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FOREWORD

This report summarizes the results of research and
monitoring studies on contaminants in northern Canada.
These studies were conducted under the auspices of
the 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 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 I.

PREFACE

Ce rapport résume les résultats de recherches portant
sur les contaminants et d’études sur la surveillance des
contaminants dans le Nord canadien. Ces études ont
été menées dans le cadre du Programme de lutte contre
les contaminants dans le Nord.

Ces projets représentent tous les aspects du probléeme
des contaminants, incluant les sources et le transport,
la contamination des écosystemes 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
résidants 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 écosystémes du Nord et
dans les régimes alimentaires des Autochtones ont
examiné ces projets afin de s’assurer qu'ils répondent
a 'ensemble des objectifs du programme Action sur les
contaminants.

Vous trouverez a I'appendice 1 une liste des ges-
tionnaires de projet.
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INTRODUCTION

The Northern Contaminants Program (NCP) was
initiated in 1991 in response to results of cooperative
studies undertaken in the mid- to late-1980s by a number
of federal departments on the issue of contaminants in
the Arctic. The studies indicated that there was wide
distribution in the Arctic ecosystem of a spectrum of
substances, many of which had no Canadian or Arctic
sources, but which were, nevertheless, reaching
unexpectedly high levels in Arctic biota. The three main
contaminant groups of concern are heavy metals,
radionuclides, and persistent organic pollutants (mainly
organochlorines). These findings were of concern,
particularly because of the potential human health
implications arising from the dependence of many
northern Native Peoples on traditionally harvested foods
and their position as high trophic level consumers. The
Program’s key objective is “to reduce and, wherever
possible, eliminate contaminants in traditionally
harvested foods while providing information that assists
informed decision-making by individuals and com-
munities in their food use”.

The NCP is directed by a management committee, which
is chaired by indian and Northern Affairs Canada, and
which includes representatives from the five northern
Aboriginal organizations (Council for Yukon First
Nations, Dene Nation, Métis Nation, Inuit Tapirisat
Canada and the Inuit Circumpolar Conference), the
Yukon and Northwest Territorial governments, and four
federal departments (Environment Canada, Fisheries
and Oceans Canada, Health Canada and Indian and
Northern Affairs Canada).

The strategic action plan for the NCP is based on an
ecosystem approach, focussing on four main categories:
i) Human Health; ii) Ecosystem Uptake and Effects; iii)
Sources, Pathways. and Fate; iv) Education and
Communication. Initiatives to promote international
control of contaminants are supported by the scientific
research. Since 1991, the NCP has provided approxi-
mately $36 million for research, in addition to supporting
the McGill Centre for Indigenous Peoples Nutrition and
Environment (CINE), and participation of Aboriginal
organizations. The NCP Aboriginal partner organizations
lead communications activities.

In 1997, the NCP completed an assessment of its first
phase (1991/92-1996/97), entitled Canadian Arctic
Contaminants Assessment Report. This report was
accompanied by a community reference manual, entitled
Highlights of the Canadian Arctic Contaminants
Assessment Report. Research during the first phase of
the NCP enabled us to establish a number of important

points: 1) the majority of contaminants detected in the
biotic and abiotic environment of the Arctic are derived .
from sources outside the Arctic and outside Canada; 2)
the atmosphere plays a major role in the transport of
contaminants to the north; and, 3) measurable and often
significant levels of a number of contaminants occur in
a wide range of important traditionally harvested food
species, as well as in other ecosystem components.

. The next phase of the NCP will focus on developing

effective community dialogue and carrying out more
research on human health. In addition, emphasis will
be placed on reducing source inputs of contaminants
through working towards international agreements on
emissions controls.

Due to the transboundary nature of the issue of
contaminants in the Arctic food chain, Canada is
pursuing international initiatives for control of these
substances, with the scientific evidence generated by
the NCP providing substantiation for our concerns and
calls for action. The main fora in which Canada plays a
leadership role, and to which data generated by the NCP
provide a strong contribution are: the Arctic Council’s
Arctic Monitoring and Assessment Programme (AMAP);
the United Nations Economic Commission for Europe’s
(UN ECE) Protocols on Persistent Organic Pollutants
and Heavy Metals; and the United Nations Environment
Programme’s (UNEP) global initiative to negotiate a
legally binding instrument on POPs.

This report provides a summary of the research and
activities funded by the Northern Contaminants Program
in 1997/98. This was an interim year between phases
one and two of the NCP, funded solely by Indian and
Northern Affairs Canada. Long-term Program funding
was procured in January 1998 to continue the program
for a five-year period (1998/99-2002/03).
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NORTHERN CONTAMINANTS AIR MONITORING: A KEY ELEMENT OF
NORTHERN CONTAMINANT PATHWAYS STUDIES

Project Leader:

L. Barrie, Atmospheric Environment Service

Project Team: T. Bidleman (AES); B. Billick (FWI); K. Brice (AES); D. Dougherty (CP);
P. Fellin (CP); B. Grift (FWI); C. Halsall (U. Lancaster); L. Lockhart (FWI);
D. Muir (DOE); D. Toom-Sauntry (AES); G. Stern (FWI),

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 toxics 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 AMAP at Alert NWT (operation since 1992) in
parallel with a western Russian arctic station funded by External Affairs Canada.

REPORT

Since January 1992, measurements of persistent
organic pollutants including herbicides, pesticides,
synthetic industrial compounds and polycyclic aromatic
hydrocarbons (PAHs) have been made on a weekly
basis in the Canadian and Russian Arctic (Figure 1).

METHODOLOGY

A hi-volume air sampler placed at: Alert, NWT (82.5 N,
62.3W); Tagish, Yukon (60.3 N, 134.2 W); C. Dorset,
Baffin Island and at the mouth of the Lena River on Dunai
Island in Russia- was used to collect particulate and
gaseous fractions of these airborne pollutants on filters
and foam plugs. They were subsequently extracted in
organic solvents and analysed at the Fresh Water
Institute for more than 80 organochlorines and for 20
PAHSs by gas chromatographic techniques. The sampling
schedule is shown in Table 1.

Quality controlled data sets for the northern con-
taminants air monitoring program now extend into 1996,
allowing for a detailed look at temporal trends occurring
in the arctic atmosphere. To examine contaminant
behaviour over annual cycles will give greater
understanding to the behaviour of the compound(s) in

question and also allow the effects of seasonal
temperature fluctuations, long range transport or even
periods of pesticide usage to be examined.

ACCOMPLISHMENTS

Assessments

A major part of our effort can be seen in contributions to
the major assessment by the Northern Contaminants
Program™ and to various chapters of the AMAP
assessment report.

*L. Barrie, R. Macdonald, T. Bidleman, M. Diamond, D.
Gregor, R. Semkin, W. Strachan, M. Alaee, S. Backus,
M. Bewers, C. Halsall, C. Gobeil, J. Hoff, A. Li, L.
Lockhart, D. Mackay, D. Muir, J. Pudykiewicz, K. Reimer,
J. Smith, G. Stern, W. Schroeder, R. Wagemann, F.
Wania, M. Yunker. 1997, Sources, Occurrence And
Pathways, Chapter 2, p. 25-182, in Shearer, R. (Ed),
Canadian Arctic Contaminants Assessment Report,
Indian and Northern Affairs Canada, Ottawa, 460 pp.

This assessment document has contributed substantially
to Canada’s policy on international controls on persistent
organic pollutants. It will be submitted to Sci. of the Tot.
Environ. as a follow-up to an earlier review paper.
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L. Barrie

Table 1. The sampling schedule past, present and future for northern contaminants air measurements.

SITE 1992 1993 1994 1995

ALERT

|<

1996

1997 1998 1999 2000 2001

o

TAGISH

< >|

<

DUNAY I. >|

C. DORSET <

>

W. RUSSIA

>|<

< >

Publications

The foundation of the above assessments has been the
numerous publications documenting the measurement
program and highlighting some of the exciting new
discoveries that a continuous set of observations of this
sort inevitably leads to if sufficient effort is made to
analyse and interpret the data:

1. Barrie, L. A., T. Bidleman, D. Dougherty, P. Fellin,
N. Grift, D. Muir, B. Rosenberg, G. Stern and D.
Toom, 1993, Atmospheric toxaphene in the high
Arctic, Chemosphere, 27, 2037-2046.

Fellin, P., L. Barrie, D. Dougherty, D. Muir, N. Grift,
L. Lockhart and B. Billeck, 1993, Air monitoring at
Alert: results for 1992 for organochlorines and
PAHSs Proc. In Symp. “Ecological Effects of Arctic
Airborne Contaminants”, October 4-8, Reykjavik,
Iceland, Eds. Christie and Martin, USA CRREL
Rep. 93-23.

Fellin, P. et al. Technical and Operating Manual
for The Canadian Arctic Air Toxics Network,
Concord Environment Report, J3034.

Bailey, R., L. Barrie, D. Dougherty, P. Fellin,

B. Grift, D. Muir, and D. Toom, 1994, Preliminary
measurements of PCCs in air at Tagish Yukon,
Proceedings of the Yukon Contaminants Com-
mittee Workshop, Feb 1994, Whitehorse Yukon.
Fellin, P., D. Friel, and D. Dougherty, Technical
and Operating Manual for The Canadian Arctic

Air Toxics Network, Concord Environment Report,
J3034

Bidleman, T.F., L.M. Jantunen, R.L. Falconer, and
L.A. Barrie, 1995, Geophys. Res. Lett. 22, 219-
222.

Fellin, P., L.A. Barrie, D. Dougherty, D. Toom, D.
Muir, B. Grift, L. Lockhart, and B. Billeck, 1996, Air
monitoring in the Arctic: Selected results for
organochlorine and PAH compounds for 1992,
Envir. Toxicol. & Chemistry, 15, 253-261.

Barrie, L.A., 1996, Occurrence and trends of
pollution in the Arctic troposphere, in “Chemical
Exchange Between the Atmosphere and Polar
Snow”, eds. Wolff and Bales, NATO ASI Series I:
Global Environmental Change, 43, 93-130.

Stern, G.A., C.J. Halsall, L.A. Barrie, D.C.G. Muir,
P. Fellin, B. Rosenberg, F. Ya. Rovinsky, E. Ya.
Kononov and B. Pastuhov, 1997, Polychlorinated
biphenyls in arctic air, 1. Temporal and spatial
trends: 1992-1994. Envir. Sci. Techn., 31, 3619-
3628.

Halsall, C.J., L.A. Barrie, P. Fellin, D.C.G. Muir,
B.N. Billeck, L. Lockhart, F. Ya Rovinsky, E. Ya.
Kononov, and B. Pastuhov. 1997, Spatial and
temporal variation of polycyclic aromatic hydro-
carbons in the Arctic atmosphere, Envir. Sci.
Techn., 31, 3593-3599.

Halsall, C.J. R. Bailey, G.A. Stern, L.A. Barrie,

P. Fellin, D.C.G. Muir, F. Ya. Rovinsky, E. Ya.
Kononov, and B. Pastuhov, 1997, Organo-
halogen pesticides in the arctic atmosphere,
Environmental Pollution, submitted.

Harner, T., H. Kylin, T.F. Bidleman, C, Halsall,
W.M.J. Strachan, L.A. Barrie, and P. Fellin, 1998,
Polychlorinated napthalenes and coplanar bi-
phenyls in arctic air, Envir. Sci. & Tech., in press.
Bailey, R., L.A. Barrie, C. J. Halsall, P. Fellin, G. A
Stern, C.G. Muir, B. Rosenberg., 1998, Evidence
of the importance of long-range atmospheric
transport of organochlorines to Tagish, Yukon,
Canada, Envir. Sci and Tech., to be submitted
autumn 1998.

10.

1.

12.

18.

Presentations

Another important aspect of research is the com-
munication of results in technical as well as public fora.
This effort has been well represented as indicated by
the following list which highlights a few of these.

1. Fellin, P., L. Barrie, D. Dougherty, D. Muir, N. Grift,
L. Lockhart and B. Billeck, 1993, Air monitoring at
Alert: results for 1992 for organochlorines and
PAHSs, poster presentation at Symp. On “Ecolo-
gical Effects of Arctic Airborne Contaminants”,
October 4-8, Reykjavik, Iceland, Eds. Christie and
Martin, USA CRREL Rep. 93-23.

2. Barrie, L., Atmospheric toxaphene measurements

11
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in the Canadian Arctic, February 1993, Toxaphene
Workshop hosted by Bidleman and Muir.

Barrie, L., Contaminants monitoring in the Arctic,
October, 1993, Atmospheric Environment Service
seminar, Downsview.

Barrie, L., Arctic contaminants pathways occur-
rence and effects, October 1993. Invited Seminar,
Dept. of Chemical Engineering, University of
Toronto.

Barrie, L., Contaminants monitoring in the Arctic,
November 1993, Winnipeg, AES Northern Con-
taminants Workshop.

Bailey, R., Toxaphene and air pathways to
Tagish, January 1993, Yukon Contaminants
Workshop, Whitehorse.

Barrie, L, Contaminants monitoring in the Arctic,
November 1995, Winnipeg, Northern
Contaminants Workshop.

Barrie, L, Contaminants monitoring in the Arctic,
January 1996, Calgary, Northern Contaminants
Workshop.

Barrie, L and C. Halsall, Contaminants monitoring
in the Arctic, January 1997, Victoria, Calgary,
Northern Contaminants Workshop.

10. Halsall, C. et al. paper and three posters at

Alert

January 1998, Calgary, Northern Contaminants
Workshop.

L. Barrie, Invited lecture on Is Air Pollution
Changing The Northern Environment? Trent
University, series on “The Arctic Environment
Landscape Under Pressure, a public forum.

ji

RESULTS: SELECTED HIGHLIGHTS

Polycyclic Aromatic Hydrocarbons

Two years of total PAH observations at three locations
(Figure 2) show a strong seasonality with widespread
elevated concentrations in the winter months of
December, January and February. AtAlertin 1993 there
are indications of local contamination due to demolition
of buildings by burning . At Tagish in 1993 the summer
per peaks are related to forest fires in the Yukon and
northern B.C.

Annual mean concentrations in 1993 of selected
organochlorine compounds are displayed in Figure 2.
Included are levels reported from a Norwegian study at
Ny Alesund (Figure 1). Spatially, the annual
concentrations at the various sites do not show
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Figure 2.

Observed time series of total PAH in the Arctic at selected northern contaminant sites (Halsall et al. 1998).
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from the study of Oehme et al. (1996).
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remarkable differences, indicating a degree of uniformity
in contamination of the arctic atmosphere. Note,
however, that the y-axis is a log scale, significant
variations can be seen in the levels of the chloro-
veratroles, these being metabolites of chlorinated
catechols released in bleached kraft mill effluent
(Brownlee et al. 1993). Higher levels of the chloro-
veratroles in the Tagish atmosphere may be indicative
of the wood pulp industry located in northwestern
Canada.

In order of abundance, the chlordanes, endosulfan and
pentachloroanisole (PCA) displayed mean annual
concentrations typically below 10 pg/m?, while levels of
p,p-DDT and p,p-DDE were observed at much lower
concentrations, with annual mean concentrations <1 pg/
m3. Similarly, levels of methoxychlor and trifluralin, the
latter being a widely used fluorinated herbicide (Key et
al. 1997), were found at extremely low levels, usually in
the sub-picogram range and often on or below the limits
of detection. However, for trifluralin, a concentration of
3 pg/m?® was observed at Tagish during the sample week
of Dec 1-8, 1994 indicating an episodic input probably
associated with a long range transport (LRT) event.

Pesticide ratios

Ratios of o-HCH to y-HCH which are typically around 1
in northern Europe are >6 at Alert. Levels of a-HCH were
consistently higher than y-HCH in the arctic atmosphere
due to: a) the photo-transformation of y-HCH to a-HCH
(Oehme and Mano 1984, Hargrave et al. 1988),
indicative of the remoteness of the arctic, and b) the
past/present use of technical-HCH, which comprises
~70% o-HCH (Li et al. 1996, Haugen et al. in press).
During April, May and early June, however, the ratio of
o-HCH to y-HCH declined in the high Arctic (Alert) from
a winter ratio of >8. Figure 4 shows the annual trend for
the combined sample years of 1993 and 1994 for both
Alert and Tagish. A spring decline is clearly evident at
Alert, however at Tagish the pattern is not as well
defined. This may reflect the influence that the European
region has on the high Arctic, where usage of lindane is
approximately an order of magnitude higher than in
Canada and the US (Li et al. 1996). Secondly, an
increase of the ratio during the warmer months at Alert,
may be the result of decreased ice cover over the Arctic
Ocean, whereby re-volatilization of previously deposited
HCH may influence the overlying atmosphere. Dif-
ferential air-sea transfer rates between o~ and y-HCH
may favour this observed increase in the ratio during
the summer. The water/air fugacity (f,/f,) ratio for o-HCH
has been calculated to be significantly greater than that
of y-HCH in the Bering and Chukchi seas (Jantunen and
Bidleman, 1995. A similar summer increase in the ratio
was also observed in the atmosphere of Ny Alesund
(Oehme et al. 1996).
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OBJECTIVES

1. Plan activities for an integrated study of the Canadian Archipelago.

2. Complete analytical work for air and water samples from the eastern Arctic, 1996.

3. Complete determ:nation of Henry’s law constants for toxaphene.

4. Complete synthesis and publication of results from NCP Phase |I.

5. Begin a study of coplanar PCBs and polychloronaphthalenes (PCNs) in arctic air.

DESCRIPTION

During the "ldeas Workshop" in Yellowknife (Nov. 1996)
and the ensuing Results Workshop in Sydney (Jan. 1997),
discussions were held to determine the future direction
of research in NCP |I. It became clear that future projects
would need to be more integrated than in the past and
would require development of central themes involving a
multi-investigator approach. One suggested theme was
an investigation of the physical, chemical and biological
relationships that control key contaminants in the
Canadian Archipelago.

Additional time was needed to complete ongoing work
from NCP Phase | and prepare the results for publication.
These studies includec analysis of samples from the 1996
Oden expedition to the Barents Sea and eastern Arctic
Ocean and finalizing the details of Henry’s law constant
determinations for toxaphene.

Funding was received at mid-year to begin a new project
on “new” chemicals in arctic air. The chemicals are so
designated because they are currently used as pesticides
or industrial compounds, or because they have not been
sought for in air samples. Two substances were seiected,
coplanar PCBs and polychlorinated naphthalenes
(PCNs). Both include compounds that have dioxin-like
activity.

ACTIVITIES IN 1997/98

Archipelago Workshop

A workshop on the “Archipelago Project” was held in
Igaluit, July 25-28, 1997, co-chaired by Terry Bidleman
(AES), Robie Macdonald (Institute of Ocean Sciences)
and Violet Ford (Inuit Circumpolar Conference) and a
report (Meakin et al. 1997) has been distributed to all
participants. The workshop included 34 participants from
government, university and aboriginal organizations (32
from Canada, one from the U.S. and one from Sweden)
and two rapporteurs. The workshop began with overviews
presented on contaminant transport in the Archipelago,
food chain accumulation, and the role of tradition
ecological knowledge (TEK) in community involvement
and the scientific process. Discussions of data gaps,
research needs and ideas for the Archipelago Project
followed. Key recommendations of the workshop were:

« A community-based workshop should be held in
Resolute Bay to initiate a working partnership between
the communities and scientists regarding the
Archipelago Project. Specific objectives of the
workshop would be to establish a co-management
approach between communities and scientists,
develop communication strategies, develop further the
knowledge and capacity of communities regarding the
issue of contaminants in the Archipelago region and
aid scientists in understanding how TEK can
complement, direct and impact areas of research.
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« The Archipelago Project should be structured as an
integrated study with the following components:

a) A “vertical” study is proposed for the Resolute
Bay area, which considers contaminant input from
the atmosphere and ocean and transfer through
abiotic and biotic compartments. Essential com-
ponents of this study are investigating the behaviour
of the system during the critical period of peak runoff
and productivity arourd mid-summer, and developing
physical and biological models to describe the ex-
change and trophic transfer processes and to predict
future trends in contaminant levels of country foods.

b) A “horizontal” study is proposed in which
representative Archipelago locations are selected for
monitoring spatial and temporal trends in con-
taminants. It was felt that this component of the study
should “piggy-back” on the CINE Five-Year Food
Survey wherever feasible.

+ Searches should be rmade for a broader range of
contaminants in the Arcrtic environment to include “new
generation” pesticides and industrial com-pounds
which are not being monitored at present. This effort
supports international control objectives regarding
persistent chemicals.

» TheArchipelago Project should establish linkages with
other proposed projects such as the Northwater
Polynya Program (NOW), Joint Ocean Ice Study
(JOIS), Surface Heat Budget of the Arctic Ocean
(SHEBA) and the Swedish expedition Tundra-99.

Other Activities

Analysis of air and water samples from the Oden cruise
was completed for HCHs. Air samples from this cruise
and archived samples from atmospheric monitoring
stations at Alert and Dunai Island were analysed for
coplanar PCBs and PCNs. Papers based on these studies
were presented at the Dioxin-98 meeting in Stockholm
(Harner et al. 1998a,b) and details of the sampling and
analytical methodology are given therein. A manuscript
which summarizes the spatial trends of OC pesticides in
water from the western Arctic Ocean, based on the 1994
Arctic Oceans Section (AOS) cruise, was recently
accepted for publication (Jantunen and Bidieman 1998a).
Final results for the Henry's law constants for toxaphene
and HCHs have been obtained and are being prepared
for publication.

In collaboration with Ross Norstrom and Rob Letcher,
we have investigated the occurrence of pesticide
enantiomers and PCB methyl sulfone atropisomers in
Arctic biota. Details are given in a Dioxin-98 abstract
(Wiberg et al. 1998a) and a publication (Wiberg et al.
1998b).

RESULTS

PCNs and Coplanar PCBs in Arctic Air

A total of 34 air samples was collected on a cruise of
the eastern Arctic Ocean (Figure 1) using a high volume
train consisting of a glass fiber filter (GFF) followed by
two polyurethane foam plugs (PUF). At Alert and Dunai,
weekly samples were collected which represented an
air volume of about 11400 m3. For this study, we were
able to obtain a limited set of archived weekly PUF and
GFF extracts representing approximately 2500 m? (Alert)
and 3000 m® (Dunai) air. Samples were extracted with
organic solvents and subjected to cleanup and
fractionation steps to isolate the coplanar PCBs and
PCNs from the multi-ortho PCBs and chlorinated
pesticides. Prior to extraction, PUF plugs were fortified
with a surrogate mixture containing *C,,-labelled
coplanar PCBs. Recoveries of these surrogates were
used to correct for losses of the coplanars during sample
workup. To correct for PCN and mono-/multi-ortho PCB
losses, four clean PUFs were spiked with Halowax 1014
(a commerciai mixture of 2-Cl to 8-Cl PCNs) and a PCB
mixture containing 56 congeners. PCNs were quantified
against Halowax 1014 by GC - negative ion mass
spectrometry (GC-NIMS), using individual response
factors for congeners or congener pairs based on their
percentages in the Halowax mixture. Multi-ortho PCBs
in Oden-96 samples were quantified using a Hewlett
Packard GC equipped with an electron capture detector
(GC-ECD) against a mixture of 56 individual congeners.
Coplanars in Oden, Dunai and Alert samples were
quantified by GC-NIMS. Analytical details are presented
by Harner and Bidleman (1997, 1998) and Harner et al.
(1998a).

Concentrations of XPCNs (pg/m?®) averaged 40 (n=2)
for the Barents Sea, 11.6 + 3.2 (n=10) for the eastern
Arctic, and 7.1 (n=2) for the Norwegian Sea. Values at
the land-based monitoring stations were: Alert = 3.5 +
2.7 (n=5) and Dunai Island = 0.84 + 0.47 (n=3) (pg/m?®).
ZPCNs from the eastern Arctic Ocean and the land-
based stations are approximately an order of magnitude
lower than levels found in Chicago during the winter (68
pg m*) (Harner and Bidleman 1997). The arctic samples
have a homologue mass distribution dominated by the
lighter (3 and 4-Cl) congeners (Figure 1). This may be
due to preferential volatilization of the lighter PCN
congeners, i.e. global fractionation, or to different source
signatures.

Concentrations of ZPCBs (~86 congeners) at Alert and
Dunai during May - August were taken from Stern et al.
(1997), and measured in this work for Oden-96 samples
(~25 congeners). Adjustment for the different number
of congeners quantified was made when comparing
results. Mean concentrations of ZPCBs in the Barents
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Sea (126 pg/m3) were ~3.5 times greater than those
found at Alert (38 pg/m?®) and Dunai (30 pg/m3) during
the warm months in 1993-1994, while levels in the
eastern Arctic Ocean (Oden-96, 37 pg/m?®) were in good
agreement. Average concentrations of coplanar PCBs
(fg/m®) were: Barents Sea = 347 (PCB 77) and 5.0 (PCB
126), eastern Arctic Ocean =51 (PCB 77) and 1.3 (PCB
126), Alert=12 (PCB 77) and 2.4 (PCB 126), and Dunai
= 32 (PCB 77) and 2.5 (PCB 126). The proportion of
coplanar PCBs to ZPCBs in air samples was within the
range reported for Aroclor and Clophen commercial
mixtures.

TCDD toxic equivalents (TEQs) for coplanar PCB 77
and 126, mono-ortho congeners 105, 114, 118 and 156,
and PCNs 63, 66/67. 69, and 73 were calculated by
multiplying the air concentrations of the particular
compounds by their toxic equivalent factor (TEFs). The
relative TEQ contributions for non- and mono-ortho
PCBs and dioxin-like PCNs are summarized in Figure
2. In most cases the highest TEQ contribution is
attributed to the coplanar PCBs, mostly congener 126.
The PCNs also make an important contribution -
accounting for 13-67% of the TEQ at the Arctic sites
and ~30% in Chicago.

Concentrations and Gas Exchange of HCHs in the
Eastern Arctic Ocean

Air and water samples were collected aboard the
Swedish icebreaker Oden during July—September, 1996
(Figure 3). Air samples of ~600 m® were drawn over 24
h through a glass fibre filter followed by a PUF trap.
Water samples were collected with a submersible pump
lowered ~3 m below the water into 20-L stainless steel
cans. HCHs were extracted by pressurizing the cans
and filtering the water through 47-mm diameter glass
fibre filters followed by 200-mg Isolute Env+ cartridges.
Samples were fortified with o-HCH-d, as a recovery
surrogate. After extraction and cleanup, HCHs and the
enantiomers of o-HCH were determined by capillary GC
- NIMS. Further details of sample cleanup and analytical
methods are given by Harner et al. (1998b).

Blanks for Env+ cartridges (n=3) and PUF plugs (n=6)
showed no detectable HCHs, and therefore no blank
correction was applied. The estimated instrumental
detection limit was 0.2 pg, the lowest quantity of HCHs
injected which gave 2 2:1 signal/noise ratio. Recovery
checks were done using undeuterated HCHs to
supplement the o-HCH-dg surrogate experiments.
Average recoveries (4 s.d.) for water samples were: o-
HCH =64 + 13% (n = 5), y-HCH =54 + 8% (n = 5), a-
HCH-d, = 77 + 20% (n = 40). Recoveries from PUF plugs
were: 0-HCH =67 + &% (n=4), yHCH=84 +6% (n =
4), a-HCH-d, = 102 + 18% (n = 32).

Concentrations of a-HCH in air ranged from 11-68 pg/
m?® (mean = 37 pg/m?). Li et al. (1998) noted that o-HCH
in arctic air has declined in response to restrictions of
technical HCH usage in Asian countries over the last
decade. Mean values observed in recent years were 77
pg/m?® at Spitsbergen in 1993 (Oehme et al. 1996), 60
pg/m3 at Alert (NWT Canada) in 1993-94 (Halsali et al.
1998), 81 pg/m?® on a trans-arctic cruise in the summer
of 1994 (Jantunen and Bidleman 1996) and 47 pg/m?® at
Lista, southern Norway in 1995 (Haugen et al. 1998).
The latter authors noted that a-HCH at Lista has shown
a downward trend of 10 pg/m?® per year since 1991.
Levels of y-HCH in eastern arctic air are more variable
due to episodic transport of lindane from Europe which
becomes superimposed on a background of y-HCH from
technical HCH usage (Haugen et al. 1998, Oehme et
al. 1996). On the Oden cruise, y-HCH ranged from 6-68
pg/m® and averaged 17 pg/m3.

The range and (mean) concentrations of HCHs in
surface water were 350-1630 (910) pg/L o-HCH and
120-400 (270) pg/L y-HCH. These agreed well with
measurements by Strachan ef al. (1998) on the Oden-
96 cruise, who collected and analysed their samples
independently, and also with values reported by Gaul
(1992) for a 1985 survey of the Norwegian Sea. Both
HCHs increased with latitude between 74° - 88°N
(r>=0.58 and 0.69 for a- and y-HCH, respectively). A
single station at 69°N near Norway showed elevated
levels and was an outlier. Vertical profiles at four stations
indicated that concentrations at 600-1000 m were ~50%
of surface values for a-HCH and ~75% for y-HCH.
Concentrations of HCHs in eastern Arctic waters are
lower than those in the Bering-Chukchi seas (Jantunen
and Bidleman 1995) and the western Arctic Ocean
(Jantunen and Bidleman 1996, 1998, Macdonald et al.
1997).

Estimates of gas exchange were made in four zones of
similar latitudes and concentrations of HCHs in surface
water (Figure 2). Mean concentrations of 37 pg/m® o-
HCH and 17 pg/m® y-HCH in air were assumed to be
representative of the entire cruise region. Fluxes were
calculated using the two-film model with fugacity
definitions (Jantunen and Bidleman 1995, 1996) and the
Henry's law constants for artificial seawater as a function
of temperature (Kucklick et al. 1991). An average wind
speed of 5 m/s was assumed, corresponding to an air-
side mass transfer coefficient (k,) of 0.005 m/s and D,
(86400 k,/RT) = 0.19 mol/m?d Pa for T,, = 272 K. Table
1 summarizes the data, water/air fugacity ratios (f./f.)
and fluxes to a unit area of open water. Fugacity ratios
of o-HCH ranged from 0.80-1.26, close to air-water
equilibrium. Net deposition of y-HCH was indicated by
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fugacity ratios of 0.29-0.47. By comparison, a-HCH is
outgassing from the western Arctic Ocean and the
Bering-Chukchi seas, and y-HCH is close to equilibrium
(Jantunen and Bidleman 1995, 1996).

The enantiomer ratios (ER = (+)/(-)a-HCH) in surface
water ranged from 0.72-0.94 and averaged 0.87+0.06
(n=21), indicating selective degradation of (+) a-HCH.
Mean ERs (x s.d.) in the zones identified in Figure 1
and Table 1 were: A=0.91 (0.01), B =0.83 (0.03),C =
0.89 (0.04), D = 0.83 (0.09). The same metabolic
preference and similar ERs were found in the western
Arctic Ocean, but (-)a-HCH was depleted in the Bering
and Chukchi seas, which are derived from Pacific water
(Jantunen and Bidleman 1996, 1998). Enantioselective
breakdown of (+)a-HCH was greater in subsurface
water, with ERs ~0.2-0.3 at 250-1000 m, agreeing with
results from the western Arctic Ocean (Jantunen and
Bidleman 1996, 1998). The range of ERs in air samples
was 0.87-1.00, with a mean of 0.95+0.03 (n=16). This
suggests that the air sampled from the ship contained a
mixture of non-racemic «-HCH from volatilization and
racemic a-HCH transported from continental regions.

Other Results

In collaboration with Ross Norstrom and Rob Letcher,
we have investigated the occurrence of pesticide
enantiomers and PCB methyl sulfone atropisomers in
arctic biota. Details are given in a Dioxin-98 abstract
(Wiberg et al. 1998a) and a publication (Wiberg et al.
1998b).

