in the gas phase or
heterogeneously. An Arctic mercury pyrolysis unit was
developed and built to confirm and study this conversion.

The pyrolysis unit heats the incoming air to convert all
mercury species presentin the air to the elemental state
(where it can be measured continuously by the analyser).
Ambient air was measured in parallei to this pyrolysed
air and the difference between the two concentrations
was calculated (Table 1). This difference was studied
under filtered and unfiltered conditions, where a filter
was placed in or removed from the pyrolysis unit to allow
(or not) reactive mercury species to enter the heated
system. By “reactive mercury species”, we mean gas or
particle phase oxidation products of elemental mercury.

Results show, under unfiltered conditions, that during a
mercury depletion episode, there is a 96% difference
between the ambient and pyrolysed air concentrations
(Figure 2). However, when the incoming air was filtered,
the reactive mercury species were collected before they
could be pyrolysed and thus no significant difference (<
5%) was found between the pyrolysed and ambient air
concentrations. Similar experiments using the pyrolysis
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Figure 1.

1998 annual TGM data for Alert (raw data)
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Table 1. Percent differences between pyrolysed and ambient air mercury
concentrations for PSE 1998.

Percent Difference
(+ standard deviation)

PSE 98 Unfiltered (depletion) 95 (35)
PSE 98 Unfiltered (no depletion) 2.2 (0.5)
PSE 98 Filtered (depletion) 4.9 (2.9)
PSE 98 Filtered (no depletion) 4.4 (0.8)
Oct. 98 Filtered (no depletion) 1 (0.04)
Oct. 98 Filtered (no depletion) 0.6 (0.1)

Note: Depletion is defined as TGM < 1.0 ng'm*

TGM (ng m~)

——Pyrolysed Air-SN 004 |

Filter on inlet 5 ~——Ambient Air-SN 053
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Figure 2. Pyrolysis Unit Results for TPM during PSE 1998 at Alert.
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Figure 3. TGM and TPM (AES Technique) Concentrations during PSE 1998 at Alert.
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unit were repeated in October 1998. It was found.that
there was no significant difference (~1%) between the
ambient and pyrolysed air (filtered or unfiltered
conditions). These results confirm the hypothesis that
atmospheric reactive mercury species (gaseous and/or
particies) are present during mercury depletion
episodes. Several mechanisms of oxidation of elemental
mercury to reactive mercury species (likely Hg?*) have
been speculated on and include reaction of elemental
mercury with BrO, BrCl, Br, ClI, H,0, (Lu et al. 1999).
Further studies are needed to elucidate the exact nature
of the mechanism.

TPM was measured daily during PSE '98 using a
sampling and analytical method developed at AES (Lu
et al. 1998). As indicated above, previous studies have
demonstrated a possible anti-correlation between TGM
and TPM during depletion events. This was confirmed
(Figure 3) during PSE '98, when the TGM concentration
decreased, and TPM increased substantially. However,
the TPM measured at the baseline observatory at Alert
does not account for all the depleted TGM. It has been
suggested that the TPM may be deposited to snow en
route to Alert (Schroeder et al. 1999b). To investigate
the atmospheric deposition of mercury to snow, a limited
number of freshly fallen snow samples were collected
on a Teflon-coated platform during PSE '98. Preliminary
results from chemical analyses (G. Lawson 1998, pers.
comm.) indicate that there was a significant increase in
total mercury concentrations in the snow deposited at
those times when atmospheric mercury vapour depletion
events had occurred at Alert. For the limited number of
samples, mercury levels in the snow increased by 5- to
25-fold as a depletion episode occurred. However, there
were insufficient data for a definitive correlation to be
established. Thus, a more extensive snow collection
survey is required to establish the magnitude and
temporal/spatial dimensions of atmospheric deposition
fluxes of mercury to the Arctic biosphere during various
times of the year.

CONCLUSIONS

Significant advances in the understanding of the role of
atmospheric mercury in the Canadian Arctic have been
made over the past few years under this program. At
the end of this year we will have the first ever five-year
continuous Arctic TGM data set. This will help us to
understand atmospheric mercury behaviour, temporal
trends and potential sources of mercury in the polar
regions. For the first time, because of the findings of
this research group, various international organizations
are preparing to install similar TGM measurement
systems in other polar regions (Alaska, Spitzbergen,
Greenland). These efforts will lead to a better knowledge
of the sources, occurrences and atmospheric fate of
mercury in the Arctic environment. This, in turn, will

support national and international policies for the
effective implementation of environmental protection
strategies.

The PSE'98 led the way to further understand the
springtime mercury depletion phenomenon. Results from
the Arctic pyrolyser experiment show that there is
substantial conversion of atmospheric mercury vapour
from its long-lived elementai form to one or more
oxidized mercury species. Total particulate mercury
results demonstrated a negative correlation with TGM
as a result of conversion. From preiliminary snow
sampling results, it was shown that the oxidized species
are being deposited to the snow in the springtime. This
is of critical importance since these water soiuble species
are more readily assimilated by Arctic ecosystems and
northern wildlife.

Although progress has been made, there are still many
guestions to be answered about the springtime depietion
phenomenon. The actual mechanism of oxidation is still
poorly understood. The products of the conversion have
not been identified. The impact of the deposition of
mercury species to the snow and ice on the ecosystem
is still unknown. To try and answer these critical
questions, an intensive international experiment “Poiar
Sunrise 2000” will be conducted in the spring of 2000 at
Alert. This collaborative field campaign will provide a
unique opportunity to further explore the behaviour of
atmospheric mercury along with other key chemical and
physical parameters involved in this complex springtime
phenomenon.
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INPUTS OF CONTAMINANTS TO THE ARCTIC OCEAN VIA RUSSIAN RIVERS

Project Leader: William Strachan, National Water Research Institute (NWRI), Burlington, ON

Project Team:
SPA Typhoon (ROSHYDROMET).

OBJECTIVES

Long-term

Derek Muir and Deborah Burniston (NWRI); Valery Surnin and Ludmila Alexeeva,

1. To determine realistic loadings of contaminants (persistent organic pollutants - POPs and
trace heavy metals - THMs) in major rivers flowing to the Arctic Ocean and to employ

these in budget estimates of Arctic contaminants.

Short-term

2. To obtain information on the concentration, fluxes and data quality of contaminants in Russian

rivers in the 1990s.

DESCRIPTION

Recently, data on contaminants in Russian rivers have
become available (Alexeeva et al. 1997, Zhulidov et al.
1998). The sparse reports of metals and trace organic
concentrations in the major rivers (Yenesei, Ob and
Lena) and a number of others (Pechora, North Dvina,
Kola, Piasina, Kolyma) suggested that these sources
could collectively pose major inputs to the Arctic Ocean.
For example, the model of HCH fluxes in the Arctic
Ocean reported in Barrie et al. (1997) did not mention
total HCHs for “Asian” rivers, although atmospheric and
Bering Strait inputs were 66 and 64 tonnes per year.
Russian reports of HCH concentration for the Ob plus
the Yenesei alone for the early 1990s indicate inputs of
40 tonnes per year. In the case of the THMs, con-
centration data appear excessively high by North
American levels (e.g. Fe total is almost 10° tonnes per
year all rivers). The AMAP (1998) chapter on POPs
(Chapter 3) indicated this data gap — the lack of reliable
information on the contaminant contributions from
Russian rivers — as a major problem in identifying
sources and solutions to the northern contaminants
issue.

A major concern about these data is their quality.
Laboratories in a total of 10 sub-regions of
ROSHYDROMET (Federal System of Russia on
Hydrometeorology and the Environment) are involved
with both the collection and analysis. These data are
collected and analysed according to standard protocols
including QA/QC that must be followed. However, the
data we are receiving are not exclusively for the mouths
of the rivers and there is no information about time of
year and/or the river’s flow at the time of collection, nor
about blanks, detection limits or data treatment. The
laboratory at SPA Typhoon has the specific mandate to

prepare annual reports on the river “water quality”
(including air and soil) data for all of Russia but in the
recent past, much of this data has not been processed
for lack of resources. The reported methodologies for
POPs have detection limits in the low ng-L™" level which
are 100 times less sensitive than present “western”
limits. Determinations of THMSs, in Russia as elsewhere
in the world, including North America, are highly suspect
due to contamination of samples prior to the 1990s and
perhaps even later. Data treatment assigns a “zero”
value for concentrations less than established limits.
Reports examined to date and the loadings based on
these reports are averages, which may include these
zero values. The reported loadings to the Arctic are also
based on average annual flows but the hydrographs of
all these rivers have pronounced peaks in May-July.
Concentrations and flows should be matched to give
more representative loading figures.

ACTIVITIES IN 1998/99

Contracts to gather and assess the available data from
river mouths for 1990-1996 (the last year for which the
database was complete) were drawn up in April 1999.
The THM contract was with Dr. Surnin who is Head of
the Department of Environmental Monitoring and
Pollution at SPA Typhoon (a part of ROSHYDROMET)
in Russia. The contract for the POPs (organochlorine
pesticides (OCPs) almost exclusively) was given to Ms.
Ludmila Alexeeva, Head of the Pesticide Analytical
Laboratory at DEMP/Typhoon. These contracts were
iterative between the contractors and sub-contractors
at the Hydrochemical Institute of ROSHYDROMET at
Rostov-on-Don. This institute has the primary
responsibility for quality assurance supervision of the
Russian water quality evaluation for surface waters. SPA
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Typhoon has an overall role in ROSHYDROMET for
evaluating air, water and soil results from several
programmes and institutes. lterative communications
also exists between the SPA Typhoon partners and the
contract officers at NWRI/Canada Centre for Inland
Waters.

The result of these contracts was a joint report from the
contractors. The abstract is presented in the sections
below.

RESULTS

Information is presented about fluxes and concentrations
of OCPs and THMs in water of basins of large Russian
rivers flowing to the Arctic Ocean. Some of this
information was presented at the International
Conference of the Arctic Monitoring and Assessment
Program (AMAP) in Tromsg, Norway in June 1997
(Alexeeva et al. 1997), and is expanded here with
additional data about concentrations of OCPs and THMs
for the water at the mouths of selected rivers (or at
nearby monitoring stations) and fluxes to the Arctic seas
during 1990-1996.

The data are presented as annual concentration means,
ranges and sample numbers. These are accompanied
by information about locations and conditions of
sampling, the methods of analyses and such quality
assurance data, as is allowed under Russian law.
Development of flux data and comparison of any results
— concentrations or fluxes — requires information on the
quality of the data and particularly on the reproducibility
of each mean or average value being compared. The
level of detail of such information provided is not
sufficient to distinguish whether differences in annual
values are significant, although some generic indications
of this can be found in the report. Analytical methods
are improving but are still insensitive according to
detection limits of methods in use elsewhere.

Data on the fluxes to the several Russian Northern Seas
for contaminants with more complete databases are
presented in Table 1. Itis noted that fluxes in the report
pertain to a total of 15 rivers, which are the largest in

the Russian north. However, these fluxes are minima
as notall of the rivers are represented. It is also observed
that the concentration data (and therefore the fluxes)
for the more easterly rivers (those of the Laptev and
East Siberian Seas) are few and almost universally zero
for the OCPs. Data for mercury and lead are given but
they pertain only to a limited part of the region and for
short periods of time.

DISCUSSION

During the contract period, a report appeared in the
western press on contaminant levels from some of the
same rivers and time periods as are presented in this
contract report (Zhulidov et al. 1998). The press report
compared results from the ROSHYDROMET initiative
(as in this report) and from an independent sampling
and analysis effort. The comparisons indicated that
levels reported by ROSHYDROMET were higher than
those of the consultants although this is done using the
number of exceedances rather than “absolute” values.
Comparisons are also difficult because only ranges are
presented. Which values are correct is therefore
uncertain but it does indicate a need for closer
examination of the data generation.

Itis not easy to comment confidently on data which have
such varied sources. These data come from six regional
laboratories, several of which have “sub-laboratories”,
covering 15 rivers draining most of geographic Russia
(all those rivers draining into the Arctic Ocean).
Occasional extreme values were pointed out to the sub-
contractors; on most occasions, it turned out that there
was a problem with the data point in question and that
point was removed. Russian law does not permit the
release of individual data points so that the data are
presented as annual means for individual rivers along
with ranges and number of samples. Standard deviations
or other error estimates were not available. The final
concentration mean values in the report are high relative
to those observed from the North American Rivers, as
are the detection levels. When a result of “<DL” (less
than detection level) occurs, a zero value is used in
evaluating the annual mean. This necessarily biases the
mean value low. The fluxes, determined from these
means, must be assumed to be minimal.

Table 1. Average Annual Fluxes (x10° tonnes per year, 1990-1996)

White/Barents Kara Laptev E. Siberian
Seas Sea Sea Sea
Fe 134 676 32 143
Cu 1 8 2 0.8
Zn 5 34 6 1
o-HCH 0.5 15. ? 0.2
¥-HCH 2 26. 0.5 0.2
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An additional “benefit” occurred during the course of this
contract/project. The contractors provided a large
amount of data on pesticide usage and soil con-
centrations throughout Russia and information about the
current status of all pesticides, including registration and
use.

There were also numerous data from prior to 1990 but
which have not been evaluated. Not surprising-ly, the
concentration levels from the data are even higher than
those from the study period. Also received were generic
descriptions of the watersheds of the study rivers and
summaries of the possible anthropogenic and geological
factors that may be contributing to the levels in the river.

The contract officers have the data in electronic form as
well as hard copy. The Northern Contaminants Program
has been provided with hard copies. Enquires are
welcomed and a publication is planned.

Project Completion Date: March 31, 1999
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ORGANOCHLORINE AND PEROXYACETYL CONTAMINANTS IN
ARCTIC ARCHIPELAGO AIR AND WATERS

Project Leader: William Strachan, National Water Research Institute (NWRI), Burlington, ON

Project Team:

Camilla Teixeira, NWRI; Aaron Fisk, Lyle Lockhart, and Gary Stern, Freshwater

Institute (FWI); Ross Norstrom, Canadian Wildlife Service; Terry Bidleman,

Atmospheric Environment Service

OBJECTIVES

Long-term

1. To provide data for and assess the bioaccumulation of POPs in food webs in the Arctic Archipelago
and to evaluate the fluxes of contaminants through the Canadian Archipelago in an overall mass

budget assessment of the Arctic Ocean.

