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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.



http://www.science.gc.ca/plcn
http://www.science.gc.ca/ncp

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
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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

O Project Leader:

Dr. Chris Furgal and Dr. Amanda Boyd, Indigenous Environmental Studies Program, Trent University
Tel: 705-748-1011 ext 7953, Fax: 705-748-1416, Email: chrisfurgal@trentu.ca

Dr. Laurie H.M. Chan, Center for Advanced Research in Environmental Genomics, University of Ottawa
Tel: (613) 562-5800 ext 6349, Fax: (613) 562-5385, Email: laurie.chan@uottawa.ca

O Project Team Members and their Affiliations:
Dr. Geraldine Osborne and Dr. Maureen Baikie, Office of the Chief Medical Officer of Health
Government of Nunavut, (Igaluit); Sharon Edmunds-Potvin, Nunavut Tunngavik Inc., (Iqaluit)

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.
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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).

16

L. Chan



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.
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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.

36

P. Plusquelles



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
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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 leve