The enantiomer ratios (ERs) of a-HCH, cis- and trans-
chlordane and other components of technical chlordane
(MC4, MC5, MC6) were close to seawater values in
pooled samples of arctic cod, collected at Resolute Bay.
This suggests little or no selective metabolism in the
transfer of these organochlorines from water to cod.
Selective metabolism of a-HCH increased in the food
chain, in the order: ringed seal blubber < ringed seal
liver < polar bear fat < polar bear liver. Chlordane
components also showed evidence of selective
metabolism in the food chain, although the relationships
did not appear as simple as for o-HCH. Non-racemic
residues of the metabolites oxychlordane and hepta-
chlor-exo-epoxide were found in ringed seal and polar
bear tissues. Apparent biomagnification factors (BMFs)
of these organochlorines differed for the two enan-
tiomers, showing the importance of selective metabolism
in governing residues in higher animals.

A method was developed for separating and determining
the two atropisomers (enantiomers) of several PCB
methyl sulfones, using gas chromatography on chiral-
phase capillary columns and two types of mass
spectrometry, low-resolution NIMS with a quadrupole
instrument and electron impact MS/MS using an ion trap
instrument. The method was applied to samples of
ringed seal blubber and polar bear liver. Evidence for
selective formation of one atropisomer was found for
the methyl sulfones of PCBs 91, 132 and 1489.

Table 1. Gas Exchange of HCHs in the Eastern Arctic Ocean.

Temp., K C,, ng/m’ H, Pa m*mol fIf, Flux®, ng/m*d
Latitude® T, T, a-HCH v~HCH Stations o-HCH vy-HCH o-HCH y-HCH a-HCH vy-HCH
73-79 A 278 275 405+53 138+24 3 0.159  0.091 0.80 0.32 -3.1 -5.1
80-87 B 272 275 736+ 123 208 +38 4 0.092  0.055 0.84 0.29 -25 -5.3
85-88 C 272 270 1030 +272 327 +41 9 0.092  0.055 1.19 0.47 2.9 -39
82-87 D 271 268 1180 +288 280 +73 4 0.084  0.051 1.26 0.37 3.9 46

* See Figure 3.
® Positive = volatilization, negasive = deposition.
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Figure 3. Cruise track of the Oden. Black circles indicate stations where water samples were collected for
HCHs. Dotted circles show groupings of stations for gas exchange estimates.
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M.L. Diamond

CONTAMINANT FATE AND TRANSPORT IN ARCTIC WATERSHEDS AND LAKES

Project Leader: M.L. Diamond, Dept. of Geography, University of Toronto

Project Team:

P. Helm, Dept. of Chemical Engineering and Applied Chemistry, University of Toronto;

R. Semkin, National Water Research Institute (NWRI), Environment Canada, Burlington;
T. Bidleman, Atmospheric Environment Service, Environment Canada, Downsview;
D.C.G. Muir, NWRI, Environment Canada, Burlington.

OBJECTIVES

1. to understand, quantitatively and qualitatively, the fate and transport of inorganic and organic
contaminants in arctic and subarctic lakes, including those compartments that act as long-term a
nd transient sinks, the response time of aquatic systems to changes in loadings, and key factors

controlling contaminant fate.

2. toinvestigate the rate and factors controlling the enantioselective degradation of a-HCH in arctic
watersheds, in the context of processes affecting overall chemical fate.

3. tounderstand factors leading to the bioaccumulation of contaminants in arctic freshwater biota.

DESCRIPTION

Watersheds and lakes are the intermediaries through
which atmospherically deposited contaminants are
transferred to freshwater and marine biota, some of
which are important components of traditional diets. Our
research has investigated understanding, qualitatively
and quantitatively, the fate of contaminants in lakes and
secondarily, within watersheds, as well as the main
processes controlling chemical fate. The ultimate
objective of the research is to improve our ability to
predict contaminant fate in arctic lakes and aquatic biota,
thereby allowing us to link the atmospheric deposition
of contaminants with concentrations in biota.

The research began with developing a simple and
general model of contaminant fate in arctic and subarctic
lakes that we applied to several systems, notably Amituk
Lake as part of the Amituk Lake project (e.g., Freitas et
al. 1997, Diamond 1994), nearby Char Lake (Freitas
1994, Freitas et al. 1997), and lakes of the southern
Yukon River basin (Diamond et al. 1996, Kawai 1995).
As part of the Amituk Lake project, we developed a
simple model of contaminant movement through an
aquatic food chain and applied it to the simple trophic
structures of Amituk and Char Lakes (Laposa et al. In
prep). From this work we concluded that arctic and
subarctic lakes act as conduits for contaminants by
exporting from 80 to 99% of loadings. These exported
loadings then move to the arctic ocean that serves as
the main sink. Despite low contaminant loadings to lakes,
fish such as arctic char can achieve high concentrations

due to their longevity and slow growth, and because
they are an important lipid/organic carbon pool in the
entire aquatic system.

The reasons for high export rates lie in the hydrology of
arctic lakes whereby most meltwater with attendant
particles and chemicals, pass through the lake without
mixing with the water column, and the fraction of
chemical that does mix with the lake remains in the water
column due to minimal particle scavenging in these
nutrient poor waters.

We have also been examining the enantioselective
degradation of a-HCH which is the most abundant
organochlorine in arctic waters. Following the work of
Falconer et al. (1995a,b), we have found that (+)a-HCH
degrades in preference to the (-) enantiomer, resulting
in enantiomer ratios (ER) substantially less than 1.0,
which is the value found in mixed air masses and snow.
By means of field and, more recently, laboratory studies,
we have been examining rates of enantioselective
degradation and factors affecting the rate (Diamond
1997).

ACTIVITIES IN 1997/98

Lake Modelling

1. We continued to develop the unsteady-state version
of whole lake model. The model will estimate year-
to-year changes in lake water and sediment
concentrations in response to changes in loadings
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and air concentrations. The model is being applied
to Amituk Lake, for the years 1992, 1993 and 1994.
The model may also be applied to Char Lake which
is limnologically well characterized and for which we
have limited organochlorine data.

2. The food chain model has been developed and is
currently undergoing testing.

Enantioselective Degradation of o-HCH

1. To explore the rate and factors effecting the rate of
enantioselective degradation, P. Helm (1) analysed
1994 Amituk Lake, stream and sediment extracts
archived by Ray Semkin (NWRI); (2) sampled the
streams of, and within the lakes Amituk, Char and
mesotrophic Meretta nearby Resolute Bay in July
1997 and 1998; and (3) used a mass balance
approach to estimate the relative importance of within
watershed versus within lake degradation. Water and
sediment extracts have been and are being analysed
for total a-HCH and enantiomer concentrations.
Water samples were also taken for nutrient analysis.

2. In July 1998, a series of controlled experiments was
run in microcosms at Polar Continental Shelf in
Resolute Bay, to test for those factors related to the
rate of enantioselective degradation. The ex-
periments consisted of spiking 4 L sediment-water
systems with low levels of racemic o-HCH and
sampling after about two weeks to determine the
magnitude of degradation. Among the factors
manipulated were sediment type and nutrient levels.
a-HCH extracts from these experiments will be
analysed this fall.

RESULTS

Enantioselective Degradation of o-HCH

The range of ER values for streams of the Amituk
watershed spanned from 1.01 in snow, indicative of a
racemic, non-degraded mixture, to 0.95-0.8 during peak
flow, to as low as 0.36 in meltwater entering Amituk Lake
late in the snowmelt season (Figure 1). The decline in
ER values was coincident with increasing temperature,
as noted by Falconer et al. (1995a,b). For Gorge and
Cave Creeks, ER values were positively related to
stream discharge and negatively related to indicators of
low flow conditions and streambed weathering (e.g.,
concentrations of Ca*?and Mg*?, alkalinity, conductivity)
(Tabie 1). These results suggest that contact with
substrates, in which are found the microbial communities
responsible for degradation, may be at least as important
in controlling degradation rates as water temperature.
Differences in ER trends in Mud Creek may be due to
basin topography that may minimize the contribution of

subsurface flow due to minimal snow accumulation and
early snowmelt.

To further investigate this hypothesis concerning the
importance of substrates, streams differing in substrate
type and biological productivity were sampled in summer
1997. The streams entering Char Lake are similar to
those of Amituk, and showed parallel trends of
decreasing ER values with increasing temperature and
indicators of streambed weathering (Helm et al. In prep.).
However, the two inlet streams of Meretta Lake provided
insight into the role of substrate productivity. Inlet 1,
which receives nutrient inputs from an upstream sewage
lagoon and has a lower discharge rate than Inlet 2, had
ER values ranging from 0.42 to 0.54, compared with
Inlet 2 which is similar to streams of Char and Amituk
Lake and had ER values of 0.73 to 0.81 (Figure 2). These
results suggest that enantioselective degradation is
promoted (not surprisingly) by chemical contact with
biologically productive matrices.

To substantiate this result, ER values were measured
at the inlet, mid-point and outlet of a wetland nearby
Resolute. ER values decreased from 0.85 in the inflow
to 0.63 in the outflow less than 500 m downstream. The
degradation of almost 20% of the (+) a-HCH enantiomer
ER over a relatively short space and time scales, strongly
supports the notion that enantioselective degradation
is a function of contact with biologically productive
substrates and can occur rapidly.

From these results we conclude that stream hydrology
is the main abiotic factor controlling the enantioselective
degradation of a-HCH through the influence of chemical-
substrate contact time, and that the presence of a
productive microbial community, necessarily supported
by adequate nutrient concentrations, is an essential
biotic factor controlling this process.

We next investigated the enantioselective degradation
of o-HCH within Amituk, Char and Meretta Lakes. We
will focus on results for Amituk Lake that are most
detailed (Figure 4). ER values at 3 m depth (maximum
lake ice thickness was 2.2 m) reflect hydrological events
occurring in the lake. ER values quickly increased to
0.9, coincident with peak flows, and then declined to
0.76 in mid-July at overturn, which is similar to that
measured at greater depths in the lake. ER values at
20 and 40 m depths increased slightly over the summer
from 0.73 and 0.66, respectively, in early June, to about
0.75 at overturn. ER values in the outflow (not shown)
were virtually identical to those at 3 m.

The pattern of ER values in the lake again indicate
hydrological control over chemical fate: as our model

24



o1

Table 1. Correlation coeficients (r? values) between o-HCH enantiomer ratios and physical and chemical characteristics of streams entering

Amituk Lake.
o-HCH

Creek Conc. Discharge Temp. Mg* Ca* Alkalinity Conductivity = DOC SS N-NO, N-NH,
Mud 0 (-) 0.06 (+) 0.43 (+) 0.31 (+)0.24 (+) 0.20 (+) 0.20 (+) 0.38 0 (-)0.12 (-) 0.1
Gorge (+) 0.61 (+) 0.35 (-) 0.67* (-) 0.84* (-) 0.51 (-) 0.80* (-) 0.73* (+)0.22 (+) 0.32 (-) 0.41 (+) 0.03
Cave (+) 0.69* (+)0.97* (-) 0.52 (-) 0.36 (-) 0.69* (-) 0.63 (-) 0.54 (+) 0.67* 0 (+)0.14 (-) 0.21
DOC - dissolved organic carbon (-) - negative correlation

SS - suspended sediment (+) - positive correlation

N-NO, - nitrate nitrogen * - significant at p < 0.05\

N-NH, - ammonia nitrogen
TP - total phosphorous
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Figure 1.  o-HCH enantiomer ratios (lines) and stream temperatures (bars) by sampling date for the Amituk Lake basin
(1994 data).
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results have shown: most chemicals pass through the
lake without mixing with the water column due to
temperature-induced density gradients. Thus, the ER
values at 3 m reflect that of the inflowing streams and
not the deeper water column. The lower ER values at
depth before ice-off suggest that enantioseiective
degradation is occurring in the lake over winter where
the water is in close contact with sediments due to lake
bathymetry and limited mixing under the ice.

Finally, we used the ER values to determine the relative
importance of in-stream and in-lake degradation.
Although ER values declined throughout snowmelt in
the streams, the greatest loadings to the lakes occurred
when ER values were relatively high. For Amituk Lake,
a mass budget indicated that approximately 6% of the
o-HCH was enantiomerically degraded prior to entering
Amituk Lake, with the greatest mass being degraded at
high flows when ER values were greater than 0.8. Less
than one third of the total mass was degraded under
low flow (and ER) conditions. A simple mass budget
calculation for the lake indicated that about 7% of a-
HCH exported from Amituk was enantiomerically
degraded. This percentage is slightly greater than the
estimated 6% enantiomerically degraded in the inflow
streams and is likely within the margin of error of the
measurements. Thus, the results suggest that most
degradation is occurring within the streams feeding the
lake, and conversely, minimal degradation occurs within
the lake. The accuracy of this comparison is being
improved by using the whole lake model that accounts
for variable mixing of the inflow with the water column
as the melt proceeds.

DISCUSSION/CONCLUSIONS

Enantioselective degradation of a-HCH occurs as a
cometabolic process with microbes using other, more
“palatable” carbon sources for nutrients and o-HCH
being degraded incidentally in the process. Degradation
is promoted by close contact of the chemical with
biologically productive substrates when stream flow is
low and water temperatures are highest. Degradation
appears to be greatest within streams, and less so within
small lakes with relatively short water retention times.
However, within lake observations tend to substantiate
the work of Alaee et al. (1997) that showed that
degradation is positively related to lake residence time
in a series of large lakes in the Yukon. Generally, these
results point to the importance of watershed and lake
hydrology for controlling the magnitude of this biological
degradation process, as well as overall chemical fate.
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BIOMAGNIFICATION OF PERSISTENT ORGANIC CONTAMINANTS IN GREAT SLAVE LAKE

Project Leader: M. S. Evans, National Hydrology Research Institute, Saskatoon, SK

Project Team:
Freshwater Institute, Winnipeg, MB

OBJECTIVES

D. Muir, National Water Research Institute, Burlington, ON; W. L. Lockhart,

1. To investigate the role of the Slave River as a source of persistent organic contaminants to Great

Slave Lake.

2. To investigate factors affecting organic contaminant contamination in fish important in community diets,
including considerations of food web biomagnification and the influence of the Slave River.
3. To respond to community concerns regarding contaminants in the environment.

DESCRIPTION

This project is based on the investigation of the influence
of the Slave River on the contaminant loading to and
biomagnification within Great Slave Lake. The study
began in 1993 with a preliminary lake survey in the
Resolution Bay-Slave River delta area and with fish
collections being made at Lutsel K'e and Fort Resolution,
primarily by community members. The last field samples
to be collected were in the Resolution Bay area in 1996.
Water, sediments, and fish were collected during these
studies. Most of the funding support for this several year
study was provided by the Northern Contaminants
Program of the Department of Indian Affairs and
Northern Development (DIAND) in Ottawa, DIAND-
Yellowknife, and the Northern River Basins Study. The
National Hydrology Research Institute (Saskatoon) of
Environment Canada provided funding and other support
as did the Freshwater Institute (Winnipeg) of Fisheries
and Oceans. Fort Resolution, with NCP-funding,
provided support to some of the 1996 studies. Fort
Resolution studies focused on concerns related to the
decommissioned Pine Point mine.

ACTIVITIES IN 1997/1998

Funding support in 1997/1998 was modest ($11K).
Funds were used to support workshop presentations
and to work towards completion of two reports based
on research conducted on behalf of the community of
Fort Resolution. Specifically, the following were
accomplished:

e Abroad overview of research studies on Great Slave
Lake was given at the June 1-5, 1997 Arctic
Monitoring and Assessment Program International
Symposium in Tromso Norway (Evans et al. 1997).
NHRI supported the majority of the costs associated
with attendance at this symposium.

e Three presentations on research studies conducted
on Great Slave Lake were given at the Upper
Mackenzie Basin Planning Workshop heid in
Yellowknife, NWT, August 18-20 (Evans 1997 a, b,
c). Immediately following these presentations, similar
presentations were given in Fort Resolution. These
presentations were at the invitation of Maurice
Boucher, Manager, Environmental Working Com-
mittee, Fort Resolution. A similar series of pre-
sentations were given at the Ataitcho Territory
Regional Contaminants Workshop, held in
Yellowknife, March 31-April 1. This workshop was
sponsored by the Dene Nation Lands and Enviro-
nment Department.

The remaining effort was directed towards competing
reports based on two studies conducted on behalf of
Fort Resolution. The larger report was based on
community concerns related to the decommissioned
Pine Point mine (Evans et al. 1998a). The second report
investigated organic contaminant and metal con-
centrations in selected tissues of predatory fish (Evans
et al. 1998b). This report is near completion.

RESULTS

Our studies have determined the following:

e The Slave River is a significant source of
organochlorine, PAHs, PCDDs, and PCDFs to the
West Basin of Great Slave Lake. Most deposition
occurs in the Slave River delta and the region offshore
of the delta.

e Organic contaminants tend to occur in higher
concentrations in surficial sediments in the West
Basin, particularly offshore of the Slave River, than
in the East Arm where the Slave River influence is
weaker.

31



Environmental Studies No. 75: Synopsis of Research under the 1997/98 Northern Contaminants Program

¢ Although organic contaminant concentrations tend
to be higher in the West Basin than the East Arm,
biota collected offshore of Lutsel K'e (East Arm) tend
to have higher concentrations of PCBs and toxa-
phene than the same animals collected in the vicinity
of Fort Resolution. We hypothesize that, because of
the heavy sediment load carried by the Slave River,
organic contaminants are less bioavailable to biota
in the West Basin than in the East Arm.

¢ Organic contaminants such as PCBs and toxaphene
occur in highest concentrations in coldwater
predatory fish such as lake trout and burbot. Burbot
appears to be an atypical fish with relatively high
concentrations of organochlorine contaminants in its
liver but low concentrations in its muscle.

e There was no evidence that the decommissioned
Pine Point Pine had or continues to measurably
contaminate the Resolution Bay area with metals.
Metal concentrations in water and sediment are
similar to those observed in the Slave River, the
primary source of metals and waters to the Resolution
Bay area. Metal concentrations in fish are similar to
those observed in other regions of Great Slave Lake
and to reference lakes.

EXPECTED COMPLETION DATE

With the near completion of outstanding reports, effort
will now focus in preparing scientific publications based
on the 1993-1996 research programs on Great Slave
Lake. In addition, new research support is being sought
to continue to address scientific issues raised during
this first phase of studies investigating the influence of
the Slave River on contaminant loading to and
biomagnification within Great Slave Lake. One newly-
funded study, supported by Petroleum, Energy,
Research and Development (PERD), will investigate the
potential environmental consequences of increased tar
sands development at Fort McMurray to the Peace-
Athabasca-Slave River systems, including lakes such
as the delta lakes, Lake Athabasca, and Great Slave
Lake. Two proposals have been submitted to the
Northern River Ecosystem Initiative (the successor of
NRBS) to continue studies on Great Slave Lake with
new research effort on the Slave River delta.
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MACKENZIE BASIN INTEGRATED STUDY: DEVELOPMENT AND PLANNING PHASE
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Project Team:
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OBJECTIVES

This study builds on research conducted in the Mackenzie River Basin under NCP-I. During this five-year program,
baseline data were obtained on contaminant concentrations in aquatic and terrestrial biota inhabiting the Mackenzie
River Basin, time trends in contaminant inputs, and pathways and sinks. Highlights of these studies are reported
in Jensen et al. (1997). Our study was designed to continue that research effort by developing a new, multi-year
investigation of contaminants in the Mackenzie River Basin. The long-term term objectives of the Integrated

Mackenzie Basin Study are as follows:

1. Further investigate how contaminants enter, move through, and are lost from the
Mackenzie Basin ecosystem. Of particular concern is the contamination of country foods.

2. Based on community interests and country food usage, develop site-specific studies to investigate issues
of greatest concern. The geographic focus of the study is the upper Mackenzie Basin.

3. Provide educational and training opportunities to local communities through a variety of mechanisms, e.g.,
participation in research studies, community visits, and training in specific issues.

4. Further develop educational opportunities through universities and colleges (formal courses, internships,

research projects for credit).

5.. As part of the overall integrated study, develop long-term monitoring programs at selected sites and for
selected compounds. The framework for such monitoring is to be based on community concerns and could
be modeled on other such programs, e.g., the long-term monitoring programs for the Great Lakes.

6. Consider long-range (atmospheric, Peace-Athabasca-Slave-Liard Mackenzie River system) and local
(natural and anthropogenic sources) of contaminants.

DESCRIPTION

This project is based on the intent to develop an
integrated, multi-disciplinary study of contaminants in
the Mackenzie Basin. The overall objective of studies
under NCP Il is to reduce and wherever possible
eliminate contaminants in traditionally harvested foods.
Studies must also be designed to provide information
that assists in the informed decision-making by
individuals and communities in their food use. ldeally,
the results of these studies will be used to develop
strategies to minimize and/or eliminate the con-
tamination of this ecosystem, with a focus on country
foods. Studies should be based on community
involvement and will provide education and training
opportunities. In the first year of the Mackenzie Basin
Integrated Study, effort was addressed towards
developing the framework of a multi-year, multi-partner,
integrated study of the contaminants in the upper
Mackenzie Basin. A workshop approach was used.

ACTIVITIES IN 1997/1998

A planning workshop was developed to synthesize
existing knowledge, identify knowledge gaps, and
present local concerns regarding contaminants in
country foods in the Upper Mackenzie Basin. The
workshop was held in Yellowknife over August 18-20,
1997. Equal representation was sought from the
research/management and local communities.

Bill Carpenter visited several communities along the
upper Mackzenie River (including Wrigley, Norman
Wells, Tulita, Deline, and Fort Good Hope) to inform
them of the workshop and invite them to send delegates
to speak on behalf of community concerns. All
communities were interested in the workshop and most
were able to send delegates.

In the months following the August workshop, various
team members worked towards further developing the
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Mackenzie River Basin Study. Effort initially focussed
on Great Bear Lake in the Sahtu region. In October, M.
Evans visited Deline and gave a presentation before
the Sahtu Renewable Resources Board. Visits also were
made to Fort Good Hope and with the Renewable
Resources Council in Norman Wells. Two proposals
were submitted to the SRRB.

In January, M. Evans attended a community-organized
Lower Mackenzie Basin Community Planning Work-
shop; this workshop was held in Tulita and focussed on
concerns to Tulita, Norman Wells, Norman Wells, and
Deline.

In March, M. Evans attended a community-organized
Akaitcho Territory Regional Contaminant Workshop. This
workshop, held in Yellowknife, focused on issues of
concern to residents of Yellowknife, Fort Resolution, and
Lutsel K'e, all along the Great Slave Lake shoreline.

RESULTS

Two Mackenzie Basin Planning Workshops were
supported by NCP II. The first, the focus of this report,
was held in August in Yellowknife. Following a day of
presentations, work groups were formed to identify
contaminants and issues of concern, including priorities.
The workshop was highly informative and many issues
of concern were raised regarding contaminants in
various organisms and regions within the Mackenzie
River Basin. However, the workshop was unable to
establish priorities. Highlights of the workshop were
prepared as a report (Evans and Carpenter 1997).

The second workshop was organized by the
representatives from the Sahtu and was held in January
in Tulita. During this second workshop, Great Bear Lake
was identified as a priority concern for the aquatic realm
and caribou and moose for the terrestrial realm.

In February, various proposals were submitted to NCP
Il to investigate issues of concern in the Mackenzie River
Basin. These studies focused on widespread concerns
with elevated mercury levels in predatory fish in some
lakes in the Mackenzie River Basin, various concerns
regarding Great Bear Lake; and concerns related to
caribou and moose in the Sahtu Region.

EXPECTED COMPLETION DATE

The Yellowknife Workshop was very successful enabling
community members and researchers to meet one
another and to become better informed of community

concerns and scientific understandings. Various
partnerships were strengthened and others established.
The planning phase for the upper Mackenzie Basin
Integrated Study has been completed and a variety of
proposals have been submitted to address the diverse
issues in this region. Thus, as such, no integrated study
has been developed although future effort could be
addressed towards integrating the ongoing studies
through the exchange of information, etc. Possible
mechanisms of exchange are suggested in Evans and
Carpenter (1997).

In retrospect, given the large number of communities
and territories in the Mackenzie Basin and the variety of
concerns, it was highly unlikely that the August workshop
would result in the recommendation for an integrated
site-specific study in some region of the basin. All
community studies which were suggested were of value
and require some level of investigation. Projects which
were submitted in February 1998 were a first step
towards these endeavors. As previously noted,
partnerships were established and it is believed that
various researchers and communities can and will work
together in the continuing years to develop further
support and funding for these important activities.
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OBJECTIVES

1. to quantify the long-range atmospheric and marine transport of organic contaminants and
their incorporation into lower trophic level organisms of the marine food web in the Arctic Ocean.

2. to provide baseline measurements of major semi-volatile organic (chlorinated pesticides, PCBs) in
the Canadian high Arctic Ocean environment by sampling seawater (dissolved and particulate phases),

plankton, benthos and fish.

3. to assess the relative importance of atmospheric versus oceanic input of these contaminants to Arctic

Ocean biota by seasonal measurements.

4. to evaluate the seasonal bioconcentration of these compounds for comparison with data from more
southern latitude oceans sites to assess input of organochlorines to food web organisms utilized as

food by northern populations.

DESCRIPTION

Organochlorines (OCs) extracted from sea-water,
epontic ice algae, marine planktonic and benthic fauna
and fish collected seasonally in the Barrow Strait/
Resolute Bay area in 1993 provide a unique data set
for calculation of total body burden and mass transfer
rates in various organisms. New information on stable
isotope (C™ and N') content in organisms previously
analysed for OCs allow objective classification of
organisms into separate tropic groups. The study allows
calculations of mass balance transfer rates of OCs from
air to seawater and from seawater to lower trophic level
biota in the Arctic Ocean and Barrow Strait-Resolute
Bay area on a seasonal basis. Monthly measurements
of OCs in air collected at Alert during 1993 (L. Barrie)
have been compared with surface seawater
concentrations measured in Barrow Strait to allow
calculation of seasonal air-to-water exchanges between
the atmosphere and surface ocean within the Canadian
archipelago. Henry’'s Law coefficients were used to
calculate fugacity ratios to calculate air-water fluxes.
Calculated rates of deposition and volatilization can now
be compare to data for bioaccumulation in lower trophic
level organisms to model seasonal changes in the rates
of entry of different OCs into the marine food web.

Organochlorines, such as PCBs, DDT, chlordane and
toxaphene, are present in diets of northern populations
due to global redistribution processes. OCs enter the

arctic marine food web from atmospheric, riverine and
ocean sources and they are concentrated in lipid-rich
tissues of lower trophic level marine invertebrates.
Biomagnification occurs through the food web leading
to marine fish and mammals due to predator/prey links
that transfer and accumulate these contaminants in
successive trophic levels. Previous studies have
provided a large data base for marine mammals, but
the dynamics of bioaccumulation in lower trophic level
organisms was poorly understood. New information on
the seasonal dynamics of air-to-sea OC exchange can
also now be incorporated into models of bioaccumulation
by lower trophic level organisms. Since this is the point
of entry of OC contaminants into the food web leading
to man, it is important to understand how seasonal
changes in bioaccumulation factors are linked to
atmospheric forcing. The transfer rates can be expected
to vary due to differences in atmospheric and seawater
concentrations, marine food web productivity, organism
feeding and growth rates and lipid metabolism.

ACTIVITIES IN 1997/98

Collaboration with L. Barrie, T. Bidleman and H. Welch
has continued to complete a seasonal description of
transfer of volatile OCs between the atmosphere, surface
seawater and lower trophic level organisms within a
region of the Canadian archipelago. Henry’s Law
constants were used to calculate the degree of over- or
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under-saturation in surface seawater relative to levels
measured in air. The combination of data from Alert and
Barrow Strait/Resolute Bay areas during 1993 provides
the first study to estimate annual air-sea fluxes for OCs
in any arctic environment. Calculations were published
in a primary paper in Environmental Science and
Technology.

Biomagnification factors between amphipods and arctic
cod were re-examined by analysing additional frozen
amphipods remaining from the 1993 seasonal study.
Concentrations measured in previously analysed
samples were confirmed. Increases in body lipid content
during the mid-summer to fall period dilute the body
burden of OCs in tissues of fish and invertebrates.

The SCICEX-96 mission by the US Navy (Arctic
Submarine Laboratory, Nuclear Underwater Warfare
Center, San Diego) using the nuclear submarine USS
Pogy completed between September and November
1996 provided samples (n=31) of the large scavening
amphipod Eurythenes gryllus from stations (3600-3700
m depth) in the Canada Basin. Amphipods were
analysed during 1997 for OCs for comparison with
previous observations for this species collected from the
Alpha Ridge area during the CESAR project (April-May
1983). Levels of PCBs and toxaphene in lipids of
Eurythenes gryllus (>10 ppm) are the highest observed
in any arctic invertebrate (equivalent to concentrations
in blubber of polar bear and walrus) presumably due to
biomagnification from their food supply. Eurythenesis a
useful sentinel organisms for monitoring spatial and
temporal trends of OC levels in the arctic marine food
web. The US Navy will repeat this type of sample
collection during June-July 1998 which if successful will
provide additional samples of amphipods for OC
determinations.

New data was obtained during 1997/98 for stable
isotopes (C"® and N') in lower trophic level organisms
collected in 1993 and 1996 that were previously
analysed for OCs. This allows more accurate calculation
of biomagnification factors between potential predator-
prey linkages. The results will be incorporated into a
primary paper summarizing seasonal changes in
biomagnification factors for OCs within lower tropic levels
of the marine food web in Barrow Strait.

Data entry into a relational database (Alpha Four)
summarizing analytical results for OCs measured in air,
snow, ice, seawater, epontic particles, under-ice biota,
plankton, benthic crustaceans and fish collected from
Canadian Ice Island off Ellef Ringnes Island (1986—1990)
and in Barrow Strait (1993) was completed. The
information was used to provide data for a summary

table for OCs in arctic marine biota in a chapter of the
1997 Canadian Arctic Contaminant Assessment Report.
The database allows evaluation of the importance of
regional and temporal variations in OC concentrations
in lower trophic levels arctic marine biota from areas of
high and low productivity by comparing results from
Barrow Strait with those collected in more offshore areas
outside of the arctic archipelago.

A paper was presented (Hargrave 1997) at the Arctic
Archipelago Project Workshop held in Iqualuit, NWT, July
24-27,1997.

RESULTS

The use of Henry's Law constants to calculate the
degree of over- or under-saturation of OCs in surface
Proceedings and Recommendations of relative to levels
measured in air during 1993 (Hargrave et al. 1997)
showed that decreases in atmospheric concentrations
in the Northern Hemisphere during the last decade have
resulted in Arctic Ocean surface layer water that is now
supersaturated for HCHs, HCB and dieldrin. Other
compounds (toxaphene, cis- and trans-chlordane and
endosulphan-l) are undersaturated with net air-to-sea
deposition. Out-gassing of HCHs, HCB and dieldrin
during the ice-free period could have lowered surface
layer inventories by 4 to 20%. In contrast, net deposition
of toxaphene, chlordanes and endosulphan-I during the
open water period was equivalent to 50 to >100% of the
surface layer inventory. Air-sea fluxes of OCs were
influenced by the combined effects of changes in vapor
pressure.

The database for all OC measurements on all sample
types collected from the Canadian Ice Island (1986-89)
and in Barrow Strait (1993 annual study) has been
completed and results summarized for modelling
biomagnification factors between trophic levels.
Collaboration/data sharing was initiated with Dr. B. Hickie
(Trent University) during 1997 to further model
development to assess factors that influence food web
biomagnification.

DISCUSSION/CONCLUSIONS

Seasonality of contaminant input and loss of OCs to the
Arctic Ocean must be considered in modelling the
dynamics of transfer of these contaminants between
physical and biological arctic marine ecosystem
components. Air-sea gas exchange and water mass
advection are two critical processes affecting the
concentration of OCs in the surface layer of the Arctic
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1997). Other exchange processes such as precipitation oC s and implications for food web biomagnification. In:
and dry particle deposition contribute additional sources % BicemeniEnit R Macdenald (eds.), Arstic Andiibeloge

! o ? § Workshop, Proceedings and Recommendations, North-
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high vapor pressure and low particle affinity tend to between arctic air and seawater. Environ. Sci. Tech. 31:
remain in the atmosphere rather than become SR T,

associated with settling particulate matter.