Short-term

2. To collect and analyse water, air and sediment samples for persistent organic pollutants (POPs)
during the passage of the Canadian Coast Guard Ship (CCGS) icebreaker Louis S. St. Laurent
through the Northwest Passage (Joint Oceanographic and Ice Studies - JOIS) during 1997 and 1998.

DESCRIPTION

Controi of POPs contaminants within the Arctic (e.g.
United Nations Economic Commission for Europe (UN-
ECE) Convention on Long-range Transboundary Air
Poilution (LRTAP) POPs Protocols) rests on persuading
governments outside the Arctic region of the importance
of limiting the use of POPs within their jurisdictions. This,
in turn, depends on presenting a case which demon-
strates that the release of POPs in these countries is
influencing levels of POPs in the Arctic region, and that
these levels will be lowered by controls on the use of
POPs. Such a case relies upon on a solid database on
the present contaminant levels in the Arctic ecosystem
and on spatial and temporal trends developed using past
and present data. The Northern Contaminants Program
(NCP) workshop in Igaluit (July 1997) indicated a need
to focus on bioaccumulation of POPs in traditional foods
in the region. However, contaminant concentrations in
water, air and sediments are also needed to model and
quantify exposures in the Arctic and to project temporal
trends in contaminant concentrations in traditional food
following the implementation of national and international
control measures.

All bioaccumulation/biomagnification expressions in
models ultimately must include a term for contaminant
concentration in water. While some recent data exist for
concentrations of POPs contaminants in the Arctic
Ocean (Strachan et al. 1998, Barrie et al. 1997, Science
of Total Environment 1995), the data for the Canadian
Archipelago, which is the major surface water output
from the Arctic Ocean (Barrie et al. 1997), is limited.
Some work on the water and air of the region has been
done at Resolute Bay (Bidleman et al. 1995) and for air

at Alert and Cape Dorset (summary in the Canadian
Arctic Contaminants Assessment Report (CACAR);
Jensen et al. 1997) but there have been no widespread
assessments. Most emphasis has been on the relatively
abundant HCHs with toxaphene being the subject of
limited additional investigation. Other organochlorines
have received much less attention.

In 1997, the Department of Fisheries and Oceans (DFO)
and the US National Science Foundation (NSF) initiated
the surface heat budget of the Arctic (SHEBA) study in
which a Canadian icebreaker, CCGS Des Groseilliers,
was installed in the permanent icecap along the Canada-
U.S. border at 75-76°N. Supply ships to the icebreaker
passed through the Canadian Archipelago as part of the
commissioning and decommissioning of the SHEBA
initiative. The use of these vessels as sampling platforms
was offered by DFO. This opportunity, the 1997 JOIS-I
expedition, provided for the first part of this project.
Reports on that data development were made last year.

ACTIVITIES IN 1998/99

In the 1998/99 fiscal year, support was allocated to cover
the collection and partial analytical costs of samples.
This collection was to take place during the 1998 de-
commissioning expedition (JOIS-II) for the SHEBA
expedition. However, shipboard space proved unavail-
able for this part of the expedition. Active participation
was therefore precluded and alternatives for sampling
in the region were sought.

Prior to CCGS Des Groseilliers “breaking out” from the
icecap of the Canada Basin, CCGS Louis S. St. Laurent
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was involved with the Northwater (NOW) project in the
eastern Archipelago and Baffin Bay regions. The
opportunity was made available to collect samples during
this expedition. As a consequence, samples were
collected for the stated purposes of the project using
the facilities of the NOW project. Surface water samples
were collected from the northern parts of Baffin Bay in
three transects between Baffin Island and Greenland
during May 1998. A total of 30 water samples were
obtained from depths of roughly 2 m (19 samples) and
other depths from 20-500 m (10 samples). These water
samples were of two types: whole water samples
(approximately 75 L) which were obtained from separate
casts of a 100 L Go-Flo bottie from depths other than
the surface; and similarly sized duplicate samples
pumped on board from surface water sites. Analyte
extraction was done by pumping the water sample
through approximately 75 g XAD-2 resin and re-
frigeration of the capped resin columns. All further
processing of the samples took place at the NWRI
laboratories according to standard procedures.

The POP analytes investigated included organochlorine
pesticides (20), PCBs (132 congeners including18 co-
elutants plus total), chlorobenzenes (9) and PAHs (18
priority pollutants). All have been desorbed from the
XAD2 resin and have been “cleaned-up” and fraction-
ated on silica gel and are ready for GC analysis and
subsequent data evaluation. The sample analyses are
expected to be completed in 1999.

Expected Project Completion Date: December 31,
1999,
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OBJECTIVES

The main objective of the project is to describe quantitatively with model calculations the global
distribution behaviour of persistent organic contaminants. Specifically:

1. To incorporate a forest canopy compartment in the zonally averaged global distribution model,
to test whether the boreal forests act as efficient filters for semi-volatile organic compounds

during the atmospheric transport to the North; and

2. To conduct a comprehensive study of the global fate of polychlorinated biphenyls (PCBs) using
the zonally averaged global distribution model, with a particular focus on changes in the relative
homologue composition with latitude and between different compartments.

DESCRIPTION

Substantial interest in the long-term behaviour and final
fate of persistent organic pollutants (POPs) arises from
the continued presence of such substances in the global
environment. Although many were banned or restricted
decades ago, they continue to be detected at con-
siderable levels in the environment, even far from their
points of initial release (Wania 1999). By providing only
snapshots of the overall situation in space and time,
measurements alone can not hope to elucidate the full
complexity of POP fate in the global multi-compartment
environment. A zonally averaged global distribution
model has previously been shown to reveal many facets
of the global behaviour of a-hexachlorocyclohexane (-
HCH) (Wania et al. 1999) over the five decades of its
large scale environmental release, including the
capability for simple pathway analysis, source
apportionment and trend prediction (Wania and Mackay
1999). The aim of the present study is to conduct a
similar comprehensive study of the global historical fate
of polychlorinated biphenyls (PCBs) using this global
distribution model, with a particular focus on changes in
the relative congeneric composition with latitude and
between different compartments. Final outcome will be
a quantitative demonstration of the extent and
mechanisms of the poleward migration of PCBs.

ACTIVITIES IN 1998/99

Activity 1: Incorporating a forest canopy com-
partment in the global distribution model
In a paper on the enhanced deposition of some semi-

volatile organic compounds to forest canopies,
McLachlan and Horstmann (1998) concluded that “while
forests are certain to play an important role in the fate
of semivolatile organic compounds at all latitudes, the
boreal forests of the northern hemisphere could be a
particularly important filter for compounds moving north
that are still gaseous at these latitudes but which
condense onto particles and be deposited in the colder
polar air.” To account for this effect and to assess its
magnitude, a forest canopy module for fugacity-based
multi-media mass balance models has been developed
and incorporated into the existing zonally averaged
global distribution model. A detailed account of the
technical details, namely the description of equilibrium
partitioning into the canopy compartment, as well as the
kinetics of the chemical transfer processes between the
atmosphere, the canopy and the forest soil is given
elsewhere (Wania and McLachlan 1999).

The model with the additional forest compartments was
used to repeat the previous calculations with a-HCHs
(Wania et al. 1999), revealing no significant effect of
this change in model structure on the calculated global
fate of a-HCH (Wania et al. 1998). Closer analysis
indicates that this lack of an effect is due to the particular
physical-chemical properties of a-HCH. The inclusion
of a forest canopy compartment does, however,
significantly change the modeled fate of less water
soluble and less volatile substances such as the PCBs.
Specifically, it was observed that: (1) the addition of a
forest compartment in some cases decreased PCB
concentrations in air and water by more than a factor of
two; and (2) for selected PCB isomers, concentrations
in forest soils exceeded those in agricultural soils by
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more than a factor of 5, which could be explained by
the reduced ability of the chemical to re-evaporate from
forest soils after deposition with litter fall. The ability of
the model to reproduce the forest filter effect as observed
in field measurements was confirmed. A manuscript on
modeling the role of forests in the overall chemical fate
of POPs is presently in preparation (Wania and
McLachlan 1999).

Activity 2: Model modification and input data
collection

The global distribution model is a fugacity-based mass
balance model that describes the global environment
through 10 latitudinal bands (or climate zones), each of
which is divided into a set of well-mixed compartments,
representing environmental phases such as the
atmosphere, the terrestrial, the freshwater and the
marine environments. Provided with historical emission
estimates on a global scale, it calculates fugacities,
amounts and concentrations in each of these com-
partments and chemical fluxes between them. A detailed
description of the model can be found in Wania and
Mackay (1995) and Wania et al. (1999). In order to
simulate the global fate of PCBs with this model, further
model modifications and a global historical emission
estimate were required, and it was necessary to compile
a consistent set of chemical input parameters for
selected PCB congeners.

Model Modification

Several improvements and modifications have been
made to the model compared to the version used for
the o-HCH simulation (Wania et al. 1999). Briefly, these
are:

« The diffusion distance in agricultural soil is no longer
a fixed fraction of the soil depth, but a time-variable
function of the soil-air partition coefficient. This
accounts for the large capacity of the surface soil
micro-layer for hydrophobic substances such as
PCBs, which often eliminates the need of these
chemicals to diffuse through the bulk soil to the soil
surface (McLachlan and Wania 1999).

» Atmospheric hydroxyl radical concentrations in the
model are based on a two- dimensional (i.e. zonally
averaged) distribution of OH radicals in the global
atmosphere calculated by Rodriguez et al. (1992).

« The particle settling rate on the oceans has been
reduced by an order of magnitude. An earlier exercise
which used the global model as a predictive tool to
identify the physical-chemical properties that make
chemicals susceptible to long range transport to Arctic
regions (Wania 1998) had revealed that the model
overestimates the transfer of particle-sorptive
chemicals from the surface ocean to the deep sea.

* Due to the lack of measured Henry’s Law constants
(HLC) of PCBs in seawater, no distinction is made
between the HLC in fresh water and sea water.

. The calculation of gas-particle partitioning is
based on a K_,-relationship presented by Finizio et
al. (1997) and no longer on the classical Junge-
Pankow relationship using vapour pressure P . This
modification eliminates the need to specify P,.

« The calculation of the degradation rate in media other
than the atmosphere is based on a degradation rate
at a reference temperature 25°C and an activation
energy.

Global Emission Estimates for PCBs

An estimate of the historical emissions of the seven most
commonly measured PCB isomers (28, 52, 101, 118,
153, 138, and 180) into the global environment from
1930 to 1994 was supplied for five-year periods by
Sweetman and Jones (pers. comm.). The data are based
on production records in the following countries: U.K,,
Germany, ltaly, France, Spain, U.S.A., Japan, Australia,
New Zealand, and the former U.S.S.R. Different use
categories, such as large capacitors, small capacitors
and open uses (plasticiser, petroleum additives, etc.)
and their different release characteristics were taken into
account. The assignment of the country-specific release
records to the ten climatic zones used in the model
revealed that only releases into the Northern temperate
and subtropical region, estimated at 48 kt and 11 kt
respectively, seem to be of global significance. The
congeneric composition of these emissions (see Table
1) was assumed to be: (1) constant throughout the
emission period; and (2) identical in the temperate and
subtropical zones. All release was assumed to occur
into the atmosphere. The data for the five-year periods
reported by Sweetman and Jones (pers.comm.) were
distributed into annual emission rates, and extrapolated
until the year 2000 (Figure 1). The temporal profile of
the estimated emissions has a triangular shape,
suggesting a peak release in the early 1970s with a linear
increase before and a linear decrease after that date.

Chemical Input Data for PCB Congeners

When modeling a group of related substances, such as
several PCB congeners, it is imperative to a have a
consistent set of chemical property data (physical-
chemical properties and degradation half-lives). This is
necessary for a meaningful prediction and analysis of
congeneric composition. The three required physical-
chemical property data, i.e. molecular mass, octanol-
water partition coefficient and the temperature
dependent Henry's Law constant were taken from a
recent compilation by Paasivirta et al. (1999). The
previous calculations for o-HCH (Wania et al. 1999) had
revealed the immense importance of degradation
processes on the global fate of POPs, but also the
considerable uncertainty and variability associated with
the selection of degradation rates. In the case of the
PCBs, this issue is further complicated by the variable
persistences of the different congeners. Based on a
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Table 1. Relative composition (from Sweetman and Jones, pers. comm.), physical-chemical properties (from Paasivirta et al. 1999), degradation rates
with OH radicals in the vapour phase kg, and degradation half-lives (HL) for the seven PCB congeners used in the global model simulations.

Congener  Structure w.% of MW log logH Ko Hloony HL,. HL o AL imens
%,PCB  gmol' Ky Pa m®mol cm?/(molecules:s) hours hours hours hours
PCB-28 2,4,4'-triCB 18.1 257.5 5.67 11.97-3100/T 1.04:10"2 5500 10000 5500 17000
PCB-52 2,2',5,5-tetraCB 19.0 292 6.10 13.15-3352/T 0.59-10"2 10000 17000 10000 55000
PCB-101 2,2'4,5,5'-pentaCB 18.6 326.4 6.37 13.55-3531/T 0.30-10"2 31000 100000 31000 55000
PCB-118 2,3'4,4’ 5-pentaCB 14.3 326.4 6.60 13.44 -3535/T 0.30-10°"2 31000 100000 31000 55000
PCB-138 2,2',3,4,4',5-hexaCB 14.9 360.9 6.65 13.93-3757/T 0.16-10"2 55000 170000 55000 170000
PCB-153 2,2',4.4'5,5-hexaCB 10.0 360.9 6.88 14.05-3662 /T 0.16-10"2 55000 550000 55000 170000
PCB-180 2,2'3,4,4’,5,5-heptaCB 5.2 395.3 7.20 14.71-3910/T 0.10-10"2 55000 1000000 55000 170000
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Figure 1. Estimated release of the sum of seven PCB isomers into the global environment (from

Sweetman and Jones, pers. comm.). The total amount emitted between 1930 and 1994 was
48.1 kt into the Northern temperate zone and 11.1 kt in the Northern subtropical zone.

correlation by Atkinson (1996), gas-phase reaction rate
constants of the selected PCB congeners with OH
radicals at 25°C were estimated. In the model, these
rates are combined with spatially and temporally variable
atmospheric temperatures and OH radical con-
centrations to calculate a time-dependent degradation
rate. Similar-sets of degradation rates (or rather half-
lives) were derived for the other model compartments
(water, soils and sediments) from the published
literature, giving more emphasis on field-based studies
than on laboratory derived half-lives. Degree of
chlorination as well as substitution pattern were taken
into account. No distinction was made between
degradation in fresh water and sea water, or between
degradation in agricultural and forest soils. Due to the
lack of better information, the degradation half-life in the
forest canopy compartment was assumed to be the
same as in water. The selected data are given in Table
1. Activation energies between 10 and 30 kJ-mol' were
assumed to apply.

