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Foreword

Avant-propos

The Northern Contaminants Program (NCP)
works 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 Synopsis of Research Conducted under the
2016-2017 Northern Contaminants Program:

Full Report provides a detailed summary of

the activities and preliminary results of each
project funded under the NCP between April 1,
2016 and March 31, 2017.

The projects described in this report cover

the broad range of topics that contribute

to understanding and addressing northern
contaminants issues. They are arranged
according to the five NCP subprograms:
Human Health; Environmental Monitoring
and Research; Communications, Capacity and
Outreach; Community Based Monitoring and
Research; and Program Coordination and
Indigenous Partnerships. Specific research
priorities, as outlined in the program’s strategic
documents (i.e. the NCP Blueprints and

NCP Call for Proposals 2016-2017), included
dietary contaminant exposure, choice, and

risk perception; effects of contaminants on the
health of people and ecosystems; contaminant
levels and trends in the Arctic environment/
wildlife and the influence of climate change;
and the benefits/risk evaluation of country
food consumption. Projects were carried out
using a variety of methodologies including
fieldwork, laboratory analysis, community based
monitoring, Indigenous Knowledge workshops,
and much more.

All projects supported by the NCP are 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 NCP and its
partners. Engagement and partnership with

Le Programme de lutte contre les contaminants
du Nord (PLCN) travaille 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.
Le Résumé de Recherche effectuées en 2016-2017 dans
le cadre du Programme de lutte contre les contaminants
dans le Nord : rapport complet présente un résumé
détaillé des activités et des résultats préliminaires
de chaque projet financé dans le cadre du PLCN
entre le ler avril 2016 et le 31 mars 2017.

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.
Ils sont disposés selon les cinq sous-programmes
PLCN: Santé humaine; Surveillance et recherche
environnementales; Communications, capacité
et la sensibilisation; Surveillance et recherche
communautaire; Coordination du programme
et partenariats autochtones. Les priorités de
recherche spécifiques énoncés dans les plans
stratégiques du PLCN (c>est-a-dire les plans
directeurs du PLCN et b Appel de propositions
2016-2017), notamment les suivants : I’exposition
alimentaire a des contaminants, choix
d’aliments et la perception du risque; les effets
des contaminants sur la santé des individus et
des écosystemes; les niveaux de contaminants

et les tendances dans I’environnement/ les
especes sauvages dans I’Arctique et I'influence
des changements climatiques; et les avantages/
évaluation des risques de la consommation de

la nourriture traditionnelle. Les projets ont été
menés a I'aide de diverses méthodes, y compris
le travail sur le terrain, I’analyse en laboratoire,
la surveillance communautaire, les ateliers sur le
savoir autochtone et bien plus encore.

Tous les projets soutenus par le PLCN font ’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




Indigenous organizations, northern territorial
and/or community authorities is required for
all projects involving activities within northern
communities, fieldwork in the North and/or
analyses of samples, as a condition of approval
for funding.

This report contributes to ensuring the
transparency of the NCP and the timely

sharing of results. A summary (abstract and

key messages) report entitled Synopsis of
Research conducted under the 2016-2017 Northern
Contaminants Program: Abstract and Key Messages
is available through the NCP Publications
Database at www.aina.ucalgary.ca/ncp. All
individual project reports were lightly edited for
clarity and consistency.

In addition to the Synopsis of Research
publications, publications related to NCP
funded projects (including peer reviewed
journal articles) can be searched and accessed
through the NCP Publications Database at www.
aina.ucalgary.ca/ncp. Also, data and metadata
associated with individual projects can also be
found on the Polar Data Catalogue website at
www.polardata.ca.

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

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 obtenir
un financement, tous les projets qui nécessitent
du travail sur le terrain dans le Nord ou des
analyses d’échantillons doivent faire I’objet d’une
consultation avec les autorités nordiques et les
organisations autochtones concernées.