The majority of HCH in the Arctic Ocean exists in
dissolved form in the upper 50 to 100 m surface layer.
Lower air concentrations in HCHs during the past decade
have resulted in an out-gassing to the atmosphere which
along with advective transport of surface water may lead
to a slow decrease in oceanic concentrations over the
next decade. At present the Arctic Ocean is a source
rather than a sink for HCHs. Toxaphene, chordanes and
endosulphan-l, on the other hand, were being
transferred from the atmosphere to the ocean during
the seasonal study in 1993 with the most rapid deposition
occurring during the ice-free period (July—September).
This coincides with the time of maximum biological
productivity by both ice algae and phytoplankton in the
water column. The maximum rate of entry of OCs into
lower trophic level organisms occurs during these
summer months. Continuing work using stable isotopes
to normalize OC concentrations on the basis of defined
trophic levels is underway.
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OBJECTIVES

1. The main objective of the project was to provide the quantitative knowledge on snow and ice-related
contaminant transport processes necessary for planning, conducting and integrating the joint study on
contaminant pathways and ecosystem uptake in the Canadian Arctic Archipelago.

2. Sub-objectives are:

¢ to extend the available data base on specific snow surface area to include samples of snow,
sea ice and glaciers from the Canadian Arctic Archipelago

* to develop quantitative models of contaminant fate in metamorphosing snow and glacier ice,
and evaluate these with field data gained during phase 1 of the NCP

¢ to provide expressions for describing snow-related processes in multimedia models of

contaminant fate

e to contribute to the planning of snow/ice-related sampling and measurements during the
field part of the Canadian Arctic Archipelago Project

e to model the post depositional behaviour of contaminants in snow packs
¢ to extend the available data base on interfacial partitioning of non-polar organic chemicals

to include less volatile chemicals

DESCRIPTION

It is acknowledged that snow can be a significant vector
for transport of contaminants from the atmosphere to
the terrestrial and marine environments. This is in part
because of the efficiency of snow for scavenging aerosol
particles, but also because the relatively large interfacial
area effectively sorbs and scavenges gaseous
contaminant, especially at low temperatures. A key
question is the post depositional behaviour of these
contaminants. Whether they evaporate or leach into the
melt water has profound implications for subsequent
human exposure. This project seeks to measure the
parameters necessary to describe quantitatively snow
scavenging and post-depositional snow pack processes,
model these phenomena and thus help establish the
significance of snow-related contaminant fate processes.

ACTIVITIES IN 1997/98

Development of a more sensitive method for
measuring the specific surface area of snow
A paper on measuring the specific surface area (SSA)
of snow using the nitrogen adsorption technique has
been published this year (Hoff et al. 1998). Two short

articles describing our work have appeared in Science
News (1998, v. 153, p. 88) and Weatherwise (May—June,
1998, pp. 11-12) as a result of this paper. Because it
was learned that the nitrogen adsorption method is able
to measure the SSA of freshly precipitated snow, but
not metamorphosed snow, a more sensitive method has
been developed. Initial experiments with frontal gas
chromatography using normal alkanes at low
concentration showed promise. Eventually, it was
realized that a more polar adsorbate, ethyl acetate,
would give better sensitivity because of its higher
interfacial partition coefficient K,,. This new method was
employed to measure the surface area of snow sampled
near Lake Louise, Alberta, indicating that the new
method is sensitive enough to measure the SSA of
metamorphed snow.

Modelling organic contaminant fate in snow pack
Using and modifying a one-layer snow pack model
described by Wania (1997) we simulated field data
gained during the Amituk lake studies within the NCP,
namely we tried to reproduce and thus explain the
measured (1) volatilization loss of organic contaminants
from a repeatedly sampled shallow snow pack and (2)
meltwater hydrographs of several chemicals in the
creeks draining into Amituk Lake. Some resulits are
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presented below and in more detail in a submitted paper
(Wania et al. 1998b).

During the year a second mass balance model was
assembled and tested in a preliminary fashion. The
model was set up to treat the ageing and melting of a
multi-layer snow pack. It is thus similar in principle to
the model published by Wania (1997), but instead of
treating the snow pack as being vertically mixed it allows
for differences in concentration vertically. It is likely that
the surface snow experiences more rapid evaporation
than the underlying snow because of its closer proximity
to the atmosphere. Partitioning in the pack is assumed
to occur between water, air, the ice interface and aerosol
particles. As a result of running the model we have
become convinced that its failure to treat contaminant
loss during snow accumulation in the early and mid
winter is a major weakness. As a result we have modified
and expanded the model to treat the entire snow pack
“life-cycle” from initial snowfall to complete melt.
Essentially the user will start with a snow free surface
then specify periodic snowfalls, aging, melting, rainfall,
temperature and atmospheric concentrations. The model
will then compute behavior during the specified period
then stop and request input for the next period. This
“discrete dynamic” modelling approach will permit the
user to assemble a complete mass balance over the
winter and spring and test various scenarios of snow
accumulation. This approach will enable the user to
“validate” the model by comparing measured and
computed concentrations at various times and depths.
The model code is being written in QBasic and it is
planned for completion in late 1998.

Modelling the scavenging of organic contami-
nants by snow

A conceptual model of snow scavenging was developed
and presented at the AMAP conference in June 1997
(Hoff et al. 1997). Using that approach and averaged
data published in the CACAR report we have started
analysing atmospheric and snowfall concentrations
generated in phase 1 of the NCP with the aim of deriving
scavenging ratios. Preliminary results of this exercise
were presented at the Archipelago Workshop in July
1997. In a meeting with C. Halsall from AES and W.
Strachan from CCIW the possibility of a more thorough
analysis of the existing NCP data was discussed and it
was concluded that it should be feasible to estimate
scavenging ratios for both Alert, N.W.T. and Tagish, YT.

Other work

Our ideas on the role of snow and ice in the
environmental behaviour of non-polar organic
contaminants were summarized in an extensive review
paper, which was accepted for publication (Wania et al.

1998a). Further, a literature review of physical chemical
data for mercury (Hg) species in water and air was
conducted. On the basis of these data, speculative
calculations of adsorption at the air-ice interface have
been made, and hypotheses have been formed which
can be tested by measurements. There are no data for
adsorption of Hg vapor on ice, but it is possible to use
the theory of adsorption of organic vapors on ice to
estimate the K, values.

RESULTS

Development of a more sensitive method for
measuring the specific surface area of snow

The apparatus for measuring snow surface area by
frontal chromatography consists of a glass column
containing a sample of snow, which is immersed in a
low temperature bath. The inside surface of the glass
column is coated with ice to minimize adsorption on the
container surface. The organic vapor is introduced into
the column by means of a gas switching valve, and the
signal of the flame ionization detector is logged on a
computer by means of an external data acquisition
module. Figure 1A gives examples of breakthrough
curves (BTC) obtained with this method. The areas
under the transformed BTCs, shown in Figure 1B, are
proportional to the elution volumes, i.e. the volume of
carrier gas required to elute the organic vapor from the
snow column. Elution volumes were calculated from both
(adsorption and desorption) limbs of the BTCs for three
BTCs obtained at each measurement time. The
coefficient of variation for the elution volumes was about
3%. The elution volumes decrease with time. The volume
that is due to adsorption of ethyl acetate on the snow
surface was obtained by correcting the elution volume
for the pore space volume in the snow column. It was
found that adsorption on the container surface was
minimal and could be ignored. The SSA was obtained
by dividing the volume of ethyl acetate vapor adsorbed
per gram of snow by an estimated value of K, for ethyl
acetate (0.027 cm). The K, value for 25°C (Hoff et al.
1993), was adjusted for temperature using eq. 13 from
Hoff et al. (1995) and assuming that the enthalpy of
adsorption is equal to that for partitioning between air
and water (Kiekbusch and King 1979).

Figure 2 shows the decrease in SSA with time for two
freshly precipitated snow samples aged at 4°C. The
initial SSAs are near the low end of the range of values
determined for fresh snow using the nitrogen adsorption
technique (0.05 to 0.5 m?/g). These data were fit to an
empirical model proposed by Jellinek and Ibrahim (1967)
for quantifying the rate of SSA decrease for artificial ice
powders. A half-life T of 46 h was obtained for the SSA
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Figure 1.  Frontal chromatography breakthrough curves (BTCs) for a sample of fresh snow held at 4°C
for 0, 21 and 112 hours. The BTCs were measured at —1°C. The lower figure shows the
transformed BTCs, from which the elution volumes were calculated.
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Figure 2.  Decrease in specific snow surface area with time for two freshly precipitated snow samples
aged at 4°C measured with a frontal chromatographic method.

41



Environmental Studies No. 75: Synopsis of Research under the 1997/98 Northern Contaminants Program

of fresh snow. This is consistent with Wania’'s (1997)
assumption that the SSA of snow decreases by a factor
of 10 during the first 10 days of settling at —5°C, which
translates to a t value of 33 h. Jellinek and Ibrahim
obtained much smaller ( values for artificial ice powder
produced by spraying a mist of water into liquid nitrogen.
Their ( values ranged from 0.5 h at —-8°C to 50 h at —
30°C. The initial SSA of the ice powder was very large,
5 to 12 m?g. The particle size (equivalent spherical
diameter) of the ice powder is approximately a hundredth
that for the snow crystals. Keyser and Leu (1993) studied
similar ice powder produced by condensing water vapor
into liquid nitrogen. Their ice powder had a SSA in the
order of 102 m?/g. Such large SSA can only be due to
internal porosity. One would expect the half-life for SSA
to depend on particle size and geometry. One would
therefore expect the half-life for snow to be considerably
larger than that for such an artificial ice powder produced
at liquid nitrogen temperature, and this is consistent with
our observations. These are the first measurements of
the rate of decrease of SSA for natural snow, to our
knowledge. They are of crucial importance for modelling
the behavior of contaminants in snow packs, and they
may also be useful for modelling slope stability, heat
conduction and other important snow pack properties.

In late February, the well-ripened snow pack at Bow
Lake, near Lake Louise, Alberta was sampled by Jules
Blais and Derek Muir and sent to Waterloo by air freight
in a large cooler which contained a block of dry ice. Upon
receipt the cooler was kept in a walk-in freezer at —10°C,

Table 1.

until the SSAs were determined by the frontal
chromatography method described above. Because the
snow was already metamorphosed, artifacts from
shipping and storage were not expected to be large.
The SSA values obtained for the open and forested Bow
Lake sampling sites are 0.0104 and 0.0089 m?%/g,
respectively. Although there is uncertainty in these
values arising from the K, value used to calculate SSA,
they are thought to be reasonable for snow which has
been subjected to low temperature gradient meta-
morphism. Scanning electron microscope images for this
type of snow (Wergin et al. 1996) show that the sharp
angles characterizing the crystalline features of the snow
crystals are lost, and the snow grains are appreciably
sintered.

Modelling organic contaminant fate in snow pack
When reporting the concentrations of several organo-
chlorine chemicals in the water of a small creek during
the short but intense snow melting period in the Amituk
Lake region, Semkin (1996) suggested that “because
the ground was still frozen at the onset of snowmelt and
the infiltration of meltwater into the subsurface appeared
to be negligible, the initial water flowing in the stream
channels reflected the physico-chemical processes
operate in the ablating snow pack”. The relatively water-
soluble pesticides a— and y-HCH and endosulfan
showed a profile with high concentrations in the initial
meltwater and steadily decreasing levels afterwards.
Neither PCBs nor DDT showed this behaviour (Figure
4).

Conditions for the model simulation of melt water concentrations in

Gorge Creek, Cornwallis Island in June 1993.

length of snow ageing 30 days (Julian
snow pack temperature

melt water loss

day 170 to 200)

assumed constant at 0 °C

determined by recorded instantaneous water flow as described in

Fig. 4, normalized to an initial SWE of 0.204 m?/m?

snow depth

snow gravity

snow surface area
particle content

MTC air boundary layer 5m/h

snow pack burden at start
Endosulfan, 4.6

decreasing from 0.47 m to 0 m at a rate determined by melt water loss
constant at 0.433 g/m?
constant at 0.1 or 0.5 m%g

initially 0.1 mg/L, constant mass throughout melting

141.3 ng/m? a-HCH, 52.2 ng/m? y-HCH, 39.6 ng/m?

ng/m? DDT, and 128.6 ng/m? PCBs
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Assumed fate of the water originally present in the snow pack (i.e. fraction of water which

is present as ice or liquid water within the snow pack, or which has been drained away at
any point in time). The instantaneous flow was determined in the field (Semkin 1996).

The one layer snow pack model (Wania 1997) was
employed to simulate the time course of melt water
concentrations. Table 1 lists the simulation conditions,
and Figure 3 shows the input parameters describing the
water balance of the snow pack during melting. Snow
surface area was assumed to be either 0.1 or 0.5 m?#/g.
The reported average snow pack burden in the Amituk
Lake area in ng/m?in June 1993 (Table 3.12 in Barrie et
al. 1997) was used as a starting condition. Three
alternative methods were employed to estimate the
interfacial partition coefficients K.

A: estimation of K, and its temperature dependence
according to Hoff et al. (1993).

B: K, according to Valsaraj et al. (1993), temperature
dependence according to Hoff et al. (1993).

C: K, andtemperature dependence according to Goss
(1994).

The results shown in Figure 4 are very dependent on
the choice of K, estimation method. Not one method
gives results for all five chemicals, which agree well with
the observations. Rather, method A gave bestagreement
with the measurements for a- and y-HCH, method C
gave result closest to observations for endosulfan, and
method B performed best for DDT and PCBs. The
calculation also reveals the immense influence of
specific snow surface area. For example, a five-fold
decrease in the selected surface area results in a
doubling of the calculated initial melt water con-
centrations of - and y-HCH.

The calculations did not indicate the existence of a
threshold value for K, below which a chemical would

preferentially elute with the first melt water fractions.
Endosulfan with a In K of =5.2 (method C) shows first
flush behaviour, whereas PCB-52 with a In K, of -3.2
(method B) does not. The difference between the two
chemicals is that despite their similar solubilities in water,
endosulfan has a much smaller octanol-water partition
coefficient. Obviously, log K,y and In K, control jointly
whether a chemical is retained in the snow pack upon
melting by being sorbed to the remaining ice surfaces
and to particles.

Modelling the scavenging of organic contami-
nants by snow

A model of snow scavenging with temperature and sub-
cooled liquid vapor pressure as the main determinants
predicted gaseous scavenging ratios W, which range
from 10% to 10° for the relevant contaminants and
conditions (Hoff et al. 1997). An analysis of mass transfer
rates suggests that equilibrium is reached during falling
except for large (1 cm diameter) snow flakes, which are
not typical in the high Arctic. It was concluded that
deposition by falling snow is probably the main
atmospheric removal mechanism in the Arctic terrestrial
environment.

In a preliminary analysis of snow scavenging ratios W,
in Tagish and Alert, the measured ratios agree
reasonably well with the predicted ones (Figure 5). W;
was calculated as the weighted average of W and W,
where W_ was assumed to be 4-10°. The fact that the
measured W;s are generally smaller may be due to the
fat that (1) the snow collector did not adequately
preserve the snow samples, and/or (2) the calculated
W;s are based on the assumption that snow falls
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Figure 4. Measured and simulated concentrations of several organochlorine chemicals in water from Gorge

Creek during the snow melt period 1993 on Comwallis Island, Canadian Arctic.
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Figure 5. Measured and modelled total snow scavenging ratios for three organochlorine pesticides in Tagish,
Y.T. and Alert, N.W.T.
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INTRODUCTION TO PROPOSED FORMAT FOR THE DEVELOPMENT OF
ENVIRONMENTAL SAMPLING PROTOCOLS FOR THE NORTHERN CONTAMINANTS PROGRAMS

Project Leader: W. Hu, JP Ztech Company, March, 1998

INTRODUCTION

In the past several years, activities of the Northern
Contaminant Program’s QA/QC program have been
largely limited to the performance of laboratory analysis.
Although the importance of accurate and representative
sampling was recognized in the past, a quality assurance
program for sampling procedures was not pursued due
to constraint in resources and the timing. As the result,
sampling quality, and hence the overall data quality, of
the NCP measurement data can not be adequately
assessed.

Accurate and representative sampling is important to
achieve high quality data. It is important to take actions
on quality assurance measures for sampling procedures
while maintaining a good QA/QC program for the
laboratory analysis. Only then will the overall data quality
be assured.

In a discussion paper prepared by Dr. Jiping Zhu for the
Department of Indian Affairs and Northern Development
and distributed at the NCP Annual Workshop 1996/97
in Victoria, B.C., we proposed the concept of developing
an “NCP Manual for Sample Collection and Handling”
that would include each sampling protocol employed
within the scope of the NCP.

Sampling protocols are written descriptions of the
detailed procedures to be followed in the collection,
packaging, labelling, preservation, transport, storage
and documentation of the samples. Asampling protocol
serves two purposes: It provides a written instruction to
be followed during sampling, and it keeps the information
on the history of a sample upon which analytical data
are generated. However, sampling procedures are only
briefly mentioned in the published scientific papers
without sufficient information for evaluation on the quality
of the sampling process.

The proposed Manual will ensure that details of sampling
procedures are clearly written for each project, and any
deviations from the sampling protocols are properly
documented. Sufficient information in the Manual will
be available for the interpretation of the data generated
for the NCP.

The matrices of environmental samples studied within
the scope of NCP can be categorized into six major
groups. They are (1) air samples, (2) water samples
including surface water, deep water, and precipitation,
(3) solid samples including sediments, soil and solid
wastes, (4) botanical samples including land plants and
underwater plants, (5) biological samples such as fish,
land animals and marine mammals, and (6) samples
from humans such as blood, breast milk and urine. Each
group requires specific methods to collect and handle
the samples.

Developing sampling methods specific to a given matrix
requires extensive knowledge and experience of the
individuals who are working in that particular area. It is
the responsibility of these individuals to develop and
implement protocols for environmental samples. The
following proposed format for an Environmental
Sampling Protocol is intended to help researchers and
scientists develop the protocols in a format so that the
protocols can be integrated into the NCP Manual. By
working with the individuals who are conducting research
project for the NCP, we hope to produce a sampling
manual that is specific to the NCP can eventually be
published as a supplementary documents to the final
results of NCP.
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PROPOSED FORMAT FOR THE DEVELOPMENT
OF ENVIRONMENTAL SAMPLING PROTOCOLS
FOR THE NORTHERN CONTAMINANTS PRO-
GRAMS

1. Title of the sampling method

The title should reflect the subject (for example,
sediments), source (river bed), and target analyte
(PAHS).

2. Authors

Name and affiliation of the person(s) preparing
the sampling method should be listed.

3. Key Words

Six words that best describing the sampling
method should be selected for index purpose.

4. Application of the method

Each project funded by NCP has a project number
as well as a project title. The title(s) and project
number(s) for which the method applies should be
provided in this section. This will provide the link between
analytical data and the sampling method for the users,
and hence will enable the users of the analytical data to
judge the sample quality of a particular project.

5. Summary of the sampling method

Summary of the method provides a quick
understanding of the method in sample collection,
transportation and storage. Summary should be limited
to within 300 words.

6. Sampling objective(s)

Sampling objective is governed by the project
objective, which has been defined in the project proposal
submitted for NCP funding. Once the project objective
is defined, the sampling objective(s) should include: (1)
type of the sampling project and (2) (data quality
objective (DQO)).

Sampling type can be divided into exploratory
(surveillance) or monitoring (assessment) sampling.
Exploratory sampling is designed to provide preliminary
information about the site or materials being analysed.
This will determine the extent of contamination and help
define the scope for the monitoring project. Monitoring
sampling, on the other hand, is intended to provide more
quantitative information on the variation in concen-
trations of a specific analyte or a set of analytes over a
particular period of time or within a specific geographic
area. DQO is the statement that defines the confidence
required in drawing conclusions from the entire project
data. It certainly depends on whether it is an exploratory

or assessment project. The DQO determines the degree
of total variability (uncertainties), and hence the sampling
variability, that can be tolerated in the data. Furthermore,
sampling frequency and sample numbers have to be
consistent with the DQO.

7. Equipment

Describe all the instruments, tools, sampling
devices, containers, reagents and shipping devices to
be used during sample collection, transport and storage.
If possible, list the models, sizes and vendors of all the
equipment used.

Describe clearly the specifications such as
detection limit, working capacity and accuracy of all the
field instruments and tools such as such as flow meters,
thermometers, samplers and pumps. These information
are very important for the data end users to understand
the quality of the samples.

8. Sampling procedures

Sample procedure should be written in such a way
that it can be understood by field worker(s) and by the
data end user(s). It includes, but is not limited to, the
following aspects.

8.1 Preparation prior to sampling

Describe the preparation work of the sampling
such as cleaning of equipment/tools and sample
containers, and visit to the sampling site(s) including
communication with local people if they are involved in
the sampling. Any precautions needed for accurate and
representative samples.

8.2 Sample Collection

Detailed procedures should be available in a clear,
easy to follow format such as 8.2.1, 8.2.2, 8.2.3 efc. so
that samples can be collected according the procedures
with minimum deviation from the protocol.

8.3 Sample Handling in the Field

Describe sample handling procedures that are
necessary in the field to preserve the samples, especially
when collecting biological samples.

8.4 Transport of Samples to the Laboratory

Clearly indicate how to pack the samples carefully
so they will not be broken during the transport, and
required temperature during transport if samples have
to be transported in a frozen status.

8.5 Sample Handling in the Laboratory

Describe the storage conditions for samples once
they arrive in the laboratory. The samples should be kept
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in such a way that sample integrity is guaranteed until
analysis. Procedures for sub-sampling in the laboratory
may be needed if samples have to be sub-sampled
before storage.

9.  Quality assurance and quality control

Sampling protocols should contain written instructions
for all sampling activities including observations at the
sampling site, and field documentation of sampling
techniques. In addition, the protocol should have the
following aspects:

(a) Sampling protocols should have a statistically
approved design so that collected samples are
representative of the population or matrix being
studied.

(b) Information on the qualifications of the field
workers should be provided. The training may be
provided to the field workers.

(c) Documentation of any procedures deviated from
written protocols should be documented so that
sample quality can be evaluated.

(d) Natural variation should be considered when
estimate sample quality based on the following
factors:

e Seasonal impact (winter, summer, weekend)

« Sampling time (high traffic time, daytime, night time)

« Site conditions (sun, wind, temperature, humidity, upstream,
downstream)

* Biologicai variation (age, size, sex, health, behaviour)

¢ Sample homogeneity.

(e) Sampling variation due to limitations of the samp-
ling techniques such as variation in equipment
and its impact on sampling quality should also be
estimated to evaluate the overall sample quality.

() Use of quality control samples can effectively
assess the sample quality. Quality samples
include blanks, replicates, and spiked samples.
There are many types of quality control samples
used in the field. A definition and use of various
quality control samples are attached at the end of
the proposed format.

(g) If possible sampling procedures should be tested
against either through round robin programs or
using a different sampling technique. Round robin
samples are collected at the same site from the
same matrix at the same time by using similar
sampling techniques. All round robin samples may
be analysed in a single laboratory or analysed in

several laboratories. Depending on the number of
participants, the mean values of the round robin
may not be the reflection of the true values.

However, such results will at least provide
information on the relative accuracy of the
described sampling method compared to others
with similar sampling methods. If the described
sampling method has been tested in round robins,
the results of the round robin and reference for
more detailed information should be made avail-
able.

() If the described sampling procedure has been
compared with a different sampling technique (for
example, a different sample collection equip-
ment). The results of such comparison and
reference for more detailed information should be
made available too.

10. Safety Measurement

Safety measures must always be considered in the
development of any sampling plan. The safety issue is
particularly important when sampling in a remote area
or under harsh Arctic environment. Safety of field
personnel is always the number one priority.

APPENDIX I: QUALITY CONTROL SAMPLES
USED IN THE FIELD:
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1. Blanks: defined as matrices that have neg-
ligible or unmeasurable amount of the substance of
interest. Blanks commonly used for environmental
sampling are field blank, trip biank, equipment blank
and material blank.

+ Field blank: samples of analyte-free media similar to the
sample matrix. They are prepared in the laboratory, carried
to the site and exposed to the sampling environmental at
the site, and shipped back to the laboratory. Field blanks
are used to measure incidental or accidental sample
contamination during the whole sampling process.

« Trip blank (or transport blank): samples of analyte-free
media taken from the laboratory to the sampling site and
returned to the laboratory unopened. They are used to
measure cross-contamination from the container and
preservative during transport, field handling, and storage.

- Equipment blank (or rinsate blank): samples of analyte-
free media that have been used to rinse the sampling
equipment. They are used to measure contamination from
use of equipment.

* Material blank: samples of construction materials such as
pipes, pumps. They are used to measure contamination
from use of these materials.

2. Replicates: duplicates; samples collected at
the same site from the same matrix at the same time
using the same sampling technique. Replicate sam-
ples provide information to assess the precision of a
given sampling procedure.

3. Spikes: samples of the similar analyte-free
media spiked with known amount of substance of
interest. They are prepared in the laboratory and
treated the same way as field blanks. Spiked samples
are used to measure the sample integrity (stability of
analyte, recoveries) during whole sampling process.
It can also be used to assess the accuracy of a given
sampling procedure.
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GLOBAL EMISSIONS INVENTORIES: GLOBAL HEXACHLOROCYCLOHEXANE USE TRENDS
AND THEIR IMPACT ON THE ARCTIC ATMOSPHERIC ENVIRONMENT

Project Leader: Y.-F. Li, Modelling & Integration Research Division, Atmospheric Environment Services

(ARQI), Environment Canada

Project Team:

OBJECTIVES

T.F. Bidleman, and L. Barrie, Atmospheric Environment Services, Environment Canada

1. to determine the sources of persistent organochlorine pesticide contaminants in the Arctic.

2. toincrease the effectiveness of Canada’s efforts in building global emissions inventories by
integrating our work with that of the international community.

3. to contribute to the Northern Contaminants Program, the United Nations Economic Council
of Europe’s Task Force on Persistent Organic Pollutants and Heavy Metals; the UN ECE
Expert Panel on Emissions; the Global Emissions Inventory Activity (GEIA) of the
International Geosphere/Biosphere Program, and the United Nations Environment Programme (UNEP).

DESCRIPTION

Hexachlorocyclohexane (HCH) is an organochlorine
insecticide that is available in two formulations: technical
HCH which is dominated by the a-HCH and y-HCH with
traces of -, -, and e-HCH (Metcalf 1955) and lindane
(> 90% y-HCH). Because of low cost and high
effectiveness, HCH was one of the most widely used
insecticides in the world.

HCH compounds volatilize soon after application in
source regions (Glotfelty ef al. 1984), and migrate
through the atmosphere to the polar regions (Gregor
and Gummer 1989). Since the low Henry's law constants
of HCHSs favour partitioning from air into water (Kucklick
et al. 1991), especially at low temperatures, HCHs
condense into the lakes and oceans of northern
ecosystems (McConnell et al. 1993, Hinckley et al.
1991). This is sometimes referred to as the “cold
condensation” phenomenon (Wania, and Mackay 1993
1996). In fact, HCHs have been found to be the most
abundant organic compounds in the arctic atmosphere
and surface waters (lwata et al. 1993, Hargrave et al.
1988, Bidleman et al. 1995). A compilation of
measurements made between 1979-93 from stations
in the Canadian and Norwegian arctic and from cruises
in the Bering and Chukchi seas indicates that
atmospheric concentrations of a-HCH have declined
significantly (Bidleman et al. 1995, Jantunen and
Bidleman 1995 1996). This decline was not linear but
rather occurred in steps, decreasing after 1982 and
again between 1990 and 1992. This work summarizes
global usage of o-HCH from 1979 to 1994, and
compares the usage trends with concentration of o-HCH
in arctic air during the same time period. This will be

helpful for us to understand the relationship between
the global HCH use and the contamination by this
insecticide in the Arctic. The work presented here was
published, and most parts of this work are from this
publication (Li et al. 1998a).

ACTIVITIES IN 1996/97

The following activities were undertaken in the past year:

1. A global HCH/Lindane usage database with 1° X 1°
lat./long resolution for 1980 and 1990 without any
interpolation has been compiled and the result was
published (Li et al. 1996).

2. A number of fruitful collaborations with a host of
scientists and agencies worldwide continued. In
1996/1997 Atmospheric Environment Service of
Environment Canada and the Nanjing Institute of
Environmental Science (NIES), one of three research
institutes directly under the National Environmental
Protection Agency of China, jointly implemented a
project “the history, present, and future of the
organochlorine pesticides use in China” with partial
funding from UNEP. This is a successful practice,
and some results of that work were either published
(Li et al. 1998b) or submitted (Li et al. 1998c).

RESULTS

Global Usage of Technical HCH

Many countries, especially developed countries, banned
technical HCH usage in 1970s (Voldner and Li 1995).
In 1979 there were around 70 countries still using
technical HCH, but half of these countries banned the
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product between 1979 to 1992 (Voldner and Li 1995).
Since 1979 China, India and the former Soviet Union
have been the top technical HCH consuming countries.
In 1980, the annual consumption of technical HCH in
these three countries accounted for more than 90% of
the total technical HCH usage in the world.

China was the largest producer and user of technical
HCH from the 1970s until April 1 1983, when China
banned both production and usage of technical HCH
(Chinese Ministry of Agriculture 1989). The total amount
of technical HCH produced from 1952 to 1983 in China
was around 4.5 million tonnes (Li ef al. 1998b).

India is another country with large technical HCH
consumption in both the agriculture and public health
sectors. Maximum annual usage reached 57,000 t in
the latter 1980s. On October 30,1990 the government
of India banned technical HCH usage on vegetable, fruit,
and oilseed crops and for preservation of grains, but
continued to allow its use for public health protection
(Parmar 1993) and on certain food crops (David et al.
1992) at around 20,000t annually. It was reported that
the India Government has taken a decision to phase
out a production of 30,000 tonnes of HCH per annum
(Sugavanam and Kim 1996).

In the former Soviet Union, technical HCH was one of
the most widely used insecticides from 1940s to 1980s
(Kundiev and Kagan 1993). The most extended areas

of the arable lands on the territory of the former Soviet
Union were in Russia and Ukraine. The use of technical
HCH was banned at the end of the 1980s for the major
agricultural crops, however, use of remaining stockpiles
was allowed even after 1991. (Kundiev et al. 1993).

Estimated technical HCH productions/usage for China,
India and the former Soviet Union from 1979 to 1994
are depicted in Figure 1. The graph illustrates the heavy
HCH usage in China compared with India and the former
Soviet Union if assuming that the main part of technical
HCH produced each year in China was used in the same
year.

The Impact of Global HCH Usage on the Arctic
Atmosphere

As o-HCH is the dominant isomer in the formulation of
technical HCH, tracking the atmospheric concentration
of this compound should directly reflect current use rates.
In Figure 2, global use rates of technical HCH can be
compared with historical measurements of a-HCH
concentration (from June to November) in the atmos-
phere of arctic regions (Bidleman et al. 1995, Jantunen
and Bidleman 1995 1996, Patton ef al. 1989, Hargrave
et al. 1988, Falconer et al. 1995, Oehme & Ottar 1984,
Pacyna & Oehme 1988, Oehme 1991, Oehme et al.
1995, Tanabe & Tatsukawa 1980, Hinckley et al. 1991,
Iwata et al. 1993). These air concentration data were
measured from different stations in different years by
several research groups. The variability for these data
can be found in (Bidleman et al. 1995).
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1979 to 1994.

Technical HCH production for China, and usage for India, and the former Soviet Union from
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Figure 2. Long-term trends of global technical HCH usage and mean air concentrations of o-HCH in the

arctic regions from 1979 to 1994.

Two significant drops of global technical HCH usage are
identified in Figure 2. One started in 1983 when China
banned the use of technical HCH, and another occurred
around 1990 when India banned technical HCH usage
in agriculture and the former Soviet Union banned the
usage of technical HCH. Air concentrations of a-HCH
appear to respond within a few years to changes of
usage. The long-term trends also show two significant
decreases, one between 1982 and 1983, and another
between 1990 and 1992. The consistency between
global technical HCH usage and air concentrations of
o-HCH in arctic regionsillustrates a relationship between
usage and air concentrations on a global level.

