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Foreword

Avant-propos

This report provides a summary of the progress
to date of research and monitoring studies
pertaining to contaminants from long-range
sources in northern Canada, and related
communications, outreach, capacity-building
and policy activities that were conducted in
2013-2014 under the auspices of the Northern
Contaminants Program (NCP). The NCP
mandate is to work to reduce and, wherever
possible, eliminate contaminants in traditionally
harvested foods, while providing information
that assists informed decision making by
individuals and communities in their food use.
The projects reported herein cover the broad
range of topics that contribute to understanding
and addressing northern contaminants issues,
as outlined in the NCP blueprints, including
dietary contaminant exposure, effects of
contaminants on the health of people and
ecosystems, contaminant levels and trends in
the Arctic environment and wildlife and the
influence of climate change, and community-
based monitoring and research.

These projects were subject to a comprehensive
technical, peer and northern social/cultural
review process, involving external peer
reviewers, technical review teams, regional
contaminants committees and the NCP
Management Committee. This review process
ensures that each project supports the priorities
and objectives of the Northern Contaminants
Program, as outlined in the NCP blueprints and
the annual call for proposals. All peer reviewers,
review teams and RCCs use evaluation criteria
and the blueprints to review and rate proposals.
Written consent from the appropriate northern
community authority or national-level Aboriginal
organization is required for all projects involving
field work in the North and/or analyses of
samples as a condition of approval for funding.

Further information about the Northern
Contaminants Program is available on the NCP
website at www.science.gc.ca/ncp

Ce rapport présente un résumé des progres
réalisés jusqu’a maintenant en matiere de
recherche et de surveillance relatives aux
contaminants de sources éloignées dans

le Nord du Canada, ainsi qu’en matiere

de communication, de sensibilisation, de
renforcement des capacités et d’activités
stratégiques connexes réalisées en 2013-2014
dans le cadre du Programme de lutte contre

les contaminants dans le Nord (PLCN). Le
mandat du PLCN consiste a réduire et, dans la
mesure du possible, a éliminer les contaminants
présents dans les aliments traditionnels

récoltés, tout en procurant de I'information
permettant aux personnes et aux collectivités de
prendre des décisions éclairées au sujet de leur
alimentation. Les projets dont rend compte le
rapport portent sur une vaste gamme de sujets
qui contribuent a mieux comprendre et prendre
en compte les enjeux relatifs aux contaminants
dans le Nord énoncés dans les plans directeurs
du PLCN, notamment les suivants : I’exposition
a des contaminants par voie alimentaire; les
effets des contaminants sur la santé des individus
et des écosystemes; les niveaux de contaminants
et les tendances dans I’environnement et chez
les especes sauvages dans I’Arctique; I'influence
des changements climatiques; et la surveillance
et la recherche communautaires.

Ces projets ont fait I’objet d’un processus
exhaustif d’examen technique, par les pairs

et socioculturel, auxquels ont participé des
pairs examinateurs externes, des équipes
d’examen technique, des comités régionaux
sur les contaminants de méme que le Comité
de gestion du PLCN. Ce processus d’examen
garantit que chaque projet appuie les priorités et
les objectifs du PLCN, qui sont énoncés dans les
plans directeurs du Programme et dans I’appel
de propositions annuel.

Pour plus d’information sur le Programme de
lutte contre les contaminants dans le Nord, voir :
www.science.gc.ca/plen.
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Official Languages Disclaimer

These synopsis reports are published in the
language chosen by the researchers. The

full reports have not been translated. The
Abstracts and Key Messages are available in
English and French at the beginning of each
report. Complete individual project synopses
are available in either official language, upon
request. Requests for individual reports can be
made to: PLCN-NCP@aadnc-aandc.gc.ca

Avertissement concernant les langues officielles
Les rapports sommaires ont €té publiés dans

la langue choisie par les directeurs de projet.
Les rapports complets n’ont pas été traduits,
mais des résumés et des messages clés sont
présentés en francais et en anglais au début de
chaque rapport. Des sommaires complets sur
chaque projet sont disponibles sur demande
dans I’'une ou I'autre des langues officielles. On
peut présenter une demande pour obtenir des
rapports a : PLCN-NCP@aadnc-aandc.gc.ca.
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Introduction

The Northern Contaminants Program

(NCP) engages Northerners and scientists in
researching and monitoring of long-range
contaminants in the Canadian Arctic, that is,
contaminants that are transported to the Arctic
through atmospheric and oceanic processes
from other parts of the world and which remain
in the Arctic environment and build up in the
food chain. The data generated by the NCP is
used to assess ecosystem and human health,
and the findings of these assessments are used
to address the safety and security of traditional
country foods that are important to the health
and traditional lifestyles of Northerners and
northern communities. The findings also
inform policy, resulting in action to eliminate
contaminants from long-range sources. The
NCP contributes scientific data and expertise
to contaminants-related international initiatives
such as the Arctic Monitoring and Assesment
Programme (AMAP), and to international
agreements such as the UNEP Minamata
Convention on Mercury, the Stockholm
Convention on Persistent Organic Pollutants,
and two protocols under the United Nation
Economic Commission for Europe Convention
on Long-range Transboundary Air Pollution,
working globally to improve the health of Arctic
people and wildlife over the long term.

The NCP is directed by a management
committee that is chaired by Aboriginal Affairs
and Northern Development Canada (AANDC),
and consists of representatives from four federal
departments (Environment, Fisheries and
Oceans, Health and AANDC), five territorial,
provincial and regional governments (Yukon,
Northwest Territories, Nunavut, Nunavik

and Nunatsiavut), four northern Aboriginal
organizations (Council of Yukon First Nations,
Dene Nation, Inuit Tapiriit Kanatami and

Inuit Circumpolar Council), five regional
contaminants committees, and Canada’s only
Arctic-focused Network of Centres of Excellence
(ArcticNet). The management committee

is responsible for establishing NCP policy

and science priorities and for making final

Le Programme de lutte contre les contaminants
dans le Nord (PLCN) mobilise les résidants

du Nord et les scientifiques pour qu’ils
participent a la recherche et a la surveillance
axées sur les contaminants dans I’Arctique
canadien, c’est-a-dire les contaminants qui sont
transportés jusque dans I’Arctique par voie
aérienne ou par les océans, et qui proviennent
d’ailleurs dans le monde; ces contaminants
demeurent dans I’environnement arctique

et s’accumulent dans la chaine alimentaire.
Les données produites par le PLCN servent

a évaluer la santé des écosystemes et la santé
humaine, et les conclusions de ces évaluations
permettent d’assurer la salubrité et la sécurité
des aliments traditionnels qui sont importantes
pour la santé et le mode de vie traditionnels
des résidants et des collectivités nordiques. Les
conclusions guident également les politiques,
qui donnent lieu a des mesures visant a éliminer
les contaminants de sources éloignées. Le
PLCN contribue a la collecte de données et

a l’apport d’une expertise scientifique dans

le cadre d’initiatives internationales sur les
contaminants, comme le Programme de
surveillance et d’évaluation de I’Arctique
(PSEA), et d’ententes internationales comme
la Convention de Minamata sur le mercure

du Programme des Nations Unies pour
I’environnement, la Convention de Stockholm
sur le polluants organiques persistants et deux
protocoles conclus en vertu de la Convention
sur la pollution atmosphérique transfrontaliére
a longue distance de la Commission
économique des Nations Unies pour I’Europe.
Ces contributions a des travaux internationaux
visent a améliorer la santé des résidants et des
especes sauvages a long terme.

Le PLCN est dirigé par un comité de

gestion présidé par Affaires autochtones et
Développement du Nord Canada (AADNC).
Il compte des représentants de quatre
ministéres fédéraux (Environnement, Péches
et Océans, Santé Canada et AADNC), de cinq
gouvernements provinciaux ou territoriaux
(le Yukon, les Territoires du Nord-Ouest, le

Xi



decisions on the allocation of funds. Regional
contaminants committees established in Yukon,
Northwest Territories, Nunavut, Nunavik and
Nunatsiavut support this national committee.
Funding for the NCP’s $4.3 million annual
research budget comes from AANDC and
Health Canada. Details about the management
structures and review processes used to
effectively implement the NCP, protocol to be
used to publicly disseminate health and harvest
information generated by the NCP can be found
in the NCP Operational Management Guide
(available by request from the NCP Secretariat).

Background

The NCP was established in 1991 in response

to concerns about human exposure to elevated
levels of contaminants in fish and wildlife species
that are important to the traditional diets of
northern Aboriginal peoples. Early studies
indicated that there was a wide spectrum of
substances - persistent organic pollutants, heavy
metals, and radionuclides - many of which had
no Arctic or Canadian sources, but which were,
nevertheless, reaching unexpectedly high levels
in the Arctic ecosystem.

The Program’s key objective is to reduce and,
where possible, eliminate contaminants in
northern traditional/country foods while
providing information that assists informed
decision making by individuals and communities
in their food use.

Under the first phase of the NCP, research

was focused on gathering the data required

to determine the levels, geographic extent,

and source of contaminants in the northern
atmosphere, environment and its people, and
the probable duration of the problem. The data
enabled us to understand the spatial patterns
and temporal trends of contaminants in the
North, and confirmed our suspicions that the
major sources of contaminants were other
countries. The data, which included information
on the benefits from continued consumption of
traditional/ country foods, was also used to carry
out assessments of human health risks resulting
from contaminants in those foods. Results

Nunavut, le Nunavik et le Nunatsiavut), de
quatre organisations autochtones nordiques
(le Conseil des Premieéres Nations du Yukon,

la Nation dénée, Inuit Tapiriit Kanatami et

la Conférence circumpolaire inuite), de cinq
comités régionaux sur les contaminants et

du Réseau de centres d’excellence axé sur
I’Arctique, ArcticNet. Le Comité de gestion

est responsable de I’établissement de la
politique et des priorités scientifiques du
PLCN de méme que des décisions finales sur
I’affectation des fonds. Les comités régionaux
sur les contaminants du Yukon, des Territoires
du Nord-Ouest, du Nunavut, du Nunavik et

du Nunatsiavut appuient ce comité national.
Le financement de 4,3 millions de dollars qui
est affecté chaque année a la recherche aux
termes du PLCN provient ’AADNC et de Santé
Canada. On trouve dans le Guide de la gestion des
opérations du PLCN (disponible sur demande
au Secrétariat du PLCN) des détails sur les
structures de gestion et les processus d’examen
servant a mettre en ceuvre le Programme, de
méme que le protocole a utiliser pour diffuser
publiquement I'information sur la santé et la
récolte produite dans le cadre du Programme.

Contexte

Le PLCN a été créé en 1991 en réponse aux
inquiétudes que suscitait I’exposition des
humains a des niveaux élevés de contaminants
par les poissons et les espéces sauvages, qui
composent une part importante du régime
alimentaire traditionnel des Autochtones dans
le Nord. Les premieres études indiquaient
qu’il existait un large spectre de substances

— polluantes organiques persistants, métaux
lourds et radio nucléides — dont plusieurs ne
provenaient par de ’Arctique ou du Canada
mais étaient tout de méme présents en quantités
étonnamment élevées dans I’écosysteme de
I’Arctique.

Le Programme a pour objectif premier

de réduire et, dans la mesure du possible,
d’éliminer les contaminants présents dans le
Nord dans les aliments traditionnels ou prélevés
dans la nature tout en fournissant aux individus
et aux collectivités de I'information leur
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were synthesized in the first Canadian Arctic
Contaminants Assessment Report (1997).

Extensive consultations were conducted in
1997-1998 to find the common elements
between the concerns and priorities of
northern communities and the scientific needs
identified as critical for addressing the issue of
contamination in Canada’s North. As a result,
research priorities were developed based on
an understanding of the species that are most
relevant for human exposure to contaminants
in the North, and geographic locations and
populations that are most at risk.

In 1998, initiatives got under way to redesign
the NCP, features which continue to this day: 1)
the development of blueprints that represent
the long-term vision and strategic direction for
the NCP; and 2) the implementation of an open
and transparent proposal review process. These
features of NCP’s management structure ensure
that the NCP remains scientifically defensible
and socio-culturally aware, while at the same
time, achieving real progress in terms of the
Program’s broad policy objectives.

In 1998-1999, the NCP began its second phase,
which continued until 2002-2003. Results of this
phase are synthesized in the Canadian Arctic
Contaminants Assessment Report II (CACAR 1I)
(2003). During that time, the NCP supported
research designed to answer questions about
the impacts and risks to human health that may
result from current levels of contamination in
key Arctic food species. To ensure a balanced
assessment of the risks, an emphasis was

placed on characterizing and quantifying

the benefits associated with traditional diets.
Communications activities were also emphasized
and supported. Under the leadership of

the northern Aboriginal organizations,

the dialogue between northerners and the
scientific community, which had been initiated
during the early days of the NCP, continued

to build awareness and an understanding of
contaminants issues, and helped to support
communities to deal with specific contaminant
issues at the local level.

permettant de prendre des décisions éclairées
au sujet de leur alimentation.

Dans la premiere phase du PLCN, les recherches
ont consisté a recueillir les données nécessaires
pour établir la concentration des contaminants,
leur portée géographique et leur source dans
I’atmospheére, I>environnement et la population
du Nord, de méme que la durée probable

du probléme. Les données nous ont permis

de comprendre les modéeles spatiaux et les
tendances temporelles de la contamination dans
le Nord, ainsi que de confirmer ce que nous
soupconnions, a savoir que les contaminants
provenaient principalement d’autres pays. Les
données, qui comprenaient des renseignements
sur les avantages associés a une consommation
réguliere d’aliments traditionnels ou prélevés
dans la nature, ont également servi a évaluer

les risques pour la santé humaine que posent
les contaminants contenus dans ces aliments.
Les résultats ont été résumés dans le premier
Rapport de I’évaluation des contaminants dans
I’Arctique canadien (RECAC) en 1997.

Des consultations completes ont été réalisées en
1997-1998 dans le but de trouver des éléments
communs entre les préoccupations et priorités
des collectivités nordiques et les besoins
scientifiques, éléments jugés essentiels pour
s’attaquer au probléme de la contamination
dans le Nord du Canada. Les priorités en
matieére de recherche ont donc été établies a
partir des espéces les plus pertinentes en ce

qui concerne I’exposition des humains dans le
Nord, et en fonction des lieux géographiques et
des populations les plus a risque.

En 1998, des initiatives ont été mises en ceuvre
dans le but de revoir la conception du PLCN et
de mettre en ceuvre de nouveaux éléments de
programme encore présents aujourd’hui : 1)

les plans directeurs du PLCN, qui présentent la
vision et I’orientation stratégique a long terme
du Programme; et 2) un processus d’examen des
propositions ouvert et transparent. Ces éléments
garantissent que le PLCN demeure pertinent
sur le plan scientifique et conscient des aspects
socioculturels, tout en réalisant des progres réels
al’égard de ses vastes objectifs stratégiques.

xiii



The NCP effort to achieve international controls
of contaminants remained strong throughout
this phase. The legally binding POPs protocol,
under the United Nations Economic Commission
for Europe (UN ECE) Convention on Long-
range Transboundary Air Pollution, has been
successfully negotiated and was signed by 34
countries (including Canada) at the UN ECE
Ministerial conference in Arhus, Denmark

in June 1998. Canada ratified this agreement

in December 1998. A legally binding global
instrument on POPs under the United Nations
Environment Programme was completed with the
signing of the POPs Convention in Stockholm,
Sweden, May 23, 2001. The Convention has been
signed by more than 160 countries; Canada has
signed and ratified the Convention. Cooperative
actions under the Arctic Council, including the
circumpolar Arctic Monitoring and Assessment
Programme (AMAP), are continuing. NCP
continues to generate the data that allows Canada
to play a leading role in these initiatives.

In 2009, the NCP released the Canadian Arctic
Contaminants and Health Report. This report
compiled research funded under the Human
Health subprogram since the CACAR II release
in 2003. It covered topics including health
status of the Canadian Arctic population,
human exposure to contaminants, toxicology,
epidemiology, and risk-benefit evaluation.

Efforts on a 3"series of assessments got under
way in 2010, leading to the release of the CACAR
III Mercury in Canada’s North in December 2012
and CACAR III: Persistent Organic Pollutants in
Canada’s North, in December 2013.

International Impact

The NCP effort to achieve international controls
of contaminants has remained strong throughout
the program’s history. NCP continues to generate
data that allows Canada to play a leading role

in the following initiatives, and contribute
through cooperative actions under the Arctic
Council, in particular through the circumpolar
Arctic Monitoring and Assessment Programme
(AMAP).

En 1998-1999, le PLCN a entrepris sa deuxieme
phase, qui s’est poursuivie jusqu’en 2002-

2003 et dont les résultats ont €té présentés
dans le RECAC II, en 2003. A cette époque, le
PLCN soutenait la recherche qui s’intéressait

a des questions concernant les répercussions

et les risques pour la santé humaine associés
aux niveaux de contamination chez certaines
especes largement consommées dans
I’Arctique. Pour assurer une évaluation des
risques équilibrée, I'accent a été mis sur la
caractérisation et la quantification des bénéfices
associés aux régimes alimentaires traditionnels.
Le Programme a également soutenu des
activités de communication. Sous la gouverne
d’organisations autochtones nordiques, le
dialogue entre les résidants du Nord et la
communauté scientifique, initié des le début du
PLCN, a continué de favoriser la sensibilisation
et la compréhension des questions relatives aux
contaminants et aidé a soutenir les collectivités
confrontées a des enjeux précis a I’échelle
locale.

Le PLCN a publié son Rapport de I’évaluation
des contaminants et de la santé dans I’Arctique
canadien en 2009. Ce rapport présentait des
recherches financées aux termes du sous-
programme sur la santé humaine depuis la
publication du RECAC II en 2003. Il couvrait
notamment les sujets suivants : I’état de santé
de la population dans I’Arctique canadien,
I’exposition des humains a des contaminants, la
toxicologie, I’épidémiologie et I’évaluation des
risques et des avantages.

Une troisieme série d’évaluations a été
entreprise en 2010 et a mené a la publication
du RECAC III sur le mercure dans le Nord
canadien en décembre 2012 et du RECAC III
sur les polluants organiques persistants dans le
Nord canadien en décembre 2013.

Répercussions internationales

Les efforts du PLCN en vue de parvenir a un
controle international des contaminants ont
été soutenus tout au long de I’histoire du
Programme. Le PLCN continue de produire
des données qui permettent aux Canadiens
de jouer un role de premier plan au sein des
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The legally binding POPs protocol, under the
United Nations Economic Commission for
Europe (UN ECE) Convention on Long-range
Transboundary Air Pollution, was successfully
negotiated and signed by 34 countries (including
Canada) at the UN ECE Ministerial conference
in Arhus, Denmark in June 1998. Canada ratified
this agreement in December 1998.

A legally binding global instrument on POPs
under the United Nations Environment
Programme (UNEP) was completed with the
signing of the POPs Convention in Stockholm,
Sweden, May 23, 2001; the UNEP Stockholm
Convention on POPs entered into force in
May 2004

In January 2013 the UNEP Intergovernmental
Negotiating Committee reached an agreement
to reduce global mercury contamination. This
agreement known as the Minamata Convention,
represents a major achievement for the NCP and
AMAP, which contributed much of the scientific
justification for global action. The Conference
of Plenipotentiaries on the “Minamata
Convention on Mercury” was held in Minamata
and Kumamoto, Japan, from 9 to 11 October
2013 and was preceded by an open-ended
intergovernmental preparatory meeting from 7
to 8 October 2013. As of April 2014, 97 countries
have signed the Convention, including Canada,
and one country, the United States, has ratified.

Highlights of 2013-2014

This report provides a summary of the progress
to date of research and activities funded by

the Northern Contaminants Program in 2013-
2014. It is a compilation of reports submitted
by project teams, emphasizing the results

of research and related activities that took
place during the 2013-2014 fiscal year. The
report is divided into chapters that reflect

the broad scope of the NCP: Human Health;
Environmental Monitoring and Research;
Community Based Monitoring and Knowledge
Integration; and Communication, Capacity, and
Outreach.

initiatives suivantes et de contribuer a des
actions en collaboration qui relévent du Conseil
de I’Arctique, en particulier le Programme

de surveillance et d’évaluation de I’Arctique
(PSEA).

Le protocole sur les polluants organiques
persistants (POP), qui a force de loi et reléve de
la Convention sur la pollution atmosphérique
transfrontaliere de la Commission économique
des Nations Unies pour I'Europe (CEE-ONU),

a été négocié et signé par 34 pays (y compris le
Canada) a la Conférence ministérielle de la CEE-
ONU a Arhus, au Danemark, en juin 1998. Le
Canada a ratifié cette entente en décembre 1998.

Le 23 mai 2001, un outil international ayant
force de loi sur les POP en vertu du Programme
des Nations Unies pour I’environnement
(PNUE) a été achevé avec la signature de la
Convention de Stockholm sur les POP, en

Suede : la Convention de Stockholm sur les POP
du PNUE est entrée en vigueur en mai 2004.

En janvier 2013, le Comité de négociation
intergouvernemental du PNUE a conclu une
entente visant a réduire la contamination

par le mercure a I’échelle mondiale. Cette
entente, connue sous le nom de Convention

de Minamata, est une réalisation importante
pour le PLCN et le PNUE, qui ont fourni une
grande partie de la preuve scientifique soumise
en faveur de cette mesure internationale.

La Conférence de plénipotentiaires sur la
Convention de Minamata sur le mercure a eu
lieu a Minamata et a Kumamoto, au Japon, du 9
au 11 octobre 2013; elle avait été précédée d’une
réunion intergouvernementale préparatoire non
limitée les 7 et 8 octobre 2013. En avril 2014,

97 pays ont signé la Convention, y compris le
Canada, et un pays, les Etats—Unis, I’a ratifiée.

Faits saillants en 2013-2014

Ce rapport présente un sommaire des progres
réalisés jusqu’a maintenant dans la recherche et
les activités financées aux termes du Programme
de lutte contre les contaminants dans le Nord
en 2013-2014. Il s’agit d’'une compilation de
rapports soumis par des équipes de projets, qui
met I'accent sur les résultats de la recherche et
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Some of the program’s highlights for 2013-2014
included:

des activités connexes qui ont eu lieu au cours
de I'exercice 2013-2014. Le rapport est divisé

en chapitres qui refletent la vaste portée du
PLCN : la santé humaine; la surveillance et la
recherche environnementales; la surveillance

et la recherche au sein des collectivités; et les
communications, la capacité et la sensibilisation.

® the signing of the Minamata Convention
on Mercury in October 2013, for which
NCP data, information and expertise played
a critical role for Canada and the Arctic
Council to take a leadership role towards

taking actions to control global sources of Quelques faits saillants du Programme en 2013-

atmospheric mercury emissions; 2014 :

the release of the Canadian Arctic
Contaminants Assessment Report III
(CACAR III) report on Persistent Organic
Pollutants in Canada’s North, the first
assessment report to focus exclusively on
persistent organic pollutants in the Canadian
Arctic;

the 20th anniversary NCP Results Workshop,
held in Ottawa in September 2013, which
attracted some 200 participants to mark this
special anniversary for Canada’s longest
standing northern monitoring and research
program; and

significant contributions by NCP scientists
and the NCP Secretariat to the circumpolar
Arctic Monitoring and Assessment
Programme (AMAP) Working Group, as
co-authors and co-chairs of scientific expert
groups working on updates to circumpolar
assessment reports, and as Canada’s Head of
Delegation and Vice-Chair to AMAP, during
Canada’s chairmanship of the Arctic Council
(2013-2015).

La signature de la Convention de Minamata
sur le mercure en octobre 2013, pour
laquelle les données, I'information et
I'expertise du PLCN ont été des éléments
cruciaux qui ont permis au Canada et au
Conseil de I’Arctique d’assumer un role

de leader dans la prise de mesures visant a
controler les sources mondiales d’émissions
de mercure dans I’atmosphere;

La publication du Rapport de I’évaluation
des contaminants dans I’Arctique canadien
III (RECAC III) sur les polluants organiques
persistants dans le Nord canadien, le
premier rapport d’évaluation portant
exclusivement sur les polluants organiques
persistants dans I’Arctique canadien;

L’atelier sur les résultats du PLCN , tenu
en septembre 2013 a Ottawa, a attiré
quelque 200 participants et marqué le 20e
anniversaire du programme le plus ancien
du Canada en matiére de recherche et de
surveillance dans le Nord;

Les contributions importantes des
scientifiques et du Secrétariat du PLCN aux
travaux du groupe de travail du Programme
de surveillance et d’évaluation de I’Arctique
(PSEA), dans les roles de coauteurs et de
coprésidents des groupes de spécialistes
travaillant a la mise a jour des rapports
d’évaluation de la région circumpolaire et
dans les roles de chef de délégation et de
vice-président au PSEA, au moment ou le
Canada assure la présidence du Conseil de

I’Arctique (2013-2015).



Dr. Eric Dewailly

Canada’s Northern Contaminants Program,
Inuit, circumpolar health community and
Arctic Monitoring and Assessment Programme
(AMAP) lost a much respected and dear

friend, colleague and mentor on June 17, 2014.
Dr. Eric Dewailly lost his life this summer in a
tragic accident while on a family vacation on the
tropical island of Réunion in the Indian Ocean.

Dr. Eric Dewailly was a pioneer in Inuit

health issues and dedicated his life’s work to
improving the health of Inuit across all regions
of Canada and the circumpolar Arctic. His
ground-breaking contaminants research related
to human health in the late 1980s was a major
scientific contribution to the creation of the
Northern Contaminants Program in 1991.
Eric’s continued research on Inuit human
health and contaminants was also a

major factor in the establishment of the global
Stockholm Convention on Persistent Organic

Le Programme de lutte contre les contaminants
dans le Nord (PLCN), les Inuits, la communauté
de la santé circumpolaire et le Programme

de surveillance et d’évaluation de I’Arctique
(PSEA) ont perdu un bon ami et un colléegue et
mentor tres respecté. En effet, le 17 juin 2014,
M. Eric Dewailly est décédé dans un tragique
accident survenu alors qu’il était en vacances
avec sa famille a La Réunion, une ile tropicale
située dans I'océan Indien.

M. Dewalilly est un pionnier des questions

liées a la santé des Inuits. Il a d’ailleurs
consacré sa carriére a améliorer la santé de
cette population dans toutes les régions du
Canada et de I’Arctique circumpolaire. Les
recherches novatrices qu’il a entreprises a la fin
des années 1980 sur les contaminants et leurs
effets sur la santé humaine ont grandement
contribué, sur le plan scientifique, a la création
du PLCN, en 1991. Ses recherches continues

XVii



Pollutants (POPs) where he continued to
contribute right up to his passing.

Eric’s loss will be greatly missed by so many
people at the community, regional, national
and international levels. On a personal note,
Eric was a wonderful, caring person with a
great sense of humour. His presentations

at the annual NCP Results Workshop, and
other conferences and meetings such as
ArcticNet’s Annual Science meeting, were
always entertaining, well attended and a key
highlight. In addition to his family, his work
and mentorship of some incredibly gifted
people will be his legacy and we must continue
together to improve the lives of Inuit and
northerners, as Eric had envisioned.

Russel Shearer
Chair, NCP Management Committee
and Vice-Chair of AMAP

ont également joué un role important dans
I’établissement de la Convention de Stockholm
sur les polluants organiques persistants (POP), a
laquelle il a contribué jusqu’a son déces.

Le départ de M. Dewailly laissera un grand

vide dans la vie de bien des gens a I’échelle
communautaire, régionale, nationale et
internationale. Sur une note personnelle,
j’ajouterais que M. Dewailly était une personne
extraordinaire, attentionnée et dotée d’un
grand sens de I’humour. Les présentations qu’il
donnait lors des ateliers annuels sur les résultats
du PLCN et a ’occasion d’autres conférences
et réunions, telles que la réunion scientifique
annuelle d’ArcticNet, étaient toujours
divertissantes et attiraient beaucoup de monde.
Outre sa famille, il laisse en héritage son ceuvre
et les personnes extrémement talentueuses a qui
il a transmis son savoir. Nous devons continuer
ensemble d’améliorer la qualité de vie des
Inuits et des résidants du Nord, comme il I’avait
envisagé.

Russel Shearer
Directeur, Comité de gestion du PLCN
et vice-président du PSEA
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Assessment of contaminant and dietary nutrient interactions
in the Inuit Health Survey: Nunavut, Nunatsiavut and Inuvialuit
- Part 1: Risk Perception and Message Evaluation Study

Evaluation des interactions entre les contaminants et

les apports alimentaires dans I'Enquéte sur la sante des
Inuits : Nunavut, Nunatsiavut et Inuvialuit — Partie 1: Etude
d'évaluation de la perception du risque et des messages
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Abstract

The Inuit Health Survey (IHS) was conducted in
2007-2009 and gathered information on many
aspects of the health and well-being of Inuit in
Nunavut. This included information about key
health issues such as smoking, consumption of
country foods, and other health behaviours.

The research team released the results and key
health messages related to country foods and
contaminants to Nunavummiut in June 2012.
The purpose of Part 1 of the study: Risk Perception
and Message Evaluation Study was to determine
whether key health messages from the Inuit
Health Survey contaminants assessment were
delivered effectively and clearly. This study
explored whether messages were received, could
be recalled, and what their impact was over two

Résume

Réalisée entre 2007 et 2009, I'Enquéte sur

la santé des Inuits a permis de recueillir de
Iinformation sur un grand nombre d’aspects de
la santé et du bien-étre des Inuits du Nunavut.
De I'information a notamment été recueillie sur
d’importants dossiers de santé, dont I'usage de
tabac, la consommation d’aliments traditionnels
et les autres comportements liés a la santé.

En juin 2012, I’équipe de recherche a publié

ses résultats et des messages clés relatifs a la
santé, a 'intention des Nunavummiut, en ce

qui concerne les aliments traditionnels et les
contaminants. La partie 1 de 'étude, I’ Etude
d’évaluation de la perception du risque et des messages,
visait a déterminer si les messages clés issus de
I’évaluation des contaminants de ’Enquéte sur la

C. Furgal
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time points. Community surveys were conducted
in Arviat, Cambridge Bay and Iqaluit with Inuit
residents 18 and older using tablet computers.
During November 2013 to March 2014, 1,343
residents of Arviat, Cambridge Bay and Iqaluit
were surveyed about their food consumption and
smoking habits, their awareness of key messages
released from the Inuit Health Survey, and their
views of contaminants in the environment and
country foods.

Key messages

¢ Fewer than half of the respondents reported
hearing the messages from the Inuit Health
Survey contaminants assessment

® At least half of all participants agreed with
each of the health messages resulting from
the contaminants assessment done under
the Inuit Health Survey

e Only 50% of participants agreed with the
statement that women of child bearing age
and women planning to become pregnant
should reduce their consumption of ringed
seal liver because of concern over mercury

®  One-third of participants stated that they had
changed their consumption behaviours in
some way since hearing about contaminants
in the country foods in Nunavut. Most
reporting having reduced their consumption
of ringed seal meat or fat, or increased their
consumption of Arctic char

¢ Without some form of evaluation it is very
difficult to assess the success and impact of
health messaging campaigns

santé des Inuits avaient été transmis clairement
et efficacement. L’étude devait permettre de
vérifier si les messages avaient €té entendus et
retenus, en plus d’évaluer leur impact a deux
moments. Des enquétes communautaires ont
été menées a Arviat, a Cambridge Bay et a
Iqaluit aupres de résidents inuits de 18 ans et
plus, au moyen de tablettes électroniques. Entre
novembre 2013 et mars 2014, 1 343 résidents
d’Arviat, de Cambridge Bay et d’Iqaluit ont été
interrogés sur leurs habitudes alimentaires et de
consommation de tabac, leur connaissance des
messages clés publiés a la suite de ’'Enquéte sur la
santé des Inuits et leurs perceptions au sujet des
contaminants présents dans I’environnement et
les aliments traditionnels.

Messages clés

* Moins de la moitié des répondants ont
affirmé avoir entendu les messages associés a
I’évaluation des contaminants de ’'Enquéte
sur la santé des Inuits.

* Au moins la moitié des participants étaient
d’accord avec les différents messages relatifs
a la santé qui ont été diffusés a la suite de
I’évaluation des contaminants dans le cadre
de I’Enquéte sur la santé des Inuits.

¢ Seulement 50 % des participants étaient
d’accord avec I'affirmation selon laquelle les
femmes en age de procréer et les femmes
qui prévoient devenir enceintes doivent
réduire leur consommation de foie de
phoque annelé en raison des risques associés
au mercure.

® Le tiers des participants ont affirmé avoir
modifié leurs habitudes de consommation
d’une facon ou d’une autre apres
avoir entendu parler de la présence de
contaminants dans les aliments traditionnels
au Nunavut. La plupart d’entre eux ont
répondu avoir réduit leur consommation
de viande ou de gras de phoque annelé, ou
avoir augmenté leur consommation d’omble
chevalier.

e Sans une évaluation, il est trées difficile
d’apprécier 'efficacité et la portée des
campagnes de messages relatifs a la santé.

C. Furgal



Objectives

1. To better understand food consumption
perceptions and preferences and smoking
habits.

2. To assess if Inuit in Nunavut received key
health messages from the Inuit Health
Survey contaminants messaging effectively
and clearly.

3. To explore Nunavummiut’s perspectives of
contaminants in the environment and in
country foods.

4. To assess perspectives of key public health
messages on these topics released as a result
of the Inuit Health Survey findings.

To provide recommendations to communities,
organizations and territorial government about
how to develop more effective health risk
communication strategies.

Introduction

Since the late 1970s, the scientific and public
health communities focused on the Canadian
North have been learning about how to and
how not to communicate with and engage Inuit
and other northern Aboriginal residents on the
issue of contaminants in country / traditional
foods. The majority of this learning has been
through a process of trial and error with

reports of significant negative impacts of some
communication approaches on communities’
and their trust in the safety of country foods in
the past (Furgal et al., 2005). Itis only within
the last 12 years that some focus has been

given to risk perception and communication
evaluation on this topic of significant importance
to residents living in Nunavut and other
northern regions (Donaldson, et al., 2010). The
understandings and perceptions of risk among
people are much richer and more complex than
originally thought, and they reflect legitimate
concerns that are often omitted from formal risk

assessment processes. Risk perception has been
shown to be influenced by a variety of factors
including age, gender, education, occupation,
language, world view, and culture (Slovic and
Peters, 1995; Myers and Furgal, 2006; Jardine and
Furgal, 2007). Prior work in the Canadian North
has reported issues with the message reception,
recall and comprehension of messages focused
on invisible ‘chemical’ contaminants (Myers and
Furgal, 2006). Reception has in particular been
identified as being lower than desired among
one key target group for these messages, that
being women of child bearing age. In general,
the perception of country food safety has been
high, with variation in the population influenced
by education, employment, marital status and
hunting frequency (Furgal and Rochette, 2007).
In surveys conducted in Nunavik in 1992 and
2004, approximately one quarter of respondents
reported having changed some aspect of their
health behaviours as a result of hearing about
contaminants in country foods. While some

level of compliance to health messages can be a
good thing, some behavioural change reported
in those studies have been potentially negative
with individuals reporting a reduction in the
consumption of some healthy country foods as
well, and a reduction in the duration of breast
feeding among some new mothers. Despite

the importance of this knowledge, we still

have comparatively little understanding of the
duration of impact that health messaging like
this has on individuals despite the many messages
of this nature given in the North to date.

Part 1 of the Synopsis report describes activities
under this project focused on evaluating the
reception, comprehension, and impact of
contaminant related health messages released

as part of the Inuit Health Survey results in
Nunavut and measured this impact over time
with the hope of answering some of these
important questions regarding health messaging
on contaminants, country food and Inuit health.

C. Furgal



Activities in 2013-2014

Risk Perception and Message Evaluation of the
Inuit Health Survey Contaminates Communication
in Nunavut

During November 2013 to March 2014, 798
residents of Arviat (November 12-29), Cambridge
Bay (January 20-31) and Iqaluit (February 3-13)
were surveyed about their food consumption and
smoking habits, their awareness of key messages
released from the Inuit Health Survey, and

their views of contaminants in the environment
and country foods. The total participants for
time point 1 (n=545, 2012-13) and time point

2 (n=798, 2013-14) totaled 1,343. Participants
included Inuit that were 18 and older. Table 1
provides an overview of the participants in each
community for both time points.

Table 1. Overview of Participants

Cambridge

Arviat Bay Iqaluit
FirstTime 14 150 275
Point
Male 42 (35%) 52 (35%) 117 (43%)
Female 77 (65%) 98 (65%) 158 (57%)
Second Time 236 300
Point
Male 95 (36%) 92 (39%) 130 (43%)
Female 166 (36%) 142 (61%) 170 (57%)
Completed
Survey 0 0 0
During Both 79 (30%) 83 (35%) 97 (32%)
Time Points
TOTAL 382 386 575

Interviewers utilized an iPad survey application
to conduct interviews to: 1) capture quantitative
measures; and 2) record open-ended

questions to better understand perspectives of
contaminants and country foods. The majority
of the surveys were collected at the Northern

or North Mart locations. Additional locations
included the Boarding Home in Iqaluit; Co-Op
and Wellness Centre in Cambridge Bay; and the
Co-Op in Arviat. Figure 1 illustrates the timeline
of the data collection during the two-year project
(February 2013 to March 2014).

Capacity Building

During November 2013 to March 2014, 16
interviewers were hired in Arviat, Cambridge

Bay and Iqaluit. Each interviewer attended a
training session prior to data collection. The
workshops were held on November 12, 2013

in Arviat and January 19, 2014 in Cambridge

Bay. Three workshops were held in Iqaluit.

The first workshop included a refresher course
for researchers who previously took the course
during the first data collection point; the second
course included new research assistants; and the
third course included nursing students from the
Nunavut Arctic College who where interested

in developing their research skills and training.
The training session included information on:

1) the Inuit Health Survey; 2) the three primary
messages from the IHS results including mercury
in ringed seal liver, benefits of country food and
cadmium in cigarettes; 3) the purpose of the
communication evaluation study; 4) ethics and
consent procedures; 5) research confidentiality;
6) iPad instruction; 7) survey methodology;

and 8) the project procedures and instructions.
Interviewers practiced surveying each other before
interviewing others. Training took approximately
4 — 6 hours. An additional workshop was held
for employees of the Arviat Wellness Center. The
workshop focused on how to develop online
surveys. The goal was to build capacity in survey
development in order for the Wellness Center to
develop their own surveys for the community.

Communications

Reports on the results for each community were
created and presented to community leads in
Arviat, Cambridge Bay and Iqaluit. A comparison
report demonstrating the differences between
communities was also presented to all community
leads and project team members. Meetings with
community leads (Janet Stafford, Cambridge

Bay; Shirley Tagalik, Arviat) were held to discuss
analysis and determine the best ways to engage
with the community to deliver results. Two-page
fact sheets that provided an overview of the project
and brief results of the first data collection point
were developed for the community. The fact
sheets were translated into Inuktitut for Arviat and
Iqaluit, and into Inuinnaqtun for Cambridge Bay.
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Figure 1. Timeline of Communication Evaluation Project (A) February — March 2013 and

(B) November 2013- March 2014
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Additional Activities

In Cambridge Bay and Arviat, a feast was held
prior to data collection to introduce the project
and provide more information to those in
attendance. Information presented at the feasts
included the purpose of the surveys, when and
where the surveys were taking place and where
to receive more information if desired. During
each feast a local Elder provided a blessing and
community members were encouraged to ask
questions or discuss the project with research
team members in attendance at the event. The
two feasts were well attended with approximately
150 in attendance in Cambridge Bay and 180 in
attendance in Arviat.

In Cambridge Bay, results from the first data
collection point (March 2013) were presented
during a Cambridge Bay Wellness Center open
house on January 28, 2014. A presentation
discussing the purpose of the project and overview
of results was shown and factsheets were available.
Approximately 20 people were in attendance.

Results

A. Consumption of Country Foods

The participants in the three communities were
asked about their consumption of country foods.
Ninety-nine percept of participants in the three
communities reported that they ate country
foods (Arviat, n=256, 99%; Cambridge Bay,
n=234, 99%; Iqaluit, n=300, 99%). As illustrated
in Figure 1, the majority of participants
preferred a mix of both country foods and

store bought foods. Figure 2 demonstrates how
frequently participants eat country foods.

Figure 3 shows how often participants eat each
of the following country food items when they
are available in their communities. Results
from all three communities have been pooled
reporting a total of 796 responses.

B. Cigarette Smoking Habits

In total, the large majority (96%) of participants
in all three communities reported that they
smoked cigarettes at sometime in their life (Arviat
n=250, 96%; Cambridge Bay n=235, 94%; Iqaluit
n=297, 98%). Eighty-five percent of participants
reported that they currently smoke cigarettes
(Arviat n=219, 88%; Cambridge Bay n=185,
83%; Iqaluit n=251, 85%). However, the majority
(60%) of those who currently smoke cigarettes
reported that they are considering giving up
smoking (Arviat n=136, 62%; Cambridge Bay
n=116, 63%; Iqaluit n=145, 58%).

Participants were asked to provide the reasons
for why they quit. Pooled results from those
respondents reporting having quit smoking
(n=101) indicate the following reasons:

e Iwanted to feel healthy (n=59; 39%)
e Ididn’tlike the taste or smell (n=21; 21%)

¢ I quit when I was pregnant or when my
partner got pregnant (n=8; 8%)

e Itwas too expensive (n=7; 7%)

¢ I quit for someone else (e.g.for children, for
parents, for partner) (n=7; 7%)

e Other (n=20; 20%)

C. Public Health Message Recall

Community members were asked if they heard
messages from the contaminants assessment
components of the Inuit Health Survey. The
following section provides results on survey
participants’ responses to questions regarding
this communication process. Overall, the
majority of participants reported having

not heard that woman who are pregnant or
may become pregnant should avoid eating
ringed seal liver. Responses differed between
communities with half of participants in Iqaluit
reporting that they had heard the message, while
only 21% of participants in Arviat reporting
hearing the message (Figure 4). Differences
between communities were also apparent when
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participants were asked about the Inuit Health The large majority of participants in the three

Survey messaging regarding the consumption communities reported that they had heard the

of ringed seal meat. In Arviat only half of messages that eating country food has cultural
participants reporting hearing the message and spiritual benefits (Figure 6) and that country
as compared to Iqaluit where three-quarters foods are a very significant source of nutrients that
reported hearing the message (Figure 5). are vital to promoting physical health (Figure 7).

Figure 1. Preference for Store Foods, Country Foods or a Mix of Both

Total

Igaluit

Cambridge Bay

Arviat

0% 20% 40% 60% 80% 100%

" Amix of both  “Country foods ™ Store foods

Figure 2. How often participants eat country foods (per week)

Fall (September-October)
Summer (June-August)
Spring (April-May)
Winter (November-March)

0% 20% 40% 60% 80% 100%

¥ Rarely (less than once/week) ¥ 1-2 times/week ®3-4 times/week ® 5-6 times/week ™ Everyday

Figure 3. How often participants eat specific country food items

Arctic Char
Caribou Internal Organs

Other marine Mammal Fat
Ringed Seal Fat
Ringed Seal Liver

0% 20% 40% 60% 80% 100%

®Rarely (less than once/week) “1-2 times/week ™3-4 times/week ™ 5-6 times/week ®Everyday

Figure 4. Question: Have you heard that woman who are pregnant or may become pregnant
should avoid eating ringed seal liver?

Total
Iqaluit B yes
Cambridge Bay “No

Arviat
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Figure 5. Question: Have you heard that ringed seal meat is still a healthy option for woman
who are pregnant or who may become pregnant?

Total
Iqaluit " Yes
Cambridge Bay “No
Arviat
O% 20I% 40I% 60% 80I% 100%

Figure 6. Question: Have you heard that eating country food has cultural and spiritual benefits?

Total
Iqaluit
et "Yes
Cambridge Bay _ “No
Arviat
0% 20% 40% 60% 80% 100%

Figure 7. Question: Have you heard that eating country foods is a very significant source of
nutrients that are vital to promoting physical health?

Total
Igaluit
et "Yes
Cambridge Bay “No
Arviat
0% 20% 40% 60% 80% 100%

Figure 8. Question: What are some of the changes you have made regarding country food?
Arctic Char I :
Caribou Internal Organs
Other Marine Mammal Fat
Ringed Seal Fat
Ringed Seal Liver

0% 20% 40% 60% 80% 100%

¥Do not eat anymore  “Eatmore  ®Eatless ™Change the way it is prepared
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The sources of information where individuals
heard these messages differed between
communities. Some key findings include:

1) Friends or Family were cited as a ‘top 3’
information sources in each community for

all four questions discussed in this report; 3)
Radio was a common source of information in
Arviat and Iqaluit; and 4) In Cambridge Bay
television was often cited as a common source of
information.

D. Concern about Contaminants and Environment

Seventy-two percent of respondents did not
have any concerns about the quality or safety

of the country foods they ate (Arviat n=185,
71%; Cambridge Bay n=165, 70%; Iqaluit
n=182, 60%). Furthermore, the majority

(63%) reporting having not heard about any
contaminants in the environment previously
(Arviat n=184, 71%; Cambridge Bay n=149,
63%; Iqaluit n=144, 51%). Sixty-three percent
had not heard of any contaminants in country
foods (Arviat n=31, 51%; Cambridge Bay

n=57, 63%; Iqaluit n=113, 72%). One-third

of the participants (33%) stated that they
modified their eating habits after hearing about
contaminants in country foods. The percentage
of participants who made changes in response
to hearing this information varied amongst the
three communities. In Arviat 51% (n=31) stated
they did not make changes, whereas in Iqaluit
72% (n=113) stated they did not make changes.
Approximately 63% (n=57) participants in
Cambridge Bay stated they did not make
changes after they heard about contaminants

in country foods. Figure 8 illustrates how
respondents modified their eating habits.

E. Agreement with Health Messages

Community members were asked if they agreed
or disagree with health messages from the
contaminants assessment of the Inuit Health
Survey. Most people (60%, n=476) agreed that
country foods provide essential nutrients that
can lower the risk of chronic diseases. Reasons
why people agreed were that country foods
provide nutrients, it is good for the heart, is

low in sugar content and that it keeps Inuit

from getting sick/heals sickness. Just less than
one quarter (24%; n=193) disagreed with the
statement and 15% (n=122) neither agreed nor
disagreed. People disagreed because they stated
that it depends on how it’s prepared or that they
generally thought it would not help prevent
heart disease or lower risk of chronic disease.

Approximately half of respondents (50%,
n=392) agreed that most Inuit adults in

Nunavut do not need to be concerned about
contaminant-related effects from country

food consumption. Reasons for agreeing

with the statements included: not all foods are
contaminated, Inuit have been eating country
foods for generations, Inuit are experienced and
know what animals are contaminated and others
agreed because they believed that there are no
contaminants in their country foods or area.
Thirty-three (n=255) percent disagreed and 17%
(n=133) neither agreed nor disagreed. Some
people disagreed because they reported that you
need to be careful about the way it is prepared
or that there is not enough information available
today on what is affecting country foods. Others
stated that they had an overall concern about
contaminants in country foods.

Most people (59%, n=452) agreed that generally,
the benefits of eating country foods outweigh
the risks from contaminant exposure. Reasons
for agreeing were that eating country foods

is healthier than eating other food options
available, if it is prepared right there will be less
risk and that even though eating food that has
contaminants in it, it is still better to eat country
foods. Twenty-four percent (n=179) disagreed
and 17% (n=130) neither agreed nor disagreed
with the statement.

Approximately half of participants (52%,
n=400) agreed Inuit women of child-bearing
age who may be pregnant, are planning to

get pregnant, or are pregnant should avoid
eating ringed seal liver due to its high mercury
content. People agreed for reasons such as the
belief that there is too much mercury in ringed
seal liver, that eating the liver may hurt the
baby or fetus, or that it may hurt the pregnant
woman. There were an additional 26% (n=200)
who disagreed and 22% (n=171) who neither
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agreed nor disagreed with this health message.
Some disagreed because they had not heard

of mercury in ringed seal liver or thought that
liver is good for the fetus, or that woman should
eat more country foods when pregnant. The
majority of participants (63%, n=479) agreed
Inuit women of child-bearing age who may be
pregnant, are planning to get pregnant, or are
pregnant should eat ringed seal meat because
it is a healthy alternative to ringed liver. Most
people agreed because they thought ringed

seal meat was healthy for the mother or fetus or
that it was high in nutrients and iron. Twenty
percent (n=155) disagreed with the statement
and 17% (n=131) neither agreed nor disagreed.

Discussion and Conclusions

The analysis for this project is ongoing

in collaboration with the participating
communities and partners and projected

to be completed in fall 2014. However, the
descriptive results presented here already
highlight some important issues with regards to
communicating about contaminants and health
in Inuit and other northern communities. In
general, all partners and communities received
the survey well and participation rates were
very high. This is a testament to the level of
regional support and direction the research
team received and the dedication of the local
researchers that were trained and carried out
the survey in communities. The use of the
iPad survey technology allowed for a high level
of engagement, facilitated easy training and
was an attractive feature of the study to local
researchers and participants as well. Through
the use of the iPads for the conduct of the
survey and online survey software, the basic
descriptive results were presented back to key
partners in communities immediately following
the completion of data collection.