La présentation d’un rapport aux fins de la
présente publication assure la transparence du
PCLN ainsi qu'une communication rapide des
résultats. Un Résumé de Recherche abrégé intitulé

Résumé de Recherche effectuées en 2016-2017 dans le
cadre du Programme de lutle contre les contaminants
dans le Nord : résumés et messages clés est disponible
dans la Base de données des publications du PLCN
a I’adresse www.aina.ucalgary. ca / ncp. Tous les
rapports de projet individuels ont été légérement
modifiés pour plus de clarté et de cohérence.

En plus des publications Résumé de Recherche, les
futures publications liées aux projets financés
par le PCLN (y compris des articles publiés dans
des revues examinées par des pairs) seront versés
dans la base de données des publications du
PLCN, a I’adresse www.aina.ucalgary.ca/ncp. De
plus, les données et les métadonnées associées

a chaque projet individuel peuvent également
étre consultées sur le site Web du catalogue de
données polaires a I’adresse www.polardata.ca.

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

Official Languages Disclaimer

The Abstract and Key Messages of each individual
project report are provided in both English and
French. The main body of each individual project
report is published in the language in which it was
written by the project leader. Complete individual
project reports are available in both official languages,
upon request. Requests for individual reports can be
made to: aadnc.plen-nep.aandc@canada.ca.

Avertissement concernant les langues officielles
Les résumés et les messages clés de tous les rapports
de projets individuels sont fournis en anglais et en
francais. Le corps principal de chaque rapport de
projet individuel est publié 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.
Des sommaires complets sur chaque projet individuel
sont disponibles sur demande dans I'une ou I'autre
des langues officielles. On peut présenter une
demande pour obtenir des rapports individuels a :
aadnc.plcn-ncp.aandc@canada.ca.




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 Council’s Arctic Monitoring
and Assessment Programme (AMAP), and to
international agreements such as the United
Nations Environment Programme’s Minamata
Convention on Mercury and Stockholm
Convention on Persistent Organic Pollutants,
that work on a global scale 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 Crown-Indigenous
Relations and Northern Affairs Canada
(CIRNAC), and consists of representatives
from four federal departments (Environment
and Climate Change Canada, Fisheries and
Oceans, Health and CIRNAC), five territorial,
provincial and regional governments (Yukon,
Northwest Territories, Nunavut, Nunavik

and Nunatsiavut), four northern Indigenous
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 NCP Management
Committee is responsible for establishing NCP
policy and science priorities and for making
final decisions on the allocation of funds.

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 résidents 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 I’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 et la Convention

de Stockholm sur le polluants organiques
persistants du Programme des Nations Unies
pour I'environnement. Ces contributions a des
travaux internationaux visent a améliorer la
santé des résidents et des especes sauvages a
long terme.

Le PLCN est dirigé par un comité de gestion
présidé par Relations Couronne-Autochtones et
Affaires du Nord Canada (RCAANC). Il compte
des représentants de quatre ministeres fédéraux
(Environnement et changement climatiques
Canada, Péches et Océans Canada, Santé
Canada et AADNC), de cinq gouvernements
provinciaux ou territoriaux (le Yukon, les
Territoires du Nord-Ouest, le Nunavut,

le Nunavik et le Nunatsiavut), de quatre
organisations autochtones nordiques (le Conseil
des Premieres Nations du Yukon, la Nation

Xi



The Regional Contaminants Committees in

the Yukon, Northwest Territories, Nunavut,
Nunavik and Nunatsiavut support this national
committee with region-specific expertise and
advice. Funding for the NCP’s $4.1 million
annual budget comes from CIRNAC and
Health Canada. Details about the management
structures and review processes used to
effectively implement the NCP, and the protocol
used to publicly disseminate health and harvest
information generated by the NCP can be
found in the NCP Operational Management
Guide (available upon request from the NCP
Secretariat).