DISCUSSION/CONCLUSIONS

The net direction of the air-sea gas flux is controlled by
the dissolved and gaseous HCH concentrations in water
and air, the Henry’'s law constant, and the air
temperature. The drop in atmospheric a-HCH

concentrations since 1991 in arctic regions has actually
caused a shift in the direction of the airwater flux of o-
HCH from deposition to volatilization (Jantunen and
Bidleman 1995, Bidleman ef al. 1995). Up until 1991,
measurements of HCH airwater flux in the arctic as well
as in other large, cold water bodies such as the Great
Lakes and Lake Baikal, Russia resulted in an air-to-water
flux direction for both o- and y-HCH except for the
warmest months of the year (Bidleman and McConnell
1995).

Atmospheric concentrations of a-HCH seem to be
responding rapidly to reductions in global use rates. A
continuation in the trend in declining air concentrations
is expected as more and more countries phase out the
use of this compound. However, as the air a-HCH
concentration drops, the net direction of air-sea gas flux
has been reversed since a-HCH concentrations in the
arctic waters have remained relatively unchanged. Thus,
soils and surface waters containing HCH will be a diffuse,
nonpoint source to the atmosphere that will likely
maintain detectable atmospheric concentrations for
some time in the future.
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PAH CONCENTRATIONS AND DISTRIBUTIONS IN THE ARCTIC OCEAN

Project Leaders: R.W. Macdonald (I0S, Sidney, BC); W.L. Lockhart (FWI, Winnipeg, MB)

Project Team:

OBJECTIVES

M.B. Yunker, F.A. McLaughlin, B. Billeck, L.R. Snowdon, J.N. Smith, G. llyin.

1. Establish the sources of PAHs in the basins by comparing the PAH profiles of shelf sediments
and using multivariate statistical models to look for similarities.

2. Use the PAH pattern distributions to infer contaminant transport pathways and mechanisms

within the Arctic Ocean.

Assess the relative contributions of natural vs. anthropogenic PAH sources.

Determine what risks PAHs pose in the Arctic marine environment.

DESCRIPTION

PAHSs can induce biological effects, including tumors (cf.
Yunker and Macdonald 1995). PAHs are also good
tracers in that PAH patterns have the potential to provide
definitive evidence of sediment transport pathways
linking sources to sinks (areas of contaminant
accumulation). Pathways, illuminated by the PAH
patterns, will also be valid for other particle-reactive
contaminants including radionuclides, some metals, and
many of the higher molecular weight organochlorines
such as PCBs. In this project it is intended to integrate
two large data/sample sets assembled by I0S and FWI
and thence to apply statistical multivariate techniques
to examine sediment concentrations, sources, pathways
and sinks for PAH (and related hydrocarbon biomarkers)
for the Arctic Ocean.

ACTIVITIES IN 1997/98

The work was initiated after mid-year funding was
approved (Sept. 1997). Samples have been collated and
examined carefully for discrepancies. Multivariate
statistical techniques have also been applied to aid in
the process of sorting samples and compound groups.

RESULTS

Sample Suite

Samples collected under the NCP and other programs
include sediment cores from AOS-94 (the Arctic Ocean
Section), sediment cores from the Chukchi, East
Siberian and Beaufort Seas (Larsen-93 and earlier
NOGAP work), surface samples from the Laptev and
outer Barents Seas (Polarstern Arctic-93), sediment

cores from the Barents Sea (Geolog Fersman-92; see
Figure 1). These samples have been taken from
important source areas (Eurasian and North American
shelves) and important depositional areas (ocean basins
and the Canadian Archipelago).

Samples Analysed

PAH analyses for the samples collected under the NCP
have been conducted principally by two laboratories
(Axys Analytical Laboratory (Axys) and Freshwater
Institute (FWI)). Axys has determined concentrations of
parent (unsubstituted) and alkyl-substituted PAHSs for 67
samples of suspended particulate matter and sediment
box-core sections and 15 samples of ice, snow melt and
seawater for samples from the 1993 and 1994
icebreaker cruises to the Arctic Ocean. n-Alkanes and
hopane triterpanes (biomarkers of petroleum) have also
been measured for most of the sediment samples. These
samples build on PAH and alkane concentration data
from the Beaufort and Barents Seas; to date the
distributions of PAHs, alkanes and hopanes in arctic
sediments have been comprehensively interpreted on
a limited set of samples and published in the open
literature (Yunker and Macdonald 1995, Yunker et al.
1991, 1993, 1994, 1995, 1996).

FWI has determined parent PAH concentrations and
some alkylated PAHs in 28 samples of sediment from
the Laptev and outer Barents Seas and two from off
Axel Heiberg Island and have analysed all of the
atmospheric samples from the Arctic air monitoring
stations at Alert, Cape Dorsett, Tagish and Dunai.
Results of the air monitoring program are in press
(Halsall et al. 1997).
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DISCUSSION/CONCLUSIONS

Comparison of the data from the Axys and FWI
laboratories reveals uniform, high-quality analyses which
can, therefore, be applied to questions of source and
transport (i.e. objectives 2 and 3).

As shown in Figures 1 and 2, Arctic basin locations
influenced by the Transpolar Drift (Eurasian Basin,
Greenland Sea) have higher hydrocarbon concen-
trations, both PAH and alkane, than locations influenced
by the Beaufort Gyre (Canadian Basin).

Both PAH profiles and the distribution of hopane
biomarkers characteristic of Russian petroleum basins
suggest that sediment from the eastern Russian shelves
makes a greater contribution to the basins than sediment
from the Chukchi and Beaufort Seas. Hence sediment
from Russian shelves that is transported by the
Transpolar Drift is primarily deposited in the Eurasian
Basin.

Hydrocarbons such as the higher plant n-alkanes and
the higher molecular weight (primarily combustion
derived) PAHSs that can be-transported on both oceanic
and atmospheric particulate are present at all basin
stations in core intervals that correspond to both
Holocene and Glacial eras (cf. Figure 3). In contrast,
sediment-bound hydrocarbons such as the petroleum-
derived alkyl naphthalenes and phenanthrenes or the
higher plant-sourced tetrahydrochrysenes and picenes
remain present in Glacial times at the basin margins
(Stations 144, 11, 37) but are largely absent in the central
basins (Stations 18, 26, 35, 36). A shift in parent PAH
composition towards the less-stable or combustion PAHs
is also observed in the pre-Holocene core sections of
the basin samples.

Concentration profiles with depth in the basin cores imply
a reduced transport of sediment to the central Arctic
Ocean during Glacial times, but suggest that off-shelf
transport was relatively unaffected by ice cover at the
basin margins. Profiles also indicate that the atmospheric
delivery of plant alkanes and combustion PAHSs to the
central Arctic basins apparently continued uninterrupted
when ice rafting and the supply of presumably sediment-
borne alkyl PAHs (both petroleum and higher plant) were
curtailed. The hydrocarbon biomarkers very clearly
provide insights into the transport of particulate material
from Arctic shelves to basins over large spatial and
temporal scales with obvious implications for transport
of modern particle reactive contaminants.
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LONG-RANGE TRANSPORT OF CONTAMINANTS TO THE CANADA BASIN AND
SELECTIVE WITHDRAWAL THROUGH THE CANADIAN ARCHIPELAGO

Project Leaders: R.W. Macdonald, F.A. McLaughlin, E.C. Carmack (10S), G. Stern (FWI)

Project Team:

OBJECTIVES

M.C. O'Brien, D. Tuele, D. Sieberg, and D. Paton

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. For
1997/98, the NCP funded us only to collect samples for organochlorine determination of water, particles
and biota along the JOIS cruise track through the Canadian Archipelago (Leg 3) and to the SHEBA site

(Leg 4) in the Canada Basin interior (Figure 1).

DESCRIPTION

Based on NCP results obtained over the last 5 years
(Barrie et al. 1997), we observe the highest con-
centrations of HCHs in the Arctic Ocean within the
Canada Basin interior. Indeed, it is almost certain that
the surface waters of the Canada Basin contain the
highest concentrations in the world oceans — concen-
trations which are 4-10 times higher than, for example,
Pacific or Atlantic waters now entering the Arctic. By
contrast, HCH concentrations in waters that can
exchange with the atmosphere, such as those found in
the source regions of Bering Strait and Fram Strait and
in seasonally ice-free shelf regions, reflect the downturn
in atmospheric concentrations. However, the high HCH
concentrations found in the Canada Basin interior are
the result of a combination of factors: An atmospheric
HCH source function 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 and provides an opportunity to observe the
ocean’s response to atmospheric downturn in contamin-
ant concentrations and thus estimate the residence time
of this high HCH reservoir.

Sometime between 1989 and 1993, the location of the
Atlantic-Pacific water mass boundary has changed from
the Lomonosov Ridge to the Alpha-Mendeleyev Ridge
(McLaughlin et al. 1996). This shift signals a dis-
placement of the upper 200-300m 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, this 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 persistence of globally transported
contaminants than that of isolated sampling in time or
space.

ACTIVITIES IN 1997/98

The JOIS mission was carried out as planned, with the
collection of samples through the Canadian Archipelago
as well as along a section in the Canada Basin en route
to the SHEBA site. During Leg 3, 50 CTD and 25
geochemistry stations were occupied to provide data
for examining the selective withdrawal of waters from
the Canada Basin into the Archipelago as well as
understanding water mass circulation and processes
that occur within the Archipelago. The contaminant
sampling included water column samples for HCH
analysis at seven stations, box cores at six stations and
arctic cod at one station zooplankton samples were also
collected at selected stations along the transect to
provide estimates of biomass.

During Leg 4, 15 CTD and geochemistry stations were
occupied. Surface water samples for HCH analysis and
zooplankton samples for organochlorine analysis were
also collected at each station At the most northern station
in the Canada Basin water column samples (16 depths)
were collected for HCH analysis to provide a detailed
profile for comparison to our time-series data.
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RESULTS

Due to severely restricted funds, money was not
allocated to analyse the samples in 1997/98.
Accordingly, although we have started to compile the
physical and chemical support data, we have no
organochlorine data to submit at this time.

DISCUSSION/CONCLUSIONS
Funds have been approved in 1998/99 to analyse our
archipelago sample set and these analyses will progress

in this fiscal year.

Expected Project Completion Date: April 30, 1999.

Cruise track of the Canadian Archipelago and Canada Basin transit.
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THE SEASONAL CYCLE OF ORGANOCHLORINE CONCENTRATIONS IN THE CANADIAN BASIN

Project Leaders: R.W. Macdonald, F.A. McLaughlin and E. Carmack (I0S); H. Welch, G. Stern (FWI)

Project Team:

OBJECTIVES

D. Paton, M. O'Brien, D. Tuele, D. Sieberg (10S)

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

DESCRIPTION

SHEBA (Surface Heat Budget of the Arctic) provides a
unique window to examine the physical and biological
processes that ultimately cause high contaminant
concentrations in top predators of the Arctic Ocean. The
interior Canada Basin provides a large mesocosm,
known to be enriched in some contaminants, wherein
we can observe how the ocean maintains contaminant
burdens in the euphotic zone and how such con-
taminants transfer into ice and pelagic biota. Therefore,
we are proposing to carry out a “vertical” food-chain
study in a seasonal context (Figure 1). “Vertical”
components will include the water and ice, particles,
algae, zooplankton (sorted by trophic level) and fish.
Samples collected during SHEBA will provide inform-
ation about the relationship between seasonal ice
formation and melt, seasonal atmospheric transport and
water column organochlorine concentrations in the
Canada Basin. For example, based on program results
obtained over the last five years, during August—
September the highest concentrations of HCHs in the
Arctic Ocean are found in the Canada Basin interior and
are believed to be the result of a combination of factors:
An atmospheric HCH source function 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 (cf. Macdonald et al. 1997). The
SHEBA program will expand our knowledge to
incorporate the seasonal cycle. Furthermore, because
the platform will remain within the Beaufort Gyre
throughout the year, there will be opportunity to collect
large volume samples using Infiltrex pumps and filters
to yield valid data for other OCs of concern like PCBs,
chlordane and toxaphene. Such data, which are almost
impossible to collect from ships carrying out transects,
were noticeably absent during recent assessments (cf.
Barrie et al. 1997).

Under the U.S. National Science Foundation sponsored
SHEBA program a full seasonal study will be made of
physical and biological processes. DFO already has a
large investment in SHEBA to perform some of these
biological and physical studies (FWI, Welch; 10S,
Carmack). Therefore, this proposal together with funded
process studies provides an unparalleled opportunity to
incorporate contaminants and learn how the physical
and biological systems couple to produce contaminant
entry into the food web. The seasonal influence of ice
cover is expected to dominate at the SHEBA site (75°N
140°W) whereas advection is anticipated to be less
important. Therefore, SHEBA will mimic a large
mesocosm representative of the interior surface pool of
the Beaufort Gyre. So far, there has been only one study
of organochlorine intra-annual variability and, because
of logistics, the site was in the Canadian Archipelago, a
region of strong advection.

The strength of our contaminant sampling program is
that it is integrated with other broad science plans in
SHEBA. This means that contaminant distributions can
be interpreted and modelled 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 interpretation
and policy setting than that of isolated sampling in time
or space.

ACTIVITIES IN 1997/98
In October, 1997, the CCGS de Groselliers was set into

the ice within the Beaufort Gyre of the Canada Basin
and began the year-long drift experiment (Figure 2).
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Since that time, there has been a regular schedule of
sampling for the various contaminants (Table 1) and for
supporting physical and chemical parameters.

RESULTS

The year-long SHEBA program is still underway.
Accordingly only samples collected during the first
sampling period in November have been analysed and
only toxaphene data are presented below. Although at
this stage in the analysis it is too early to interpret these
findings, some interesting patterns are apparent when
comparing water, particulates and biota (Figure 3).

Analytical Methods

PCBs and OC pesticides were quantified by high
resolution gas chromatography with electron capture
detection (GC/ECD) using a 60 m x 0.25 mm i.d. DB5
column (0.25 um film thickness) and H, carrier gas.
CHBs were analysed using high resolution gas
chromatography electron capture negative ion high
resolution mass spectrometry (HRGC/ECNI/HRMS) in
the selected ion mode on a Kratos Concept mass
spectrometer controlled using a Mach 3 data system.
Analyses were performed at a resolving power of
~12000. Argon (UHP) was used as the moderating gas

and perflurokerosene as the mass calibrant. Optimum
sensitivity was obtained at a gas pressure of ~2 x 10*
torr as measured by the source ion gauge. The electron
energy was adjusted for maximum sensitivity (~180 eV),
the accelerating voltage was 5.3 kV and the ion source
temperature was 120°C. The SIM program and GC
conditions used have been described previously (Donald
et al. 1998). In addition to ECHB and the Cl; to Clg
homologue groups, four individual CHB congeners were
quantified; T2 (Parlar 26, B8-1413), and T12 (Parlar 50,
B9-1679), both of which are known for their persistence
in marine mammals, and Hx-Sed (B6-923) and Hp-Sed
(B7-1001), the two major end products found in
sediments of toxaphene treated lakes (Miskimmin et al.
1995, Stern et al. 1996).

Results

All four of the individual congeners were present in all
samples. ZCHB concentrations in the biota range from
107.5 ng/g (wet wt.) in Thermisto abyssorum to 377.2
ng/g (wet wt.) in orange amphipods. On average, the
sum of T2 and T12 corresponds to 12.8% of XCHB
compared to 6.3% for total Hx- and Hp-Sed. Although
the latter two congeners have the same staggered 2-
exo, 3-endo, 5-exo,6-endo ring structure as T2 and T12,
they do not have the same propensity for

Table 1. SHEBA sampling schedule (X represents collected samples).
Month Air Water Water Infiltrex Large Zoopl. Zoopl. Fish Melt
column column Samplet Volume pools
HCH, S. HCH profile: Filter ice water XAD,
0-18 0-18, S XAD assoc. assoc. S,
0O-18
17 depths 10,50, 9 depths 10m +
100,150m pyc
4L 4L >400 L. >2000L
October X X
November X X X X X
December X X X
January X X X
February X X X X X X
March X X X
April X X X X X X X X
May X X
June X X X X X
July X
August X X X X X X
September X X
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marine biota, water and particulate samples and the technical mixture
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Table 2. Concentrations of CHB homologue groups, of selected congeners, total CHBs (ECHB) and PCBs

(ZPCB) in arctic marine biota and water.

%lipid CI-6 CI-7 Cl-8 Cl-2 HxSed HpSed T2 T12 ¥CHB ZPCB
Biota, ng/g ww
Shrimp 56.6 3.7 84.2 169.8 82.4 1.4 9.2 235 56.7 340.2 8067
Orange amphipods nd 3.8 91.7 2145 67.3 1.0 13.3 340 545 377.2 206.8
Gammarus wilkitzkii 46 1.7 456 65.6 115 0.5 5.6 7.9 89 1244 11538
Thermisto libellula nd 8.1 166.8 174.8 21.8 4.0 269 105 18.5 '+ 371.5 92.4
Euchaeta 347 54 1024 1021 15.2 2.7 17.2  11.7 124 2551 66.7
Thermisto abyssorum 371 3.2 417 54.4 8.2 0.8 5.7 34 5.6  107.5 74.4
Chaetognaths 14.3 29 50.3 63.4 9.1 14 8.2 5.8 7.0 125.6 53.5
Herbivores 339 115 656 58.7 7.9 22 8.7 4.8 3.6 1436 15.5
Water (depth, M), pg/L
30 4.6 20.1 10.2 0.6 2 3.9 0.7 0.4 354 136.7
170 125 661 33.0 5.6 5.4 12:5 3.2 4.7 117.2 2405
200 221 1357 83.7 6.7 9.5 19.7 6.1 5.2 248.2 259.7
250 39.3 2539 1966 23.9 20.0 39.6 94 19.6 5136 714.9

nd = not determined

bioaccumulation. Recently Fisk et al. (1996) reported
that Hp-Sed was more rapidly eliminated from
salmonoids than either T2 or T12, and that it did not
biomagnify in laboratory dietary accumulation studies.
In the water samples, ZCHB concentrations range from
35.4 to 513.4 pg/L. Contrary to what was observed in
the biota, Hx- and Hp-Sed were present in higher
concentrations than T2 and T12 (13.5 and 4.8% of
2CHB, respectively). Both XCHB and TPCB were found
to increase with water depth.

DISCUSSIONS/CONCLUSIONS

Technical toxaphene is thought to contain up to 300
different congeners, consisting mainly of penta- to
decachlorobornanes and to a lesser extent
camphadienes (Zhu et al. 1994). Toxaphene extracted
from environmental samples gives chromatographic
profiles that differ from the analytical standard;
degradation of some of the congeners in the technical
mixture occur by photodegradation during atmospheric
transport and by biotransformation in water sediment
and biota (cf. Loewen et al. 1998). Analysis of total
toxaphene alone would give little insight into this
complexity, however, a comparison of chlorobornane
(CHB) congener patterns would by extremely useful with
regard to understanding sources and transport/
bioaccumulation pathways.

Expected Project Completion Date: March 30, 2000.
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MERCURY IN AMBIENT AIR AT ALERT
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OBJECTIVES

1. to determine total gaseous mercury and particulate-phase mercury concentrations in ambient air at

Alert, for the purpose of establishing:
(i) baseline concentrations

(i)
(iii)

the temporal variability/trends of atmospheric mercury in the high Arctic, and;
linkages to the elevated levels of mercury existing in the Arctic food chain.

2. toinvestigate atmospheric mercury vapour transformation processes, as well as mercury removal/depletion
mechanisms, occurring at Alert (and probably elsewhere in the Arctic) after polar sunrise,
which result in enhanced atmospheric input of mercury to Arctic ecosystems in the spring.

DESCRIPTION

Two landmark reports on contamination of the Arctic
environment were published during 1997: The Canadian
Arctic Contaminants Assessment Report (Jensen et al.
1997) and the Arctic Monitoring and Assessment
Programme report on Arctic Pollution Issues: A State of
the Arctic Environment Report (AMAP 1997). Both
reports consider mercury as a priority heavy metal
because of its environmental persistence, ecotoxicity,
and ability to be bio-accumulated in the human food
chain (in the form of methylmercury). As mercury exists
in ambient air predominantly in the vapour phase (as
Hg® ), is not very soluble in water, and is relatively inert
chemically, it can be transported in the atmosphere over
long distances from its emission sources to remote Arctic
locations (Schroeder & Munthe 1998, Fitzgerald et al.
1998).

From other scientific studies (Slemr and Langer 1992,
Mason et al. 1994, Fitzgerald 1995) it is known that, on
a global scale, atmospheric mercury concentrations
were increasing (at least between 1977 and the late
1980s) by about 0.6% to 1.5% per annum. More recent
measurements (in the Bavarian Alps, and over the
northern and southern Atlantic Ocean) reported by Slemr
and Scheel (1998) point to a significant decline (about
7.5% per year, between March 1990 and May 1996) in
atmospheric mercury levels on both regional (European)
and global scales. Such a relatively large decrease in
atmospheric mercury concentrations is not, however,
consistent with published anthropogenic emission

inventories (Nriagu & Pacyna 1988, Lindqvist 1991,
Pirrone et al. 1996, Pacyna 1996, Porcella 1996, Pai &
Niemi 1997).

Our atmospheric mercury measurements at Alert — a
World Meteorological Organization Global Atmosphere
Watch (WMO/GAW) Baseline Observatory — and the
resulting time series, could (in a few years) help to
resolve the apparent discrepancy described above. In
the meantime, our continuing determinations of the
concentrations of total gaseous mercury (TGM) and
(occasionally) total particulate-phase mercury (TPM) in
ambient air at Alert will supplement the meagre data set
of atmospheric mercury concentrations in the Arctic
(Schroeder et al. 1995). These measurement results will
define, inter alias, the temporal variability of atmospheric
mercury levels, both in the short term (daily, weekly,
seasonally) as well as in the long term (annually, and
longer), in order to understand and to be able to predict/
model the atmospheric behaviour, pathways and
temporal trends of this environmental contaminant in
polar regions. At present, information on temporal (and
spatial) trends in the high Arctic is virtually non-existent.
This project is intended to address these information
gaps.

ACTIVITIES IN 1997/98
In fiscal year 97/98 we continued our ground-level

measurements of total gaseous mercury (TGM)
concentrations in ambient air at Alert. As was the case
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Figure 1.  Particulate-phase mercury concentrations in ambient air at Alert during May 1995
(weekly integrated samples).
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Figure 2.  Total particulate-phase mercury concentrations in ambient air at Alert during autumn
1996.
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in 1995 and 1996, we again recorded a dramatic
increase in the variability of boundary layer TGM
concentrations after polar sunrise during the spring of
1997 and lasting from about mid-March until mid-June.
Through a series of judiciously planned and carefully
executed experiments performed during March, April and
May 1997, we obtained conclusive evidence that the
depletion of atmospheric mercury vapour in the Arctic
in springtime (following polar sunrise) is a real
phenomenon, not a measurement artifact (Schroeder
et al. 1998a).

During April and May of 1997, using a new method
recently developed at AES (Lu et al. 1998), we also
conducted concurrent measurements of TPM and TGM
concentrations at Alert in order to obtain information on
the conversion of elemental mercury vapour into
particulate-phase mercury species as a result of
springtime chemical transformation processes
anaiogous to those resulting in Arctic tropospheric
(boundary layer) ozone depletion in spring after polar
sunrise.

RESULTS AND DISCUSSION

Particulate-Phase Mercury Concentrations in
Ambient Air at Alert

Due to existing resource limitations, only intermittent
determinations of particulate-phase mercury were made
at Alert during the time period from May 1995 to May
1997. Accordingly, weekly-integrated filtered air samples
were collected (in duplicate) at Alert and then sent to
the University of Connecticut for chemical analysis in
the ultra-trace mercury laboratory of W. Fitzgerald. The
results obtained for 1995 and 1996 are shown in Figures
1 and 2, respectively. It is quite evident from these two
charts that the springtime (1995) values for total
particulate-phase mercury concentrations are generally
an order of magnitude higher than the (1996) autumn
values. This picture is consistent with our expectations
of elevated TPM concentrations in the spring (after polar
sunrise) due to conversion, by one or more as yet
unknown chemical oxidation reactions, of Hg?* vapour
into Hg?" species which are much less volatile (i.e. have
lower vapour pressure) than the starting material
(elemental mercury vapour) and are thus more likely to
be associated with airborne particulate matter (Pearce
1997, Schroeder et al. 1998b, ¢ & d).

Total particulate-phase mercury concentrations which
were determined for atmospheric aerosol samples
collected at Alert in April and May of 1997, using a
sampling and analytical method recently developed at
AES in Downsview (Lu et al. 1998), are summarized in
Table 1. The values obtained range from below the

detection limit of the method (2 picograms Hg per m? of
air) to about 450 pg m=. Figure 3 shows these TPM
results (this time expressed in units of ng m= to be
consistent with the concentration units generally used
for TGM) along with the TGM concentrations observed
at Alert from early April to the latter part of May, 1997.
This figure shows several occasions (samples collected
on April 5, April 5-7 and April 29—May 6) on which TPM
concentrations were elevated ( >0.1 ng m=) when TGM
concentrations were significantly depleted (i.e., <1 ng
m=3 ). The exception to this trend occurred for the 2
samples of TPM collected (in parallel) for the 7-day
period from May 12 to May 19, during which an elevated
TPM concentration might have been expected based
on the concurrently recorded TGM values which were
below 1 ng m= during most of that week. It is conceivable
that the particulate-phase mercury produced from the
conversion of (the “missing”) Hg® vapour may have been
deposited ( i.e. “removed from the atmosphere” ) en
route to Alert.

Enhancement of Atmospheric Mercury Input to
the Arctic Ecosystem in Springtime

The results of our DIAND-sponsored research program
at Alert indicate that frequent episodes of atmospheric
mercury vapour depletion occur at Alert (and probably
also at other polar coastal locations) in the spring
following polar sunrise, at the same time as there are
“low ozone events” in the Arctic troposphere (boundary
layer), with both phenomena being amplified/modulated
by the evolution/devolution of stable temperature
inversions near the Earth’s surface (Schroeder et al.
1997a & b, Schroeder et al. 1998 b, ¢ &d). This situation
leads to greatly enhanced deposition of mercury from
the atmosphere to Arctic ecosystems since the long-
lived form of mercury (viz., Hg®, which is estimated to
have a mean global atmospheric residence time of about
6 to 24 months and is normally predominant in ambient
air) is chemically transformed into one or more oxidized
mercury (Hg?") species having mean atmospheric
residence times under Arctic environmental/
meteorological conditions of several days or, at most, a
few weeks.

On the basis of the high-temporal-resolution atmospheric
mercury measurements we made at Alert during 1995
and 1996, we have estimated atmospheric mercury
(particulate-phase) deposition fluxes, and the
corresponding “loadings”, to the Arctic environment in
the springtime during those periods when we observed
depletion of mercury vapour in the boundary layer of
the troposphere. The experimental/environmental
conditions and parameters, and the assumptions
involved in these estimates of atmospheric mercury
inputs into the Arctic ecosystem during the spring of 1995
and 1996 are summarized in Table 2.
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Table 1. Total particulate-phase mercury (TPM) concentrations in ambient air at Alert from April 5 to May 19,

1997.
Sampling date Sampling time TPM
hours pg m* (n°)
April 5 11 119 (27 (3)
April 5-7 47 449 (91(2)
April 7-14 165 28 (17 (3)
April 17- 22 : 116 27 (0.4 (2)
April 29-May 6 183 148 (12 (2)
May 6-12 142 . <2® (2)
May 12-19 165 9.6 (0.6 (2)

2 Number of determinations. When n = 3, the values after + signs are standard deviations; when n=2, the values after £ signs are the
difference from the mean.
®  Limit of detection.

Table 2. Parameters and assumptions involved in the estimation of atmospheric mercury deposition in the
Arctic during springtime.

PARAMETER/ASSUMPTION 1995 1996
Start of mercury depletion window April 12 March 1
(JD 091) (JD 061)
End of mercury depletion window June 15 June 9
(JD 166) (JD 161)
Duration of depletion window, days 752 100°
Annual mean TGM concentration, ng/m? 1.62 1.56
Number of days with TGM concentrations <annual mean 51 62
Number of days with TGM concentrations >annual mean 24 32
Mean TGM concentration for non-depletion periods 1.84 1.79
Mean TGM concentration for depletion periods 0.98 0.89
Mean concentration of Hg?* produced during depletion periods 0.86 0.90
Dry deposition velocity for Hg?, cm/s 0.1 0.1
m/day 86.4 86.4
Dry deposition flux of Hg? , ng/m2/day 74.3 77.8
ng/m2/hour 3.10 3.24
Amount of mercury deposited in spring, pg/m? (= g/km?) 3.79* 4.82

Area of Arctic Ocean = 13,218,146 km?
Amount of mercury deposited on Arctic Ocean, tonnes 50.1 63.7

Amount of mercury deposited on Canadian Arctic (area of 3,407,120 km?)
{400 sector from northern tip of Ellesmere Island (83°N) to
southern end of Hudson Bay (55°N)] 12.9 16.4

2 No TGM concentration data available between March 15-31, 1995
® No TGM concentration data available for 6 days in this period
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It is interesting to note that the dry (particle) deposition
flux values in this table, viz., 3.1 and 3.2 ng/m?h, are
very similar to the 1995 springtime dry deposition flux
value of 2.5 + 0.5 ng/m?/h which we derived via a different
estimation scenario (Schroeder et al. 1998c). If we take
our estimated 1995 springtime atmospheric mercury
loading value of 3.8 pg/m? and the snow depth of 54 cm
reported for Alert by Welch et al. (1997) during their 1997
survey of mercury concentrations in snow collected over
sea ice at 20 localities in the Canadian Arctic, we obtain
a concentration of 20 ng Hg per-litre of snow melt water.
Compare this to the value of 22.3 ng Hg/L obtained by
Welch and co-workers for a snow sample collected at
Alert on June 6, 1997. Our 1996 particulate-phase
mercury dry deposition loading estimate of 4.8 pg/m?
would correspond to a snow (melt water) concentration
of 25.4 ng/L. Thus, our mercury loading estimates result
in snow (melt water) concentrations which bracket the
value determined experimentally for the snow sample
from Alert by Welch et al. in their 1997 Canadian Arctic
sSnow survey.

Furthermore, using our springtime atmospheric mercury
measurement results from Alert, we have also calculated
the amounts of mercury deposited from the atmosphere
to: (a) the surface of the Arctic Ocean (the smallest of
the world’s oceans), and; (b) a central ( 40° ) sector of
the Canadian Arctic (from the northern tip of Ellesmere
Island to the southern end of Hudson Bay). For the spring
of 1995, we calculate that 50 tonnes of mercury were
deposited to the surface of the Arctic Ocean, an area of
some 13 million square kilometers, and about 13 tonnes
to the central sector of the Canadian Arctic (comprising
an area of about 3.4 million km?). In 1996, the
corresponding amounts were 64 tonnes and 16 tonnes,
respectively.

To put these atmospheric deposition estimates into
perspective, it is helpful to compare them with reported
estimates of annual anthropogenic mercury emissions
for North America and for the world. Thus, Canadian
anthropogenic mercury emissions for 1995 have been
estimated at 12.7 tonnes (Deslauriers 1998), while those
for the United States during 1994—1995 were inventoried
at 143 tonnes (U.S. EPA 1997). Globally, Mason et al.
(1994) assumed that anthropogenic mercury emissions
totalled 4000 tonnes/year, somewhat lower than an
earlier estimate by Fitzgerald (1986) of 5000-6000
tonnes/yr. A similar comparison with natural emissions
of mercury into the atmosphere is not made here due to
the large uncertainties attached to existing estimates of
mercury emissions from natural sources on regional,
continental and global scales. [For the reader’s
information, a Canadian government—university
collaborative research project has been initiated for the

purpose of providing the first national emission inventory
of natural sources of mercury in Canada based on
environmental flux measurement methodologies.]

Our discovery and recognition of this special polar (Arctic
and, quite possibly, Antarctic) springtime environmental
phenomenon, involving the heavy metal mercury, has
profound implications for Arctic ecosystems and human
health, since even remote polar regions can be
significantly impacted by long-range atmospheric
transport of mercury (and other persistent pollutants)
emitted in industrialized as well as developing nations
around the globe. Atmospheric mercury vapour
oxidation, and the attendant depletion, after polar sunrise
results in a toxic heavy metal shock being delivered to
the Arctic ecosystem in the springtime just as biota are
re-awakening after the long polar night and are getting
ready for the ever-so-short Arctic summer season.
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OBJECTIVES

1. to determine source functions for radioactive contaminants in the Arctic Ocean associated with
nuciear accidents, nuclear weapons tests and ocean dumping of radioactive wastes.