The survey was responded to by a much
higher number of women than men in

each community. However, the majority

of messages from the Inuit Health Survey
contaminants assessment were targeted at
women of child bearing age, pregnant women
or young mothers because of the sensitivity
of the developing fetus to contaminant

exposure. Most respondents to the survey in
all three communities reporting having not
heard the IHS-contaminant messages and this
differed between communities. In regards

to all messages focused on in this survey, a
greater proportion of Iqaluit participants
recalled having heard the messages than in
either Cambridge Bay or Arviat. In particular,
there was a low level of recall of the most
specific reduction-oriented country food
message provided with the results of the

IHS, that being for women of child bearing
age and pregnant women to reduce their
consumption of ringed seal liver because

of the concentration of mercury contained

in that item. Reasons for the differences
between communities in message reception
and recall are speculative at this point in time
and being further investigated prior to final
project results communication. However, it
can be argued that the results presented here
emphasize the need to conduct evaluation
activities of some form following important
message release, to ensure messages were
released as planned and received as expected
by the target audience. Significant effort went
into the collection, analysis and preparation of
the data and public health messages under the
Inuit Health Survey. It is important to ensure
that those efforts achieved the desired goals
of at the least, supporting informed decision
making among residents.

At least 50% or more of participants in all
communities agreed with the messages released
under the Inuit Health Survey contaminants
assessment. Only half agreed with the message
that women of child bearing age and pregnant
women should reduce their consumption of
ringed seal liver because of the concern over
mercury in that food item. When asked if
they had changed anything about their health
behaviours since hearing about contaminants
in country foods approximately one third of
participants reported having had changed
something. This was most common in Arviat
and least common in Iqaluit. The most
common change made among all participants
was a reduction in the consumption of ringed
seal liver or fat. Therefore, it appears that
despite a comparatively lower agreement with
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the message, as compared to the agreement
with other health messages released, about one
third of participants reported complying with
the recommended behavioural change with
regards to ringed seal liver. In some cases, some
individuals reporting having increased their
consumption of ringed seal liver, hence the need
to conduct evaluative initiatives of this nature.

The data gathered will permit us to investigate
factors that may be influencing attitudes

and risk perception as well as compliance
behaviour in these three communities. It would
appear valuable for health communicators to
understand these factors to better tailor future
messaging for specific audiences. Further,
analysis will be possible on the stability of risk
perceptions over time in these communities and
in some cases, within individual participants as
the survey was repeated 12 months apart. This
analysis will provide insight into the potential
duration and stability of impact (positive and
negative) of health messaging of this nature

on health behaviours and risk perceptions over
time. This has been a topic around which there
has been great speculation but little attention
given in the past.

Expected Project Completion Date

The data has been collected for the IHS
contaminants communication assessment.
Analysis is now underway and will include iterative
presentations and analysis with the Arviat,
Cambridge Bay and Iqaluit community leads.
Analysis of the data will be completed in summer
2014 to examine changes in perceptions over
time and comparisons between communities.
The further analysis will provide insight into

the communication process and determine
recommendations for improving communication
strategies. Analysis and publications will continue
into fall and winter 2014-15.

Acknowledgments

We thank all of the participants in Nunavut
whose participation in the 2012-2014
contaminant communication assessment a
success. We also thank the community leads

including Shirley Tagalik; Arviat, Janet Stafford;
Cambridge Bay, Sharon Edmunds-Potvin;
Iqgaluit and the community researchers in the
three communities in Nunavut. Special thanks
to NTI for regional logistics and support on
the team and NRI for assistance with local
project administration in Iqaluit. Funding

for this project was provided by the Northern
Contaminants Program.

References

Donaldson SG, Van Oostdam |, Tikhonov C,
Feeley M, Armstrong B, Ayotte P, Boucher

O, Bowers W, Chan L, et al. Environmental
contaminants and human health in the
Canadian Arctic. Sci Total Environ. 2010 Oct;
408: 5165-5234.

Furgal C.M., S Powell and H Myers. 2005.
Digesting the Message about Contaminants and
Country Foods in the Canadian North: A Review

and Recommendations for Future Research and
Action. Arctic, 58(2): 103-114.

Furgal, C and Rochette, L. 2007. Perception

of contaminants, participation in hunting and
fishing activities and potential impacts ofclimate
change, In (St Laurent, et al., Eds) Qanuippitaa?
How are we?,Insititut national de santé publique
du Quebec and Nunavik Regional Board of
Health and Social Services, Quebec, Quebec.
ISBN:978-2-550-50744-1.

Jardine, C.G. and C. Furgal. 2006. Factors
affecting the communication and understanding
of known and potential/theoretical risks to
health in northern Aboriginal communities. Final
Report Submitted to the Health Policy Research
Program in response to RFA 13 “Primary/
Secondary Research on Public Disclosure of
Potential and Theoretical Health Risks”.

Slovic, P. and E. Peters. 1995. The role of affect and
world views as orienting dispositions in the perception
and acceptance of nuclear power. Decision

research, Eugene, Oregon, U.S.A.

C. Furgal

"



12

C. Furgal



Assessment of contaminant and dietary nutrient interactions
in the Inuit Health Survey: Nunavut, Nunatsiavut and
Inuvialuit Part 2: Development of an Integral Data Platform

Evaluation des interactions entre les contaminants et
les apports alimentaires dans I'Enquéte sur la sante des
Inuits : Nunavut, Nunatsiavut et Inuvialuit — Partie 2
Développement d’'une plate-forme de données intégrales

O Project Leader:

Drs. Laurie H.M. Chan and Aline Philibert, Center for Advanced Research in Environmental
Genomics, University of Ottawa, Tel: (613) 562-5800 ext 6349, Fax: (613) 562-5385

Email: l[aurie.chan@uottawa.ca

O Project Team Members and their Affiliations:
Dr. Kue Young, University of Toronto; Dr. Eric Dewailly, Université Laval; Dr. Peter Bjerregaard,

National Institute of Public Health, Denmark

Abstract

The Inuit Health Survey (IHS) was conducted
in 2007-2009. It gathered information on
health status data and attempted to understand
its relationship to environmental factors. Two
other similar but independent cohort studies
have also been conducted in the circumpolar
region: (1) the 2004 Nunavik Cohort Study in
Canada; and (2) the Inuit Health in Transition
2005-2010 in Greenland. The purpose of Part

2 of the study: Development of an Integral Data
Platform, was to develop a common platform for
the heterogeneous, cross-disciplinary and multi-
scale datasets collected from the three cohort
studies. Data harmonization procedures were
used to adjust for differences and inconsistencies
among data definition, format and methods,

7

Résume

L’Enquéte sur la santé des Inuits a été réalisée
de 2007 a 2009. Par la collecte d’information
sur I’état de santé, elle visait une meilleure
compréhension de la relation entre I’état

de santé et les facteurs environnementaux.
Deux autres études de cohorte similaires mais
indépendantes ont aussi été réalisées dans

la région circumpolaire : I’étude de cohorte
menée en 2004 au Nunavik, au Canada et
I’étude de 2005-2010 sur la santé des Inuits
en transition, menée au Groenland (Inuit
Health in Transition 2005-2010). La partie 2
de I’étude, Développement d’une plate-
forme de données intégrales, avait pour objet
I’élaboration d’une plate-forme commune
qui réunirait les ensembles de données

L. Chan
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to make the data mutually compatible. The
three databases have a combined total of

4288 parameters. Only 227 can be paired: 79
showed a complete match and 143 were partially
matched.. A total of 5 were found impossible
to match. The data platform consists of data
collected from a total of 6777 participants from
the three cohort studies conducted between
2004 and 2010. It consists of a combined total
of 222 parameters that can be classified into 10
different categories including: health status
(32); blood contaminant concentrations (57);
clinical tests (39); clinical biochemistry (35);
lifestyle (14); socio-demographic characteristics
(13); mental health (12), food use pattern (10),
social networks (6) anthropometry (4). This
data platform will be invaluable for further
analysis to understand the relationship between
the environment and health among Inuit in
Canada and Denmark. It will also facilitate

the development of regional and international
health promotion policies.

Key messages

¢ The harmonization of data resulted in some
loss precision and information for each data
set

® The integral data platform will enable robust
and efficient cross-national comparative
research on Inuit health

hétérogenes, multidisciplinaires et multi-
échelles recueillis par ces trois études de
cohorte. Des techniques d’harmonisation de
données ont été appliquées, afin de rendre

les données mutuellement compatibles en
éliminant les différences et les incohérences

sur le plan des définitions, des formats et

des méthodes. Les trois bases de données
comprennent en tout 4 288 parametres. Seuls
227 de ces parameétres peuvent étre jumelés :

79 présentent une concordance parfaite et

143, une concordance partielle. La plate-forme
de données comprend les données recueillies
aupres de 6 777 participants lors des trois études
de cohorte réalisées entre 2004 et 2010. Elle
renferme un total combiné de 222 parametres
qui peuvent étre répartis en 10 catégories : état
de santé (32); concentrations de contaminants
dans le sang (57); épreuves cliniques (39);
analyses biochimiques cliniques (35); mode de
vie (14); caractéristiques sociodémographiques
(13); santé mentale (12), habitudes alimentaires
(10), réseaux sociaux (6) et anthropométrie (4).
Cette plate-forme de données sera tres précieuse
pour la réalisation d’analyses plus poussées sur
la relation entre I’environnement et la santé
chez les Inuits du Canada et du Danemark. Elle
facilitera en outre I’élaboration de politiques
régionales et internationales de promotion de la
santé.

Messages clés

e [’harmonisation des données a entrainé une
légere perte de précision et d’information
dans chaque ensemble de données.

® La plateforme de données intégrales
rendra possible la réalisation de recherches
comparatives solides et efficaces sur la santé
des Inuits de ces pays.
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Objectives

We want to design a data platform to:

1. Store and keep the data secure

2. Enable controlled access to any subset of the
three cohorts datasets

3. Facilitate that records be kept so that we
know a) who is working on what data with
what analyses, b) what that work produces
(outputs and outcomes) and c) whether any
data modifications would be fed back into
the bank (improvement/enrichment)

4. Support the cooperation between research
institutions, and leverage the data and
findings of interdisciplinary projects

Introduction

Merging data across multiple cohort studies is
providing an invaluable opportunity to improve
our knowledge base of how environmental
factors affect health status [1-4]. Indeed,
merging data maximizes the benefits to be
derived from existing cohort studies with the
least effective cost, while encouraging ongoing
activities and secondary analysis of data [1,

4-9]. While considerable number initiatives in
pooling data have been established [1, 4-6, 10-
12], there have been a few methodological tools
to support comprehensive and systematic data
harmonization between cross-disciplinary cohort
studies [1, 4, 6, 7, 13].

To address the increasing concern on the
rapidly changing environment and Inuit health
transition, three health surveys were carried in
the last 10 years: (1) the 2004 Nunavik Cohort
Study in Canada [14, 15]; (2) the International
Polar Year (IPY) Adult Inuit Health Survey
(IHS) 2007-2008 in Canada [16]; and (3) the
Inuit Health in Transition study, 2005-2010 in
Greenland [17]. The three studies shared the
same objectives of documenting the baseline

health status and studying the relationship
between environmental factors and health status.

Throughout the years there has been a growing
interest for an Inuit Circumpolar Cohort

and follow-up among academia, stakeholders
and communities. In June 2012 in Kuujjuaq,
Nunavik, a workshop entitled “Inuit Health

in Transition Study” gathered stakeholders,
collaborators and principal investigators of
three health surveys carried out in Nunavik,
Nunasiavut, Nunavut, Inuvialuit Settlement
Region and Greenland. During this workshop
it was decided to explore the possibilities for
the creation, development and maintenance

of the Inuit Circumpolar Cohort through a
platform that will gather data from the three
health surveys concerned. The main goal of this
data platform is to facilitate cross-disciplinary
data inventory in long-term and to ensure
accessibility and sharing of data.

This Synopsis report describes activities focused
on the development of the data platform.

Activities in 2013-2014

Data harmonization

To pool data across the three different data sets,
a three-step procedure was used: (i) identifying
equivalent information that can be shared
across datasets, (ii) evaluating the degree of
compatibility (complete, partial, impossible),
and whenever possible, (iii) converting data
using one of the conversion techniques
described below.

Data conversion techniques

The data manipulation and transformation
procedures used for converting data were
grouped into 8 main classes. The choice of
conversion techniques depended on the nature
of the parameter.

L. Chan
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A. Complete match

A total of 79 parameters had a perfect match
across the three datasets, and thus, were
incorporated to the data platform without any
manipulation or transformation. All parameters
in anthropometry (e.g.height and weight),
clinical biochemistry (cholesterol, triglycerides
and fatty acids), nutrients (except selenium) and
food use patterns, were complete match. None
complete match was found for contaminants.

B. Standardize unit of measurement

The simplest data conversion was to standardize
the units of measurement. For example, the
standardization of units in pg/L was applied to
all blood metal concentrations.

C. Restructure data

Itis a common practice for any parameters
involving a series of measurements with no

a priori standard structure. For example,
parameters for carotid intima-media thickness
(IMT) (n=36) needed to be transposed in one
dataset to be comparable to the other 2 datasets.

D. Recode data categories

The coding of the parameters can be different
between dataset. For example, using 1,2, 3 or
a, b, c. Recoding is the process of harmonizing
different coding systems to a unique one by
assigning a standardized code.

E. Data extrapolation

It may happen that a “missing” data in one
database could be indirectly inferred from other
data in that same database. For example, in a
questionnaire an answer maybe induced from
the response to one or several other questions.

Combine data categoriesThe defined categories
of answers to the same question can be different
between surveys. This is most common for the

parameters that are related to time periods (e.g,.

how often do you....?). One survey offered 4
options (value 1 “never”; value 2 “rarely”; value
3 “sometimes”; value 4 “often”), while another
survey had only 2 options: value 1 "Yes”, value

2 “No”). In that case, the most appropriate
solution for harmonizing data was to standardize
the classes of time period on the “lowest
common denominator”,

F. G) One-to-many data matching

One-to-many matching was common when one
survey was designed to obtain multiple answers
using one question while the other study was
designed to get the same answers using multiple
questions.

G. H) Missing values

For purposes of harmonization, coding for
missing values was standardized. For example,
9,99,999, 777, 888 were all used to denote
missing values in the 3 surveys and they were all
standardized.

Results

The structure and mechanisms, the application
and exports, as well as the different actors
involved in this data platform are illustrated

in Figure 1. The all-encompassing nature of
the different components of the data platform
reveals the integrative approach of the Inuit
Circumpolar Cohort. The operationalization

of such platform results in challenges that
touch all ethical and functional aspects of

data management; including security, storage,
comparability level, access and responsibility, as
well as how to respond to the ethical review and
research requirements in each jurisdiction (such
as licensing and approvals procedures).
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Figure 1

Conceptual framework of the
data platform of the Inuit Circumpolar Cohort

Structure and mechanisms

Data platform
Management

Partnerships

Communities

Research teams

Staff of the data
platform

Evaluation

The structure of the data platform is
represented by two main components: (1) data
platform management (function, content, rules
and regulations) and (2) Evaluation screening
and diagnostic, which aims at optimizing and
maintaining the performance and sustainability
of the data platform.

Harmonization of data from the three cohort
studies allowed us to a myriad of epidemiological
information on 6777 participants covering the
period 2004 to 2010 in the Inuit circumpolar
region. The overall pairing process showed

that 227 parameters were paired, of which 79
were classified as complete and 143 as partially
matched (98% of all matches were compatible).
A total of 5 matches were found impossible.
Finally, the merged database resulting from
harmonization encompassed a total of 222
integrated data in various disciplines. Table

1 shows the distribution of original and

Applications

Results
k - Secondary
Data storage Exports
and sharing P _research
Papers
chapters

harmonized data per discipline. The disciplines,
for which more data were compatible, were by
decreasing order social networks, contaminants,
clinical biochemistry, clinical tests, health

status and lifestyle. Loss of information was
respectively, 71% in Greenland, 78% in IHS
and 91% in Qanuippitaa study. For example,
direct comparisons of dietary measures across
studies were not deemed appropriate due to
different types of questions. Indeed, only ten
data parameters (2.6%) in food use pattern

(5 country food and 4 market foods) were
compatible, and none regarding food security.
Neither 24-hour recall record nor food security
survey was carried out in the Greenland study.
There was no match for medication across the
three datasets. Finally, questions concerning
health services were available only in the
Greenland study.
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Table 1. Description of the frequency of non harmonized and harmonized data per discipline
in the three original datasets and in the merged one.

Categories of variables Greenland Qanuippitaa Harmonized
data
Socio-demographic characteristics 64 47 59 13
Health status 95 73 137 32
(Current Health, health history, self-
perception and maternal health)
Social networks 6 6 16 6
Lifestyle (including traditional activities) | 91 72 165 14
Anthropometry 6 30 13 4
Clinical biochemistry (including parasites) ' 78 147 141 35
Clinical tests 67 131 158 39
Environmental contaminants 57 109 158 57
Food security 22 Al 179 0
Mental health 56 121 55 12
Food use pattern (24h recall and FFQ) 166 142 849 10
Health services 49 0 0 0
Medication 8 75 569 0
Total 765 1024 2499 222

Discussion and Conclusions

The rate of retrospective data harmonization
across the 3 cohort studies was only 15.5%,
suggesting a loss of information of 84.5% among
the overall data, while in some other platforms
the rate varied between 38% and 73% [1, 6].
This can be explained by the interdisciplinary
nature and the important size of each of

the three datasets, while in other platforms

the studies were carefully selected from key
characteristics, and specific heath outcomes
were targeted. However, even though the
harmonization rate was low in the present study,
a total of 222 parameters were harmonized.
Considering that the data platform contains
most of contaminants exposure and heath
status (chronic diseases), there is little doubt
that data harmonization in the present study
will provide an great opportunity for improving
our knowledge base of how environmental
factors, especially contaminants and lifestyle,
affect on health in the Inuit Circumpolar
region [5, 18]. The vast overall sample size of

the data platform (n = 6777 participants) will
enhance statistical power, improve estimates,
and facilitate the use of more sophisticated
models, which generally require a large number
of observations [18]. As mentioned in Allen et
al. [5], increasing observations will enable the
analyses on low prevalence outcomes, which

are infrequently observed in cohort studies

such as mental health outcomes (e.g.mental
health outcomes). Although a prospective data
harmonization is always recommended in an
ideal word for standardizing questionnaires,
measurements and methods across emerging
studies[7], retrospective data have the advantage
of optimizing information in already existing
studies and is saving time and money [4, 13].
Finally, by encouraging robust and efficient
cross-national comparative research in the Inuit
circumpolar region, the new data platform will
certainly encourage network efforts and develop
partnerships across academics, communities,
international institutions, and policy makers.
Also, the data platform presented here is a great
opportunity for providing data that are policy
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relevant and lead to concrete actions. Indeed,
we hope the data will convince policy makers of
recognize the issues and to invest in new projects
or shape the policy to respond to the needs of
the populations in the Inuit circumpolar region.

However, there are some limitations that must
be highlighted. Although similar, the three
cohort studies were designed at different times
and with different methods, to meet different
needs. Theycovered some topics at different
time periods and were commissioned by
different research institutions. Consequently,
they were developed to a significant degree

in isolation from each other, making data
harmonization challenging. For example,
societal and cultural differences across the
different regions, and translation from local
language to English, were significant challenges
we had to face for understanding the true
“meaning” of the data and determining if the
actual concept was found “equivalent” across
the datasets. In some cases, data were easily
considered as equivalent (e.g,. age, sex), while
in others the test of “equivalence” gained in
complexity. For example, education levels

had different meanings because the local
classification systems in Greenland differed
from those in Canada. Also, classifications of
work activities had not always the same meaning
across the three regions and categorizing them
was difficult to achieve. We are aware that the
lack of cohesion across the studies in design
and sampling protocol (years and methods), as
well as the variability of ethical, legal, social and
cultural contexts, may influence the precision
of results, and must be kept in mind when
interpreting them.

The vast array of information collected by

each individual cohort study generated an
overwhelming amount of data to harmonize,
and therefore, necessitated a substantial
amount of time and resources to materialize the
harmonization process and pooling of data. The
multidisciplinary nature of data made synthesis
of information and harmonization process even
more challenging.

Even though confidentiality of all participants
was a constant prerogative when merging the
three datasets into a single one, ethics questions
arose about participant agreement to participate,
which was generally limited to the original

study (except for Qanuippitaa). Intellectual
property and material transfer agreements were
thus presented to the regional committees that
granted approval of the original studies.

The developed new data platform provides a
sustainable and relevant cross-disciplinary data
bank and a data-sharing tool.

Expected Project Completion Date

This part of the project is completed and
a manuscript is ready to be submitted for
publication.
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Abstract

Prenatal exposure to PCBs and mercury have
been associated with growth and effects on
cognitive development in children. The Inuit
from Nunavik are among the populations

most highly exposed to these environmental
pollutants due to their consumption and
bioaccumulation in fish and marine mammals.
However, consumption of fish and marine
mammals also provides nutrients such as
omega-3 fatty acids, which are known to enhance
early brain development. We have conducted
four studies in Nunavik over the last 20 years,
including: monitoring of prenatal exposure
from cord blood sampling, an effect study with
infants up to 12 months of age, and an effect
study at preschool age. In 2010, we completed
the follow-up of 294 11-year-old children

and, during the years 2010 and 2011, we
analyzed most of the 11-year data. In fall 2011,
study results were presented to the Nunavik
population and public health recommendations
were provided by the Public Health Director of

Résume

L’exposition prénatale aux biphényles
polychlorés (BPC) et au mercure a été associée a
des effets sur la croissance et le développement
cognitif des enfants. Les Inuits du Nunavik
comptent parmi les populations les plus
exposées a ces polluants environnementaux,

en raison de leur bioaccumulation chez les
poissons et les mammiféres marins qu’ils
consomment. Toutefois, les poissons et les
mammiféres marins fournissent aussi des
nutriments tels que les acides gras oméga-3,
lesquels favorisent le développement du cerveau
en bas age. Au cours des 20 derniéres années,
nous avons mené quatre études au Nunavik :
surveillance de I’exposition prénatale a 'aide
d’échantillons de sang de cordon, et effets sur
les nourrissons de 12 mois et moins et sur les
enfants d’age préscolaire. En 2010, nous avons
effectué un suivi aupres de 294 enfants de 11 ans
et, en 2010 et en 2011, nous avons analysé la
plupart des données relatives a ces enfants. A
I’automne 2011, les résultats de 1’étude ont

G. Muckle
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Nunavik. Summary of study results and public
health recommendations can be found at
http:/ /www.rrsss17.gouv.qc.ca. During the years
2011 and 2012, we completed the knowledge
transfer activities, communicated the final
study results to the Nunavik population and
stakeholders and completed the analyses of the
11-year data. In 2012-2013, we launched the
follow-up of the cohort at adolescence. Until
now, we successfully recruited and tested 142
adolescents aged between 16 and 19 years old
living in Nunavik. Data collection will continue
during the next two years.

Key Messages

¢ The work accomplished during year allowed
testing 81 additional participants; the total
number of enrolled participants is 142
participants so far

* We obtained an additional grant for funding
the data collection to be held during 2014-
2015 and 2015-2016 from the Canadian
Institutes of Health Research

été présentés a la population du Nunavik, et
des recommandations en matieére de santé
publique ont été formulées par le directeur
de la santé publique du Nunavik. Un résumé
des résultats d’études et des recommandations
de santé publique est publié a I’adresse
suivante : http://www.rrsss17.gouv.qc.ca. En
2011 et 2012, nous avons mené a bonne fin le
transfert des connaissances, communiqué les
résultats finaux de I’étude a la population et
aux parties intéressées du Nunavik et achevé
I’analyse des données concernant les enfants
de 11 ans. En 2012-2013, nous avons amorcé
le suivi de la cohorte a I’adolescence. Jusqu’a
présent, nous avons recruté et soumis a des
tests 142 adolescents de 16 a 19 ans vivant au
Nunavik. La collecte de données se poursuivra
durant les deux prochaines années.

Messages clés

® Quatre-vingt-un participants ont passé
des tests cette année; le nombre total de
participants recrutés est de 142.

e En 2014-2015 et en 2015-2016, la collecte de
données se fera au moyen d’une subvention
des Instituts de recherche en santé du
Canada.

24

G. Muckle



Objectives

Main objective: To pursue the follow-up of the
NCCS at late adolescence period in order

to document the long-term effects of pre-

and postnatal exposure to mercury (Hg),

lead (Pb), polychlorinated biphenyls (PCBs)
and chlorinated pesticides on cognitive and
affective/behavioral development, body size and
health related outcomes.

Specific objectives for year 2013-2014:
1. Clean up of database

2. Consultation meetings with Nunavik
stakeholders from Hudson Bay

3. Enroll and test 66 additional participants
during a five week data collection trip

4. Preliminary analysis with half the cohort.

Introduction

A recent review of evidence from several
Canadian studies underlines an alarming
burden of illness resulting from environmental
exposures (Boyd and Genuis 2008). The
reviewers conclude that environmental
contaminants (ECs) are associated with an
increased prevalence of low birthweight,
respiratory diseases, asthma, cardiovascular
illness and congenital anomalies. These results
give rise to a plethora of important research
questions including the cumulative effects of
low-dose, long-term and mixed exposures, the
nature and the prevalence of such effects. Past
studies have demonstrated the vulnerability

of fetal brain development to environmental
exposures. The US National Academy of
Sciences has estimated that as many as 25%

of learning disabilities are due to either
known toxic substances or the interactions
between environmental factors and genetic
predispositions. This is of particular concern
when one considers that approximately 6.4% of

children have a developmental or behavioural
problem, 10% have a learning disability and
3.6% have a diagnosed speech problem. It is

of primordial importance that the associations
between ECs, health and development be
elucidated. As noted by an expert committee of
the World Health Organization (World Health
Organization 2006), addressing such knowledge
gaps requires the design and implementation
of longitudinal prospective cohort studies of
pregnant women, infants and children with
exposure assessments at critical windows and
with sensitive health end-points along the
continuum of human development.

During the last 25 years, environmental
monitoring and research activities have provided
evidence that Inuit traditional food, whose
nutritional benefits are well documented,

is also the primary source of exposure to
environmental contaminants (polychlorinated
biphenyls (PCBs), mercury, and lead) for
Northerners. With the exception of lead, these
contaminants are transported by atmospheric
and oceanic currents from industrial regions

in the South, accumulate in the Arctic food
chain, putting the population at risk for greater
exposure. The primary source of lead has been
the use of lead-containing ammunitions.

The first phase of the study was initiated in
1996. We investigated the role of nutrients from
traditional food, life habits during pregnancy,
environmental contaminants and other factors
have on infant development. Almost 300
mothers and their infants from Puvirnituq,
Inukjuak and Kuujjuaraapik participated in

the study between 1996 and 2002. Results and
implications from the first phase of this study,
when infants were examined at 6 and 11 months
of age, were communicated to the Nunavik
population by the researchers and public
health officials in 2003 and 2004. Public health
recommendations were provided at that time

to the population by the Public Health Director
(PHD) of Nunavik.
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We decided to continue the study with children
at 11 years old to observe if adverse effects
found during infancy would impact on child
development at school age. Between September
2005 and February 2010, 294 children and

their mothers from all 14 Nunavik communities
participated to the follow-up. Exposure to ECs
and measures of nutrients were measured in
cord blood samples (for prenatal exposure)

and from a blood sample taken from the child
at time of testing (for current/childhood
exposure). Results and implications from

the second phase of this study, when infants
were examined at 11 years of age, were
communicated to the Nunavik population by the
researchers and public health officials in 2011-
2012. Public health recommendations were also
provided to the population by the PHD. In order
to document the long term effects of exposure
to environmental contaminants, we decided

to follow the cohort at 16-19 years of age. The
final sample should consist of approximately 200
adolescents from the 14 Nunavik communities,
which corresponds to 72% of the eligible
children seen at age 11 years.

Activities in 2013-2014

1. Research activities completed after the 2013
data collection are:

— Biological specimens have been analyzed
by the collaborating laboratories;

— Biological data have been entered in the
database;

— Child data from cognitive testing have
been coded, scored and entered in the
database;

— Data obtained from child interviews
including behavioral and emotional
development have been scored and
entered in the database;

—  Growth and other medical variables have
been entered in the database;

— Clean up the database and elaboration of
a codebook;

— In November 2013, G Muckle met with
stakeholders from the Hudson Bay to
inform about the next data collection
to be held in 2014 in Puvirnituq
and Inukjuak and about the study

procedures. She also obtained additional
support from the Municipal council

of Inukjuak, the Municipal council of
Puvirnituq, and the Director of the
Inuulitsivik Health Center.

2. Research activities completed prior to the
2014 data collection are:

— Update of the tests and questionnaires to
be use with adolescents;

— Purchase of research equipment;

— [Ethical renewal process at the CHU of
Québec Research Center;

— Completion of working agreements
with hospital authorities and staff from
Inukjuak and Puvirnituq;

— Hiring and training all the research
personnel: the three Inuit research
professionals and the research assistant.

— Search for and renting of a working and
living place for the team in Puvirnituq
and Inukjuak;

— Shipment of the study material and
equipment to Inukjuak and Puvirnitug;

3. Between January 23" and February 26"
2014, we successfully recruited and
tested 81 participants from Husdon Bay.
Participants were contacted by phone, were
provided with information about the study
protocol, and were invited to participate in
Puvirnituq or Inukjuak. Participants from
other communities located in Hudson
Bay coast were transported by plane to
Puvirnituq or Inukjuak.

4. We obtained one grant outside the NCP for co-

funding the study from the Canadian Institutes
of Health Research (CIHR), 2013-2017.

Capacity Building

During the previous phase of the study, each
child was evaluated by four examiners; two of
these evaluators were Inuit. We have trained two
Inuit women to conduct child testing; they tested
all children seen at age 11years. They received a
high level of training and their involvement in
this study makes them very skilled and sought-
after for work with school and hospital specialists
on child psychology, psychiatry, pediatrics and
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learning disabilities. Furthermore, we have
always worked with one, and sometimes two,
interpreters when conducting the field work.
A total of 5-6 interpreters have been trained
previously to do maternal interviews.

For this current phase, we hired one Inuit
woman as a research professional in Kuujjuaq
in 2013. In 2014, we hired three Inuit women
as research professionals from Inukjuak

and Puvirnituq. All of them have previously
worked with us as interpreters but their new
responsibilities fall far beyond interpretation and
include: recruitment and consent, scheduling
appointments, arranging local transportation
and coordinating flight and lodging
arrangements for out of town participants and
interpreter when needed.

Communications

During the data collection trip in 2014, study
posters were posted in communities (e.g.,
municipal offices, nursing stations, schools,
youth house and groceries). The fact sheet
presenting the main results of the 11-year follow-
up and the public health recommendations
provided to the population in 2011 has been
given to each participating adolescent along
with our study pamphlet. Participants were

also informed that we created a Facebook page
for them. This Facebook page was designed to
share progress and results from the current and
previous phases of the study, and to provide
information relevant for youths.

Traditional Knowledge Integration

Pure traditional knowledge and methods were
not integrated to the research protocol, but
better understanding of traditional knowledge
will be particularly important in examination
of emotional development of adolescents.
Consultation activities conducted in 2012
provided us access to the Inuit perspective
with regard to adolescent development

and adaptation. Based from our previous
experiences, intensive fields work will provide
opportunities for very informative discussions
with Inuit personnel that are likely to strengthen

our understanding of the adolescence period in
a cultural relevant way.

Results

We are currently conducting the data entry of
results from biological samples and of child
assessments collected in 2014. Therefore, we
do not have results to provide at this step of
the data collection at adolescence. Below are
the abstract of the most recent and relevant
publications with regard to results from the
previous phases of the study.

Boucher, O., Muckle, G., Jacobson, J.L., Carter,
R.C., Kaplan-Estrin, M., Ayotte, P., Dewailly,

E., Jacobson, S.W. (2014). Domain-Specific
Effects of Prenatal Exposure to PCBs, Mercury,
and Lead on Infant Cognition: Results from
the Environmental Contaminants and Child
Development Study in Nunavik. Environmental
Health Perspectives, 122 :310-316. doi.
org/10.1289/ehp.1206323. PMID: 24441767.
Background: Polychlorinated biphenyls (PCBs),
methylmercury (MeHg), and lead (Pb) are
environmental contaminants known for their
adverse effects on cognitive development.
Objectives: In this study we examined the
effects of prenatal exposure to PCBs, MeHg,
and Pb on cognitive development in a sample
of Inuit infants from Arctic Québec. Methods:
Mothers were recruited at local prenatal clinics.
PCBs, mercury (Hg), Pb, and two seafood
nutrients—docosahexaenoic acid (DHA) and
selenium (Se)—were measured in umbilical
cord blood. Infants (n = 94) were assessed at
6.5 and 11 months of age on the Fagan Test

of Infant Intelligence (FTII), A-not-B test,

and Bayley Scales of Infant Development—2nd
Edition (BSID-II). Results: Multiple regression
analyses revealed that higher prenatal PCB
exposure was associated with decreased FTII
novelty preference, indicating impaired visual
recognition memory. Prenatal Hg was associated
with poorer performance on A-not-B, which
depends on working memory and is believed to
be a precursor of executive function. Prenatal
Pb was related to longer FTII fixation durations,
indicating slower speed of information
processing. Conclusions: PCBs, MeHg, and

Pb each showed specific and distinct patterns
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of adverse associations with the outcomes
measured during infancy. By contrast, none of
these exposures was associated with performance
on the BSID-II, a global developmental measure.
The more focused, narrow band measures of
cognitive function that appeared to be sensitive
to these exposures also provide early indications
of long-term impairment in specific domains
that would otherwise not likely be evident until
school age.

Dion, L.-A., Muckle, G., Bastien, C., Jacobson,
S.W., Jacobson, J.L., Saint-Amour, D. (2013). Sex
differences in visual evoked potentials in school-
age children: What is the evidence beyond

the checkerboard? International Journal of
Psychophysiology, 88(2): 136-142. doi: 10.1016/j.
ijpsycho.2013.03.001. PMID: 23501018.
Background: Visual evoked potentials (VEPs)
are known to be influenced by several biological
variables, including sex. In adult populations
studies using conventional high-contrast
checkerboard have shown that females display
larger amplitudes and shorter latencies than
males. To date, few studies have been conducted
in children; the available data suggests that girls
display significantly larger amplitudes than boys
but the effect on latency is absent or negligible.
Methods: We investigated sex-related VEP
differences in 149 school-age (11.3 + 0.6 years)
children from Northern Quebec using several
VEP protocols: achromatic pattern-reversal
VEPs at high (95%) and low contrast (30%,

12% and 4%), as well as motion-onset VEPs

and isoluminant pattern-reversal VEPs. Results:
Girls showed significantly larger amplitudes in
achromatic VEPs for most of the contrast levels
as well as in N2 response to motion-onset. No
significant difference was found regarding the
amplitude of isoluminant VEPs. In addition, girls
showed shorter latencies for the achromatic N75
and a trend (p < 0.1) for the P100, regardless

of the contrast level. Interestingly, this latency
effect appeared mostly due to head size, not sex.
No differences in latency were found for motion
or isoluminant responses. Conclusions: Overall,
these findings show that sex-related differences
are present in children mostly in VEP amplitude
not only for high contrast achromatic pattern-
reversal but also for low contrast levels and

motion-onset VEPs, suggesting that sex affects
VEP responses in a general fashion.

Fortin, S., Jacobson, S.W., Gagnon, J., Forget-
Dubois, N., Dionne, G., Jacobson, J.L.., Muckle,
G. (accepted, September 2013). Socioeconomic
and Psychosocial Adversity in Inuit Mothers
from Nunavik during the First Postpartum Year.
Journal or Aboriginal Health. Background: The
postpartum year is a crucial period for child
development and mother-child attachment.

In a young and prolific population such as

the Inuit from Nunavik (Northern Quebec,
Canada), postpartum maternal well-being is
even more concerning. Objective: This study
aims document the prevalence and the co-
occurrence of socioeconomic and psychosocial
risk factors, and identify specific profiles of
women from these factors. Methods: Data
collection involved 176 mothers recruited
during pregnancy and interviewed 12 months
after delivery. Socioeconomic (age, education,
single parenting, unemployment, welfare) and
psychosocial risk factors (psychological distress,
suicidal thoughts and attempts, spousal abuse,
drug and alcohol use) were documented.

Four high-risk conditions (socioeconomic
precariousness, distress, domestic violence

and substance use) were computed and
considered in the analysis. Results: Adversity
was salient since most of women experience
simultaneously multiple high-risk conditions
(58%). Socioeconomic difficulties, distress and,
spousal abuse were the most prevalent. Distinct
profiles of women were identified: those
without socioeconomic and psychosocial risk
factor (30.8%) and those experiencing distress
(69.2%). Two specific profiles of distressed
mothers emerged: single women coping with
socioeconomic stressors (40.1%), women with
fewer financial difficulties but in an abusive
relationship and more likely to use drugs or
binge drink (29.1%). Conclusions: Our results
support the need for the development of
prevention and public health programs aimed to
improve well-being within the population.

Desrosiers, C., Boucher, O., Forget-Dubois, N.,
Dewalilly, E., Ayotte, P., Jacobson, S.W., Jacobson,
J.L., Muckle, G. (2013). Associations Between
Prenatal Cigarette Smoke Exposure and
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Externalized Behaviors at School Age Among
Inuit Children Exposed to Environmental
Contaminants, Neurotoxicology and Teratology,
39C :84-90. doi: 10.1016/j.ntt.2013.07.010.
PMID: 23916943. Background: Smoking during
pregnancy is common among Inuit women
from the Canadian Arctic. Yet prenatal cigarette
smoke exposure (PCSE) is seen as a major risk
factor for childhood behavior problems. Recent
data also suggest that co-exposure to neurotoxic
environmental contaminants can exacerbate the
effects of PCSE on behavior. Objectives: This
study examined the association between PCSE
and behavior at school age in a sample of Inuit
children from Nunavik, Québec, where co-
exposure to environmental contaminants is also
an important issue. Interactions with lead (Pb)
and mercury (Hg), two contaminants associated
with behavioral problems, were also explored.
Methods: Participants were 271 children (mean
age = 11.3 years) involved in a prospective
birth-cohort study. PCSE was assessed through
maternal recall. Assessment of child behavior
was obtained from the child’s class- room
teacher on the Teacher Report Form (TRF)

and the Disruptive Behavior Disorders Rating
Scale (DBD). Exposure to contaminants was
assessed from umbilical cord and child blood
samples. Other confounders were documented
by maternal interview. Results: After control

for contaminants and confounders, PCSE was
associated with increased externalizing behaviors
and attention problems on the TRF and higher
prevalence of attention deficit hyperactivity
disorder (ADHD) assessed on the DBD. No
interactions were found with contaminants.
Interpretation: This study extends the existing
empirical evidence linking PCSE to behavioral
problems in school-aged children by reporting
these effects in a population where tobacco use
is normative rather than marginal. Co-exposure
to Pb and Hg do not appear to exacerbate
tobacco effects, suggesting that these substances
act independently.

Verner, M.A., Sonneborn, D., Lancz, K.,
Muckle, G., Ayotte, P., Dewailly, E., Kocan, A.,
Palkovicova, L., Trnovec, T., Haddad, S., Hertz-
Picciotto, L., Eggesbg, M. (2013). Toxicokinetic
Modeling of Persistent Organic Pollutant
Levels in Blood from Birth to 45 Months of

Age in Longitudinal Birth Cohort Studies.
Environmental Health Perspectives, 121 (1): 131-7.
doi: 10.1289/ehp.1205552. PMID : 23086694.
Background: Despite experimental evidence
that lactational exposure to persistent organic
pollutants (POPs) can impact health, results
from epidemiologic studies are inconclusive.
Inconsistency across studies may reflect the
inability of current methods to estimate
children’s blood levels during specific periods
of susceptibility. Objectives: We developed a
toxicokinetic model to simulate blood POP
levels in children from two longitudinal birth
cohorts and aimed to validate it against blood
levels measured at 6, 16, and 45 months

of age. Methods: The model consisted of

a maternal and a child lipid compartment
connected through placental diffusion and
breastfeeding. Simulations were carried out
based on individual physiologic parameters;
duration of breastfeeding; and levels of POPs
measured in maternal blood at delivery, cord
blood, or breast milk. Model validity was assessed
through regression analyses of simulated against
measured blood levels. Results: Simulated
levels explained between 10% and 83% of
measured blood levels depending on the
cohort, the compound, the sample used to
simulate children’s blood levels, and child’s
age when blood levels were measured. Model
accuracy was highest for estimated blood POP
levels at 6 months based on maternal or cord
blood levels. However, loss in model precision
between the 6th and the 45th month was

small for most compounds. Conclusions: Our
validated toxicokinetic model can be used to
estimate children’s blood POP levels in early
to mid-childhood. Estimates can be used in
epidemiologic studies to evaluate the impact of
exposure during hypothesized postnatal periods
of susceptibility on health.

Discussion and Conclusions

The follow-up at age 11 years advanced our
understanding of the domains affected by
exposure to PCBs, mercury and lead, and
provided new insights on the long-term
beneficial effects of omega-3 fatty acids. Activities
planned for the current year were successfully
conducted, without significant changes, and in
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accordance the expected timeline. The current
phase of this prospective longitudinal mother-
child cohort successfully started in 2013 with
the recruitment of 61 participants in 2013 and
81 participants in 2014 for the follow-up of the
cohort at the adolescence period. For the next
year, we aim to recruit 24 participants, and by
2016, we aim to recruit 200 participants.

Expected project Completion Date

End of data collection is 2016. End of study is 2017.

Project social media page

www.facebook.com/pages
Nunavik-Child-Development-Study-
NCDSEDEN/132959206872267
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Abstract

Prenatal exposure to lead, PCBs and

mercury have been associated to behavioural
impairments in children. In the last three
cohort studies conducted in Nunavik (1 year-
old, 5 years-old, 11 years-old), we have assessed
behavioural development and found subtle
effects of lead on attention, activity, impulsivity,
but also of PCBs on emotional outcomes.
Although we continue to look at the association
between environmental contaminants and
attention, activity and impulsivity, we have also
focused on emotional outcomes, mainly stress.
This focus on the stress system is based on
recent scientific results showing that exposure
to environmental contaminants may impair this
endocrine system, and thus impact behavioural

Résume

L’exposition prénatale au plomb, aux biphényles
polychlorés (BPC) et au mercure a été associée a
des troubles du comportement chez les enfants.
Dans le cadre des trois plus récentes études de
cohorte que nous avons menées au Nunavik
(enfants de 1 an, 5 ans et 11 ans), nous avons
évalué le développement comportemental des
enfants et relevé des effets subtils du plomb sur
I’attention, I'activité et 'impulsivité, ainsi que
des BPC sur les réactions affectives. Tout en
continuant d’examiner I’association entre les
contaminants de I’environnement et ’attention,
I’activité et I'impulsivité, nous nous sommes
également penchés sur les réactions affectives,
en particulier le stress. L’accent a été mis sur

le systeme d’adaptation au stress en raison
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outcomes. Furthermore, adolescence is a period
at which mechanisms of hormone disruption

by environmental contaminants become
obvious, and at which emotional development is
particularly at risk. Finally, stress is a significant
factor of attention, activity, impulsivity levels but
also of various physical and mental disorders

in adolescents. For the last two years (2012

to 2014), we have collected data on stress
(cortisol levels in saliva and in hair samples)
and on behavioural dimensions (analysis of
video recordings) from the follow-up study of
children at age 17 lead by Dr. Gina Muckle.
Data from the 2012-2013 collection have been
generated through lab analysis and behavioural
coding. Variables collected showed high inter-
individual variability, which is a prerequisite

to statistical analysis. Next lab analysis and
behavioural coding are currently in progress for
the data collected in the 77 teenagers assessed
during the last data collection (February-March
2014). At the end of this process, data on stress,
and on observed behavioural dimensions will
be available for 134 Inuit teenagers allowing
statistical analyses.

Key messages

® Recruitment of Inuit teenagers that have
already participated to a previous data
collection (at 5 or 11 years of age) is feasible

e Assessment of the stress system through
bioindicator is feasible

* Inter-individual variability in the value of
these bioindicators (allostatic load, salivary
cortisol, and hair cortisol) indicate that this
way to assess stress is relevant to the Inuit
population

des résultats d’études scientifiques récentes
indiquant que I’exposition aux contaminants
environnementaux peut perturber le systeme
endocrinien et, par conséquent, affecter le
comportement. De plus, I'adolescence est une
période au cours de laquelle les perturbations
hormonales causées par les contaminants
environnementaux deviennent manifestes et ou
le développement affectif est particulierement

a risque. Enfin, le stress a une incidence
marquée sur les niveaux d’attention, d’activité
et d’'impulsivité, en plus d’intervenir dans

divers troubles physiques et mentaux touchant
les adolescents. Au cours des deux derniéres
années (2012 a 2014), nous avons recueilli des
données sur le stress (niveaux de cortisol dans
des échantillons de salive et de cheveux) et

sur les aspects du comportement (analyse des
enregistrements vidéo) a partir de I’étude de
suivi aupres d’adolescents de 17 ans dirigée

par la Pre Gina Muckle. Les données issues

de la collecte de 2012-2013 ont été générées

par des analyses en laboratoire et le codage

des comportements. Les variables recueillies
révelent une grande variabilité interindividuelle,
qui est une condition préalable a la réalisation
d’une analyse statistique. Les analyses en
laboratoire et le codage des comportements sont
en cours pour les données recueillies chez les
77 adolescents ayant participé a la plus récente
collecte de données (de février a mars 2014).
Au terme de cette démarche, des données sur le
stress ainsi que sur les aspects du comportement
observé seront disponibles pour 134 adolescents
inuits, aux fins d’analyses statistiques.

Messages clés

* Il est possible de recruter des adolescents
inuits qui ont déja participé a une collecte
de données antérieure (a I’age de 5 ans ou
de 11 ans).

e [’évaluation du systeme d’adaptation au
stress au moyen de bio-indicateurs est
possible.

¢ Lavariabilité interindividuelle dans la valeur
de ces bio-indicateurs (charge allostatique,
concentrations de cortisol dans la salive et
les cheveux) confirme la pertinence de cette
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¢ Inter-individual variability in the value
of behavioural dimensions following
behavioural coding of video indicate that
this way to assess attention, activity or
emotional reactivity is still relevant in Inuit
teenagers

® Preliminary data suggest an adverse
association between exposure to
environmental contaminants and stress in
the Inuit population

Objectives

1. To conduct an add-on study with 17-year
old children in order to test whether sub-
clinical impairments due to environmental
contaminants, and observed on behavioural
dimensions in previous study would persist
in adolescence

2. To test whether those sub-clinical
impairments could be explained by
the endocrine disrupting properties of
environmental contaminants on the stress
system

3. To conduct secondary analysis on data from
the Inuit Health Survey in order to test
whether environmental contaminants play a
role on chronic stress, assessed through the
allostatic load index

méthode pour I’évaluation du stress dans la
population inuite.

¢ Lavariabilité interindividuelle dans la valeur
des aspects du comportement a la suite
du codage des comportements observés
dans les enregistrements vidéo confirme la
pertinence de cette méthode pour évaluer
I’attention, ’activité et la réactivité affective
chez les adolescents inuits.

* Les données préliminaires donnent a penser
qu’il existe une association défavorable
entre I’exposition a des contaminants
environnementaux et le stress dans la
population inuite.

Introduction

Adolescence is a period of great changes in

the body functioning, and hormones, called
steroids, which are measurable in adolescents,
mainly orchestrate these changes. Because
steroids are known to be disrupted by low-level
exposure to environmental contaminants (ECs)
(Koopmanesseboom et al., 1994; Jacobson and
Jacobson, 1996; Pirkle et al., 1998; Denham
etal., 2005), it is critical to study the effects of
ECs on adolescents’ steroids and the body and
brain functions they impact on. In Inuit from
Nunavik, adolescence is a particular period of
vulnerability for psychological well-being. For
example, the 1992 Inuit Santé Quebec survey
found that 38% of a sample aged 15-24 year-
olds had suicidal ideation, 22% reported having
attempted suicide in their lifetime, and 13%
had attempted suicide in the year before the
survey(Kirmayer et al., 1998). These results have
been replicated and are even more alarming in
the 2004 Nunavik Inuit Health Survey.
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Environmental Contaminants, even at low
exposure levels, impact brain functioning.
Lead (Pb) exposure has been shown to

be related to neurobehavioral endpoints

such as attention, general activity level,
emotional characteristics and social behavior
in children (Thomson et al., 1989; Bellinger
et al., 1994; Chen et al., 2007), and recent
studies support the notion that there is no
safe level of exposure for Pb (Bellinger et al.,
1992; Canfield et al., 2003; Needleman and
Landrigan, 2004). The developmental toxicity
of methylmercury (MeHg) is starting to be
well known. The Seychelles child development
study and the Faroe Island study are the two
major prospective studies that have examined
the relationship between MeHg exposure and
neurodevelopment (Davidson et al., 2000;
Grandjean et al., 1997; Grandjean et al., 1998).
In a recent study, prenatal methylmercury has
been related to ADHD symptomatology in
Inuit children. (Boucher et al., 2012) Perinatal
exposure to PCBs has also been related to
neurodevelopmental impairment, such as in
the Michigan (Jacobson et al., 1990; Jacobson
and Jacobson, 2003), or the North Carolina
study (Rogan et al., 1986). Our recent results
suggested that background exposure to PCBs
in utero may have subtle effects on emotional
outcomes in 5 year-old Inuit (Plusquellec et al.,
2010).