Activity 3: Conducting global model simulation of
PCBs

The modified model, the global emission estimates and
the chemical input data were used to perform a
simulation of the global fate of seven PCB congeners
between 1930 and 2000.

RESULTS

Whereas only a glimpse of the simulation results for
PCBs in the global environment can be presented here,
more detail can be found in a report (Wania 1999b).
The simulation results should also be considered
preliminary. In particular, no thorough attempt to

compare the results with observations has so far been
undertaken.

Absolute Levels and Time Trends in Various
Compartments

Figure 2 shows the concentrations calculated for the
sum of seven PCB isomers (£,PCB) in the atmospheric
boundary layer, seawater, agricultural soils and forest
foliage. Several aspects of these curves can be
interpreted, namely the absolute levels, the zonal
differences and the time trends.

Absolute levels in the various compartments

Calculated average air concentrations of Z,PCB during
the peak emission period were 250 to 500 pg-m in the
zones experiencing emissions. In the 1990s, levels have
fallen below 100 pg-m=. For the marine environment
the model calculates zonally averaged X,PCB con-
centrations in the range 20 to 130 pg-L-" during the 1970s
(up to 300 pg-L™" in the temperate zone), and below 50
pg-L" in the 1990s. £,PCB concentrations calculated
for agricultural soils and foliage are in the range of 0.3
to 1.1 ng-g* and 5 to 50 ng-g™, respectively, but

'somewhat lower in the tropics. A preliminary comparison

of these values with measurements in the giobal
environment, e.g. those compiled by Axelman and
Broman (1997), suggests that they are in the correct
order of magnitude. When interpreting these data, it is
imperative to keep in mind the zonal averaging
characteristics of the model. The emission estimates
suggest that most of the countries emitting substantial
amounts of PCBs were and are in Europe and North
America, yet there are large regions within the temperate
and subtropical zones, particularly in Asia, which
experienced much lower PCB emissions. Most
measurements of PCBs in the environment were
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Figure 2. %,PCB concentrations in four compartments (lower atmosphere, seawater, agricultural
soil and forest foliage) in the five zones of the Northern Hemisphere.
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conducted in emission regions and are thus likely too
high when compared with zonally averaged simulation
results.

Relative Ievels in the various zones

The highest levels are calculated for the Northern
temperate zone, but ocean and soil environments show
reiatively high levels in the two northernmost zones. The
boreai zone has higher seawater concentrations than
the subtropical zone, and soil concentrations in the polar
and boreal zone are higher than those in the subtropical
zone.

Time deiay

Compartments differ in the immediacy of their response
towards emission changes. Emissions peaked in 1972,
and so do the calculated air concentrations. Foliage
concentrations lag only by about one to two years,
whereas seawater concentrations lag by two to five
years, with the delay increasing with latitude. The model
suggests that soils are particularly slow to respond to
the decrease in PCB emissions during the last three
decades. Peak concentrations in soil are calculated for
the mid-1980s, i.e. a delay of more than a decade, and
the decrease since then has been slow.

Overall Cumulative Fate of PCBs

The model simulation suggests that of the total amount
of Z,PCB released between 1930 and 2000. 64% have
been degraded, 18% have been transferred to the deep
sea and 1% has been buried in freshwater sediments.
Seventeen percent of what has been emitted is still
dispersed in the global environment today. However, the
fate of the seven PCB congeners differs considerably
in this respect (Figure 3). The model suggests that most
of the lighter PCBs, such as PCB-28 and -52 have been

degraded, and less than 1% of the cumulative emission
is still in the environment today. The relative importance
of degradation as a loss process rapidly decreases with
increasing degree of chiorination, and deep sea transfer
becomes a more important final loss process. A
considerable fraction of the heavier congeners, such as
PCB-153 and -180 is still dispersed in the environment
today. From a global perspective, freshwater sediment
burial does not appear to be significant for any of the
PCB congeners. The congeners not only differ in the
extent of loss by degradation, but also in terms of where
the degradation took place. For the smaller congeners,
the atmosphere is the primary medium of degradation,
whereas for the higher chlorinated congeners the
seawater environment is more important. The inter-
mediate PCBs are degraded to a large extent in soils.

Congeneric Composition in Various Compart-
ments and Zones

One of the main objectives of this modeling exercise is
to investigate the compositional shifts that occur within
the PCB profile along latitudinal and temporal gradients.
Figure 4 shows the congeneric composition (i.e. percent
of £,PCB) as calculated by the model for selected
compartments of the tropical, temperate and poiar zone
of the Northern hemisphere in 1994. For comparison,
such profiles for the PCB emissions and for the total
inventory of PCBs in the global environment in 1994
are included. The profiles are very different in various
compartments of the same climate zone and also in the
same compartments of various climate zones. This
reflects the variable environmental fate of PCB
congeners, which differ by less than two orders of
magnitude in Koy, HLC and degradation half-lives (Table
1).
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The calculated atmospheric profiles are dominated by
the three lighter PCB congeners and resemble most
closely the emission profile, especially in the temperate
zone. In the tropical atmosphere, the two smallest
congeners are relatively depleted, probably because of
fast loss by degradation. In the polar atmosphere, on
the other hand, the heavy congeners are under-
represented, presumably due to a reduced long range
transport potential of these less volatile constituents. The
foliage profiles are dominated by the intermediate PCB
congeners with five and six chlorine substitutions. This
may be a result of the uptake of the lighter PCBs being
limited by the capacity of the foliage, and that of heavy
congeners being kinetically limited. There is also a clear
shift towards lighter congeners with increasing latitude
(see also below). The soil profiles (especially in the
temperate zone) resemble most closely that of the total
inventory in 1994. This is not surprising, considering that
the soils of the temperate zone are the major
environmental reservoir for PCBs in 1994. These profiles
are depleted in PCB-28 and PCB-52 and enriched in
PCB-153 and to a lesser extent also PCB-180. Finally,
the seawater profiles are dominated again by the penta-
and hexachlorinated congeners. Congeners with less
than five chlorine substitutions may be lost by
degradation in the aqueous environment, and those with
more than seven chlorine atoms by particle mediated
transfer to the deep sea.

Figure 5 shows the composition of PCBs on foliage as
a function of latitude. A shift to the more volatile
congeners at higher latitudes is obvious. The fractions
of 28, 52 and 101 increase sharply with latitude, whereas
those of 118, 138, 153 and 180 decrease. This closely
reproduces the compositional changes reported for
PCBs in semipermeable membrane devices (SPMDs)
exposed along a latitudinal band from 50-70°N along
the European west coast during the 1990s (Ockenden
et al. 1998; Figure 5a). The SPMDs, which in many
respects can be seen as “standardised foliage”, also
showed a strong increase of the lighter PCBs, in
particular the tetrachlorinated congeners with increasing
latitude, at the expense of hexa- and heptachlorinated
congeners.

The congeneric composition of PCBs in various
environmental phases differs (Figure 4). Accordingly,
shifts in the congeneric composition with latitude and in
time are also different in different phases. Generally,
however, all phases demonstrate the shift from lower to
higher congeners with increasing latitude. Acomparison
of the profiles for 1970 and 1994 suggests that whereas
overall changes have been minor, the fractionation effect
has been increasing with time. The relative fraction of
PCB-28 and PCB-52 decreased in all zones and media
as a result of their rapid degradation.

CONCLUSIONS

The following conclusions can be drawn:

* The model is capable of describing the fate of PCBs
in a long-term perspective, and in particular can be
used to investigate compositional shifts among the
PCB congeners between compartments, zones and
different time periods.

« A preliminary evaluation suggests reasonable
agreement between model results and measurements,
but more detailed analysis is required.

» The simulated fate of the various PCB congeners
differs greatly, reaffirming the need to perform
calculations for individual chemicals rather than for
hypothetical chemicals with averaged property values.

» The final destiny of PCBs in the global environment is
degradation and transfer to the deep sea. The former
is of primary importance to the lighter congeners, and
the latter increases in importance with the degree of
chlorination. Burial in freshwater sediments is of little
significance on a global scale, but may be important
locally.

» The model results reproduce shifts towards lighter
PCB congeners with increasing latitude, as have been
predicted by the global fractionation hypothesis and
as have been observed in various monitoring
programs.

* The model further suggests that elevated PCB
concentration levels in the Arctic can be explained by
relatively minor fractions of the global inventory of
PCBs being transferred northward (the model
calculates that between 1% (PCB-180) and 9% (PCB-
28) of the total global inventory of a PCB congener is
present in the Arctic zone in 1994). This has already
been found to apply to a-HCH.

» According to the model, close to 1 kt of PCBs has
been net transferred to the Arctic within the past 70
years. The atmosphere is the major vehicle for
meridional transport of PCBs to the Arctic. Oceanic
net transport rates tend to be lower than atmospheric
net transport by an order of magnitude.

Future efforts will be focussed on: (1) the revision of
environmental input parameters (in particular the particle
settling rates in the oceans); (2) the revision of chemical
input parameters (specifically accounting for the salinity
effect on HLCs and improving the selection of
degradation half-lives and their temperature de-
pendence); (3) a sensitivity and uncertainty analysis;
and (4) a thorough model evaluation. The latter will focus
on the capability of the model to reproduce: (i) measured
absolute concentration levels and fluxes; (ii) measured
congeneric compositions; and (iii) time trends in
concentrations and compositions. Eventually, the model
will be used for tasks involving pathway analysis, source
apportionment and trend predictions.
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MERCURY ACCUMULATION IN SNOW ON SEA ICE

Project Leaders: Harold Welch, Winnipeg, MB; Kathleen Martin, Lyle Lockhart, and Gail Boila,
Department of Fisheries and Oceans, Winnipeg, MB

Project Team:
coastal communities

OBJECTIVES

On-site cooperators, often the staff and students at high schools in Arctic

1. To determine the amount and regional distribution of mercury coming into the Canadian Arctic and sub-
Arctic via long-range atmospheric transport and accumulating in snow over sea ice during winter.

DESCRIPTION

Mercury levels in fish and marine mammals throughout
the Canadian North often exceed levels set to protect
the health of people consuming them (Jensen et al.
1997). Anthropogenic sources have increased the
concentrations of mercury in air and seas of the Northern
Hemisphere (Mason et al. 1994, Fitzgerald 1995) and
there is evidence that inputs of mercury to the Arctic
have increased. For example, sediments of arctic lakes
have apparent record increases during the 1900s
(Lockhart et al. 1995, 1998). Mercury levels in arctic
seals and beluga whales have increased over the past
two decades (Wagemann et al. 1996, Hyatt et al. 1999).
Similarly, mercury levels in arctic sea birds have also
increased (Braune, pers. comm. 1999). There are also
indications that inputs to humans have increased,;
mercury levels in hair and sealskin clothing of
Greenlanders from several hundred years ago were
compared with modern samples and the latter were
several times higher.

Atmospheric transport is the most important pathway
for the transport of mercury into the Arctic (Pacyna and
Keeler 1995), but there is currently little information on
the actual quantity being deposited across the Canadian
Arctic Ocean. We have estimates of anthropogenic
fluxes to lake sediments and some to Hudson Bay
(Lockhart et al. 1998) but we have no direct measure-
ments to calculate fluxes to the Arctic Ocean.

It is likely that most atmospheric mercury transport and
deposition occurs during winter, especially in March-May.
Therefore it is reasonable to expect that by quantifying
the amount of mercury in the snow cover on sea ice just
before melt, we can get an estimate of the minimum
annual quantities and distributions of mercury entering
the Arctic. Note that we have included only sites over
sea ice since we do not wish to get into terrestrial sites
where there will be debate about whether mercury in
the snow came from the atmosphere or from the soil.
The success of the first year of this study (see Welch et
al. 1999) prompted the continuation of the project for
1998.

ACTIVITIES IN 1998/99

Snow samples were obtained from the following
communities in the Spring of 1998: Pelly Bay, Baker
Lake, Tasiujaq, Taloyoak, Cambridge Bay, Sanikiluaq,
Whale Cove, Clyde River, Resolute, Kimmirut, Gjoa
Haven, Arctic Bay, Igaluit and Grise Fiord. A number of
additional communities participated in the project but
the early spring meltin 1998 precluded the collection of
samples for safety reasons.

RESULTS

The mercury concentrations in meltwater from the snow
samples taken in 1998 are listed in Table 1 and shown
in the map in Figure 1. Comparable results from 1997
were reported by Welch et al. (1999), as were the
individual event collections taken in the Beaufort Sea.
Generally the values in 1998 varied from site to site,
with means similar to those obtained in 1997 (Table 2).
Mean meltwater mercury was 45.5 ng-L" in 1997 as
compared with 40.5 ng-L" in 1998.

The purpose of obtaining the snow samples originally
was to estimate the loading of mercury to the Arctic
Ocean. This calculation has been made by Lu et al.
(1999) by taking average amounts of snow and average
mercury concentration in the meltwater for each area
and by adding the areas (Table 3). Over the total area,
the snow concentrations can account for an input of
about 50 tonnes of mercury per year.
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Table 1. Mean mercury concentrations (ng-L™") in triplicate samples of meltwater from snow collected from sea
ice offshore from arctic communities, together with minimum, maximum and blank values.