2. toidentify the mechanisms governing radionuclide transport from anthropogenic sources
through different environmental phases (sediments, seawater, biota) with special reference

to the Russian marginal seas.

DESCRIPTION

Reports of the dumping of radioactive wastes on the
Russian Continental Shelf have raised concerns
regarding the transport of radioactive contaminants
through the Arctic Ocean, their uptake in the food chain
and the consequent radiological exposures of northern
population groups. This project provides information on:
(1) the magnitude of radioactive source terms in the
arctic through site-specific measurements of radioactive
contaminants on environmental samples collected within
the vicinity of radioactivity sources (i.e. radioactive waste
dumpsites, sunken submarines, nuclear weapons
accident sites) in the Arctic Ocean, and, (2) fluxes of
radioactivity and other contaminants (organics, metals)
in the arctic marine environment through measurements
of natural and artificial radionuclides in sediments,
seawater and biota and the application of various models
(ventilation, sediment biodiffusion, etc.) to estimate
radionuclide transport fluxes. Radionuclides are also
used as tracers to estimate inorganic and organic
contaminant fluxes in collaborations with other
investigators.

ACTIVITIES IN 1997/98

Arctic activities in 1997/98 included: (a) the collection
of seawater samples during the CSS Louis S. St. Laurent
cruise in Baffin Bay and the Canadian Archipelago in
1997, (b) the collection and analysis of seawater
samples from the central Arctic Ocean in 1997 from the
US Navy nuclear submarine, USS Archerfish, (c) the

collection of seawater and sediment samples in Kola
Bay and off Novaya Zemlya in the Barents Sea in 1997
in collaboration with Russian scientists (Okeangeologia,
St. Petersburg), (d) radionuclide analyses of sediment,
seawater and biota samples collected in 1995-97 in the
Barents and Kara Seas in the Russian Arctic; (e)
radionuclide analyses of sediment and seawater
samples collected aboard the CSS Louis S. St. Laurent
during the Arctic Ocean Section (AOS) cruise in 1994
and the Beaufort Sea cruise in 1995, and (f) publication
of a series of papers and reports on these arctic activities
and the presentation of these results at national and
international meetings.

RESULTS

Cruise Activities
Several oceanographic sampling programs were carried
outin 1997:

(1) Samples were collected for radionuclide analyses
during the cruise of the CSS Louis S. St. Laurent in the
Beaufort Sea, Baffin Bay and various locations in the
Canadian Archipelago in collaboration with scientists
from the Institute of Ocean Sciences (B.C.) and the
University of Rhode Island (URI). One BIO scientist from
the Bedford Institute of Oceanography accompanied the
CSS Louis S. St. Laurent and collected seawater sample
profiles in Baffin Bay and samples were collected by
collaborators at other locations in the Archipelago. The
purpose of this work is to determine radionuclide (**’Cs,
0Sr, 129], #°240py) distributions and their rates of transport
through the Arctic Ocean. Large volume (50 1) seawater
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samples were collected from a range of water depths
and passed through filters and resins to extract
particulate and dissolved radionuclides (eg. *¥’Cs and
239240p), while smaller 1 litre samples were collected
for '] analyses (Smith and Ellis 1995). Four Challenger
in-situ pumps were deployed, as on the 1994 AOS
cruise, and used to process the large (> 300 1) volumes
of seawater required to measure radionuclides such as
¥7Cs and Ra isotopes at low levels in surface and deep
waters.

(2) Seawater samples were collected for '¥’Cs and
29| analyses from the US Navy nuclear submarine, USS
Archerfish during a 1997 cruise in the Central Arctic
Ocean. Samples were collected through the hull of the
submarine down to depths of 240 m. The primary focus
of this work is to determine the extent to which
radioactive contaminants from the Russian marginal
seas and European Reprocessing Plants have been
transported through the Arctic Ocean and into the
Canada Basin and to evaluate any environmental
impacts on the North American continental shelf.

(3) Collaborative cruises with other scientists in 1997/
98 included work undertaken in the Kara and Barents
Seas in association with scientists at Okeangeologica
in St. Petersburg, Russian and Akvaplan Niva in Tromso,
Norway. Seawater samples collected on these cruises
will be analysed for "*’Cs and '®| in order to determine
input functions for these tracer isotopes into the Arctic
Ocean.

Analytical Work

Central Arctic Ocean

More than 150 sediment and seawater samples
collected during Canadian icebreaker cruises in the
Arctic Ocean during 1994-96 (Ellis et al. 1995) were
analysed in 1997-98. Measurements of 2"°Pb, '*’Cs and
#9.240p conducted on sediment samples from box cores
collected on slope/shelf regions of the Makarov, Canada
and Eurasian Basins reveal elevated radionuclide levels
in slope/shelf compared to deep basin sediment regimes
owing to preferential scavenging in the former regions.
Radionuclide sediment-depth profiles have been
introduced into biodiffusion models to constrain
sedimentation and bioturbation rates. '?| and ¥'Cs
analyses of seawater samples from both the icebreaker
and submarine cruises clearly delineate the plume of
Sellafield and Cap La Hague contaminants being
transported across the Arctic Ocean (Smith et al. 1998a).
2] sections have been constructed for the Makarov
Basin and the Beaufort Sea from the 1994 and 1995
CSS St. Laurent cruises. The 1994 results clearly show
the “front’ between Atlantic-origin water, labelled with
reprocessing plant signals and Pacific-origin water

distinguished mainly by fallout from nuclear weapons
tests which is positioned over the Mendeleyev Ridge
(Carmack et al. 1997). The 1995 icebreaker results from
the Beaufort Sea show the presence of a boundary
current aligned with the Canadian continental slope
carrying elevated levels of reprocessing '#®| along the
North American continental margin.

2] and "¥’Cs samples collected during the 1996 and
1997 US Navy nuclear submarine cruises aboard the
USS Pogy and USS Archerfish, respectively were also
analysed in 1997-98. The Pogy results have been used
to construct an 'l section for the Canada Basin which
is the first chemical tracer section of any kind for this
part of the Arctic Ocean (Smith et al. 1998b). These
results reveal that, contrary to previous thought, the
interior of the Canada Basin is relatively efficiently
ventilated, probably by boundary current separation
north of the Chukchi Plateau. These results also show
the front between Pacific and Atlantic origin water along
the Mendeleyev Ridge in considerable detail, in regions
of the Arctic Ocean, not previously sampled.

Barents and Kara seas

Sediment samples collected during an Okeangeologia
research cruise in Kola Bay, the site of numerous
radioactive waste storage sites and the home of a large
portion of the Russian military and civilian nuclear fleet,
have been analysed for a wide range of radionuclides
in 1997/98. Elevated levels of °Co and '*Cs are clearly
related to the operation of nuclear submarines and show
that emissions from these vessels have resulted in
radioactive contamination of the seabed. Radionuclide
measurements have also been continued on samples
collected in 1994-96 in the Barents and Kara Seas.
Sediment and seawater samples collected from
Chernaya Bay, Novaya Zemlya in collaboration with
Russian scientists from Okeangeologia in St. Petersburg
and the Murmansk Marine Biological Institute were
analysed for ¥Cs, 2°240pPy, ®Co and #'°Pb. Chernaya
Bay is the site of at least two underwater nuclear
weapons tests conducted by the former Soviet Union in
the 1950s. Levels of #°240Py in the sediments caused
by fallout from these tests are among the highest
recorded anywhere in the world and are equivalent to
levels measured at the US nuclear test site in the
Marshall Islands in the Pacific Ocean (Smith et al. 1995).
The sediment-depth distributions of radioactivity have
been modelled using ?"°Pb profiles and a biodiffusion
model in order to predict the rates of burial and potential
release of radioactivity from these highly contaminated
regimes. Measurements of radioactivity were also
conducted on several species of sediment infauna in
order to estimated rates of uptake of radioactivity into
the food chain. Trace metal analyses of these sediment
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samples have also revealed unusually high levels of As
which are clearly associated with the weapons tests.

In 1993, sediment and seawater samples were collected
in the vicinity of a submerged vessel, identified using
side-scan sonar in the Novaya Zemlya Trough in the
Kara Sea, which is reported to have contained over 200
curies of radioactive wastes when it was scuttled in 1980.
Radionuclide analyses on these samples indicate that
there is negligible release of radioactivity from the
dumpsite. Measurements of | and '¥’Cs in the water
column proximal to the dumpsite indicate that these
contaminants are derived from European reprocessing
plants with smaller inputs coming from the Ob River.
The analysis of seven sediment cores collected in 1993
in the Ob and Yenesey River estuaries was continued
through 1995/1996. Elevated levels of *’Cs and 8°Co in
sediments at the mouth of the Yenesey River have also
been traced to the Krasnoyarsk nuclear complex located
several thousand kilometres upstream. This represents
one of the few cases in which releases from upstream
nuclear facilities in Russia have been shown to produce
significant contamination in downstream estuaries.

DISCUSSION/CONCLUSIONS

Kara and Barents Sea

One of the major accomplishments of this program was
the detection of elevated levels of plutonium in Chernaya
Bay, Novaya Zemlya (Smith et al. 1998c), indicating that
this fjord represents a potential source of radioactivity
contamination to the Barents Sea and Arctic Ocean.
Measurements of the distribution of 23°24°Pu and *'Am
with distance from Chernaya Bay into the Barents Sea
reveal that approximately 25% of the plutonium originally
produced in the weapons tests has been transported
out of Chernaya Bay. to distances as great as 100 km
from the test location. This indicates that Chernaya Bay
could remain a significant source of radioactivity to the
Arctic Ocean for many years in the future. Further,
extremely elevated levels of plutonium measured in
organisms from Chernaya Bay indicate that significant
uptake is occurring into lower trophic levels. Future
international monitoring of this location will be required
to determine whether there will be significant long term
biological or toxicological effects associated with the
dissemination of radioactivity through the fjord.

Studies of radionuclide distributions in sediments and
seawater in the vicinity of a radioactive waste dumpsite
in the Novaya Zemlya Trough that was studied as part
of the DIAND project indicate that there are only
negligible, local releases of radioactivity. Although it
appears that measures taken to isolate the radioactive

wastes from dissolution in seawater have been effective,
it is difficult to predict the time-table for future releases
and continued monitoring of this dumpsite will be
probably be required. However, this represents a far less
severe radioactive contamination site that those within
the Novaya Zemlya fjords where fuelled nuclear reactors
have been deposited on the seabed.

Radioactivity results from the 1993, 1994 and 1995 CSS
Louis S. St. Laurent icebreaker cruises and the 1995,
1996 and 1997 US Navy submarine cruises have
revealed the broad distribution of radioactivity signals
from European reprocessing plants throughout the Arctic
Ocean. These results provide a clear outline of the “front”
between Atlantic and Pacific-origin water in the western
Arctic Ocean and show that this “front” is aligned along
the Mendeleyev Ridge. They also provide evidence of
the subsurface transport of Atlantic water as a boundary
current along the continental margin of the Makarov and
Canada Basins. These tracer distributions delineate the
pathways that contaminants from European sources
follow as they circulate through the Arctic Ocean and
can show the extent to which these contaminants flow
through the Canadian Archipelago. Further, comparisons
of the '?°|/'*’Cs ratios measured in water samples with
source function data permits estimates of time scales
for the transport of Atlantic water through the Arctic
Ocean. Although levels of radioactivity in the Canada
Basin are significantly in excess of background levels
from nuclear weapons tests, they are still lower than
those that would constitute a radiological threat to
organisms or humans in the Arctic. Nevertheless, it is
clearly important to have a radiological surveillance
program operating in the Arctic marine environment,
because transport from European industrial outfalls to
the central arctic can occur on very rapid time scales.

The results from the Arctic Radioactivity Contaminants
Program supported by funding from the Northern
Contaminants Program are reported in the series of
papers referenced on the following page.
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OBJECTIVES

1. Short-term: To collect and analyse water, air and sediment samples for POPs during the
passage of the CCGS St. Laurent through the Northwest Passage (Joint Oceanographic

and Ice Studies) during 1997 and 1998.

2. Long-term: To provide data for and assess the bioaccumulation of POPs in food webs in
the Archipelago; to evaluate the fluxes of contaminants through the Canadian Archipelago
in an overall mass budget assessment of the Arctic Ocean.

DESCRIPTION

Control of POPs contaminants within the Arctic itself
(e.g., UN-ECE-LRTAP POPs Protocols) rests on
persuading governments outside the Arctic region of the
importance of limiting POPs use within their jurisdictions.
This, in turn, depends on presenting a case that the
release of POPs in these countries is affecting levels in
the Arctic region and will be remediated by any control
action. These aspects of international control depend
on a solid data base concerning present levels in the
system and on spatial and temporal trends developed
using past and present data. Domestically, the NCP
workshop in Igaluit (July, 1997) indicated a focus on
bioaccumulation of POPs in traditional foods in the
region; however, water, air and sediment concentrations
will be needed model and quantify exposures in the
region and to project trends in the food concentrations
over time following national and international control
measures. All biomagnification expressions ultimately
must include a term for water concentration.

The Canadian Archipelago represents the major surface
water output from the Arctic Ocean (CACAR, Chapter
2,1997). While some recent data exist for concentrations
of POPs contaminants in the Ocean itself (Strachan et
al. 1998, CACAR, Chapter 2, 1997, papers presented
in Science of Total Environment, Vol. 160/161, 1995),
the data for the Archipelago are limited. Some work on
the water and air of the region was done at Resolute
Bay (Bidleman et al. 1995) and for air at Alert and Cape
Dorset (summary in CACAR, Chapter 2 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
a surface heat budget study (SHEBA) of the Arctic in
which a Canadian icebreaker was installed in the
permanent ice cap along the Canada—U.S. border at
75-76°N. As part of the commissioning and
decommissioning of SHEBA, supply ships were to pass
through the Canadian Archipelago. The opportunity to
use these vessels as sampling platforms was offered
by DFO and provided the opportunity for this project.

ACTIVITIES IN 1997/98

In FY 1997/98, support was received to cover analytical
costs of samples collected during the commissioning
expedition (JOIS-I). CCGS Louis S. St. Laurent was used
and water, air and sediment samples were collected from
the western part of the Northwest Passage in September
1997. Limited samples were acquired due to scheduling
changes required for commitments of the ship; samples
received, however, were of good quality. Locations for
water samples reflected northern inputs to Viscount
Melville Sound rather than waters of the Passage itself.
Air samples are representative of the region.

POP analytes investigated included the organochlorine
pesticides (20 OCPs), the PCBs (132 congeners incl.
18 co-elutants plus total), the chlorobenzenes (9 CBs)
and the PAHs (18 priority pollutants). All samples
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Table 1. Concentrations of Selected Contaminants in Western Archipelago Waters: Dissolved
(av. of duplicates) and Suspended Solids — Sept. 1997.

Surface Water, ng/L S.Solids, pg/L

Station No. 111 222 272 322 36" Av. 22 27 32
Date (1997) Sep.2 Sep.5 Sep.6 Sep.7 Sep.14 %rsd Sep.5 Sep.6 Sep.7
o-HCH 55 5.1 5.4 4.9 55 7 nd nd nd
v-HCH 0.57 0.56 0.55 0.54 0.58 8 0.3 0.4 nd
dieldrin 0.011 0.022 0.075 0.015 0.015 140 0.3 0.6 nd
hept.epox. 0.001 0.005 0.006 0.005 0.006 32 nd nd nd
XDDT 0.001 0.003 0.034 0.045 0.001 127 nd 1.3 0.2
HCB 0.011 0.009 0.008 0.007 0.008 17 0.2 0.3 0.2
*PCB 0.32 1.65 0.87 0.60 0.01 24 340. 120.
fluorene nd 0.77 0.48 0.62 0.03 32 21. 8.2 2.4
phenanthrene 0.13 2.2 1.9 2.0 0.15 23 350. 104. 44.
fluoranthene 0.08 0.50 0.39 0.47 0.02 20 790. 200. 71.
pyrene 0.12 0.30 0.16 0.15 0.04 58 530. 107. 51
chrysene 0.08 0.08 0.06 0.04 0.01 22 390. 120. 34.
TPAH 2.1 4.8 4.5 3.9 0.68 17 4900 1450 384

" Whole water sample 2 Centrifuged water sample

collected are processed and analysed for the stated
POPs except PAHs in the single sediment sample.
Toxaphene has yet to be determined in any samples; a
compositing strategy (2-3:1) is being developed to allow
quantitating the low levels of individual components.
Partial reporting occurred at the 1998 NCP Results
Workshop in Calgary, 1998.

RESULTS AND DISCUSSION

The sampled sites included one to the east of Resolute
Bay (#11, Wellington Channel), three in Viscount Melville
Sound, in the Austin and Byam Channels and in the
Sound itself south of the east end of Melville Island (#22,
#27 and #32 , respectively), and one outside the
Archipelago (#36, NW of Banks Is.). Air samples were
in the same regions but were collected between stations
when the ship was underway.

Surface water samples were of two types: whole water
samples (ca. 75 L duplicates), obtained from separate
casts of a 100L Go-Flo bottle when large volume sampling
for suspended solids was precluded, and samples
pumped on board and centrifuged (<0.5-0.7u equivalent
filter) into dissolved (80-160 L duplicates) and
suspended solids (ca. 1800 L). Analyte extraction was
by pumping the water sample through 75 g XAD-2 resin
and refrigeration of the resin. Surficial sediment samples
were opportunistic from a box corer from the top 1-2
cm. (Most of the sediment samples are undergoing core
dating and analysis at FWI; only one is reported on here.)
Sediments and suspended solids were bagged in pre-

cleaned polyethylene bags and frozen. Air samples (av.
300 m?®from a Hi-Vol sampler using PUF plugs) were
from the bow of the ship and the used PUF plugs were
replaced in their original jars and frozen.

All samples were analysed at the NWRI laboratories
according to standard procedures. Results for selected
analytes are presented in Table 1 for dissolved and
suspended solids; those for the same analytes for air
and the one sediment sample are given in Table 2.
Detection limits were roughly 0.001 ng/L (dissolved),
0.0001 ng/L (susp. solids), 0.1 pg/m® (air) and 0.01 ng/g
(sediment); values for PAHs are somewhat greater than
this (5-10X). Toxaphene is another composite parameter
and samples must be combined to achieve detection
limits appropriate to expected levels; presently,
combining three samples is being considered. Field
blanks were collected for water and air samples;
procedural blanks were done in the laboratory for the
solid samples. Results presented are blank corrected.
Replication among the duplicate water samples was
generally within those expected for normal analytical
limits. The values of the relative standard deviation
(%RSD, Table 1) for =DDT was higher because this is a
composite parameter each component of which is near
its detection limit. Dieldrin also has a high level of
imprecision; no explanation for this is apparent.

In water, the HCH values — both a-HCH and y-HCH —
were very constant throughout the region. Mean values
for these two analytes were 5.3 and 0.56 ng/L dissolved;
nd and 0.0002 ng/L were observed sorbed to the
suspended solids. For dieldrin, ZDDT and PCBs, the
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concentrations at stations 22, 27 and 32 were higher
than for the other two sites; heptachlor epoxide and HCB
were more consistent. The PAHs were not apparently
so constant but the number of samples is presently too
small to clearly identify any spatial patterns. Those in
dissolved state from stations 22, 27 and 32 seem to be
at higher levels than those from 11 and 36; the latter
was lowest of all and lies outside the Archipelago proper.
Further assessment of spatial patterns will await
additional sampling in 1998.

It is apparent from Table 1 that the contribution of the
sorbed contaminants to the overall surface water burden
is small. ZDDT has the largest fraction of the OCPs in
this sorbed state — 3% — others are less. The ZPCBs
with 22% in this form have a much more significant
contribution. The PAHs show a gradually increasing
proportion in the sorbed state ranging from 3% for
fluorene to 76% for chrysene; the ZPAH parameter
averaged 20%.

Among the air data (Table 2), the HCHs also showed
little variability — mean values for o-HCH were 91. pg/m?;
for y-HCH 6.1 pg/m*. The values for dieldrin and

heptachlor epoxide were low occurring at sub-pg/m? for
the most part. The =DDT and HCB were observed at
more significant levels — means were 15. and 75. pg/
m?, respectively. In the case of the PCBs, there was no
trends apparent among the three areas — west of
Resolute (Sept. 5-8), south through Peel-Franklin-
Victoria passage (Sept. 8—11) and west of Banks Island
(Sept. 13—15). The PAHs were more variable but also
with little correlation with position. Samples from
September 8-13 were collected from the bow of the ship
while the ship was continuously underway; results
encompass much the same range as the other samples;
for this reason, it is felt that there the samples collected
throughout the cruise are reflective of Archipelago
conditions rather than any contribution from the ship.

At this time, the sample numbers are too few to be
definitive about any spatial patterns for the contaminants.
The FY 1998/99 and that for 1999/2000 are expected to
improve this situation.

Expected Project Completion Date: March 31, 1999

Table 2. Concentrations of Selected Contaminants in the Western Archipelago: Air and Sediment

Sept. 1997.
Sample
Dates (1997) Air Sample Sediment
(pg/m?) (ng/g-dry)

Sept. 5 Sept.6 Sept.7 Sept.8 Sept.9 Sept. 10 Sept. 13 Sept. 14

Sept. 6 Sept.7 Sept.8 Sept.9 Sept. 10 Sept. 11 Sept. 14 Sept. 15 Station 8
o-HCH 96. 90. 88. 97. 7:3s 7. 88. 116. 0.1
v-HCH 5.9 6.3 6.0 6.5 4.9 45 6.1 8.3 0.02
dieldrin 2.2 1.3 0.7 0.8 0.7 0.8 0.7 1.4 0.06
hept.epox. 0.7
*DDT 14. 8.6 10.4 29. 16. 19. 13 12. 0.21
HCB 73. 73. 74. 98. 9.3 84. 87. 100. 0.02
IPCB 280. 210. 200. 280. 180. 170. 140. 160.
fluorene 340. 53. 600. 170. 320. 660. 960. 260.
phenanth. 480. 250. 700. 290. 350. 760. 790. 300.
fluoranth. 69. 35. 69. 61. 45. 61. 47. 36.
pyrene 37. 12. 33. 19. 15. 34. 19. 9.3
chrysene 7.2 6.9 4.1 5.T tr 54 nd tr
>PAH 1050. 407. 1660. 600. 850. 1810. 2100. 700.
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IDENTIFYING SOURCES, QUANTIFYING PATHWAYS, AND PREDICTING TRENDS OF
HCHS IN THE ARCTIC USING GLOBAL MODELS

Project Leaders: F. Wania, WECC Wania Environmental Chemists Corp., Toronto, and D. Mackay,
Environmental and Resource Studies, Trent University

Project Team:

OBJECTIVES

Y.-F. Li and T.F. Bidleman, Atmospheric Environment Service

The main objective of the project was to reproduce quantitatively with model calculations the
observed historical and recent global distribution behaviour of an important organochlorine

pesticides, a-HCH, with a view to:

1. quantify transport pathways into the Arctic, namely distinguishing between transport in-the
atmosphere and in the oceans (analysing both net and gross fluxes) and through the fresh

water system

2. attempt an initial apportionment of sources by identifying in which latitudinal zone the POPs
presently found in the Arctic originated and how long ago in the past they were released, and

3. predict what is likely to happen to the concentration levels in a variety of Arctic environmental

media within the next decade

4. to substantiate and refine property criteria for classifying chemicals as being susceptible to

long-range transport, particularly to Arctic regions

5. to compile a “geographic” model which is complementary to the “meridional” model and

assess its relative performance

DESCRIPTION

There are several questions concerning the global fate
and behaviour of persistent organic contaminants in
general, and of a-HCH in particular, that can not be
answered adequately without the help of models.
Examples are:

1. What are the major reservoirs of a chemical on
the global scale, i.e. in which environmental compart-
ments and in which climate zones does most of the
chemical reside?

2. What are the primary pathways of a chemical on
a global scale? Is the primary pathway of o-HCH from
the continents to the oceans via the atmosphere or via
river flow? Does meridional transport of a-HCH to higher
latitudes occur primarily in the atmosphere or in ocean
currents?

3. How does the environmental behaviour of a
chemical differ in different climate zones, namely are
the major reservoir and pathways the same in various
regions, or do different zones play different roles in the
global picture of a chemical’s fate?

4. Given certain assumption of how the emission will

develop in the future, how will concentrations change?
More specifically for a-HCH the question is how long

will it take for the concentrations in the Northern Oceans
to drop below a certain level assuming no more
emissions world-wide.

In this project a zonally averaged global distribution
model was employed to address these questions. A
related model based on a geographic rather than a
latitudinal subdivision of the globe was developed further.
We show that a mass balance model can provide a
comprehensive and consistent picture of global chemical
fate that is difficult or even impossible to obtain by other
means.

ACTIVITIES IN 1997/98

Work with the “Zonally Averaged” Model

The performance of the zonally averaged global model
in describing the global fate of a-HCH was evaluated.
The results compared reasonably well with the global
behaviour of this chemical as determined by
measurements of concentrations in the atmosphere and
sea water, and the model could thus be employed to
address questions of mass balancing, source apportion-
ment and future trend prediction. An early version of
this work was presented at the AMAP symposium in
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Tromsg in June 1997 (Wania et al. 1997). A series of
three papers summarizing this work was written and
submitted for publication (Wania and Strand 1998, Wania
et al. 1998, Wania and Mackay, 1998).

Work on the “Geographic” Model

A feature of the meridional model is that it lumps all
regions at similar latitudes, regardless of the intensity
of local use of chemicals. For example, the Sea of Japan
and the Mediterranean Sea are combined. In an attempt
to address this problem we have pursued a
complementary approach to the existing meridionally
segmented model in which the global environment is
divided into a number of discrete, yet connected land
and ocean surface segments. This has the potential to
give a more realistic representation of environmental
characteristics for a given area, as well as a basis for
using emission data for specified geographic regions.
The model is designed to provide a complete dynamic
chemical mass balance for terrestrial and ocean
compartments, estimates of chemical concentrations in
all media as a function of time (to be validated to the
extent possible using available concentration data), and
amounts of chemical in each compartment that are
degraded or transferred to ocean or lake sediment for
permanent burial. The model should also be useful for
predicting the amounts and resulting concentrations of
chemical which are transported to Arctic regions from
sources in tropical and temperate zones, and hence
assessing levels of exposure experienced by humans
and wildlife.

The geographic model segmentation was revised to a
total of 24 segments; 14 terrestrial and 10 oceanic. The
selection of terrestrial segments was largely based on
political boundaries, mainly because environmental and
chemical emission data are often available as national
values. The selection of ocean segment boundaries was
more subjective and was based on large scale
atmospheric and oceanic movements — i.e. advective
meridional and latitudinal transport in the atmosphere
and in the surface ocean. As in the meridional model,
each segment within the model contains a series of
compartments which are connected by air mass
movement, fresh water runoff and oceanic circulation.
Terrestrial segments contain atmosphere, fresh water,
fresh water sediment and two soil compartments, while
ocean segments contain atmosphere and surface water
compartments.

Volumes and relevant properties were assigned to
individual compartments similarly to the meridional
model. Atmospheric height is assumed constant at 6000
m, the depth of surface ocean layer is 200 m, the fresh
water depth is 20 m, and the sediment depth is 5 cm.

Two soil compartments are included: A cultivated soil
that may receive pesticide input and an uncultivated soil.
This separation, which is made on the basis of land use
in a typical temperate environment, is considered
necessary to avoid pesticides being excessively diluted
on application. Depths assigned to cultivated and
uncultivated soil compartments are 5 and 1.5 cm,
respectively.

Parameters describing environmental properties and
characteristics of the 24 global segments have been
compiled from a number of sources. These include
temperature, precipitation, runoff, runoff rate, fresh water
depth, fresh water surface area, and soil organic carbon
content. Most parameters are assumed to stay constant
throughout the year, but some vary seasonally, following
a sinusoidal function over the course of a year, and thus
require the input of an annual mean value and the
maximum annual amplitude. For example, temperatures
have minima/maxima on 1 January and 1 July, while
sea ice coverage in the northern and southern polar
zones peaks on 1 February and 1 August, respectively.
If the property has a value P, on 1 January, i.e. day
zero, and a value of P, on 1 July, i.e. day 182, the
property has a value at other days (t) as follows: P =0.5
(P, +P,) +0.5 (P, - P,) Sin (2rt/365).

Using the compiled data a complete set of chemical
transport and transformation rate expressions has been
developed for a specified chemical as a function of time
in the form of fugacity D values, and the entire set of
equations can be solved by numerical integration. To
simplify and speed up the calculation D and Z values
are calculated for every process and medium on January
1 and July 1, and intermediate values selected using
the sine function. The chemical mass balance program
thus uses as input these Z and D values, as well as
volumes and the specified emissions as a function of
time. It then computes the mass of chemical in each
compartment as a function of time. The output data can
then be plotted and interpreted. This aspect of the work
is ongoing with code being written and tested. When
we have confidence that the coding is reliable and the
method of solution robust the model will be applied to
o-HCH in a manner analogous to that of Wania et al.
(1998) in the complementary model. The output of the
two models will then be compared.

RESULTS

Overall Global Mass Balance

The zonally averaged model was used to assemble a
mass balance on the entire globe and for the entire 50-
year release period of a-HCH showing major reservoirs,
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intercompartmental pathways, and loss processes
(Figure 1). Such a mass balance suggests that most
(99.0%) of the 6800 kt of a-HCH emitted into the global
environment from 1947 to 1997 has been degraded,
most of it in the agricultural soils of initial emission. Some
degradation occurred in the atmosphere and the surface
oceans. The model suggests that minor fractions have
been buried in fresh water sediments (0.6%), and
transferred to the deep sea (0.2%) and only 0.2% are
still dispersed in the global environment today, most of
it in the world oceans. The transfer of a-HCH from the
agricultural soils to the world oceans is the dominant
feature of intercompartment transport with 6% of the
global totai emission having reached the marine system.
This transfer occurs both through the atmosphere by
evaporation from soils and fresh water bodies and
deposition to the oceans, and by direct run-off to the
oceans. The atmospheric pathway is more important.

Distribution of Emission and Amounts Among
Zones and Compartments

Figure 1 shows the environmental behaviour of o-HCH
averaged across all climate zones and through 50 years
of emission history, disguising any potential differences

in space and time. The magnitude and spatial distribution
of technical HCH usage underwent large changes,
particularly after 1980 (Wania et al. 1998). The model
suggests that this had a notable impact on the relative
distribution of a-HCH among zones and compartments.
The absolute and relative distribution of emissions and
amounts among the zones and compartments shifted
especially during the time period that technical HCH
usage was phased out globally (Figure 2). There was a
gradual shift in the relative distribution of the emissions
of «-HCH among climate zones from the Northern
temperate and subtropical zone, which received most
of the global emissions in the early 1980s, to the
Northern tropical zone, which accounted for 80% of
global usage in the 1990s (Figure 2B). This shift is
caused by a faster decrease in technical HCH usage in
the mid-latitudes, rather than an increase in usage in
the Tropics (Figure 2A).

The time period since 1980 also saw a dramatic shift in
the distribution of the total global amount of a-HCH from
the Northern temperate and subtropical zone to the
boreal and polar zone (Figure 2D). In 1980 only about
5% of the global total inventory of a-HCH was found in

5.0 Atmosphere 6.4
—— 0.00
0.1 35 1.0 0.1
92.5
Cultivated Soil 2 g | Uncultivated Soil
0.03 . 0.00 400103
! /0 A’

P F

———| Fresh Water 23
Discharge 0.02 :

14 : ’

Transport 2.7 + 1' Surface Ocean
S Fresh Water 0.16
Reaction Sediment
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Figure 1.

Yos

Zonally and temporally averaged global mass balance in units of percent of total global usage of c-HCH from

+ 0.2

1947 to 1997. Numbers within boxes are the percent of total global usage present in an environmental
compartment in 1997. Only 0.22% of the total amount used globally is still in the environmentin 1997.
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Figure 2.  Change of the absolute and relative global distribution of the total global emission of a-HCH among climate
zones (A+B), and of the total global amount of o-HCH among climate zones (C+D) and compartments (E+F)
in the time period 1980 to 1996.
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Table 1. Percentage of the amount of o-HCH found in a zone in the northern hemisphere in 1980 and in 1995
that has been emitted into a particular zone. Also given is the total amount in a zone in kt.