One plausible process by which environmental
contaminants could impact the brain is
through their action on hormonal systems,
and particularly on steroids. Among steroids,
glucocorticoids are produced in response to
environmental stress, and have been reliably
shown to be impaired by environmental
toxins. In wildlife, impaired ability to elevate
blood glucocorticoids in response to an acute
stress was related to heavy metals exposure
(cadmium, Pb, mercury) and environmental
organic contaminants (PCBs, solvents,
pesticides) in fish,(Hontela et al., 1992;
Hontela et al., 1995; Benguira et al., 2002)
amphibians, (Gendron et al., 1997) birds, (Love
etal., 2003) and large mammals (Oskam et al.,
2004). One study has shown that a low-level

of exposure to Pb increased glucocorticoids
responses to acute stress in 9-10 year-old

children.(Gump et al., 2008) We published
a critical review: Adverse effects of pollution on
mental health: the stress hypothesis (Lanoix, 2013).

The association between glucocorticoids

and behavioural development, particularly
emotional development are well documented
(van Heeringen et al., 2000; Miller et al.,

2006; Lerner et al., 2007; Susman et al.,

2010). As a consequence, one possible
mechanism that would explain the

numerous adverse associations between
environmental contaminants and behavioural
and psychological outcomes would be via
impairment of the glucocorticoids pathway.
Consequences of such disturbance may be
assessed through two complementary way

(a) by measuring the reactivity of the stress
system to a physical or social threat, and (b) by
measuring the levels of glucocorticoids in hair,
which is a validated way to assess chronic stress
(Kirschbaum et al., 2009; Dettenborn et al.,
2010).

Inuit from Nunavik have been shown to be
significantly more exposed to Pb, PCBs and
MeHg than the general population from
Southern Quebec (Muckle et al., 2001).
These ECs have been shown to impair
behavioural development even at low doses
of exposure. Importantly, little is known
about the mechanism of action of ECs in the
developing human although more and more
studies emphasized the endocrine disrupting
properties of ECs. Thus, the next generation of
studies should have the ambition to understand
how these common ECs impair children’s
development and functioning in order to

be able to precisely generate public health
recommendations. In the present project,

we aim to address this research question by
analyzing physiological and behavioural data
collected in Inuit teenagers. Furthermore,
we include in the present proposal secondary
analysis, which aim to strengthen the
potential finding of an association between
environmental contaminants and stress in
teenagers by replicating it in adults from the
Inuit Health Survey.
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Activities in 2013-2014

In this study, we have continued collecting
behavioural dimensions through video
recordings, but we have also focused on
biological measures of stress through two
indexes: cortisol levels in saliva, which provides
information on the way the stress system is able
to deal with everyday stressors, and cortisol
levels in hair, which provides information

on the levels of stress in the three previous
months, and thus which is more an indication
of chronic stress.

Since ethical processes have taken a few
months to reach final approbation from Laval
University, first data collection in Kuujjuaq
with 60 Inuit teenagers — aiming at testing our
procedure of saliva and hair collections as well
as for behavioural outcomes in this age group —
that was programmed for fall 2012, occurred in
January 2013. Biological materials (saliva and
hair samples) and video recordings have thus
been analyzed and coded in 2013-2014. The
second data collection was done in January-
February 2014. Analysis and behavioural
coding of those biological materials and video-
recordings are thus currently in progress.

Two research assistants are currently coding
behavioural dimensions from video recordings,
and coordinator of the study is currently
checking inter-judge reliability for this
behavioural coding, and creating the database
needed to conduct statistical analysis.

At the end of this data collection process, we
expect to have stress outcomes and behavioural
dimensions in 134 participants, allowing us

to statistically analyze the data, in order to
determine potential association between
exposure to environmental contaminants

and stress, but also behavioural dimensions
in Inuit teenagers. In the meanwhile, the
coordinator of the study has started analysis
about the association between environmental
contaminants, and the allostatic load index in
the Inuit Health Survey.

Results

From the data collection in Inuit teenagers,
saliva samples from 57 Inuit teenagers have
already been analyzed for cortisol, and results
show a wide inter-individual variability (Cortisol
lab arrival = 0.46 ug/dL s.d. 0.34; Cortisol lab
arrival+120min = 0.23 ug/dL s.d. 0.15). Those
preliminary results showed that participation
of teenagers to the study does not stress them
since their levels of cortisol significantly
decreased across the lab visit. Hair samples
from 48 Inuit teenagers have been analyzed

for cortisol, and results show also a wide inter-
individual variability (Cortisol hair = 22.50
pg/mg s.d. 41.38). This wide inter-individual
variability indicates that assessing stress levels
with such physiological variables will allow us

to statistically determine the contribution of
environmental contaminants into this variability.
Behavioural dimensions have been extracted
through video coding of video recordings taken
in two different situations: blood sampling

and cognitive evaluation. Results from blood
sampling situation show that participants had
only 0.15 negative affect per minutes. They
smiled and laughed 1.11 times per minutes.
Their face expressed a neutral affect 51.67%

of the time, a positive affect 35.07% of the
time, and there is also a high inter-individual
variability. Those behavioural coding will be
validated in our next trip in Inukjuaq by the
Inuit interpreters. Finally, in the cognitive
evaluation task, levels of inattention, assessed
by the percentage of time each participant

did not look at the computer or the research
assistant reached in average 23.77% of the total
duration of the cognitive evaluation (s.d. 15.39).
In other words, each participant looked off
task 0.28 times per min (s.d. 0.35). Data for the
other participants (n=60) are currently under
behavioral coding or laboratory assessment.

From the NUNAVIK INUIT HEALTH SURVEY:
the study involved a cohort of 914 adult,

ages from 18 to 74 years, from the 14 Inuit
communities in Nunavik conducted in 2004. The
aim of the current project is to document the
effect of environmental contaminants exposure
on Inuit chronic stress, assessed through the
allostatic load index. Allostatic load is a validated
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measure of chronic stress representing multi-
systemic physiological dysregulations in response
to environmental demands. Allostatic load index
was calculated using 14 biomarkers representing
neuroendocrine, immune, cardiovascular and
metabolic systems. Our team collaborated with
Mylene Riva to generate this allostatic load
index. Mylene Riva is a young post-doctoral
researcher, directed by Eric Dewailly, and

she has shown that this physiological index

of chronic stress was significantly related to
overcrowding in Inuit population. This paper
was published in the Journal of Epidemiology

& Community Health. The next step is to

look at association between this allostatic

load index and environmental contaminants
exposure. Preliminary analysis shows that
increased exposure to ECs is significantly
associated with allostatic load in the adult Inuit
population of Nunavik, thereby indicating

that exposure to environmental contaminants
triggers the chronic stress that leads to
behavioural and psychological outcomes, as
hypothesized. We have done this preliminary
analysis with four legacy (MeHg, Pb, PCB-153
and p,p’-DDE) and four emerging (BDE-47,
perfluorooctanesulfonate, pentachlorophenol
and toxaphenes) contaminants relevant to NCP
and identified as priority contaminants by the
Nunavik Inuit Health Survey. It is particularly
interesting to notice that the strongest
association is observed with the emerging
contaminants models in middle-age Inuit
(B=0.24; p<0.001, n=468), since the effects of
those contaminants on human health remain to

be studied.

Discussion and Conclusions

We cannot provide any conclusion up to now,
since we need to complete data collection and
statistical analysis first. Assessing stress with
physiological data from saliva sampling or hair
sampling seems to be suitable and relevant to
the Inuit context.

Expected Project Completion Date

Expected project completion date will be April
2015.
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Abstract

As part of a broader project called the Nutrition
Program in Nunavik Childcare Centres, the
present study primarily aims to document the
contaminant nutrient interactions in preschool
Inuit children from Nunavik. From 2006 to
2010, a total of 245 children were recruited

and 110 of them were seen for a follow-up visit
one year later. Heavy metals and persistent
organic pollutants (POPs), dietary intakes, and
nutritional status were measured at both visits.
Children who consumed traditional food had
significantly higher intakes of proteins, omega-3
fatty acids, and many vitamins and minerals
than non-consumers. Lead, PCB 153, PBDE 47,
PFOS and PFOA were detected in all samples at
recruitment. PBDE 47, 99 and 100 were more

Résume

Cette étude, réalisée dans le cadre d’un projet
plus vaste appelé Programme de nutrition dans
les centres de la petite enfance du Nunavik,

a comme objectif principal de documenter

les interactions entre les contaminants et

les nutriments chez les enfants inuits d’age
préscolaire au Nunavik. De 2006 a 2010,

245 enfants ont été recrutés, et 110 d’entre
eux ont €té revus au cours d’une visite de suivi
une année plus tard. Lors des deux visites,

on a mesuré les taux de métaux lourds et de
polluants organiques persistants (POP), les
apports alimentaires et I’état nutritionnel.

Les enfants qui consommaient des aliments
traditionnels avaient des apports nettement
plus élevés en protéines, en acides gras oméga-3

H. Turgeon-0'Brien

a4


mailto:doris.gagne@crchul.ulaval.ca

prevalent and detected at higher levels than

in Nunavimmiut adults. Thirteen percent of
participants had values equal to, or exceeding
the blood guidance value for methylmercury

(8 pg/L), or were above the PCB level of
concern (5 pg/L). Between 32% and 68% of
the participating children did not meet the
daily servings recommended in the Canada’s
Food Guide to Healthy Eating, depending on the
food group examined. A high proportion of the
participants had inadequate intakes for several
nutrients. Moreover, a suboptimal nutritional
status was observed in a large proportion of
participants, with 65% of them having a low
serum vitamin D level (<75 nmol/L 25(OH)

D) and 50% suffering from iron deficiency. An
inverse association was found between children’s
iron status and blood lead levels. In regression
models, tomato products and dietary calcium
intake had a protective effect against mercury
and lead exposure, respectively. The 2013-

2014 research funding support was requested

in order to complete the development of a
communication plan with the Nunavik Nutrition
and Health Committee (NNHC). Key findings
will be delivered to target audiences including
parents and frontline workers.

Key Messages

e A total of 245 Inuit preschool children
from 10 Nunavik communities have been
recruited between 2006 and 2010, and 110 of
them were seen for a follow-up visit one
year after recruitment (representing 53% of

children recruited from 2006 to 2009)

® Levels of heavy metals and legacy POPs
were lower in these Inuit preschool
children compared to other Nunavimmiut

et en plusieurs vitamines et minéraux par
rapport a ceux qui n’en consommaient pas. La
présence de plomb, de PBC 153, de PBDE 47,
de PFOS et de PFOA a été détectée dans

tous les échantillons prélevés au moment du
recrutement. Les PBDE 47, 99 et 100 ont été
retrouvés plus souvent et a des concentrations
plus élevées que chez les Nunavummiut adultes.
Treize pour cent des participants présentaient
des valeurs égales ou supérieures a la valeur
guide relative a la concentration sanguine en
méthylmercure (8 pg/L) ou dépassaient le
niveau de préoccupation en ce qui concerne

les BPC (5 pg/L). Selon le groupe alimentaire
examiné, de 32 % a 68 % des enfants participants
ne consommaient pas le nombre de portions
recommandé dans le Guide alimentaire canadien
pour manger sainement. Une forte proportion
des participants avaient des apports inadéquats
en plusieurs nutriments. De plus, un état
nutritionnel sous-optimal a été observé chez une
vaste proportion des participants : parmi ceux-
ci, 65 % présentaient un faible taux sérique de
vitamine D (<75 nmol/L de 25(OH)D) et 50 %
souffraient d’une carence en fer. Une association
inverse a été observée entre le bilan en fer des
enfants et les niveaux de plombémie. Selon

les modeles de régression, la consommation

de produits a base de tomates et un apport
adéquat en calcium offrent une protection
contre I’exposition au mercure et au plomb,
respectivement. L’appui financier a la recherche
demandé pour 2013-2014 visait I’élaboration
d’un plan de communication avec le Comité de
la nutrition et de la santé du Nunavik (CNSN).
Les principales observations seront présentées
aux publics cibles, notamment aux parents et aux
intervenants de premiere ligne.

Messages clés

* Au total, 245 enfants inuits d’age préscolaire
provenant de 10 communautés du Nunavik
ont été recrutés de 2006 a 2010, et 110
d’entre eux ont été revus au cours d’une
visite de suivi une année plus tard (cela
représente 53 % des enfants recrutés entre
2006 et 2009).

e Les concentrations de métaux lourds
et d’anciens POP étaient inférieures
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populations, while the levels of some
brominated flame retardants, a class of
emerging contaminants, were among the
highest in the world

A significant proportion of children did not
meet the daily servings recommended in
the Canada’s Food Guide to Healthy Eating,
which is consistent with the low nutrient
intakes and the high prevalence of iron

and vitamin D deficiencies observed in the
present study

Even though traditional foods represented
only 36% of the children’s diet on the day of
the recall, they significantly improved their
nutrient intakes

Our results also showed that, for the same
level of consumption of traditional foods,
the consumption of healthy store-bought
foods such as tomato products and calcium-
rich foods reduced mercury and lead
exposure, respectively

Funding received in 2013-2014 was devoted
to the preparation of communication tools
for disseminating our study findings, in
collaboration with the Nunavik Nutrition
and Health Committee (NNHC)

chez ces enfants inuits d’age préscolaire
comparativement aux autres populations
inuites du Nunavik, tandis que les
concentrations de certains ignifuges bromés,
une classe de contaminants en émergence,
étaient parmi les plus élevées au monde.

Une proportion importante des enfants ne
consommaient pas le nombre de portions
recommandé dans le Guide alimentaire
canadien pour manger sainement, ce

qui concorde avec les faibles apports en
nutriments et la forte prévalence des
carences en fer et en vitamine D observés
dans cette étude.

Méme si les aliments traditionnels ne
représentaient que 36 % de la diete des
enfants le jour du rappel, ils amélioraient
significativement leurs apports en
nutriments.

Nos résultats montrent également que, pour
un niveau équivalent de consommation
d’aliments traditionnels, la consommation
d’aliments sains du commerce, tels que les
produits a base de tomates et les aliments
riches en calcium, atténuait I’exposition au
mercure et au plomb, respectivement.

Le financement recu en 2013-2014 a été
consacré a la préparation d’outils de
communication pour diffuser les résultats de
nos études, en collaboration avec le Comité
de la nutrition et de la santé du Nunavik
(CNSN).
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Objectives

The long-term objectives of the project are:

1. To document the contaminant nutrient
interactions in Nunavik children of
preschool age.

2. To assist daycare directors, cooks and parents
in making informed decisions concerning
the benefits/risks of traditional /country
foods among preschool children using
dietary intakes, biochemical/hematological
parameters and clinical information.

The short-term objectives of the project are:

1. To pursue the development of a
communication plan to inform target
audiences about the key findings of the
study.

2. To communicate the key findings of the
study according to the communication plan
developed with an Advisory Committee
composed of members of the NNHC.

3. To continue analysis of data on the
relationship between blood levels of
persistent organic pollutants (POPs), food
components/nutrients and nutritional status
of children and on changes between the
initial and follow-up visit (one year later)
and communicate these results as they
become available.

Introduction

The harvesting, processing, sharing and
consumption of traditional/country foods are
beneficial to the Canadian Arctic Indigenous
Peoples for cultural, social, psychological,
socioeconomic and nutritional well-being
(Donaldson et al. 2010). Among other
benefits, consumption of one or more servings
of traditional food significantly improved
dietary quality in children (Gagné et al. 2012;
Johnson-Down and Egeland 2010; Kuhnlein

and Receveur 2007; Nakano et al. 2005).
However, these multiple benefits have to be
weighed against the detrimental effects of
contaminants that are bio-amplified in Arctic
food webs (Donaldson et al. 2010). In particular,
heavy metals and POPs are recognized as
significant neurotoxic agents and can lead

to developmental deficiencies and learning
disabilities in young children (Huntington
2009).

Results from mechanistic, experimental

and observational studies suggest that

various nutrients and diet components can
modulate the effects of contaminants on
health (Donaldson et al. 2010). Studies have
documented that a higher dietary calcium
intake provides a protective effect against lead
exposure in children and infants (Elias et al.
2007; Lacasana et al. 2000; Schell et al. 2004;
Turgeon O’Brien et al. 2014b). One possible
mechanism for explaining this observation is
that a diet rich in calcium could reduce lead
absorption in the intestine through competition
for binding sites (Blake and Mann 1983; Heard
and Chamberlain 1982). Unfortunately, low
calcium intakes are a concern in Inuit preschool-
aged children (Turgeon O’Brien et al. 2014b).
Moreover, an alarming proportion of these
children had a low serum vitamin D level (El
Hayek et al. 2010; Gagné et al., unpublished
data) which reduces calcium absorption,
thereby enhancing lead absorption and blood
lead levels. In addition, lead and iron share

the same transporter for intestinal absorption
(Ballatori 2002). As a result, iron deficiency
increases lead absorption, whereas lead
exposure can produce anemia by interfering
with the biosynthesis of heme (constituent of
hemoglobin) in the bone marrow (Peraza et
al. 1998). Studies carried out in children and
teens around the world, including preschoolers
attending childcare centres in Nunavik,
indicate that iron deficiency is associated with
higher blood lead levels (Ahamed et al. 2007;
Schell et al. 2004; Turgeon O’Brien et al. 2009;
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Willows and Gray-Donald 2002). Also, fruit
consumption may provide a protective effect
for mercury exposure in humans (Passos et al.
2003; Passos et al. 2007). Soluble fibre content
of fruits and other prebiotic nutrients could

be interfering with mercury absorption in the
intestine (Passos et al. 2007). Furthermore, our
results in Inuit preschoolers suggest a protective
effect of tomato products on blood mercury
levels (Gagné et al. 2013b). Nutritional factors
contained in tomato products, such as the
powerful antioxidant lycopene, could influence
methylmercury elimination from the body.

Research is needed to examine the influence
of various nutrients and diet components on
contaminant exposure and toxicity in humans.
This is particularly relevant in children from
the Canadian Arctic in whom nutritional
deficiencies or inadequate intakes have been
reported for several nutrients, including iron,
calcium and vitamin D (Turgeon O’Brien et al.
2014b; Gagné et al. 2012; E]1 Hayek et al. 2010;
Johnson-Down and Egeland 2010; Pacey et al.
2010).

Activities for 2013-2014

This year was mainly dedicated to the
production of communication tools for
dissemination of results to target audiences
including parents and frontline workers in
Nunavik. We also continued the analysis of our
data on blood contaminant levels (mainly on
PBDEs).

1. Communications

We worked with the Advisory Committee on a
communication plan and key messages based
on our research findings. The support of the
Advisory Committee is important in order for
the communication activities to better reflect
the sociocultural background of the Nunavik
population and be in agreement with the health
promotion initiatives of the Nunavik Regional
Board of Health and Social Services (NRBHSS)
and the NNHC.

With less than a third of the funding initially
requested (from the original request of $129,004
to 40,000%), we produced the following material
based on our key findings:

e b5 fact sheets for parents and frontline
workers on: (i) Nunavik Food Guide and
country foods; (ii) Vitamin D; (iii) Iron;
(iv) Mercury and lead; (v) PBDEs;

¢ 1 background document on vitamin D
deficiency and supplementation, intended
for the NRBHSS and the NNHC;

® 3 short scripts for Web-based capsules

on (i) Vitamin D; (ii) Iron; (iii) Mercury
and lead.

2. Capacity Building

Our communication activities contribute to our
objective of assisting daycare directors, cooks
and parents in making informed decisions
concerning the benefits/risks of traditional/
country foods among preschool Inuit children.

3. Traditional Knowledge Integration

The Inuit values, beliefs and traditional
knowledge about foods, nutrition and care
for children are taken into account when
interpreting and communicating our research
findings. We made sure that our Advisory
Committee included Inuit members to ensure
that our results on contaminant nutrient
interactions are interpreted in an appropriate
manner and communicated in a way that is
useful particularly to Nunavimmiut.

Results

Our main results to date can be drawn from
selected abstracts of our articles published in
peer-reviewed journals or in preparation.

¢ (itation from Turgeon O’Brien, H., R.
Blanchet, D. Gagné, J. Lauziere, C. Vézina,
E. Vaissiere, P. Ayotte, S. Déry. (2012):
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“Arctic populations are exposed to
substantial levels of environmental
contaminants that can negatively affect
children’s health and development.
Moreover, emerging contaminants have
never been assessed in Inuit children. In
this study, we document the biological
exposure to toxic metals and legacy and
emerging persistent organic pollutants
(POPs) of 155 Inuit children (mean

age 25.2 months) attending childcare
centers in Nunavik. Blood samples were
analyzed to determine concentrations of
mercury, lead, polychlorinated biphenyls
(PCBs), pesticides, brominated flame
retardants [e.g., polybrominated diphenyl
ethers (PBDEs) | and perfluoroalkyl and
polyfluoroalkyl substances [PFASs; e.g.
perfluorooctanesulfonate (PFOS) and
perfluorooctane (PFOA)]. Lead [geometric
mean (GM) 0.08 pmol/L], PCB-153 (GM
22.2 ng/g of lipid), BDE-47 (GM 184 ng/g
of lipid), PFOS (GM 3369 ng/L), and
PFOA (GM 1617 ng/L) were detected in
all samples. Mercury (GM 9.8 nmol/L)

was detected in nearly all blood samples
(97%). Levels of metals and legacy POPs
are consistent with the decreasing trend
observed in Nunavik and in the Arctic. PBDE
levels were higher than those observed in
many children and adolescents around

the world but lower than those reported

in some U.S. cities. PFOS were present in
lower concentrations than in Nunavimmiut
adults. There is a clear need for continued
biomonitoring of blood contaminant levels
in this population, particularly for PBDEs
and PFASs.”

Citation from Gagné, D., R. Blanchet, J.
Lauziére, E. Vaissiére, C. Vézina

P. Ayotte, S. Déry, H. Turgeon O’Brien
(2012):

“OBJECTIVES: To describe traditional food
(TF) consumption and to evaluate its impact
on nutrient intakes of preschool Inuit
children from Nunavik. DESIGN: A cross-
sectional study. METHODS: Dietary intakes
of children were assessed with a single
24-hour recall (n=217). TF consumption

at home and at the childcare centres

was compared. Differences in children’s
nutrient intakes when consuming or not
consuming at least 1 TF item were examined
using ANCOVA. RESULTS: A total of 245
children attending childcare centres in 10
communities of Nunavik were recruited
between 2006 and 2010. The children’s
mean age was 25.0+9.6 months (11-54
months). Thirty-six percent of children
had consumed at least 1 TF item on the
day of the recall. TF contributed to 2.6%
of total energy intake. Caribou and Arctic
char were the most reported TF species.
Land animals and fish/shellfish were the
main contributors to energy intake from
TF (38 and 33%, respectively). In spite of
a low TF intake, children who consumed
TF had significantly (p<0.05) higher
intakes of protein, omega-3 fatty acids,
iron, phosphorus, zinc, copper, selenium,
niacin, pantothenic acid, riboflavin, and
vitamin B12, and lower intakes of energy
and carbohydrate compared with non-
consumers. There was no significant
difference in any of the socio-economic
variables between children who consumed
TF and those who did not. CONCLUSION:
Although TF was not eaten much, it
contributed significantly to the nutrient
intakes of children. Consumption of TF
should be encouraged as it provides many
nutritional, economic, and sociocultural
benefits.”

Citation from Gagné, D,] Lauziere, R.
Blanchet, C. Vézina, E. Vaissiere, P. Ayotte
H. Turgeon O’Brien (2013):

“Some evidence suggests that various diet
components and nutrients, including
vegetables, fruit and food-derived
antioxidants, could mitigate contaminant
exposure and/or adverse health effects of
contaminants. To examine the effect of the
consumption of tomato products on blood
mercury levels in Inuit preschool children,
155 Inuit children (25.0+9.1months) were
recruited from 2006-2008 in Nunavik
childcare centers (northern Québec,
Canada). Food frequency questionnaires
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were completed at home and at the
childcare center, and total blood mercury
concentration was measured by inductively
coupled plasma-mass spectrometry.
Multivariate regression analysis was
performed after multiple imputation. The
median blood concentration of mercury was
9.5nmol/L. Age, duration of breastfeeding,
annual consumption frequency of seal meat,
and monthly consumption frequency of
tomato products were significant predictors
of blood mercury levels, whereas annual
consumption frequencies of beluga muktuk,
walrus, Arctic char, and caribou meat were
not. Each time a participant consumed
tomato products during the month before
the interview was associated with a 4.6%
lower blood mercury level (p=0.0005). All
other significant predictors in the model
were positively associated with blood
mercury levels. Further studies should
explore interactions between consumption
of healthy store-bought foods available in
Arctic regions and contaminant exposure.”

Citation from Gagné, D., R. Blanchet, E.
Vaissiere, J. Lauziere, C. Vézina,

C. Vinet-Lanouette, H. Turgeon O’Brien
(2013):

“PURPOSE: We assessed the impact of a
nutrition program implemented in Nunavik
childcare centres on Inuit children’s food
and dietary intakes. METHODS: Two
hundred and forty-five Inuit children
(aged 25.0 = 9.6 months) were recruited
between 2006 and 2010 in Nunavik childcare
centres. Dietary intakes were assessed using
a single 24-hour dietary recall (n=217).

We compared participants’ energy and
nutrient intakes, and the proportions

who met iron requirements and Canada’s
Food Guide - First Nations, Inuit and Métis
recommendations, depending on whether
or not they attended a childcare centre
during the 24-hour dietary reference
period. RESULTS: Children who attended
a childcare centre on the day of the recall
had significantly higher intakes of omega-3
fatty acids, calcium, total iron, bioavailable
iron, phosphorus, beta-carotene, folate,

pantothenic acid, riboflavin, and vitamin
K, while a higher proportion of them
met the recommended intake for total
and bioavailable iron. The proportion

of children who met the recommended
servings for vegetables and fruit, grain
products, and milk and alternatives was
also significantly higher among participants
who attended a childcare centre.
CONCLUSIONS: The nutrition program
was effective at improving these Inuit
preschoolers’ diet.”

Citation from Blanchet, R., ]J. Lauziére, D.
Gagné, C. Vézina, P. Ayotte, H. Turgeon
O’Brien (2013):

“OBJECTIVES: To assess dietary fatty acid
intakes and to examine the relationship
between dietary sources of n-3 and n-6
PUFA and red-blood-cell (RBC) n-3

and n-6 PUFA composition. DESIGN:

A cross-sectional study. Dietary intakes
were assessed with a 24 h dietary recall. A
second recall was performed for 44 % of
the children. Usual dietary intakes were
estimated with the Software for Intake
Distribution Estimation (SIDE). The fatty
acid composition was measured in RBC
membranes. Multivariate linear regression
analyses were performed to explain RBC n-3
and n-6 PUFA concentrations. SETTING:
Child-care centres in Nunavik, northern
Québec, Canada. SUBJECTS: One hundred
and sixty-seven Inuit children aged 11-53
months. RESULTS: A high proportion of
the participants had inadequate n-3 and
n-6 PUFA intakes (47-9 % and 93-5 %,
respectively). Breast-feeding status and
consumption of traditional food during the
first 24 h dietary recall were significantly
associated with RBC n-3 PUFA levels. Older
children also tended to have higher RBC
n-3 PUFA levels (P = 0-0528), whereas sex,
infant formula status and n-3 PUFA dietary
intakes were not associated with RBC n-3
PUFA concentrations. RBC n-6 PUFA
concentrations were positively associated
with breast-feeding status and n-6 PUFA
dietary intakes, whereas age, sex and infant
formula status were not. CONCLUSIONS:
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The present findings highlight the fact that
Inuit pre-school children are not consuming
enough n-3 and n-6 PUFA for optimum
health. These observations call for actions to
increase traditional food intake among Inuit
children and to help them and their parents
make healthier store-bought food choices.”

Citation/from Turgeon O’Brien, H., D.
Gagné, E. Vaissiere, R. Blanchet, J. Lauziere,
C. Vézina, P. Ayotte (2014):

“High blood lead levels (BLLs) can be found
in Inuit from Nunavik. At the same time,
various nutrients such as calcium could lower
lead absorption and toxicity. We examined
the effect of dietary calcium intakes on BLLs
in 245 preschool Inuit children attending
childcare centres in Nunavik. Calcium intake
was assessed with one 24-h dietary recall

and BLLs were determined by inductively
coupled plasma mass spectrometry in whole
blood samples. Multiple imputation was
performed to deal with missing data. Median
blood lead concentration was 0.08 pmol /L.
A high proportion of children did not

meet the Estimated Average Requirement
for vitamin D intake (73 %) and, to a

lower extent, for calcium (20 %). Calcium
intake was negatively associated with BLLs

(p =0.0001) while child’s age and energy
intake were positively associated with BLLLs
(p=0.015 and p = 0.024, respectively).
Consuming traditional foods rich in calcium
as well as milk and alternatives may protect
against lead exposure.”

Citation from Turgeon O’Brien, H., R.
Blanchet, D. Gagné D, J. Lauziéere, C. Vézina
(2014):

“In infants and children, iron deficiency
(ID) can have several adverse effects on
health including lethargy, alterations of
immune defense mechanisms and impaired
growth and cognitive development. The
purpose of this study was to determine the
prevalence of ID in a group of preschool
Inuit children attending childcare centres in
Nunavik using conventional measurements
of iron status and a relatively new parameter,
soluble transferrin receptor (sTfR). sTfR

is thought to be unaffected by infection

or inflammation. Two hundred forty-five
Inuit children aged between 11 and 54
months (mean (SD) = 25.0 (9.6) months)
were recruited between 2006 and 2010 in
10 of the 14 Nunavik communities. About
half of the children were male and 52.3%
(n=128) were less than 24 months old at the
time of the study. Sixty-five children were
excluded because they lacked one or more
of the parameters under analysis, leaving 180
subjects for the assessment of iron status. ID
defined either as serum ferritin <15 mg/L,
sTfR >1.55 or sTfR-ferritin index (sTfR/

log ferritin) >1.5 was found in 73.2% of
non-anemic subjects. Anemia (hemoglobin
(Hb) <110 g/L (12-35 months old) or

<112 g/L (36-59 months old)) was present
in 15% of children, while 7.2% suffered
from iron deficiency anemia (IDA) (ID

and C-reactive protein (CRP) <6 mg/L),
and 5% from IDA and coexisting anemia
of inflammation (ID and CRP =6 mg/L).
Iron deficiency constitutes a significant
public health problem in these Canadian
Aboriginal children. Measures to improve
iron intake and bioavailability are required
and consumption of traditional food rich in
iron should be encouraged.”

Discussion and conclusion

Arctic Indigenous Peoples face significant
challenges resulting from the contamination

of Arctic air, water, soil and certain traditional
foods by heavy metals and POPs. Our results

on heavy metals and legacy POPs are consistent
with biomonitoring studies showing a decreasing
trend in blood levels and a decreasing
prevalence of people exceeding the levels of
concern for these contaminants in Nunavik and
elsewhere in the Arctic (Dewailly et al. 2007a;
Dewailly et al. 2007b; AMAP 2009; Turgeon
O’Brien et al. 2012). However, we observed
higher levels of PBDEs in Nunavik preschoolers
compared to those reported in Nunavik adults
and in many children and adolescents worldwide
(Turgeon O’Brien et al. 2012). This may be
partially explained by a higher exposure of
toddlers to PBDEs through dermal contact

and dust ingestion because of their mouthing
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behaviour, and reflects higher quantities of
PBDE:s in indoor environments in Nunavik. Our
results also suggest that many Inuit preschool
children have an inadequate nutritional intake
and/or a poor nutritional status, especially

in iron, calcium and vitamin D (Gagné et al.
2013a; Gagné et al., unpublished data; Turgeon
O’Brien et al. 2014a; Turgeon O’Brien et al.
2014b), which is similar to observations made
in Nunavut (El Hayek et al. 2010; Johnson-
Down and Egeland 2010; Pacey et al. 2010).
Although traditional food (TF) represents
only a small proportion of the children’s diet
(36% had consumed at least 1 TF item on

the day of the recall), we confirmed previous
studies showing that it significantly improves
their nutrient intake (Gagné et al. 2012;
Johnson-Down and Egeland 2010; Kuhnlein
and Receveur 2007; Nakano et al. 2005). Thus,
it shows the importance of exploring ways to
promote the consumption of traditional foods.
Finally, our results show that, for the same level
of consumption of traditional foods, children
who had eaten tomato products and calcium-
rich foods had lower blood levels of mercury
and lead exposure, respectively (Gagné et

al. 2013b; Turgeon O’Brien et al. 2014b). In
accordance with other observational studies, as
well as experimental studies (Passos et al. 2003;
Passos et al. 2007), our findings suggest that
eating healthy store-bought foods in addition
to traditional foods could help benefit from
traditional food, while reducing contaminant
exposure associated with these foods.

A large quantity of data has been collected for
this project, and only a part has been analysed
so far. Data analysis will continue in order

to explore the relationships between blood
contaminant levels, food components/nutrients
and nutritional status of children, and changes
between the initial and follow-up visit (one year
later). These new results will be communicated
to the appropriate audiences as they become
available. Additional research projects are

also needed in order to clarify the influence

of various nutrients and diet components on
contaminant exposure and toxicity in humans.

Expected Project Completion Date

Communication of results is ongoing and should
be completed within the next year (2014).
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Abstract

Previous studies revealed that the Inuit
population was exposed to a wide range of
environmental contaminants. Unfortunately,
some studies showed that prenatal exposure
to several of these pollutants (mercury and
some Persistent organic Pollutants (POPs))
was associated with effects on growth and
cognitive development in children. Over the
last 20 years, several research projects were
therefore implemented to 1) monitor exposure
of Inuit pregnant women to environmental
contaminants, 2) ensure their blood levels

do not exceed the threshold limit values
recommended by Health Canada and 3)
facilitate the implementation of prevention
programs related to this issue (at regional,
national and international levels). Since 1992,
through these different projects, blood samples
in Inuit pregnant women from Nunavik were
collected several times. However, no blood
samples have been collected since 2004. The
current project aimed to extend the collection
of biomonitoring data on maternal contaminant
blood levels to investigate temporal trends on
a 20-year period. Since the beginning of this
projectin 2011, 112 pregnant women were
recruited. In addition, 95 additional Inuit
pregnant women accepted to participate this
year. Preliminary temporal trend analyses
suggest a marked decrease of Inuit pregnant
women exposure to several metals and POPS
of concern over the last two decades. Spatial
trend analyses (conducted on the basis of data
newly collected) suggest some differences in
contaminant blood levels between residents
from Hudson Bay, Hudson Strait and Ungava
Bay. Contrary to previous years, data on Inuit
pregnant women'’s food security were also
collected this year. Analyses revealed that more
than a half of participants interviewed in 2013
were severely food insecure.

Résume

Des études antérieures ont révélé que la
population inuite était exposée a une vaste
gamme de contaminants environnementaux.
Malheureusement, certaines études montrent
que I'exposition prénatale a plusieurs de

ces polluants (mercure et certains polluants
organiques persistants [POP]) était associée a
des effets sur la croissance et le développement
cognitif des enfants. Au cours des 20 derniéres
années, plusieurs projets de recherche ont par
conséquent €té mis en place pour 1) surveiller
I’exposition des femmes inuites enceintes

aux contaminants environnementaux, 2)
s’assurer que les concentrations sanguines ne
dépassent pas les valeurs limites d’exposition
recommandées par Santé Canada et 3) faciliter
la mise en ceuvre de programme de prévention
a cet égard (aux échelons régional, national et
international). Depuis 1992, par I’entremise de
ces différents projets, des échantillons de sang
ont été prélevés a plusieurs reprises chez des
femmes inuites enceintes au Nunavik. Toutefois,
aucun échantillon de sang n’a été recueilli
depuis 2004. Le présent projet visait a poursuivre
la collecte de données de biosurveillance sur

les concentrations sanguines de contaminants
chez les meéres en vue d’étudier les tendances
temporelles sur une période de 20 ans. Depuis
le début de ce projet en 2011, 112 femmes
enceintes ont été recrutées. De plus, 95 autres
femmes enceintes inuites ont accepté de
participer cette année. Les analyses préliminaires
des tendances temporelles donnent a penser
que I'exposition des femmes enceintes inuites a
plusieurs métaux et POP préoccupants a connu
une diminution marquée au cours des deux
dernieres décennies. Les analyses des tendances
spatiales (réalisées a partir des données
nouvellement recueillies) semblent indiquer
I’existence de quelques différences entre les
concentrations sanguines de contaminants

des résidents de la baie d’Hudson, du détroit
d’Hudson et de la baie d’Ungava. Contrairement
aux années précédentes, des données sur la
sécurité alimentaire des femmes enceintes ont
aussi été recueillies cette année. Les analyses ont
révélé que plus de la moitié des participantes
interrogées en 2013 étaient en situation
d’insécurité alimentaire grave.
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Key Messages

* Lead, mercury and several legacy POPs
have significantly decreased over the last 20
years (-70% of decrease) in Nunavik Inuit
pregnant women'’s blood contents

e In 2012-2013, pregnant women from
Hudson Strait presented overall higher
contaminant blood concentrations than
pregnant women from Hudson Bay or
Ungava Bay

*  53% of pregnant women interviewed were
severely food insecure, and of these, 23%
had the most severe form of food insecurity

Messages clés

Les concentrations sanguines de plomb,
de mercure et de plusieurs POP utilisés
par le passé ont connu une diminution
importante (de I’ordre de 70 %) au cours
des 20 dernieres années chez les femmes
inuites enceintes au Nunavik.

En 2012-2013, les femmes enceintes

du détroit d’Hudson présentaient des
concentrations sanguines en contaminants
globalement supérieures a celles des femmes
enceintes vivant dans la baie d’Hudson ou la
baie d’Ungava.

53 % des femmes enceintes interrogées étaient
en situation d’insécurité alimentaire grave;
parmi celles—ci, 23 % étaient touchées par la
forme d’insécurité alimentaire la plus grave.

Objectives

The general objective of this project is to monitor
prenatal exposure to food chain contaminants in
Nunavik and to evaluate the efficacy of the Arctic
char distribution program. Targeted contaminants
include the traditional suite of contaminants
measured in previous projects since the

mid-80s [polychlorinated biphenyls (PCBs),
organochlorine pesticides, brominated flame
retardants (BFR), mercury (Hg) and lead (Pb)].
Emerging contaminants include non traditional
flame retardants and SCCPs.

The specific objectives are:

1. To follow temporal trends for contaminants
and assess the effectiveness of the Stockholm
convention and the UNEP convention
on Hg. At the same time, by establishing
this monitoring activity, Canada will meet
AMAP requirements. We will continue the
monitoring in Hudson Bay and expand
the program to Ungava Bay where data are
missing.

2.

To follow temporal trend of key nutrients
from traditional diet such as omega-3 fatty
acids (n-3 FA) and selenium (Se) in order to
interpret contaminants trends.

To detect and quantify new emerging
contaminants which have never been
measured in maternal blood in the Arctic
(chlorinated paraffins, etc.).

To evaluate the efficacy of the Arctic Char
program in Hudson Bay

To use the monitoring program for
evaluation purposes on neonate health
(nutritional policies, alcohol consumption,
smoking, etc).
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Introduction

Three studies (fully or partially funded by

NCP) were carried out in Nunavik to address
temporal trends of POPs in Inuit populations.
The first study addressing temporal trends of
environmental contaminants in Nunavik was
carried out on cord blood data obtained in
earlier surveys and addressed POPs and heavy
metals (Dallaire et al 2003). In that study, 251
cord blood samples, collected between 1993 and
1996 on the east coast of Hudson Bay (Puvirnituq
Inukjuak Kuujjuaraapik) were analyzed for

PCBs, chlorinated pesticides, lead and mercury.
Significant decreasing trends were noted for
PCBs (7.9-%/year), DDE (9.1-%/year), DDT
(8.2-%/year) and HCB (6.6-% /year). Significant
reductions were also found for lead and mercury
although no clear trend could be established.

Between 1996 and 2001, a birth cohort was
established in Nunavik; 213 pregnant women
from Hudson Bay were enrolled. Pb, Hg, n-3
PUFAs and legacy POPs were measured in
maternal and umbilical cord blood samples
(Muckle 2004). This ongoing cohort study has
already revealed that subtle developmental
and cognitive deficits are related to prenatal
exposure to mercury and different OCs and
those beneficial effects are associated with
high n-3 PUFA intake. The effects of prenatal
exposure to emerging contaminants such as
PBDEs and other BFRs, HPCs and PFOS have
not yet been investigated.

In fall of 2004, pregnant women participating
to the Nunavik Health Survey were included
in a POPs monitoring study, a procedure
which also prevented women to be solicited
twice for different studies. Blood samples for
contaminants analyses were sampled during
the Nunavik Health Survey and dedicated to
measurements of environmental contaminants
(among other parameters pertaining to the
health survey).

This project not only aimed assessing exposure
to environmental contaminants through
maternal blood monitoring but it also proposed
to examine n-3 PUFAs and selenium content in

order to interpret any change in contaminant
body burdens.

Monitoring and supporting of a food
distribution activity, such as the Arctic char
Program for pregnant Inuit women, has not
been done so far in Nunavik. This NCP project
will allow us to monitor the primary outcomes of
interest (blood levels of MeHg, n-3 FA and Se)
among pregnant women of the experimental
group (Arctic char distribution program in
Hudson Bay) and the control group (Ungava
Bay), at the beginning (first trimester) of the
intervention. The CIHR project (Lucas M et al.,
December 2012 competition) will also measure
outcomes of interest at the end of pregnancy in
all recruited women in both projects.

Activities in 2013-2014

Data collection

The field work was prepared at the beginning
of year 2013, as a research nurse was trained
during summer time in Quebec City by the
project coordinator. All supplies were provided
to her in order to properly collect samples and
data on site (vacutainers, vials, questionnaires,
centrifuge, etc.), and to be as much autonomous
as possible during her field work in Nunavik.
Pregnant Inuit women were invited to
participate and once the eligibility criteria

was verified, the research nurse explained the
objectives of the project, the questionnaire, the
sampling procedures, risks/benefits associated
with their participation to the program and

the need to collect data from their medical

file. Informed consent was sought from all 95
participants. The research nurse was assisted by
a local recruiter/interpreter in each community.
Moreover, the research nurse collected the
information requested from the medical file
for the 95 participants from year 2012-2013.
One visit was done on site by the research
nurse, between September to November 2013.
Letters were sent to participants with abnormal
results concerning the following analytes:
vitamins A and D, folic acid, mercury and lead.
We considered important a follow up on these
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specifics results during their pregnancy to
improve the mother and foetus health status.

Analyses of emerging contaminants:

PBDEs and emerging halogenated flame
retardant analysis

Human plasma samples were analyzed for 38
PBDE congeners and 16 emerging halogenated
flame retardant (HFRs) in Jonathan Verreault’s
laboratory at the Université du Québec a
Montréal (Montreal, QC). Plasma samples

were ground with diatomaceous earth, spiked
with five internal standards (BDE-30, BDE-

156, *C-BDE-209, *C-syn-DP, and "*C-anti-DP),
and extracted with dichloromethane:n-hexane
(50:50) using a pressurized liquid extraction
system (PLE) (Fluid Management Systems,
Watertown, MA, USA). Lipids were determined
gravimetrically. Sample clean-up was achieved
using a PBDE-free silica acid-basic-neutral (ABN)
column followed by a PBDE-free neutral alumina
column with dichloromethane:n-hexane (50:50)
(Fluid Management Systems). Identification
and quantification of target PBDEs/HFRs

was performed using a gas chromatograph

(GC) coupled to a single quadrupole mass
spectrometer (MS) (Agilent Technologies 5975C
Series, Palo Alto, CA, USA) operating in the
electron capture negative ionization mode (GC/
MS-ECNI) following methods by Gentes et al.
(2012). Quantification of PBDEs/HFRs was
achieved using selected ion monitoring (SIM)
mode. Procedures included method blanks

and injection of standard reference material
(SRM) (NIST 1947 Lake Michigan fish tissue)
for each batch of ten samples. Blank correction
was necessary due to low concentrations
determined in current plasma samples. Mean (+
SD) internal standard recoveries from samples,
blanks and SRM were as follows: BDE-30 (99.2 +
13.8%), BDE-156 (90.9 + 12.5%), *C-BDE-209
(49.4 £ 20.9%), *C-syn-DP (91.4 + 10.8%) and
3Canti-DP (91.9 £ 11.2%). Concentrations of
PBDEs/HFRs in all samples were quantified
using an internal standard approach, and thus
all analyte concentrations were inherently
recovery-corrected. PBDE concentrations

(seven congeners) determined in SRM 1947

showed less than 21.9% deviation from certified
values. This laboratory has participated in an
inter-laboratory comparison for these analytes
with the National Wildlife Research Centre/
Environment Canada (Ottawa, ON), which has
been certified by the CAEAL. Method limits

of detection (MLODs) and method limits of
quantification (MLOQs) were based on replicate
analyses (n = 8) of matrix samples spiked at

a concentration of 3-5 times the estimated
detection limit. MLODs (defined as S/N = 3)
and MLOQs (minimum amount of analyte
producing a peak with a signal to noise ratio
(S/N) of 10).

SCCP analysis

Human plasma samples will be extracted at
CTQ’s laboratory using the same procedure as
that described for legacy POPs, following the
addition of the following internal standards:
13C6-hexachlorobenzene, 13C6-a-HCH,
13C10-trans-nonachlor, 13C12-dieldrin, 13C9-0-
endosulfane, 13C12- p,p’-DDE, 13C12-PCB 141,
13C12-PCB 153, 13C12-PCB 180, 13C12-PCB
194, 13C12-PBDE 77 and 13C12-PBDE. The
extracts will be analysed for SCCP in Ed Sverko’s
laboratory (Environment Canada, Burlington,
ON) using high resolution GC-negative

ion MS on a Thermo DFS high resolution

mass spectrometer. Dr. Sverko is leading an
international intercomparison on SCCP analysis.

Results AND DISCUSSION

Sociodemographic data

Average age of participants recruited in 2013
was 24.2 years. On the 95 Inuit pregnant women
from Nunavik interviewed, 35.8% declared
having completed elementary school or detain
a higher school degree (partial schooling

or diploma from a CEGEP, private college,
technical institute or university). 72.3% of
participants declared their marital status as
“domestic partnership”, 14.9% as “separated”
and 3.2% as “married”. Concerning incomes, a
significant proportion of participants declared
to not be able to estimate their personal
incomes (56%) or familial incomes (81%).

E. Dewailly

57



Among women able to provide an approximated
value of their personal earnings, 24.2% declared
that their incomes were below $20,000/year

and 13.6% that they ranged from $20,000 to
$40,000/year. Sociodemographic data are
presented in Table 1.

Contaminant temporal and spatial trends

Maternal blood concentrations in metals and
several POPs measured in 2013 are presented in
Table 2 (Only toxicants detected in 60% of the
samples are presented). Contaminants blood
levels in 2013 were globally on the same order
than those reported the previous NCP synopsis.
Mercury and lead blood concentrations in 2013
were respectively, 5.2 ug.L! [0.3-32] and 14.1
ug.L'[4.2-61.2] (geometric mean; [range]).

Temporal trends: Temporal trends for selected
contaminants (Hg, Pb and several legacy POPs)
were investigated. Maternal contaminant blood
concentrations measured in 1992 (n=11; Santé
Québec Inuit Health Survey) were compared to
levels measured in 2004 (n=26; Health Survey
Qanuippitaa How we are?), in 2011,/2012
(n=112; this project phase I & II) and 2013
(n=95; phase III). Temporal trend analyses were
performed by using linear regression modeling.
All models were adjusted for maternal age and
region of residence (Ungava Bay or Hudson
Bay). Given that all blood samples were collected
during summer or autumn (i.e., during hunting
seasons), no adjustment for season was applied.

Statistical analyses suggest that blood levels

in mercury and lead, as well as several legacy
POPs, significantly decreased over the past

20 years (Table 3). The magnitude of decline
seems to have been more significant from 1992
to 2004 than over the last ten years. However,
contaminants blood levels of Inuit pregnant
women seem to have dropped over 75% (on
average) during the past 2 decades. These are
very good news. However, these preliminary
results have to be interpreted with caution.
First, because only small sample sizes were
available in 1992 (n=11) and 2004 (n=26) and
secondly, because temporal trends were assessed
regardless pregnancy stage, parity or the number
of child breastfed.