Community Date Mean Minimum Maximum Blank Mean
Sampled Hg minus blank

Pelly Bay 21-Apr-98 85.2 42.7 107.4 1.3 83.9
Baker Lake 23-Apr-98 2.1 1.3 3.2 1.1 1.0
Tasiujaq 8-Apr-98 39.1 16.5 56.3 Leaked 39.1
Taloyoak 29-Apr-98 5.3 26 7.1 1.1 4.1
Cambridge Bay 27-Apr-98 237.1 158.0 360.7 0.9 236.2
Sanikiluaq 1998 17.2* 9.1 25.4 1.1 16.2
Whale Cove 26-Apr-98 28.5 12.7 457 0.3 28.2
Clyde River 13-May-98 64.8 60.2 68.0 0.6 64.2
Resolute 6-May-98 28.9 8.3 60.6 0.7 28.2
Kimmirut 1-May-98 3.2 29 " 35 0.6 2.6
Gjoa Haven 6-May-98 313 247 36.2 0.5 30.8
Arctic Bay 1998 73.0 221 100.2 0.6 72.4
lqaluit 4-May-98 32.0 7.8 54.1 0.6 31.3
Grise Fiord 1-Jun-98 43.5 33.2 59.0 0.8 42.6
Beaufort 1.4 1.3 1.5 0.5 0.9
(SHEBA site, after melt)#*

Beaufort 2.9 1.9 4.6 0.5 24
(SHEBA site, after melt)*

Beaufort 4.5 " 26 7.7 0.5 4.0

(SHEBA site, after melt) #

*n=2, one bottle leaked
*excluded from mean calculation, samples taken after melt.

Table 2. Summary of mercury concentrations in meltwater from snow samples
taken in 1997 and 1998.

1997 1998
Mean (after subtraction of blank) 455 40.5
Minimum 0.9 0.9
Maximum 156 236
Number of snow samples 34 17

Table 3. Calculation of amounts of mercury entering the Arctic Ocean with snowmelt water, based on snow
analyses for 1997. '

Area (m?) Hg (ng-L") Depth (cm) Density Hg in the
g-cm3 snow-pack
(tonnes)

High Arctic Ocean 7.08 x 10% 21 30 0.4 17
Hudson Bay 1.16 x 102 55 30 04 8
Baffin Bay/Davis Strait/
Labrador Sea 2.75 x 10% 38 50 0.4 21
Canadian Archipelago0.71 x 1012 45 30 0.4 4
Total 50
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Figure 1.

Histograms of snow meltwater concentrations (ng-L') measured in snow collected from ice

near Arctic communities from early April to June 1, 1998. The number near each bar is the

concentration.

DISCUSSION/CONCLUSIONS

These studies are among the earliest direct measur-
ements on inputs of mercury to the Arctic Ocean. Pacyna
and Keeler (1995) used Eurasian and North American
emissions data of about 1300 tonnes per year to
calculate that about 60—-80 tonnes per year should be
deposited to the Arctic if mercury is dispersed similarly
to sulfur. Our estimate of 50 tonnes per year (Lu et al.
1999) agrees well with the calculations by Pacyna and
Keeler (1995). Another independent estimate of 23-46
tonnes. per year was based on a flux of mercury to
aquatic sediments of about 2-4 ug-m= -y (Lockhart et
al. 1998). We should expect the lake sediment estimate
to be somewhat low because not all the mercury entering
a lake ends up in the sediment. Models of contaminant
fate in arctic lakes have suggested that they retain
relatively little of the total inputs of organic contaminants
like DDT (Freitas et al. 1997) and the same may apply

to mercury. The estimate by Pacyna and Keeler (1995)
applies to a larger geographic area, namely the
circumpolar Arctic and so reducing it to the areas used
by the other two estimates would reduce the tonnage
proportionately. However, in spite of the differences, the
relatively close agreement among these three in-
dependent estimates begins to offer some constraints
within which the deposition must fall.

Project Completion Date: March 31, 1999
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CONTAMINANTS IN ARCTIC SEABIRD EGGS

Project Leader: Birgit M. Braune, National Wildlife Research Centre (NWRC), Canadian Wildlife Service
(CWS), Environment Canada, Hull, QC

Project Team:

Brian Wakeford and Anthony Gaston, NWRC, CWS, Hull; Northern Contaminants Program

(NCP), Department of Indian Affairs and Northern Development; Polar Continental
Shelf Project, Resolute; Foods Directorate, Health Canada

OBJECTIVES

1. To collect eggs from five species of seabirds from Prince Leopold Island, Nunavut Territory, for
analysis of chemical residues in order to monitor whether levels of contaminants in seabird
eggs, as representative of the marine environment, are increasing or decreasing.

DESCRIPTION

The Canadian Wildlife Service (CWS) seabird egg
monitoring program was established to monitor
contamination of the marine ecosystem and possible
implications for seabird health. As well, many
Northerners harvest seabirds and their eggs for
consumption (see harvest summaries in Wong 1985 and
in Coad 1994). Monitoring of arctic seabird eggs for
organochlorine residues has been ongoing on Prince
Leopold Island in the Canadian High Arctic since 1975
and all unused portions of the egg samples have been
archived in the CWS Tissue Bank. Metal levels can also
accumulate to quite high levels in some seabird species,
and the organic forms of mercury and selenium, which
are the most toxic forms, are readily transferred to the
eggs (Thompson 1996, Heinz 1996). Thick-billed
murres, black-legged kittiwakes and northern fulmars
have been monitored since 1975, and black guillemots
and glaucous gulls, since 1993.

ACTIVITIES IN 1998/99

In 1998, eggs of five species of arctic seabirds (northern
fulmar, thick-billed murre, black-legged kittiwake, black
guillemot, glaucous gull) were collected from Prince
Leopold Island (74°02'N, 90°05'W) in the Canadian High
Arctic. Fifteen eggs per species per site were collected
by hand on the basis of one egg per nest. Eggs were
analyzed for total mercury, selenium and
organochlorines including PCBs. The eggs were
analyzed as pools (composite samples) of 3 eggs each.
Collection, storage and analytical protocols specified by
the National Wildlife Research Centre (NWRC), Hull,
QC, were followed. The resulting data have been
submitted to Health Canada for evaluation of risk to
human consumers of the eggs.

RESULTS

The mercury and selenium data for eggs collected in
1998 have been statistically analyzed in the context of
retrospective data for eggs of thick-billed murres, black-
legged kittiwakes and northern fulmars monitored since
1975 (see Braune 1999). Levels of total mercury have
shown a significantincrease from 1975 to 1998 in thick-
billed murres (p<0.00001) and northern fulmars
(p<0.0003) (Figure 1). Mercury concentrations in black-
legged kittiwakes have not changed significantly over
time. Selenium levels showed a weak decline in northern
fulmars but not in the other two species. Preliminary
analysis of the 1998 organochlorine data (Table 1)
suggests that concentrations are continuing to decline
or are leveling off.

DISCUSSION/CONCLUSIONS

Since many contaminants biomagnify with increasing
trophic level, differences in diet can significantly affect
exposure to contaminants. As well, since these species
are migratory, contaminant levels on the overwintering
grounds must be considered in the interpretation of the
contaminants data. Kittiwakes preferentially feed on
small surface-schooling fish (Gaston and Nettleship
1981) but also glean crustaceans and plankton from the
surface (Furness and Barrett 1985). Northern fulmars
also feed on fish and amphipods taken at the surface or
during shallow dives (Bradstreet 1976) as well as carrion
(Hobson and Welch 1992). Murres from Prince Leopold
Island are pursuit divers feeding on fish and crustaceans
(Gaston and Bradstreet 1993, Gaston and Nettleship
1981). Although there are some interspecific dietary
differences, these three species all feed at the same
trophic level.
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Figure 1.  Mercury concentrations in eggs of Black-legged Kittiwake (BLKI), Northern

Fulmar (NOFU), and Thick-billed Murre (TBMU) from Prince Leopold between
1975 and 1998.
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Table 1. Mean organochlorine concentrations (mg/kg wet weight) in seabird eggs collected in 1998
from Prince Leopold Island
Species: % Lipid FPCB? DDE YCHL DIELDRIN XEMIREX >CBz YHCH
BLGU N3 5 5 5 5 5 5 5 5
Mean 10.8 0.102 0.044 0.047 0.017 0.003 0.045 0.018
Std.Error 0.4 0.003 0.002 0.005 0.003 0.0003 0.002 0.001
BLKI N 5 5 5 5 5 5 5 5
Mean 9.0 0.280 0.060 0.032 0.009 0.007 0.029 0.005
Std.Error 0.2 0.022 0.008 0.002 0.0002 0.001 0.004 0.001
GLGU N 5 5 5 5 5 5 5 5
Mean 8.8 3.87 2.20 0.370 0.033 0.108 0.247 0.070
Std.Error 0.2 0.509 0.216 0.038 0.005 0.015 0.023 0.005
NOFU N S 5 5 5 5 5 5 5
Mean 1.3 0.267 0.192 0.096 0.014 0.013 0.035 0.0002
Std.Error 0.4 0.020 0.020 0.010 0.001 0.001 0.004 0.0000
TBMU N 5 5 5 5 5 5 5 5
Mean 12.9 0.129 0.100 0.029 0.016 0.003 0.053 0.017
Std.Error 0.4 0.009 0.008 0.004 0.002 0.0005 0.003 0.001

i BLGU - Black Guillemot; BLKI - Black-legged Kittiwake; GLGU - Glaucous Gull;

NOFU - Northern Fulmar; TBMU - Thick-billed Murre

G ZPCB - Sum of 67 congeners; ZCHL - Sum Chlordanes (oxychlordane, cis- & frans-nonachlor,
cis- & trans-chlordane, heptachlor epoxide); ZMirex - Sum Photo-mirex & Mirex; ZCBz - Sum
Chlorobenzenes (tetra-, penta- & hexachiorobenzene); THCH - Sum Hexachlorocyclohexanes

(o, B- & y-HCH)

3 N = number of composite/pooled samples of 3 eggs each

Since these birds breed on Prince Leopold Island but
migrate elsewhere to overwinter, contaminants found
in the eggs may originate at other latitudes. The exact
winter distribution of kittiwakes from Prince Leopold
Island is not known but kittiwakes are found along the
eastern seaboard of North America from Newfoundland
(Brown 1986) to Florida (Robertson and Woolfenden
1992) during the winter months. Northern fulmars
breeding in the Canadian Arctic likely overwinter on the
open seas of the Northeast Atlantic and into the North
Sea (Hatch and Nettleship 1998). Band return data for
thick-billed murres indicate that the murres from Prince
Leopold Island overwinter in the open waters off
southwestern Greenland (Donaldson et al. 1997).

The data presented in Figure 1 suggest that murres and
fulmars have been exposed to increasingly greater
concentrations of mercury over time than have
kittiwakes. Given that these two species spend a greater
proportion of the year at higher latitudes than do
kittiwakes, the data suggest that risk of exposure to
mercury is greater at higher latitudes. Seabirds from the
northeast Atlantic and sub-Antarctic have also shown
increases in mercury concentration over time
(Thompson et al. 1993, Thompson et al. 1992). As well,
similar increasing trends have been observed in beluga
whales and ringed seals (Wagemann et al. 1996).
Mercury levels have been reported to have increased
over time in the sediments of northern lakes both in

Canada and in Scandinavia (Lockhart et al. 1995,
Mannio et al. 1995). The best explanation for this pattern
is the ability of mercury to convert to a highly mobile
gas which is easily transported to the Arctic where it is
deposited and retained as a result of low air and water
temperatures (AMAP 1998). Contrary to trends in arctic
seabird eggs, eggs of seabirds in the more southerly
Great Lakes showed declines in mercury concentration
between 1972 and 1992 (Koster et al. 1996). Since the
Great Lakes are temperate compared with the Arctic,
the decreasing levels in these eggs may reflect a
reduction in local anthropogenic mercury contamination
of the environment combined with a gassing off into the
atmosphere.

The interaction between mercury and selenium, where
each counteracts the toxicity of the other, is well
documented (Cuvin-Aralar and Furness 1991). Selenium
concentrations in eggs did not show any association with
mercury levels; in fact, the levels appear to be declining.
At this time, we have no explanation for this pattern.

Compared with earlier published data for organo-
chlorines in arctic seabird eggs (Nettleship and Peakall
1987, Noble and Elliott 1986, SOE 1990), most of the
1998 organochlorine data for the murres, kittiwakes and
fulmars show a continuing decreasing trend or a
plateauing of levels.
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Levels of mercury, selenium and organochlorine
compounds found in the 1998 seabird eggs were below
known effect concentrations for eggs of wild birds. Due
to the increasing trend of mercury levels, however, future
monitoring is warranted.

Expected Project Completion Date: This is parton an
ongoing monitoring program. The next sampling period
will be in 2003. Funding was received for 1999/2000 for
a retrospective analysis of organochlorines in archived
seabird eggs. Results from the 1998 collections will be
published as part of a manuscript on contaminant trends
over time in the High Arctic by 2001. Pending future
funding, a comparison of other available data sets on
contaminant time trends with the seabird data will be
undertaken in 2000/2001.
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ARSENIC LEVELS IN BERRIES AND SOILS FROM THE
YELLOWKNIVES DENE FIRST NATION TRADITIONAL TERRITORY

Project Leader: Eric Davey, Assistant Manager, Dene Nation Lands and Environment Department

Project Team:

Denise Maxwell, Dene Nation Lands and Environment Department; Glen Stephens, Con-

taminants Division, Department of Iindian Affairs and Northern Development (DIAND); Elders,

Yellowknives Dene First Nation

OBJECTIVE

1. To help determine if the traditional foods of the Weledeh Yellowknives Dene are safe to eat.

DESCRIPTION

More than two decades have passed since people in
Yellowknife became aware of problems associated with
arsenic (As), and vast improvements have since been
made in the gold mining industry. There have been many
studies conducted on arsenic levels in the environment
around the Northwest Territories, some of which have
dealt with traditional foods. Research results have been
documented for As levels in soils (Government of
Canada et al. 1993), air (GNWT 1996), fish (Jackson et
al. 1996, Wagemann et al. 1978), sediments (Jackson
et al. 1996, Wagemann et al. 1978) and water
(Wagemann et al. 1978) around the Yellowknife area.
There have also been tests for human health concerns
associated with As poisoning (Canadian Public Health
Association 1978). There is, however, little literature
available on As levels in berries from Yellowknife,
although berries were traditionally important to the Dene.
Berries provide a rich supply of vitamin C, fibre and
carbohydrates (Alaska Magazine editors 1982) and were
traditionally eaten as ‘sweets’ (J. Charlo; H. Tobie; pers.
comm. 1999). This study provides part of the full picture
on the state of indigenous foods in the Weledeh
Yellowknives Dene traditional area.