Polar Boreal Temperate Subtropic Tropic
1980
N-Polar 0% 0% 0% 0% 0%
N-Boreal 45% 78% 1% 0% 0%
N-Temperate 51% 21% 99% 4% 1%
N-Subtropic 4% 1% 1% 96% 2%
N-Tropic 0% 0% 0% 0% 97%
Southermn Hemisphere 0% 0% 0% 0% 0%
Amount 9.38 kt 15.13 kt 139.21 kt 27.50 kt 10.23 kt
1995
N-Polar 0% 0% 0% 0% 0%
N-Boreal 50% 76% 14% 5% 0%
N-Temperate 46% 22% 84% 16% 0%
N-Subtropic 3% 1% 1% 7% 0%
N-Tropic 0% 0% 0% 2% 100%
Southern Hemisphere 0% 0% 0% 0% 0%
Amount 7.80 kt 2.37 kt 3.58 kt 0.32 kt 1.71 kt
net oceanic atmospheric
transfer transport transport
N-Polar

031 0278 0.22
N-ubpolar
0.17' |
2.29‘
N-Subtropic
I |
N-Tropic

Figure 3. Calculated atmospheric and oceanic transfer rates of a-HCH between climate zones in the northern
hemisphere in units of percent of total global emissions until 1997.
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the Arctic. By the mid-1990s this share had increased
steadily to 50%. Correspondingly, the fraction in the
northern temperate zone dropped from almost 70% to
less than 20% in the same time period. Interestingly,
the increasing share of emissions into the Northern
Tropics (Figure 2B) is not reflected in an increasing share
of the accumulated amount in that zone (Figure 2D),
presumably because a-HCH released in the Tropics is
rapidly degraded within that zone. The shift in zonal
distribution is accompanied in a similar dramatic shift in
the distribution among compartments, sea water
gradually replacing the agricultural soils as the major
reservoir of o-HCH in the global environment (Figure
2F). A closer look reveals that this shift in relative
distribution is not caused by interzonal chemical transfer,
i.e. by a enormous northward transport of o-HCH to the
Arctic, but rather appears to be primarily a reflection of
slow degradation of a-HCH under Arctic conditions and
fast removal under tropical conditions (Figure 2C). In
fact, the shift in distribution of a-HCH is a reflection of
the fact that the Arctic Ocean now constitutes the last
refuge of this chemical, containing presently half of all
the a-HCH dispersed globally.

Meridional Transport in Atmosphere and Oceans
Although the large fraction of the global inventory of a-
HCH which is found in the Arctic is not caused primarily
by northward transport (but rather differential
persistence), the presence of the chemical there is of
course a result of long-range transport from the South,
which is evident by the lack of local sources in the polar
zone. An analysis of the meridional transport pathways
(Figure 3) shows that only a tiny fraction of the global
total o-HCH emission actually reaches the Arctic, namely
0.6%, of which half is transferred back to more southerly
latitudes. It is all the more noteworthy that this small
fraction can amount to one half of the total global
inventory. Interestingly, the atmosphere and the oceans
are of about equal importance in delivering a-HCH to
the Arctic. However, with decreasing latitude the
atmosphere becomes the dominant meridional transport
medium and the exchange of a-HCH between sub-
tropical and tropical oceans is negligible.

A Source Apportionment for o-HCH in the Arctic
Zone

The zonally averaged global distribution model was used
to apportion the amount of a-HCH found in a zone of
the Northern hemisphere in 1980 and 1995 to its various
zones of origin, i.e. track into which zone it has been
initially emitted (Table 1). This calculation suggests that
most of the a-HCH found in the Arctic in 1980 and in
1995 originated in the Northern temperate and boreal
zone, whereas the import from low latitudes, particularly
the Tropics is minor. This suggest that it is likely the

usage of technical HCH in the former Soviet Union that
caused the presence of a-HCH in the Arctic. The model
also reveals that most (often more than 95%) of the o-
HCH present in the temperate, subtropical and tropical
zone has been emitted within that zone. Compared to
1980, this autochthonous contribution decreased
substantially in the subtropical and temperate zone in
1995. However, this was not due to increased import
from tropical areas, where 0-HCH usage continued, but
rather by increased relative contributions from the
neighboring zones to the North. This is likely due to the
higher persistence in higher latitudes, which results in
higher concentrations and thus higher inflow from the
North. The contribution from the Southern hemisphere
is always negligible.

Future Trend Prediction

Model calculations were performed beyond 1997
assuming no further emissions after that date in order
to predict future arctic a-HCH concentration levels. The
predicted concentration decrease in the arctic
atmosphere with a half-life of four years and in the Arctic
Ocean with a half-life of 11.5 years. Degradation (53%),
transfer to deeper water (28%), and net outflow to the
South (16%) contribute to the loss of a-HCH from the
Arctic Ocean, whereas the loss by evaporation (3%) is
negligible. This suggests that the reversal of diffusive
air-sea exchange, which was both observed in the
Northern seas (Bidleman et al. 1995) and reproduced
by the model (Wania et al. 1998), is of little significance
for the mass budget of a-HCH in the Arctic Ocean. Even
if emissions are assumed to continue at 1997 levels,
the rate of decrease is the same, indicating that
emissions of a-HCH in tropical areas have little impact
on present arctic concentration levels, thus confirming
the findings of the source apportionment (Table 1).

DISCUSSION/CONCLUSIONS

Clearly, zonally averaged global multi-media models
have the potential to provide quantitative estimates of
the global transport pathways of persistent organic
chemicals, can indicate in which climate zones they had
been emitted, and have some capability to predict how
concentration levels are likely to develop in the future.
There are a number of lessons to be learned from this
modelling exercise:

1k Elevated concentrations of a persistent chemical
in the Arctic can result from even a tiny fraction of the
global inventory being transferred there by long-range
transport. For chemicals more persistent and more
bioaccumulative than a-HCH, even smaller fractions
should be sufficient to accumulate to levels of concern
in the Arctic environment. This is because of the relatively
small spatial extension of the polar regions, and an
increased chemical persistence under Arctic conditions.
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2. The environmental behaviour of a chemical can Wania, F., and D. Mackay. 1998. Global chemical fate of o.-

differ substantially from one climate zone to another.
For example, a chemical which is considered not very
persistent under conditions of temperate and tropical
environments can be very persistent in polar regions.
The evaluation of a chemical’s persistence has to take
into account the environmental condition of the
environment into which it is released or into which it
could be transported. It can be argued that emissions
of persistent chemicals in Arctic areas should be subject
to more stringent rules than in temperate (or even
tropical) areas.

3. The results illustrate that the global ban of a
persistent organic chemical can result in significant and
immediate reductions in environmental concentrations.
15 years after the virtual global phase-out of this
chemical, residue levels have decreased notably all over
the world. However, the response to a phase-out of a
chemical occurs obviously at different rates in different
climate zones and in different environmental media.
Tropical areas and the atmosphere are likely to respond
rapidly, whereas polar areas and the marine environment
are slower to react to changes in emissions of a chemical
with the characteristics of o-HCH.

4. In the study of the long-range transport of
persistent organic chemicals there has traditionally been
a focus on the atmosphere as a transport medium. The
example of o-HCH, however indicates that the oceans
can contribute significantly to the transport of organic
chemicals over long distances, if these are relatively
water soluble and persistent enough in the aqueous
phase that a significant fraction survives the journey of
several years.
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MERCURY ACCUMULATION IN SNOW ON SEA ICE

Project Leader: H. Welch, Dept. Fisheries and Oceans, Winnipeg, MB

Project Team:

OBJECTIVES

K. Martin; L. Lockhart; G. Boila, DFO, Winnipeg, MB

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 biomagnifies in aquatic food chains and as a
result poses a continuing problem for the consumption
and marketing of northern fish and marine mammal
resources. Inputs of mercury are partly natural and partly
anthropogenic. Anthropogenic sources are estimated to
have approximately tripled the concentrations of mercury
in air and seas of the Northern Hemisphere (Mason et
al. 1994, Fitzgerald 1995), with similar increases in Arctic
ecosystems (e.g., Lockhart et al. 1998). Mercury may
also pose a biological risk for the animals themselves.
Mercury enters the North principally with air masses that
pass from temperate regions into the North. However,
we have no estimates of actual rates of input of mercury
to the Arctic. We have some estimates of anthropogenic
fluxes to lake sediments and to Hudson Bay (Lockhart
et al. 1998) but we have none to the Arctic Ocean.
Without these estimates, pathways into and through the
marine ecosystem cannot be assessed and the natural
and anthropogenic contributions cannot be
discriminated. The current project will provide estimates
of the input of mercury to the Arctic Ocean with snow
and furthermore will document contributions from
individual snow events throughout a winter season in
the Beaufort Sea.

The project is conducted largely by local communities
throughout the Arctic, often through local school science
classes. The local residents follow a rigorous protocol
for collecting snow in cleaned containers and then send
the samples to the Freshwater Institute for analysis.

The project has 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.

ACTIVITIES IN 1997/98

A pilot project was run during the winter of 1996/97 and
it produced the distribution of mercury concentrations
shown in Figure 1. Funding was applied for from the
Northern Contaminants Program in the fall of 1997 to
assist with the analyses of the 1996/97 samples and to
permit the survey to be repeated during the winter of
1997/98. The activities in 1997/98 included completion
of analyses with the results in Figure 1. The pattern
observed from the 1996/97 samples was one of higher
concentrations in the central Arctic than in the western
Arctic or in the more eastern Arctic represented by
Greenland. The intent in 1997/98 was to test whether
the pattern observed in 1996/97 would be repeated. The
communities that participated in 1997/98 were fewer
because the early spring melt precluded sampling as
planned in some communities. The communities that
were able to get good samples were: Pelly Bay, Baker
Lake, Tasiujaq, Taloyoak, Cambridge bay, Sanikiluaq,
Whale Cove, Clyde River, Resolute, Kimmirut, Gjoa
Haven, Arctic Bay, Igaluit and Grise Fiord.

The reduced number of communities was offset by
added collections of individual snow events. Dr. H. Welch
has been stationed on the CCGS Des Grosseliers in
the Beaufort Sea since October, 1997, and has collected
snow from every snow event over the winter of 1997/
98. Preliminary results from these snow events suggests
a pattern of increasing concentrations in snow
throughout the winter with highest concentrations
recorded just before the spring melt (Figure 2). Complete
results will be available during the winter of 1998/99.
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METALS IN LIVER AND KIDNEY OF WATERFOWL AND GAME BIRDS

Project Leader: B.M. Braune, National Wildlife Research Centre, Canadian Wildlife Service, Environment

Canada, Hull, PQ

Project Team:

B. Wakeford (National Wildlife Research Centre, Canadian Wildlife Service, Environment

Canada); B. Malone (Malone Associates, Health Canada (Foods Directorate))

OBJECTIVES

1. to analyse archived tissues of selected waterfowl and gamebird species for mercury
and selenium in liver (1997/98), and cadmium in kidney (1998/99) in to determine whether
residue levels pose a health risk to the birds and to the people eating the birds.

DESCRIPTION

Between 1988 and 1995, the Canadian Wildlife Service
(CWS), under the auspices of the Northern Contami-
nants Program (NCP), conducted a survey of residue
levels of both organochlorines and metals in breast
muscle of waterfowl and other game birds harvested in
Northern Canada. Those data were submitted to Health
Canada for evaluation of risk to humans eating those
birds and the results communicated to the Northern
Communities. It is generally accepted, however, that
Northerners eat more than just the flesh (muscle) of birds
and other animals. This point has been brought up at a
number of northern workshops (Yukon Contaminants
Workshop, Whitehorse, January 1994, 1995; Inuvik
Contaminants Workshop, Inuvik, June 1995; Dene Envir-
onmental Gathering, Yellowknife, March 1996; Upper
Mackenzie Basin Planning Workshop, Yellowknife, Au-
gust 1997) as well as being documented in Receveur et
al. (1996). Included among the other tissues/organs
eaten are liver and kidney which are also target organs
for many metals/elements such as cadmium (Furness
1996), mercury (Thompson 1996) and selenium (Heinz
1996). Target organs accumulate much higher metal
residue levels than those found in muscle. Therefore,
residue levels found in livers and kidneys also provide
a much better indicator of wildlife health.

Livers and kidneys from all birds collected during the
1988-95 survey were archived in the CWS Tissue Bank.
In addition to species identification, collection date and
location, information on age and sex is available for most
of the birds.

ACTIVITIES IN 1997/98

Based on a review of the existing residue data for mer-
cury and selenium in breast muscle of birds collected
by CWS under the NCP during 1988-95, archived livers
for 10 species (Green-winged Teal (AGWT), Northern

Pintail (NOPI), Barrow’s Goldeneye (BAGO), Common
Goldeneye (COGO), Common Eider (COEI), King Ei-
der (KIEI), Oldsquaw (OLDS), Bufflehead (BUFF), Surf
Scoter (SUSC), White-winged Scoter (WWSC)) were
retrieved from the CWS Tissue Bank, processed, pooled
and analysed for mercury and selenium. Livers were
pooled by species, location and age (juvenile, adult),
and adults were pooled by sex (male, female) in order
to facilitate analysis of toxicity to the birds.

RESULTS/DISCUSSION

The residue levels of mercury in liver pools ranged as
high as 3.8 mg/kg (ww) in Surf Scoters from Fort Good
Hope area and levels of selenium ranged as high as 23
mg/kg (ww) in liver pools of Common Eiders from Arviaq
area and Oldsquaw from Fort Good Hope area (Table
1). Figure 1 illustrates the mercury and selenium resi-
due data by species using box and whisker plots show-
ing median values, 25" and 75" percentiles, 10" and
90" percentiles as well as outliers. It would appear from
Figure 1a that selenium levels were generally higher in
livers of eiders and scoters than in other species. Dif-
ferences in mercury levels among species were less
pronounced (Figure 1b). Both mercury and selenium
levels were lowest in Northern Pintails. The data will be
assessed with respect to implications for wildlife health.
As well, the data will be submitted to Health Canada for
evaluation of risk to human consumers.

Expected Project Completion Date: Due to unfore-
seen funding difficulties, the completion date of this
project has been delayed indefinitely.
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Table 1. Metals in waterfowl liver: 1988-94 (values in mg-kg~" wet weight).

Species Age Sex
I:-A:U F:M:U N Year Location Prov %H20 Se Hg

Dabbling Ducks

Green-winged Teal A M 3 94b Watson Lake YT 72.0 6.8 0.390
Green-winged Teal A F 2 94b Watson Lake YT 71.0 8.0 0.120
Green-winged Teal A M 1 93b Whitehorse YT 73.0 1.1 0.076
Green-winged Teal A M 2 94b Whitehorse YT 70.0 26 0.100
Green-winged Teal A = 2 92b Whitehorse YT 75.0 1.8 0.250
Green-winged Teal A M 5 92b Whitehorse YT 74.0 21 0.120
Green-winged Teal A F 2 92b Whitehorse YT 71.0 56 1.900
Green-winged Teal A F 1 94b Old Crow YT 72.0 1.1 0.210
Green-winged Teal A M 4 94b Old Crow YT 72.0 1.3 0.140
Green-winged Teal A F 3 93b Yellowknife/Great Slave Lake NT 68.0 22 0.052
Green-winged Teal A M 5 93b Yellowknife/Great Slave Lake NT 69.0 1.6 0:055
Northern Pintail | M 1 93d Churchill MB 72.0 0.5 0.170
Northern Pintail A M 5 93d Churchill MB 71.0 0.8 0.200
Northern Pintail A F 4 93d Churchill MB 71.0 1.3 0.230
Northern Pintail A F 1 94b Watson Lake YT 71.0 0.9 0.016
Northern Pintail A F 1 94b Dawson YT 71.0 2.3 0.460
Northern Pintail A M 1 94b Dawson YT 68.0 1.6 0.092
Northern Pintail I F 1 88b Whitehorse YT 74.0 1.5 0.044
Northern Pintail A F 1 88b Whitehorse YT 72.0 0.8 0.024
Northern Pintail A M 5 88b Whitehorse YT 735 1.5 0.092
Northern Pintail A M 5 88b Whitehorse YT 73.0 0.9 0.059
Northern Pintail A F 1 94b Old Crow YT 74.0 1.0 0.066
Northern Pintail A M 5 90b Old Crow YT 72.0 1.4 0.094
Northern Pintail A M 4 94b Old Crow YT 70.0 17 #0:180
Northern Pintail A F 2 93b Yellowknife/Great Slave Lake NT 69.0 0.8 0.029
Northern Pintail A M 5 93b Yellowknife/Great Slave Lake NT 70.0 1.8 0.088
Sea Ducks

Bufflehead A F 1 94b Watson Lake YT 71.0 1.6 0490
Bufflehead A F 2 94b Watson Lake YT 69.0 29 0420
Bufflehead A M 2 94b Watson Lake YT 69.0 230 :1:300
Bufflehead A M 1 94b Teslin YT 70.0 3.4 0.600
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...cont'd Table 1. Metals in waterfowl liver: 1988-94 (values in mg-kg~' wet weight).

Species Age Sex
I:A:U F:M:U N Year Location Prov %H20 Se Hg

Bufflehead A M 1 94b  Teslin YT 70.0 21 0.350
Bufflehead A F 2 94b Teslin YT 69.0 4.0 1.400
Bufflehead A F 2 94b Teslin YT 70.0 29 0.540
Bufflehead A M 3 93b Yellowknife/Great Slave Lake NT 68.0 3.0 1.300
Bufflehead A F 2 93b Yellowknife/Great Slave Lake NT 68.0 3.0 0.740
Common Eider A F 3 93b Auijuittuq (Grise Fjord) NT 69.0 6.1 0.430
Common Eider A M 7 93b Aujuittuq (Grise Fjord) NT 70.0 100 0.700
Common Eider A F 6 93b  Arviaq (Arviat) NT 69.0 8.4 0.670
Common Eider A M 4 93b Arviaq (Arviat) NT 69.0 23.0 2.100
Common Eider A F 6 93b Salliq (Coral Harbour) NT 69.0 11.0 1.800
Common Eider A M 4 93b Salliq (Coral Harbour) NT 69.0 20.0 1.800
Common Eider A F 2 93b Kinngait (Cape Dorset) NT 69.0 8.7 0.320
Common Eider A M 4 93b Kinngait (Cape Dorset) NT 710 100 0.800
Common Eider A M 4 93b Kinngait (Cape Dorset) NT 68.0 120 0.670
Common Eider | U 5 90a Cumberiand Sound NT 69.0 51 0.400
Common Eider A F 3 90a Cumberland Sound NT 72.0 7.0 0.270
Common Eider A F 1 91c Salluit/lvujivik/Digges ls. PQ 69.5 40 0.620
Common Eider A M 2 91c Salluit/Ivujivik/Digges ls. PQ 71.0 6.8 0.710
Common Eider A F 3 91d Inukjuaq PQ 71.0 5.0 0.070
Common Eider A F 2 88d Sanikiluaq NT 71.0 52 0.700
Common Eider A M 5 88d Sanikiluaq NT 68.0 6.9 0.270
Common Eider | U 5 88d Sanikiluaq NT 71.0 34 0420
Common Eider A M 1 91c Kangigsualuujjuaq (George R.) PQ 705 145 0.820
Common Eider A F 5 91c Kangigsualuujjuaq (George R.) PQ 68.0 8.8 0.880
Common Eider A F 1 93d Nain LB 71.0 11.0 0.240
Common Eider | U 6 93d Nain LB 73.0 2.9 0.140
King Eider A M 7 93c Melville Peninsula NT 70.0 7.0 0.760
King Eider A F 3 93c Melville Peninsula NT 69.0 59 0.880
King Eider | M 1 91d Inukjuaq PQ 70.0 3.1 0.430
King Eider A M 1 91c Inukjuaq PQ 71.0 43 0.645
King Eider A F 1 91d Inukjuaq PQ 72.0 26 0440
King Eider A F 3 89b Holman NT 67.0 13.0 0.700
King Eider A M 4 89b Holman NT 650 170 1.200
King Eider A M 4 89b Holman NT 67.0 20.0 1.300
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...cont'd Table 1. Metals in waterfowl liver: 1988-94 (values in mg-kg~" wet weight).

Species Age Sex
IA:U F:M:U N Year Location Prov %H20 Se Hg

Barrow’s Goldeneye A F 1 94b Whitehorse YT 720 3.0 0.120
Barrow’s Goldeneye A M 2 90b Whitehorse YT 72.0 42 0.800
Barrow’s Goldeneye A M 2 94b Whitehorse YT 72.0 6.8 0.520
Barrow’s Goldeneye A F 2 94b Teslin YT 71.0 7.3 0540
Barrow’s Goldeneye A M 2 94b Teslin YT 69.0 58 0.680
Barrow’s Goldeneye A M 1 94b Old Crow YT 67.0 9.7 1.300
Common Goldeneye | M 1 94b Watson Lake YT 69.0 1.1 0.340
Common Goldeneye A M 4 94b Watson Lake YT 70.0 2.7 0.640
Common Goldeneye | F 1 89d Whitehorse YT 68.0 2.2 0.245
Common Goldeneye A F 1 94b Teslin YT 72.0 22 1.000
Common Goldeneye A M 2 94b Old Crow YT 71.0 39 1.300
Oldsquaw A F 1 94d Teslin YT 66.0 4.0 2.300
Oldsquaw | M 1 94d Teslin YT 68.0 3.2 1.200
Oldsquaw A M 1 94d Teslin YT 67.0 3.1 1.600
Oldsquaw A F 2 93c Melville Peninsula NT 69.0 1.9 0.560
Oldsquaw A M 4 93c Melville Peninsula NT 70.0 3.2 0.560
Oldsquaw A M 4 93c Melville Peninsula NT 70.0 25 0.920
Oldsquaw A M 5 93b Qamanit'tuaq (Baker Lake) NT 67.0 49 0410
Oldsquaw A F 4 93b Qamanit'tuaq (Baker Lake) NT 69.0 45 0.460
Oldsquaw A F 3 93b Arviaq (Arviat) NT 69.0 21 0.300
Oldsquaw A M 7 93b Arviaq (Arviat) NT 70.0 35 1.100
Oldsquaw A F 7 93b Kinngait (Cape Dorset) NT 65.0 29 0.560
Oldsquaw A M 3 93b Kinngait (Cape Dorset) NT 68.0 3.5 0.320
Oldsquaw A M 3 92d Salluit/lvujivik/Digges Is. PQ 68.0 9.8 0.170
Oldsquaw A F 1 91d Inukjuaq PQ 70.0 2.2 0.460
Oldsquaw | ] 4 91d Inukjuaq PQ 70.0 1.5 0.280
Oldsquaw A F 5 93d Sanikiluaq NT 69.0 3.3 0.260
Oldsquaw A M 5 93d Sanikiluaq NT 70.0 4.3 0.400
Oldsquaw A F 3 91c Kangigsualuujjuaq (George R.) PQ 71.0 22 0.490
Oldsquaw A M 2 91c Kangigsualuujjuaq (George R.) PQ 67.0 43 0.910
Oldsquaw A M 5 93b Mackenzie River Delta NT 68.0 9.8 1.050
Oldsquaw A M 5 93b Mackenzie River Delta NT 670 1.0 1.100
Oldsquaw A F 5 94b Mackenzie River Delta NT 71.0 74 0.710
Oldsquaw A M 4 94b Mackenzie River Delta NT 71.0 9.0 0.680
Oldsquaw A F 2 93c Holman NT 67.0 11.0 0.440
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Species Age Sex
IIA:U F:M:U N Year Location Prov %H20 Se Hg

Oldsquaw A M 4 93c Holman NT 67.0 7.6 1.000
Oldsquaw A M 4 93c Holman NT 64.0 3.4 0470
Oldsquaw A M 1 93d Fort Good Hope NT 70.0 23.0 0.250
Oldsquaw A F 5 93b Quriugtuqg (Coppermine) NT 69.0 6.0 0.430
Oldsquaw A M 5 93b Qurluqtuq (Coppermine) NT 68.0 99 0.780
Surf Scoter 1 F 1 94d  Finlayson Lake YT 720 22 0.180
Surf Scoter A F 1 90b Whitehorse YT 69.0 8.9 0.530
Surf Scoter A M 3 90b  Whitehorse YT 720 10.0 1.200
Surf Scoter A F 1 90b Old Crow YT 74.0 8.2 0.230
Surf Scoter A F 1 94b Old Crow YT 700 13.0 0.300
Surf Scoter A M 4 90b Old Crow YT 720 120 0410
Surf Scoter A M 4 94b Old Crow YT 69.0 12.0 1.100
Surf Scoter [ M 1 93d Fort Good Hope NT 70.0 12 0410
Surf Scoter A M 4 93d Fort Good Hope NT 69.0 17.0 1.600
Surf Scoter A F 3 93d Fort Good Hope NT 69.0 3.7 3.800
White-winged Scoter | F 1 94d Finlayson Lake YT 70.0 45 0.160
White-winged Scoter | M 1 90b  Whitehorse YT 71.0 6.7 0.240
White-winged Scoter A M 5 90b Whitehorse YT 70.0 8.4 0.290
White-winged Scoter A F 1 90b Old Crow YT 700 20.0 0.280
White-winged Scoter A F 1 94b Old Crow YT 73.0 24 0.170
White-winged Scoter A M 6 90b Old Crow YT 69.0 19.0 0.440
White-winged Scoter A F 5 94d Old Crow YT 70.0 1.3 0.100
White-winged Scoter A M 4 94b Old Crow YT 700 11.0 0.190
White-winged Scoter A F 2 93c Fort Good Hope NT 71.0 1.2 0.270

Age & Sex: |- Immature; A - Adult; F - Female; M - Male; U - Unknown
Year: - The year code consists of the year and a season code: a -Jan-Mar; b - Apr-Jun; ¢ - Jul-Aug; d - Sep-Dec
Se = Selenium; Hg = Total Mercury;

104



B.M. Braune

REFERENCES

Furness, R.W. 1996. Chapter 17. Cadmium in Birds. In:
W.N Beyer, G.H. Heinz, and A.W. Redmon-Norwood
(eds), Environmental Contaminants in Wildlife: Interpret-
ing Tissue Concentrations, SETAC Special Publication
Series. New York: CRC Press Inc. pp. 389-404.

Heinz, G.H. 1996. Chapter 20. Selenium in Birds. In: : W.N
Beyer, G.H. Heinz, and A.W. Redmon-Norwood. (eds),
Environmental Contaminants in Wildlife: Interpreting
Tissue Concentrations, SETAC Special Publication
Series. New York: CRC Press Inc. pp. 447-458.

Receveur, O., M. Boulay, C. Mills, W. Carpenter and H.V.
Kuhnlein. 1996. Variance in food use in Dene/Métis
Communities. Unpublished Report, CINE, October 1996.

Thompson, D.R. 1996. Chapter 14. Mercury in Birds and
Terrestrial Mammals. In: : W.N Beyer, G.H. Heinz, and
A.W. Redmon-Norwood (eds), Environmental Contami-
nants in Wildlife: Interpreting Tissue Concentrations,
SETAC Special Publication Series. New York: CRC Press
Inc. pp. 341-356.

105



Environmental Studies No. 75: Synopsis of Research under the 1997/98 Northern Contaminants Program

106



B.M. Braune

RETROSPECTIVE SURVEY OF MERCURY IN ARCTIC SEABIRD EGGS

Project Leader:
Environment Canada, Hull, PQ

Project Team:

B.M. Braune, National Wildlife Research Centre, Canadian Wildlife Service,

B. Wakeford (National Wildlife Research Centre, Canadian Wildlife Service,

Environment Canada); B. Malone, (Malone Associates)

OBJECTIVES

1. to analyse archived arctic seabird egg contents for mercury and selenium in order to
determine whether those residue levels have been increasing or decreasing since the mid-1970s.

DESCRIPTION

In the recently published Canadian Arctic Contaminants
Assessment Report, Muir ef al. (1997) concluded that:
“The lack of tempora: trend information for most con-
taminants is perhaps the most significant knowledge gap
at the present time.” It is further stated that “The need
for temporal trend information in the case of mercury is
particularly important because of the observation that
levels are increasing in beluga and ringed seal.” The
interaction between mercury and selenium, where each
counteracts the toxicity of the other, is well documented
(Cuvin-Aralar and Furness 1991). Metal levels can ac-
cumulate 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).

The Canadian Wildlife Service (CWS) seabird egg moni-
toring program was established to provide an index to
contamination of the marine ecosystem and possible
implications for seabird health. As well, many Northern-
ers harvest seabirds and their eggs for consumption (see
harvest summaries in Wong 1985 & in Coad 1994).
Monitoring of arctic seabird eggs for organochlorine
residues has been ongoing since 1975 and all unused
portions of the egg samples have been archived in the
CWS Tissue Bank. A variety of seabird species, repre-
senting different habitats and trophic levels, have been
monitored. Prior to 1993, arctic seabird eggs were not
analysed for mercury.

ACTIVITIES IN 1997/98

Archived egg content samples were retrieved from the
CWS Tissue Bank, processed and pooled for Black-leg-
ged Kittiwake (1975: N=12; 1976: N=6; 1987: N=3),
Northern Fulmar (1975: N=15; 1976: N=12; 1977: N=15;
1987: N=6) and Thick-billed Murre (1975: N=11; 1976:
N=9; 1977: N=9; 1987: N=9; 1988: N=9). Samples have
been submitted for mercury and selenium analyses.

RESULTS/DISCUSSION

Mercury and selenium data are already available for egg
contents of all three species from 1993 (Braune 1994).
Chemical residue data for mercury and selenium are
not yet available for the archived samples (1975-1988).
The archived samples will be analysed in pools of three
eggs each according to CWS protocol for seabird eggs.
The results will produce time trend data for mercury and
selenium, and provide data for evaluation of reproduc-
tive implications of the residue levels found.

Expected Project Completion Date:
Due to unforeseen funding difficulties, the completion
date of this project has been delayed indefinitely.
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CONTAMINANTS IN NORTHERN QUEBEC WILDLIFE

Project Leader: L. Champoux (Canadian Wildlife Service, Québec region, Environment Canada)

Project team:

J. Rodrigue Canadian Wildlife Service, Québec region, Environment Canada), co-leader,;

B. Braune, (NWRC); D. Leclair (Makivik); Nunavik Health and Nutrition Committee

OBJECTIVES

to study the fate and effects of toxic substances in Northern Québec wildlife

2. to complete an existing data base on contaminant levels in wildlife species

consumed by Nunavik communities

3. to follow temporal trends and improve the spatial coverage of contaminant data

in Nunavik wildlife

4. to collaborate with the Nunavik Health and Nutrition Committee in providing
information to Nunavik communities on contaminants in their food and in the ecosystem.

DESCRIPTION

At the end of the first phase of the NCP, participants to
Regional Contaminants Forums emphasized the lack
of data on the fate and effects of contaminants from
Northern Québec wildlife. Since 1990, CWS-Québec has
collected information the on Northern Québec con-
taminant levels in mammal and bird tissues (James Bay,
Hudson Bay and Ungava Bay). Collections of marten
carcasses and fur from different mammals were done
for all Québec territory. A study was conducted with
Hydro-Québec to study mercury exposure of Ospreys
living close to reservoirs. Samples were also collected
as part of the national study of contaminants in game
birds and waterfowl (Braune 1995). Many of these
tissues were archived in the National Wildlife Research
Center (NWRC) tissue bank in Hull for future chemical
analysis; this constitutes an opportunity to increase our
knowledge of northern contamination. Following an
evaluation of risks associated with wild food consump-
tion, Health Canada recommended priority species and
contaminants for further evaluation. These are: lead in
ptarmigan, selenium in scoters, mercury in mergansers
and PCBs in Oldsquaw (Braune 1995). In 1995, following
Health Canada’s concerns about high levels of selenium
in scoters, a study was designed to increase the number
of samples. Local communities were consulted at the
Kuujjuag workshop in May 1997, in order to determine
their needs and interests in research and communication
and to get information on their food habits and their
traditional ecological knowledge. Wildlife species have
shown their usefulness as indicators of ecosystem
contamination and effects of toxic substances. Potential
health effects observed in wild species in studies
combining ecological, chemical and toxicological

parameters can help evaluate risks to humans.