The declines observed could result from a
decrease in marine mammal food consumption
by Inuit pregnant women, a reduction

of environmental contamination or both
(Dallaire et al, 2003). Fatty acids, including
EPA, DHA+EPA, n3/n6 PFUA ratio, as well

as selenium, are frequently considered as
biomarkers of marine food consumption

by Inuit (Jeppesen, 2012). Temporal trend
analyses show no statistical significant changes
in maternal blood levels for EPA, DHA+EPA,

or selenium between 2004 and 2013 (data not
shown). Maternal blood levels in omega 3 fatty
acids (recognised for their health benefits
(Boucher et al 2011)) remain very high in 2013
(data not shown).

Spatial trends: Spatial trends were also
investigated. Contaminant concentrations found
in blood of pregnant women residing in villages
from Hudson Bay (n=104) were compared to
levels measured in blood of residents from
Hudson Strait (n=48) and Ungava Bay (n=54).
The database was created by compiling data
collected in 2011-2012 and 2013. Statistical
analyses were performed by using regression
linear models, after log transformation of data.
All models were adjusted for mother age.

According to preliminary analyses, significant
differences between pregnant women from the
3 sub-regions were observed for several metals
and POPs. Overall, contaminant blood levels
of participants from Hudson Strait villages
were higher than those from Hudson Bay or
Ungava Bay. Selenium blood concentrations
of pregnant women residing in Hudson Strait
were twice higher than levels of women from
Hudson Bay and 1.2 higher than those from
Ungava Bay. Concerning mercury, blood levels
of mothers from Hudson Strait were 1.5 higher
than those from Hudson Bay and Ungava Bay
(Although, no statistical difference is detected:
p-value=0.0841).

These results, which suggest significant
differences in profiles of marine mammal food
consumption, are consistent with observations
made by Lemire et al. (unpublished). Further
analyses are needed to identify causes of these
regional variations. However, one assumption
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might be that differences observed are related
to higher consumption of belugas in villages of
Hudson strait (Lemire et al., unpublished).

Data on PBDEs and emerging halogenated
flame retardants in the 15 plasma samples

have been received and are currently being
interpreted. SCCP analysis: The extraction of the
15 plasma samples is scheduled to take place by
the end of May 2014 and sample extracts will be

sent to Ed Sverko’s laboratory early in June 2014.

Riusk perception and knowledge on contaminants: A
communication campaign aimed to provides
result from the Nunavik Child Cohort study
(NCCS) and disseminate recommendation
related to country food consumption during
pregnancy was launched in 2010. The
recommendations especially addressed to
pregnant women were 1) to decrease beluga
meat consumption and 2) to increase omega

3 fatty acids intake during pregnancy (RRSSS,
2014). In 2012, 32.2% of pregnant women
interviewed declared having heard about the
health recommendations formulated by the
RRSSS, and among these, 25% declared having
modified their eating habits accordingly. In
2013, these proportions were respectively
43.6% and 9.3%. These results suggest a relative
efficiency of communication tools used to reach
Inuit pregnant women from Nunavik. However,
they also put forward the need to provide
additional efforts to encourage Inuit pregnant
women to follow the RRSSS recommendations.

Food Security

Information regarding food security was also
collected using questionnaires answered by 95
pregnant women recruited in 2013.

Prevalence of food Insecurity: Preliminary analyses
revealed that 9% of participants were mildly
food insecure, 18% were moderately food
insecure and 53% were severely food insecure.
Among these, 23% (22 women) had the most
severe form of food insecurity - “hunger”.

Determinants of Food Insecurity: Data suggests that
access to country foods may protect against
food insecurity. A greater proportion of food
secure women, compared to food insecure
women, were regularly able to access country
foods, as well as obtain country foods from
family or community members. A similar pattern
was observed according to hunger status.

Those categorized as not hungry came from
households with significantly more hunters than
those categorized as hungry (2 v.s. 1 hunter/
household).

Consequences of Food Insecurity: Women with food
insecurity had lower micronutrient levels than
women who were food secure. Women with
hunger had lower micronutrient levels than
those without hunger. These differences were
marginally significant, despite the small sample
size. Iron depletion was highly prevalent for
the whole sample of women (60%). More food
insecure women were iron deplete than secure
women (63% versus 52%).
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Table 1. Sociodemographic data of 95 Inuit pregnant women from Nunavik (2013)

Education level among pregnant women from Nunavik N %
No formal schooling 1 1.0
Elementary school completed 3 3.2
some years of secondary school 57 60
Secondary school completed 22 232
Partial schooling in a CEGEP. a private college or a technical institute 7 14
Diploma or certificate from a CEGEP. a private college or a technical institute 4 42
Some university (not completed) 0 0
University degree (completed) 1 1.0
Total 95 100
Marital status N %
Married 3 3.2
Divorced 0 0
Widowed 0 0
Domestic partnership 68 72.3
Separated 14 14.9
Never married 9 9.6
NR/R 0 0
DNK 0 0
Total 95 100
Incomes Personal (%) Familial (%)
Less than $20.000 24.2 14
$20.000 to less than $ 40.000 13.6 3.2
$40.000 to less than $60.000 1.1 1.0
$60.000 or more 3.2 4.2
Doesn’t know 56.8 81.0
Refusal 2.1 32
Total 100 100
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Table 2. Blood contaminant levels measured in Inuit pregnant women from Nunavik in 2013.

. Arithmetic Geometric
N Min Max mean Mean [+IC 95%)]
Metals (ug.L-1)
5,2
Mercury 95 03 321 1 [4,3-6,3]
Lead 95 42 62,1 16,8 [1215{'115 9]
Selenium 95 126,4 1421,8 358,9 27 13;?_33’,30 3]
POPs (ug.kg lipid-1)
_ 5,9
cisnonachlor 95 0,2 28,7 8.2 [4,8-7,1]
19,9
Hexachlorobenzene 95 2 91,8 25,2 [17,1-23.2]
_ 3,1
Mirex 95 05 235 44 [2,5-3,7]
223
Oxychlordane 95 0.9 1293 326 [18,3-27,2]
p.p’-DDE 95 21,9 481,8 161,1 [111112?1'18 3]
2,4
B-HCH 95 05 19,1 32 [2-2.8]
5,8
Toxaphene-26 95 0,2 47 8,6 (4,7-71]
9,1
Toxaphene-50 95 0,3 63,2 133 [7,5-11,2]
41,8
Transnonachlor 95 2 218,2 576 [34,8-50,3]
73
PCB 99 95 14 313 10,2 6,1-8.7]
6,3
PCB 118 95 0,5 29,1 84 [5,3-7,4]
PCB 138 95 ) 1169 25,2 1 51 3’-6221
PCB146 95 05 308 6.9 (4 3-6]
PCB 153 95 3,5 323,1 57,7 [331:3%8 1
5,1
PCB 163 95 0,5 323 13 [4,3-6,2]
5,2
PCB 170 95 05 529 8,2 (4,4-6,3]
2,1
PCB 178 95 0,5 17.3 3 [1,8-2,5]
PCB 180 95 17 196,1 26 [13153'?9 9]
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N W we A G
PCB 183 95 05 23,1 32 [2?'2?78]
PCB 187 % 05 53,9 12,3 [7,3?'120,9]
PCB 194 % 05 19 46 [2,1213,2]
PCB 201 95 05 45,1 45 [z,zf?s,s]

Table 3. Contaminant concentrations found in blood of Inuit pregnant women from Nunavik
between 1992 and 2013 (Geometric mean [+ Cl 95%])).

% of P-value

decrease trend
Metals
(ﬂ]gmol.L-H [40.55.3'-788.0] 310.85.3] [20.22‘{'380.4] [21.255351.2] 965 0.0028%
(F:meoI.L-1 ) [0.1%—2(230] [0.007'9(?.1 1 [0.005'?(?07] [0.0%?07.08] 65 <0.0001*
S(smoI.L-ﬂ NA [2.3%?301] [3.5%2?.48] [3.4:31'?230] 1357 01927
POPS
(ug.kg lipids-1)
p.p~DDE 0788 18269207 (0541885 [(113-1481] 198 <0.0007"
pp-DDT 65401 (211 39.43) 38.47) 837 <0.0007"
PeB 183 [131(37-%13 8.4] [56,72[-55103,2] [32,33-'26,8] [33,%?48] 768 <0.0001"
PCB 138 ress e 147208 (157219 836 <0.0007
PCB 180 Goaiasl | meaal | 138201 | [139194) 81,5 <0.0001
Trans-Nonachlor moatme | 0794 | 129453 348.502] 63.2 0.0004*
cis-Nonachlor [19,227_’50,3] [7';91’2,2] [4,2’_%,5] [4,313,1] -78,8 <0.0001*
Hexacholorobenzene [69,?-51’?30,6] [22'55’?47] [15?37_’20,9] [17'11?'293,2] -719,1 <0.0001*
Mirex 8973 2954 2636 25:36) 762 <0.0007%
Oxychlordane 517118 66asa | (6427 | (184972 7 <0.0001
B-HCH 81871 82 224] 228l 805 <0.0001*
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* Significant difference using regressions adjusted for mother age and region of residence (Ungava bay or Hudson bay)

Table 4. Contaminant concentrations measured in 2012-2013 in blood of Inuit pregnant women
from Hudson Bay, Hudson strait and Ungava Bay.

Geometric mean [+ 95% Cl]

Hudson Strait Ungava Bay

Hudson Bay

P-value

Metals (ug.L-1)

(n=104)

(n=48)

(n=54)

Mercury [3,;1:[;,5] [5,1:3,2] [3,312,2] 0.0841
Lead [121-3;':,1] [10,172-'144,4] [ 1,;;‘:?7,8] <0.0007%
Selenium [2222,3?2'29,4] [37;;?5';8,5] [312?77-1230] <0.0001*
POPS (ug.kg lipids -1)

PCBIS3 [33;%7,8] [37??9,3] [26,?13,6] 0.1188
PeBISE [111?,'38-92] [16,2915’-2286,7] [113,75’32] 0.22
Cisnonachlor [41-"5?8] [6,175'-79,6] [4’15:3’7] 0.0155*
B-HCH [1,519'?2,2] [2,311,7] [2,22,?;,6] <0.0001
Hexachlorobenzene [131241 g] [19,2;248,3] [18,232_'267’9] 0.0011*
Mirex [2?54] [2,312,4] [1,;2,9] 0.0031*
Oxyehlordane 637 o) 13244 oo
Transnonachlor a1 e 252459 00089°
pp-DDE i 05,13?1343,4] [11 11;?1’17‘1,6] [97,152-[1);:8,4] 0.4837
Pp-boT 554 5o 4250 01307
Toxaphene 26 [3,:23:?1,8] [5,;:3’2] [ 4';):2’3] 0.002*
Toxaphene 50 [5,([)5:?,7] [9'1_11’2,9] [6,3%,19 261 0.0015*
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Conclusions

Temporal trends on contaminants reported
above suggest a marked decline of Inuit
pregnant women exposure to mercury, lead and
several legacy POPS over the last 2 decades. The
decline observed could be due to 1) mostly by a
reduction of environmental contamination by
selected contaminants and/or 2) and a possible
decrease in marine mammal food consumption
by Inuit pregnant women. Although these results
are consistent with conclusions provided by
Donaldson et al (2010), these data have to be
interpreted with great caution. Food security of
pregnant women from Nunavik however appears
as a significant and growing concern. More than
a half of participants interviewed in 2013 were on
severely food insecure. Access to traditional food
was revealed as one way to protect against food
insecurity. According to information presented
above, efforts and initiatives aimed to promote
or facilitate access of Inuit pregnant women to
healthy country food should be encouraged.

Expected project
completion date

March 2014
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Abstract

Selenium (Se) is an essential element highly
present in the traditional marine diet of Inuit
and their exposure to this element is among
the highest in the world. In fish and marine
mammal eating populations, there is increasing
evidence suggesting that high Se intake may
play a role in offsetting some deleterious effects
of methylmercury (MeHg) exposure. However,
in other populations, elevated plasma Se
concentrations have been recently associated to
type 2 diabetes, hypercholesterolemia and/or
hypertension. In addition to plasma Se levels,
the most common biomarker of Se status,
several other biomarkers (e.g., selenoproteins
and small Se molecules such as selenoneine)
have been identified and these may help to

Résume

Le sélénium (Se) est un élément essentiel tres
abondant dans I’alimentation traditionnelle, de
source marine, des Inuits. Les Inuits figurent
parmi les populations les plus exposées a cet
élément au monde. Dans les populations qui
se nourrissent de poissons et de mammiferes
marins, de plus en plus de données tendent

a indiquer qu’'un apport €levé en sélénium
pourrait atténuer certains effets néfastes de
I’exposition au méthylmercure (MeHg).
Cependant, dans d’autres populations, des
concentrations plasmatiques élevées de
sélénium ont été récemment associées au
diabete de type 2, a I’hypercholestérolémie

et a ’hypertension. Outre la concentration
plasmatique de sélénium, qui constitue le

P. Ayotte
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better characterize Se status. Analyses of blood
and plasma samples from Inuit adults revealed
higher and more variable Se concentrations in
blood compared to plasma. Speciation analyses
using affinity chromatography/inductively
coupled plasma mass spectrometry revealed
that glutathione peroxidase, selenoprotein P
and selenoalbumin (expressed in pug Se/L)
represented on average respectively 25%, 52%
and 23% of the total plasma Se concentration.
In addition, a small amount of mercury (Hg)
was found to coincide with each Se-containing
protein. We will investigate relations between
these new biomarkers of Se status and
emerging health issues such as diabetes and
cardiovascular diseases in Inuit adults, taking
into account possible interactions with Hg
and other environmental contaminants. Hg
bioaccessibility (simulated solubilization of Hg
into gastrointestinal fluids) ranged between
9% (Arctic char) and 95% (Ringed seal meat)
whereas Se bioaccessibility ranged between
24% (Ringed seal liver) and 100% (Caribou
meat). Hg bioavailability (in vitro absorption
by intestinal enterocytes) also varied widely
between types of food (Ringed seal liver 6%;
Arctic char 68%). In contrast, Se absorption
was remarkably consistent between food types
(60 - 62%). The forthcoming data will improve
our capacity to assess the risks and benefits of
Se intake and the traditional marine diet in this
population.

biomarqueur le plus usuel du statut a I’égard
du sélénium, on a identifié plusieurs autres
biomarqueurs (p. ex. les sélénoprotéines et

de petites molécules contenant du sélénium,
notamment la sélénonéine) qui pourraient
aider a mieux caractériser le statut a I’égard du
sélénium. Les analyses des échantillons de sang
et de plasma d’Inuits adultes ont révélé que les
concentrations de sélénium étaient supérieures
et plus variables dans le sang en comparaison
des concentrations plasmatiques. Des analyses
de spéciation réalisées par chromatographie
d’affinité/spectrométrie de masse avec

plasma a couplage inductif ont révélé que la
glutathion peroxydase, la sélénoprotéine P et
la sélénoalbumine (exprimée en pg de Se/L)
représentent en moyenne, respectivement,

25 %, 52 % et 23 % de la concentration
plasmatique totale en sélénium. De plus, on a
observé qu’une petite quantité de mercure (Hg)
correspondait a chaque protéine contenant du
sélénium. Nous étudierons les relations entre
ces nouveaux biomarqueurs et les problemes
de santé qui commencent a apparaitre chez

les Inuits adultes (p. ex. le diabéte et les
maladies cardiovasculaires) en tenant compte
des interactions possibles avec le mercure et
d’autres contaminants environnementaux. La
bioaccessibilité du mercure (simulation de

la solubilisation du mercure dans les fluides
gastro-intestinaux) se situait entre 9 % (omble
chevalier) et 95 % (viande de phoque annelé),
tandis que la bioaccessibilité du sélénium se
situait entre 24 % (foie de phoque annelé) et
100 % (viande de caribou). La biodisponibilité
du mercure (absorption in vitro par les
entérocytes intestinaux) était elle aussi tres
variable selon le type d’aliment (6 % pour le
foie de phoque annelé; 68 % pour I'omble
chevalier). En revanche, I’absorption du
sélénium était remarquablement uniforme d’un
aliment a I'autre (60-62 %). Les données qui
seront disponibles amélioreront notre capacité
a évaluer les risques et les avantages associés a la
consommation de sélénium et au régime marin
traditionnel de cette population.
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Key messages

Blood selenium levels but not plasma levels
are very high in some individuals, indicating
selenium accumulation in blood cells
(possibly as selenoneine)

Beluga meat and nikku (air-dried) beluga
and seal liver and lake trout contain very
high total Hg concentrations

Beluga mattaaq and nikku, walrus meat,
marine mammal and caribou organs, and
fish eggs are exceptionally high in total Se

Hg bioaccessibility and bioavailability vary
greatly between foods, with particularly low
values observed for ringed seal liver

Se bioaccessibility and bioavailability are
generally higher than those observed for Hg

Objectives

The first section focuses on nutrient/
contaminant interactions and their effects
on cardio-metabolic health outcomes. The
objectives are:

1.

To measure various biomarkers of Se status
[selenoproteins such as selenoprotein P
(SelP), glutathione peroxidase (GPx) and
thioredoxin reductase (TRxR), plasma
total Se (P-Se), inorganic Se (Se+4 and
Se+6), selenoneine, methylselenoneine,
selenocysteine (SeCys), selenomethionine
(SeMet) and selenoalbumin (SeAlb)] and
determine Hg fractions [methylmercury
(MeHg) and inorganic mercury (IHg) |

Messages clés

® Les concentrations de sélénium dans le sang,
mais pas dans le plasma sont trées élevées
chez certaines personnes, ce qui révele une
accumulation de sélénium dans les cellules
sanguines (possiblement sous la forme de
sélénonéine).

e Les concentrations totales de mercure sont
trés €élevées dans la viande de béluga, le
béluga séché (nikku), le foie de phoque et le
touladi.

* Le mattaaq et le nikku de béluga, la viande
de morse, les organes de mammiferes
marins et de caribou, ainsi que les ceufs de
poisson ont une teneur totale en sélénium
exceptionnellement élevée.

e La bioaccessibilité et la biodisponibilité du
mercure varient considérablement d’un
aliment a ’autre; les valeurs observées sont
particulierement basses dans le cas du foie
de phoque annelé.

¢ La bioaccessibilité et la biodisponibilité du
sélénium sont généralement supérieures a
celles observées pour le mercure.

in archived blood samples from the Inuit
Health in Transition Study (on-going);

2. To examine the associations between these
biomarkers, diabetes and cardiovascular risk
factors, taking into consideration possible
interactions with Hg, other contaminants,
and omega-3 fatty acids (n-3 PUFAs).

The second section focuses on Se and Hg
concentrations, speciation and bioavailability in
Nunavik country foods. The objectives are:

1. To collect selected country foods from
several Nunavik villages in collaboration
with community members and the Nunavik
Research Center of Makivik Corporation;
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2. To determine the age of the animals
sampled and measure total Se and Hg
concentrations in the corresponding
country food samples;

3. To measure Se and Hg species and to
study the bioaccessibility of Se and Hg
and Se-Hg interactions in these same
country food samples using an in vitro
model consisting of two components: (i)

a bioaccessibility model that simulates

the luminal physiochemical conditions

of the gastrointestinal tract, and (ii) a
bioavailability model that mimics the
absorptive processes of human intestinal
enterocytes (Caco-2 cell line). In terms

of oral Hg exposure assessments,
bioaccessibility describes the solubilization
of Hg into gastrointestinal (GI) fluids while
Hg bioavailability refers to Hg absorbed
into the bloodstream.

4. To study the potential of specific locally-
available foods (blueberries, blackberries,
kuanniq seaweed, tomato paste and sculpin
eggs) to mitigate Hg bioaccessibility of
selected marine mammal-based country
foods;

5. To evaluate the associations between Se and
Hg bioaccessibility and bioavailability of
country foods, and Se and Hg biomarkers
in human.

Introduction

The Inuit population of Nunavik displays among
the highest selenium (Se) intake and blood Se
status in the world since their traditional marine
mammal diet is exceptionally rich in Se (Lemire
et al., submitted). Se is an essential element
involved in several body functions through
selenoproteins expression, including regulation
of oxidative stress, and immune and thyroid
functions (Reeves and Hoffmann, 2009). In fish
and marine mammal eating populations, high
dietary Se intake may play a role in offsetting
some deleterious effects of high MeHg exposure
(Ayotte et al., 2011; Boucher et al., 2010;

Lemire et al., 2010; Lemire et al., 2011; Valera
etal., 2009). Conversely, in Europe and the
United States, high plasma Se has been related

to type-2 diabetes, hypercholesterolemia and
hypertension (Stranges et al., 2010). Contrary
to most European and North American
populations, Inuit present an exceptionally high
intake of n-3 PUFAs, a preventive factor for CVD
(Dewalilly et al., 2001). They can also be highly
exposed to MeHg, PCB, PFOS and trans-fat, all
risk factors for CVD (Chateau-Degat et al., 2010;
Counil et al., 2009; Valera et al., 2009).

While plasma or blood Se are the biomarkers
most often used to evaluate the associations
between Se status and health effects, several
other biomarkers (e.g.selenoproteins and

small Se molecules such as selenoneine)

have been identified and these may help to
better characterise Se status (Xia et al., 2010)
double-blind study of selenomethionine
supplementation in selenium-deficient Chinese
subjects. Several selenoproteins share common
metabolic pathways with glucose and insulin,
and it remains unclear whether increased plasma
Se and selenoproteins’ activity is the cause or the
consequence of the disease (Steinbrenner et al.,
2011). Selenoproteins have also been postulated
as the key targets of Hg toxicity; Hg exhibits a
very high affinity for selenol groups in the active
site of selenoproteins and high Se intake may
restore their enzymatic functions (Khan and
Wang, 2009). SelP may also promote MeHg
demethylation and/or bind to HgII or MeHg
and reduce its availability for target proteins and
organs (Khan and Wang, 2009). Others have
shown that PCBs, arsenic and cadmium may also
interfere with selenoprotein activity (Twaroski et
al., 2001; Zwolak and Zaporowska, 2012).

Several factors may also influence Se and Hg
concentrations and bioavailability in country
foods. In the case of Hg, the levels vary in
relation to the type of ecosystem (marine,
freshwater and terrestrial) and the position

in the aquatic food chain (AMAP, 2011). Hg
concentrations also vary between the different
parts of an animal; Hg presents a very high
affinity for proteins and accumulates mostly

in organs and meat and much less in fat
(Clarkson, 2002). Traditional food preparations
can also influence contaminants and nutrients
concentrations. Several Inuit country foods are
eaten raw or frozen, while others are dried,
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fermented or cooked (Blanchet and Rochette,
2008).

In addition, the chemical forms of Se and

Hg ingested may also influence Se and Hg
absorption, Se bioavailability for selenoprotein
synthesis, and Se and Hg related-health effects
(Clarkson, 2002; Rayman et al., 2008). Although
some studies on Se chemical forms have been
conducted in fish species and inorganic Hg-

Se has been identified in seabirds and marine
mammals organs (Ikemoto et al., 2004; Lemes
and Wang, 2009; Yamashita and Yamashita,
2010), little information is available on Se and
Hg speciation in country foods. Recently, a novel
seleno-containing compound, selenoneine, has
been identified as the major form of organic

Se in Bluefin tuna (Yamashita and Yamashita,
2010). This Se-analog of ergothioneine, a
powerful antioxidant molecule, could contribute
to the scavenging of reactive oxygen species that
are involved in the etiology of chronic diseases
or MeHg toxicity. Different “methylated/non-
methylated” ratios of selenoneine have been
observed in human blood and urine, indicating
their active metabolism and suggesting a
promising metabolic role of these redox
metabolites in humans (Klein et al., 2011).

Nutrients can also affect the bioavailability

of Hg in the gastrointestinal (GI) tract. We
reported the relative contributions of MeHg
and HglI to the bioaccessibility of Hg in foods
using an in vitro model that simulates the
physiological conditions of the human GI tract
(Laird et al., 2009). Two recent publications
adapted these in vitro procedures to include a
human intestinal epithelial cell model (Caco-2)
to mimic the intestinal uptake of Hg (Hwang
and Shim, 2008) and Se (Gammelgaard et

al., 2012). The coupling of in vitro GI models
to Caco-2 cells vastly enhances the realism

of exposure estimates since they provide

an integrative measure of dissolution and
absorption. Furthermore, including Caco-2
cells facilitates the comparison of oxidative
stress responses providing the opportunity to
quantify the ability of nutritional components
to offset adverse effects from dietary Hg
exposure.

Moreover, these in vitro models can also offer
an opportunity to test the effect of the co-
consumption of other local foods such as wild
berries, seaweed and other plants found in
Nunavik, as well as tomato-derived products on
Hg bioaccessibility and bioavailability. Indeed,
previous studies in the Amazon have shown
that blood Hg concentrations were significantly
lower in participants reporting frequently
eating local fruits compared to others,
although fish intake was similar in both groups,
suggesting that fruit nutrients might interfere
with MeHg absorption (Passos et al., 2007).
More recently in Nunavik, we observed similar
results between the consumption of tomato
derived-products and blood Hg concentrations
in Inuit preschool children (Gagne et al.,
2013). In vitro studies on Hg bioaccessibility

in fish suggest similar effects for the co-
ingestion of phytochemical-rich foods such as
green or black tea (Ouedraogo and Amyot,
2011; Shim et al., 2009). We also showed that
Labrador tea, frequently consumed by Inuit,
modulates MeHg-mediated oxidative stress and
neurodevelopmental toxicity in rats (Black et
al., 2011). Phytochemicals found in seaweeds
might also contribute to free radical scavenging
and heavy metal chelation, thus possibly
reducing Hg bioavailability or subsequent
toxicity (Wang et al., 2009).

Activities in 2013-2014

Section 1 of the project:

The technique for the analysis of selenium-
containing proteins in plasma (affinity
chromatography coupled to ICP-MS) was
developed at the Centre de Toxicologie du Québec
(CTQ) of the Institut National de Santé Publique
du Québec (INSPQ) by Adel Achouba and
Pierre Dumas and was fully validated. Both

Se and Hg signals are monitored to allow for
the determination of Hg associated with each
Se-containing protein. Results for close to 500
participants were available in December 2013.
Plasma samples from these participants were
also analysed for total plasma Se and Hg levels.
The analyses for the rest of the participants will
be completed in May 2014. Analyses of blood
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MeHg levels are now completed. CTQ has
acquired an ICP-MS/MS instrument which is
coupled to an HPLC; this analytical platform

is currently used by Pierre Dumas to improve
the sensitivity of our method for the speciation
of small Se molecules. Our colleagues at

the Organic Synthesis Service (CRCHU

de Québec) have attempted to synthesize
selenoneine using seven different pathways,
without success. There is currently no analytical
standard available on the market; because of
this, our progress with regard to the analysis of
this compound in biological samples has been
impeded. Additional efforts will be devoted

to isolating selenoneine from marine species

tissues in 2014-2015.

Section 2 of the project:

Lake trout, ringed seal meat, and ringed

seal liver) also processed using the Caco-2
absorptive Transwell system (Step 2 of the in
vitro GI model). In addition, beluga and ringed
seal samples were re-extracted after mixing
with several phytochemical- and selenium rich
foods (e.g.blueberries, blackberries, kuanniq
seaweed, tomato paste, and sculpin eggs).
Paulin Junior Vanié, a MSc student under
Laurie Chan’s guidance at University of Ottawa
is measuring Hg and Se speciation in food
samples before and after digestion through the
in vitro gastrointestinal model. All labs (Ayotte,
Chan, Laird, and Kwan) are sharing methods,
reference materials and standards.

Other Capacity Building, Communications, and
Traditional Knowledge Integration activities:

The list of country food to be included in

the study was selected by the research team
according to the discussions on country foods in
the villages, the most important dietary sources
of Hg or Se and/or those highly consumed in
Nunavik (Lemire et al., submitted). Michael
Kwan provided several recently archived
samples (2008-2012) from NRC and Mélanie
Lemire completed the sampling in the villages
(Kangiqsualujjuaq, Ivujivik, Inukjuak) between
October 2011 and August 2012 (mussels,
seaweeds, etc.). The sampling is almost
completed with the exception of Atlantic salmon
and brook trout eggs and transformed country
foods (caribou nikku).

Michael Kwan completed all total Hg and Se
analysis and age determination in the currently
available samples at NRC and sent the analysed
samples to UOttawa (n > 400) for further Se
and Hg speciation analysis, and Hg and Se
bioavailability testing.

Brian Laird started the bioaccessibility analyses
(Step 1 of the in vitro GI model) at the
University of Ottawa and Sierra Palaniyandi,

a M.Sc. student working under his guidance

at the University of Waterloo has continued
this work. Several foods listed in Table 2

have also been extracted with the in vitro
gastrointestinal model with six specific foods
(e.g.beluga meat, beluga mattaq, Arctic char,

This project has been first discussed with
different Inuit authorities and elaborated

in collaboration with the Nunavik Health
Nutrition Committee (NNHC) of the Nunavik
Regional Board of Health and Social Services
(NRBHSS) and Nunavik Research Centre
(NRC) in order to better address health issues
related to country foods in Nunavik. The project
was publicly presented on October 5, 2011

by M. Lemire in Kuujjuaq (Annual general
meeting of the NRBHSS), and in Inuktitut

at the radio. A visit of four other villages also
took place in October 2011 (Kangiqgsualujjuaq,
Kangiqgsujjuaq, Inukjuak and Kuujjuaraapik)

to discuss the project with mayors and health
authorities. The sampling campaign was further
conducted in March,June ,and August 2012

in collaboration with the Hunter Support
Program and the Nunavik Hunting, Fishing
and Trapping Association (NHFTA) in the
villages. The country foods targeted for analysis
were selected based on discussions with the
different community stakeholders, in order to
choose those most frequently prepared and
consumed in the villages. We also took into
consideration our results (Table 2) and those
from the 2004 Inuit Health in Transition Study
on food consumption to estimate local country
food sources of Hg and Se intakes and develop
comprehensive guidelines and decisional
algorithm for health practitioners in order to
mitigate Hg exposure during pregnancy in
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Nunavik (Lemire et al., submitted); Pirkle et al.,
in revision). Our results were also discussed with
community members while visiting different
villages in Nunavik for related projects on wild
berry health benefits and with our collaborators
at the NRC and NRBHSS in Kuujjuaq. We also
plan to discuss our study results with community
members and pre-test our decisional algorithm
with health practitioners during our next
campaign of community consultation to develop
future projects related to the food system and
traditional foods in May 2014 (Nasivvik, CIHR).

Results and Discussion

Results obtained to date for Se species and Hg
fractions are presented in Table 1. Blood Se
concentrations are elevated and highly variable
in this population, with values ranging from
125 to 3555 pg/L. Plasma Se concentrations are
lower and confined within a very narrow range
(101 to 221 pg/L). Concentrations of GPx, SelP
and SeAlb (expressed in pg Se/L) represented
on average respectively 25%, 52% and 23% of
the total plasma Se concentrations.

Figure 1 shows the non-linear relation between
blood Se and plasma Se concentrations in this
population sample. Increases in blood Se do

not result in a corresponding increase in plasma
Se. Similar results were previously reported

by Hansen et al. (2004) in Greenlandic Inuit
(see Figure 2). This contrasts with the linear
relationship previously reported by Lemire

etal. (2010, 2012) among adults from a fish-
eating population of the Brazilian Amazon,
where Brazil nuts constitute the major dietary
source of Se and an important source of
selenomethionine. Yamashita et al. (2013)
identified selenoneine as the major Se species
present in the cellular blood fraction of a fish-
eating Japanese population. We speculate that in
the Inuit population, a major fraction of blood
Se is present as selenoneine in red blood cells.
This hypothesis will be investigated in 2014-2015.

Figure 1. Relation between blood and plasma Se
concentrations (pg/L) in 498 Inuit adults of Nunavik
(2004 Inuit Health in Transition Study).
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Figure 2. Blood and plasma Se (pg/L) non-linear
association among Inuit adults in Greenland
(Hansen et al., 2004).
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Figure 3. Blood and plasma Se linear association
among adults fish-eating population of the Brazilian
Amazon (Lemire et al., 2012).

Total blood Hg and blood MeHg concentrations
were similar in Inuit adults (Table 1). A small
amount of Hg was found to coincide with each
Se-containing protein. The median plasma total
Hg concentration was 5.5-fold lower than that
of blood total Hg concentration (11 pg/L vs 2
pg/L, respectively). Because all Hg in blood
samples was in the MeHg fraction, this indicates
that plasma Hg, including Hg associated with
Se-containing proteins, is also present in the
MeHg form.

Results of Hg and Se analyses of country foods
are shown in Table 2. Overall, they show that:

e Almost all country foods are low in Hg (< 0.2
mg/g) with the exception of beluga meat
(nikku and raw), marine mammal organs
and lake trout which present very high
total Hg concentrations (> 1 mg/g). The
traditional drying process of the beluga meat
was shown to increase total Hg by 2 to 5 fold.
Some samples of marine bird eggs presented
very high Hg concentrations (> 1 pg/g).

¢ Although very high total Hg levels are found
in marine mammal organs, their MeHg
concentrations are much lower (less than

26% of total Hg).

* Beluga mattaaq and ringed seal meat
present total Hg levels in the low-medium

range (0.2 -0.5ng/g).

® Beluga mattaaq and nikku, walrus meat,
marine mammal and caribou organs, and
fish eggs are exceptionally high in total Se (>
1 mg/g).

* Beluga and seal meat, blue mussels and
marine fish species are also good dietary
sources of Se (> 0.2 mg/g).

Results of Hg in vitro bioaccessibility are shown
in Figure 4. In summary, the maximum Hg in
vitro bioaccessibility was observed in ringed seal
meat (95%). Hg in ringed seal liver showed
relatively low bioaccessibility (25%). The low
Hg bioaccessibility observed in ringed seal
liver may in part offset the risks posed by the
high total concentration. Large variation in
Hg bioaccessibility was observed between fish
species (e.g.Arctic char 9.4%; Lake trout 42%)
and the drying of beluga meat appeared to
cause a small decrease in Hg bioaccessibility
relative to raw beluga meat. No such effect
was observed for Se bioaccessibility. The
bioaccessibility of Se in country foods was
typically higher than observed for Hg (Figure
5). The only two exceptions to this trend were
for ringed seal meat and ringed seal liver. In
particular, the Hg and Se bioaccessibility of
ringed seal liver were both approximately 25%
whereas Hg and Se in ringed seal meat was
essentially completely bioaccessible (=95%).
The bioaccessibility of Se reached 100% for
three of the 14 foods analyzed (e.g.ringed seal
meat, Atlantic salmon, caribou meat).
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Figure 4. Hg in vitro bioaccessibility (Step 1) of
14 Nunavik country foods. Error bars represent
standard error of the mean of at least 6 replicates.
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Figure 5. Se in vitro bioaccessibility (Step 1) of 14
Nunavik traditional foods. Error bars represent
standard error of the mean of at least 6 replicates.
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The bioavailability of Hg and Se using

the Caco-2 cells (step 2 of the in vitro
gastrointestinal model) was analyzed for
select marine mammal and fish (Figure 6).
In order of increasing Hg bioavailability:
ringed seal liver, ringed seal meat, raw beluga
meat, lake trout, and Arctic char. In contrast,
Se bioavailability was remarkably consistent
(~60%) between country foods. Unlike

the results of Vazquez et al. (2013), Caco-2
cell retention of Hg was below the limit of
detection.

Figure 6. Hg and Se bioavailability from country
foods using the Caco-2 (Step 2) of the in vitro
gastrointestinal model. Error bars represent

standard error of the mean.
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In addition to these in vitro bioaccessibility
(Figures 4 and 5) and bioavailability (Figure
6) results, we also re-digested ringed seal

liver through Step 1 of the in vitro model in
binary mixtures with: blueberries, blackberries
(labeled as crowberries), seaweed, tomato
paste, and sculpin eggs. For ringed seal

liver, preliminary results show that each of

the phytochemical- and selenium-rich foods
decreased the solubilization of Hg (Figure

7). Conversely, the addition of blueberries,
blackberries, seaweed, and tomato paste
appears to increase the bioaccessibility of

Se ringed seal liver (Figure 8). The same
procedures have been completed for ringed
seal meat and beluga meat (raw and air-dried)
with the results from this work currently under
analysis.
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Figure 7. The bioaccessibility of Hg from ringed Figure 8. The bioaccessibility of Se from ringed seal

seal liver, sculpin eggs, tomato paste, blueberries, liver (RSL), sculpin eggs (SE), tomato paste (T0),

blackberries (labeled as crowberries) and blueberries (BB), crowberries (CB), and seaweed

seaweed. Also plotted is the bioaccessibility of (SW) (orange/blue stacked bars). Also plotted is
ringed seal liver digested in binary mixtures with the bioaccessibhility of ringed seal liver digested in
each of the other foods. Error bars denote standard binary mixtures with each of the other foods (green
error of the mean. bars). Error bars denote standard error of the mean.
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Table 1. Concentrations of Se species and Hg fractions in blood/plasma samples of
Inuit adults from Nunavik (2004 Inuit Health in Transition study)

Analyte Mean Median 75" percentile 95" percentile =~ Maximum

Selenium (pg Se/L)
Blood total Se 899 342.5 260.7 371.3 790.0 3555
Plasma total Se 498 141.8 140.2 153.2 171.2 221.2
GPx 498 35.8 35.2 38.9 46.5 .8
SelP 498 72.8 7.9 78.2 86.8 109.7
SeAl 498 332 32.6 36.7 429 61.9
Mercury (pg Hg/L)
Blood total Hg 899 17.4 10.8 22.0 52.2 240.8
Blood MeHg 899 17.7 106 221 56.1 2206
Plasma total Hg 498 2.77 2.02 331 8.00 245
Hg-GPx 498 0.57 0.4 0.70 1.59 6.47
Hg-SelP 498 1.63 1.20 1.97 4.49 1.7
Hg-SeAlb 498 0.74 0.54 0.94 2.04 5.74
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Table 2. Total Hg and Se results in country foods collected in Nunavik between 2008 and 2013

Animal part data origin, year MeHg (pg/g) Se (pg/g)

GM? Min Max GM? Min Max

Marine mammals

Beluga skin Kwan, 2011 @ 16 0.46 0.25 1.61 4.35 2.40 7.54
mattaaq Kwan, 2011° 16 0.38 0.21 1.29 3.52 1.96 6.07
raw meat Kwan, 1999, 2011, 2012 17 1.07 0.39 2.72 0.73 0.60 1.12
air-driedmeat o0 9012 9 4.01 188 693 126 110 143
(nikku)
average X Kwan, 2012 25 21 28 18 16 2.0
increase
liver Kwan, 1999, total Hg & Se ® 15 10.14 2.98 28.62 6.25 3N 14.91
. Kwan, old data, MeHg
liver (12%) ¢ 7 1.22 0.59 3.58
kidney Kwan, old data, total Hg a 9 6.39 1.33 17.49 4.70 2.92 9.65
kidney Kwan, old data, MeHg 4 052 015 056
(8 A]) ac
Ringed seal raw meat Kwan, 2002 @ 19 0.28 0.13 1.09 0.45 0.28 0.68
liver Kwan, 2002, total Hg & Se ® 20 10.91 2.50 89.89 8.33 3.13 37.80
liver Kwan, old data, total Hg 18 551 | 002 6908 567 114 2962
& Se
. Kwan, old data, MeHg
liver (11%) © 18 0.29 0.07 2.40
kidney Kwan, old data, total Hg 12 087 037 322 210 124 3.6
& Se
. Kwan, old data, MeHg
kidney (26%) © 12 0.23 0.14 0.50
Walrus raw meat Kwan, 2013 0.07 0.04 0.11 1.53 0.72 3.38

8

liver Kwan, 2013, total Hg & Se 5 2.06 0.91 4.15 2.18 1.39 3.46
5
5

kidney Kwan, old data, total Hg ® 0.28 0.10 0.68 3.79 3.02 5.22
kidney Kwan, old data, MeHg (20%) ® 0.06 0.04 0.09
Fish ¢
Arctic char = eat Kwan, 2013 15 003 002 009 024 017 035
sea run ssp.
air-dried meat o 9013 1 013 006 037 069 047 095
(pistik)
average X Kwan, 2013 38 20 5.0 26 19 3.8
INnCrease
raw skin Kwan, 2013 1 BDL BDL BDL 0.24 0.16 0.35
air-dried skin o0 9013 1 BOL BDL  BDL 094 059 1.24
(pistik)
average X Kwan, 2013 0 0 0 40 2.1 56
Increase
raw liver Kwan, 2013 10 005 004 010 093 062 186
raw eggs Kwan, 2013 8 BDL BDL BDL 1.12 0.72 1.64
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Animal data origin, year MeHg (pg/g)

GM? Min Max GM? Min Max

Se (pg/g)

Arctic char
- landlocked raw meat Kwan, old data 1" 0.13 0.08 0.17 0.60 0.50 0.98
ssp.
Lake
whitefish raw meat Kwan, 2013 10 0.14 0.09 0.23 0.17 0.13 0.22
raw eggs Kwan, 2013 10 0.03 0.02 0.04 2.14 1.69 2.56
Brook trout raw meat Kwan, 2011 24 0.1 0.06 0.67 0.23 0.18 0.29
?;:;”;LC raw meat Kwan, 2011 7 004 003 006 027 020 035
raw eggs NA NA
223{;‘[’:” raw meat Kwan, 2011 a 25 018 007 039 035 024 070
raw eggs Kwan, 2011 a 18 BDL BDL BDL 1.37 1.08 1.73
Lake trout raw meat Kwan, 2011 a 20 1.03 0.66 1.74 0.17 0.02 0.41
E;‘gﬁg; or | raw meat Kwan, old data 18 027 015 067 027 022 040
Northern pike ' raw meat Kwan, old data 5 0.69 0.45 1.17 0.23 0.21 0.24
Seafood
Blue mussels = raw meat Kwan, 2012 31 0.01 0.01 0.04 0.43 0.31 0.74
Clams raw meat NA NA
Scallops raw meat Kwan, old data 18 0.04 0.01 0.05 0.20 0.13 0.26
Wildfowl e
m:&"i"gan raw meat Kwan, 2013 27 U1 L I
Canada goose raw meat Kwan, 2012 16 BDL BDL BDL 0.22 0.14 0.32
raw liver Kwan, 2012 16 0.02 BDL 0.03 0.75 0.43 1.02
raw eggs Kwan, 2013 12 BDL BDL BDL 0.21 0.14 0.30
Eider duck raw meat Kwan, old data 5 0.15 0.10 0.21 NA
raw eggs Kwan, 2013 12 0.22 0.03 1.24 0.42 0.20 1.23
gSjﬁl/Herring raw eggs Kwan, 2013 1 0.22 0.03 1.97 0.59 0.30 0.93
\sl\éf;i[t:rwing raw meat Kwan, old data 4 0.12 0.09 0.49 NA
Black scooter = raw meat Kwan, old data 2/4 0.16 0.14 0.19 0.60
Surf scooter | raw meat Kwan, old data 9 0.17 0.07 0.29 NA
Mammals e
Caribou raw meat Kwan, 2008 15 0.03 0.01 0.05 0.20 0.10 0.29
e 2 w
;n;c;lt(ed dried NA NA
liver Kwan, 2008 15 0.49 0.89
kidney Kwan, 2008 15 0.86 1.39
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Animal data origin, year

MeHg (pg/g)
GM? Min Max GM? Min Max

Se (pg/g)

Polar bear raw meat Kwan, old data 40 0.07 0.04 0.17 0.23 0.16 0.30
blubber NA NA
Snowshoe 9
hare raw meat Kwan, 2013 0.01 0.00 0.02 0.18 0.08 0.35
Plants
Kwan, 2012; Harris, pers 4
Seaweeds raw comm BDL 0.1 0.07 0.19
Kwan, 2012; Harris, pers 5
Cloudberry comm BDL 0010 0004  0.020
Blackberry Kwan, 2012; Harris, pers 5 BDL
(crowberry) comm 0.002 0.001 0.003
Blueberries 5
(alpine Kwan, 2012; Harris, pers BDL
bilberry) comm 0.000 0.000 0.000
Redberries 1
(mountain Kwan, 2012; Harris, pers BDL
cranberry) comm 0.002
Alpine Kwan, 2012; Harris, pers 5 BDL
bearberry comm 0.000 0.000 0.000

NA: non-available, BDL: below detection limit, which is 0.008 pg/g wet weight for Hg (we used 0.004 pg/g ww in calculations)

a Age-adjusted geometric mean concentrations or geometric mean concentrations when available (Kwan data), otherwise

arithmetic mean was used.

b Concentrations were estimated based on the observation that mattaq is made of beluga skin and raw blubber, and

blubber represents at least 20% of a typical piece.

¢ Since a large proportion of total Hg is in inorganic form (>70%), the geometric mean reported here corresponds to the

age-adjusted MeHg concentration.

Conclusions

Our results to date indicate that although
some country foods are very high in Hg, not
all of them are equivalent with regard to the
proportion of the toxic metal that is available
for absorption. In 2014-2015, we will complete
the bioaccessibility experiments and Hg

and Se speciation analyses in country foods.
Our results and those recently published

by Yamashita et al. (2013) indicate that we
should focus our attention to the blood cell
fraction of participants to the Inuit Health

in Transition Study, in which selenoneine

is likely present in high concentration.
Additional efforts will be devoted to isolating

selenoneine from blood of marine species, in
order to obtain the standard required for its
quantification. In addition, linking country food
bioaccessibility, bioavailability and speciation

to human biomarker datasets will allow a better
understanding of country foods that contributes
the most Hg exposure and Se status. The
relation between MeHg, Se biomarkers and
diabetes and cardiovascular risk factors will also
be investigated. Moreover, these results will be
shared and discussed with local stakeholders,
and used to develop and implement
interventions that aim to promote the benefits
of traditional marine diet, while minimizing
MeHg exposure in Nunavik.
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Expected Project Completion Date

March 2015.
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Abstract

Human exposure to persistent organic
pollutants (POPs) in both industrialized

and remote regions is strongly influenced

by diet. What we eat and where these food
items originate are key determinants of body
burden and risks associated with chronic
exposure to such compounds. It is well known
that all foods are not equal with respect to
contamination by POPs. This implies that
contaminant exposure can be affected by
changes in diet. Therefore we have investigated
the impact of dietary transitions on human
POP exposure, with examples of transient
adjustment (e.g.if a woman who is pregnant
temporarily avoids food items known to be
more contaminated), and more gradual and

Résume

Dans les régions industrialisées ou éloignées,
I’alimentation influe fortement sur I’exposition
humaine aux polluants organiques persistants
(POP). Les aliments que nous mangeons et leur
provenance sont d’importants déterminants de
la charge corporelle et des risques associés a
une exposition chronique a de tels composés.
Il est généralement admis que les aliments

ne sont pas tous également contaminés par

les POP. Par conséquent, il est possible de
varier I’exposition aux contaminants en
modifiant I’alimentation. Nous avons donc
étudié 'effet de transitions alimentaires sur
I’exposition humaine aux POP a I’aide de
scénarios d’ajustements provisoires (p. ex. si
une femme enceinte écarte temporairement
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permanent changes (e.g., if communities
gradually shift from a traditional diet of locally
hunted animals to a diet that includes more
imported food). We have developed a series

of computer simulation-based food chain
bioaccumulation models that quantify how
much such dietary changes can affect exposure
to contaminants. They have been applied

to general population-wide transitions away
from northern traditional food, as well as to
specific Aboriginal Arctic communities, also to
investigation of the impacts of various wildlife
demographic variables (e.g, age, sex, lifespan)
on expected human exposure from traditional
food consumption, and to temperate human
populations complying with POP food
consumption advisories. Our main findings are
that (1) the long-term generational movement
away from traditional food intake in Canada’s
North greatly affected observed human POP
exposure trends, and (2) traditional food
consumers susceptible to POP exposure
toxicity (¢.e., pregnant or nursing mothers)
may want to preferably consume younger,
reproductively active female animals, as these
individuals typically possess lower contaminant
levels. Additionally, our initial investigation of
short-term dietary transition impacts among
temperate populations suggests that these

may have a negligible effect on POP levels,
especially for compounds exhibiting long
human elimination half-lives.

de son alimentation les aliments réputés plus
contaminés) et de changements plus graduels
et permanents (p. ex. si des communautés
remplacent graduellement leur alimentation
traditionnelle a base de viande d’animaux
chassés localement par une alimentation qui
comprend davantage d’aliments importés).
Nous avons mis au point une série de modeles
de simulation informatique qui permettent

de déterminer, quantitativement, dans quelle
mesure de tels changements peuvent influer
sur I’exposition aux contaminants. Ces
modeles ont été appliqués a I’échelle de la
population, dans le contexte de ’abandon

des aliments traditionnels en général,

ainsi qu’a des communautés autochtones
précises de I’Arctique, toujours dans le but
d’étudier I'incidence de différentes variables
démographiques relatives aux especes sauvages
(p- ex. age, sexe, durée de vie) sur I’exposition
humaine prévue associée a la consommation
d’aliments traditionnels. Les modeéles ont en
outre été appliqués a des populations vivant sous
un climat tempéré et respectant les avis relatifs
a la consommation d’aliments contaminés par
des POP. D’apres nos principaux résultats,

(1) P’abandon a long terme des aliments
traditionnels d’une génération a I’autre dans le
Nord canadien a considérablement influé sur
les tendances observées en matiere d’exposition
humaine aux POP et (2) les personnes qui
consomment des aliments traditionnels et

qui sont plus vulnérables aux effets toxiques
des POP (c.-a-d. les femmes enceintes ou qui
allaitent) pourraient consommer de préférence
de jeunes animaux femelles en période
d’activité reproductrice, car ceuxci présentent
habituellement des niveaux inférieurs de
contamination. Par ailleurs, selon nos études
préliminaires sur des populations de régions
tempérées, les transitions alimentaires de
courte durée auraient un effet négligeable sur
les concentrations de POP, surtout s’il s’agit

de composés possédant une longue demi-vie
d’élimination chez I’étre humain.