At low levels, arsenic is present in all living things and
occurs everywhere in the environment. There has been
some suggestion that As may be a micro nutrient,
although this has not been documented (Phillips 1990).
However, at higher than trace levels, environmental and
health problems can occur.

There are two broad categories of As in the environment.
The As contained in most foods is organic and gets
excreted soon after ingestion. Food is the greatest
source of As uptake in humans (NRC 1976), most of
which is in the organic form. Although there is little data
to determine how much organic As is safe for
consumption, it is believed to leave the body quickly
with very low toxicity (World Health Organization 1989).
Therefore, As in foods such as caribou and fish can be

at a fairly high level without being toxic to the consumer,
although the tolerable level has not been agreed upon.

Arsenic is also present in the inorganic form. This is the
most toxic form and is the form that is usually found in
water. Arsenic, in the inorganic form, is on the Priority
Substances List, established by the Ministers of
Environment Canada and Health Canada. This list
identifies all substances that can be harmful to the
environment or cause human danger (Government of
Canada et al. 1993). Since As is assessed to be toxic,
regulations have been deveioped to control all aspects
of the life cycle.

In Canada, As is released into the environment primarily
from base-metal and gold production. Mining is one of
the main employers of, and the largest single tax base
in the NWT (Scott 1984) with 1500 people employed
directly and 3000 indirectly, and another 500 in
exploration (NWT Chamber of Mines 1999). Mining has
caused a dramatic change in the Northwest Territories
from the time prior to the 1930s. The mining industry
once made Yellowknife one of the fastest-growing
regions in Canada and has had a profound influence on
the Yellowknives Dene First Nation, the Indigenous
people who live there.

Gold mining is prominent throughout the Yellowknives
Dene traditional territory. At gold mines with ore roasters,
such as the Giant Yellowknife Mines, As can escape
into the air and go through the environment under certain
conditions (Government of Canada et al. 1993). Early
mines had little or no environmental control on disposal
of wastes and mine wastes were deliberately expelled
into waterways (Bernard 1983, Cornett et al. 1992,
Marron 1989, Mudroch and Clair 1986, Mok and Wai
1989). Giant Yellowknife Mines and Miramar Con Mines,
both in the Yellowknife area, were no exception to this.
Giant Mines is still believed to be the most significant
source of As in the Yellowknife area (GNWT 1996).
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Arsenic became a problem for the Yellowknives Dene
First Nation in the 1950s and 60s, a short time after
gold production began in two locations close to the city
(Weledeh Yellowknives Dene 1997). In late 1949, large
amounts of airborne arsenic from gold mines settled into
the snow (Heeler 1995). The Yellowknives Dene did not
know of the dangers, even though there were signs
posted warning people not to eat the snow or to drink
meltwater, for the signs were written in English and they
could not understand them. Many animals died after
drinking the water; people and dogs lost hair from wading
or bathing in it, and four children died from drinking
melted snow or eating the snow (Weledeh Yellowknives
Dene 1997). An article in the Yellowkniferin 1975 reports
of a woman who died of cancer in 1974 and the autopsy
showed that she had an abnormally high level of arsenic
in her body. These people, once healthy, were getting
strange illnesses. They were also told that they could
not drink water from Great Slave Lake. They had to buy
water from town and had to wash all plants and berries
before eating them.

Since then, the Yellowknives Dene, or Weledeh people,
as they call themselves, have been wary about their
traditional foods (Weledeh Yellowknives Dene 1997).
Today, they will not harvest berries or other traditional
plants from areas around Giant or Con Mines, which
used to be preferred berry-picking sites. They, along with
many other people in Yellowknife, fear that plants near
these mines are unfit to eat. Many Weledeh people do
not pick berries around the city of Yellowknife. They are
more comfortable harvesting from areas away from
Yeilowknife, such as Wool Bay and Edzo.

ACTIVITIES IN 1998/99

Sampling sites for this study were selected on the basis
of their significance to the Yellowknives Dene, either in
the pastor in the present. Significant sites could be either
places where berries used to be harvested, places
believed to be contaminated by mine waste, or places
with historical significance.

Berry samples were collected from areas traditionally
occupied by the Weledeh Yellowknives Dene. These
areas include the Yellowknife River around Baker Creek,
the Ingraham Trail, south of Yellowknife along the
Yellowknife Bay to Wool Bay on the east and the
mainland south of Mac Lake on the west, Enodah (Trout
Rock) on the east arm, north to the MacKay Lake area
and points around the city of Yellowknife.

The berries collected for this study were traditionally
important to the Yellowknives Dene and elders and
youths still harvest these species. These species include
raspberry (Rubus idaeus), cloudberry (Rubus

chamaemorus), blueberry (Vaccinium ovalifolium),
cranberry (Vaccinium vitis-idaea), rose hip (Rosa
acicularus) and gooseberry (Ribes lacustre).

The study required samples to be taken from sites
around active gold mines (Giant and Con), abandoned
gold mines (Salmita and Burwash) and points around
places where there has been no mining to be used as
control. Elders and other knowledgeable Dene were
consulted as to where the most appropriate places were
to take the samples, based on traditional use of the area,
and their knowledge as to where the most likely places
were to find these berries. The control points were
chosen because they, along with being traditionally
significant to the Weledeh people, are several kilometres
away from the mine sites. The Weledeh elders believe
berries from these places are safe to eat. These points
were the islands around Wool Bay, the west side of
Yellowknife Bay, Enodah and Point Lake. Point Lake is
not included on the Yellowknives Dene traditional map,
as this area has no traditional significance to the
Weledeh people. However, samples were taken from
this area because it is far enough away from any active
gold or base metal mine that it can be a very good
control. The area is also in a greenstone belt like the
Yellowknife and area samples. This study was conducted
following the Yellowknives Dene First Nation Policy
Guidelines for Yellowknives Dene Traditional Knowledge
(YDTK).

A visit was made to the Giant and Con mine sites early
in the berry season to determine what species of berries
were present. Flagging tape was used to mark the places
where berries were found. Trips were aiso made around
town to determine the presence of berry species.

Sample collecting began on July 13, 1998. Blueberries
were harvested by the project coordinator from the
Miramar Con Mine site. On July 17, raspberries were
collected near the day-use area at Fred Henne Park.
Sampling continued until September 28, when cran-
berries and rose hips were still in season. Throughout
the study, berry samples were collected by Dene elders,
the study coordinator, and the Lands and Environment
Manager and Assistant Manager. Arsenic is taken up
by plants primarily by the soil (Government of Canada
et al. 1993) and variations in the soil can enhance or
reduce arsenic uptake by plants (Xu et al. 1991).
Therefore, to find potential arsenic uptake by the berries,
a representative sample of soil was collected at root
level. Due to the travel cost of going to the MacKay Lake
area to take samples, expediters from Bathurst Arctic
Expediting volunteered to collect samples while at their
camp at Salmita. Similarly, outfitters from Enodah
Wilderness Travel and Peterson’s Point Lake Lodge
gathered samples from areas around their camps at
Trout Rock and Point Lake. Samples were collected
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Figure 1. Mean arsenic levels (ppm) in soils from each location. * YK represents samples taken
from the city of Yellowknife; ** CONCERN represents samples taken from areas the
Weledeh elders believe to be contaminated (i.e. Yellowknife Bay west side, Kam Lake
and Baker Creek).
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Figure 2. Mean arsenic levels (ppm) in all species of berries from each sampling location.
* YK represents samples taken from the city of Yellowknife; ** CONCERN represents
samples taken from areas the Weledeh elders believe to be contaminated (i.e. Yellow-
knife Bay west side, Kam Lake and Baker Creek).
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Table 1. Berry samples from various locations throughout the study area found to exceed accepted guideline

of 0.1 ug-g™"' As wet wt.

Location Berry As level (ug-g’ wet wt)
Fred Henne Park, Yellowknife Raspberry 0.2
Joliffe Island, Yellowknife Blueberry 0.16
Joliffe Island, Yellowknife Raspberry 0.13
Taylor Road, Yellowknife Cranberry 0.15
Giant Mine (active) Gooseberry 0.2
Giant Mine (active) Raspberry 1.91
Giant Mine (active) 2 Cranberry 0.30, 0.46
Giant Mine (active) Rose Hip 0.2
Con Mine (active) 2 Cranberry 0.32, 0.64
Con Mine (active) 2 Rose Hip 0.86, 0.23
Con Mine (active ) Gooseberry 0.18
Yellowknife River Cranberry 0.19
Yellowknife River Rose Hip 0.11
Baker Creek Rose Hip 0.15
Salmita (non active ) 2 Cloudberry 0.16, 0.32
Salmita (non active) Blueberry 0.16
Across Bay from Giant Mine Cranberry 0.12

following the procedure set by the laboratory staff at the
Centre for Indigenous People’s Nutrition and Environ
ment (CINE) at McGill University in Montreal. All samples
were frozen and shipped to the CINE Research Lab to
be analysed for total arsenic. The results were analysed
statistically using the Kolmogorov—Smirnov and Kruskal—
Wallis methods by the project team and presented to
the Yellowknives Dene First Nation.

A general description of the area was recorded at each
sampling site. This included a description of neigh-
bouring plant species, land topography, water availability
and proximity to mine. Prevailing wind direction and
general weather patterns during the berry season were
also noted. These factors are important in studying
arsenic because this element can travel long distances
by wind, precipitation and dust, and uptake of As by
biota is a complex interaction between these factors.

After the sampling was completed and samples were
sent to the lab for analysis, interviews were conducted

by the coordinator. Elders were interviewed to acquire:

information about traditional uses of berries, other plants
used by the Yellowknives Dene, other traditional foods,
the effect of the mining industry on them and their
families, since many of them were children and young
adults when the mining industry began in Yellowknife.
They were also asked about the effect of As on the
Yellowknives Dene, especially before pollution regulation
and prior to the time when Dene people understood
arsenic. A copy of the transcripts may be obtained with
permission by contacting the Yellowknives Dene First
Nation.

RESULTS

This study revealed a statistically significant difference
between As in berries from both the control and Dettah
sites compared with all other locations. The berry and
soil samples from the mine sites and within the city of
Yellowknife had statistically higher levels of As than those
from the control sites (Figures 1 and 2). Unfortunately,
there is no guideline level for As in berries. For this study,
acceptable levels were determined by using the
guideline of 0.1 ppm (0.1 pug-g™"), used for fruit juices
and beverages. Using this guideline, which was
recommended by Dr. Laurie Chan of CINE, 21 of the 51
samples exceeded this guideline and were called
unsuitable for human consumption (Table 1).

DISCUSSION/CONCLUSIONS

This study showed statistically higher levels of As in five-
species of berries (blueberries, cranberries, raspberries,
rose hips, gooseberries) from areas around gold mines
(and close to these mines) than from the control sites.
The results suggest that gold mining has an effect on
As levels in these species of berries in the Yellowknives
Dene traditional territory. Most berries harvested at the
mine sites and some harvested within the city of
Yellowknife are above the recommended concentration
of 0.1 ng-g"' for consumption. Proximity to the active
mine sites appears to be a significant factor determining
the level of As in berries in this region, as berries from
the Dettah sites, further away from the mine sites than
the town samples, were statistically lower in As than
those from the city of Yellowknife. Cloudberries were
analysed in this study but there were insufficient samples
to determine whether or not mining has an effect on this
species.
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Recommendations

1) Because there were many berry samples over the
recommended 0.1 mg-g"' As level ,the project team
suggests that a further study be conducted to
determine the species of As found in the berry
species in the Yellowknives Dene First Nation
traditional territory.

2) Until the species of As is determined, it is recom-
mended to avoid harvesting berries on or near the
mine sites (along with those from Baker Creek and
Yellowknife River).

3) Berries from around the town site of Yellowknife had
a mean As level of slightly above 0.1 pug-g'. It is
recommended that berries from Yellowknife be
washed before consumption. This same recom-
mendation is made for berries harvested from the
Yellowknife Bay east side, across from Giant Mine.

4) Berries from all other locations may be harvested
and consumed without discretion, as the As levels
in the berries and soils are very low.
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BUTYLTIN CONTAMINATION IN BELUGA WHALES (Delphinapterus leucas)
FROM THE ST. LAWRENCE ESTUARY AND NORTHERN QUEBEC.
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OBJECTIVES

1. To evaluate the contamination of beluga whales from northern Quebec by the antifouling agent
tributyltin (TBT) by establishing the levels of contamination for liver, skin and meat, and to discuss
the risk for human contamination by TBT through consumption of beluga whales.

2. To compare the TBT levels in beluga whales from northern Quebec with those in beluga whales
from the St. Lawrence Estuary (this part of the project was funded by a FODAR (Fonds de
Développement Académique du Réseau) grant to S. de Mora).

DESCRIPTION

Widespread usage of tributyltin (TBT) as an antifouling
agent in boat paint has led to marked contamination of
freshwater and marine coastal ecosystems (de Mora
1996). TBT is very toxic for aquatic organisms and has
been described as the most poisonous compound ever
introduced by humans into the aquatic environment
(Goldberg 1986). Canada has regulated the use of
organotin-based paints since 1989; specifically, their
application was prohibited on boats <25 m. However,
recent studies have revealed persistent TBT con-
tamination of marine waters in Canada (Chau et al. 1997)
and in sediments and mussels from the St. Lawrence
Estuary (St.Louis et al. 1997).

The potential bioaccumulation of TBT by higher aquatic
trophic organisms had been considered to be low until
aresearch group from Japan reported the contamination
by organotin compounds of cetaceans and pinnipeds in
various regions of the world. The highest concentrations,
as measured in the liver of the animals, were observed
in coastal species (Tanabe ef al. 1998). Similar results
were found in ten-year-old liver samples from beluga
whales found stranded along the coasts of the St.
Lawrence Estuary before the use of TBT-based paints
was regulated in Canada (Yang et al. 1998).