ACTIVITIES IN 1997/98

A total of 82 Ptarmigan (31 Willow Ptarmigans, Lagopus
lagopus, in 1997; 18 Willow Ptarmigans and 33 Rock
Ptarmigans, Lagopus mutus, in 1998) were collected
by local hunters during the winters of 1997 and 1998 in
the Kuujuuaq and Great River areas. Tissues from the
1997 samples were analysed, and those from 1998 are
being analysed, for lead and cadmium at the National
Wildlife Research Centre in Hull.

All new data were entered in to the data base. Only
data for specimens collected north of the 55th parallel
were considered for this work. All data were converted
to a wet weight basis except data for feathers and fur,
which are in dry weight. For each species, the data is
divided by date (1981, 1981-1990 and 1991-1997) and
location (east and west of the 71st meridian, which falls
west of Ungava Bay). Descriptive statistics have been
calculated for the resultant groups. The data base only
includes data on birds and terrestrial mammals.
Requests for data on marine mammals and fish have
been made to other organizations.

RESULTS

Results of analyses are presented for specimens
collected north of the 55th parallel. Data are available
for 34 species of birds and 8 species of mammals. Only
data from the main tissues are presented here (liver,
kidney, muscle and eggs), but the data base also
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contains data on brain, bones, intestine, fur and feathers.
Metal levels in birds and mammals are presented in
Tables 1 and 2 respectively. Levels of PCBs (sum of 27
to 43 congeners depending on laboratories and year of
analyses) and other organochlorine contaminants in
birds, eggs and mammals are presented in Tables 3; 4
and 5 respectively.

For metals in birds (Table 1) most data (81%) comes
from the west zone. The highest mercury level is 24.36
mg-kg™ wet wt. in livers of Common Merganser (Mergus
merganser) collected between 1981 and 1990. Twenty
(20) per cent of mercury values are over 1 mg-kg™,
mainly in piscivorous birds and seabirds, while 27% of
selenium values, 18% of lead values, 9% of cadmium
values and 10% of arsenic values are over 1 mg-kg".
The highest selenium levels is 4.3 mg-kg™" in Black
Scoter (Melanitta nigra) liver. Data for scoters collected
in 1997 are not shown because they were all collected
south of the 55th parallel. Lead was also highest in this
species, followed by Willow Ptarmigan. New data for
lead in Willow Ptarmigan collected in winter 1997 show
lower levels. However, cadmium levels in these
Ptarmigan are high, particularly in kidneys. We also
expect to receive other analyses on Ptarmigan before
the end of 1998.

For metals in mammals (Table 2) the majority of the data
come from the western portion of Northern Québec, 67%
for mercury and 100% for other metals. The highest
mercury level is 7.6 mg-kg™" in a mink (Mustela vison)
liver collected before 1981. Thirty-seven per cent of
mercury values are more than 1 mg-kg™", while only 12%
of selenium values, 6% of lead values, and 18% of
cadmium values are more than 1 mg-kg~'. The highest
cadmium level is 23.8 mg-kg™" in the kidneys of two
snowshoe hares (Lepus americanus). Arsenic was
undetectable in all samples. Data from before 1981 are
only available for mink and marten (Martes americana),
while there is no data on mink for the period 1991-1997.

The highest PCB level in birds appears in Herring Gull
(Larus argentatus), both in muscle and in liver (Table
3). Liver levels are only available for two species. For
other organochlorines, levels are generally low, but have
not been compiled for all species yet. In eggs, the
Peregrine Falcon (Falco peregrinus) presents the
highest PCB level with 7.1 mg-kg", followed by seabird
eggs (Table 4).

In mammals, the highest PCB level, 0.48 mg-kg™", is in
an arctic fox (Alopex lagopus) which also shows the
highest dieldrin level, 0.24 mg-kg™" (Table 5). Levels of
the other organochlorines are low in all species.

DISCUSSION/CONCLUSION

Among waterfow! species used for food, the highest
levels of mercury and PCBs have been observed in
piscivorous and molluscivorous species, and in some
cases in higher levels in Northern Québec than in the
NWT. Most chemical analyses on wildfow| have been
made on breast muscle to study risk of exposure from
consumption of these tissues by humans. However,
native people also eat other tissues. Liver, gizzard and
lung of Canada Goose (Branta canadensis) are
consumed by Cree people (D. Belinksky, CINE, pers.
comm.) while ptarmigan liver and kidneys are also
consumed (Flemming et al. 1995; A. Reed and J.
Hughes, CWS, pers. comm.). High levels of Cd were
found in ptarmigan liver (38.8 mg-kg-1 dry wt.) and
kidneys (143.0 mg-kg-1 dry wt.) from Yukon (Gamberg
1996) and Finland (Fimreite 1993). In Québec
ptarmigan, the mean Cd level in liver and kidneys are
8.9 and 52.6 mg-kg-1 wet wt., respectively, but with large
variation.

In liver of mink from the NWT, mercury ranged from 0.12
to 3.30 mg-kg~" wet wt. (Poole and Elkin 1996), which
were considered low compared to levels in other regions
of North America. Cadmium levels in kidneys and liver
of snowshoe hare from Yukon were 20.7 and 2.4 mg-kg™
dry wt. respectively (Gamberg 1996), comparable to
levels found in Québec.

Mean PCB levels in peregrine falcon eggs are similar to
those of Johnstone et al. (1996) from NWT, without the
extreme maximum values. Levels from Northern Québec
do not appear to be of biological significance. In Poole
and Elkin (1996), mean PCBs and DDT levels in liver of
mink ranged from 0.005 to 0.093 mg-kg™ wet wt. and
0.001 to 0.014 mg-kg~" wet wt., respectively. These levels
were considered low compared to levels in other regions
of North America. Levels in liver of marten from Northern
Québec are higher than these numbers but are from
one pool only.

It is too early to draw conclusions on these data since
detailed analyses are not completed yet. Overall, levels
of metals and organochlorines in birds and mammals
do not seem of concern, however some levels are higher
and need to be looked more thoroughly. There is a lack
of data from the eastern region of Northern Québec,
both for birds and mammals. Data should be compared
with data from southern Québec and rest of the
Canadian Arctic to study spatial variation. Temporal trend
and spatial coverage of contaminants in wild food and
indicator species should be followed on a regular basis.
Mergansers and Oldsquaws should be collected to have
a better knowledge of their contamination.
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Table 1. Mean levels of metals in tissues of birds harvested in Northern Québec (ug-g”' wet wt.)

Period Zone Tissue N(pool) Hg Se Pb Cd As
Browsers
Rock Ptarmigan 91-97 w Muscle 1(4) <0.05 0.23 6.13 0.06 0.02
91-97 E Muscle 2(4) <0.05 0.16 4.09 0.25 0.002
Willow Ptarmigan 81-90 W Muscle 7(7) <0.05 0.16 <0.10 0.21 <0.05
81-90 w Liver 2(4) 0.18 0.25 0.24 5.90 <0.05
91-97 E Muscle 1(1) <0.05 0.09 10.75 <0.10 0.02
91-97 W Muscle 1(1) 0.20 0.20 <0.02 <0.04 0.002
1997 E Muscle 31(31) 0.06
1997 E Liver 31(31) 8.94
1997 E Kidney 31(31) 52.60
Grazers
Canada Goose 81-90 w Muscle 25(25) 0.06
81-90 W Liver 27(27) 0.09
91-97 W Muscle 9(25) <0.05
Snow Goose 91-97 W Muscle 8(26) <0.06 0.45 0.27 <0.07 0.003
Surface-feeding Ducks
Northern Pintail 81-90 W Muscle 14(19) 0.23 0.33 0.12 <0.07 <0.03
) 81-90 w Liver 13(13) 0.48
Green-winged Teal 81-90 W Muscle 24(24) 0.29 0.18 0.03 <0.07 <0.03
81-90 W Liver 29(29) 0.37
Mallard 81-90 W Muscle 2(2) 0.18
81-90 W Liver 2(2) 0.53
Black Duck 81-90 W Muscle 18(18) 0.25
81-90 W Liver 19(19) 0.71
Diving Ducks
Ring-necked Duck 81-90 w Muscle 10(10) 0.28 0.31 8.24 <0.06 <0.03
81-90 W Liver 10(10) 0.43
Greater Scaup 81-90 W Muscle 26(26) 0.30
81-90 w Liver 26(26) 0.48
Common Goldeneye 81-90 w Muscle 3(3) 0.59
81-90 w Liver 3(3) 2.97
Oldsquaw 91-97 E Muscle 1(5) 0.24 0.82 <0.05 <0.10 0.09
91-97 w Muscle 3(8) 0.10 1.05 0.05 <0.10 0.17
White-winged Scoter 81-90 w Muscle 3(3) 0.3
81-90 W Liver 3(3) 0.87
Black Scoter 81-90 w Muscle 24(24) 0.20
81-90 w Liver 23(23) 0.69
91-97 W Muscle 1(2) 0.19 0.66 <0.02 <0.05 0.33
91-97 W Liver 7(7) 4.35
Surf Scoter 81-90 w Muscle 28(28) 0.29
81-90 w Liver 29(29) 0.51
91-97 w Muscle 1(1) 0. 1.52 12.56 0.07 0.63
91-97 w Liver 1(1) 12.90
Common Eider 91-97 E Muscle 1(6) 0.24 1.22 0.21 0.18 0.26
91-97 W Muscle 2(6) 0.15 0.71 0.07 0.12 0.26
King Eider 91-97 w Muscle 3(3) 0.22 0.71 0.16 0.10 0.19
Piscivorous Ducks
Common Loon 81-90 w Muscle 1(1) 0.93
91-97 E Liver 3(3) 4.27
91-97 E Muscle 3(3) 0.64 0.67
91-97 E Liver 3(3) 1.90 342
91-97 E Kidney 3(3) 1.549 2707
91-97 w Muscle 10(14) 0.782 0.67 <0.05 0.39
91-97 w Liver 5(5) 1.935 2.1
91-97 W Kidney 5(5) 1.954 2.39
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Table 1. cont'd...

Period Zone Tissue N(pool) Hg Se Pb Cd As
Piscivorous Ducks ... cont'd
Red-throated Loon 91-97 E Muscle 1(2) 0.297 085 <0.06 <0.1 0.26
Hooded Merganser 81-90 w Muscle 11(11) 0.689
81-90 w Liver 11(11) 3.697
Common Merganser 81-90 w Muscle 18(18) 1.398 049
81-90 w Liver 10(10) 24.36
Red-breasted Merganser 81-90 w Muscle 22(22) 0.518
81-90 w Liver 32(32) 2.693
91-97 E Muscle 2(2) 0.653 0.65 <0.04 <0.02 0.09
91-97 w Muscle 3(7) 0.678 064 <0.04 <0.02 0.17
Seabirds
Black Guillemot ‘ 91-97 E Muscle 1(5) 0.32 1.02 0.10 0.04 0.41
.91-97 w Muscle 1(5) 0.29 0.91 0.08 0.27 0.58
Herring Gull 81-90 w Muscle 20(20) 0.88
81-90 W Liver 20(20) 247
91-97 W Muscle 9(29) 0.69 0.93 0.12 0.50 1.07
91-97 w Liver 4(16) 1.30 1.01 <0.10 0.46 1.24
Glaucous Gull 91-97 w Muscle 4(5) 0.34 0.41 0.05 0.09 0.1
Arctic Tem 81-90 W Muscle 2(2) 0.55
81-00 w Liver 2(2) 1.63
Thick-billed Murre 91-97 w Muscle 2(9) 0.37 0.99 0.06 0.48 1.06
Raptors »
Peregrine Falcon 81-90 w Muscle 1(1) 0.2
: . 81-90 w Liver 1(1) 0.46
Osprey 81-90 w Muscle 3(3) 0.27 0.57 <0.10 0.07  <0.05
81-90 w Liver 3(3) 0.52 3.39 0.07  <0.05
81-90 w Kidney 3(3) 0.69 2.30 0.13  <0.05

112



L. Champoux

Table 2. Mean levels of metals in mammals harvested in Northern Québec (ug-g* wet wt.)

Period Zone Tissue N (pool) Hg Se Pb Cd As
Greenland Caribou  1981-90 E muscle 37(37) 0.02
Snowshoe hare 1981-90 w liver 2(2) 0.4 0.43 0.22 0.53 <0.05
1981-90 w muscle 5(5) 0.12 0.15 <0.10 <0.20 <0. 05
1981-90 w kidney 2(2) 23.83
1991-97 w liver 3(3) 0.05 0.33 2.07 0.37 <0.05
1991-97 w muscle 2(2) <0.05 0.30 <0.10 <0.20 <0.05
1991-97 w kidney 2(2) 6.19
Red fox 1981-90 w liver 3(3) 0.38 0.61 0.29 0.22 <0.05
1981-90 w muscle 3(3) 0.11 0.17 0.13 <0.20 <0.05
1981-90 w kidney 2(2) 0.33
1991-97 w liver 2(2) 0.41 0.75 0.10 0.46 <0.05
1991-97 w muscle 2(2) 0.22 0.20 <0.10 <0.20 <0.05
Arctic Fox 1981-90 w liver 2(2) 0.25 0.70 <0.10 0.25 <0.05
1981-90 w kidney - - 0.43
Gray wolf 1981-90 w liver 2(2) 4.83 0.42
1981-90 w kidney 4(4) 0.58
Am. Marten b. 1981 E liver 1(1) 1.48
b. 1981 E muscle 1(1) 1.51
b. 1981 E kidney 1(1) 5.7
1981-90 w liver 2(4) 0.41 0.85 <0.10 0.47 <0.05
1981-90 E liver 5(5) 0.45
1981-90 W muscle 5(6) 0.25 0.242 0.08 0.26 <0.05
1991-97 w liver 6(6) 0.52 1.00 <0.10 0.90 <0.05
1991-97 w kidney 5(5) 1.41
1991-97 E kidney 5(5) 245
Shorttail weasel 1981-90 \ liver 1(2) 0.19 0.75 <0.05
1981-90 w muscle 1(2) 0.1 0.30 <0.10 <0.30 <0.05
Mink b. 1981 E liver 1(1) 7.60
b. 1981 E muscle 2(2) 2.13
b. 1981 E kidney 3(3) 2.54
1981-90 w liver 1(1) 3.47 1.60 <0.10 0.80 <0.05
1981-90 w muscle 1(1) 1.94 0.35 <0.10 <0.20 <0.05
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Table 3. Mean levels of PCBs and organochlorines in tissues of birds harvested in northern Québec

(ng-g™ wet wt.)

Period Zone Tissue N (pool) IPCBs DDE Dieldrin Mirex HCB
Browsers
Rock Ptarmigan 91-97 E Muscle 2(4) 0.0054  <0.0001 <0.0001 <0.0001 <0.0001 .
91-97 W Muscle 1(4) 0.0051 <0.0001 <0.0001 <0.0001 <0.0001
Willow Ptarmigan 81-90 W Muscle 4(4) 0.0232  <0.0001 <0.0001 <0.0001 0.00002
91-97 W Muscle 1(1) 0.0052  <0.0001 <0.0001 <0.0001 <0.0001
91-97 E Muscle 1(1) 0.0052  <0.0001 <0.0001 <0.0001 <0.0001
Grazers
Canada Goose 91-97 E Muscle 1(5) 0.0053
91-97 W Muscle 7(16) 0.0049
Snow Goose 091-97 W Muscle 8(26) 0.0051
Surface-feeding Ducks
Northern Pintail §1-90 W Muscle 1(6) 0.0036
Green-w. Teal 81-90 W Muscle 1(5) 0.0043
Diving Ducks
Ring-necked Duck 81-90 W Muscle 1(1) 0.0043
Oldsquaw 91-97 E Muscle 1(5) 0.0332
91-97 W Muscle 3(8) 0.0172
Black Scoter 91-97 W Muscle 2(7) 0.0237 0.0094 <0.0001 0.0003 0.0004
Surf Scoter 81-80 W Muscle 1(4) 0.0134 0.0051 0.0007 <0.0001 0.0004
091-97 W Muscle 1(1) 0.0512 0.0175 0.0005 0.0008 0.0011
Common Eider b. 1981 E Muscle 1(1) : 0.0049 <0.0001
91-97 E Muscle 1(6) 0.0070 0.0017 <0.0001 <0.0001 0.0008
91-97 W Muscle 2(6) 0.0053 0.0012 <0.0001 <0.0001 0.0012
King Eider 091-97 W Muscle 3(3) 0.0068
Piscivorous Ducks
Common Loon 91-97 W Muscle 5(14) 0.1354 0.0422 0.0069 0.0007 0.0112
91-97 E Muscle 1(3) - 0.1597 0.0697 0.0058 0.0084 0.0023
Red-throat. Loon b. 1981 E Muscle 3(3) 1.1810 0.0310
91-97 E Muscle 1(2) 0.2462 0.0879 0.0095 0.0008 0.0044
Red-br. Merganser 091-97 W Muscle 3(7) 0.0442 0.0219 0.0048 0.0268 0.0017
91-97 E Muscle 2(3) 0.2378 '0.1371 0.0005 0.0268 0.0017
Seabirds
Black Guillemot b. 1981 E Muscle 5(5) 0.0113 0.0005
91-97 E Muscle 1(5) 0.0157 0.0063 0.0014 0.0001 0.0055
91-97 W Muscle 1(5) 0.0183 0.0083 0.0009 <0.0001 0.0046
Herring Gull b. 1981 E Muscle 1(1) 0.5431 0.0002
91-97 W Muscle 9(29) 0.4927 0.1564 0.0052 0.0045 0.0053
91-97 W Liver 4(16) 0.8189 0.2394 0.0052 0.0181 0.0073
Glaucous Gull 91-97 W Muscle 4(5) 0.3602 0.3195 0.0132 0.0066 0.0136
Thick-bill. Murre b. 1981 E Muscle 3930 0.0260 0.0040
091-97 W Muscle 2(9) 0.0171 0.0177 0.0008 <0.0001 0.0059
Raptors .
Osprey §1-90 W Liver 3(3) 0.0036 0.0011 0.0002 <0.0001 0.0002
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Table 4. Mean levels of PCBs and organochlorines in eggs harvested in Northern Québec

(ng-g-" wet wt)
Period Zone N (pool) ZPCBs DDE Dieldrin  Mirex HCB
Grazers
Canada Goose 91-97 E 2(5) 0.0117 0.0080 0.0029 <0.0001 0.0015
Diving Ducks
Common Eider 91-97 E 2(5) 0.0132 0.0037 0.0029 <0.0001 0.0024
91-97 w 1(7) 0.0192 0.1874 0.0345 0.0033  0.0069
Seabirds
Black Guillemot 91-97 E 5(5) 0.0343 0.0131 0.0038 0.0006 0.0069
91-97 w 1(8) 0.0643 0.0328 0.0045 0.0012 0.0155
Herring Gull 91-97 E 5(5) 0.6347 0.2137 0.0058 0.0034  0.0070
91-97 w 2(10) 0.4768 0.2767 0.0122 0.0104  0.0063
Great B.-b. Gull 91-97 w 1(5) 0.8466 0.0064 0.0129 0.0004  0.0045
Arctic Tern 91-97 w 1(7) 0.0150 0.0053 0.0001 0.0005 0.0022
Raptors
Peregrine Falcon 81-90 E 3(3) 7.1422 2.5717 0.3719 0.1478  0.0209
Osprey ' 81-90 w 3(3) 0.1774 0.0961 0.0021 0.0017 0.0002

Table 5. Mean levels of PCBs and organochlorines in mammals harvested in Northern Québec

(ng-g " wet wt).
Period Tissue Zone N 2PCBs DDE Dieldrin Mirex HCB
(pool)
Snowshoe hare 81-90 muscle W 5(5) 0.0050 0.00003 0.0001 0.0001 0.00002
91-97 muscle W 2(2) 0.0056 0.00003 0.00013  0.0001 0.00002
91-97 liver w 3(3) 0.0054 0.00001 0.00010 0.0001 0.00020
Red fox 81-90 muscle W 3(3) 0.0082 0.00020 0.0002 0.0001 0.0019
81-90 liver w 3(3) 0.0169 0.0007 0.0014 0.0003 0.0027
91-97 muscle W 1(1) 0.0156 0.0019 0.0005 0.0003 0.0008
91-97 liver w 1(1) 0.0124 0.0002 0.0009 0.0001 0.0016
Arctic Fox 81-90 muscle W 3(3) 0.0434 0.0005 0.0055 0.0006 0.0012
81-90 liver w 2(2) 0.0660 0.0005 0.0145 0.0027 0.0031
91-97 liver W 1(1) 0.4825 0.0029 0.2353 0.0460 0.0085
Am. Marten 81-90 muscle W 4(5) 0.0069 0.0002 0.0001 0.0001 0.0002
81-90 liver W 1(3) 0.0518 0.0002 0.0016 0.0002 0.0010
91-97 liver W 1(10) 0.4562 0.0209 0.0035 0.0035 0.0050
91-97 liver E 1(10) 0.2076 0.0047 0.0015 0.0033 0.0047
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First contacts with local communities have shown their
concerns and interest in that kind of information, both
for their health and their environment. We hope to be
able to continue this collaboration, to study the fate and
effects of toxic substances in Northern Québec wildlife
and provide information to Nunavik communities on
contaminants in their food and the ecosystem.

Expected completion date: March 31, 1999.

Acknowledgment: Data in the CWS-Québec data base
come from many sources. Principal contributors are
Birgit Braune and Tony Scheuhammer from NWRC, Hull,
and Hydro-Québec.
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MODELLING AND EVALUATION OF CONTAMINANT ACCUMULATION IN THE
ARCTIC MARINE FOOD WEB

Project Leaders: B.E. Hickie and D. Mackay, Environmental Modelling Group,Trent University,

Peterborough, Ontario

Project Team:

OBJECTIVES

B. Hargrave, Department of Fisheries and Oceans —Bedford Institute of Oceanography

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 contaminant data and
relate contaminant levels in biota to other environmental media.

3. to provide a framework for the design and evaluation of future field studies

(e.g., 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 mammals result from
bioaccumulation processes through the marine food web
where 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
contaminant accumulation of persistent organic
pollutants (POPs) by marine mammals for both
individuals and populations, particularly for beluga and
ringed seals (Mackay et al, submitted; Kingsley and
Hickie 1993). Bioaccumulation by marine mammals is
a life-long process influenced by diet composition and
contaminant levels, and life-history related factors
(longevity, metabolic rate, growth, sex, birth rate,
lactation, body condition, contaminant clearance rates).
The models have shown good agreement with data from
monitoring programs for ringed seals and beluga, and
are valuable aids in interpreting spatial and temporal
trends in marine mammal contamination. Marine
mammals have been shown to be effective long-term
integrators of POPs in marine ecosystems.

The models for marine mammals were developed with
a rudimentary link to other components of the marine

food web owing to the paucity of contaminant data for
lower trophic levels at that time. Recent studies,
particularly the Polarpro study at Resolute in 1993
(Hargrave et al. 1997, CACAR 1997, Hargrave, unpubl.
data), have provided sufficient contaminant data to
initiate modelling bioaccumulation through the lower
trophic levels and link this to the marine mammal models.
The development of a comprehensive Arctic bioa-
ccumulation model will offer a number of benefits. The
model will provide a quantitative description of our
understanding of bioaccumulation processes in this
ecosystem which can be used as an aid for interpreting
existing data and results from future studies. Such
models may also be used to assess the relative
importance of various processes and assist in identifying
those which require further study. Modelling can
ultimately assist in understanding the linkages between
physical and biological processes of contaminant
transport, deposition, fate, bioavailability and accum-
ulation through food webs, and ultimately, into species
that northern people hunt and consume.

ACTIVITIES IN 1997/98

Activities during the first year of this project focussed
on assembling the information required to develop and
test the initial food web biocaccumulation model. The
goals were to develop an operational steady-state model
and to identify areas requiring further refinement or
research. Model development progressed along four
main avenues: characterization of the food web and
selection of species; selection of chemicals for initial

117



Environmental Studies No. 75: Synopsis of Research under the 1997/98 Northern Contaminants Program

model evaluation; development of computer program
code; evaluation of model performance. Owing to the
existence of the detailed models for beluga and ringed
seals, the preliminary food web model concentrates on
bioaccumulation in the lower trophic levels with the goal
of predicting the contaminant concentrations in primary
prey of these marine mammals, namely Arctic cod
(Boreogadus saida) and the amphipod Themisto
libellula. An additional reason for excluding marine
mammals from this model is that they accumulate POPs
throughout their lifetime (about 20 to 30 years) and thus
would not fit readily within the steady-state modelling
approach currently used in food web bioaccumulation
models.

Model development has focussed on the marine food
web as characterized in studies from the vicinity of
Resolute (Lancaster Sound - Barrow Strait) NWT. This
area has been studied more intensively than any other
(e.g., Welch et-al 1992, Hobson and Welch 1992), and
was the location for the Polarpro year-round contaminant
study (Hargrave et al. 1997). The food web of this area
is also considered to be representative of the marine
ecosystem across the Canadian Archipelago (H.E.
Welch, personal communication) and is the preferred
location for the proposed “integrated archipelago
contaminant study”. Development of the food web model
requires general information on the structure and
dynamics of the food web, and detailed information on
the key species to be included in the model such as life
history, size, growth rate, lipid content, feeding
preferences, respiration rate and feeding rate. Eight
species or groups were included in the preliminary model
which was based primarily on summer open water
conditions: 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 will be expanded to include other
important species or groups in the future, including Arctic
char (Salvelinus alpinus) and benthic species such as
clams and sculpins. Inclusion of seasonally limited
components such as ice algae is also possible but the
steady-state nature of the preliminary model limits our
ability to evaluate their importance.

The preliminary model was adapted from the steady-
state matrix model developed for the Lake Ontario food
web by Campfens and Mackay (1997). This model is
similar in many respects to other currently used food
web bioaccumulation models, but offers several
advantages for this project. First, model output is in both
concentration and fugacity units. The fugacity concept
is advantageous when comparing contaminant levels
between different environmental media such as air,

snow, water, sediment and biota. Second, the matrix
structure enables modelling of complex food webs. This
provides flexibility to model different food web structures,
feeding preferences and exposure scenarios, and new
species can be added easily. Finally, the model structure
is relatively simple and can be modified readily to meet
future needs. Features added to the Campfens/Mackay
model include data tables of organism and food web
characteristics for three seasonal periods (spring,
summer, and fall-winter) and characteristics of selected
contaminants. Model input and output subroutines were
enhanced and a bioenergetics subroutine used to
calculate organism respiration and feeding rates was
also modified to suit Arctic species.

Chemicals selected for the initial model trials included
o—HCH and y-HCH (hexachlorocyclohexane), hexa-
chlorobenzene (HCB), Ichlordane (Chl), ZDDT and
YPCB. These chemicals were selected based on a
number of criteria. They are among the chemicals of
greatest concern in the Arctic environment. There are
sufficient data available to test the current model, and
they vary sufficiently in hydrophobicity to provide a robust
assessment of model performance. Log Kow (octanol-
water partition coefficent) values range from 3.8 for
¥HCH to 6.6 for ZPCB. Biomagnification is not expected
for chemicals with log K, values less than about 5.2,
while a log K,, of 6.6 is in the range where
biomagnification is maximized. Biomagnification is
expected to decline when log Kow exceeds a value of
about 7.0 due to reduced bioavailability and/or gill uptake
efficiency (Burkhard 1998).

Model performance was evaluated by conducting a
sensitivity analysis and by comparisons between
observed and predicted concentrations for the six
selected chemicals. The evaluation studies focussed on
the summer period (July to September) since the
contaminant data set is most complete then. Model
sensitivity was assessed by observing the effect that
small (10%) changes in individual input parameters had
on the predicted contaminant concentration in adult
Arctic cod which occupy the highest trophic level in the
model food web. Sensitive model parameters were those
that caused a greater than proportional change in cod
concentrations.

RESULTS AND DISCUSSION

Figure 1 shows the relationship between the model
predicted and observed mean concentrations (ng/g wet
wt) from the summer period (July to September) of the
Polarpro year round study. The only changes in model
variables between trials were to the chemical
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Figure 1. Plot of model-predicted and observed concentrations of the six test chemicals in organisms from

the Arctic marine food web. The diagonal line depicts the ideal 1:1 relationship.

characteristics (molecular weight, log K,,, Henry's
constant) and to the concentration in water. Sediment
concentrations had no effect on model results since no
benthic species were included in the preliminary model.
All other parameters were default values incorporated
into the model data tables. Overall there was reasonable
agreement between observed and predicted values as
shown by the spread of data about the line denoting the
ideal 1:1 relationship. About one-third of the predicted
values fell within a factor of two of the measured values,
while about two-thirds fell within a factor of three. This
level of resolution is similar to that reported for the
Campfens/Mackay model and other food web models
(Gobas 1993, Thomann et al. 1992) when applied to
the Lake Ontario food web.

Four of the six chemicals showed good agreement
between observed and predicted values, the exceptions
being Zchlordane and XPCB. On average IPCB
concentrations were overpredicted by a factor of 2.9,
while Zchlordane levels were underpredicted by a factor
of 10.4. ZPCB was modelled using an average log Kow
of 6.6, the value used by Campfens and Mackay (1997)
when modelling Lake Ontario. This value may be too
high when modelling the Arctic marine food web since

long-range atmospheric transport processes favour the
less chlorinated congeners. This problem would be
avoided by modelling individual congeners in the future.
In the case of Xchlordane, the model-predicted
biomagnification factor (BMF) from phytoplankton to
juvenile Arctic cod of 2.9 is considerably lower than the
observed value of 10.8. The underprediction of the BMF
for chlordane (and other chemicals with log K, 5.5-6.0)
could only be addressed by making modest changes to
the model structure.

The low predicted tissue concentrations could also result
from using a water concentration below the true value.
Accurately measuring the extremely low concentrations
of many POPs in Arctic seawater, such as chlordane
(~2 pg/L; Hargrave et al. 1997) and PCB congeners,
presents a tremendous analytical challenge.

Despite these problems, the model-predicted wet wt.
concentrations are positively related to observed tissue
concentrations for ali chemicals. Variations in the tissue
concentrations of tHCH and y-HCH could be explained
largely by the differences in lipid content between
species or groups, hence no biomagnification was
apparent as expected. Biomagnification does occur for
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the other four chemicals since lipid content alone could
not account for their differences in concentration
between species. Predicted lipid-normalized BMFs from
phytoplankton to juvenile cod were 1.7, 2.3, 2.5 and 3.4
for HCB, Zchlordane, ZDDT and ZPCB respectively.

The sensitivity analysis confirmed that the model
behaved as expected and verified that the program code
was free of errors. Of the model parameters examined,
the most sensitive were the octanol water partition
coefficient (K,,), the lipid content of organisms, an
allometric scaling factor which affects organism
respiration rates, and to a lesser extent a parameter Q
which influences contaminant assimilation efficiency
from the diet. Feeding preferences of species or group
were not examined in detail, but modest changes for
individual species had little effect owing to the relatively
short food web considered in the present model. There
is, however, considerable uncertainty in the feeding
preferences for some of the species. This is particularly
true when seasonal changes in feeding are considered.
The effects of sediment related parameters were also
not examined since no benthic species were included
in the model. Sediment related parameters have been
shown to be among the most sensitive in other food
web models (Burkhard 1998).

CONCLUSIONS

Overall, the preliminary model performed adequately in
predicting tissue concentrations within a factor of two or
three of observed concentrations for four of the six test
chemicals. Concentrations of PCB tended to be
overpredicted while Xchlordane concentrations were
markedly underpredicted. Results from the first year of
this project indicate the need for further work in several
areas.

1. The model structure should be reexamined and
modified to improve predictions of biomagnification
for chemicals with intermediate log K, values (range
~5.5106.2).

2. The model should be extended to other species
including Arctic char and benthic species such as
clams and sculpins. The inclusion of benthic species
is currently limited by a lack of data for them and for
marine sediments.