82

F. Wania



Key Messages

Large-scale generational dietary transitions
among Aboriginal northern communities
are an important factor underlying observed
POP body burden temporal declines, as well
as contributing to the variability within and
between subpopulations

The incorporation of several new models
for additional traditional food species

(e.g., bowhead whale, beluga whale,
narwhal, caribou) into our greater food
chain bioaccumulation framework has
provided a more holistic representation

of common traditional Aboriginal diets,
and initial evaluations of expanded model
performance using Aboriginal (mainly Inuit
and Dene/Metis) biomonitoring data from
two northern communities (Baffin Island
and Inuvik) have produced promising
results

Associations between POP concentrations
and demographic variables such as sex

and age in traditional food species can

help inform northern dietary choices; for
example, suggesting individuals susceptible
to POP toxicity limit their consumption of
older male animals, as they routinely possess
the greatest POP levels within wildlife
populations

When assuming realistic periods of
compliance (i.e., only during a nominal

1.5 year period of pregnancy and
breastfeeding), maternal food advisories
are largely ineffective in reducing pre-

and postnatal exposure to POPs with
exceptionally long human elimination half-
lives

Messages clés

Les transitions alimentaires a grande

échelle d’une génération a I'autre dans

les communautés autochtones du Nord
jouent un role important dans la diminution
temporelle de la charge corporelle des POP
observée et contribuent a la variabilité intra
et interpopulationnelle.

L’intégration de plusieurs nouveaux modeles
concernant d’autres especes faisant partie de
I’alimentation traditionnelle (p. ex. baleine
boréale, béluga, narval, caribou) dans notre
cadre général de bioaccumulation des POP
dans la chaine trophique a rendu possible
une représentation plus globale des régimes
alimentaires traditionnels courants chez

les Autochtones. De plus, les évaluations
initiales du rendement du modele

€élargi, réalisées au moyen de données

de biosurveillance chez des Autochtones
(principalement des Inuits et des Dénés ou
des Métis) de deux communautés nordiques
(ile de Baffin et Inuvik), ont donné des
résultats prometteurs.

Les associations entre les concentrations de
POP et certaines variables démographiques,
comme le sexe et ’age des especes
consommeées traditionnellement, peuvent
aider a guider les choix alimentaires

dans le Nord; par exemple, on pourrait
recommander aux personnes vulnérables
aux effets toxiques des POP de limiter leur
consommation d’animaux males agés, car
ces derniers possedent couramment les plus
hautes concentrations de POP parmi les
populations fauniques.

Lorsque nous supposons des périodes
d’observance réalistes (c.-a-d. seulement
pendant la grossesse et I’allaitement,

soit une période d’un an et demi), les
recommandations en matie¢re d’alimentation
des meres sont en grande partie inefficaces
pour réduire I’exposition prénatale et
postnatale aux POP dont la demi-vie
d’élimination est exceptionnellement
longue chez I’étre humain.
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Objectives

Long-term

1. To estimate the respective contributions of
declining environmental POP contamination
and changing dietary consumption
behaviour on human tissue POP
concentrations observed in two northern
communities (Baffin Island and Inuvik).

2. To assess the effectiveness of food
consumption guideline compliance on
northerners’ exposures to POPs with
varying physical-chemical properties (e.g.,
hydrophobicity, volatility, susceptibility to
biotransformation).

3. To maximize the value of existing northern
human biomonitoring data by using them in
the evaluation of model predictions.

4. To build capacity for assessing human
exposures in northern communities to new
and emerging chemicals of concern.

5. To develop a novel physiologically-based
pharmacokinetic (PBPK) model capable of
describing mammalian tissue distribution of
mercury following prescribed dietary intake.

Short-term

1. To model time trends of POP exposure in
mothers from two northern regions (Baffin
Island and Inuvik) considering both shifts
in global emissions and long term dietary
changes.

2. To model the efficacy of short-term maternal
dietary changes, during pregnancy and
nursing, in reducing infant POP exposure
among northern populations.

3. To quantify analytically the effect of
traditional food preparation on human
dietary POP exposure focusing primarily on
beluga whale blubber (or muktuk).

4. To modify our series of human food chain
bioaccumulation models to account for
the nutritional value of various food items,
such as omega-3 polyunsaturated fatty acids,
vitamins (A, B, E), iron, calcium, folate, and
fiber.

Introduction

The main route of human exposure to POPs in
the Arctic is via traditional food consumption,
with local wildlife examples including caribou,
seals, toothed whales, and polar bears (Deutch
et al. 2007; Donaldson et al. 2010; Kuhnlein et
al. 2004). This factor may in part contribute

to the ongoing dietary transition trend away
from country foods and toward imported

items among these communities (Deutch et

al. 2007; Kuhnlein et al. 2004). Though these
observed dietary transitions have correlated

with increased rates of obesity and reduced
nutrient intake (Deutch et al. 2007; Kuhnlein

et al. 2004), they may have contributed to
declining historic POP levels among northerners
(Donaldson et al. 2010), and likely will continue
to affect future exposures. Interestingly, though
marine mammal contamination often exceeds
levels observed in imported foods (Hoekstra et
al. 2005; O’Hara et al. 2005), some store-bought
items (milk, fish, salmon, sardines) may possess
higher organochlorine concentrations than local
fish species (Arctic char, whitefish, pink salmon).
Thus, transitioning from a traditional diet to
more imported food would not necessarily lower
organochlorine exposure in all cases.

In addition to these long-term population-
wide dietary transitions among northerners,
POP exposures may also be impacted by short-
term dietary transitions, such as food advisory
compliance by women during pregnancy

and nursing, or transient modifications to
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food preparation methods. As individuals are
particularly susceptible to the neurocognitive
effects of POPs during pre- and postnatal
development (Stewart et al. 2008; Walkowiak
etal. 2001), regulatory bodies often publish
guidelines to promote safe maternal preparation
practices, and intake levels of certain foods,
mainly fish (Turyk et al. 2012). The majority of
current POP dietary consumption advisories are
for temperate populations, such as those in the
Great Lakes region (Bhavsar et al. 2011), while
no POP-based advisories have been published
specifically for Aboriginal Arctic residents
consuming a traditional diet. One reason for this
being that sources of local food, the amounts
consumed, their preparation methods, and
levels of contaminants are extremely variable
throughout the Arctic (Donaldson et al. 2010).
Additionally, traditional food serves as a cultural
and spiritual cornerstone of community health
in many Aboriginal groups. In fact, authors
agree that consumption of traditional foods
should continue to be recommended, and
intakes monitored only for sensitive populations
(children and pregnant women) (Donaldson et
al. 2010).

Ultimately, dietary transitions from a traditional
to an imported diet currently occurring in
Canada’s North, or those practiced short-term
by vulnerable populations, can be problematic
from a nutritional and cultural point of view.
As contaminant-related dietary consumption
advisories may influence dietary choices, it is
important that those advisories are based on
the best available science and strike a balance
between the desires to reduce contaminant
exposure and to maximize the nutritional and
cultural value of food. Our current work allows
for quantitative assessments of the efficacy

of such guidelines in reducing contaminant
exposure. In fact, our model of human

dietary contaminant uptake, comprehensively
evaluated with existing biomonitoring datasets,
may eventually be used to design dietary
guidelines that are effective in reducing
contaminant exposure without compromising
the consumption of nutritionally beneficial
traditional food items.

Activities in 2013-2014

One of the main activities in the past project
year was the development of bioaccumulation
models for several northern traditional food
species, greatly expanding our Arctic version
of the ACC-Human model. Specifically,

models for beluga and bowhead whale were
completed and evaluated, as detailed in a
recent publication (Binnington and Wania
2014), while those for caribou and narwhal
were also finalized (Binnington and Wania,
2013b), and evaluation is near completion. A
model for an additional organism relevant to
northern traditional food exposure among
inland communities, the Canada goose, is
currently in progress. The decision to develop
models for caribou, beluga whale, narwhal,
and Canada goose, to join existing models

for ringed seal and polar cod, were motivated
by dietary surveys and POP biomonitoring
among mothers in the Inuvik and Baffin Island
regions (Health Canada; Government of
Nunavut; Government of Northwest Territories;
Government of Yukon; Inuit Tapiriit Kanatami,
personal communication). Particularly, we
sought to include a range of traditional food
items important to POP exposure due to a
high frequency of consumption (caribou,
Canada goose), an elevated exposure POP
exposure potential due to high contaminant
levels (beluga), or organisms that fulfilled both
these criteria (narwhal). Using this expanded
model framework, we have begun attempts to
reproduce POP human biomonitoring results
from two northern communities (Baffin Island
and Inuvik) using population demographic data
and dietary survey information.

Conversely, development of a bioaccumulation
model for the bowhead whale was motivated not
only due to its consumption by the same Inuvik
and Baffin Island populations, but also because
it is an exceptionally long-lived species. We
were interested in modeling bioaccumulation
in the bowhead, and other long-lived Arctic
wildlife species, to further explore the factors
that determine POP concentration-age
relationships in cross-sectional biomonitoring
studies. In fact, our second major activity was
also the completion of this project; we sought
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to clarify POP concentration-age associations

in individuals and population cross-sections
among four Arctic species frequently used in
wildlife biomonitoring, and possessing vastly
different lifespans: polar cod (lifespan - 6 years),
ringed seal (40 years), beluga whale (80 years),
and bowhead whale (160 years). A manuscript
describing results of this activity has recently
been published (Binnington and Wania 2014).

A third major project activity was completion
of our project quantifying the effect of
transient dietary transitions among women

of childbearing age on resultant prenatal,
postnatal, and childhood exposures of their
children to POPs. We initially estimated the
effectiveness of fish consumption advisories

in reducing exposure of infants and children
in fish-eating Southern populations using the
time-variant mechanistic model CoZMoMAN;
the results of this activity were published
earlier this year in the journal Environmental
Health Perspectives (Binnington et al. 2014).
Though this framework was initially applied to
a temperate population, the same approach
will be used for a northern group following the
completion of the current Arctic ACC-Human
modeling scheme.

Finally, as mercury/methylmercury (Hg/
MeHg) is arguably the contaminant of greatest
concern in the North, our fourth activity of the
past project year was completion of a critical
review of available bioaccumulation modeling
approaches for mercury. This assessment was
performed in preparation for a future Hg/
MeHg bioaccumulation model development
activity.

Communications

The results from these four major activities

have been disseminated through a variety

of means during this past year. Specifically,
findings from our ACC-Human Arctic model
expansion activity were presented at a meeting
of the Society of Environmental Toxicology and
Chemistry (Binnington et al. 2013a) and at the
2013 NCP Results Workshop (Binnington et al.
2013b). Our wildlife POP concentration-age
study is in press at Environmental Toxicology and
Chemistry (Binnington and Wania 2014), and
was also presented at a meeting of the Society

of Environmental Toxicology and Chemistry
(Binnington and Wania 2013a), and the 2013
NCP Results Workshop (Binnington and Wania
2013b). Results from our temperate dietary food
advisory project were published in Environmental
Health Perspectives (Binnington et al. 2014).

The project team also held communication
meetings with our northern partners on three
separate occasions during the previous project
year. In July 2013, Frank Wania, Matthew
Binnington, and Meredith Curren hosted

an in-person meeting/conference call in

Ottawa to discuss ongoing project results, the
appropriateness of planned traditional food
additions to our model framework, as well as any
information on existing and potential traditional
food substitution scenarios. In August, Matthew
Binnington hosted a second conference call with
additional northern partners who were unable
to attend the earlier Ottawa meeting; a similar
agenda as described above was discussed. Finally
in September 2013 additional informal meetings
were conducted with northern partners during
the 20™ NCP Results Workshop.
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Capacity Building

While specific capacity building opportunities
were not included in 2013-2014 project
undertakings, we expect that future work will
include them. An upcoming 2014-2015 project
activity will involve a field study by Matthew
Binnington examining the impact of traditional
food preparation practices on nutrient intake
and POP exposure, in Tuktoyaktuk, Northwest
Territories. This northern trip will afford unique
capacity building opportunities, such as visiting
local elders to explain the significance of our
work and our interest in improving local food
security. We also plan to make every effort to
participate in local activities, volunteer, present
our findings, and answer questions during

this field study, as well as during all stages of

the project, including planning and results
reporting. We also plan to include in-person
discussion of our research results with territorial
representatives. Also we will create opportunities
to discuss prepared plain language summaries
of our research with community individuals

and students, and discuss our findings during
community gatherings, and Hunters and
Trappers Committee meetings.

Traditional Knowledge Integration

Traditional Knowledge (TK) was incorporated
during project activities over the past year
through our advisement on existing or potential
traditional food substitution scenarios, as well
as the appropriateness of planned traditional
food additions to our model framework with
our northern project partners. Furthermore
inclusion of TK will be critical in conducting
our upcoming 2014-2015 field campaign
investigating the impacts of traditional food
preparation on nutrient intake and POP
exposure. We also anticipate TK will continue
to be very valuable in designing realistic dietary
replacement scenarios for the application of
our transient dietary transition approach to
northern communities.

Results and Discussion

Our first major project of 2013-2014, involving
expansion of the original ACC-Human Arctic
framework with additional traditional food
items, and application of this framework to
reproduce historic biomonitoring data from two
northern communities, has again demonstrated
the feasibility of applying our mechanistic food
chain bioaccumulation modeling approach to a
wide range of species and settings. Evaluation of
model POP concentration output consistently
matched published monitoring and modeling
data for each additional traditional food
species, including bowhead and beluga whales
(Binnington and Wania 2014; Hoekstra et al.
2002; Stern et al. 2005), narwhals (Wolkers

et al. 2006), and caribou (Elkin and Bethke
1995; Kelly and Gobas 2001; 2003). Using these
calculated traditional food POP concentrations
as inputs to the human portion of the ACC-
Human Arctic model, our initial attempts

to replicate measured POP concentrations

in aboriginal Arctic mothers from baseline
biomonitoring studies in the communities

of Baffin Island (1996) and Inuvik (1999)

have been promising. Our comparison of the
cross-sectional lipid-normalized concentration
of PCB-153 from ACC-Human Arctic when
parameterizing the model with average
population demographic variables (ex. birth
year, parity, traditional food intake) to specific
PCB-153 measurements for each individual in
the study population is displayed in Figure 1.
Given that the model is performing satisfactorily,
our next steps will be to attempt to reproduce
POP concentrations in each baseline individual
using their specific demographic characteristics,
and then compare these results to individuals
from follow-up studies in these communities.
This will allow us to further discern the relative
impacts of declining environmental POP
concentrations and dietary transition behaviour
on POP exposures in historic northern
populations, further enhancing our previous
findings based on a series of general dietary
transition simulations (Quinn et al. 2012).
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Figure 1. PCB-153 lipid-normalized concentration
predictions for each measured aboriginal mother
in baseline hiomonitoring studies from Baffin
Island (A) and Inuvik (B), compared to cross-
sectional model output for an individual possessing
the average demographic characteristics of the
population (i.e. birth year, parity, TF intake).

For our second major project, we performed a
series of model calculations exploring persistent
organic pollutant (POP) bioaccumulation in

a series of long-lived Arctic species frequently
used in contaminant biomonitoring: polar cod,
ringed seal, beluga whale, and bowhead whale.
As mentioned, our interest was in determining
the roles of lifespan, gender, and the temporality
of sampling relative to POP emission rates on
POP concentration-age trends in biomonitoring
results. As in our previous study of POP
concentration-age dynamics in humans (Quinn
and Wania 2012), our results demonstrated that
the temporal proximity of population sampling
events to the studied contaminant emissions
peak (termed the birth cohort effect — Figure

2) was a critical factor in determining observed
age-concentration trends in biomonitoring

of male animals, and one that is not always
considered in the POP biomonitoring literature.
However, a similar cohort effect was not found
in reproductive females because of efficient
POP loss via lactation; females do not retain

a “memory” of their past exposure. Notably,
lifespan differences were not a significant factor
distinguishing POP body-burden age trends
between organism populations when species
were compared along an equivalent age scale.
We ultimately suggested that accounting for
birth cohort and sex effects is essential when
interpreting trends in POP biomonitoring of
long-lived species. The implication of this work
relevant to northerners is the suggestion that
individuals can reduce dietary POP exposure
through a focus on consumption of younger
animals, reproducing females, and/or short-
lived species. These recommendations can
further inform dietary advisories designed for
subpopulations susceptible to POP-related
health effects (i.e. pregnant or nursing
mothers).
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Figure 2. Overview of the schematic used to generate CBATs from ACC-Human Arctic estimates of PCB-
153 bioaccumulation in male polar cod, ringed seals, beluga whales, and bowhead whales. Global PCB-
153 emissions estimates (A) were input to the chemical fate and distribution model GloboPOP to derive
time trends of PCB-153 concentration in Arctic air and seawater compartments (B). These environmental
concentrations were combined with rates of dietary intake and body growth for each species to
produce longitudinal data through time differentiated by an individual’s year of birth using the food web
bioaccumulation model ACC-Human Arctic (C-F). Finally, cross-sectional trends for 1960, 1990, and 2030 were
calculated by “sampling” all individual longitudinal curves for polar cod, ringed seals, beluga whales, and
bowhead whales (of varying ages) who possessed PCB-153 concentration values for those years (G-J).
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For our third project, we assessed the
effectiveness of current food consumption
advisories in reducing human POP exposure

by estimation and comparison of prenatal,
postnatal and childhood PCB-153 levels under
different scenarios of maternal guideline
adherence in a Southern population. Scenarios
differed in terms of length of compliance (1 vs.
b years), extent of fish substitution (all vs. half),
and replacement diet (uncontaminated produce
vs. beef/dairy). We also calculated exposure
reduction potential for a range of theoretical
chemicals to explore how guideline effectiveness
varies with a chemical’s partitioning and
degradation properties. When assuming realistic
time periods of advisory compliance (Czub et al.
2008; Teisl et al. 2011), temporarily eliminating
or reducing maternal fish consumption was

tal PCB-153 exposure

10N In prena

Percent reduct

found largely ineffective in reducing pre- and
postnatal exposure to substances with long
elimination half-lives in humans (such as PCB-
153), especially during periods of decreasing
emissions (Figure 3). However, advisories

can be highly effective in reducing exposure
to substances with elimination half-lives in
humans shorter than the length of guideline
compliance, such as methylmercury. Also
notable was our finding that replacement food
items (beef and dairy) consumed to compensate
for fish reductions actually resulted in higher
exposure to certain groups of environmental
contaminants. Overall, we conclude that at
reported levels of advisory compliance, fish
consumption advisories are not effective in
lowering exposure to compounds with long
human elimination half-lives.
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Figure 3. Percent reductions in prenatal exposure of modeled females to PCB-153 due to variation in maternal
fish advisory compliance, and assuming time-variant emissions. The dotted lines represent the percent
reduction in prenatal exposure for the same fish consumption scenarios described under steady state
conditions. Plots are overlaid atop the time-variant emissions scenario used (Breivik et al. 2010).
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Although this study is not directly relevant to
northern communities, since it focused on
fish-eating populations in the South, it did
allow us to successfully test the feasibility of our
approach; using a mechanistic human food
chain bioaccumulation model linked to an
environmental fate model to test the efficacy
of dietary consumption guidelines. A similar
approach will be used to test the efficacy of
dietary consumption advisories in the North.
However, this will necessitate the creation

of meaningful traditional diet substitution
scenarios (i.e., to what extent should one
dietary item be replaced for another, and for
how long?), using traditional knowledge as

a guiding principle. We envision that these
scenarios may explore substitutions both with
dietary items imported from the South, as well
as with other country foods. Considering that
some dietary items of interest to northerners
have very high contamination relative to others
that may serve as a substitute (e.g., marine
mammal fat vs. terrestrial mammals) (Armitage
et al. 2011; Breivik et al. 2010; Czub et al.

2008; Donaldson et al. 2010), we are presently
reluctant to predict that the findings from the
Southern study, namely that dietary advisories
are largely ineffective in lowering exposure to
long-lived pollutants, can be readily transferred
to northern communities. If the substitution

is much less contaminated and compliance
extends for several years prior to pregnancy,
notable reductions in infant exposure even to
long-lived pollutants may be feasible.

For our fourth 2013-2014 activity, our review

of available bioaccumulation modeling
approaches for mercury indicated that current
literature methods are limited in scope when
compared to strategies for POPs. Particularly,

it would be overly ambitious to attempt to
translate our POPs modeling framework, which
mechanistically estimates behaviour from
emissions all the way to ultimate accumulation
in top food chain consumers, to mercury.
Instead, based mainly on literature reports

of MeHg toxicokinetics in laboratory animals
and humans from the literature (Carrier et

al. 2001a; 2001b; Farris et al. 1993; Gray 1995;
Young et al. 2001), as well as subsequent reports
of mechanistic mercury bioaccumulation

models in birds (Karasov et al. 2007; Nichols
etal. 2010), we intend to focus on a model

of mammalian mercury distribution. Our
findings from development and application of
bioaccumulation models for ionogenic organic
contaminants (i.e. acids and bases) (Armitage
etal. 2012; 2013; Cao et al. 2012) will help to
inform this approach, and we expect this model
will prove invaluable for assessment of transient
dietary transition impacts on mercury exposure.

Conclusions

During the 2013-2014 project year we have
made several significant advancements.

Firstly, the determination that our current

food chain bioaccumulation modeling
approach is suitable to reproduce historical
biomonitoring data on POP concentrations

in northern communities, ensuring that our
greater project goal of evaluating long-term
dietary transition impact in aboriginal Arctic
populations remains achievable. Additionally,
we were able to publish our investigation into
short-term dietary transition behaviours, and
their relative ineffectiveness in reducing POP
exposures, especially for recalcitrant compounds
in humans. However, we note that the latter
finding has yet to be reproduced in northern
communities. Thirdly, we determined the
impact of several demographic factors on typical
Arctic POP biomonitoring age trends in wildlife,
indicating that individuals can likely reduce
dietary POP exposure through consumption of
younger reproducing female animals. Finally, we
have determined that future project methods

to model northern mercury bioaccumulation
behaviour should be reasonably limited to
simple PBPK distribution approaches, based on
a critical review of the current literature.

Continuing work will consist of further
expansion of the ACC-human Arctic model to
include one additional species (Canada goose)
important for POP exposure through traditional
diets, and use of the further expanded model

to replicate individual POP biomonitoring data
for two northern communities, Baffin Island
and Inuvik. Our ultimate goal is to specifically
describe the role of emissions regulation and
dietary transitions in historical POP exposures.
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We will also assess the impacts of more short-term
northern dietary transition behaviour, including
traditional food substitution scenarios, and
experimental analysis of preparation impacts.
Finally, we plan to construct a novel PBPK model
to assess human exposure trends for mercury, as
itis likely the most pressing contaminant-related
concern in northern Canada.

Expected Project Completion Date

August 2015

References

Armitage JM, Arnot JA, Wania F. 2012. Potential
Role of Phospholipids in Determining the Internal
Tissue Distribution of Perfluoroalkyl Acids in
Biota. Environ Sci Technol 46:12285-12286.

Armitage JM, Arnot JA, Wania F, Mackay
D. 2013. Development and evaluation of a
mechanistic bioconcentration model for

ionogenic organic chemicals in fish. Environ
Toxicol Chem 32:115-128.

Armitage JM, Quinn CL, Wania F. 2011. Global
climate change and contaminants—an overview
of opportunities and priorities for modelling
the potential implications for long-term human

exposure to organic compounds in the Arctic. ]
Environ Monit 13:1532-1546.

Bhavsar SP, Awad E, Mahon CG, Petro S. 2011.
Great Lakes fish consumption advisories: is
mercury a concern? Ecotoxicology 20:1588—
1598.

Binnington MJ, Quinn CL, Mclachlan MS,
Wania F. 2014. Evaluating the effectiveness of
fish consumption advisories: modeling prenatal,
postnatal, and childhood exposures to persistent
organic pollutants. Environ Health Persp

122:178-186.

Binnington MJ, Wania F. 2014. Clarifying
relationships between persistent organic pollutant
concentrations and age in wildlife biomonitoring:
individuals, cross-sections, and the roles of
lifespan and sex. Environ Toxicol Chem.

Binnington, M. J., F. Wania. Clarifying persistent
organic pollutant concentration trends in the
biomonitoring of long-lived organisms: the roles
of age, lifespan, and sex. Poster presentation at
the 20th Annual NCP Results Workshop, Ottawa,
Ontario, September 24-25, 2013a.

Binnington, M. J., F. Wania. Clarifying the
relationship between persistent contaminant
concentrations and age in biomonitoring of
long-lived organisms. Platform presentation

at the 34th Annual Meeting of SETAC North
America, Nashville, Tennessee, November 17-21,
2013b.

Binnington, M. J., Curren, M., Armitage,

J-M., Quinn, C.L., Arnot, J.A., Chan, H.M., F.
Wania. Quantifying the effect of transient and
permanent dietary transitions in the North

on human exposure to persistent organic
pollutants. Poster presentation at the 20th
Annual NCP Results Workshop, Ottawa, Ontario,
September 24-25, 2013a.

Binnington, M. J., Curren, M., Armitage, |].M.,
Quinn, C.L., Arnot, J.A., Chan, H.M., F. Wania.
Quantifying human exposure to persistent
organic pollutants (POPs) in the Arctic:

novel caribou, beluga whale, and narwhal
bioaccumulation models. Poster presentation

at the 34th Annual Meeting of SETAC North
America, Nashville, Tennessee, November 17-21,
2013b.

Breivik K, Czub G, Mclachlan MS, Wania F. 2010.
Towards an understanding of the link between
environmental emissions and human body
burdens of PCBs using CoZMoMAN. Environ Int
36:85-91.

Carrier G, Bouchard M, Brunet RC, Caza M.
2001a. A toxicokinetic model for predicting the
tissue distribution and elimination of organic
and inorganic mercury following exposure to
methyl mercury in animals and humans. II.
Application and validation of the model in
humans. Toxicol. Appl. Pharmacol. 171:50-60.

92

F. Wania



Carrier G, Brunet RC, Caza M, Bouchard M.
2001b. A toxicokinetic model for predicting the
tissue distribution and elimination of organic
and inorganic mercury following exposure

to methyl mercury in animals and humans.

I. Development and validation of the model
using experimental data in rats. Toxicol. Appl.
Pharmacol. 171:38-49.

Cao, X, ]. M. Armitage, F. Wania. Physiologically
based pharmacokinetic model for residues of
Diclofenac in livestock and vulture. Presentation
at the 33rd Annual Meeting of SETAC North
America, Long Beach, California, November 11-
15, 2012.

Czub G, Wania F, Mclachlan MS. 2008.
Combining long-range transport and
bioaccumulation considerations to identify

potential Arctic contaminants. Environ Sci
Technol 42: 3704-3709.

Deutch B, Dyerberg J, Pedersen HS, Aschlund
E, Hansen JC. 2007. Traditional and modern
Greenlandic food - Dietary composition,
nutrients and contaminants. Sci Total Environ

384:106-119.

Donaldson SG, Van Oostdam |, Tikhonov C,
Feeley M, Armstrong B, Ayotte P, et al. 2010.
Environmental contaminants and human
health in the Canadian Arctic. Sci Total Environ
408:5165-5234.

Elkin BT, Bethke RW. 1995. Environmental
contaminants in caribou in the Northwest
Territories, Canada. Science of the Total
Environment, The 160-161: 307-321.

Farris FF, Dedrick RL, Allen PV, Smith JC. 1993.
Physiological model for the pharmacokinetics

of methyl mercury in the growing rat. Toxicol.
Appl. Pharmacol. 119:74-90.

Gray DG. 1995. A physiologically based
pharmacokinetic model for methyl mercury

in the pregnant rat and fetus. Toxicol. Appl.
Pharmacol. 132:91-102.

Hoekstra PF, O’Hara TM, Backus SM, Hanns C,
Muir DCG. 2005. Concentrations of persistent
organochlorine contaminants in bowhead
whale tissues and other biota from northern

Alaska: implications for human exposure from a
subsistence diet. Environ Res 98:329-340.

Hoekstra PF, O’Hara TM, Pallant SJ, Solomon
KR, Muir DCG. 2002. Bioaccumulation of
organochlorine contaminants in bowhead
whales (Balaena mysticetus) from Barrow,
Alaska. Arch. Environ. Contam. Toxicol. 42:497—
507.

Karasov WH, Kenow KP, Meyer MW, Fournier F.
2007. Bioenergetic and pharmacokinetic model
for exposure of common loon (Gavia immer)

chicks to methylmercury. Environ Toxicol Chem

26: 677-685.

Kelly BC, Gobas FAPC. 2003. An arctic
terrestrial food-chain bioaccumulation model

for persistent organic pollutants. Environ Sci
Technol 37:2966-2974.

Kelly BC, Gobas FAPC. 2001. Bioaccumulation of
persistent organic pollutants in lichen-caribou-
wolf food chains of Canada’s Central and
Western Arctic. Environ Sci Technol 35:325-334;
do0i:10.1021/es0011966.

Kuhnlein H, Receveur O, Soueida R, Egeland
G. 2004. Arctic Indigenous Peoples experience

the nutrition transition with changing dietary
patterns and obesity. ] Nutr 134: 1447-1453.

Nichols JW, Bennett RS, Rossmann R, French
JB, Sappington KG. 2010. A physiologically

based toxicokinetic model for methylmercury
in female American kestrels. Environ Toxicol

Chem 29:1854-1867.

O’Hara TM, Hoekstra PF, Hanns C, Backus SM,
Muir DCG. 2005. Concentrations of selected
persistent organochlorine contaminants in
store-bought foods from northern Alaska.
International Journal of Circumpolar Health 64:

303-313.

F. Wania

93



Quinn CL, Armitage JM, Breivik K, Wania

F. 2012. A methodology for evaluating the
influence of diets and intergenerational dietary
transitions on historic and future human
exposure to persistent organic pollutants in the
Arctic. Environ Int 49:83-91.

Quinn CL, Wania F. 2012. Understanding
Differences in the Body Burden—-Age
Relationships of Bioaccumulating Contaminants

Based on Population Cross Sections versus
Individuals. Environ Health Persp 120:554-559.

Stern GA, Macdonald CR, Armstrong D,

Dunn B, Fuchs C, Harwood L, et al. 2005.
Spatial trends and factors affecting variation of
organochlorine contaminants levels in Canadian
Arctic beluga (Delphinapterus leucas). Sci Total
Environ 351-352:344-368.

Stewart PW, Lonky E, Reihman J, Pagano ],
Gump BB, Darvill T. 2008. The relationship
between prenatal PCB exposure and intelligence
(IQ) in 9-year-old children. Environ Health
Persp 116:1416.

Teisl MF, Fromberg E, Smith AE, Boyle K],
Engelberth HM. 2011. Awake at the switch:
Improving fish consumption advisories for at-
risk women. Sci Total Environ 409:3257-3266.

Turyk ME, Bhavsar SP, Bowerman W, Boysen E,
Clark M, Diamond ML, et al. 2012. Risks and
benefits of consumption of great lakes fish.
Environ Health Persp 120:11-18.

Walkowiak J, Wiener JA, Fastabend A,

Heinzow B, Kramer U, Schmidt E, et al. 2001.
Environmental exposure to polychlorinated
biphenyls and quality of the home environment:

effects on psychodevelopment in early
childhood. Lancet 358:1602-1607.

Wolkers H, Lydersen C, Kovacs KM, Burkow I,
van Bavel B. 2006. Accumulation, metabolism,
and food-chain transfer of chlorinated and
brominated contaminants in subadult white
whales (Delphinapterus leucas) and narwhals
(Monodon monoceros) from Svalbard, Norway.
Arch. Environ. Contam. Toxicol. 50:69-78.

Young JF, Wosilait WD, Luecke RH. 2001.
Analysis of methylmercury disposition in
humans utilizing a PBPK model and animal

pharmacokinetic data. | Toxicol Env Heal A
63:19-52.

94

F. Wania



Community Based Monitoring

Surveillance communautaire







Mercury Levels in Food Fish Species in Lakes Used by
Dehcho Community Members with a Focus on Choice and
Risk Perception of Eating Traditional Country Food

Concentrations de mercure chez des poissons de
consommation vivant dans des lacs utilisés par des
membres de la collectivité du Dehcho, avec insistance sur
le choix et la perception du risque lié a la consommation
d'aliments traditionnels

O Project Leader:
George Low, Dehcho First Nations, Hay River
Tel: (867) 874-1248, Email: geobarbgeo@hotmail.com

O Project Team Members and their Affiliations:
Mike Low and Alison de Pelham, Dehcho First Nations; Heidi Swanson, University of Waterloo;
Marlene Evans, Environment Canada; Bruce Townsend, BEAT Environmental Inc; Stan Sanguez,
Jean Marie River First Nation; Dolphus Jumbo and Jessica Jumbo, Sambaa K’'e Dene Band;
Minnie Letcher and Allen Bouvier, Liidlii Kue First Nation; Joachim Bonnetrouge, Deh Gah Goties
Band; Priscilla Canadien, Fort Providence Resource Management Board; Lloyd Chicot and
Melaine Simba, Ka'a'gee Tu First Nation; Tim Lennie and Darcy Moses, Pehdzeh Ki First Nation

Abstract Résumé
The annual Country Food Workshop series is an Les séries annuelles d’ateliers sur les
ideal forum to increase communication between aliments traditionnels sont un forum idéal
government and university researchers and the pour améliorer la communication entre les
Dehcho leadership. The workshop provides chercheurs gouvernementaux et universitaires et
an excellent opportunity for Dehcho leaders, les dirigeants des Premiéres nations du Dehcho.
environmental coordinators, community Les ateliers constituent une excellente occasion
members, and university and government pour les dirigeants des Premiéres nations du
researchers to meet and share ideas and Dehcho, les coordonnateurs environnementaux,
opinions. It not only provides researchers with les membres des collectivités et les chercheurs
a forum to explain their studies and present universitaires et gouvernementaux de se
their findings but it also gives the Dehcho rencontrer et de partager leurs idées et avis. En
community delegates the chance to have their plus d’offrir un forum aux chercheurs ou ils
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Traditional Knowledge and experience built
into the process of understanding the aquatic
environment.

The Dehcho Aboriginal Aquatic Resource and
Oceans Management (AAROM) is working
towards finding fishing lakes with acceptable
levels of mercury in fish for each of the
communities. This strategy will include Great
Slave Lake and Mackenzie River fish that usually
have low mercury levels.

The University of Waterloo mercury
bioaccumulation study was designed by Dr.
Heidi Swanson to answer several questions: Why
do some lakes have high mercury and others
low mercury levels? Why are levels in some

lakes increasing while others are decreasing?
Are there ways to mitigate mercury levels in fish
populations? It’s a complex issue which includes
climate change effects as well as other factors
such as harvest rates.

The Dehcho AAROM Youth program is now
focused on “Clean Water, Healthy Food and
Good Choices”. We recognize the importance
cultural and spiritual wellbeing in our youth
program, and youth camps usually include Elder
and harvester Traditional Knowledge as well as
bush skills and safe practices.

peuvent expliquer leurs études et présenter leurs
conclusions, ces ateliers donnent I’occasion aux
délégués des collectivités des Premieres nations
du Dehcho de faire intégrer leurs connaissances
traditionnelles et leur expérience au processus
visant a comprendre le milieu aquatique.

Le Programme autochtone de gestion

des ressources aquatiques et océaniques
(PAGRAO) du Dehcho vise la découverte

de lacs de péche, dans chaque collectivité,
dans lesquels les poissons présentent des
concentrations acceptables de mercure. Cette
stratégie comprendra les poissons du Grand
lac des Esclaves et du fleuve Mackenzie qui
ont généralement de faibles concentrations de
mercure.

L’étude sur la bioaccumulation de mercure
de I’Université de Waterloo a été concue par
Mm™¢ Heidi Swanson (Ph.D.) pour répondre a
ces questions : pourquoi certains lacs ont-ils
des concentrations élevées de mercure tandis
que d’autres ont de faibles concentrations

de mercure? Pourquoi les concentrations de
certains lacs augmentent-elles tandis qu’elles
diminuent dans d’autres lacs? Y a-t-il des
moyens d’atténuer les concentrations de
mercure chez les populations de poissons? Il
s’agit d’un sujet complexe qui inclut les effets
des changements climatiques ainsi que d’autres
facteurs, comme les taux de récolte.

Le programme jeunesse du PAGRAO du
Dehcho est maintenant axé sur « I’eau propre,
les aliments sains et les bons choix ». Nous
reconnaissons I'importance du bien-étre
culturel et spirituel dans notre programme
jeunesse; ainsi, les camps de jeunes incluent
généralement un ainé et un pécheur, et portent
sur les connaissances traditionnelles ainsi que
sur les techniques de brousses et les pratiques
sécuritaires.
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Key Messages

AAROM, in partnership with researchers
and community monitors, are building

a data set that will serve to advise our
membership on low risk fishing species and
lakes in the Dehcho, but will also warn them
of high risk fish through GNWT-Health and
Social Services consumption advisories.

Fish species from eleven fishing lakes were
checked for mercury levels during the study
(2010 — 2013). In some cases, lake whitefish
were checked even though this species is
generally low in mercury. The purpose of
this approach was to reassure our members
in the Dehcho that whitefish and other non-
predatory fish are a good food choice in any
lake.

Lake whitefish were found to be low in
mercury in all lakes tested.

Northern pike were found to be below 0.5
parts per million of mercury in Big Island
Lake, Mustard Lake and Willow Lake,
however they were over 0.5 parts per million
in many of the fishing lakes.

Walleye were found to be below 0.5 parts per
million of mercury in Willow Lake.

Lake trout were below the 0.5 mark in

Big Island Lake, Trout Lake, Fish Lake
and Willow Lake. However these species
were found to be high in mercury in many
Dehcho fishing lakes.

Messages clés

Le PAGRAO, en partenariat avec

les chercheurs et les surveillants des
collectivités, élabore un ensemble de
données qui servira a informer nos membres
sur les especes de poissons et les lacs a faible
risque dans les collectivités du Dehcho,
mais qui les avertira aussi des poissons a
risque €levé par le biais d’avis portant sur la
consommation émis par le service de Santé
et Services sociaux du gouvernement des
Territoires du Nord-Ouest.

Durant I’étude (2010 —2013), les
concentrations de mercure ont été vérifiées
chez des espéces de poissons provenant

de onze lacs de péche. Dans certains

cas, on a analysé les grands corégones,
méme si les concentrations de mercure
sont généralement faibles chez cette
espece. L’objectif de cette approche est de
confirmer aux membres des collectivités du
Dehcho que le grand corégone et les autres
poissons non prédateurs sont un bon choix
alimentaire, et ce peu importe le lac.

On a constaté que les concentrations de
mercure chez le grand corégone sont faibles
dans tous les lacs analysés.

On a constaté que les concentrations

de mercure chez le grand brochet sont
inférieures a 0,5 partie par million dans le
lac Big Island, le lac Mustard et le lac Willow,
par contre elles sont supérieures a 0,5 partie
par million dans de nombreux lacs de péche.

On a constaté que les concentrations de
mercure chez le doré jaune sont inférieures
a 0,5 partie par million dans le lac Willow.

Les concentrations chez le touladi étaient
inférieures a la marque de 0,5 dans le lac
Big Island, le lac Trout, le lac Fish et le lac
Willow. Par contre, les concentrations de
mercure étaient élevées chez ces especes
dans de nombreux lacs de péche des
collectivités du Dehcho.
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Objectives

1. To organize a series of workshops (one
per year) which involve the leadership and
resource managers in the six communities
most affected by recent consumption
advisories for fish. The objective of the
workshops is to facilitate dialogue among
community leaders, harvesters, elders and
youth on changes from a traditional country
food diet to a market based diet. Discussions
will include health and wellness benefits of
country food in community diets. Experts
invited to present at the workshop will
provide technical/scientific information
to increase the community participants’
knowledge on contaminants.

2. To devise ways of increasing availability
of country food, especially with respect
to fish. Test new fishing lakes; fish down
stocks to reduce the average size of
predatory fish; inform the communities of
healthy sources of fish.

3. To educate youth on the importance of
traditional culture and the benefits of
country food in a balanced diet.

4. To encourage youth to enrol in post-
secondary education, especially in resource
management and/or environmental and
biological sciences.

5. To continue, on a limited basis, mercury
testing in commonly-consumed fish from
select water bodies.

Introduction

The Dehcho First Nations (DFN), in
collaboration with Environment Canada, has
been updating the data on mercury levels in
fish from lakes in the Dehcho region. Mercury
levels in predatory fish in some lakes may be
increasing due to climate change and other

factors. New health advisories have been issued
for certain fish in certain lakes by the GNWT,
Health and Social Services. In some cases the
new levels in fish have increased, even doubled.

This project completed the following tasks:

¢ Continue to sample fish for mercury levels in
order to;

— Find lakes with safe levels of mercury
in various fish species for the Dehcho
communities to fish for food

— Support researchers who are studying
mercury contamination and pathways
in Dehcho lakes to contribute to our
understanding of the problem.

— Provide a forum for NCP researchers
and others to communicate their project
results to the Dehcho communities

¢ Kakisa Country Food Workshop 2013;
Involve and inform Dehcho leaders/
decision makers and Dehcho Environment
managers about mercury levels in fish; and
the causes; and the risks and benefits to
Dehcho people of including fish and other
country food in their diets. Get feedback,
advise and recommendations from our
community leaders.

¢ Discuss communication initiatives to get the
message out to the Dehcho membership and
promote healthy fish in the diet.

¢ The Dehcho AAROM program will continue
to support researchers by providing logistical
assistance and additional funding for the
collection of fish for contaminant analysis.

®  Our research emphasis is changing, from
the collection and analysis of fish for
mercury, towards studying the apparent shift
in diet from fish and other country food
towards a market-based diet. People in some
communities are consuming less fish and
other country food than previously. Part of
the reason seems to be a perception that
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3.

water and fish are no longer safe because
of the presence of mercury and other
contaminants. These perceptions are being
examined at the community level in order
to encourage people to return to a healthy
traditional diet.

Through its Dehcho AAROM (Aboriginal
Aquatic Resource and Oceans Management)
program, the Dehcho First Nations addressed
risk perceptions about country foods over

the two years. During the 2013-14 fiscal year
built on the successful “A Return to Country
Food” workshop held in Jean Marie River in
August, 2012 with a major workshop hosted
by the Ka’a’gee Tu First Nation.

Activities in 2013-2014

A major workshop; “The Return to Country
Foods” was held in Kakisa in August of 2013.
The workshop was considered a huge success;
it provided an excellent opportunity for
Dehcho leaders, environmental coordinators,
community members, university and
government researchers to meet and share
ideas and opinions. The “Return to Country
Food Workshop — Kakisa” report is attached.
This workshop is our best effort at capacity
building and communications.

We continued to collect and have samples
analysed for mercury in lakes identified by
the communities as fishing lakes. We added
Mustard Lake and the Mackenzie River

near Jean Marie River to our list in2013-14.
Capacity building; Dehcho members are
hired through Band contracts and trained by
the AAROM technical Adviser to collect fish
samples. We rely on traditional knowledge
for location and timing of our collections

Youth Ecology Camp and other youth activities.
This year’s youth program focused on “Clean
Water, Healthy Food, and Good Choices”

* Bruce Townsend of BEAT Environmental
was contracted to deliver the mercury
modules during the Dehcho Annual
Youth Ecology Camp which was at Cli Lake
in the Mackenzie Mountains this year.

¢ Dehcho AAROM held a day-long
youth camp on the last day of the
“Country Food” workshop in Kakisa.
Activities included; Youth participation
in gillnetting activities lead by local
harvesters, Fred Simba and Chris Chicot,
biological fish sampling by George
Low, benthic ecology activities by Heidi
Swanson, Mercury modules by Bruce
Townsend and traditional fish cutting by
Sarah Chicot.

® There was a similar Youth day with
the whole of Charles Tetcho School in
Sambaa K’e.

4. We continued to keep our Aboriginal

partners in the Dehcho informed on
contaminant matters. We received funding
from Health Canada, Climate Change
Adaptation program to survey community
members on country food and diet issues
related to climate change and observed
increases in mercury levels in some fish

in some Dehcho lakes. We conducted 415
surveys in the six most affected communities;
Trout Lake, Kakisa, Jean Marie River,
Wrigley, Fort Providence and Fort Simpson.
Dehcho AAROM continues to work with
GNWT, Health and Social Services on
providing consumption advice to our
members. Brian Laird of the U of Waterloo
is assisting with reviewing the final report.

Heidi Swanson, U of Waterloo, completed
the first year of field work for her three year
research study on Bioaccumulation and
biomagnification of mercury in the food
web. Dehcho AAROM provided logistic and
field assistance support. Capacity Building;
Heidi explains her project to the monitors
and field assistant assisting her while
benefiting from their fishing experience.

Dehcho AAROM has contracted Marlene
Evans, EC to analyse fish from Mustard,
Trout, Little Doctor and the Mackenzie
River this year. As a part of Heidi Swanson’s
research project we collected repeat samples
(2013) from Trout Lake, Ekali Lake, and
Sanguez Lake.
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Results

Summary of mercury concentrations in fish caught during 2010-2013 as part of the Dehcho AAROM
mercury project. Also shown are historic data from Stewart et al. (2004) and Evans et al. (2005).

Year N Fork length Weight Age Mercury
(mm) (9) (Years) (ng/g)

Big Island Lake
Lake whitefish 2012 20 4441 + 30.0 1179.8 + 354.7 94+44 0.10 + 0.04
Burbot* 2012 20 669.1 + 48.8 2362.3 + 509.2 146+29 0.30£0.13
Northern Pike 2012 16 780.5+313.9 2562.8 +1210.9 104 +3.2 0.38 + 0.26
Lake trout 2012 20 570.4 + 60.1 2466.3 + 1004.6 15.3+4.7 0.38 +0.10
Deep Lake
Lake whitefish 2000 28 4435 +40.9 1253.1 + 345.0 11.4+29 0.25+0.12
Lake whitefish 2010 1 474.0 1140.0 0.22
Burbot* 2010 3 4143 +123.1 550.0 + 525.7 13.7+£3.1 0.91+0.24
Northern Pike 2000 6 583.7 £ 54.8 1420.0 + 386.3 10.3+4.3 0.67 £ 0.20
Northern Pike 2010 4 5743 + 1115 1387.5 + 809.2 9.7+45 1.15+0.30
Yellow walleye 2010 4 448.0 + 40.2 1040.0 £ 2385 153+35 1.11£0.35
Yellow walleye 2010 5 401.0 + 63.6 766.0 + 395.3 11.6 £5.0 1.21 £ 0.46
Ekali Lake
Lake whitefish 1996 26 4775+70.4 1850.4 + 807.3 79+38 0.08 + 0.04
Lake whitefish 201 20 473.1+70.2 17823+ 7438 76+24 0.12 +0.04
Northern Pike 1996 7 577.6 +90.8 1534,3 + 960.7 76+22 0.30 +0.11
Northern Pike 201 16 622.1+95.5 1910.6 = 1085.8 8.3+2.1 0.62+0.17
Yellow walleye 1996 16 411.8+28.9 8425+ 175.8 83+16 0.26 + 0.06
Yellow walleye 2011 18 410.3+42.0 738.3 + 246.7 9.9+33 0.54 +0.20
Fish Lake
Lake whitefish 2011 25 393.2+45.7 850.0 £ 299.9 8.8+3.2 0.09 £ 0.03
Burbot* 2011 7 675.0 + 48.2 2432.9 +218.0 83+21 0.40 +0.10
Northern Pike 2011 20 733.6 £ 97.1 3256.0 + 1570.7 11.8+24 0.67 +0.15
Lake trout 201 7 582.4 + 58.5 2552.1 + 692.8 17.7+97 0.46+0.17
Yellow walleye 2011 5 484.8 + 40.8 1449.6 + 385.3 17.6 £3.2 0.91+0.21
Kakisa Lake
Yellow walleye ‘2013 ‘20 ‘ Not yet analysed
Little Doctor Lake
Lake whitefish 2013 20
Burbot 2013 3 Not yet analysed
Yellow walleye 2013 8
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Year N Fork length Weight Age Mercury
(mm) (g) (Years) (ng/a)

Mackenzie R.