There is an emerging concern about TBT contamination
in remote marine coastal environments. The beluga
whales living in Canadian Arctic waters are obviously
less exposed to TBT originating from shipping activities
than those in busy shipping zones further south,
however, studies by Tanabe et al. (1998) have revealed

TBT contamination of Dall's porpoises collected as far
remote as the Aleutian Chain in the north Pacific Ocean.
As marine mammals are an important food resource for
the human inhabitants in northern regions, the question
arises about the risk of biotransfer to human consumers,
particularly given that the presence of butyltin
compounds in human tissues has recently been
observed (Kannan and Falandysz 1997).

This investigation of beluga whales from two study sites
with contrasting levels of shipping activity provides the
levels of hepatic contamination of butyltin compounds,
which are generally derived from the antifouling biocide
tributyltin (TBT). The data from the beluga whales of
the south (St. Lawrence Estuary) cover the period 1995-
98 and, together with data from Yang et al. (1998),
provide an estimation of the temporal trend of butyltins
contamination in whales living in the vicinity of a major
shipping route. In contrast, the data from the beluga
whales from the north (Hudson Strait) provide a baseline
level of contamination for marine mammals inhabiting a
pristine coastal environment.

ACTIVITIES IN 1998/99

In the summer of 1998, seven adult beluga whales were
collected from the Hudson Strait (Figure 1). Liver, skin
(muktuk) and meat samples were collected from each
beluga whale (~ 100 g per organ). Sample collection
was conducted by the local Hunting, Fishing and
Trapping Association of Kangigsujuag. Gender and
colour were recorded and a tooth from each animal was
collected for estimating the age of the animal. Samples
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Table 1. Concentrations of butyltin compounds in beluga liver samples (MBT, monobutyltin; DBT, dibutyitin;
TBT, tributyltin). Concentrations are expressed as ng Sn-g™ dry wt.

Sampie® Sex Age (year) Length (cm) MBT DBT TBT IBTs TBT/DBT
Hudson Strait

98348 M 17 N/A° n.d.c n.d. n.d.

98349 F 11 N/A n.d. n.d. n.d.

98358 M N/A N/A n.d. n.d. n.d.

98359 F >15¢ N/A n.d. n.d. n.d.

98482 F N/A N/A n.d. n.d. n.d.

St. Lawrence Estuary

9507 M 0 199 1 132 1M1 244 0.8
9508 F 0 157 7 57 67 130 1.2
9509 M 1.5 247 26 735 116 877 0.2
9511 M 26+ 419 399 282 84 764 0.3
9512 M 11 400 6 53 8 66 0.2
9601 F 21+ 427 9 250 22 281 0.1
9602 F 5 325 9 45 n.d. 54

9604 M 16++¢ 420 n.d. 96 n.d. 96

9607 M 24+ 399 11 100 n.d. 111

9609 M 23++ 393 23 188 n.d. 210

9608 F 1.2 216 17 137 n.d. 153

9701 M 8 396 7 229 101 336 0.4
9702 F 28.5 338 7 141 58 205 0.4
9703 F 21+ 363 6 1613 467 2085 0.3
9704° M 0 139 9 12 15 36 1.2
9705 M 7.5 378 14 160 40 214 0.3
9706 F 31+ 385 10 716 308 1034 0.4
9802 M N/A 401 9 294 14 316 0.1
9803 F N/A 377 27 289 27 342 0.1
9804 F N/A 356 16 208 n.d. 224

9806 F N/A 388 16 54 28 98 0.5

This beluga whale was a neonate.
N/A, not available
n.d., not detected

® o o o o

The first two digits indicate the year the whale was found stranded.

The aging of whales is not an exact science; the age shown is a lower estimate and the age could actually be somewhat greater, in

order of >, +, and ++. The >, +, and ++ signs are also related to the state of the tooth used to establish the age of the whale, for
example, ++ means that the tooth was damaged (i.e. layers were not very distinct) and extrapolation was done to estimate the age.

were frozen and sent to the Nunavik Research Centre
for storage until they were shipped to the Department
of Ocean-ography at the Université du Québec a
Rimouski for chemical analysis. Liver samples from 21
beluga whales found stranded along the shores of the
St. Lawrence Estuary between 1995 and 1998 were
provided by University of Montreal’s Faculté de
Médecine Vétérinaire.

RESULTS AND DISCUSSION

Butyltin compounds in beluga whales from north-
ern Quebec

We analysed five liver samples out of the seven beluga
whales originating from northern Quebec. No butyltin
compounds were detected in the liver samples (Table
1). Because the liver is the target organ for butyltins
contamination in marine mammals (Tanabe et al. 1998)
and no butyltins were detected in the liver, we did not
analyse the meat and skin samples. This finding

contrasts with data published on the butyltin con-
tamination of whales from remote areas (Tanabe et al.
1998) and the notion of global TBT pollution in the marine
environment as proposed by Yamada et al. (1997),
based on observations of contaminated squid liver. In
comparison to the heavy commercial traffic in the St.
Lawrence Estuary, the shipping activities in northern
Quebec are very limited. In 1991, eight cargo ships and
five tankers made round trips and were supporfed by
icebreakers of the Canadian Coast Guard when
necessary (Canadian Coast Guard 1991). This maritime
traffic is most likely insufficient to provide an appreciable
input of TBT into the marine environment of northern
Quebec.

Yamada et al. (1997) have suggested, but not evaluated,
the atmospheric transport of organotin to the remote
marine environment. It is well documented that marine
mammals inhabiting the Arctic are contaminated by
various organochlorine compounds due to the long-
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range aerial transport of these poliutants (Muir et al.
1990, Metcalfe et al. 1999). In fact, the analysis of the
liver samples of these beluga whales from the Hudson
Strait showed their contamination by organochlorine
compounds. The mean concentrations were (n=5,
concentrations are expressed in pg-g™"): ZDDT 13 202 +
9559; XPCB 19 540 + 15 410; and Zchlordane 242 +
133 (Brochu, unpublished data). Thus, the beluga
whales from the Hudson Strait are probably exposed to
the atmospheric input of organochlorine compounds.
However, since no butyltin compounds were detected
in their livers, it is unlikely that aerial input could be a
source of organotin compounds to the Arctic whale
populations.

As the analyses failed to detect the presence of butyltin
compounds in the beluga liver from Hudson Strait, the
risk of human exposure to theses compounds by the
consumption of beluga meat of animals hunted in the
Hudson Strait area is nil.

Butyltin compounds in beluga whales, St. Law-
rence Estuary 1995-1998.

In contrast to organochlorine compounds, butyltin
compounds are not persistent pollutants in an organism
and concentrations should reflect recent accumulation.
If metabolism and elimination processes are not affected
by the toxic stress due to TBT, butyltin concentrations
should decline if the uptake ceases (Fent 1996).
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Butyltin compounds were present in all liver samples
from beluga whales of the St. Lawrence Estuary (Table
1). Total butyltin concentrations varied from 36-2085 ng
Sn-g™ (dry wt). These concentrations are similar to those
reported for cetaceans from the North Pacific, Asian
coastal waters and the Atlantic coast of the USA (Tanabe
et al. 1998, Kannan et al. 1997). There was no clear
relationship between the butyltin concentrations in the
liver and the body length of the specimen, however, the
highest concentrations were found in larger (older)
animals. There was also no significant difference in
butyltin concentrations between male and female
whales; T-test calculations based on the ratio ZBTs:body
length gave =0.63 with the critical value of t (P=0.05)
being 2.14. This finding agrees with reports for other
cetaceans (Tanabe et al. 1998, Kim et al. 1996). Finally,
year-to-year differences are not obvious even when the
data for beluga found stranded in 1988 (Yang et al. 1998)
are included. ANOVA calculations based on the ratio
2BTs:body length gave F=1.44 with the critical value of
F (P=0.05) being 2.84. This indicates there has been
no significant variation in the contamination of this whale
population since the introduction of Canadian regulations
in 1989 prohibiting the use of organotin-based paints
on vessels less than 25 m in length. Moreover, the
highest concentration was detected in a female stranded
in 1997 (2085 ng Sn-g™" in liver sample No. 9703; Table

1).

Nevertheless, these observations clearly indicate that
TBT input into the marine environment of the St.
Lawrence Estuary is still a matter of concern after ten
years of restrictions. Recreational boating activities are
marginal in the estuary, particularly considering that itis
ice-covered during the winter months. Although other
sources of organotin compounds, such as the effluents
from sludge treatment plants of large cities along the
St. Lawrence River (Chau et al. 1997) are possible, the
predominant source of TBT is most likely to be
commercial shipping. In 1992, about 7000 large
commercial vessels (94.5 x 106 T) navigated the estuary
(Centre St-Laurent 1996). The butyltin concentrations
of the beluga whales inhabiting these waters confirm
the susceptibility to TBT-contamination for marine
organisms living in close proximity to a major shipping
route (de Mora 1996, Davies et al. 1998).

CONCLUSIONS

A sample of the beluga whale population of the Hudson
Strait, northern Quebec, had no detectable levels of
organotin compounds in its liver tissues. In contrast, all
individuals from the St. Lawrence Estuary were
contaminated with butyltin compounds, thereby
confirming the susceptibility of TBT exposure for marine

organisms living in the vicinity of a major shipping
channel.

Expected Project Completion Date: For funding
received in 1998/99 the project is complete and a
scientific paper has been submitted to the international
journal entitled Applied Organometallic Chemistry.
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COMMUNITY-BASED MONITORING OF ABNORMALITIES IN WILDLIFE
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OBJECTIVES

1. To develop a community-based monitoring program in which harvesters can document and communicate
observations of changes in wildlife in a systematic and useful way.

2. To provide an “early warning system” to detect changes or patterns in wildlife health at an ecosystem level.
This systematic monitoring may identify areas requiring further study and aid in hypothesis development.

3. To integrate scientific and traditional ecological knowledge to increase general understanding of changes in

the health status of wildlife.

4. To allow communities to participate and build local capacity to identify, investigate and respond to changes

in the wildlife resources they harvest.

DESCRIPTION

Communities across the Northwest Territories have a
long history of dependence on wildlife and the
environment. The traditional subsistence harvesting of
fish, terrestrial wildlife, marine mammals and migratory
birds provides Northerners with significant nutritional,
economic, social and cultural benefits. Traditional
pursuits such as hunting, fishing and trapping have long
been the basis of the northern economy. The replace-
ment value of traditional/country food and other
renewable resources is approximately $60 million per
year (1990 dollars; Lloyd and Graf 1991). Confidence
in the health of wildlife populations and the availability
of safe and healthy meat is extremely important for the
maintenance of both subsistence harvesting and the
commercial use of wildlife.

Changes in wildlife health can have significant impacts
on individual animals and population health, as well as
human use of the resource. Although most wild animals
are healthy, abnormalities such as diseases, parasites,
tumours and deformities can occur in any wildlife
population. Some conditions appear to be increasing in
frequency or appearing in new areas of the North. Local
people want to know if there is a connection between
the environmental contaminants they are being told
about and their observations of unusual changes or
abnormalities in wildlife. Documenting the occurrence
of these changes is the first step in addressing these
questions. These questions may serve as a sentinel for

identifying problems that require further investigation.
Such documentation may aiso focus attention on
linkages between observed changes and known effects
of specific contaminants, and assist in developing
testable hypotheses.

Information on abnormalities in wildlife is currently
obtained in several ways. There have been a number of
specific studies focussing on particular aspects of wildlife
health in individual species. Changes are also noted
opportunistically when handling animals during other
wildlife studies or commercial wildlife harvests. Samples
or reports of abnormalities are occasionally brought in
to Renewable Resource Officers by hunters who come
across unusual findings, but this system is primarily a
reactive process to individual cases. Under this system,
the number of samples or observations received is low
compared to the number of animals harvested, the
expertise and experience of harvesters in recognizing
abnormalities or other changes in the health of wildlife
are not fully accessed, and it is difficult to differentiate
localized versus widespread patterns.

Through their land-based subsistence lifestyles, local
hunters have developed a wealth of experience and
understanding of the ecosystems in which they live.
Experienced hunters spend large amounts of time
observing wildlife, and can recognize changes in animals
and trends in the occurrence of some conditions over
time. This field of ecological knowledge is commonly
known as Traditional Ecological Knowledge (TEK), and
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includes empirical knowledge gained through experience
and observation. This is consistent with western science,
where experience and observation form the basis of
modern empirical research. The scientific process differs
in that it has developed a formal method by which these
experiences and observations can be systematically
documented and verified. The opportunity exists to
integrate these two systems to increase information on
changes in wildlife health, and to increase trust and
cooperation between resource harvesters and re-
searchers.

ACTIVITIES IN 1998/99

In the first two years of the project, an emphasis was
placed on capacity-building in the communities through
local training sessions, and the development of resource
materials to support this work.

i) Local Training Sessions

To date, a wide range of training and information
sessions have been held in each of the three par-
ticipating communities (Kugluktuk, Fort Good Hope, Fort
Resolution). As the emphasis is on community
participation, these sessions have targeted a wide range
of community groups including local resource harvesters
(hunters and trappers), food preparers, elders, students,
local environmental committees, and interested
members of the general public. These sessions were
designed to introduce the project, provide background
information on wildlife health, and begin to build local
capacity to manage the project and respond to changes
in the wildlife resources they harvest. The goal of the
training component of this work is to build capacity within
the community to deal with abnormalities in a timely
fashion on a local basis. While the intensive period for
training has been completed, some additional sessions
will be provided as required.