3. The current steady state formulation of the model
limits our ability to evaluate what effects the strong
seasonal variations in productivity may have on the
fate, bioavailability and bioaccumulation of POPs
in the Arctic marine ecosystem. For example,
particulate organic carbon and chlorophyill

concentrations increase by factors of about 5 and
20 respectively during the summer open water
period (Hargrave, unpublished data).

4. The ice algae community is another seasonal
component of the food web that may be important.
The limited data available (Hargrave, unpublished)
shows that concentrations of some POPs such as
PCBs can be several times higher in the ice algae
than in pelagic algae found following the ice breakup.
When possible, a means of predicting contaminant
concentrations in ice algae should be developed and
added to the food web model.

5. Several data gaps and research needs pertinent to
this project have been identified. First, contaminant
data are needed for marine sediments and benthic
organisms from areas where benthos are part of
the food web leading to marine mammals. Second,
additional measurements of seawater concen-
trations of low level POPs (e.g., PCB congeners,
chlordane, DDT and metabilites) are needed to
augment and/or confirm the limited data currently
available. Field studies are also required to
characterize the processes of contaminant accum-
ulation by ice algae and the resulting contribution of
ice algae to the food web.

Expected project completion date: March 31, 2002.
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COMMUNITY-BASED MONITORING OF ABNORMALITIES IN WILDLIFE

Project Leader:
GNWT

Project Team:

B.T. Elkin, Department of Resources, Wildlife & Economic Development,

M. Boucher, Ft. Resolution Environmental Working Committee (Ft. Resolution);

L. Stromin, K'asho Got'ine Renewable Resource Council (Ft. Good Hope);

Kugluktuk Hunters’ and Trappers’ Organization (Kugluktuk); A. Veitch, Sahtu
Regional Biologist (Norman Wells); J. Nishi, Kitikmeot Regional Biologist (Kugluktuk);
D. Panayi, Wildlife Technician (Kugluktuk); T. Bollinger, Canadian Cooperative

Wildlife Health Centre (Saskatoon)

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

People in the Northwest Territories have a long history
of dependence on wildlife and the environment. The
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 replacement value of country food and
other renewable resources is approximately $60 million
per year (1990 dollars). 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.

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 are new to an
area. Local people want to know if there is a connection
between the environmental contaminants they hear
about and their observations of changes or abnormalities
in wildlife. Documenting the occurrence of these

changes is the first step in addressing these questions,
and may serve as a sentinel to identify problems
requiring further investigation.

Changes in wildlife health can have significant impacts
on individual animal and population health, as well as
human use of the resource. Changes seen in wildlife at
an ecological level may result from multiple stressors,
and a holistic approach is required to look at all potential
causes including chemical and biological contaminants.
By identifying observed changes in the field, future
research can be focussed to test for linkages between
observed changes and known effects of specific
contaminants.

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,
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the number of samples or observations received is low
compared to the number of animals harvested, the
expertise of the harvesters is not fully accessed, and it
is difficult to differentiate localized vs. 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 have spent many hours 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 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
researchers.

ACTIVITIES IN 1997/98

In 1997/98, a series of training and information sessions
were held in each of the three participating communities.
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. Training sessions were held with the following
groups:

Fort Good Hope:
K'asho Got'ine Renewable Resource Committee
Sahtu Renewable Resources Board
GNWT Resources, Wildlife & Economic Development
(Sahtu)
Community Learning Centre (Aurora College)
Community/public workshops & meetings

Fort Resolution:
Deninu Kué First Nation
Fort Resolution Environmental Working Committee
GNWT Resources, Wildlife & Economic Development
(S. Slave)
Deninoo School students
Community/public workshops & meetings

Kugluktuk:
Kugluktuk Hunters’ and Trappers’ Association
Kitikmeot Region Renewable Resource Officers
GNWT Resources, Wildlife & Economic Development
(Kitikmeot)
Kugluktuk High School students
Game Management CTS course students
Community/public workshops & meetings

In addition to community-based workshops and
meetings, field training courses were held in Kugluktuk
(November 5-8, 1997) and Ft. Resolution (February 23—
27, 1998). Local hunters, elders and students par-
ticipated in hands-on training in the field, applying
information and techniques from the training sessions
on harvested animals in the field.

A first draft of program resource materials was developed
in 1997/98, including a sampling and identification guide,
report/submission forms, and field sampling kits. These
materials were field tested by the three communities
during the first year of the program, and will be evaluated
by the community coordinators and project leader at the
end of the first year. The material will be revised and
field-tested again during 1998/99.

Community-based monitoring of abnormalities in wildlife
began in the three participating communities in 1997/
98. Various approaches were considered for the
collection of samples and documentation of observations
from wildlife harvesters within each community. Survey
design and planning was initiated for the Traditional
Ecological Knowledge surveys of elders and ex-
perienced wildlife harvesters, with surveys conducted
in both Ft. Resolution and Ft. Good Hope in 1997/98.
Results from the sample/observation collection and TEK
survey are currently being evaluated.

RESULTS AND DISCUSSION

This initiative is being conducted as a pilot project to
test the concept, design and implementation in three
NWT 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 is comprised of two primary
components:

1. Development of a community-based system to
systematically collect and investigate hunter obser-
vations/samples of abnormalities in wildlife.
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2. Traditional knowledge survey of disease/abnorm-
alities in wildlife (elders and experienced resource
harvesters)

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 abnor-
malities in harvested wildlife, collects samples of
abnormalities from hunters & submits them for testing,
facilitates result 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.

1. Community-Based Monitoring Program

i) Development of an information/sampling
package

Development of a self-contained package of resource
materials will be completed in 1998/99. This package
will be 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
will include standardized observation/data reporting
forms, visual (photographic) identification guides to
assist with identification of abnormalities, sampling
information and supplies, and other materials deemed
appropriate.

ii) Local training sessions

Training and information sessions are being held in each
community. These sessions cover basic wildlife anatomy
and pathology, sampling procedures, interpretation of
results, and details on the monitoring program. As the
emphasis is on community participation, these sessions
target a wide-range of community groups including
wildlife harvesters, food preparers, and local youth.

iii) Sample/information collection

Information is collected on the occurrence of
abnormalities in wildlife from local hunters by either oral
reports or actual samples which are sent for analysis.
Reports will be produced annually summarizing the field
observations and diagnostic results.

2. Traditional Ecological Knowledge Survey

Interviews are conducted with experienced, long-time
local harvesters about the occurrence of abnormalities
and disease in wildlife. The community coordinators, or

alternate local wildlife harvesters, conduct the interviews.
This eliminates the need for simultaneous translation,
ensures the interviewer is familiar with the topic, and
enables elders to relax and share their knowledge of
the subject. Results from the 1997/98 surveys are
currently being evaluated.
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METAL AND RADIONUCLIDE ACCUMULATION AND EFFECTS IN CARIBOU (Rangifer tarandus)

Project Leader: B.T. Elkin, Department of Resources, Wildlife & Economic Development, GNWT

Project TeaM:

C. Macdonald, Northern Environmental Consulting and Analysis (Pinawa, MB);

J. Nishi, Kitikmeot Regional Biologist (Kugluktuk, NT); D. Panayi, Kitikmeot
Wildlife Technician (Kugluktuk, NT); Kugluktuk Hunters’ and Trappers’ Association
(Kugluktuk, NT); M. A.D. Ferguson, Baffin Regional Biologist (Pond Inlet, NT);
Mayukalik Hunters’ and Trappers’ Association (Kimmirut, NT).

OBJECTIVES

1. to verify high levels of metals (cadmium, aluminum, manganese) and radionuclides (lead-210
and polonium-210) 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) that may provide insight into the source of contamination.

4. to contribute information on temporal trends in contaminant exposure in the mainland

Bluenose and south Baffin Island caribou herds.

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 population 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) that showed elevated levels of metals and
radionuclides in some caribou herds. The concentrations
of metals (cadmium) and naturally-occurring radio-
nuclides (lead-210 and polonium-210) in the south Baffin
Island caribou herd near Kimmirut (Lake Harbour) have
been shown to be higher than other herds in the central
and western Arctic.

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 is known to disrupt
kidney function and reduce the kidney's ability to retain
low molecular weight 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 ww at Kimmirut, indicating that animals from
this herd may exceed the tissue residue guidelines.
Urinary B2 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 and may be approaching levels
in some where 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 south Baffin herd is
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the alpha-emitter polonium-210, a nuclide that 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 to the damage to genetic
material caused by radiation.

The metal and radionuclide data suggest that south
Baffin caribou are unique in that several metals and
radionuclides are higher than in other herds across the
Arctic, and may be approaching concentrations at which
molecular and genetic effects could be expected. In the
case of radionuclides, radiation doses to the animals
are among the highest observed in wild species in
Canada. This study will confirm the results from earlier
studies, provide additional information on sources of the
compounds, and provide some indication of temporal
trends by determining levels five years after the initial
testing. It will also provide preliminary information on
possible biological effects from metals and radionuclide
exposure.

ACTIVITIES IN 1997/98

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. Sex, body condition
and other biological and morphometric data were
collected, and a central incisor removed for aging by
cementum analysis. Liver, kidney, muscle and bone
samples were collected for metal and radionuclide
analysis. Blood, spleen and bone marrow were collected
for genetic analysis. Urine samples were collected for
urinary B2 microglobulin, urea/creatinine and Cd/Po?"°
analysis. 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.

In 1998/99, 20 animals will be collected from the South
Baffin caribou herd near Kimmirut, and samples will be
analysed for radionuclides and metals. Given seasonal
fluctuations in contaminant levels, sampling will be done
in the late winter to ensure that elements such as cesium-
137 and other radionuclides are at their annual peak in
caribou tissues.

Community consultation will occur in each community
prior to and following field collections. This included
discussions and meetings with the local Hunters’ and
Trappers’ Organizations (HTOs), and wildlife research
permit approval by these organizations. The field
components of the study are planned and conducted
with the cooperation and participation of local hunters.
Local Renewable Resource Officers are also involved
in the study and kept informed of the results.

Contaminant Analysis

Liver, kidney, bone and muscle were frozen and
transported to Northern Environmental (Pinawa) for
processing and shipment to appropriate laboratories for
analysis. Metals in tissues and rumen samples are being
analysed by ICP_MC under contract with Elemental
Research, Vancouver, BC. Metals were selected for their
toxicological significance (cadmium, copper, aluminum,
zinc, iron, nickel, mercury) or for their importance as
tracers of the source of the metals and nuclide (uranium,
thorium, radium, titanium, stable strontium). All gamma-
emitting radionuclides (cesium-137, cesium-134,
potassium-40, stable strontium) are being analysed by
gamma spectrometry. Samples have been banked for
possible organochlorine analyses in the future. All
chemical analyses are being monitored using standard
reference materials, blank samples, spiked samples,
duplicates and replicates.

Genetic variation in the two herds are being surveyed
by high resolution flow cytometry under contract with
Dr. John Bickham, Texas A & M. Blood, spleen and bone
marrow were frozen at the time of collection and shipped
on dry ice. Flow cytometry uses a laser to measure the
chromosomal content in approximately 30,000 cells that
have been labelled with fluorescent markers. High
variability in the genetic structure may indicate larger
amounts of chromosomal damage in this herd. 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. This technique
will be used as a preliminary screening tool to indicate
the levels of genetic variation in the Lake Harbour herd.
Urine samples are being tested for Cd/Po?™ |evels, as
well as urinary B2 microglobulin and urea/creatinine
levels as an indicator of kidney damage due to Cd
exposure.

Data Analysis & Communication of Results

Data will be released in accordance with the AES and
NWT Environmental Contaminant Committee’s
communication protocols. Upon completion of the study,
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results will be presented to the participating communities
at HTO or community meetings, and in poster format.
All print information will be provided in both English and
Inuktitut. Results will also be published in peer-reviewed
scientific journals.

DISCUSSION

All contaminant residue data, histological data, urinalysis
results, and genetic analysis are currently being
assessed, and will be statistically analysed and
interpreted in 1998/99. A preliminary report on the
assessment of the data will be available by fall 1998.
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MERCURY TOXICOLOGY IN BELUGA WHALES

Project Leader: W.L. Lockhart, Department of Fisheries & Oceans, Winnipeg, MB

Project Team:

C. Hyatt (graduate student), D.A. Metner (retired, March, 1998),

S. Friesen (contractor) (DFO); Thesis advisors: R. Wagemann (retired, May, 1998)
(DFO); R. Marquardt, (Department of Animal Science); J. Eales, (Department of

Zoology) (University of Manitoba).

OBJECTIVES

1. to examine tissues of beluga whales for indications of risks of mercury poisoning or evidence of
detoxification of mercury by measuring total mercury, methylmercury and selenium in blood,
liver, brain and spinal cord of beluga whales from the Mackenzie Delta.

DESCRIPTION

There is extensive evidence documenting the concen-
trations of mercury in edible tissues of arctic marine
mammals as a result of surveys made to define human
dietary intakes of mercury. Virtually all the whales have
levels of mercury that exceed the level recommended
for human consumption of fish in at least one organ.
Unfortunately, there has been no study of the potential
for mercury to affect the animals themselves. For
example, measurement of mercury in human blood has
been used because levels in these tissues can be
diagnostic of risk of mercury poisoning in people. Ms.
Carissa Hyatt has made the first study of levels of
mercury in blood of arctic beluga. Furthermore, there
were also no data on target organs like the nervous
system and she has also made the first study of mercury
in brain and spinal cord.

Ms Hyatt presented preliminary findings at the
International Conference on Mercury as a Global
Pollutant in Hamburg in 1996, with the aid of a travel
scholarship provided by the conference and with a DFO
Director’s graduate student travel award (Hyatt et al.
1996). Over the duration of the project, support has been
received from the Northern Contaminants Program, the
Department of Fisheries and Oceans, and from the
Fisheries Joint Management Committee of the Inuvialuit
Settlement Region.

ACTIVITIES IN 1997/98

The field collection work began in 1994 and continued
in 1995 and 1996. Project personnel participated with
local hunters during the summer hunt at Hendrickson
Island in Kugmallit Bay and were able to obtain a variety
of organ samples including blood, brain, spinal cord and
others. There were no further field collections in 1997

or 1998. During 1997, work was on the analyses of the
samples collected earlier for mercury and selenium, and,
for some of the samples, methylmercury. It was
anticipated that the final report from the project would
be completed during the winter of 1997 but Ms. Hyatt
took leave from the projectin September, 1997, to enter
the veterinary medicine program at the University of
Saskatchewan and so she was absent from September,
1997 on. Consequently the results available now are
not very different from those available for the previous
report (Lockhart 1997). Ms. Hyatt will return to the project
for the summer of 1998 to work on final analyses and
preparation of her thesis. Her oral defence will have to
be scheduled around classes in Saskatoon and is
anticipated sometime by mid-1999.

RESULTS

The main additional result not available at the time of
the previous report is information on the distribution of
total mercury in various whale organs. There has not
been previous information of this kind available for arctic
whales except for liver, kidney, muktuk and muscle. Table
1 lists the mean mercury concentrations found in a
number of beluga organs. Most of the mean values
exceeded the maximum level recommended by Health
Canada for consumption of fish (0.5 ng/g wet weight).
Further information on these tissues will be generated
during the summer of 1998.

Taking the collections as a whole, liver mercury levels
were the highest of any organ and were related to age
(r?= 0.44, Figure 1) but those in kidney (r? = 0.05) and
muscle (r? = 0.13) were not. The data reported here lend
themselves to estimates of time trends for mercury in
beluga organs since previous studies have reported
mercury in some of the same organs of whales from the
same area. Wagemann et al. (1990) reported mercury
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Table 1. Total mercury in beluga whale organs from collections at Hendrickson
Island, NWT, from 1994 to 1996.

Organ Mean Hg Std. dev. N
(ng/g wet wt)
Whole blood 0.55 0.29 48
Lung 1.06 1.08 32
Gonad 0.82 0.57 33
Muktuk 0.81 0.40 64
Liver 336 29.5 65
Kidney 6.02 3.37 66
Adrenal giand 1.83 1.41 10
Spieen 3.78 . 4.87 33
Muscle 1.49 0.70 65
Milk 0.08 1
Brain 5.55 5.44 52
Spinal cord 2.34 1.63 14
Heart 0.50 1
Intestine 0.92 0.49 11
Urinary bladder 142 0.76 k!
Urine 0.03 0.01 11
Eye lens 1.13 0.61 18
Eye sclera 0.30 0.23 16
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Figure 1.  Liver mercury in beluga as a function of age
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in liver, kidney and muscle of beluga from the Mackenzie
Delta on a dry weight basis show in Table 2. Mean levels
of mercury from Wagemann et al. (1990) were converted
to wet weights using the formula:

Mercury (ug/g wet wt.) = Mercury (ug/g dry wt.) * ((100
- per cent moisture)/100).

In a preliminary analysis, the calculated wet weight
values from Wagemann et al. (1990; 1996) were
compared with those from the beluga reported in this
study and the more recent levels appear to be higher.
(Note that no allowance has been made in the current
data for effects of whale age on liver mercury.)
Wagemann et al. (1996) reported striking increases in
mercury levels in whales between the 1980s and the
1990s and the current data suggest continued increases.

Many of the tissues have also been analysed for
selenium since that element has been found to
ameliorate the toxicity of mercury, at least in some
species (e.g., Eaton et al. 1981). It may prove helpful in
assessing the risks of mercury to the beluga themselves
or to human consumers of beluga. Figure 2 shows a
graph of concentrations of selenium in whale organs as
a function of the concentrations of mercury in the same
organs. In general, most organs displayed increasing
concentrations of selenium with increasing concen-
trations of mercury. However, blood and muktuk showed
little indication of such a relationship. Two clusters of
points representing muktuk and muscle were removed
from the general pattern displayed by the other organs
with muktuk having high selenium for its content of
mercury and muscle having low selenium for its amount
of mercury.

Human blood levels of mercury in excess of 0.1 ug/g
are an indication that the person is “at risk” of mercury
toxicity. Whale blood values were frequently above this
level and so this may indicate that whales are at some
risk. It should be noted that almost all the blood mercury
was in the red cell fraction, not in the plasma.
Furthermore, whales have much higher hematocrits than
humans and so the difference may not be as striking if
reported on the basis of mercury per weight of
hemoglobin rather than mercury per weight of whole
blood. A number of previous studies with laboratory
animals suggest that levels of mercury in the brain in
the 10-20 pug/g range are associated with toxic symptoms
and some of the beluga brains exceeded 10 pug/g. On
that basis, we might anticipate mercury toxicity in some
of the whales. However, two factors complicate the
interpretation of mercury concentrations in terms of risk
of toxicity. Firstly, most of the mercury in the whale brains
and spinal cords was not methylmercury which is the

neurotoxic form. Secondly, there were strong cor-
relations between mercury and selenium in brain and
spinal cord and these may have ameliorated the toxicity
of the mercury.

In addition to the chemical contamination studies, most
of the whales sampled in this project have been
examined for antibodies to Brucella species. Brucellosis
is a zoonotic disease that can cause serious disease in
humans, however the implications of the disease in
whales is not clear. Certainly, Brucella spp. have been
isolated from seals (including ringed seals from Arctic
Canada) and they are known to cause disease in
humans. Through the efforts of Ole Nielsen, a biologist
at DFO, Winnipeg, 53 beluga whales from Hendrickson
Island have been tested for the presence of antibodies
to Brucella spp. Blood samples were tested using a
competitive enzyme-linked immunosorbent assay (C-
ELISA) by Dr. Klaus Nielsen, Canadian Food Inspection
Agency, Nepean, Ontario. One of these beluga was
identified as having antibodies and was also considered
to be infected with Brucella. So far no isolations of
Brucella spp. have been made from beluga or narwhal
though seropositive animals have been identified from
most regions in Arctic Canada. This information has been
passed on to the various Hunter’'s and Trapper’s
Associations involved in the sampling programs as well
as FJMC, Nunavut Wildlife Management Board,
Department of Health of the Northwest Territories, and
Health Canada.

DISCUSSION/CONCLUSIONS

All beluga organs analysed to date have measurable
levels of mercury with highest levels found in liver,
kidney, brain, spleen, spinal cord, adrenal gland and
muscle. Mean levels in all organs except milk, urine and
eye sclera exceeded human consumption guidelines for
commercial fish (0.5 pg/g). In view of that, and after
consultation with the Fisheries Joint Management
Committee (Norman Snow, Bob Bell), the original set of
data are being forwarded to Headquarters for sub-
mission to Health Canada for evaluation from the
perspective of human consumption.

With regard to temporal trends in levels of mercury in
beluga organs, preliminary comparison with earlier data
suggests increasing levels, in agreement with the earlier
study (Wagemann et al. 1996).

With regard to the interpretation of mercury levels in
terms of biological risk to the whales, blood levels and
brain levels both suggest that the whales contain enough
mercury to pose a biological risk to them. However, the
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Table 2. Comparison of mean mercury concentrations in beluga from the western Arctic for
liver, kidney and muscle among data of Wagemann et al. (1990), Wagemann et al.
(1996) and beluga reported here (Table 1).

Source of Measurement Liver Kidney Muscle
data
Wagemann et al. Mercury (mean) 441 13.1 3.86
1990 (ng/g dry wt)

Moisture (mean)

(%) 72.8 78.4 71.9
Calculated Mercury 12.0 2.83 1.08
from above (ng/g wet wt)*
Wagemann et al. Mercury (mean) 11.8 2.83 1.07
1996 (ng/g wet wt)

1981-1984
Wagemann et al. Mercury (mean) 271 4.9 1.34
1996 (ng/g wet wt)

1993-1994
Beluga Mercury (mean) 33.6 6.02 1.49
reported (ng/g wet wt)
here (from Table 1)

*Mercury (ug/g wet wt) = Mercury (ug/g dry wt) * ((100 - per cent moisture)/100).

relatively low proportions of methylmercury in nervous
tissue and the strong correlation with selenium make
the interpretation of mercury levels problematic. These
observations have caused us to formulate the hypothesis
that arctic whales demethylate mercury in brain and store
the demethylated mercury as a non-toxic selenide. The
question of whether any such storage form could be
converted back to a toxic form by human consumers
remains. The organ distribution data put in place some
of the information required to begin phamacokinetic
modelling of mercury in beluga.

An abstract describing these results has been submitted
for presentation at the Fifth International Conference on
Mercury as a Global Pollutant in Rio de Janiero in May,
1999.
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MERCURY IN FISH FROM SURVEYS IN LAKES IN THE WESTERN NORTHWEST TERRITORIES

Project Leader: W.L. Lockhart, Department of Fisheries & Oceans, Winnipeg, MB

Project Team:

R. Allen (DFO, Inuvik, NWT); G.Low (DFO, NWT); J. Delaronde (DFO, Winnipeg, MB);

R. Garrett (Geological Survey of Canada, Ottawa ON); G. Stephens (DIAND,

Yellowknife, NWT)

OBJECTIVES

1. to determine the occurrence and geographic distribution of mercury, selenium and arsenic
in fish from those inland lakes in the NWT being assessed for their ability to produce sustained
yields of fish for subsistence consumption by northern people.

2. to evaluate the levels of mercury found in the fish in terms of the age/size relationships of
the fish and also in terms of the geological setting of each lake and its drainage, with a view
to developing a management strategy of recommending levels of consumption based on

species and size of fish on a lake-by-lake basis.

DESCRIPTION

Several independent lines of evidence suggest that
inputs of mercury to northern Canada have increased
over pre-industrial levels. Mercury in marine mammals
has increased since the 1970s (Wagemann et al. 1996).
Sediment core data from a number of lakes in the NWT
have suggested that recent mercury inputs are
substantially above pre-industrial levels (Lockhart ef al.
71993, 1995, 1998). Given these considerations, it is
important to assess the levels of mercury in stocks of
fish being used now or being assessed for potential
harvest in the near future. The data to date generally
suggest that fish feeding near the base of the food chain
(whitefish, cisco, sucker) contain relatively little mercury
while those feeding near the top of the food chain
(walleye, pike, lake trout) often contain levels high
enough to require consumption advisories. The question
of the biological implications for the fish themselves is
not considered in this project although future expressions
of biological risk in terms of concentrations of mercury
in different organs may make expressions of risk
possible.

Several factors appear to influence the level of mercury
in fish tissues including fish age (or length), the structure
of the supporting food chain, water chemistry, lake
temperature, microbiological processes in the
sediments, fish biochemistry, the supply of mercury to
the lake and the nature of the drainage (e.g., rocks,
uplands, wetlands etc.). The supply of mercury is a
mixture of natural geological contributions with any
human-related appearing as additions to the natural
supply.

This project is an extension of the previous project on
contaminant trends in freshwater and marine fish.
Results of that project and earlier surveys, largely by
Fisheries Inspection Service, have indicated that many
remote lakes in the Canadian North contain fish with
high mercury levels. Extensive community consultation
has taken place in order to select lakes for fish survey
work and a list of such consultations are available if
desired. Part of the survey activity has become the
analyses of the fish for mercury since levels are often
high enough in some species to bear on decisions
regarding consumption of the fish or marketing of them.

This projectis a companion to the water chemistry study
by Glen Stephens.

ACTIVITIES IN 1997/98

As a result of analyses earlier in this project, several
consumption advisories have been issued by Health
Canada as shown below:

It is noteworthy that Health Canada also advised that
women of child-bearing age and young children limit
consumption to half the amounts stated.

Lakes sampled in 1997/98 included Manuel, Loon and
Rorey all near Fort Good Hope, the Mackenzie River
near Norman Wells, Sibbeston and Tsetso lakes near
Fort Simpson and Kelly Lake near Tulita.
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Table 1. Health Canada advisories on consumption.
Lake Species Consumption
Cli Lake whitefish no limit
Lake trout 225 g/week
Burbot more samples needed
Little Doctor Lake whitefish no limit
Sucker no limit
Lake trout no limit
Pike and walleye 250 g/week
Turton Lake whitefish no limit
Lake trout 330 g/week
Lac a Jacques Lake whitefish no limit
Walleye 200 g/week
Northern pike 390 g/week
Walleye + pike 200 g/week
Manuel Lake Burbot no limit
Lake whitefish no limit
Northern pike 430 g/week

Analyses for mercury, selenium and arsenic have been
completed for muscle tissue from six species taken from
the Mackenzie River at three locations, Canyon Creek,
Sucker Creek and Oscar Creek, near Norman Wells in
June, 1997. The species taken were arctic grayling,
inconnu, northern pike, burbot, walleye and longnose
sucker with good sample numbers obtained only for
arctic grayling. Total mercury concentrations in muscle
tissue of the 6 species are listed in Table 2. All were
below the health guideline of 0.5 pg/g for commercial
sale and most were below the subsistence guideline of
0.2 ng/g. The highest value obtained (0.451 pg/g) was
from a burbot taken at Canyon Creek. Some larger
burbot were obtained from Sucker Creek but the levels
of mercury were lower.

Since mercury levels often correlate with fish age and
size, the mercury concentrations have been plotted
against fish length in Figure 1. In general, the larger fish
tended to have higher concentrations.

The burbot mostly had surprisingly high arsenic
concentrations. Only five burbot were obtained from the
collection in 1997, 3 from Sucker Creek, 1 from Canyon
Creek and 1 from Oscar Creek. The 3 burbot from
Sucker Creek had muscle arsenic concentrations of 6.7,
3.3 and 5.4 ug/g while that from Oscar Creek was 5.9
ug/g and the one from Canyon Creek was only 0.17
ug/g. All but one of the inconnu in this collection had
muscle levels of arsenic of 0.05 ug/g or less and that
exceptional fish had an arsenic concentration of 1.2 ug/
g. We have previously noted some high levels of arsenic
in inconnu from further downstream at Ramparts Rapids
and Little Chicago for which arsenic levels ranged from
<0.05 to 7.2 ug/g. Those earlier samples, together with
the more recent ones reported here from the Norman
Wells area are shown together in Figure 2. We have
little information on arsenic in marine fish in the Arctic. A

few liver samples of arctic cod from Resolute in 1997
were analysed and the mean arsenic concentration was
4.4 +0.61(S.D.) ng/g.

In some species, selenium can ameliorate the toxicity
of mercury and it was therefore of interest to determine
the selenium content of the same fish being analysed
for mercury. Generally with freshwater fish, we have
found little indication of a relationship between mercury
and selenium. For example, mercury and selenium
concentrations in Mackenzie River fish are shown
together in Figure 3 and there is only the weakest
suggestion of any relationship between the two.

Forty-eight fish were obtained from Rorey Lake in
November, 1997; all were lake trout ranging in size from
about 1 to about 9 kg. The mean muscle mercury levels
was 0.46 ug/g (= 0.15 S.D.) and the range was from
0.215 to 1.02 pg/g. There was a relatively weak
relationship (r?=0.44) between fish length and mercury
with larger fish usually having higher mercury levels than
smaller ones (Figure 4, top). This relationship, however,
was probably not good enough to justify using size as a
surrogate to discriminate mercury levels. Selenium
levels ranged from 0.1 to 0.28 ug/g with little apparent
relationship (r?=0.15) between mercury and selenium
(Figure 4, bottom). Muscle arsenic levels were all quite
low, with 34 fish not exceeding detection limits of 0.05
ug/g and the remaining 14 fish in the range of 0.05 to
0.1 ng/g.

The Kelly Lake sample in February/March, 1998,
contained 5 burbot, 4 inconnu, 31 lake trout, 13 northern
pike and 79 lake whitefish. Muscle mercury levels are
listed in Table 3 and were relatively high in all species
except whitefish. Comparing mercury levels in fish from
the same species from Kelly Lake with those from the
Mackenzie River (Table 2), the Kelly Lake fish were
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Table 2. Muscle mercury levels in fish from
Wells, February/March, 1998.

the Mackenzie River near Norman

Species Mean Std. dev. Minimum Maximum N
muscle Hg
(ug/g)
Inconnu 0.082 0.020 0.036 0.113 20
Longnose sucker 0.111 0.057 0.051 0.193 10
Burbot 0.200 0.142 0.116 0.451 5
Walleye 0.191 0.068 0.116 0.247 3
Northern pike 0.162 0.043 0.098 0.240 1"
Arctic grayling 0.071 0.026 0.037 0.136 20

Table 3. Muscle mercury levels in fish from

Kelly Lake, February/March, 1998.

Species Mean Std.dev. Minimum Maximum N
muscle Hg
(ng/g)
Burbot 0.381 0.234 0.225 0.774 5
Inconnu 0.396 0.030 0.369 0.430 4
Lake trout 0.482 0.211 0.221 1.19 31
Northern pike 0.546 0.186 0.312 0.863 13
Lake whitefish 0.165 0.073 0.034 0.524 79
Table 4. Muscle mercury levels in lake trout and inconnu from Yaya Lake,
November, 1995.
Species Mean Std. dev. Minimum Maximum N
muscle Hg
(ng/9)
Lake trout 0.210 0.113 0.064 0.446 28
Inconnu 0.168 0.036 0.095 0.243 30

considerably higher. There was a tendency for the larger
fish to have higher mercury concentrations (Figure 4,
top) but there was little relationship within a species
between mercury and selenium (Figure 4, bottom).

The previous Synopsis Report (Muir et al. 1997) gave
preliminary data on a few fish from Yaya Lake in the
Mackenzie Delta taken late in 1995. Two species were
obtained, inconnu and lake trout, and the analyses for
mercury and selenium are available now. The mercury
levels were among the lowest we have seen in the
western Arctic for those two species (Table 4). Larger
individuals of both species tended to have higher levels
of mercury (Figure 6, top). However, unlike other
samples where there was no clear relationship between
mercury and selenium, larger lake trout tended to have
lower levels of selenium.

DISCUSSION/CONCLUSIONS

The questions of consumption and marketing of fish are
the driving forces behind this project. The results from
this project have been responsible for the issuance by
Health Canada of several fish consumption advisories
based on the mercury content of the fish. As additional
surveys are completed, it may become necessary to
issue more. There are reported to be approximately 2600
advisories in effect in Canada and about 95% of those
are on the basis of mercury. A similar situation applies
in USA. The principal questions which seem likely to
arise from the results are the extents to which the
mercury in the fish results from natural and
anthropogenic activities, the trends over time, the extent
of the problem in other lakes and the meaning of the
mercury to the stocks.
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Figure 1.
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Figure 6.
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