Lake Whitefish 2013 12

Burbot 2013 1 Not yet analysed

Northern Pike 2013 20

McGill Lake

Lake whitefish 2000 3 392.2 £ 57.0 1153.3 £ 582.8 1.7+27 0.16 + 0.05
Lake whitefish 2010 3 419.7 £ 58.2 1168.3 + 518.1 9.0+4.0 0.10 £ 0.04
White sucker 2000 17 471.4 +33.3 17406 + 441.7 0.21+0.08
White sucker 2010 12 4473 + 39.6 1497.9 + 403.4 11.6+23 0.16 + 0.06
Northern pike 2000 28 577.2+171.3 1905.8 + 2127.8 85+56 0.71+0.37
Northern pike 2010 19 664.6 + 180.8 2870.0 + 2556.8 10.0 £ 4.1 0.83+0.38
Yellow walleye 2000 22 480.4 + 67.4 1428.6 + 733.2 128 +5.4 1.13+0.38
Yellow walleye 2010 20 464.4 +29.9 1162.8 + 252.8 121+3.0 1.25+0.39
Mustard Lake

Lake whitefish 2013 17

Burbot 2013 17

Northern pike 2013 16 Notyetanalysed

Lake trout 2013 8

Sanguez Lake

Northern pike 1996 20 682.8 + 84.8 2562.0 + 985.3 97+23 0.70 £ 0.18
Northern pike 2011 20 638.3 £ 50.7 1950.0 + 471.6 94+22 0.96 + 0.22
Yellow walleye 1996 20 439.9 +40.4 1070.5 + 368.9 94+17 0.54 +0.12
Yellow walleye 201 20 523.5+44.5 1875.0 + 507.2 89+20 0.78+0.25
Tathlina Lake

Northern pike 1998 6 570.6 + 50.1 1486.3 + 456.3 n.d. 0.21 £ 0.04
Northern pike 2012 20 711.4 £ 85.1 3038.3 + 1360.2 105+23 0.65+0.22
Yellow walleye 1998 6 4176+ 11.8 1040.7 + 67.8 n.d. 0.33+£0.18
Yellow walleye 2012 34 4173 £18.7 819.4 £ 100.8 15.3+3.7 0.69 +0.22
Trout Lake

Lake trout 2003 28 645.2 + 35.5 2863.7 + 743.0 17.2+55 0.35+ 0.08
Lake trout 2008 28 601.9+71.0 3127.0 + 1633.7 16.2+7.7 0.61+0.17
Lake trout 201 20 680.5 + 70.6 43945 + 1632.8 145+86 0.46 + 0.08
Yellow walleye 1977 7 512.7+29.4 2342.9 + 439.1 n.d. 0.83+0.18
Yellow walleye 1990 10 4503 +£73.2 1130.0 £ 525.7 88 +1.5 0.11 £ 0.04
Yellow walleye 1991 10 498.2 + 52.7 1276.8 + 345.5 10.0£1.25 0.14 £ 0.06
Yellow walleye 2012 20 506.7 + 45.0 1371.0 £ 290.9 18.9+6.1 0.68 +0.27
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Year N Fork length Weight Age Mercury
(mm) (9) (Years) (ng/g)
Willow Lake
Lake whitefish 1999 47 40451445 993.6 + 342.9 89+27 0.10+0.05
Lake whitefish 2012 20 4402:293 1238.5 + 298.0 11.8+17 0.10+0.04
Northern Pike 1999 20 634.0+96.0 2016.3 + 976.2 n.d. 0.28+0.15
Northern Pike 2012 20 691.1:680 2617.3 + 838.2 11.8+30 0.38+0.26
Lake trout 1999 32 6137:929 3067.5 + 2159.9 158+ 4.8 0.38+0.10
Lake trout 2012 16 6421+724 3413.8 +1108.7 13.0+2.2 0.38£0.10
Project website References
http://www.dehcho.org/aarom.htm Evans, M. S., L. Lockhart, D. Doetzel, G. Low,
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Bélugas de Paulatuk :
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Abstract

Recent changes in climate and ice in Darnley
Bay have changed the frequency of beluga hunts
by the community of Paulatuk in the Inuvialuit
Settlement Region. The community of Paulatuk
has many questions about the beluga being
harvested, in regards to their health and how
similar or different they are to whales monitored
at Hendrickson Island in Mackenzie Estuary.
The community of Paulatuk wanted to lead their
own community-based monitoring program to
assess beluga health and contaminant levels.
This summer, two monitors from Paulatuk
collected samples from eleven harvested

whales. The hunters and monitors noted the
challenges in ice and weather conditions that
hampered harvests. Length measurements

Résume

Les récents changements dans le climat et

les glaces dans la baie Darnley ont modifié

la fréquence des chasses aux bélugas par la
collectivité de Paulatuk dans la région désignée
des Inuvialuits. La collectivité de Paulatuk se
pose de nombreuses questions sur les bélugas
chassés, en lien avec leur santé et sur les
similitudes et les différences par rapport aux
baleines surveillées a Hendrickson Island dans
I’estuaire du Mackenzie. La collectivité de
Paulatuk voulait mener son propre programme
de surveillance communautaire pour évaluer
la santé des bélugas et les concentrations

de contaminants chez les baleines. Cet été,
deux surveillants de Paulatuk ont prélevé

des échantillons dans onze baleines chassées.
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were taken, along with jaws for ageing and
tissues for mercury and stable isotope analyses.
Whales were larger and older than those taken
in 2005, and comparable to whales sampled

at Hendrickson Island. Unlike previous

years, the mercury concentrations in whales
harvested near Paulatuk were higher than those
observed in whales from Hendrickson Island.
Comparisons with both Hendrickson whales
and historical whales taken in Paulatuk suggest
a possible shift in diet in recent years. However,
given the low sample size (n=11) itis difficult

to conclude on such observations. Future
efforts will be placed on increased observational
information collected along with harvest
samples.

Key messages

e The community had a very successful harvest
in 2013-2014. Fourteen beluga were taken,
and one lost due to ice in Lessard/Brock
River area to the East of Paulatuk.

¢ FEleven beluga were sampled and shipped to
the Fresh Water Institute for analysis.

® Most samples were taken from the mouth
of the Hornaday River on August 4" Water
depth here is about 20-30 feet in the main
channel.

® Samples were sent to Fisheries and Oceans
Canada to estimate age, measure mercury
levels in muscle, liver and skin, and evaluate
diet indicators.

® Preliminary results revealed mercury
concentrations to be higher than those
measured at Hendrickson Island, which
may be driven by the larger size of whales
harvested near Paulatuk. We are evaluating

Les chasseurs et les surveillants ont noté les
changements dans les conditions des glaces et
la météo qui ont nui a la chasse. La longueur a
été mesurée, les machoires ont été inspectées
pour connaitre I’age et les tissus ont é€té soumis
a des analyses du mercure et des isotopes
stables. Les baleines étaient plus grosses et

plus agées que celles chassées en 2005, et
comparables aux baleines échantillonnées a
Hendrickson Island. Contrairement aux années
précédentes, les concentrations de mercure chez
les baleines chassées pres de Paulatuk étaient
supérieures a celles observées chez les baleines
de Hendrickson Island. Les comparaisons entre
les baleines de Hendrickson et les baleines
auparavant chassées a Paulatuk donnent a
penser qu’il y a peut-€tre eu une modification
dans I’alimentation au cours des derniéres
années. Par contre, étant donné la petite taille
de I’échantillon (n=11), il est difficile d’établir
des conclusions a partir de telles observations.
Les efforts futurs seront axés sur 'augmentation
de I'information obtenue par des observations
recueillies ainsi que sur les échantillons de
récolte.

Messages clés

e La collectivité a eu une tres bonne récolte en
2013-2014. Quatorze bélugas ont été chassés,
et un béluga a été perdu a cause de la glace
dans le secteur de Lessard/Brock River, a
I’est de Paulatuk.

® Onze bélugas ont été échantillonnés et
envoyés a I'Institut des eaux douces a
Winnipeg pour y étre analysés.

® La plupart des échantillons ont été prélevés
dans ’embouchure de la riviere Hornaday
le 4 aoht 2013. A cet endroit, la profondeur
de I’eau est d’environ 20 a 30 pieds (6,1 a
9,1 m) dans le chenal principal.

* Les échantillons ont été envoyés a Péches et
Océans Canada pour I’estimation de I’age, la
mesure des concentrations de mercure dans
les muscles, le foie et la peau, et I’évaluation
des indicateurs du régime alimentaire.
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the drivers of short term (muscle) and
longer term (liver) mercury accumulation
in Paulatuk belugas

Objectives

1. Move from an early pilot phase to a
strengthened community lead beluga
monitoring program for the community of
Paulatuk in the ISR.

2. Build community capacity in monitoring and
research on beluga whales and health

3. Determine contaminant levels in beluga
whales and the overall health of the whales
in context with the Hendrickson Island
beluga whales, as well as use the data to
establish a baseline for future long term
monitoring

4. Link program with Hendrickson and other
ISR beluga hunts sites as well as link with
other ecosystem monitoring (e.g.offshore
BREA fish program under BREA).

5. Engage community youth in analysis of
samples at the DFO (FWI)

Introduction

Inuvialuit lead subsistence lifestyles which
include harvesting beluga whales. As such there
is concern over their health and contaminant
levels. As the environment changes at the
global scale (climate change) and the local
scale (industrial activities) we suspect beluga

® Les résultats préliminaires ont révélé que les
concentrations de mercure sont supérieures
a celles mesurées a Hendrickson Island,
ce qui peut s’expliquer par la plus grande
taille des baleines chassées pres de Paulatuk.
Nous en sommes a évaluer les causes de
I’accumulation de mercure a court terme
(muscles) et a long terme (foie) chez les
bélugas de Paulatuk.

may be exposed to more stressors and more
contaminants that require on going monitoring.
Establishing a baseline at this time will assist with
future monitoring and management.

The community of Paulatuk hunts beluga whales
in the summer. The hunts are limited by sea ice
conditions that have been changing over the
years. More open water earlier in the summer
has changed the beluga occurrence and the
hunts. Hunters have had concerns and questions
about the health and well being of the beluga
whales and their supporting ecosystems. While
these are whales from the same population as
those harvested at Hendrickson Island, previous
research from 2005 showed differences in
mercury concentrations, diet markers and other
biological measurements (Loseto et al., 2008).

Previous work has shown whales collected

at Hendrickson have similar mercury
concentrations as those collected at other nearby
monitoring sites (Kendall Island, East Whitefish)
that are located in the Mackenzie Estuary. The
habitat near Paulatuk is very different than the
Mackenzie Estuary. How habitat is used differs,
and may reflect different diets and processes
among the whales. Including the Paulatuk
harvest location as a satellite monitoring site to
Hendrickson will not only address community
questions on health but will also enhance our
understanding of these beluga on a larger scale.
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Activities in 2013-2014

Field and Local observations:

The PHTC hired on Jody Illasiak and Brandon
Green as the 2013/14 Beluga Monitors from
funding that came from Northern Contaminants
Program (NCP), Fisheries Joint Management
Committee (FJMC), Fisheries and Oceans
Canada (DFO) and World Wildlife Fund
(WWEF). Alongside the beluga monitoring
program there was a pilot project Local In

2013, the ‘Local Ecological Indicators Project’
operated alongside the Beluga CBM in
Paulatuk. In order to identify potential local
and traditional ecological knowledge indicators
(LEK and TEK indicators), community meetings
and fieldwork were held in Paulatuk, Inuvik

and Tuktoyaktuk. In Paulatuk, one community
coordinator and one local observer were hired
to support the collection of beluga observations
in Darnley Bay.

While training and support manuals are
provided every year, this year on site training
was provided at Hendrickson Island to ensure
consistency. Brandon Green spent one week
at Hendrickson Island and participated in
sampling three whales. He learned worked
closely with the Hendrickson Island monitors
Frank Pokiak and Verna Pokiak as well as with
the science team at the Island.

On July 7" Jody was stationed at Green’s Island
until harvesters were able to hunt around for
whales. Brandon was stationed at Tippi. On July
13th Brandon harvested and sampled the first
whale of the Season from a group of whales

of about 30 which passed from Argo bay and
headed Northward. The next day, 4 boats with
9 harvesters headed North to Browns Harbor
and on July 15" they harvested and sampled 2
whales. Later that Month, Lessard harvested 1
whale and no samples were taken, but the basic
information was taken. The weather was not
cooperating this year, had mostly strong west
winds, which held back harvesters that planned
to go to Browns Harbor.

In early August, our Char Monitor, Ian Green
herded a group of over 30 at Hornaday

river system until harvesters arrived. 8 were
immediately harvested and sampled. And on
August 4" another 2 more were harvested but
not sampled at the same location, due to rough
water our Monitor Jody couldn’t make it out

to the 2 harvesters at the Hornday, but basic
information was collected as well, as to the size
and sex.

In contrast, 14 whales were harvested and 1 loss
at Lessard. All were healthy, but one had a swell
that looked like a tumor in the stomach area of
one of the harvesters at Hornaday River. Pictures
and samples were taken. Because of the lateness
of the whales, the program was extended once
again for another 7 days, which the monitors
were more than happy to do.. The samples will
be sent to Kristin Hynes in October when it’s
more cooler. And safest to send. She will then
ship them to Winnipeg later in November just to
be safe of the temperature

All equipment have been returned by the Beluga
Monitors and the trapper radio will be sent back
to FJMC and the log books, data sheets will also
be sent as well.

Laboratory:

Samples were sent to University of Manitoba for
Hg analyses as part of G. Sterns contaminant
Lab transition. Ages of whales were determined
from a thin section of tooth and counting
individual growth layers at the Freshwater
Institute (Stewart et al. 2006). Liver, skin and
muscle were analyzed for total Hg at the Centre
for Earth Observation Science (CEOS) at the
University of Manitoba. THg is measured by
Combustion Atomic Absorption Spectroscopy
(C-AAS) on a Teledyne Leeman HYDRA Ilc.
Samples are directly combusted in an oxygen-fed
oven, followed by gold trap amalgamation and
detection by AAS. Detection limits are 0.04 ng
Hg (absolute; most beluga tissues have several
thousand ng of Hg per 0.01 g of sample). QA/
QC is accomplished using certified reference
materials (CRM) from the National Research
Council (NRC) Canada, using dogfish muscle
(DORM-3), dogfish liver (DOLT-3) and lobster
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hepatopancreas (TORT-2). Recoveries are 90-
110% of established values, and precision is
better than 8% RSD for each of the CRM.

Stable isotope analyses on liver and muscle
samples were carried out at the University of
Waterloo using ion-ratio, mass spectrometry (CF-
IRMS). Lipids were removed from samples using
a 2:1 chloroform:methanol wash for carbon
readings.

Similar to the previous year the Paulatuk HTC
hired students to participate in various projects
taking place in Darnley Bay. This year...We had
a Youth Summer Student, Bernadette Green out
on the field with the Beluga Monitor Brandon
Green. We linked the LEK and Summer Student
Program to this Beluga Program, which were

all a success. She went on to Winnipeg FWI

with the Monitor Brandon Green. Diane has
arranged the travel for December 4 - 8" and they
both went down to Halifax for the ArcticNet
Conference from the 9 -14™. During her week
at the FWI L. Loseto and Sonja Ostertag has
arranged a week of exposure to programs and
laboratory work related to her field season.
Bernadette and Brandon worked with E. Choy
(L. Loseto’s PhD student) to learn methods of
fatty acid analysis on beluga blubber, B. Dunn

to learn ageing methods using beluga teeth,

S. Atchison to learn how fish are dissected and
prepared for all analyses, S. MacPhee to learn
how invertebrates from the Beaufort Sea are
sampled and analyzed, L. Postma to learn about
genetics analyses for beluga samples from the
Beaufort, C. Willing to learn about beluga whale
and ringed seal reproductive organs, and T.
Halldorson/G. Tomy to learn about organic
contaminants analyses and environmental
chemistry. Bernadette will provide a report back
to the PHTC on her experience and present a
power point presentation to the school about
her experience.

Results

Length and Age:

As with previous years the sample size (n=11) is
small and difficult to make general assessment
about population health. Whales hunted in 2013
ranged in length from 3.7m to 4.6m (averaging
=4.3m) and were generally larger than those
historically (P<0.05; Table 1). Relative to whales
taken at Hendrickson Island that averaged

4.0m in length, the whales from Paulatuk were
larger (P<0.0001). This is the reverse of what was
observed in 2005 (Figure 1).

The average age of belugas taken near Paulatuk
in 2013 were relative to previous whales landed
averaging just over 27 years (P=0.03, Table 1).
There were few young whales that were typical
for previous years, ages ranged from 23 to 49.
Unlike previous years age and length did not
significantly relate to one another, perhaps
owing to the fact whales were older and had
reached their asymptote length. There was no
significant difference in age between whales
landed near Paulatuk and Hendrickson Island
(P=0.3; Figure 2).

0 - A ! 1
I HI 30
9
22 18 28
~—~~
= L T
] T
L 400 14
-
=
S)
c
)
i
350 A

2005 2011 2012 2013

Figure 1. Beluga length (cm) over four years
harvested near Paulatuk (black) and Hendrickson
Island (grey) near Tuktoyaktuk. Whales did not
differ in length among sites in 2011 and pattern of
size shifted over time from large whales harvested
at Hendrickson to largest harvested whales near
Paulatuk. Sample sizes are noted in text above bars.
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Figure 2. Estimated Beluga age (1 GLG) over
four years harvested near Paulatuk (black) and
Hendrickson Island (grey) near Tuktoyaktuk. Belugas
harvested near Paulatuk were significantly younger
than those taken at Hendrickson in 2005 with little
difference between sites in subsequent years.

Mercury in Tissues

Concentrations of Hg in muscle ranged from
1.1 to 2.6ug/g (ww) and averaged 2.0ug/g.
These concentrations were significantly
higher than those observed in 2005 and 2011
(average = 0.7ug/g; 1.2ug/g; respectively)
and similar concentrations from 2012 whales.
The concentration of Hg from Hendrickson
Island whales (1.5bug/g) were significantly
lower lower than those measured in Paulatuk
whales (P=0.02; Figure 3). Muscle Hg had a
weak positive relationship with length (r =
0.35, p=0.32) and age (r = 0.37, p=0.27) unlike
previous years.

Trends for skin Hg concentrations were

similar to muscle, showing an increase in
concentrations (average = 0.65ug/g) however
they were not significantly higher concentrations
measured in Hendrickson Whales (P>0.05).

Skin Hg positively related to muscle Hg
concentrations (r = 0.64, p=0.03).

Concentrations of Hg in liver were extremely
variable ranging from 4.2 to 111.2ug/g (ww)
resulting in an overall increase in the average
Hg concentrations for 2013 (average = 56.7ug/g;
Table 1). These concentrations were significantly

higher than those measured at Hendrickson
Island (average = 27.7ug/g) (P=0.03; Figure
4). Liver Hg had a weak correlation with age
(r=0.1, P=0.8). Liver and Muscle Hg were not
significantly related (r=0.4; P=0.25).

)

N
o
.

Muscle Mercury (Vg g'1
- —
o (6]

]

2005

o
o

2011 2012 2013
Figure 3. Concentrations of Hg in muscle (ug-g
ww) from belugas harvested near Paulatuk (black)
and Hendrickson Island (grey) near Tuktoyaktuk.
Belugas from Paulatuk were higher than those
measured at Hendrickson for 2013 and were higher

than previous years.
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Figure 4. Concentrations of Hg in liver (ug-g' ww)
from beluga whales harvested at Hendrickson
Island (grey) near Tuktoyaktuk and near Paulatuk
(black). Belugas from Paulatuk taken in 2013
demonstrated a significant increase and relative to
previous years and were higher than those taken at
Hendrickson.
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Stable Isotopes
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Isotopes were used as a means to interpret 5 .
beluga feeding preferences driving the % 17 1 T
contaminant levels. While the 8N revealed @
differences among years for both muscle and 2
liver the only year that was significantly different & 16 | o
than all others was 2005, showing the lowest %
levels (P<0.001;Table 1). On the other hand 2 i
0"C levels for 2013 were significantly lower than =~ ,

all years in both liver and muscle (Table 1). In
comparing isotopic means among sites only
8"C in muscle showed a significant difference,
where by belugas harvested near Paulatuk had
8"*C significantly lower levels than Hendrickson
whales (P=0.007; Figure 5).
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There were no significant relations for beluga
age and length with either stable isotopes.
Muscle 6"°N had a significant negative
relationship with 8"*C in liver (r =-0.64, , , , ,
p=0.049). 8"3C in liver and muscle were positively 2005 2011 2012 2013
correlated (r = 0.66, p=0.038). Examining
trends with Hg, no significantly relationships Figure 5. Muscle levels of 3N and 5™C in beluga
were observed with liver or muscle stable belugas harvested near Paulatuk (black bars)
isotopes. and Hendrickson Island (grey) near Tuktoyaktuk.
The 3C show depleation in 2013 whales that are
significantly lower in belugas taken near Paulatuk
relative to Hendrickson belugas.

1

N
o
\

Muscle 9**Carbon

Table 1: Summary of statistics from belugas harvested near Paulatuk over four years.

2011 2012 2013 ANOVA output

Mean StD Mean Mean StD P r

Morphometrics

Length 3638 + 66.3 4039 = 399 4307 = 321 4272 + 101 0.005 0.55
Age 171 =+ 173 260 £ 129 217 = 10 362 =+ 95 <0.0001 | 0.64
Mercury

Liver 50 + 37 95 + 125 160 |+ 142 56.7 |+ 374 <0.0001 | 073
Muscle 0.7 + 03 1.2 + 05 1.5 + 06 2.0 + 05 <0.0001 | 0.78
Skin 0.2 + 0.1 0.5 + 03 0.7 + 03 0.9 + 03 <0.0001 | 0.72
Liver MeHg 0.9 0.57

Stable Isotopes

315N Muscle 156 |+ 07 170  + 02 173 + 04 171 |+ 02 <0.0001 | 0.84
315N Liver 168 =+ 06 179 '+ 03 177  + 04 182 |+ 03 <0.0001 | 0.80
313C Muscle 202 + 07 204 + 03 -190 + 06 -197 |+ 04 <0.0001 | 0.80
313C Liver -182 |+ 05 -187 =+ 04 -208 = 0.1 2215 |+ 03 <0.0001 @ 0.76

D. Ruben 111



Discussion and Conclusions

The 2013 harvest year was unlike previous years
where the majority of whales were taken at

one location, near the Hornaday River Mouth.
However similar to previously years this took
place in late July-early August. Hunts in 2005
and 2011 occurred between July 14-25, not
significantly earlier than 2013. While the whales
were not harvested significantly later than
previous years it is suspected whales are arriving
to the Beaufort sooner due to changes in ice and
open water, thus timing association with the size
of whales requires further investigation.

The local observations on the whales differ by
size, the smaller ones comes in first to feed in
the shallow water while the bigger ones comes
about 1 — 2 weeks later to molt in shallow areas.
There has been success in sampling sizes from

9’ to 14’ whales at two different times. While

the earlier whales were the smaller sizes from

9’ — 11’ and the larger whales are later in early
August ranging from 12’ to over 14’. Collecting
more local observations and TEK will better
help us to understand the behavior and why they
tend to travel at different times. This is a new
program but the past observations are a learning
experience of why they migrate different times.
Understanding how changes in whale size, age,
behaviour, diet relate to habitat changes are
important to understanding links to climate
change and further how those changes will
influence contaminant loads.

Similar to 2012 whales harvested this year did
not very much in size and were all large and
larger than those harvested at Hendrickson
Island. These whales were all consistently older
than whales harvested in previous years and
similar to ages of whales from Hendrickson
Island. The larger and older size of 2013 whales
impacted the observed Hg levels in liver and
muscle that were higher than previous years and
higher than Hendrickson whales. These results
raise new questions. The study was initiated in
response to observations of lower Hg levels that
likely reflected the smaller size and young age
from samples collected in 2005 (Loseto et al.,
2008). In the more recent years of monitoring
whales landed near Paulatuk the whales have

been larger and older, yet Hg levels had not
significantly increased relative to Hendrickson
Island whales until 2013, in liver in particular.

Mercury in muscle and skin are both largely
comprised of methyl mercury and reflect
dietary exposure of mercury. The increased Hg
concentration in muscle to levels similar to and
higher than those at Hendrickson in 2012 and
2013 fit the size defined trend (Loseto et al.
2008). That is, the larger whales feed in offshore
areas on higher trophic level species that

have higher Hg levels thus increasing dietary
exposure. However, the 3'°N levels in liver and
muscle did not differ from Hendrickson or form
2012 and 2011 values. This would suggest a shift
in trophic feeding may not explain he higher Hg
levels in 2013 whales Paulatuk whales. On the
other hand the §"*C were significantly depleted
relative to Hendrickson harvested whales which
may support these whales were feeding more
pelagically in the offshore. Further investigative
work using fatty acids would assist to evaluate
how dietary differences may explain the Hg
variability.

Unlike muscle Hg, liver Hg is reflective of long
term accumulation of Hg as Hg:Se overtime in
the liver and thus tends to relate strongly with
age. In 2013 the highest liver Hg concentrations
were observed which is puzzling as they did

not differ in relative to whales harvested at
Hendrickson. Additionally, this is the opposite
pattern in 2012 where both whales harvested at
Hendrickson and Paulatuk were the same age
yet Hg concentrations in liver were significantly
higher in Hendrickson harvested whales. This
may highlight the high variability in Hg patterns
across whales or across years.

Lastly the stable isotopes provided some insight
into the observed Hg trends among tissues,

but in some instances were not able to directly
link diet shifts with Hg patterns. Generally
relationships of morphometrics and stable
isotopes were weak as were the relationships with
stable isotopes and Hg concentrations among
tissues. Lack of statistical significance may
reflect the low sample size. While linkages on
defining drivers are being teased out with some
of the isotope work more analyses are required
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to better understand the recent observations,
however given the general low sample size
efforts on collecting LEK/TEK and observations
will assist with the interpretation of results
received thus far.
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Abstract

The Thcho Aquatic Ecosystem Monitoring
Program (TAEMP) continues to provide a means
of addressing community concerns related to
changes in the environment, and builds on
work carried out from 2010-2013. A successful
community-driven program, it meaningfully
involves community members in conducting
contaminants-related research, including the
collection of samples and observations using
both Ttichg and scientific knowledge to address
the question: “Are the fish and water safe to
consume?”

In September 2013, a 5-day on-the-land
monitoring camp was held near Gameti ata
location that supports an Aboriginal subsistence

Résume

Le Projet de surveillance de I’écosysteme
aquatique de Tlicho (PSEC) continue de fournir
un moyen de répondre aux préoccupations

de la collectivité en lien avec les changements
dans I’environnement, et s’appuie sur les
travaux réalisés de 2010 a 2013. Un programme
communautaire réussi fait véritablement
participer les membres de la collectivité a la
recherche sur les contaminants, notamment

au prélevement des échantillons et aux
observations en utilisant les connaissances du
peuple tlicho et scientifiques pour répondre a
la question : est-ce que les poissons et I’eau sont
propres a la consommation?

J. McCullum
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fishery. Elders spoke about fish and aquatic
ecosystem health, and directed where fish,
water, and sediment samples should be taken.
Community members, in cooperation with
scientists, collected samples. The methods
for processing fish tissues for lab analysis were
demonstrated. A results workshop was held
in Gameti in February to present results of
analyses; camp participants and community
members attended.

Fish tissue analysis indicated that mercury
levels were low in whitefish, and that lake trout
had higher levels by comparison (with older
individuals of lake trout having the highest
overall). Both whitefish and lake trout did not
show levels of mercury that were considered
abnormal for northern lakes. Water and
sediment samples indicated that water quality
and sediment quality is good near Gameti.
Interestingly, Traditional Knowledge and science
both acknowledged the quality of the location
used for “tea water”, as water there was “softer”
than found at all other locations.

Key messages

e The fish tissue analysis showed that mercury
levels were low in whitefish, and that older
lake trout have higher levels. No abnormal
levels of contaminants were found.

¢ The water and sediment quality sampling
results show that Rae Lakes is typical of other
lakes in the area.

En septembre 2013, un camp de surveillance
terrestre de 5 jours s’est tenu pres de Gameti a
un endroit utilisé par les Autochtones pour la
péche de subsistance. Les ainés ont parlé de la
santé des poissons et de I’écosysteme aquatique,
et ont indiqué a quel endroit les échantillons
de poissons, d’eau et de sédiments devraient
étre prélevés. Les membres de la collectivité, en
coopération avec les scientifiques, ont prélevé
les échantillons. On a donné une démonstration
des méthodes pour traiter les tissus de poissons
en vue de I’analyse en laboratoire. Un atelier
sur les résultats a eu lieu a Gameti en février
pour présenter les résultats des analyses; les
participants du camp et les membres de la
collectivité y ont assisté.

L’analyse des tissus des poissons a indiqué
que les concentrations de mercure étaient
faibles chez le grand corégone, et que les
concentrations chez le touladi étaient plus
€élevées par comparaison (les individus de
touladi les plus agés ayant les concentrations
les plus élevées dans I’ensemble). Le grand
corégone et le touladi ne présentaient pas

de concentrations de mercure considérées
comme anormales pour des lacs du Nord. Les
échantillons d’eau et de sédiments ont indiqué
que la qualité de I’eau et des sédiments est
bonne pres de Gameti. Fait intéressant, les
connaissances traditionnelles et la science
ont toutes deux reconnu la qualité de
I’emplacement utilisé pour prélever de I’eau
pour le thé, car I'eau a cet endroit y est plus

« douce » (moins dure) qu’ailleurs.

Messages clés

e L’analyse des tissus de poissons a indiqué
que les concentrations de mercure
étaient faibles chez le grand corégone,
et que les touladis plus agés présentent
des concentrations plus élevées. Aucune
concentration anormale de contaminants
n’a été détectée.

® Les résultats de I'analyse de la qualité
des échantillons d’eau et de sédiments
indiquaient que les concentrations dans
les lacs Rae étaient semblables a celles des
autres lacs du secteur.

116

J. McCullum



¢ Community members were pleased with
the implementation of the program, citing
the importance of monitoring near their
community, participation of the youth in
the camp and the successful transfer of both
traditional and science-based knowledge.
Community members were also pleased
with the timely presentation of results, and
were very happy to learn that fish, water, and
sediment quality are good near Gameti.

Objectives

e  Document and combine traditional
knowledge of fish in the Gameti area with
conventional fish sampling methods;

® Obtain baseline data on mercury levels in
fish consumed by Gameti residents;

¢ Evaluate mercury levels found in fish in
terms of species and size/age relationships,
habitat use, and trophic status;

¢ In the long-term, establish a monitoring
program to identify contaminant levels
and changes in levels through time for
fish as part of a larger aquatic ecosystem
monitoring program designed to address
concerns of Thchg communities.

Introduction

The purpose of the Thchg Aquatic Ecosystem
Monitoring Program (TAEMP) is to continue
to successfully implement an aquatic ecosystem
monitoring program based on Ttchg and
scientific knowledge in order to determine
whether fish health, water, and sediment
quality are changing over time at locations
near Thcho communities. There are historic
and proposed developments in the region, and
there is concern in Thchg communities that
contamination of nearby aquatic ecosystems

¢ Les membres de la collectivité étaient
satisfaits de la mise en oeuvre du programme,
en soulignant I'importance de la surveillance
pres de leur collectivité, la participation
des jeunes au camp et le transfert réussi
des connaissances traditionnelles comme
scientifiques. Les membres de la collectivité
étaient aussi satisfaits de la présentation
rapide des résultats, et ils étaient tres
contents d’apprendre que la qualité des
poissons, de I’eau et des sédiments était
bonne pres de Gameti.

may occur, or has already occurred. As a result
of concerns and a general lack of information,
there is a need to collect and update baseline
information, and have ongoing monitoring

of the aquatic ecosystems in Wek’¢ezhii in
anticipation of continuing pressures on the
watershed. Further, it is important to have
Thchg community members (including elders
and youth) directly involved in the monitoring,
and have a genuine opportunity for community
members to exchange knowledge with research
scientists in appropriate community and on-the-
land settings.

Previous program results obtained from samples
near Marian, Slemon and Snare Lakes indicated
that mercury levels, although currently not
likely posing a health risk, should be monitored
for changing trends. Further, Lockhart et al.
(2005) report elevated mercury in fish collected
in Marian River and Slemon Lake in 1979 and
1983 (respectively), and in Lake Trout sampled
from Rae Lakes in 2000. Given these recent and
historic results, examination of mercury at addi-
tional locations in the Thchg region is warranted.
Notably, Water Resources, Aboriginal Affairs and
Northern Development Canada’s (AANDC’s)
single water quality sampling station at Frank
Channel does not detect mercury; however,
additional water sampling locations throughout
the Thchg region would broaden the geographic
coverage for this parameter, as recommended in
the AANDC State of Knowledge Report (AANDC
2012).

J. McCullum

17



Activities in 2013-2014

Introductory Workshops

Workshops were held in July and August of 2013
to discuss the Program with the community,
select an appropriate location and plan for the
on-the-land camp. Louie and Therese Zoe’s
camp was selected as it was close to Gameti, was
central to sampling locations, offered a cabin
for shelter and meeting, space for tents, and
importantly was also a historic meeting place

— prior to the establishment of Gameti. Elders
and community members also discussed the
concept of indicators and their perspectives

on the health of the ecosystem given their
observations and knowledge.

Monitoring Camp (i.e., “fish camp”)

A five-day on-the-land camp was held
September 2012, and provided a valuable
experiential learning opportunity in Ttichg
ways of understanding the aquatic ecosystem,
assessing the health of the ecosystem and
catching, preparing and preserving fish.
Participants observed and learned about
Thcho methods of resource management,

and worked collaboratively to combine Ttchg
knowledge with science-based monitoring
methods. Experiences shared at the camp were
captured by Thcho Government staff, with an
educational video produced showcasing the
involvement of the youth and the value and
importance of environmental monitoring from
Thcho knowledge with scientific perspectives.
Camp and sampling locations were selected by
community members (Fig 1).

To determine current levels of contaminants
tissue samples were collected from Lake
Trout and Whitefish, the fish species
regularly consumed by Gameti residents; fish
processing for lab analyses was led by DFO and
Golder Associates biologists. Samples were
collected under the guidelines established
by Environment Canada for sampling for
metals on Great Slave Lake and the Golder
technical protocol ‘Fish Health Assessment-
Metals’. All fish captured were identified to

species, measured (fork length), and weighed.
Additional data collected included: gender,
stage of maturity, and a general description of
the contents of the stomach. Samples collected
and archived include otoliths (both cleaned,
and sectioned and mounted on slides) and
tissue samples.

Water quality indicators included standard
physical and chemical parameters, including:
temperature, pH, conductivity, clarity, turbidity,
Total Suspended Solids (TSS), Total Dissolved
Solids (TDS), alkalinity, dissolved Oxygen,
major nutrients, ions and trace metals. These
parameters are comparable to AANDC Water
Resources datasets for Frank Channel of Great
Slave Lake, the closest water quality monitoring
station. Water sampling was be led by a WLWB
biologist with close support provided by the TG
Wildlife Monitor; procedures were followed to
minimize contamination, such as appropriate
QA/QC procedures according to Taiga lab
instructions where analyses were conducted
(located in Yellowknife). Sediment sampling
used methods outlined in the Metal Mining
Guidance Document for Aquatic Effects
Monitoring (Environment Canada 2011) and
analyzed for standard physical and chemical
properties as well as trace metals at the Taiga
Lab. Lake sediments will be sampled using

an Ekman grab sampler which is suitable for
collecting soft, fine grained sediment that is
typically observed throughout the watershed.

Results Workshop

A workshop was held in February 2014 to report
the lab results back to camp participants as well
as interested community members - ranging
from school aged youth to elders. The meeting
was well attended and included 18 senior
students from Jean Wetrade School (including
camp participants).

Capacity Building

Thcho Government staff was a key driver in
the successful implementation of the project,
and cooperated with WRRB staff on a regular
basis. TG staff coordinated and advertised
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community meetings, and assisted with logistics
for the monitoring camp. The TG Wildlife
Coordinator also assisted greatly with camp
operations and the success of the fish camp —
both from a sample collection as well as youth
education perspective. The Coordinator’s
prior experience with the TG-led Marian Lake
Watership Stewardship Project, and practical
field knowledge were of great benefit.

Elders and youth were exposed to scientific
methods of sampling and monitoring the
aquatic ecosystem including sediment and water
quality sampling as well as fish tissue sampling
for contaminant analysis. Scientists and youth
were exposed to traditional knowledge aiding
their understanding of the local aquatic
environment.

Youth were interviewed by a videographer
working for the Ttich9 Government under
Community Action Resource Team (CART).
Camp activities and TK/science information
were captured via filming, and an educational
video showcasing the youth involvement has
been produced. The video will be available on
the WRRB website post final edits (early May).

Communications

Communication was achieved through planning
workshops and the results meeting in Gameti.
Social media also provided a communications
channel to a wider audience, as the WRRB
website and Facebook page both had a series of
stories related to the TAEMP; links were shared
via the TG Facebook page. Presentations were
given by WRRB staff at the Geoscience and
NWT Annual Results workshops. Plain language
handouts are available, and a fish guide has
been updated.

Traditional Knowledge Integration

Elders and community members were
involved in Program implementation from the
preliminary introductory workshop through to
the results workshop. This involved selection
of community participants (elders, foreman,
cooks, youth, etc.) as well as the selection of

the camp site and set-up prior to the arrival of
the support staff and youth. At meeting and at
camp, community members had opportunities
to describe the indicators they use to identify
fish health and provide assessments of current
fish health near their community, and their
comments were captured in meeting notes

and video. Elders and community members
provided direction on where (and why) fish and
water samples were collected, and youth were
provided the opportunity to learn from their
elders. An example was an initiative developed
at the camp where elders and youth were
brought together specifically to pass on Thcho
knowledge, notably about the history of the area
near Gameti.

The TAEMP also offers an opportunity for
researchers to learn from traditional knowledge
holders in a culturally appropriate on-the-land
context. This form of engagement allows for
mutual respect and trust — as scientists and
knowledge holders were able to learn from
one another while both behaving “naturally”
while out on the land, recognizing each other’s
capabilities through honest work (e.g.day-to-
day activities required at camp, net setting /
collection, fish sample processing).

Results

Lake Trout sampled ranged from 511-802mm in
length (fork length) and 1510-56380g in weight,
and were estimated to be 8-35 years of age.
Approximately half of fish samples fell above

the guideline of 0.5 mg per kg (wet weight;

wwt) for mercury (Health Canada 2013a) and
half below, ranging from 0.251-0.825mg per

kg (wwt) (Fig. 2 and Fig. 3); notably the two
largest fish did not have the highest mercury
concentrations, and both were close to the
Canadian Standards (maximum level) guideline.
Analysis of mercury concentrations in muscle
tissue in relation to both fork length and weight
were not significant. Mercury concentrations

in muscle tissue in relation to age of Lake Trout
were found to have a significant relationship,
though the adjusted r-squared values indicated a
relatively weak relationship (0.41 to 0.47). Cysts
(parasites) were found in all fish sampled, on
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Figure 1. Locations where samples of fish, water, and sediment were collected during the on-the-land
component of the Thch Aquatic Ecosystem Monitoring Project (TAEMP) near the community of Gameti (Rae

Lakes), September 2013.
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Figure 2. Relationship between mercury concentration in tissues (mg/kg; wet weight) and age (estimated via
otolith aging) of Lake Trout and Lake Whitefish collected during the on-the-land component of the ThichQ Aquatic
Ecosystem Monitoring Project (TAEMP) near Gaméti (Rae Lakes), September 2013.
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Figure 3. Relationship between mercury concentration in muscle tissue (mg/kg; wet weight) and body weight
(g), and age of Lake Trout and Lake Whitefish collected during the on-the-land component of the Tcho Aquatic
Ecosystem Monitoring Project (TAEMP) near Gaméti (Rae Lakes), September2013.
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the outside (outer wall) of the stomach and to a
lesser degree, on the upper intestine and pyloric
cacae (nothing abnormal noted), with parasitic
worms found in one stomach. The majority

of stomachs were empty, those with contents
included cisco and stickleback. No deformities
were noted in any of the fish sampled.

Whitefish sampled ranged from 560-550mm in
length (fork length), 2310g-4620g in weight, and
estimated to be 12-48 years of age. None of the
Whitefish sampled fell above the guideline for
mercury, with a range of 0.0694-0.287mg per kg
(wwt). Analysis of mercury concentrations in
muscle tissue in relation to fork length, weight,
and age were not significant. Cysts (parasites)
were found in locations previously noted

for Lake Trout (nothing abnormal noted).

Gut contents included snails, shrimp, and
invertebrates / amphipods. No deformities were
noted in the fish sampled.

Guidelines for the Protection of Aquatic Life
(CCME 2013) were exceeded for aluminum

in 1 of 6 sampling sites (guideline: 100 ug per

L, maximum level detected 150 ug per L), for
mercury in 4 of 6 sites (guideline: 0.026 ug per
L, maximum level detected 0.12), and exceeded
/ met for silver in 3 of 6 sites (guideline 0.1

ug per L, maximum detected 0.2 ug per L).
Hardness levels at most sites indicated that water
is considered “hard”, except for the “tea water”
sampling location which had quite a different
profile than the other sites (considered “soft”).
Bacteria (Escherichia coli (E. coli), Total
Coliforms, and Fecal Coliforms) were low or not
detected in the bay near the sewage lagoon.

No parameters exceeded CCME Sediment
Quality Guidelines and Probable Effects Levels
in the sediments analyzed. Organic carbon was
higher in sediments at the sampling location
furthest north from the camp. Fecal Coliforms
were not detected in sediments in the lake near
the sewage lagoon.

Discussion and Conclusion

Results indicated that overall fish are healthy
and habitat is clean. Lake Trout had higher
mercury levels than whitefish, given that they are
a predatory fish which commonly exhibit higher
levels due to bioaccumulation. However, levels
observed were not considered to be abnormal.
Whitefish were large and fatty, and as a fish
targeted by the community, the low mercury
levels do not provide any concern. Notably,

the whitefish caught were also some of the
largest that the Golder and DFO biologists had
seen. Also, an otolith was estimated at 48 years,
making it a “record” age for a whitefish in the
NWT. Note: we plan to obtain a third opinion
on the otolith, for if accurate, the age is worthy
of a short note in a journal. Interestingly, the
whitefish estimated to be 48 years also had one
of the lower mercury concentrations among the
whitefish sampled.

Results also indicated that overall water quality is
good. Bacteria (Escherichia coli (E. coli), Total
Coliforms, and Fecal Coliforms) were low or
not detected in the bay near the sewage lagoon,
suggesting that there is no contamination of the
lake from the lagoon, notably as E. coli are a
good indicator of fecal contamination (Health
Canada 2013b). Organic carbon was higher in
the sediments at the sampling location furthest
north from the camp, which may be explained
by the fact that a forest fire occurred during the
early summer of 2013.

The “tea water” location had the highest
mercury concentration (0.2 ug per L) and
exceeded the Aquatic Effects guideline for
mercury. However, in the north, it is not
unusual for lakes to have higher than guideline
values for metals (AMAP 2011). Further, the
Canadian Drinking Water Quality Guideline

or mercury is 1 ug/L (Health Canada 2013b).
Since Gameti drinks this water, we look to the
Drinking Water Guidelines, and we also look
and compare to fish results to ensure the fish is
safe to eat because sometimes (e.g.in the case
of mercury), they bioaccumulate (as previously
mentioned for the Lake trout). If levels were
high, this is where consumption warnings might
be put in place; high mercury levels were not

122

J. McCullum



apparent in the Lake Trout sampled. The

“tea water” sampling location also had quite a
different profile than the other sampling sites.
The site was located at the inlet of a very shallow
stream where people go to get their tea water
because the taste of the water is considered best
for tea, and the water doesn’t leave a residue

on kettles or pots. Lab analyses clearly showed
the water was “softer” than other sites, which

all shared a “hardness.” This provides a great
example of Thchg knowledge identifying the
special nature of a location near Gameti, and it
is a clear indication of TK and Science working
together to highlight aspects of the aquatic
environment near Thchg communities (both
qualitatively and quantitatively).

Expected Project Completion Date

Gameti portion of TAEMP completed,
May 2, 2014.

Project website

wrrb.ca for regular updates, as well as WRRB and
Thchg Government Facebook pages
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Enhancing Community-Based Monitoring of Ecosystem
Changes in the ISR Through the Inclusion of Local and
Traditional Ecological Knowledge Indicators

Renforcement de la surveillance communautaire des
changements qui surviennent dans les écosystemes dans la
region désignée des Inuvialuits (RDI) grace aux indicateurs
de connaissances écologiques traditionnelles et locales
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Abstract

Beluga whales are hunted annually for food in
the Mackenzie Delta estuary and Darnley Bay
by Inuvialuit hunters. Monitoring of harvested
whales has taken place in the Mackenzie Delta
since the 1970s and in the Paulatuk area since
1989. In 2013, a new project was initiated

to identify and record local and Traditional
Ecological Knowledge for inclusion in beluga
monitoring and research. Potential indicators
of beluga health and ecosystem change were
identified through open community meetings
in Inuvik, Paulatuk and Tuktoyaktuk in June
2013. Beluga observations were recorded

7

Résume

Les bélugas sont chassés chaque année a

des fins alimentaires dans I’estuaire du delta
du Mackenzie et dans la baie de Darnley

par les chasseurs inuvialuits. La surveillance
des baleines chassées a commencé dans les
années 1970 dans le delta du Mackenzie et en
1989 dans la région de Paulatuk. En 2013, un
nouveau projet a €té mis en branle dans le but
de recenser et de consigner les connaissances
écologiques locales et traditionnelles afin de
les intégrer a la surveillance des bélugas et a
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using shore-based and boat-based surveying
techniques during the harvest season (July and
August). Observations made during the beluga
hunt and butchering were recorded using

a semi-structured questionnaire, which was
administered to harvesters immediately after
the whales were flensed. Beluga observations
were recorded by 16 harvesters on Hendrickson
Island, 9 harvesters at East Whitefish, and b
harvesters from Paulatuk. This project has
increased dialogue between whale monitors,
researchers and community organizations,
which will strengthen community-based research
in the ISR.

Key messages

This project was initiated to identify and record
local and Traditional Ecological Knowledge for
inclusion in beluga monitoring and research.

Potential indicators of beluga health and
ecosystem change were identified through open
community meetings in Inuvik, Paulatuk and
Tuktoyaktuk in June 2013.

Observations of beluga were recorded in July
and August 2013, using shore-based and boat-
based surveying techniques, and semi-structured
questionnaires.

Dialogue and partnerships between whale
monitors, researchers and community
organizations was strengthened.

la recherche sur les bélugas. Les indicateurs
potentiels des changements dans la santé du
béluga et dans I’écosystéme ont été déterminés
par des assemblées communautaires ouvertes
tenues a Inuvik, Paulatuk et Tuktoyaktuk en
juin 2013. Les observations sur le béluga ont
été obtenues par des relevés a partir de la

terre et a partir d’'une embarcation effectués
durant la saison de chasse (juillet et aott).

Les observations faites durant la chasse et le
dépecage du béluga ont été consignées dans un
questionnaire semi-structuré, qui a été rempli
par les chasseurs juste apres le dépecage. Sur
I’'lle Hendrickson, 16 chasseurs ont noté leurs
observations sur les bélugas, a East Whitefish, 9
chasseurs I’ont fait et a Paulatuk, 5 chasseurs ont
rempli le questionnaire. Ce projet a amélioré le
dialogue entre les surveillants et les chercheurs
intéressés par les baleines et les organismes
communautaires, ce qui renforcera la recherche
communautaire dans la RDI.

Messages clés

Ce projet a été mis en branle dans le but de
recenser et de consigner les connaissances
écologiques locales et traditionnelles afin de
les intégrer a la surveillance des bélugas et a la
recherche sur les bélugas.

Les indicateurs potentiels des changements dans
la santé du béluga et dans I’écosysteme ont été
déterminés par des assemblées communautaires
ouvertes tenues a Inuvik, Paulatuk et
Tuktoyaktuk en juin 2013.

Les observations sur le béluga ont été obtenues
par des relevés a partir de la terre et a partir
d’une embarcation effectués durant la saison de
chasse (juillet et aott) et elles ont été consignées
sur des questionnaires semi-structurés.