In addition to community-based workshops and
meetings, field training courses were held in Fort
Resolution (September 18-21, 1998 and February 23-
27, 1998) and Kugluktuk (March 19-22, 1998 and
November 5-8, 1997). Local hunters, elders and
students participated in hands-on training in the field,
applying information and techniques from the training
sessions on harvested animals in the field.

ii) Development of Resource Material

A self-contained package of resource materials has been
developed to assist with implementation of the project.
This package is used by the community coordinators
and resource harvesters to assist with uniform collection
and recording of information, sample collection and
testing, and interpretation and reporting of results. The

resource kit includes project manual, a hunter/elder
survey form, standardized disease observation and
sample submission forms, visual (photographic)
reference guides to assist with identification of
abnormalities, and field sampling kits. Resource
materials are predominantly in English, since there are
multiple aboriginal languages involved in the three pilot
project communities, although some components (eg.
field data sheets) are also in Inuktitut. These materials
were field tested during the first two years of the program,
and are currently being updated and revised. A Field
Guide to Common Diseases and Parasites of Wildlife in
the NWT and Nunavut was also produced in 1998/99,
and has been particularly well received in the
communities as a tool for hunters to identify ab-
normalities and to make timely decisions on the
implications for use of the carcass.

iii) Community-based Monitoring of Abnormalities
in Wildlife

Community-based monitoring of abnormalities in wildlife
began in 1997/98 and continued in 1998/99. Various
approaches were considered to maximize the effective-
ness of sample collection and documentation of
observations from wildlife harvesters within each
community. Information was collected on the occurrence
of abnormalities in wildlife from all local hunters using
written reports and/or samples for analysis, along with
an additional formalized surveillance program focussing
on several key harvesters in the community. Two field
collections of caribou were also conducted to provide
baseline data on their health status. This information
will provide a benchmark for future comparison to
evaluate changes in health status, and to provide a tool
to help validate data collected by the community-based
monitoring system using hunter submitted samples.
Traditional Ecological Knowledge surveys on the
occurrence of abnormalities in wildlife were also
conducted with elders and experienced wildlife
harvesters in each community.

iv) Traditional Ecological Knowledge Survey
-Interviews were conducted with experienced, long-time
local harvesters about the occurrence of abnormalities
and disease in wildlife. The community coordinators, or
alternate local wildlife harvesters, conducted the
interviews. This eliminated the need for simultaneous
translation, ensured the interviewer was familiar with the
topic, and enabled elders to relax and share their
knowledge of the subject. Results from the 1997/98
surveys are currently being evaluated.
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Table 1. Diseases and parasites detected in Bluenose Caribou harvested near Kugluktuk.

CONDITION FALL SPRING OVERALL

PREVALENCE PREVALENCE PREVALENCE

(n = 26) (n = 26) (n =52)
Body Condition 11.8 mm 5.4 mm
(mean back fat depth) (range: 0-57 mm) (range: 0-18 mm) —
Brucellosis 7.7 % 4.0 % 5.8 %
(Brucella suis biovar 4)
Warbles 44.4 % 100 % 73 %
(Oedemagena tarandi) (range 3-145/animal) (range 8-182/animal)
Sarcocystis spp. 92.3 % 100 % 96.1 %
(67 % mild, (92 % mild,
29 % moderate, 8 % moderate,
4% severe) 0% severe

Besnoitia spp. 46 % being completed 46 % *

(1 clinical case;

11 +ve but not visible)
Liver Tapeworms 1.5 % 0% 5.7 %
(Taenia hydatigena)
Muscle Tapeworms 0% 0% 0%
(Taenia krabbei)
Gastrointestinal Parasites 15.4 % 26.9 % 21.2%
(Nematodirus, Moniezia
and Eimeria spp.
Protostrongylid sp. larvae 19.2 % 38.5% 28.8 %
(range 42-544/gram) (range 1-125/gram)

Lungworm 7.7 % being completed LT%™
(Dictyocaulus sp.) (2 cases)
Non-specific Infections 3.8% 3.8 % 3.8%
Developmental Anomalies 3.8% 0% 1.9 %
Tumours/Neoplasia 0 % 0% 0 %

* based on Fall prevalence only

RESULTS AND DISCUSSION

This initiative is being conducted as a pilot project to
test the concept, design and implementation of a
community-based monitoring system in three Northern
communities. The communities were selected to reflect
regional differences in wildlife species and harvesting
patterns: Kugluktuk (Arctic Coast), Ft. Good Hope
(Mackenzie Valley) and Ft. Resolution (Slave River
Delta). The project includes the delivery of local wildlife
health/sampling workshops, routine communications
with local hunters to document abnormalities in
harvested wildlife, collection of samples from hunters
for testing, organized field collections to provide baseline
data to validate results from community-based sampling,
and traditional knowledge surveys of respected hunters.

As a community-based process, a local coordinator has
been identified in each community. This individual helps
organize community wildlife health/sampling workshops,
routinely talks with local hunters to document ab-
normalities in harvested wildlife (noting frequency of
“abnormalities” compared to “normal” animals har-
vested), collects samples of abnormalities from hunters
and submits them for testing, facilitates results reporting,
and organizes traditional knowledge surveys of
respected local hunters about abnormalities in wildlife.
The system is designed to rely on key observers or
monitors in each community who are recognized for their
wildlife harvesting and observation skills.
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The community-based monitoring program has been
ongoing for the last two years to document abnormalities
in wildlife. Documentation of observations by wildlife
harvesters has been done through both sample and
report collection from local hunters, and through a more
formalized sample collection system using seiected key
harvesters in the community. This has provided
information on both the types and proximate cause of
abnormalities being seen by harvesters, and an estimate
of frequency of their occurrence. A wide range of
abnormalities has been reported by hunters and
trappers, with the vast majority being “naturally
occurring” diseases and parasites that occur in northern
wildlife species. The frequently occurring conditions
include brucellosis, tuberculosis, warbles, liver parasites
(Taenia hydatigena), muscle parasites (Sarcocystis spp.
and Taenia krabbei), gastrointestinal parasites
(Nematodirus sp., Moniezia sp., Eimeria sp.), lungworms
(Dictyocaulus sp.), Hydatid disease (Echinococcus
granulosus), ticks (Dermacentor albipictus), physical
injuries, and malnutrition. Very few tumours or
developmental anomalies have been detected.

As a method to validate data collected under the
community-based monitoring system using hunter
submitted samples, a systematic disease survey was
conducted during the same time period to compare the
data on type and prevalence of abnormalities provided
by both systems. Two field collections of caribou were
conducted to provide baseline data on the health status
and disease/parasite prevalence in caribou from the area
being utilized by Kugluktuk hunters. Collections were
held in both Fall and Spring in order to look at seasonal
changes in condition and disease prevalence at times
when caribou are normally harvested. A total of 52
caribou were tested for both grossly visible and
subclinical conditions. The animals collected were
generally very healthy, with a low prevalence of diseases
and parasites. As in the community-based monitoring,
primarily “naturally occurring” conditions were noted. The
most common diseases and parasites detected and their
seasonal prevalence are listed in Table 1.

Overall, both the type and relative prevalence of
diseases and parasites detected were generally
comparable between the community-based monitoring
program and the systematic disease survey. While the
current sample size from the community-based
monitoring program is insufficient to statistically compare
the two systems, this should be possible once more
hunter-submitted samples have been tested. The one
major discrepancy between the two monitoring systems
occurred in the detection of the few diseases or parasites
that do not produce grossly visible lesions consistently
in infected animals. This was particularly evident with
the parasite Sarcocystis, which has a very high

prevalence in the population but only occasionally
produces clinical signs in caribou that are visible to
hunters. Overall, however, these preliminary results are
encouraging for the use of a community-based
monitoring system for the detection of grossly visible
conditions. This type of system appears to have promise
as a local, effective method of monitoring abnormalities
in wildlife.

Expected Project Completion Date: Phase 1 of the
project (i.e. project development, resource material
production, training components) will be completed by
March 31, 2000; Phase 2 (i.e. ongoing community
monitoring) will continue through 2002/2003.
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METAL AND RADIONUCLIDE ACCUMULATION
AND EFFECTS IN CARIBOU (Rangifer tarandus)
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OBJECTIVES

1. To verify high levels of metals (cadmium, aluminum, manganese) and radionuclides
(lead-210 (?"°Pb) and polonium-210 (?"°Po)) detected in previous studies in caribou.

2. To assess biological effects by: (i) assaying tissues for evidence of chromosomal damage
due to metal and radiation exposure; and (ii) monitoring histological and urinary markers of

kidney damage and contaminant exposure.

3. To analyse several tissues for a range of elements and isotopes (uranium, thorium, stable
strontium, titanium) which may provide insight into the source of contamination.

4. To contribute information on temporal trends in contaminant exposure in the mainland Bluenose
caribou herd and the Lake Harbour herd near Kimmirut on south Baffin Island.

DESCRIPTION

Barren-ground caribou (Rangifer tarandus
groenlandicus) are found across the Northwest
Territories, and are a major component of the traditional
diet in northern communities. Many factors can influence
the individual and popuiation health of caribou, and
changes are often multifactorial in origin. Contaminants
are one group of stressors which may influence the
health status of a herd by altering tissue structure and
function, and by acting in association with other stresses
to impair reproduction, immune function or other body
functions. The need for work on the biological effects of
contaminants in caribou was highlighted by the results
of earlier studies (Elkin and Bethke 1995, Macdonald et
al. 1996) which showed elevated levels of metals and
radionuclides in some caribou herds. The concentrations
of metals (cadmium) and naturally occurring radio-
nuclides (3"°Pb and 2'°Po) in the Lake Harbour herd near
Kimmirut on south Baffin Island have been shown to be
higher than other herds in the central and western Arctic
(Gamberg and Scheuhammer 1994, Elkin and Bethke
1995, Macdonald ef al. 1996)

The potential biological and ecological effects of these
higher tissue loads of metals and radionuclides remain
largely unknown. The current state of knowledge on
animal adaptation to naturally occurring metals and
nuclides is very limited. Cadmium (Cd) is known to
disrupt kidney function and reduce the kidneys’ ability

to retain low molecular wight proteins and carbohydrates
(CEPA 1994). A critical tissue concentration of 30 mg-kg™
in kidney has been recommended for mammals (CEPA
1994, Outridge et al. 1994). Elkin and Bethke (1995)
reported a mean cadmium concentration in kidney of
32 mg-kg' wet weight at Kimmirut, indicating that
animals from this herd may exceed the tissue residue
guidelines. Urinary 32 microglobulin and urea/creatinine
analysis offers a way to examine possible kidney
damage due to Cd exposure.

The radionuclide levels in caribou are notable because
the resulting doses to the animals are significantly higher
than background doses (Thomas 1994) and may be
approaching levels in some individuals in which
biological responses may occur (Amiro and Zach 1993).
Radionuclides generally cause effects to the blood-
forming or hemopoietic system (bone marrow, spleen
and blood). Radionuclides are also known to cause
single- and double-strand breaks in DNA and may
produce high levels of variation in genetic structure,
although doses required to cause these effects are
relatively high (i.e. in excess of 500 mGy-y™'). The major
contributor to the dose in the Lake Harbour herd is alpha-
emitter 2'°Po, a nuclide which is known to accumulate
on the endosteal (inner) surface of the bone in caribou
(Salmon et al. 1995). This results in slightly higher doses
to marrow than expected from deposition in the matrix
of the bone. Metals such as chromium and nickel are
also known to produce genotoxic effects and may add
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Table 1. Morphometric measurements for female caribou collected at Kugluktuk in March 1998. Tissues from each animal were analysed for metals,
radionuclides, indicators of kidney function and genetic analysis. NR - not recorded.

Sample ID Sex Body Dressed Weight Body Length Chest Girth Back Fat Thickness
(ka) (cm) (cm) (mm)
K9802 Female 41.7 163 130 15
K9803 Female 38.6 176 110 18
K9805 Female NR 173 118.5 18
K9812 Female 36.3 165.5 116 0
K9813 Female NR ©178.5 123.5 NR
K9814 Female NR 150 104 Trace
K9815 Female NR 170.5 119.5 10
K9818 Female NR 162 107 Trace
K9820 Female NR 152.5 112 0
K9821 . Female NR 166 105.6 0
K9827 Female NR 170 117 3
K9830 Female NR 142 110.5 1
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to the damage to genetic material caused by radiation.

This study will conduct a range of biological tests on
tissue of caribou from two herds to determine if there
are differences in the tissue function which can be related
to known chemical stressors. The study will also confirm
earlier results of elevated levels of radionuclides and
metals in the Kimmirut herd. The biological tests will
include the histological examination of kidney, in addition
to tests of kidney function, and measurement of
metallothionein levels in relation to metals such as
cadmium and mercury. The study will provide an overall
assessment of the health of the caribou in the two herds
relative to the amount of metals and radionuclides
present and develop hypotheses regarding the potential
effects of exposure in the more highly exposed herd.

ACTIVITIES IN 1998/99

Field Sampling

In 1997/98, field collections were conducted in
cooperation with the Kugluktuk Hunters’ and Trappers’
Organization, utilizing local hunters in planning and
conducting the field work. Twenty caribou were collected
from the Bluenose caribou herd at Hope Lake,
approximately 100 km south of Kugluktuk, in March
1998. Sex, body condition and other biological and
morphometric data were collected (Table 1), and a
central incisor removed for aging by cementum analysis.
Liver, kidney, muscie and bone samples were collected
for metal and radionuclide analysis. Blood (buffy coat),
spleen and bone marrow were collected for genetic
analysis. Urine samples were collected from most
animals for urinary 2 microglobulin and urea/creatinine.
Blood and tissue samples were collected for general
health and disease assessment. Upon completion of the
field collection, the caribou meat from the collection was
provided to the community for local use.

Twenty caribou were collected in March 1999 from the
Lake Harbour herd. The same set of samples that were
collected from the Bluenose caribou herd in 1998 (i.e.
liver, kidney, urine, blood and spleen) were collected
from the Lake Harbour herd and have been submitted
for analysis.

Metals were analysed by ICP/MS, following digestion
with nitric acid, by Envirotest Laboratories in Edmonton,
AB. These laboratories are CAEAL accredited. QA/QC
of the analyses included blanks, spiked samples,
reference materials (DORT) and duplicates. A detailed
description of the radionuclide analysis is given in
Macdonald et al. (1996). Gamma-emitting radionuclides
("*"Cs, “°K, ?*Ra, ?'°Pb, #2Th) were analysed using a p-
type well detector in tissue ashed at approximately
500°C. Polonium-210 was analysed by alpha
spectrometry using a ?°°Po tracer, after plating onto silver

discs. The 2'°Po concentration at the time of sampling
was calculated as the sum of the supported fraction
(?"°Pb concentration) and the unsupported fraction,
corrected for decay from counting date to plating date.
QA/QC procedures included the use of standard
radiation sources, duplicates and blanks.

RESULTS

Metal concentrations in the Kugluktuk caribou are
reported in Table 2. Eight metals, listed in Table 2 with
the detection limits, were below detection limits in all
samples. The results closely correspond with other
surveys of metal levels in caribou and indicate that
metals with known effects in mammals (i.e. Hg and Cd)
are relatively low in this herd relative to herds in the
Yukon and in western NWT. These data confirm the use
of this herd for comparison to the Lake Harbour herd
which had high levels of both metals and radionuclides
in the 1992 survey (Elkin and Bethke 1995). Tissues
from the Kimmirut herd are presently being analysed.