Background

In 2016-2017, the NCP celebrated its 25"
anniversary of funding contaminants research and
communications activities in northern Canada.
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
Indigenous 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,

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 en lui fournissant
de I’expertise et des conseils propres a sa région.
Le financement de 4,1 millions de dollars qui
est affecté chaque année a la recherche aux
termes du PLCN provient d’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 utilisé pour diffuser
publiquement I'information sur la santé et la
récolte produite dans le cadre du Programme.

Contexte

En 2016-2017, le PLCN a célébré son 25e
anniversaire de financement des activités

de recherche et de communication sur les
contaminants dans le Nord du Canada. 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 premiéres
études indiquaient qu’il existait un large
spectre de substances —polluantes organiques
persistants, métaux lourds et radionucléides —
dont plusieurs ne provenaient pas de I’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
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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

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, and implement new program features
which continue to this day: 1) the NCP blueprints
that represent the long-term vision and strategic
direction for the NCP; and 2) an open and
transparent proposal review process. These
features 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 were synthesized in the Canadian Arctic
Contaminants Assessment Report IT (CACAR
I12003). 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 of consuming traditional food, 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 Indigenous organizations, the

collectivités de I'information leur 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 modeéles 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 complétes 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
matiere 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.
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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 in dealing with
specific contaminant issues at the local level.

Since 2003, the NCP has continued to contribute

to assessments that synthesize data funded through
the NCP program. 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 third series of assessments got under

way in 2010, leading to the release of the CACAR III:
Mercury in Canada’s North, in December 2012; the
CACAR III: Persistent Organic Pollutants in Canada’s
North, in December 2013; and the CACAR III
Contaminants In Canada’s North: Summary for Policy
Makers, in April 2015.

The next reports in the CACAR series,
Contaminants in Canada’s North: State of Knowledge
and Regional Highlights, and Human Health 2017
will be released in 2018.

En 1998-1999, le PLCN a entrepris sa deuxiéme
phase, qui s’est poursuivie jusqu’en 2002-2003

et dont les résultats ont été présentés dans le
RECAC I, 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 de
la consommation de la nourriture traditionnelle
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
résidents 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.

Depuis 2003, le PLCN a continué de contribuer
aux évaluations qui synthétisent les données
financées par le programme PLCN. 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, du RECAC III sur les polluants
organiques persistants dans le Nord canadien

en décembre 2013 et du RECAC III, Les
contaminants dans le nord du Canada : Sommaire
al'intention des décideurs, en avril 2015.

Les prochains rapports de la série CACAR,
Les contaminants dans le Nord canadien: Etat des

connaissances et synthese régionale, et Santé humaine
2017 seront publiés en 2018.
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International Impact

The NCP effort to achieve international controls of
contaminants has remained strong throughout the
program’s history. The NCP continues to generate
data that allows Canada to play a leading role,
particularly through cooperative actions under the
Arctic Council’s Arctic Monitoring and Assessment
Programme (AMAP), in the following initiatives:

1. 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.

2. Alegally 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.

3. The Minamata Convention on Mercury, a
legally-binding agreement to cut emissions
and releases of mercury to the environment,
entered into force on August 16, 2017. The
convention was signed by Canada in October
2013 and on April 7, 2017. Canada became
the 41st country to ratify the treaty. The
NCP made important contributions to this
historic signing and ratification, through use
of'its data, information and expertise, and
will continue to play a role in monitoring
the effectiveness of the Convention. The first
meeting of the Conference of the Parties
to the Minamata Convention on Mercury
(COP1) from September 24 to 29, 2017,
discussed procedures and directions for the
implementation of the Convention.

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, particulierement
dans le cadre des actions en collaboration
menées dans le cadre du Conseil de I’Arctique’s
Programme de surveillance et d’évaluation de
I’Arctique, dans les initiatives suivantes :

1. Le protocole sur les polluants organiques
persistants (POP), qui a force de loi et
releve 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.

2. 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.