Ce projet a amélioré le dialogue entre les
surveillants et les chercheurs intéressés par les
baleines et les organismes communautaires.
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Objectives

1. Increase our understanding of the Beaufort
Sea ecosystem through the inclusion of LEK
and TEK in community-based monitoring.

2. Develop indicators for beluga from a
community perspective that are practical to
monitor and enhance our understanding of
ecosystem changes.

3. Partner with existing beluga and CBM
programs in the ISR to evaluate linkages
between local observations, changes in the
ecosystem and contaminant trends.

4. Engage community youth in beluga
sampling and documentation of
observations.

Introduction

Beluga whales from the eastern Beaufort Sea
population travel through the coastal areas of
the Inuvialuit Settlement Region (ISR) in the
summer and early fall. Monitoring of whales
harvested from this population has taken place
in the Mackenzie Delta since the 1970s and

in the Paulatuk area since 1989 (Harwood
etal., 2002). Beluga whale sampling in the

ISR has occurred at Hendrickson Island, East
Whitefish Station, Baby Island, Kendall Island
and Darnley Bay. The monitoring program

and associated research projects have provided
valuable information about beluga growth rates
(Luque and Ferguson, 2009), diet (Loseto et
al., 2009), habitat use (Loseto et al., 2008), and
contaminant exposure (e.g.Braune et al., 2005;
Lemes et al., 2011; Loseto et al., 2008; Noél et
al., 2014; Ostertag et al., 2013; Outridge et al.,
2009: Tomy et al., 2009). Traditional ecological
knowledge (TEK) has been fundamental to the
success of these programs through the provision
of high quality samples from harvesters’ catch.
In recent years, community members and
funding agencies have shown increasing interest

in having TEK included in arctic research and
monitoring programs.

Including TEK in beluga monitoring will
improve the beluga monitoring programs

in the ISR by providing unique details about
harvested and migrating whales. In addition,
TEK and local ecological knowledge (LEK)
could assist in the interpretation of laboratory
results from samples collected from various
locations (e.g.Darnley Bay and Kugmallit

bay). In Tuktoyaktuk, community members
encouraged the Hendrickson Island beluga
research team to include local observations in
beluga monitoring, because this knowledge
takes years to accumulate and harvesters have

a broad view of the environment around

them. A strong interest was demonstrated for
documenting observations of beluga whales that
are made throughout harvesting activities. One
elder noted that “harvesters observe animals not
only on hunt, but when hunting. The younger
generation is trained to observe animals.”
(Participant, Tuktoyaktuk, NWT). During a
traditional knowledge (TK) workshop held in
Inuvik, the participants identified the need for
more on-the-land programs for elders, youth
and monitors to gather traditional knowledge
about fish and beluga. Although the breakout
groups felt that TK needed to be gathered, it
was acknowledged that the process of gathering,
reporting and storing TK is complex and needs
to be done carefully.

There is a need and interest to include LEK/
TEK in beluga monitoring in the ISR. The
development and documentation of traditional
and local ecological knowledge indicators would
complement the traditional scientific indicators
currently monitored. Our hope is that findings
from the pilot year can advise and feed into
long term monitoring. Bringing together local
observational indicators and traditional scientific
knowledge may provide greater insight into how
environmental change may impact the Eastern
Beaufort Sea beluga population.
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Future applications may feed into the Arctic
Council, the Circumpolar Arctic Flora and
Fauna (CAFF) Circumpolar Biodiversity
Monitoring Program (CBMP) that identifies
indicators for long term monitoring for Arctic
biodiversity. Similar monitoring plans were
created nationally for the marine plan (DFO
2012). Depending on the success of our pilot
project, there may be opportunity to feed into
larger scale monitoring plans. Additionally, the
CBMP supported a project with Inuit Tapiriit
Kanatami to complete the digitization of the
land use and occupancy plans for the ISR with a
focus on marine mammals and efforts have been
made to evaluate how any outcomes will feed
into this project.

Activities in 2013-2014

Project development

In order to identifying potential indicators of
beluga health, community meetings were held
in Inuvik, Paulatuk and Tuktoyaktuk in June
2013. The public meetings were advertised
using the rolling channel (Inuvik), posters,
Bingo channel (Tuktoyaktuk) and social media.
Small breakout groups were facilitated by team
leaders and community research assistants

to identify potential beluga indicators based

on the observations made by Inuvialuit using
open-ended questions (Table 1, Appendix A).
In addition, the participants discussed how
local observations and knowledge could be
included in beluga monitoring. In total, more
than 80 community members participated in the
summer and fall meetings, including directors
from the Paulatuk HTC Board and members of
the Inuvialuit Game Council.

Small groups focused on the following topics
during the meeting:

® observations made by Inuvialuit during
harvest, butchering and preparation of
beluga;

e observations that could be included in
beluga monitoring, and

* how community members’ observations
could be included in monitoring

We recorded all of the participants’ observations
about beluga habitat use, behaviour and health
during the meeting and after each meeting; the
responses were entered into Microsoft WordTM
(Table 2). Questions that targeted the specific
observations made by harvesters and travellers
were formulated based on the observations
shared in the meetings. In Paulatuk, the
questions were reviewed by D. Ruben, R.

Ruben Sr and D. Slavik. The outcomes from
the meetings in Inuvik and Tuktoyaktuk later

in June were used to modify some questions for
Kugmallit Bay. Therefore, the questions that
were developed for harvesters and travellers

in Kugmallit and Darnley Bay were slightly
different, based on the outcomes from the
meetings. These questions formed the basis

of semi-structured questionnaires and data
sheets (Appendix B) that were prepared to
record shore-based, boat-based and harvester
observations in Kugmallit and Darnley Bays in
2013.

Recording local ecological observations

We recorded observations using shore-based
and boat-based surveying techniques (Table 1).
Observations made during the beluga hunt and
butchering were recorded with a semi-structured
questionnaire administered to harvesters
immediately after the butchering was complete.

Shore-based observations

Observers scanned the ocean from an elevated
position to search for the presence of belugas.
Surveying methods varied by location and
observer (Table 3). The composition of whale
groupings was recorded consistently, based on
the colour and number of whales observed. On
Hendrickson Island, the ocean was scanned

in quadrants based on visible landmarks, for
fifteen minutes during low and/or high tide,
from a tripod previously erected by community
members. The location of whales was noted for
the four quadrants, and their proximity to shore
was estimated roughly (nearshore, < ~500m
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from shore; offshore, > ~ 500 m from shore).

A description of weather and tide was also
provided. At East Whitefish, daily observations
were made from a small hill. In Darnley Bay,
scanning for belugas was conducted from the
top of a cliff (Brown’s Harbour), from the
shoreline (Egg Island), or from the tundra
(Hornaday River). The PHTC provided in kind
support for developing and running the Darnley
Bay observation program. Support included
hiring the observer and community coordinator,
and recommending a location for the observer

to stay (i.e. Egg Island).

In addition, harvesters at East Whitefish,
Tuktoyaktuk and Paulatuk were invited to take
cameras and GPS with them during the hunt, to
capture photos and GPS waypoints for sighted
belugas (prior to the hunt), which were later
hunted and sampled. They also provided details
about the group composition (size and colour)
and beluga activity based on outcomes from the
meetings and previous research findings.

Harvesters’' observations

Questionnaires were completed by 16 harvesters
on Hendrickson Island, 9 harvesters at East
Whitefish, and 5 harvesters from Paulatuk.

Capacity Building

Training and mentoring occurred at
Hendrickson Island and East Whitefish in

2013. Frank Pokiak trained Brendan Green,
one of two beluga monitors from Paulatuk,

on how to consistently sample and measure

the whales. Brendan Green also learned about
sub-sampling tissues for further lab analysis.
Two youth from Inuvik who were working as
summer students with the FJMC and DFO,
received training at Hendrickson Island and East
Whitefish Station on field logistics, shore-based
and boat-based surveying, beluga sampling, and
hydroacoustics monitoring. Two community
members from Tuktoyaktuk assisted with

the community meeting on June 22 in their
community. In 2013, we were unable to employ
youth on Hendrickson Island from Tuktoyaktuk
due to liability concerns; however, we have

established an agreement with the Tuktoyaktuk
Community Corporation to employ youth as
research assistants in 2014. Brendan Green and
Bernadette Green, both from Paulatuk, travelled
to Winnipeg, MB and Halifax NS in December
2013. They learned about beluga/marine
research and Arctic research at the FWI/U

of M and the ArcticNet Scientific Meeting,
respectively (Appendix C).

Communications

March 2013: Lisa met with the Tuktoyaktuk and
Paulatuk HTCs to review this project and the
overall beluga monitoring/research program in
the ISR.

June 2013: We held community meetings in
Paulatuk, Inuvik and Tuktoyaktuk. These
meetings provided the opportunity for more
than 80 northern community members to
contribute to the beluga-monitoring program
through this community-based project.

October 2013: Reports were sent to HTCs, FJMC,
IGC, NCP to summarize the outcomes from the
summer meetings and field season.

November 2013: Open community meetings were
held in Inuvik, Paulatuk and Tuktoyaktuk and
separate meetings were arranged with the HTCs
in all three communities. Overall, 72 individuals
participated in the community meetings and 6
to 7 board members were present for each HTC
meeting. Classroom presentations were given
by S. Ostertag to two classes in Paulatuk and
Inuvik (junior high and high school). In Inuvik,
Kate Snow arranged two 45 minute classroom
visits for Bertha Joe (whale monitor from East
Whitefish Station) and S. Ostertag.

December 2013: S. Ostertag reviewed the project
with S. Nickels and E. Loring in Ottawa. The
draft proposal overview for the 2014,/2015 NCP
submission was sent to HTCs for review.

January 2014: Conference call with D. Ruben,
J. Stowe, L. Loseto and S. Ostertag to review
project plan for 2014. Presentations to FJMC;
proposal reviewed by PHTC
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February 2014: Meeting in Winnipeg with T.
Green and N. Green from Paulatuk to review
the local observations project and fish research
in Darnley Bay. Meeting with J. Lennie (team
member) in Winnipeg to discuss this project and
the methods needed to include LEK/TEK in
beluga monitoring.

March 2014: L. Loseto presented a project
summary and plans for 2014 to the Inuvik and
Tuktoyaktuk HTCs.

Traditional Knowledge Integration

The Local Ecological Indicators project is
responding to the need to more effectively
include local ecological knowledge (LEK) and
traditional ecological knowledge (TEK) in
beluga monitoring programs in the Inuvialuit
Settlement Region (ISR). Following the summer
community tour (June 2013) and field season
(July — August, 2013), a follow-up tour was
conducted in November by S. Ostertag and K.
Hynes to receive feedback from community
members and HTCs about this project. The
knowledge gathered and recorded in 2013 for
this project was linked to the sampling data
from the beluga monitoring program. The
observations recorded will be included in the
interpretation of lab results from the analysis
of samples collected from harvested whales.
The integration of TEK, LEK and traditional
scientific knowledge is described in more detail
in the discussion section (below).

Results

This project built on many years of collaborative
beluga research in the ISR. Community
meetings provided a unique opportunity for
northerners to contribute ideas to the beluga-
monitoring program. The success of these
meetings resulted in the development of
questionnaires for harvesters, and observations
to be documented during shore-based and boat-
based surveys. The results from the pilot study
for this project are presented below.

Harvester Observations

Observations made during hunting activities: All of
the harvested whales in Kugmallit and Darnley
Bays came from groups that looked healthy.

The information collected in 2013 suggested
that in Darnley Bay, whales were taken from
larger groups (n = 5, median, range; 10, 2 — 23)
whales than whales harvested in Kugmallit Bay
(n =20, median, range; 4, 1 - >100). Also, whales
harvested in Darnley Bay were taken from
groups that were made up of all white, all yellow
of a mixture of white and yellow whales (Figure
1). In comparison, in Kugmallit Bay, whales were
mostly harvested from groups made up solely

of white whales, with a small number harvested
from groups that included grey, black or yellow
whales.

Observations during butchering: Hunters indicated
that beluga muktuk was of good quality in
Darnley and Kugmallit Bays, for the majority of
whales that were harvested. Only three whales
were reported to have ‘fair’ quality muktuk.

In Darnley Bay, all of the belugas had good
quality muktuk, and four of the five harvested
whales had good quality meat. The harvesters’
observations indicated that none of the
harvested whales in Kugmallit or Darnley Bay
had poor quality meat or muktuk. The colour
of blubber varied; half of the whales harvested
in Kugmallit Bay had pink-coloured blubber,
and the other half had yellow or white-coloured
blubber. In Darnley Bay, muktuk was either
white or yellow and white.

None of the whales harvested in Kugmallit Bay
between June 30 and July 22 2013 showed signs
of infection or disease. One whale harvested in
Darnley Bay had a large growth in its abdomen;
however, a sample ID and sample were not
provided for this whale. A photograph of the
growth was provided but was not sufficient for a
diagnosis to be made. Two whales in Kugmallit
Bay had yellow fluid in their flipper joint. One
whale in Kugmallit Bay had skin pox. Four of
the whales in Darnley Bay had scars from bears
or ice. More than half of the whales harvested in
Kugmallit Bay had scars.
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Shore-hased and hoat-based observations

Shore-based and boat-based observations
provided information about the location of
whales, the approximate number of whales in
different areas and at different times, and the
group composition of observed whales. This
information may improve our understanding
of when belugas arrive in Kugmallit and
Darnley Bays and where they spend their time.
Documenting group composition may also help
understand differences between whales sampled
in Darnley and Kugmallit Bays.

Discussion and Conclusions

The goal for the second phase of this project

is to build on the partnerships and capacity
developed in 2013-2014, to identify ecologically-
relevant indicators from a local perspective
that can increase our understanding of
changes in ecosystem health in the Beaufort
Sea. In 2013, we focused on recording a

suite of observations from harvested and
travelling whales based on observations that
are typically made about belugas. In 2014, our
goal is to assess these observations as potential
indicators, through semi-structured interviews
with harvesters, whale monitors, women and
elders. Indicators will be evaluated based on
the consensus from interviews with community
members, followed by discussion during final
community meetings in Inuvik, Paulatuk and
Tuktoyaktuk. In addition, these observations will
be evaluated scientifically, for their potential to
add knowledge about samples collected, which
can assist in the interpretation or analysis of
results (e.g. Table 4). This evaluation will be
made through a meeting with the research
team conducting studies on belugas in the
Arctic. The following criteria will be included
in our evaluation of observations as potential
indicators:

1. An observation that can be recorded
by harvesters, beluga monitors and/or
community members;

2. an observation that is considered to be
important by community members based on
consensual informant responses;

3. an observation that is correlated to results
from scientific studies; and,

4. observations that are quantifiable and
comparable between years and/or
communities.

Expected Project Completion Date

August, 2015
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Table 1. Methods used to record observations through community meetings in Inuvik, Paulatuk and
Tuktoyaktuk and fieldwork in Kugmallit Bay and Darnley Bay, NWT.

How knowledge was

Methods used Outcome
recorded

¢ Brief presentation
e Breakout groups

e Mapping exercise
e Group discussion

e Summary of observations made during travel,
harvest and beluga preparation
e Mapping where beluga are observed

Community meetings

¢ Harvesters' observations were documented at

* Questionnaire HI, EWF and Darnley Bay

H ters’ ob ti e C
arvesters observations . Girgera ¢ Photos taken of harvested beluga
e Location of harvested whale
e Binoculars
Shore-based & boat-based e GPS camera e Location and group composition recorded for
observations ¢ QObservation log and forms whales in Kugmallit Bay and Darnley

¢ Portable hydrophone

Table 2. Observations that are made during harvesting activities, as shared by participants (n = ~80) during
community meetings in Inuvik (1), Paulatuk (P) and Tuktoyaktuk (T).

Beluga harvesting
activities

Types of observations made about beluga whales during harvesting activities

Skinny/fat (1), float (1), shape (PT ), size (PT,), group composition (P), behaviour (P), blubber

Hunting thickness (P), vomit (P), spouting (T)

Scarring (I, P, T), skin pox (P), condition of meat/muktuk/blubber (I, P, T), blubber thickness (P, T),
Butchering shape (P), injury (T), blister (T), colour of blubber (l), proper handling of meat and muktuk, presence
of stomach contents (T)

Colour of blubber (I, T), blubber thickness (T), preparation methods (T), health of whale (P), lesions

Preparing (P), disease (P), taste (1)

Table 3. Location, dates and survey outcomes for shore-based surveys in Darnley and Kugmallit Bays.

Location Surveys (n) Beluga sightings
(frequency)
Tippi July 16 — August 13 104 2
Egg Island July 9—-July 30 76 0
Darnley Bay Brown’s Harbour July 8 — August 3 77 1
Boat-based August 3 5 1
Hornaday River August4-8 15 4
. East Whitefish July 10-15 14 1"
Kugmallit Bay :
Hendrickson Island June 30— July 19 58 31
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Table 4. Potential ways for LEK/TEK indicators to add valuable information to the interpretation of key
biological aspects of belugas and beluga habitat.

LEK/TEK Indicator Scientific Observation Indicator Interpretation
Colour of blubber, stomach contents, Fatty acids, stable isotopes, stomach contents ' Diet

feeding observed, quality/quantity of

blubber/meat

Signs of infection or disease Antibodies, immunohistochemistry, viruses Disease

Scars, behavior

Recording of orcas using hydrophone

Changes in predation

Ice scarring, timing of arrival, calving
locations

Satellite images

Ice conditions

Location, group composition, activity of
belugas

Presence/absence and group composition
(June/August)
Presence/absence (June — August)

Habitat use
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Appendices

Appendix A: Questions were asked during community meetings in June 2013

®  Where should observations be made and where are belugas observed?
— Where and when does calving, moulting and feeding occur?

— Have you noticed changes in beluga behavior and habitat use? If so, why do you think these
changes are happening?

¢ What are common observations that you make about beluga whales when you are hunting,
butchering, preparing or other times. Identify the observations would help to answer these
questions:

— Differences between groups of belugas that are harvested?
— Changes in beluga health over time?
— Differences in feeding behaviour of belugas harvested in Kugmallit and Darnley Bay?

*  What types of beluga whale behavior have you seen? What differences in behavior have you
observed based on the size of whale, where and when the whale is observed, and environmental
conditions?

— Identify observations that could be documented to help us understand why belugas spend
time in different locations and if their behavior is changing.

* How do you see yourself and your community documenting beluga observations?
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1. Appendix B: Semi-structured questionnaire administered to harvesters (Darnley Bay)

1. Where was this whale when you first saw it?

2. How many whales were with the whale that
you harvested?

3. What were the whales doing when you first
saw them (before you began to chase them)?

4. What colours were the whales?

O Blue/black
O Grey

[ White

O Yellow
Other

5. How old did the whales in this group seem?

O Young
0 Oold
O Very old

6. Describe the shapes of the whales

O Very round
O Love handles
O Round

O Skinny

7. Did all of the whales in this group seem
healthy?

O yes
O no

Describe any animals that appeared to be sick
or behaving unusually in this group

8. How did the whale act while you were chasing it?

O Hiding

O Turning

O Charging

O Aggressive

O Breathing shallowly
0 Sitting on the bottom
0 Vomiting

9. How thick was the blubber?

[ 1 inch or less
1.5 - 3 inches
O 3 - 4 inches

O more than 4 inches

10. Did the whale float after you shot it?

O yes
O no
O unsure

11. Did you see any scars on the beluga’s skin?

O yes
O no
O unsure

If yes, what do you think caused the scar?

12. What was the condition of the muktuk

O Good

O Fair

O Poor

[ Unusual

Describe anything unusual that you observed
in the muktuk; take a photo if possible.

13. What was the condition of the meat?

O Good

O Fair

O Poor

O Unusual

Describe anything unusual that you observed
in the meat; take a photo if possible.

14. Did you see lesions, sores or skin pox on the
whale?

O Yes
O No
O Unsure

If yes, please describe what you observed.
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15. Was there a sign of infection or disease?

O Yes
O No
O Unsure

If yes, please describe what you observed.
16. Did the whale have a bent spine?
O yes

O no
O unsure

17. What colour was the fat/muktuk?

O Orange

0 Dark yellow
O Pink

O Light yellow
O White

Data sheet for shore-based and boat-based beluga observations (Kugmallit Bay)

1. Where were these whales when you first saw

them?

O Mouth of river

O 1-2 km from the shore
O Deep water

O Other

2. How many whales were in this group?

3. What were the whales doing when you first
saw them?

O Traveling

O Feeding

O Playing

O Spouting

0 Hiding

O Spyhopping
O Other

4. What colours were the whales?

O Blue/black O Grey
0 White

O Yellow

Other__

5. How old did the whales in this group seem?

O Young
O old

O Very old
O Unsure

6. Describe the shapes of the whales?

O Very round
O Love handles
O Round

O Skinny

7. Did all of the whales in this group seem
healthy?

Oyes O no

Describe any animals that appeared to be sick
or behaving unusually in this group:

8. Were there fish or krill in the area when the
belugas were observed?

Oyes Ono

What kind of fish/krill were they?

O Herring
[ whitefish
O Krill
Other:

9. Did you observe the whales feeding?
Oyes Ono [Ounsure

What kind of fish/sea animals were they feeding
on? 1 whitefish 00 Herring O Krill Other:
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12. Had the weather changed before these
whales showed up?

[ Yes
O No

If yes, describe the change in the weather:
13. What direction was the wind blowing?
14. Was it high tide or low tide?

15. Was the water level high or low?

16. Did the whales act as though they were afraid
of something?

O yes
O no

[ unsure

17. If yes, what do you think they were afraid of?
Why?

18. Did you observe orcas or signs of orcas
nearby?

O yes

O no

O unsure

19. Was a barge nearby in the last 24 hours?

If yes, how did the beluga react to the barge?

20. Was a coast guard ship nearby in the last 24
hours?

If yes, how did the beluga react to the coast
guard ship?

21. Please show on the map approximately
where the belugas were observed.
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Appendix C
Youth Lab Tour and Scientific Meeting

Report prepared by Sonja Ostertag, Keely
Loewen and Shannon MacPhee

Bernadette and Brandon Green travelled to

the Freshwater Institute and University of
Manitoba in Winnipeg, MB. They met with
researchers that study fish and belugas in the
Beaufort Sea, and they also learned about how
samples collected in the Arctic are processed
and analyzed. Following the lab tour, Bernadette
and Brandon travelled to Halifax, NS, to attend
the ArcticNet Scientific Meeting. This report
was prepared to document what they learned in
Winnipeg and Halifax.

Reproductive organs with Conny Willing,
Freshwater Institute

Reproductive organs are studied in marine
mammals to find out about their fertility, health,
and reproductive status. Frozen reproductive
organs are collected from harvested animals.
Sampling properly is very important, but can
be difficult in the field without proper training.
Frozen samples are sent to the Freshwater
Institute where Conny takes measurements
and photos of all of the samples. Not all of the
samples can be stored after the measurements
are taken because they are too big, so it is
important that she takes very good photos and
measurements.

Brandon and Bernadette learned about how
eggs are fertilized in belugas and seals, and they
saw embryos and fetuses at different stages of
development. The fetus goes through several
stages of development. First, the egg must be
fertilized by the sperm. Folds in the female
reproductive tract make sure that the strongest
and healthiest sperm make it to the egg. The
fertilized egg implants into the wall of the uterus
and grows into a fetus. If you look closely at the
ovaries, you can count the number of white spots
in the ovary (corpus albicans), which tell you
how many pregnancies a beluga had. In ringed

seals, these spots disappear quickly, which makes
it difficult to count pregnancies.

Diseases like brucella may cause cysts to form in
the reproductive tracts of belugas. These cysts
are calcified nodules that surround the brucella
bacteria and help keep them from spreading.
These cysts need to be sent to a special lab to be
analyzed.

Energetics with Emily Choy

Emily Choy talked to Brandon and Bernadette
about beluga energy use. She uses blubber
samples to find out what the whales eat. Her
data is used to learn about how make sure that if
the whales’ diets change they will have enough
energy to reproduce, travel, dive, and feed.

Emily showed Brandon and Bernadette how fatty
acids are extracted from the blubber. Beluga
blubber has four layers, which are used differently
by the whales. The inner layer can be analyzed to
understand the diet of the whales. Fatty acids are
also extracted from all of the different fish and
invertebrates that the whales might eat. The fatty
acids in the whales are compared to the fish and
invertebrates to find out what the whales eat. Two
fish lined up with the fatty acids in beluga: arctic
cod and arctic cisco.

Myoglobin is analyzed from the back muscle of
belugas to measure how much oxygen is stored
in the muscles. Myoglobin is a protein in heart
and skeletal muscles that provides extra oxygen
to the muscles. It is a very good indicator of
diving ability in marine mammals.

Teeth and ageing with Blair Dunn

The age of a beluga can be found out by looking
at its teeth. Knowing the age of the animal is
important for understanding the results from
the other studies that take place. For example,
older whales may feed in different areas and
have different fatty acids than younger whales.
Beluga whales can live up to 50-60 years old.
Belugas have only one set of teeth so the
number of layers in the tooth tells you how old
the animal is. Every dark layer represents one
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year of the whales life. If the neonatal tooth
layer is visible the number of layers represents
the final age of the harvested beluga.

Blair showed Brandon and Bernadette how teeth
are removed from a beluga jaw. The jaws are
sent to DFO and boiled. The second and fifth
teeth on the right side of the jaw are removed
with pliers. Then the teeth are glued onto a
wooden block and cut into very thin slices with a
diamond blade. The slices are preserved in 70%
alcohol. The growth layers are counted using a
microscope.

The size of the tooth does not represent the

age of the animal. Blair showed Brandon and
Bernadette that a 50 year old whale’s had a
smaller tooth than the 23 year old whale. Teeth
from whales in Nunavut have much bigger teeth
than the whales in the ISR.

It is important to label the jaws and teeth
carefully. Otherwise, the information about
the sample can become lost.

DNA Analysis with Lianne Postma

Lianne Postma taught Brandon and Bernadette
about beluga DNA. The DNA of beluga whales
is used to find out if different pods of whales are
related.

DNA is made up of a four letter code, ATGC. A
haplotype is a set of mutations (changes in the
code) of DNA that vary in different animals.
Haplotypes are inherited from a whale’s mother.
Whales with the same haplotype are more
related than whales with different haplotypes.
DNA is also what is used to make clones. On
Family Guy, Stewie makes a number of clones.
His last clone was an unintelligent duplicate
because using the same DNA over and over
weakens it.

In the lab, Brandon and Bernadette used
micropipettors to measure very accurate
amounts of liquid. They measured samples as
small as 45 mL (100 mL is 1/10,000 of a litre). It
is important to wear rubber gloves to protect the
researcher from chemicals and to protect the
samples from contamination. Without gloves,
the researcher’s DNA can end up in the sample
of beluga DNA. The haplotype is determined
using a machine that reads the sequence of the
DNA letters. Sequences from different animals
can be compared to see what kinds of mutations
they share.

The DNA used in the lab comes from skin
samples collected by the hunters. It is
important to label the samples and keep
them organized so none of the data is lost.

Bug picking with Shannon MacPhee

Researchers collected sediment samples from
the ocean floor of the Beaufort Sea (250 m
deep) for the BREA project. They collected
samples to learn about what was in the offshore
region of the Beaufort Sea. Invertebrates found
in the sediments are sorted and some are

sent to a taxonomist for identification. They
are also analyzed to find out what they are
eating, their mercury levels, and stable isotope
signatures. Half of the sediments are saved to
analyze the size of sediments, algae, and other
characteristics.

Bernadette and Brandon Green worked with
Shannon MacPhee (Aquatic Biologist, BREA)
to sort invertebrates (e.g., clams, worms,
amphipods) from sediment samples collected
from the Cape Bathurst area. Brandon
compared the invertebrates to prey items he has
found in fish stomachs. The group also looked
at photos and samples of epibenthos (e.g., sea
stars, shrimp, octopi) and talked about the role
of invertebrates in Arctic marine food webs.
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Fish eggs with Ben Kissinger

University of Manitoba PhD student Ben
Kissinger shared his trout-rearing experiment
with Bernadette and Brandon. Ben’s project,
linked to the coastal component of the BREA
Marine Fishes Project, focusses on fishes in the
Husky Lakes, NT, a unique estuary connected to
the coastal Beaufort Sea. He wanted to see if egg
from freshwater can survive in saltwater. Once
the fish grow up he will place one in a tank with
freshwater and one in saltwater to see which they
prefer. One of the fish eggs had twins, but Ben
was unsure if they were conjoined or separate.

Photographs of a fish hatching from its egg. Photo credit:
Ben Kissinger

BREA fish with Sheila Atchison

Sheila showed Brandon and Bernadette how
fish are sampled and measured at DFO. They
learned how to do measurements of spine
length, fork length, whole length, and weight.
They checked gender and took out ear bones
(otoliths). Sheila also taught them how to
determine if a fish is an Arctic or Polar Cod
based on their teeth and bumps on their sides.
The group also discussed the role of Arctic Cod
fish as a key link in the Beaufort Sea food web.

Environmental chemistry with
Gregg Tomy's Group

Gregg Tomy’s group talked to Brandon and
Bernadette about environmental chemistry.
Chemicals are produced, used, and emitted

in the south. They travel to the north in the
atmosphere. Gregg’s group analyzes samples
from animals to learn about new chemicals. They
also look at how the chemicals affect the animals
over time. They use cells in test tubes or fish to
see the effect of chemicals on their health.

Different machines are used to find out

what chemicals are in the whales. Gas
chromatography is used to separate chemicals by
their boiling points. The sample is heated in a
column with a 0.25 mm diameter and a coating
of 0.0001lmm. The chemicals with lower boiling
points will move through the column before
chemicals with higher boiling points. Liquid
chromatography mass spectrometry is used for
larger compounds that do not evaporate.
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Harvest Monitoring of Metal Bioaccumulation at
Kuujjuaraapik (Nunavik): Have Levels Changed 20 Years
After the Great Whale Environmental Assessment?

Surveillance des récoltes pour la bioaccumulation de
métaux a Kuujjuaraapik (Nunavik) : les concentrations ont-
elles change 20 ans apres I'évaluation environnementale
pour le projet de Grande-Baleine?

O Project Leader:
Raymond Mickpegak, Sakkug Landholding Corporation
Tel.: (819) 929-3566, Fax: (819) 929-3275, Email: rmickpegak@makivik.org

John Chételat, Environment Canada, National Wildlife Research Centre
Tel.: (613) 991-9835, Fax: (613) 998-0458, Email: john.chetelat@ec.qc.ca

O Project Team Members and their Affiliations:
Alec Tuckatuck and Jimmy Paul Angatookalook, Sakkuq Landholding Corp., (Kuujjuaraapik)

Abstract

Twenty years ago, measurements were taken

of metal levels in aquatic and terrestrial

wildlife near Kuujjuaraapik as part of a major
environmental assessment for the Great Whale
hydro-electric project. More recent information
is not available for contaminant levels in locally-
harvested wildlife. However, local people have
observed ecosystem changes associated with
climate as well as altered marine currents from
freshwater discharges of hydro-electric reservoirs
into James Bay. The main objective of this
community-based study is to measure current
levels of metals (including mercury, cadmium
and lead) in local fish and wildlife and compare
them with previous measurements to monitor
potential change. During the first year of this

Résume

Il'y a 20 ans, des mesures des concentrations de
métaux ont €té prises dans la faune aquatique

et terrestre pres de Kuujjuaraapik dans le cadre
d’une importante évaluation environnementale
pour le projet hydroélectrique Grande-

Baleine. Aucune information plus récente

n’est disponible pour les concentrations de
contaminants chez les animaux sauvages récoltés
localement. Toutefois, les populations locales
ont observé des changements dans 1’écosysteme,
soit des changements du climat ainsi que des
modifications des courants marins en raison

des eaux douces relachées par les réservoirs
hydroélectriques dans la baie James. Le principal
objectif de cette étude communautaire est de
mesurer les concentrations actuelles de métaux
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project, the Sakkuq Landholding Corporation
of Kuujjuaraapik organized the winter collection
of ringed seal, caribou, snowshoe hare, willow
ptarmigan and fish. Preliminary results indicate
similar or lower levels of mercury for the animals
collected, as compared to levels measured

for the same species between 1989 and 1991.
Laboratory analyses of other metals are on-
going. Additional species will be collected
during the summer of 2014 to expand the scope
of wildlife sampling. This project will build

local capacity for contaminants monitoring

in Kuujjuaraapik as well as provide relevant
temporal trends information for sub-Arctic
Nunavik, a region undergoing significant
ecosystem change.

Key Messages

¢ Tissues of ringed seal, snowshoe hare,
willow ptarmigan, caribou, brook trout and
whitefish were collected near Kuujjuaraapik
by local hunters in the winter of 2014 for
analysis of metals.

¢ Total mercury concentrations were generally
low (<0.5 pg-g-1 wet weight) in the fish and
wildlife samples, although higher levels were
measured in ringed seal liver and caribou
kidney.

¢ Preliminary results for the winter animal
samples show total mercury concentrations
that are similar to or lower than those
measured in the same species from 1989-
1991 for the environmental assessment of
the Great Whale hydro-electric project.

(dont le mercure, le cadmium et le plomb) chez
les poissons et les animaux sauvages locaux et
de les comparer aux mesures précédentes pour
surveiller les changements potentiels. Durant
la premiére année de ce projet, la Sakkuq
Landholding Corporation de Kuujjuaraapik a
organisé le prélevement hivernal de phoque
annelé, de caribou, de lievre d’Amérique, de
lagopéede des saules et de poissons. Les résultats
préliminaires indiquent que les concentrations
de mercure chez les animaux prélevés sont
semblables ou inférieures a celles mesurées
chez les mémes especes entre 1989 et 1991. Les
analyses en laboratoire des autres métaux sont
en cours. D’autres espéces seront prélevées
durant I’été de 2014 pour €élargir la portée de
I’échantillonnage des animaux sauvages. Ce
projet mettra en place des capacités locales de
surveillance des contaminants a Kuujjuaraapik et
fournira des tendances temporelles pertinentes
pour le Nunavik subarctique, une région vivant
d’importants changements écosystémiques.

Messages clés

® Des tissus de phoque annelé, de lieévre
d’Amérique, de lagopede des Saules,
de caribou, d’omble de fontaine et de
grand corégone ont €té prélevés pres de
Kuujjuaraapik par des chasseurs locaux
durant I’hiver 2014 pour une analyse des
métaux.

e Les concentrations de mercure total étaient
généralement faibles (<0,5 pg-g-1 poids
humide) dans les échantillons de poissons et
d’animaux sauvages, mais des concentrations
plus élevées ont été mesurées dans le foie du
phoque annelé et les reins du caribou.

® Les résultats préliminaires pour les
échantillons d’animaux prélevés en hiver
indiquent que les concentrations de mercure
total sont semblables ou inférieures a celles
mesurées chez les mémes especes de 1989 a
1991 pour I’évaluation environnementale du
projet hydroélectrique de Grands-Baleine.
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Objectives

1. Build local capacity for contaminants
monitoring through hunter collections of
fish and wildlife near Kuujjuaraapik during
the winter and summer seasons;

2. Measure concentrations of metals (including
mercury, lead and cadmium) in relevant
tissues (i.e. muscle, liver) of harvested
animals;

3. Determine if metal concentrations in
terrestrial and aquatic animals have
changed since previous measurements
were conducted 20 years ago during the
environmental assessment for the Great
Whale hydro-electric project; and

4. Work with the Nunavik Board of Health
and Social Services and Nunavik Regional
Contaminants Committee to examine
the metal concentrations in relation to
established consumption guidelines that may
pose a risk to human health.

Introduction

Trace metals are a priority of the Northern
Contaminants Program (NCP) due to their
long-range transport to the Arctic from global
anthropogenic sources and high levels found in
some traditional foods. The Arctic is undergoing
rapid environmental change that may impact
the transport and cycling of these metals. In
addition, long-range sources of metals are
shifting as a result of emissions regulations in
Europe and North America, coupled with vast
economic development in Asia. Long-term
monitoring sites in freshwater and marine
ecosystems in the Canadian Arctic indicate
that, in some cases, metal levels in animals
(particularly mercury but also cadmium and
zinc) have been changing in recent decades
(NCP, 2012; Mallory et al., 2014). The drivers
and processes leading to these changes are

not well understood, and more information
is needed on temporal trends of metals in the
Arctic environment.

Kuujjuaraapik-Whapmagoostui, on the shore of
Hudson Bay in southern Nunavik, was located
in the zone of impact for a proposed massive
hydro-electric development project to divert
the Great Whale River and form a 1667 km?
impoundment for power generation. In the
late 1980s and early 1990s, large amounts of
environmental information were collected to
support an environmental assessment of the
proposed hydro-electric project. Included in
these efforts were measurements of metals in
freshwater, aquatic and terrestrial wildlife near
Kuujjuaraapik. The Great Whale project was
suspended in 1994, and little information on
metal levels in local wildlife has been collected
since then.

Locals in Kuujjuaraapik have observed
ecosystem changes in recent decades
including longer summers, shorter winters,
and different sea ice movements (Alec
Tuckatuck and Raymond Mickpegak of Sakkuq
Landholding Corp., personal communication).
Research at the Centre d’études nordiques

in Whapmagoostui has also documented
recent environmental change in the region
(Bhirby et al. 2011). Located on the coast of
Hudson Bay, Kuujjuaraapik is in a sub-Arctic
zone where climate warming may impact the
distribution and health of animals that live
there (Gunn and Snucins 2010; Ferguson et

al. 2010; Peacock et al. 2010). Ice conditions
in Hudson Bay have been changing over the
last three to four decades, with an increase in
the length of the ice-free season (Hochheim
etal. 2010). There is also concern that massive
discharges of freshwater into James Bay from
the La Grande hydro-electric complex may

be altering marine currents and winter ice
conditions in Hudson Bay (e.g., Déry et al.
2011). This community-based monitoring
project will build local capacity for contaminants
monitoring in Kuujjuaraapik as well as provide
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relevant temporal trends information for sub-
Arctic Nunavik, a region undergoing significant
ecosystem change.

Activities in 2013-14

In the fall of 2013, sampling kits and record
sheets were developed for the collection of
animal tissues by local hunters. Examples of
kits for Nunavik community-based wildlife
monitoring were provided by Michael Kwan
(Nunavik Research Centre, Kuujjuaq), which
were used as a starting point to develop a
prototype for our project. The prototype was
presented to two local hunters who provided
feedback to improve our kits before we finalized
them. These kits contained individually-labelled
bags (trace-metal clean), sterile gloves, a record
sheet and a pencil for the collection of tissues
from each animal. The record sheets were
printed on small sheets (8 Y2x 5 2 inch) of
durable Rite in the RainO paper that can be
used when wet. The required information was
listed on the front of the sheets, and sampling
instructions were provided on the back of the
sheets (Fig. 1).

Local hunters of Kuujjuaraapik were hired

in January and February of 2014 to collect
fish and wildlife tissues for the winter field
program. Most animals were collected by two
senior hunters in the community (Jimmy Paul
Angatookalook and Alec Tuckatuck), although
two additional hunters (Vincent Tooktoo and
Simionie Papayluk) also participated. Junior
hunters (Simionie Papayluk, Joanna Fleming)
sometimes accompanied the senior hunters,
with the aim to encourage youth participation
and training in the project.

The target to collect 24 animals for the winter
field program was successfully reached with 5
ringed seal, 6 caribou, 9 willow ptarmigan, 6
snowshoe hare, 6 brook trout and 11 whitefish.
Animals were collected within roughly an 80
km radius of Kuujjuaraapik. Tissues and record
sheets were submitted by hunters to Raymond
Mickpegak and then shipped to the National
Wildlife Research Centre. Tissue samples were
then homogenized and freeze-dried for metals

analysis. Mercury concentrations were measured
by atomic absorption spectrometry with a

Direct Mercury Analyzer. The analysis of other
metals by ICP-MS is currently in progress (data
not yet available). Mercury was measured on

a dry weight basis but converted to wet weight
concentrations for comparison with data from
the Great Whale hydro-electric project, assuming
% water content information from the literature
(ranging from 71-79% water, depending on the
species and tissue).

Capacity Building—Local hunters in
Kuujjuaraapik were hired by Sakkuq
Landholding to harvest fish and wildlife.

Their engagement was critical to the success

of the winter field program, which involved

the exchange of information and dialogue
between the hunters and project leaders. We
obtained some information from their hunting
observations, and we provided guidance on
tissue collection methods for metals analysis.
Each hunter was requested to conduct the
harvesting with a youth of their choice (who
was also hired by Sakkuq Landholding). These
young hunters gained experience in the
presence of a senior hunter and also learned
about tissue collection for contaminants
research. However, in some instances, the senior
hunter preferred to hunt alone. In the first year
of the project, we made substantial progress

in developing local interest and capacity for
monitoring of contaminants, as indicated by
the participation of 5 hunters in the project,
reaching our target collection of 24 animals, and
obtaining quality submissions of tissue samples
and record sheets.

Communications—In December 2013, John
Chételat visited Kuujjuaraapik to attend
meetings and work with Raymond Mickpegak to
initiate the sample collection of locally harvested
fish and wildlife. We met with the board of

the Sakkuq Landholding Corp. to discuss

the project and to obtain feedback on our
proposed activities. Raymond also requested the
participation of several hunters, and a meeting
was held to discuss the harvesting and how
samples would be collected. Two hunters (Jimmy
Paul Angatookalook and Alec Tuckatuck)
provided feedback on the project, particularly
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regarding which animals were important to
harvest (see Traditional Knowledge section
below). Prior to initiating this community-
based monitoring project, a field program was
conducted at Kuujjuaraapik in July 2012 for a
separate NCP project (M-16, Environmental
Research and Monitoring) to study climate
change impacts to mercury cycling in the Arctic.
As part of the project, locally-consumed brook
trout were collected for mercury analysis, which
was of interest to Sakkuq Landholding because
previous information was not available for

this country food. A report was translated into
Inuktitut and submitted to Sakkuq Landholding
in February of 2014.

Traditional Knowledge Integration—During a
meeting on December 6, 2013, the hunters
Alec Tuckatuck and Jimmy Paul Angatookalook
discussed which animals would be of interest

to include in the study. Both individuals are
very experienced and highly regarded hunters
in the community. The following is a summary
of information they provided. Merganser and
seagull used to be harvested by local Inuit but
they stopped after information was provided

to them (from earlier environmental studies)
that mercury levels were high. Weasel and
squirrel used to be consumed but not anymore.
Walrus has recently moved into the area. It

was not hunted traditionally because it was not
around before. Pintail grouse has also moved
into the area. The point was raised that some
caribou recently harvested by Kuujjuaraapik
hunters had a green slime under their skin.

A beluga was hunted last summer around
Kuujjuaraapik. Although not discussed in this
meeting, another discussion during the visit
revealed that moose have recently been moving
into the area. Black bear and porcupine were
identified as local animals that are consumed
by Cree and contaminant information would
be of interest to the adjacent Cree community.
A large number of animals were identified by
Alec and Jimmy, although some key species
suggested for the winter sampling were ringed
and bearded seal, caribou, ptarmigan, snowshoe
hare, and freshwater fish (lake trout, brook
trout, northern pike, whitefish). For the summer
sampling, ringed and bearded seal, freshwater
fish, marine fish (cod, sculpin), sea urchin,

blue mussel, goose and ducks were among the
animals suggested. Many, though not all, of
those animals were sampled during the Great
Whale environmental assessment 20 years ago.
Alec also expressed concern over the potential
impact of releases of methylmercury into James
Bay and ultimately Hudson Bay from the La
Grande hydro-electric complex.

The record sheets in the sampling kits included
the question, “Was the animal healthy? Why?”
With the exception of one fish, the hunters
noted that all animals were healthy. One hunter
noted that a fish had a black spot on its fin. For
the caribou hunting, it was noted that the herd
was large. For the ptarmigan hunting, it was
noted that the ptarmigan was “healthy, it was
with a large flock, not loner”. These observations
suggest that a traditional indicator of animal
health is whether the animal is found alone or in
a group, and whether the group is large or small.

Results

Total mercury (THg) concentrations in

muscle and liver or kidney of fish and wildlife
collected near Kuujjuaraapik in the winter of
2014 are presented in Table 1. Overall, THg
concentrations were relatively low in the tissues
(<0.5 pg g-1 wet weight), with the exception of
ringed seal liver and to a lesser extent caribou
kidney. Mercury tends to accumulate more in
liver and kidney than in muscle, often by a factor
of at least 10. It is well known that ringed seal
liver in the Canadian Arctic can contain higher
concentrations of THg (NCP, 2012). For the 4
ringed seal collected near Kuujjuaraapik, THg
concentrations were much lower in the muscle
(mean = 0.27 pg g-1 wet weight) than in the liver
(mean = 10.70 pg g-1 wet weight). Very low levels
of muscle THg were found in ptarmigan, hare,
caribou, brook trout and whitefish (ranging
from 0.002-0.04 pg g-1 wet weight). Data are not
yet available for concentrations of other metals
such as lead and cadmium in these tissues.

Measurements of THg for the same species
(except caribou) from approximately 20 years
ago are also presented in Table 1. The data were
obtained from the environmental assessment for
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the Great Whale hydro-electric project (Somer,
1993; Langlois and Langis, 1995). Caution is
required in comparing THg concentrations
between the two time periods because of low
sample sizes. Few measurements for each species
limit the power to detect statistically significant
differences. In addition, the animals were
collected from a relatively broad geographic
area around Kuujjuarapik, and the results could
in part reflect spatial rather than temporal
differences in THg concentrations among
sampling sites.

The THg results from the winter field program
show concentrations that are similar to or
lower than those measured in the same

species 20 years ago. Ringed seal muscle THg
concentrations were similar between time
periods (0.27 vs. 0.32 pg g* wet weight), though
liver THg concentrations were higher in 2014.
The difference in liver THg between time
periods was not statistically significant due to
high variability measured among individual
ringed seal in 2014 (Fig. 2), which was related
to differences in length (0.97-1.47 m). Willow
ptarmigan and snowshoe hare had lower liver
THg concentrations in 2014 than in 1989-1991,
although the difference was only statistically
significant for ptarmigan (Table 1, Figure 2).
Recent whitefish muscle from the Great

Whale River had significantly lower THg levels
compared to whitefish muscle from 1989-

1991 (Table 1). This difference may be due

to the type of whitefish collected—specifically
sea-run whitefish from Great Whale River as
compared to lake-dwelling whitefish from 1989
to 1991%rather than due to temporal change.
Sea-run fish in the Arctic typically have lower

muscle THg concentrations than lake-dwelling
fish of the same species (van der Velden et

al., 2013). This may also be the case for the
brook trout collected in the Second River in
2014, which were likely sea-run and had lower
THg concentrations (0.04 pg g wet weight)
compared to lake-dwelling brook trout in the
area (0.08-0.28 pg g-1 wet weight; Chételat et
al., 2013). Overall, there is no evidence that
THg concentrations have increased in the last
20 years for harvested aquatic and terrestrial
animals in the area. Preliminary results suggest
that terrestrial wildlife (willow ptarmigan,
snowshoe hare) may be less exposed to THg
in recent years although additional sampling is
required to confirm this trend.

Information is not available for past THg
concentrations in caribou that migrate

through the region although data for the
George River herd in Labrador and other
herds in the Canadian Arctic can provide
context for the results. The bioaccumulation

of THg in caribou is typically compared

using kidney concentrations on a dry weight
basis (note that Table 1 shows wet weight
concentrations). Caribou collected in 2014
from two locations near Kuujjuaraapik had
kidney THg concentrations that averaged 5.03
pg g! dry weight (range: 3.40-7.48 pg g'). These
concentrations are similar to, though on the
higher end of the range in average kidney THg
concentrations (1.53-6.21 pg g dry weight)
among 8 different barren-ground caribou herds
(including the George River herd) in northern
Canada (NCP, 2012).
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Table 1. THg concentrations (pg g-1 wet weight) of fish and wildlife collected near Kuujjuaraapik
in the winter of 2014. Measurements made from 1989 to 1991 for the Great Whale hydro-electric
environmental assessment are included for the same species, if available (Somer, 1993; Langlois and
Langis, 1995). A statistical comparison of mean THg concentrations between the two time periods was
conducted using t-tests.

2014 sampling
Species

1989 to 1991 sampling Comparison of means
Tissue Mean SD n Mean SD n (t-test p-value)
Ringed seal muscle 0.27 0.18 4 0.32 0.19 8 0.672
liver 10.70 11.35 4 5.12 4.64 8 0.242
Caribou muscle 0.01 0.002 5
liver 0.35 0.11 6
kidney 1.12 0.36 6
Willow ptarmigan muscle 0.002 0.001 9 <0.05 9
liver 0.03 0.01 9 0.18 0.04 3 <0.001
Snowshoe hare muscle 0.01 0.001 6 <0.05 22
liver 0.04 0.01 6 0.13 0.22 9 0.341
Brook trout muscle 0.04 0.01 6
Whitefish muscle 0.04 0.01 11 0.16 0.09 400  <0.001
SD = standard deviation, n = sample size

Figure 1. An example of a record sheet provided in the sampling kits for animal tissue collection
(in this case for ringed seal) with required information listed on the front of the sheet and sampling
instructions provided on the back of the sheet.
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Figure 2. Comparison of liver THg concentrations
(mean = standard error) in ringed seal, willow
ptarmigan and snowshoe hare collected in 2014 for
this project and in 1989 to 1991 for the Great Whale
hydro-electric project. Note that the scale for THg
concentration (Y-axis) has a break because of the
much higher concentrations in ringed seal liver.
Only willow ptarmigan showed a significantly
different THg concentration between the two time
periods (see Table 1).