The concentrations of radionuclides (Table 3) in the
tissues of the Bluenose herd are very close to the levels
reported by Macdonald et al. (1996) for the same herd
in 1993. The highest dose to the animals is from the
naturally occurring 2'°Po, which ranges from mean
values (x standard deviation) of 145 + 99.3 Bg-kg™ in
bone to 290 + 76.4 Bqg-kg™ in liver. These levels are
much lower than those in the Lake Harbour herd in 1993.
The "¥Cs concentration is highest in the kidney but,
overall, the concentration is much lower than in central
and eastern Arctic herds. This herd was chosen for
comparison with the Lake Harbour herd because the
previous survey indicated relatively low levels of
radionuclides in this herd and these data support this
conclusion.

Analysis for indicators of kidney function and histological
examination of kidney tissue from tissues in the two
herds is ongoing. Similarly, kidney tissue is being
analysed for metallothionein, in relation to metal levels
from the two herds. Samples of spleen, marrow and the
blood buffy coat were collected from both herds and
stored at Texas A&M (Dr. John Bickham) in —80°C
freezers and are presently being analysed by flow
cytometric analysis under blind conditions. The
technique has been used successfully to show increased
genetic damage in mammals at sites with mixed wastes
in the US, and in birds and turtles exposed to radiation
at sites contaminated with radionuclides. Depending on
the availability of tissue, other population indicators used
for indicating genetic damage will also be analysed in
the three tissues from the two herds. The data and
statistical analyses of these tests will be available by
March 2000.

99



Synopsis Of Research Under the 1998/99 Northern Contaminants Program

Table 2. The mean concentration of metallic elements in caribou tissues in the Bluenose herd near Kugluktuk,
Nunavut collected in March 1998. The same tissues were collected from the Lake Harbour herd in
March 1999 for comparison. The following metals were below detection limits (in brackets) in all
samples: antimony (0.04 mg-kg™* dry weight (wt.)), arsenic (0.2 mg-kg-' dry wt.), beryllium (0.2
mg-kg™ dry wt.), boron (2 mg-kg™ dry wt.), chromium (0.2 mg-kg-! dry wt.), thallium (0.04 mg-kg™* dry
wt.), vanadium (0.2 mg-kg dry wt.). NA - not analysed.

Liver Kidney Spleen Bone

Metal Mean SD Mean SD Mean SD Mean SD
Al 0.83 0.13 0.85 0.12 0.96 048 - 2460 35.51
Ba 0.24 0.10 1.09 0.49 0.73 0.42 347.80 53.39
Cd 1.04 0.54 4.03 3.37 <0.08 <2

Ca 40.2 6.4 123.0 58.1 48.40 7.09 218000 6285
Co 0.07 0.03 <0.08 <0.08 <2

Cu 425 17.0 4,99 1.69 0.70 0.07 <2

Fe 362 176 49 13 154 21 809 69
Pb 0.13 0.06 0.07 0.02 <0.04 <0.8

Mg 191 11 170 13 150 20 3926.0 331.7
Mn 5.48 0.72 2.71 0.93 0.24 0.03 0.90 0.29
Mo 0.64 0.14 0.11 0.05 <0.04 <0.8

Ni < 0.08 <0.08 <0.08 8.60 2.51
P 5632 458 3953 569 2702 613 115600 8019
K 3044 147 2784 307 3398 273 231 23
Se 0.28 0.05 0.67 0.21 <0.2 <4

Ag 0.13 0.10 < 0.08 <0.08 <2

Na 656 75 1341 115 998 165 5502 280
Sr <0.04 <0.04 <0.04 69.48 6.46
Sn 3.46 0.34 3.74 0.28 3.63 0.34 3.00 0.00
Zn 32 6 23.19  5.83 29.54 241 91.00 5.83
Hg 0.15 0.05 0.47 0.23 NA NA
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Table 3. Radionuclide concentrations (Bq-kg™" wet weight) in kidney, liver and a subset of bone samples as
determined by gamma and alpha spectrometry (*"Po).

Sample ID Fraction Fraction “K ¥7Cs 21°pp 22Th 25Ra 21°po
Dry wt. Ash wt.
KIDNEY
K9802-K 0.22 0.81 163 61 50 <2 <2 166
K9803-K 0.22 0.74 176 60 55 <1 <1 187
K9805-K 0.22 1.06 153 72 37 0.66 <1 165
K9812-K 0.20 0.72 169 68 44 <2 <1 266
K9813-K 0.24 1.41 168 73 52 0.68 <1 293
K9814-K 0.20 0.67 185 95 66 0.96 <2 322
K9815-K 0.20 0.84 158 55 34 <1 <1 199
K9818-K 0.21 0.84 158 48 60 0.52 <1 266
K9820-K 0.20 0.81 147 70 40 <2 <1 287
K9821-K 0.24 0.94 190 147 62 1.33 0.91 249
K9827-K 0.19 0.74 171 283 86 <2 <1 181
K9830-K 0.23 0.88 196 159 90 <2 <1 286
Average 0.21 0.87 170 99 56 <2 <1 239
St. Dev. 0.02 0.20 15 68 18 55.9
LIVER
K9802-L 0.29 1.84 147 22.1 87 0.38 <0.5 213
K9803-L 0.31 1.80 153 20.7 230 <0.5 <0.5 448
K9805-L 0.31 1.37 173 27.1 97 <0.5 <0.5 237
K9812-L 0.30 1.39 187 34.7 79 0.32 <0.5 226
K9813-L 0.30 177 149 24.9 84 0.25 <0.5 207
K9814-L 0.31 1.31 195 51.4 99 0.41 <0.5 284
K9815-L 0.31 1.46 190 23.5 155 0.32 0.30 303
K9818-L 0.31 1.34 175 25.1 102 0.41 <0.5 257
K9820-L 0.29 1.44 202 38.4 102 0.33 <0.5 258
K9821-L 0.28 1.21 174 61.7 100 0.32 <0.5 366
K9827-L 0.29 1.41 181 128.6 135 <1 <1 289
K9830-L 0.31 1.29 191 60.6 149 0.93 0.47 397
Average 0.30 1.47 176 43 118 0.39 <0.5 290
St. Dev. 0.01 0.21 18 31 43 0.19 76.4
BONE
K9802 0.82 32.38 <0.7 2.6 552 5.2 5.8 151
K9805 0.89 29.70 <0.7 544 5.8 9.7 227
K9812 0.86 33.51 <0.7 3.1 501 4.9 14.8 138
K9813 0.89 40.48 143 2.6 667 9.1 20.8 353
K9814 0.87 38.97 <0.7 4.9 438 10.4 19.0 160
K9815 0.89 28.89 <0.7 499 8.4 6.5 30
K9821 0.87 33.67 36 4.3 512 4.3 16.4 38
K9827 0.88 32.94 <0.7 8.2 619 9.4 11.9 128
K9830 0.88 30.95 18 5.1 525 5.1 12.7 83
Average 0.88 33.50 <0.7 4.38 540 6.95 13.05 145
St. Dev. 0.01 3.91 1.97 68 2.35 5.22 99.3
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DISCUSSION

The first phase of this project, which included the
collection and analyse of tissues from the Bluenose herd
near Kugluktuk has been completed, although the
detailed analysis of tissues for indicators of biological
effects is ongoing. Tissues were coliected from the Lake
Harbour herd in 1999 and are currently being analysed.
The project is expected to be completed by March 2000.
Most analyses are being conducted for both herds at
the same time and will be available for reporting in 2000/
2001.

Expected Project Completion Date: March 2000.
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AN INVESTIGATION OF FACTORS AFFECTING HIGH MERCURY CONCENTRATIONS
IN PREDATORY FISH IN THE MACKENZIE RIVER BASIN

Project Leader: Marlene Evans, National Water Research Institute (NWRI), Environment Canada,
Saskatoon; Lyle Lockhart, Freshwater Institute, Department of Fisheries and Oceans

(DFO), Winnipeg

Project Team:

OBJECTIVES

Long-term

George Low, DFO, Hay River; William Strachan, NWRI, Burlington; Gary Stern,
Freshwater Institute, DFO, Winnipeg

1. To conduct limnological studies to determine why predatory fish inhabiting some lakes in the
Mackenzie River Basin have elevated mercury levels while fish in other, apparently similar lakes,

have lower mercury levels.

2. To determine the degree to which mercury flux rates have increased in high and low mercury lakes;
to determine whether mercury flux lakes are higher in lakes in which fish have high mercury body
burdens than in iakes in which fish have lower mercury body burdens.

3. Toinvestigate whether it is possible to develop lake-specific remedial actions to reduce mercury
concentrations in harvested fish from high-mercury lakes.

4. As part of the mercury studies, to conduct limited determinations of persistent organochlorine
pollutants (POPs) concentrations in predatory fish to assess whether contaminant levels are
below human health consumption guidelines. This POPs study also would allow us to compare

mercury and organochiorine biomagnification rates.

Short-term

1. To investigate the basic limnology of Cli and Little Doctor Lakes, two high- mercury lakes,
to provide insight into the environmental factors potentially affecting mercury sources to the

lake and subsequent bioavailability within the lake.

2. To determine historic patterns in mercury flux rates to Cli Lake sediments through sediment coring studies.

DESCRIPTION

Fish are an important natural resource for communities
living in the Mackenzie River Valley. Fish have and will
continue to be important in subsistence fisheries and in
maintaining cultural values in the North (Evans and
Carpenter 1997). Moreover, there is a growing interest
in the increased use of fish for commercial purposes,
both for domestic sale and for the further development
of tourist-based sport fisheries. For these reasons, the
Department of Fisheries and Oceans (DFO) has been
working with communities in conducting stock asses-
sment studies. Stock assessment studies are designed
to provide some indication of the capacity of the fisheries
population to withstand continued and/or increased
harvesting pressures.

Mercury levels have routinely been determined in fish
as part of the DFO Inspection Service program (Jensen
etal. 1997). These studies have revealed that there are
large spatial variations in mercury concentrations in
predatory fish in the NWT, particularly in the Mackenzie
River Basin. Moreover, in many instances, mercury

levels exceed both the 0.2 pg-g”' recommended
guideline for frequent consumers of fish and 0.5 pg-g™,
the upper limit for the commercial sale of fish. For
example, mercury levels are very high in predatory fish
inhabiting Cli Lake, Little Doctor Lake, Lac a Jacques,
Turton Lake, and Lac Ste. Thérése (L. Lockhart,
unpublished data). Mercury levels reach 1.5 ug-g™” in
pike and walleye from Little Doctor Lake and 3-4 ug-g”’
in lake trout from Cli Lake. Mercury levels are lower than
in other lakes such as Lac Belot where lake trout typically
have concentrations below 0.2 ug-g”" and Great Bear
where pike and lake trout typically have mercury
concentrations less than 0.7 ug-g™. It is not known why
mercury levels are very high in predatory fish inhabiting
some lakes but not in other lakes. As a consequence, it
is not known what actions can be taken to reduce
environmental concerns related to mercury (and possibly
to other metals) in the environment.

The Northern Contaminants Program (NCP) has
recognized that high lake-to-lake variability in levels of
mercury and POPs in fish has not been adequately
explained. Furthermore, the NCP has identified the need
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for detailed studies of mercury biomagnification in
predatory fish at select study sites. Accordingly, in 1998/
1999, we began a new project investigating why
predatory fish in some lakes in the Mackenzie River
Basin have very high concentrations of mercury in their
tissue while fish in other lakes have low mercury
concentrations. This project is linked with Lockhart and
Evans’ NCP project “Mercury in fish from surveys in lakes
in the western Northwest Territories” and builds upon
previous understanding gained in contaminant bio-
magnification in Great Slave Lake and elsewhere (Evans
1997, Evans et al. 1996, 1998, Kidd ef al. 1995).
Furthermore, because these Iakes are largely unstudied,
our study is obtaining fundamental information on the
limnology and fisheries of selected high-mercury and
low-mercury lakes.

The study began with a focussed research effort on Cli
Lake (Figure 1), west of Fort Simpson and in the Nahanni
Mountain Range; Little Doctor Lake was the subject of
less intensive effort. Cli Lake was selected for focussed
study because mercury levels are very high in lake trout
muscle (Figure 2), human health advisories have been
issued regarding the consumption of lake trout from the
lake, and because a community member, Loyal Letcher,
has constructed a naturalist lodge on the lake. From a
community viewpoint, there has been a significant
financial investment in Cli Lake, including a tourist-based
sport fishery. From a scientific viewpoint, there is
sufficient infrastructure (boats, housing, electrical power,
refrigerators and freezers) for conducting scientific
studies. Mercury levels aiso are high in pike, walleye,
and lake trout in Little Doctor Lake, a few kilometers to
the south of Cli Lake; and human health advisories have
been issued regarding the consumption of walleye and
pike from Little Doctor Lake. Little Doctor Lake has
unusually red waters, making it an ideal candidate for
investigating the influence of water colour on mercury
levels in predatory fish. While there is a lodge on the
lake, it is more rustic with limited refrigeration and freezer
capacity and no electrical power.

Both Cli and Little Doctor Lake are nestled in the Nahanni
Mountain Range to the west, with flatter plains to the
east. Both lakes overlie a major fault line. It has been
hypothesized that increased flux rates of mercury to
modern sediments are, in fact, related to mercury release
and migration from deeper sediments, especially along
faultlines. There are numerous small creeks flowing into
Cli Lake while Little Doctor Lake is fed primarily by the
Sibbeston River which, in turn, drains Sibbeston Lake.
Both lakes outflow through the west through a small
embayment on the western side on the Nahanni
Mountains. As would be expected, the scenery is
spectacular and the tourist-based potential for both lakes
is immense. Thus, the lakes are likely to experience
increased development and human impact in the
upcoming years.

ACTIVITIES IN 1998/99

Field sampling was delayed until September due to
delays in funding decisions. This posed some difficulties
because the weather had begun to deteriorate. With the
onset of autumn, there had been a major die-off in
aquatic plant growth and some nearshore forage fish
may have moved<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>