3. La Convention de Minamata sur le mercure,
un accord juridiquement contraignant
visant a réduire les émissions et les rejets de
mercure dans I’environnement, est entrée
en vigueur le 16 aott 2017. La convention a
été signée par le Canada en octobre 2013 et
le Canada est devenu le 41éme pays a ratifier
le traité le 7 avril 2017. Les données, les
renseignements et I’expertise issus du PLCN
ont grandement contribué a la signature de
cet accord historique et a cette ratification
de la Convention, etle PLCN continuera a
jouer un roéle dans le suivi de Iefficacité de
la Convention. La premiére réunion de la
Conférence des Parties a la Convention de
Minamata sur le mercure (COP1) du 24 au
29 septembre 2017 a examiné les procédures
et les orientations pour la mise en ceuvre de
la Convention.
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10.

10 Key Findings of the Northern
Contaminants Program

(from Contaminants in Canada’s North:
Summanry for Policy Makers, 2015)

Concentrations of ‘legacy POPs’ are
generally going down across the Arctic.

As ‘new POPs’ come under regulation, their
levels in the Arctic decline.

Mercury levels in the Arctic are stabilizing
but are still several times higher than during
pre-industrial times.

Climate change can affect how POPs and
mercury cycle in the Arctic environment and
accumulate in wildlife.

The complex movement of contaminants in
the Arctic environment and wildlife is now
better understood.

Current levels of POPs and mercury may be
a risk for the health of some Arctic wildlife
species.

While exposure to most POPs and mercury
is generally decreasing among Northerners,
mercury remains a concern in some regions.

Traditional /country foods continue to be
important for maintaining a healthy diet for
Northerners.

Environmental exposure to contaminants in
the Arctic has been linked to health effects in
people.

Continued international action is vital to
reducing contaminant levels in the Arctic.

10.

10 principales conclusions du
Programme de lutte contre les
contaminants dans le Nord

(conclusions tirées du rapport de 2015
Les contaminants dans le nord du Canada :
Sommaire a Uintention des décideurs)

Les concentrations de POP hérités du
passé diminuent en général partout dans
I’Arctique.

A mesure que les « nouveaux POP » sont
réglementés, leurs niveaux dans I’Arctique
diminuent.

Les niveaux de mercure dans I’Arctique se
stabilisent, mais sont encore plusieurs fois
plus élevés qu’a I’ére préindustrielle.

Les changements climatiques peuvent avoir
des incidences sur le cycle des POP et du
mercure dans le milieu arctique et sur leur
accumulation.

Le mouvement complexe des contaminants
dans le milieu arctique et chez les especes
sauvages est maintenant mieux compris.

Les niveaux actuels de POP et de mercure
représentent peut-€tre un risque pour la
santé de certaines especes sauvages de
I’Arctique.

L’exposition au mercure et a la plupart des
POP diminue de facon générale chez les
habitants du Nord, mais le mercure reste
problématique dans certaines régions.

Les aliments traditionnels/prélevés dans la
nature restent importants pour le maintien de
la saine alimentation des habitants du Nord.

L’exposition aux contaminants présents dans
le milieu arctique est associée a des effets sur
la santé des habitants.

Il est essentiel de poursuivre 'action
internationale pour réduire le niveau des
contaminants dans I’Arctique.
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Current Directions of the Northern
Contaminants Program:

(adapted from Contaminants in Canada’s North:
Summary for Policy Makers, 2015)

In terms of Environmental Monitoring and
Research, the NCP

is continuing to play a critical role in the
detection of new chemical contaminants of
concern to the Arctic and will continuously
review and refine its list of contaminants of
concern.

is enhancing the measurement of long-term
trends of mercury and POPs by filling gaps
in geographic coverage.

is carrying out more research to understand
the effects of climate change and predict
their impacts on contaminant dynamics and
ecosystem and human health risks.

is supporting the expansion of community-
based monitoring projects that build
scientific capacity in the North and optimize
the use of traditional knowledge.