Liver THg concentration (ug g'l wet weight)

Discussion and Conclusion

In the first year of this project, we achieved our
objective of engaging local hunters to collect
fish and wildlife tissues for metal levels. We will
build on the preliminary results presented in
this synopsis report by measuring other metals
concentrations (e.g., lead, cadmium) in the
tissue samples and by collecting additional
species of fish and wildlife in the summer field
program of 2014. Species collected in the
summer field program may include waterfowl,
seabirds, marine crustaceans, and seal. Samples
will be analyzed for nitrogen and carbon stable
isotopes to interpret dietary influences on the
levels of metal bioaccumulation. Sulphur stable
isotopes will be analyzed in the brook trout and
whitefish muscle to confirm if they are sea-run
fish. Together this information will provide a
summary of current metal levels in terrestrial
and aquatic environments near Kuujjuaraapik.
We will work with the Nunavik Board of Health
and Social Services and Nunavik Regional
Contaminants Committee to interpret the
metal concentrations in relation to established
consumption guidelines that may pose a risk to
human health. In March of 2015, a community
meeting will be held in Kuujjuaraapik-
Whapmagoustui to present the results of

the study, and a report will be prepared and
translated into Inuktitut for the community.

Expected Project Completion Date
March 31, 2015
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Methyl Mercury Exposures and Inuit Health
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Abstract

A community-based monitoring program was
initiated to assess seasonal and inter-annual
variability in mercury (Hg) and methyl-mercury
(MeHg) concentrations in freshwater tributaries
flowing into Lake Melville. This program was
established to provide more localized data to
our ongoing work of identifying sources of

Hg and MeHg in the Lake Melville system. As
results to date show a source at the western end
of Lake Melville, three major tributaries feeding
the Lake at this region were chosen for further
monitoring: the Churchill River, Goose River
and North West River. Sampling began in winter
of 2014 and samples have not yet been analyzed.

’

Résume

Un programme de surveillance communautaire
a été lancé pour évaluer la variabilité saisonniere
et interannuelle dans les concentrations de
mercure (Hg) et de méthylmercure (MeHg)
dans les affluents d’eau douce du lac Melville.
Ce programme a été établi afin de fournir des
données plus locales pour nos travaux continus
de détection des sources de Hg et de MeHg
dans le systeme du lac Melville. Comme les
résultats obtenus a ce jour indiquent la présence
d’une source a I'extrémité ouest du lac Melville,
trois affluents importants qui alimentent le

lac dans cette région ont été retenus pour une
surveillance plus poussée : la riviere Churchill,
la riviere Goose et la riviere North West.
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Work on a Human Health Risk Assessment

was initiated through the implementation

of a seasonally-stratified food-frequency
questionnaire process. The questionnaire,
designed to identify magnitudes and frequencies
of country food consumed from Lake Melville
by Inuit, was completed through an interview
process with local research assistants by 240 Inuit
living in Rigolet, North West River and Happy
Valley-Goose Bay, representing an approximate
10% sample of the population. The same survey
will be conducted in June to capture the spring
seal hunt and again in September to capture the
summer net fishing season, and results will be
corroborated using hair Hg biomarkers.

Key messages

® This research is part of an ongoing multi-
year program to better understand the
origins and presence of methyl-mercury
(MeHg) in Lake Melville, Labrador. The
program uses community-based monitoring
and the integration of local knowledge with
science to help us understand the origins
and presence of methylmercury (MeHg) in
Lake Melville through monitoring of seal
and fish tissue, sea water and lake sediment.

* In 2013-2014, we developed and initiated a
Human Health Risk Assessment (HHRA)
designed to determine if there is a link
between the amount and types of fish and
seal that are eaten by Inuit living on Lake
Melville, and the levels of mercury to which
they are exposed. This included a dietary
survey which covered winter consumption of
country foods, particularly seal and fish. The
HHRA will continue with two more rounds
of dietary surveys (Spring and Summer) and
hair sampling to test for MeHg exposure
(Spring and Summer).

I’échantillonnage a commencé a I'hiver 2014 et
les échantillons n’ont pas encore été analysés.

Les travaux d’une évaluation du risque sanitaire
ont été entamés par I'implantation d’un
questionnaire de fréquence de consommation
des aliments en fonction des saisons. Le
questionnaire, con¢u pour déterminer I’ampleur
et la fréquence de consommation d’aliments
traditionnels provenant du lac Melville par

les Inuits, a €té complété suite a un processus
d’entrevues par des adjoints en recherche
locaux de 240 Inuits habitant a Rigolet, North
West River et Happy Valley-Goose Bay, ce qui
représente un échantillon d’environ 10 % de

la population. Le méme sondage sera réalisé

en juin pour colliger les renseignements sur la
chasse au phoque printaniére puis de nouveau
en septembre pour colliger les renseignements
sur la saison de péche au filet estivale, et

les résultats seront corroborés au moyen de
biomarqueurs de Hg dans les cheveux.

Messages clés

® Cette recherche fait partie d’'un programme
pluriannuel continu visant a mieux
comprendre les origines et la présence de
méthylmercure (MeHg) dans le lac Melville,
au Labrador. Le programme est basé sur la
surveillance communautaire et I'intégration
des connaissances locales a la science afin de
nous aider a comprendre les origines et la
présence de MeHg dans le lac Melville par
la surveillance des tissus du phoque et des
poissons, de I’eau de mer et des sédiments
lacustres.

e En 2013-2014, nous avons élaboré et lancé
une évaluation du risque sanitaire (ERS)
visant a déterminer s’il existe un lien entre
la quantité et les types de poissons et de
phoques consommés par les Inuits vivant aux
abords du lac Melville et les concentrations
de mercure auxquelles ils sont exposés. Cela
comportait un sondage sur les habitudes
alimentaires qui portait sur la consommation
hivernale d’aliments traditionnels, en
particulier le phoque et le poisson. L’ERS
nécessitera deux autres rondes de sondages
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* We continued the testing of fresh water
feeding Lake Melville to better identify
and understand the sources of mercury
and methyl-mercury in the Lake Melville
ecosystem.

e The data collected from the ongoing Lake
Melville research program will enable us to
develop a mechanistic model for mercury
cycling in Lake Melville that relates changes
in inputs from atmospheric deposition and
riverine inflows to concentrations in fish and
seal.

Objectives

¢ Establish a community-based monitoring
program to assess seasonal and interannual
variability in Hg and MeHg concentrations
in freshwater tributaries flowing into Lake
Melville.

¢ Conduct a new food-frequency questionnaire
to identify magnitudes and frequencies of
country food consumed from Lake Melville
by the Inuit and corroborate dietary survey
results using hair Hg biomarkers.

¢ Develop a mechanistic model for mercury
cycling in Lake Melville that relates changes
in inputs from atmospheric deposition and
riverine inflows to concentrations in fish
and seal.

Introduction

This project uses community-based monitoring
and the integration of local knowledge to
strengthen our understanding of the origins and
presence of methylmercury (MeHg) in Lake
Melville, Labrador, and the potential exposure

sur les habitudes alimentaires (printemps et

été) et un échantillonnage de cheveux pour

analyser I’exposition au MeHg (printemps et
été).

¢ Nous avons continué d’analyser I’eau douce
qui alimente le lac Melville pour mieux
repérer et comprendre les sources de
mercure et de MeHg dans I’écosystéeme du
lac Melville.

* Les données prélevées durant le programme
de recherche en cours sur le lac Melville
nous permettront d’élaborer un modele
meécaniste pour le cycle du mercure dans le
lac Melville, qui fait état des changements
dans les apports par dépot atmosphérique et
apports fluviaux sur les concentrations chez
les poissons et les phoques.

to this contaminant through consumption of
country foods.

Methylmercury (MeHg) is a potent

neurotoxin for the developing fetus and
impairs cardiovascular health in adults at

high exposure levels (Grandjean et al., 1998;
Roman et al., 2011). MeHg exposure is a major
health concern for northern populations that
consume large quantities of seafood and marine
mammals as part of their traditional diet (Stow
etal., 2011).

Lake Melville is a tidal inlet on the Labrador
coast with particular importance for northern
populations as part of the treaty-negotiated
traditional hunting and fishing territory of the
Labrador Inuit. The Churchill River is the main
freshwater tributary flowing into Lake Melville
and comprises ~70% of the freshwater inputs
on an annual basis (Bobbitt, 1982). Elevated
Hg levels in some estuarine fish from Lake
Melville have been attributed to flooding of the
Upper Churchill River for hydroelectric power
development in the 1960s (Anderson et al.,
2011). A new hydroelectric power development
(Muskrat Falls) on the Lower Churchill River
has been approved and flooding will proceed in
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2016. Flooding associated with the creation of
new reservoirs for hydroelectric development
has been shown to increase bioaccumulation of
mercury in fish and seals through a combination
of factors that enhance methylmercury
production in aquatic environments and shifts in
trophic structure of food-webs (e.g., Louchouarn
etal. 1993). Development of a new reservoir

has been proposed for the Lower Churchill
River and is likely to affect mercury dynamics in
the downstream (Lake Melville) environment.
Recent research also suggests that shifts in
freshwater and marine food webs are occurring
in the Arctic due to climate change impacts on
biological productivity, freshwater hydrology and
ice cover, which also impacts mercury cycling
(Stern et al., 2012).

This project complements ongoing research
being carried out in our multidisciplinary

and collaborative ArcticNet project “Our
Environment, our Health”, a sub-project of

the Nunatsiavut Nuluak Project. It leverages
community resources to establish a monitoring
program for total Hg and MeHg flowing into
Lake Melville from freshwater tributaries, as
well as community harvests for collection of
fish and seal samples. Local Inuit researchers
and research leads provide the community
knowledge and insight required to strengthen
our understanding of MeHg input and
bioaccumulation, and the exposure to MeHg
by Inuit through country food consumption.
This year, local Inuit led the collection of dietary
information that will help assess the magnitude
and frequency of consumption of different country
Jfoods and will be critical for informing contaminant
exposure analysis, including MeHg. These new
survey data will help indicate which traditional/
country foods should be given the highest priority
Jfor monitoring of contaminants. The next step will
involve the collection and analysis of hair samples
Jfor Hg to cross-validate results of the food frequency
questionnaire and establish baseline levels of exposure
in the Inuit communaty.

Activities in 2013-2014

We established a community-based
monitoring program to assess seasonal and
interannual variability in Hg and MeHg
concentrations in freshwater tributaries
flowing into Lake Melville. Monthly sampling
from the Churchill River and seasonal (4x/
year) sampling from the North West and
Goose Rivers began and will continue into
2014-15. Locations were identified through
integration of local knowledge, and sampling
was undertaken by community members.
The samples were processed and stored in
the Labrador Institute North West River
Research Station, and the first batch will be
sent for analysis at University of Connecticut
once we have accumulated a full shipment.

We conducted a food-frequency
questionnaire to identify magnitudes and
frequencies of country food consumed

from Lake Melville by the Inuit during the
winter season. The same survey will be
taken in June and September in order to
seasonally stratify the data, and hair samples
will be taken in order to corroborate dietary
survey results with methylmercury (MeHg)
exposure. A 10% random sample of the
Inuit population in Rigolet (n=30), North
West River (n=30) and Happy Valley-Goose
Bay (n=180) were surveyed by community-
based research assistants. Data was collected
regarding consumption of locally-caught
fish, store-bought fish and seafood, and
other country foods over a 24-hour, 1-month
and 3-month recall period.

Capacity Building:

Two community members (1 Happy Valley-
Goose Bay, 1 North West River) trained in
the collection of river water samples for
mercury analysis, TSS and salinity (1 hour
training).

7 individuals (4 Happy Valley-Goose Bay,
1 North West River, 2 Rigolet) trained in
dietary survey work (6 hour training).
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Communications:

e Public meetings held in Happy Valley-Goose
Bay (March 11), North West River (March
13) and Rigolet (March 19).

e Radio interview aired on CBC Labrador
Morning March 12.

® Information pamphlets circulated in
Inuttitut and English.

® Facebook page created and updated (“Lake
Melville Inuit Health Study”)

Traditional Knowledge Integration:

¢ Consultation with local experts regarding
the safest and best place to take monthly and
seasonal river water samples.

¢ Consultation with local advisors with regards
to effectiveness of dietary survey, language
used in survey, and the inclusion of all
country foods consumed locally. Advice
integrated into final version of survey.

Results

While there are no specific results to report to
date on project activities, work on the Human
Health Risk Assessment is well established

and underway. The majority of Inuit who
participated in the winter pulse of the dietary
survey have agreed to return for the Spring and
Summer pulses as well as provide a hair sample
for MeHg analysis.

Discussion and Conclusions

There are no results to interpret at this time.
The significance of this work is that it will
contribute valuable data to the creation of

a mechanistic model for mercury cycling in
Lake Melville that relates changes in inputs
from atmospheric deposition and riverine
inflows to concentrations in fish and seal. The
Human Health Risk Assessment and freshwater
monitoring work will continue in 2014-15 in

tandem with other research in Lake Melville to
provide a valuable baseline in preparation for
the impoundment of the Muskrat Falls reservoir

in 2016.

Expected Project Completion Date

The expected completion date of the Human
Health aspect of this project is November 2014.
The expected completion date of the freshwater
tributary sampling aspect is February 2015. The
expected completion date of the overall Lake
Melville research program is 2016, which is the
estimated date of impoundment of the reservoir
on the lower Churchill River.

Project website (if applicable)

www.facebook.com/Lake Melville Inuit Health
Study

www.Nainresearchcentre.com
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Abstract

The atmosphere is the main pathway for organic
contaminants to enter Arctic ecosystems. This
project involves the measurement of these
contaminants in Arctic air. Itis part of a
continuing monitoring program started in 1992.
Measuring how much organic pollutants are
present in Arctic air over time will provide us
information on whether their air concentrations
are decreasing, increasing or not changing over
time; where these chemicals have come from;
how much from which region and what climate
conditions influence their movement to the
Arctic. Results from this continuing project are
used to negotiate and evaluate the effectiveness
of international control agreements and to test
atmospheric models that explain contaminant

Résume

L’atmosphere est la principale voie par laquelle
les contaminants organiques pénetrent dans les
écosystemes de ’Arctique. Le présent projet vise a
mesurer ces contaminants dans I'air en Arctique.
Il fait partie d’un programme de surveillance
continue lancé en 1992. La mesure de la quantité
de polluants organiques présente dans I’air en
Arctique au fil du temps permettra de déterminer si
les concentrations atmosphériques de ces produits
décroissent, augmentent ou demeurent stables
dans le temps; d’ou proviennent ces substances
chimiques; quelle quantité est générée par quelle
région; quelles conditions météorologiques

ont une incidence sur le déplacement des
contaminants vers I’Arctique. Les résultats de ce
projet en cours sont utilisés pour négocier des
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movement from sources in the South to the
Arctic. This year, weekly sampling continued
at the baseline site of Alert, Nunavut, but only
one out of four weekly samples were analyzed
for routine trend analysis. The remaining
samples were extracted and archived for future
exploration of notable transport episodes and
determination of emerging priority chemicals.
Starting in Dec 2005, we have extended the
program to screen for emerging chemicals,
such as current-use pesticides, brominated
flame retardants and stain-repellentrelated
perfluorinated compounds, in Arctic air

at Alert. A passive flowthrough sampler

(FTS) specifically designed for use in cold
environments has been deployed at Little Fox
Lake, Yukon, since August 2011.

Key Messages

® Perfluorooctane sulphonate (PFOS)
precursors show declining or unchanging
trends in Arctic air at Alert, Nunavut,
reflecting the voluntary phaseout of the
production of PFOS, PFOA, and PFOS-
related products by their largest producer
3M in 2000

® Increasing air concentration trends were
observed for fluorotelomer alcohols
(FTOHs), which are perfluoro alkyl
carboxylate (PFCA) precursors, that were
not regulated at the time of measurement

* Three BFRs, namely allyl
2,4,6-tribromophenyl ether (ATE),

pentabromotoluene (PBT) and 1,2-bis(2,4,6-

tribromophenoxy)ethane (BTBPE), and
dechlorane 604 (DP604) were frequently
detected in air at Little Fox Lake, Yukon

ententes internationales en matiere de lutte contre
ces contaminants, pour évaluer I'efficacité de celles-
ci, et pour tester des modeles de I'atmosphere

qui expliquent le déplacement des contaminants
depuis les sources dans le Sud jusqu’en Arctique.
Cette année, on a poursuivi le prélevement
hebdomadaire d’échantillons au site de référence
d’Alert, au Nunavut, mais seulement un
échantillon hebdomadaire sur quatre a été analysé
de manieére courante a des fins de détermination
des tendances. Les autres échantillons ont été
soumis a une procédure d’extraction, puis ont été
archivés en vue de I'examen ultérieur d’épisodes
notables de transport et du dosage des nouveaux
produits chimiques prioritaires. Depuis décembre
2005, on a élargi le programme afin de dépister

les nouveaux produits chimiques, comme les
pesticides actuellement utilisés, les produits
ignifuges bromés et les composés perfluorés
associés aux produits antitaches, dans I'air arctique
a Alert. Un échantillonneur passif a circulation
continue spécialement concu pour étre utilisé dans
un environnement froid est installé au lac Little
Fox, au Yukon, depuis aott 2011.

Messages clés

® Les précurseurs de perfluorooctanesulfonate
(PFOS) sont en déclin ou stables dans
I’air arctique a Alert, au Nunavut, ce qui
reflete 'abandon graduel, sur une base
volontaire, de la production de PFOS,
d’acide perfluorooctanoique et de produits
apparentés au PFOS par le plus gros
fabricant de ces produits, 3M, depuis 2000.

¢ On anoté une tendance a la hausse des
concentrations atmosphériques d’alcools
fluorotélomériques (FTOH), qui sont des
précurseurs de perfluoroalkylcarboxylates
(PFCA), et qui n’étaient pas réglementés au
moment des mesures.

¢ On afréquemment détecté trois produits
ignifuges bromés, c’est-a-dire de I’éther
d’allyle et de 2,4,6-tribromophényle (EAT), du
pentabromotoluene (PBT) et du 1,2-bis(2,4,6-
tribromophénoxy)éthane (BTBPE), ainsi que
du déchlorane 604 (DP604) dans I’air au lac
Little Fox, au Yukon.
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Objectives

1. To determine whether atmospheric
concentrations and deposition of priority
pollutants in the Arctic are changing
in response to various national and
international initiatives by:

a.

Continuing to measure the occurrence
of selected organochlorines and
polycyclic aromatic hydrocarbons

in the Arctic atmosphere at Alert
(measurements started in 1992).

Analyzing and reporting data from Alert

to provide insight into pollutant trends
and sources.

2. Ensuring the effective usage of information
at the international negotiating table in

order to achieve the appropriate restrictions

on release of pollutants of concern for the
Arctic environment by:

a.

Having contributed to the assessment
arising from the second phase of the
Northern Contaminants Program and
specifically, the revised Assessments
on POP’s and Heavy Metals as part of
the Arctic Monitoring and Assessment
Program [AMAP] Work Plan.

Contributing information for the
evaluation of the overall effectiveness
of provisions outlined in the Stockholm
Convention on POPs and the LRTAP
Convention Protocols on POPs.

Advising Canadian negotiators in
preparing reasonable and practical
strategies of control (consistent with the
way contaminants move through the
north).

3. To enable validation of models of toxic
chemicals in the Arctic environment with
atmospheric observations.

Introduction

Atmospheric measurements of persistent
organic pollutants (POPs) have been conducted
at Alert, Nunavut, since 1992. The atmosphere
is the major and fastest route of transport for
many priority pollutants to the remote Arctic.
Monitoring for organic pollutant levels in arctic
air can be used for evaluating time trends of
atmospheric contaminant input, to determine
contaminant source regions and to evaluate
global long-range transport models.

Emerging priority pollutants detected in Arctic
air may indicate long-range transport potential
which is one of the criteria for classifying
chemicals as POPs that may be subjected to
global control. Current-use pesticides (CUPs),
neutral per- and polyfluorinated alkylated
substances (PFASs) and new flame retardants
(FRs) were included in Arctic air measurements
at Alert since 2006.

In this report, time trends of neutral PFASs
measured at Alert up to 2012 are reported.

Results of organochlorine pesticides (OCPs),
polybrominated diphenyl ethers (PBDEs) and
other flame retardants (FRs) in air at the Yukon
station of Little Fox Lake from August 2011 to
December 2013 using a FT'S are also reported.

Activities in 2013-2014

Measurements and Analysis

Regular ground level atmospheric
measurements of organochlorines (PCB
congeners, chlordane, DDT, chlorobenzenes
and selected herbicides), flame retardants (FRs)
[14 PBDEs, 13 other brominated FRs and 2
highly chlorinated FRs] and polycyclic aromatic
hydrocarbons (PAHs) (20 priority ones) are
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being made at Alert, Nunavut, using a custom-
made super-high-volume air sampler (super-
HiVol). Measurements involve routine weekly
sample collection, extraction, analysis as well as
archiving. Samples are currently being analyzed
in the National Laboratory for Environmental
Testing (NLET, Burlington) for OCs, FRs and
PAHs. Starting from 2009/10, only one out of
four weekly samples were analyzed to maintain
the long-term temporal trend. Particle and
vapour phases are separately analyzed. The
samples that are not analyzed were routinely
extracted (with hexane for the vapour phase
fraction and dichloromethane for the particle
phase fraction) and the extracts are archived,
giving us the opportunity to analyze the skipped
weeks if necessary. Data quality assurance/
quality control (QA/QC) of 2012 samples from
Alert is currently ongoing.

Ten Alert samples collected in 2011 were
screened for short-chain chlorinated paraffins
(SCCPs). More analysis need to be done on
the blanks to ensure that the results are above
method detection limits (MDLs).

A separate high volume air sampler (PS-1
sampler), sampling with 1 glass fiber filter
followed by a PUF-XAD sandwich, has been
installed at Alert in November 2005 which

is operating in parallel with the routine air
monitoring sampler. Weekly integrated air
samples have been collected to analyze for new
and emerging chemicals, including PFASs and
CUPs. Sampling generally occurred once per
month from October to February and once every
other week from March to September. Since
this sampler could only collect approximately
one third of the air volume normally collected
with the routine super Hi-Vol, the sample has
not been split and no archive has been retained.
The samples were extracted and split into two
portions for separate analysis: Drs. Derek Muir
and Camilla Teixeira’s laboratory analyzed

for CUPs. Drs. Mahiba Shoeib and Tom
Harner (EC) (Hazardous Air Pollutants HAPs
Laboratory) analyzed these samples for PFASs.
An interlaboratory comparison for CUPs has
been conducted between Dr. Camilla Teixeira
and Dr. Liisa Jantunen (EC). These samples
will continue to be analyzed by Dr. Jantunen in

FY2014/15. Alert PS-1 samples collected from
2007 to 2009 were screened for polar PFASs by
ALS Canada Ltd. but all compounds were found
to be non-detectable. An extraction efficiency

test for these compounds is currently being
conducted at NLET.

An attempt to screen for OP flame retardants
(OPs) in the PS-1 filters has found relatively
higher blank levels for these compounds. A
separate set of PS-1 filters pre-baked at 400°C
were hand-carried to Alert in November 2013 to
replace those sent by the annual sealift. Filters
sent by sealift were not pre-baked as pre-baked
filters are fragile and more prone to damages
during transportation. The pre-baked filters will
be screened for OPs when they return.

A flowthrough sampler (FTS) was installed

at Little Fox Lake in August 2011 and

started monthly-integrated sampling for

the determination of selected OCs, FRs and
CUPs. Sampling at this location allows for the
continual investigation of trans-Pacific transport
of contaminants to the western Canadian Arctic.
FTS samples collected between August 2011
and December 2013 have been extracted and
analyzed by the new postdoctoral fellow Dr.
Yong Yu in the Organics Analysis Laboratory
(OAL) located in Downsview (EC). Results are
reported here.

Communications, Consultation and Capacity
Building

Outreach and communication under this
project is conducted in conjunction with that
of the projects “Air Measurement of Mercury
at Alert and Little Fox Lake” (P.I. Alexandra
[Sandy] Steffen) and “Passive Air Sampling
Network for Organic Pollutants and Mercury”
(P.I.s Hayley Hung and Sandy Steffen).

We continued to work with the Yukon College

to make the Little Fox Lake station into a
combined monitoring, research and educational
station for undergraduate and high school
students. In November, Sandy Steffen and
Amanda Cole conducted an information session
with the Ta’an Kwach’an Council (TKC) during
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a site visit to Little Fox Lake and Hayley met
with the TKC in March 2014 when she visited
Whitehorse. During her visit to Whitehorse,
Hayley also met with the Yukon Contaminants
Committee to discuss about communication and
capacity building activities in the Yukon.

Following the comments and suggestions from
the Nunavut Environmental Contaminants
Committee (NECC), we have initiated a
communication and capacity building plan in
Nunavut. Sandy, Hayley and Liisa Jantunen
conducted a guest lecture and hands-on training
session to students in the Environmental
Technology Program at the Nunavut Arctic
College during the week of February 10, 2014
about Arctic air monitoring and research of
organic contaminants and mercury. After this
lecture, they met with the NECC to discuss about
future communication and capacity activities
and to obtain feedback for the guest lecture and
training session.

In May 2013, Hayley was invited for a second
time to guest lecture at the University Center
on Svalbard (UNIS) for 1 week on a graduate
course titled “Arctic environmental pollution:
atmospheric distribution and processes (AT-
331)”. UNIS is the world’s northernmost
institution for higher education and research,
located in Longyearbyen, Spitsbergen at

78°N, and is a member of the Arctic Council
endorsed University of the Arctic (UArctic).

All travel expenses were paid by UNIS. Air
monitoring and trend analysis for organic
pollutants under NCP and AMAP was included
as part of the teaching material. In May 2014,
Hayley is invited to guest lecture at the Zeppelin
Mountain station, an AMAP station operated by
Norway.

Traditional Knowledge

At this time, we are working on how best to
incorporate traditional knowledge (TK) in our
long term measurements at Alert and Little
Fox Lake. The NECC chairs have provided

us with a summary of the proceedings from

an Elders conference on climate change. We
will review the document and discuss how to

incorporate TK within our programs. As well,
the Honourable Leona Aglukkaq, Minister of
the Environment, Environment Canada, has
made it a priority for Environment Canada’s
Science and Technology Branch to incorporate
Aboriginal traditional knowledge (ATK) in our
scientific research and monitoring activities.
We have met with fellow scientists, our Assistant
Deputy Minister and management to discuss
this possibility. We have provided them with
examples of how we have used TK in the past
(e.g.during the International Polar Year (IPY)
OASIS field study in Barrow) and how NCP has
been working with Northerners to combine the
knowledge. We are continuing this dialogue
within the department.

Results

PFASs in Air at Alert

Air samples collected at Alert since August
2006 were screened for 7 perfluoro alkyl
carboxylate (PFCA) and perfluorooctane
sulphonate (PFOS) precursors, including 6:2,
8:2 and 10:2 fluorotelomer alcohols (FTOHs),
methyl and ethyl perfluorooctane sulfonamide
(MeFOSA and EtFOSA) and methyl and ethyl
perfluorooctane sulfonamidoethanols (MeFOSE
and EtFOSE). Time trends developed for 8:2
and 10:2 FTOHs and MeFOSE and EtFOSE are
shown in Figure 1.

Brominated Flame Retardants and Organochlorine
Pesticides in Air at Little Fox Lake (LFL)

An FTS was employed at LFL since August 2011.
Monthly air samples were continuously collected
to investigate the atmospheric concentrations
of organochlorine pesticides (OCPs),
polybrominated diphenyl ethers (PBDEs) and
other flame retardants (FRs) at LFL. The air
volume collected by the FTS during a I-month
period depends on wind speed and ranged
from 840 m® to 10,500 m®. Thirty samples were
collected from August 2011 to December 2013
and reported here.
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Table 1 and Figure 2 summarize the
concentrations of each OCP during all the
sampling periods. Fifteen of 26 OCPs, including
aldrin, endrin, a- and g-hexachlorocyclohexane
(HCH), hexachlorobenzene (HCB), heptachlor
and heptachlor epoxide, a-endosulfan,

dieldrin and a- and g-chlordane, oxychlordane,
t-nonachlor and DDT-related isomer were
frequently detected. HCB exhibited the highest
mean concentration of 73 pg/m?, followed by
a-HCH and a-endosulfan at mean concentrations
of 8.4 and 4.4 pg/m°, respectively. The total
concentrations of 14 PBDEs ranged from

0.66 to 18 pg/m?®, with a mean and median
value of 5.3 and 3.7 pg/m?®. BDE-47 and BDE-

99 are dominant compounds, with mean
concentrations of 1.7 and 1.4 pg/m?® (Figure 3).
Three BFRs, namely allyl 2,4,6-tribromophenyl
ether (ATE), pentabromotolune (PBT) and
1,2-bis(2,4,6-tribromophenoxy)ethane (BTBPE),
and dechlorane 604 (DP604) were frequently
detected.

Most OCPs had higher concentration levels in
summer than in winter, suggesting a potential
correlation with temperature of sampling

Figure 1. 8:2 and 10:2 FTOH and MeFOSE and EtFOSE measured in air at Alert.
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Table 1. Concentrations of OCPs at LFL from August 2011 to December 2013, pg/m?

min max mean median
aldrin 0.00 5.11 1.20 0.67
dieldrin 0.00 2.37 0.46 0.32
endrin 0.00 0.82 0.24 0.15
HCB 15.5 170 68.0 60.2
a-HCH 2.64 18.8 7.91 6.91
y-HCH 0.00 4.45 1.12 0.83
heptachlor 0.00 1.31 0.18 0.06
heptachlor epoxide 0.16 6.31 1.54 0.92
t-nonachlor 0.00 0.56 0.16 0.10
a-endosulfan 0.74 17.1 3.89 2.67
a-chlordane 0.00 2.58 0.76 0.62
y-chlordane 0.00 2.01 0.53 0.35
oxychlordane 0.00 0.85 0.25 0.18
o,p’-DDD 0.00 1.62 0.20 0.07
p,p’-DDD 0.00 0.72 0.12 0.05
p,p’-DDE 0.00 0.38 0.09 0.08
o,p’-DDT 0.00 0.88 0.09 0.03

Figure 2. Box-and-whisker plots of 0OCPs measured in air at Little Fox Lake. The center box is bounded by
the 25" and 75" percentiles, and whiskers indicate the 10th and 90™ percentiles. Dots are outliers of the 10th
and 90™ percentiles. The horizontal lines represent the mean and the little squares give the median.
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Figure 3. Box-and-whisker plots of PBDEs measured in air at Little Fox Lake. The center box is bounded by
the 25" and 75" percentiles, and whiskers indicate the 10th and 90" percentiles. Dots are outliers of the 10
and 90th percentiles. The horizontal lines represent the mean and the little squares give the median.
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periods. However, no obvious seasonal
variation was observed for PBDEs and BFRs
during these years.

Discussion and Conclusions

PFASs in Air at Alert

The 8:2 fluorotelomer alcohol (FTOH) was the
most dominant compound detected in all air
samples collected at Alert. This is consistent with
previous cruise-based measurements performed
across the North Atlantic and Canadian
Archipelago in 2005 (Shoeib et al., 2006), in
the Atlantic Ocean/ Southern Ocean/ Baltic
Sea in 2007 and 2008 (Dreyer et al., 2009); as
well as globally under the Global Atmospheric
Passive Sampling (GAPS) study at land-based
stations (Gawor et al., 2014). Piekarz et al.
(2007) calculated the estimated atmospheric
residence times for 6:2, 8:2 and 10:2 FTOH

which were 50, 80 and 70 d. The relative order
of these residence times coincides with their
observed atmospheric concentrations which may
explain the relative enhancement of 8:2FTOH
in ambient air. Spring maxima were observed

at Alert, particularly for methyl perfluorooctane
sulfonamido ethanol (MeFOSE), which may be
associated with the increase in particulate input
during the Arctic Haze. Summer maxima were
also apparent for FTOH and MeFOSE which
may be related to volatilization due to higher
temperatures. While PFOS precursor MeFOSE
showed non-changing trend, declining trend
was observed for EtFOSE with an apparent first
order halflife, t1/2, of 1.3 y (Figure 1); reflecting
the voluntary phaseout of the production of
PFOS, PFOA, and PFOS-related products by
their largest producer 3M in 2000. In contrast,
PFCA precursors 6:2, 8:2 and 10:2 FTOHs, which
were not regulated at the time of measurement,
showed increasing tendencies in air at Alert with
doubling times of 2.3 to 3.3 y. Air monitoring
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of these chemicals need to continue to assess
the effectiveness of national and international
regulation initiatives.

Brominated Flame Retardants and Organochlorine
Pesticides in Air at Little Fox Lake

In a previous study, Westgate et al. (2013)
investigated the occurrence of BFRs and OCPs
from August 2007 to October 2009 at LFL, using
a super-high-volume air sampler. The average
concentrations of the 3 dominant chemicals in
the current study were higher than the active
sampling results from 2007 to 2009. Compared
with the results of Alert from 2010 to 2011, the
concentrations were slightly higher at LFL.

Back-trajectories were calculated using the US
NOAA HYSPLIT model. Ten-day trajectories
were calculated for air arriving at 50, 200 and
500 m above the earth’s surface starting every 6
h backwards in time. The results were combined
with meteorological data to try to reveal
potential source areas. Possible sources were
studied using the potential source contribution
function (PSCF). Compare with the PSCF results
from 2007 to 2009, North America contributed
more OCPs during 2011 to 2013.

Expected Project Completion Date

On-going
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Abstract

Mercury (Hg) is a global priority pollutant and
continues to be of concern in Arctic regions.
The longest Arctic record of atmospheric
mercury concentrations has been collected in
the Canadian high Arctic at Alert, Nunavut.
Analysis reveals there to be less of a decreasing
trend in the high Arctic than at more southerly
locations. Mercury continues to show a distinct
seasonal drop in gaseous elemental mercury
(GEM) in the Spring. Seasonal patterns in
shorter-lived mercury species (reactive gaseous
mercury, or RGM, and particle-bound mercury,
PHg) have been analyzed with patterns in
mercury deposited in snowfall events. This
analysis has shown a peak in PHg during early
spring and a peak in RGM in late spring, with

r

Résume

Le mercure (Hg) est un polluant prioritaire a
I’échelle mondiale, et il demeure préoccupant
dans les régions arctiques. C’est a Alert, au
Nunavut, dans le Haut-Arctique canadien,

que I’on a effectué le relevé le plus long des
concentrations atmosphériques de mercure en
Arctique. L’analyse révele que la tendance a la
baisse des concentrations de mercure est moins
marquée dans le Haut-Arctique que dans les
régions plus au sud. Le mercure élémentaire
gazeux (MEG) continue de connaitre une
chute saisonniére caractéristique au printemps.
Les profils saisonniers des especes de mercure
a plus courte durée de vie (mercure gazeux
réactif, ou MGR, et mercure lié aux particules
ou PHg) ont été étudiés a partir des profils des

A. Steffen
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the highest snow Hg concentrations reported
in late spring. GEM measurements continue to
be collected in the Yukon at Little Fox Lake but
more years of data are still required to produce
a valid trend.

Key messages

¢ [Eighteen years of atmospheric mercury
measurements at Alert, Nunavut and five
years of atmospheric mercury measurements
have been collected at Little Fox Lake,
Yukon.

¢ The long term measurements are done to
establish levels over time and predict future
trends in long range transport of mercury to
these Arctic regions

¢ Time trends of these data were compared
to other Arctic, sub-Arctic and mid-latitude
sites and showed that the levels of gaseous
elemental mercury in the Arctic have not
gone down as much as the non-Arctic levels

* Analysis of reactive gaseous mercury and
particle-bound mercury measurements at
Alert reveal that particle-bound mercury
is the dominant short-lived species in early
spring while reactive gaseous mercury
dominates in late spring. The highest levels
of Hg in snow are most often in May

dépots de mercure associés aux chutes de neige.
Cette analyse a montré que le PHg dessinait
un pic au début du printemps, et que le MGR
en produisait un a la fin du printemps, les

plus fortes concentrations de Hg dans la neige
ayant été enregistrées a la fin du printemps.
On continue de recueillir des mesures du
MEG au lac Little Fox, au Yukon, mais il faudra
rassembler des données sur un plus grand
nombre d’années si I’on veut dégager une
tendance valide.

Messages clés

On a recueilli des mesures du mercure
atmosphérique sur 18 ans a Alert, au Nunavut, et
sur b ans au lac Little Fox, au Yukon.

On effectue des mesures a long terme pour
caractériser I’évolution des concentrations au fil
du temps et pour prédire les tendances futures
en matiere de transport a grande distance du
mercure vers ces régions de I’Arctique.

On a comparé les tendances temporelles de ces
données a celles enregistrées a d’autres sites

en Arctique, dans des régions subarctiques et
aux latitudes moyennes; on a constaté que les
concentrations de mercure élémentaire gazeux
n’avaient pas autant diminué en Arctique
qu’ailleurs.

L’analyse du mercure gazeux réactif et du
mercure lié aux particules a Alert montre

que le mercure lié aux particules est la
principale espéce de mercure a courte

durée de vie au début du printemps, tandis
que le mercure gazeux réactif est 'espece
prédominante a la fin du printemps. Les plus
fortes concentrations de Hg dans la neige sont
souvent enregistrées en mai.
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Objectives

1. Establish long-term baseline concentrations,
patterns and trends of mercury in the
Canadian high Arctic air. This information
will be crucial in the development of
Canadian strategies for national and
international pollution control objectives
such as through the Minamata Convention
on Mercury. Currently, Alert is an external
partner for the Global Mercury Observation
System (GMOS) program to initiate a global
monitoring program for mercury and the
potential to use this information on future
plans of effectiveness evaluation of the
ratification of the Minimata Convention.

2. Use measurements of atmospheric mercury
species, mercury in snow, and additional
complementary data to understand the
cycling of mercury in the atmosphere and its
subsequent deposition from the atmosphere
to the arctic environment. Understanding
these processes will help us to predict the
effects that changes in anthropogenic
emissions and changes in the Arctic climate
will have on mercury deposition.

3. To assess the impact of mercury
emissions from areas in the Pacific Rim
to the Canadian western Arctic using
measurements at the Little Fox Lake site.

Introduction

Mercury (Hg) continues to be a priority
pollutant of concern in Arctic regions. This
project provides long term data on the
temporal trends of mercury in the air and
snow, contributes to understanding the spatial
variability of mercury in the High Arctic air,
and assesses how the behaviour of Hg in the
atmosphere may impact the pristine Arctic.
Changes in the global atmospheric emissions of
Hg over time and the resulting concentration
changes in particular regions are still under

investigation. Further, with global climate
change occurring at a rapid pace in Arctic
regions, changes in atmospheric dynamics

and chemistry may also have an impact on

how pollutants such as Hg are transported
through the atmosphere and deposited to this
environment. Thus, monitoring of atmospheric
Hg is required to evaluate both global and
regional changes to the Hg cycle.

While European and North American emissions
of gaseous elemental mercury (GEM) have
decreased since 1995, emissions in other regions
such as Asia and Africa have increased (Streets
etal., 2011). Circulation patterns show that

air masses originating in Asia can enter the
Canadian Arctic (Dastoor and Larocque, 2004;
Durnford et al., 2010) and thus the increase in
Asian emissions are particularly important to
the Canadian north. It has been established by
modellers that the Little Fox Lake site in the
Yukon is an ideal location to measure input
from the Pacific Rim, and the data collected at
both Little Fox Lake and Alert have been used
to model source regions of Hg to these sites
(Durnford et al., 2010).

The annual time series of GEM at Alert shows
a repetitive distinct seasonal cycling of this
pollutant. Alert is a coastal site and thus is
subject to intense atmospheric chemical
reactions in the Arctic springtime that convert
Hg in the air so that it can more easily deposit
to surfaces. Alert also reports increased levels
of GEM in the summer season. Neither of
these phenomena is measured inland at the
high altitude site in the Yukon. It is known
that the Arctic Ocean plays a strong role in the
atmospheric transformation and deposition

of mercury, thus the cycling of mercury in the
Yukon interior is different from Alert. Data from
both sites are therefore complementary.

The data collected by this NCP program serves
to monitor long term and seasonal trends of
mercury in the high- and sub-Arctic. It provides
important information on the atmospheric
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transport, transformation and deposition
processes of this priority pollutant throughout
the Polar Regions. The data collected from this
program is used by chemists, modellers and
those influencing policy decisions on mercury.

Activities in 2013-2014

Research activities

Ground-based continuous atmospheric
measurements of GEM, reactive gaseous
mercury (RGM) and particulate mercury (PHg)
continued at Alert. Site visits for maintenance
and calibration of all mercury instruments at
Alert were made in April and November 2013,
on top of regular checks by the onsite operator.
Continuous measurements of GEM at Little
Fox Lake were also carried on through 2013-
2014, though instrument problems resulted in
a gap in coverage from June to mid-November.
To minimize future data loss, a newer model
instrument was installed in November with
remote control and internal data storage
capabilities. Through a partnership with P.
Roach, Laberge Environmental and the Yukon
College, the contractors visit the LFL site on a
weekly basis to check the instrument, download
the data and do minor repairs to the instrument
on site. Site visits from Environment Canada
team members for instrument replacement,
supplies, and operator training on the new
instrument were made in February and
November 2013.

Data from both sites for 2012 and 2013 have
been quality controlled and reviewed monthly;
after final review these data will be submitted
to the Environment Canada Data Catalogue
(ECDC) (http://donnees-data.intranet.ec.gc.
ca:8080/geonetwork/home/eng) and the
AMAP database. Data from previous years that
had previously been submitted to the National
Atmospheric Chemistry (NAtChem) database
will be migrating to the ECDC in 2014. Metadata
from this program have also been updated in
the Polar Data Catalogue (PDC); the existing
link from the PDC record to the NAtChem

database will be updated to the ECDC once the
data have migrated.

Improved collection methods were used in
spring 2013 to obtain airborne particulate
samples for analysis of Hg and lead isotopes.
These samples are currently at the University
of Toronto pending analysis. Filter samples are
currently being collected for spring 2014.

Snow samples continued to be collected at
Alert both weekly (from the ground) and on a
per event basis (from a Teflon table). All snow
samples collected up to the end of 2013 have
been analysed at the National Water Research
Institute.

Long-term speciated and snow mercury
measurements from Alert were analyzed and
discussed in a journal article published in
Atmospheric Chemistry and Physics. This article
reported a consistent seasonal pattern in which
PHg dominates in late winter and early spring,
while RGM dominates in late spring and early
summer.

Results from Alert and Little Fox Lake have also
been included in atmospheric mercury chapters
in two recent national assessment reports. The
third Canadian Arctic Contaminants Assessment
Report (CACAR III) was published in 2013 and
the Canadian Mercury Science Assessment is in
translation and is expected to be published in
2014.

Capacity Building

In keeping with past years, the NCP-funded air
research projects for POPs and Mercury have
combined communication and capacity-building
activities because they are so closely related in
terms of facilities and technical support. Hayley
Hung and Sandy Steffen travelled to Iqaluit

in February 2014 to give a presentation and a
hands-on demonstration at the Nunavut Arctic
College and discuss future collaborations. In
March 2014, Hayley Hung presented a lecture

at the Yukon College. We continue to work

with the Yukon College for data collection and
storage efficiencies and for the development of a
mercury passive sampling project.
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Communications

In February 2013, Hayley Hung and Sandy
Steffen gave a public seminar at the Beringia
Center for the Yukon Science Institute. In
November, Sandy Steffen and Amanda Cole
conducted an information session with the Ta’an
Kwach’an Council (TKC) to discuss mercury
and POPs research at Little Fox Lake and
throughout the Arctic; Hayley also met with the
TKC in March 2014. Due to interest expressed
by TKC members, we have directed them to the
CACAR III report and mailed them copies of
AMAP and IPY reports.

Traditional Knowledge

We are working on how best to incorporate
TKin our long term measurements at Alert
and Little Fox Lake. We have been provided

a summary of the proceedings from an Elders
conference on climate change through the
NECC chairs. We will review the document

and discuss how to incorporate TK within

our programs. As well, Leona Aglukkaq, the
federal Minister of the Environment has made
it a priority for the Science and Technology
Branch to incorporate Aboriginal Traditional
Knowledge (ATK) with our scientific processes.
We have met with fellow scientists, our assistant
deputy minister and management to discuss this
possibility. We have provided them examples of
how we have used TK in the past (Barrow IPY
field study) and how NCP has been working
with northerners to combine the knowledge,
and we are continuing this dialogue within the
department.

Results

Figure 1 summarizes all the seasonal
concentration data for GEM, PHg and RGM at
Alert from 2002 to 2011. Figure 2 summarizes
the measurements of total Hg in snow samples at
Alert from 1998 to 2011. The long-term record
of GEM at Alert and at Little Fox Lake is shown
in Figure 3. Discussion of these results follows.

Fig. 1. Box and whisker plots of monthly gaseous
elemental mer-cury (GEM-blue), particulate mercury
(PHg-green) and reactive gaseous mercury (RGM-
pink) from Alert, 2002-2011. GEM is in ng m-3 and
PHg and RGM are in pg m=. Centre line in the box
represents the median value, the boundaries of
the box represent the 25" and 75" percentiles, the
whiskers represent the 10th and 90" percentile and
the dots represent the 5th and 95" percentile.
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Fig. 2. Long-term snow sampling measurements at Alert from 1998 to 2011 sampled on an event basis.

Samples are expressed as con-centration of mercury (pg g-1) and were collected from a Teflon® covered
table (left) and from the top layer of the snow pack (right). The centre line in the box represents the median
value, the boundaries of the box represent the 25" and 75" percentiles, the whiskers represent the 10" and
90" percentile and the dots represent the 5 and 95" percentile.
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Fig. 3. Long-term record of gaseous elemental mercury (GEM) at Alert, NU (top) and Little Fox Lake, YK
(bottom). Preliminary data in grey have undergone routine QC only.
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Discussion and Conclusions

Atmospheric mercury processes were the focus
of a paper published this year in Atmospheric
Chemistry and Physics, which analyzed
speciated mercury concentrations, mercury

in surface snow, meteorological data and
particle measurements at Alert (Steffen et al,
2014). The seasonal patterns in GEM, PHg

and RGM concentrations, seen in Fig. 1, reveal
the transition from PHg dominance to RGM
dominance in the products of springtime GEM
depletions. The relationships between Hg
species and other air quality and meteorological
parameters showed that low temperatures and
the availability of particles (derived from sea
salts and Arctic haze) are most likely responsible
for how mercury is distributed in the air during
spring. Further, when air chemistry and mercury
levels in the snow were compared, the results
revealed that the conditions in the atmosphere
directly impact when the highest amount of
mercury will be deposited to the snow. The
highest concentrations of total Hg in snow, both
in freshly fallen snow on the collection table and
in the top layer of snow on the ground, were
observed in May (Fig. 2), near or following the
transition to RGM dominance. This interaction
between the atmosphere and the snow is very
important to understand so that we can predict
when and under what conditions we will see the
most mercury depositing to the Arctic region.
This type of information was only available
because we have long term measurements of
both snow and air sampling. These data also
provide crucial validation for models of mercury
cycling in snow (e.g.Durnford et al., 2012; Toyota
etal.,, 2014). Further investigations of the multi-
year measurements of mercury in snow are
planned for the coming years.

Monitoring at Alert and at Little Fox Lake (Fig.
3) continues to be important in order to assess
global and regional changes in atmospheric
mercury levels due to global emissions, transport
to the Arctic, and atmospheric processes. For
example, the long-term record of GEM at Alert
has revealed a decline in this form of mercury

in recent years (Cole and Steffen, 2010), though
by less than the amount that GEM has declined
in other Canadian locations (Cole et al., 2013).

Measurements of RGM and PHg are more
volatile and uncertain, but a preliminary analysis
of the Alert data indicated that these species may
have increased, not declined, over the period
2002-2009 (Cole et al., 2013). The implications
of these competing trends for the deposition

of mercury from the atmosphere to the Arctic
environment are currently under investigation.
Continued monitoring at Little Fox Lake, which
is not subject to the same springtime depletion
chemistry nor as affected by Arctic sea ice
changes, will also help separate how much of
the trend is due to these processes compared to
how much is due to changes in global emissions
and transport to the Arctic. The existing data
also establish a baseline for GEM concentrations
before the ratification of the Minamata
Convention on Mercury.

Expected Project Completion Date

ongoing
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