In terms of Human Health Research, Monitoring
and Risk Assessment, the NCP

is addressing ongoing public health
concerns related to contaminants and
food safety, in partnership with territorial /
regional health authorities by:

o weighing the risks associated with
exposure to POPs and mercury against
the wide ranging benefits of consuming
traditional/country foods; and

o expanding monitoring of contaminant
exposure among human populations
across the North, and research on
potential health effects in collaboration
with Northern communities, to provide
current information to public health
officials.

Orientations actuelles du
Programme de lutte contre

les contaminants dans le Nord :
(orientations adaptées du rapport de 2015 Les
contaminants dans le nord du Canada :
Sommaire a 'intention des décideurs)

Pour ce qui est de la surveillance
environnementale et de la recherche, le PLCN :

® esten train de jouer un role crucial dans
la détection de nouvelles substances
chimiques contaminantes préoccupantes
dans I’Arctique et va examiner et peaufiner
continuellement sa liste de contaminants
préoccupants;

e esten train d’améliorer la mesure des
tendances a long terme du mercure et
des POP en comblant les lacunes dans la
couverture géographique;

* esten train d’affectuer plus de recherches
pour comprendre les effets des changements
climatiques et prévoir leurs incidences sur la
dynamique des contaminants et les risques
pour I’écosysteme et la santé humaine;

* soutien I’élargissement de la surveillance
communautaire qui renforce les
capacités scientifiques dans le Nord et
optimise I'utilisation des connaissances
traditionnelles.

Pour ce qui est de la santé humaine, de la
surveillance et de I’évaluation du risque, le
PLCN :

e s’interesse, en collaboration avec les
autorités sanitaires régionales et territoriales,
aux préoccupations actuelles en matiere de
santé publique en lien avec les contaminants
et la salubrité des aliments par :

o comparer les risques associés a
I’exposition aux POP et au mercure
au large éventail d’avantages que
présente la consommation des aliments
traditionnels/prélevés dans la nature;

o l’extension de la surveillance de
I’exposition des populations humaines
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In terms of Communications and Outreach, the

NCP

is communicating research results and
information about contaminants and risk
to Northerners in the context of broader
environmental (e.g. climate change) and
health messages. Timely and culturally
sensitive messages are being developed and
communicated in association with regional
health authorities and other appropriate
spokespeople; these communication
initiatives will be evaluated for their
effectiveness.

is ensuring that NCP data and information

is effectively communicated to key
international networks, such as AMAP, and
the Global Monitoring Plans under the
Stockholm and Minamata Conventions for
the purpose of evaluating the effectiveness of
global regulations.

de tout le Nord aux contaminants

ainsi que les travaux de recherche

sur les effets éventuels sur la santé,

en collaboration avec les collectivités
nordiques, afin de fournir de
I'information a jour aux responsables de
la santé publique;

Pour ce qui est de la communication et de la
sensibilisation, le PLCN :

est en train de communiquer les conclusions
des recherches et de I'information sur les
contaminants et les risques aux habitants du
Nord dans le contexte de messages sanitaires
et environnementaux sur des sujets plus
vastes (p. ex. les changements climatiques).
Des messages opportuns et adaptés a la
culture des collectivités sont en train d »étre
élaboreés et diffusés en collaboration avec les
autorités sanitaires régionales et les autres
porte- paroles appropriés, et I’efficacité

de ces initiatives de communication sera
évaluée;

est en train de continuer de vérifier que

ses données et son information soient
efficacement communiquées a des réseaux
internationaux importants, comme le PSEA
et les plans de surveillance mondiaux prévus
par les conventions de Stockholm et de
Minamata afin d’évaluer I'efficacité de la
réglementation mondiale.
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Development of blood guidance values for persistent
organic pollutants for the Canadian Arctic (Year 3)

Elaboration de valeurs-guides relatives a la concentration
sanguine des polluants organiques persistants dans
I'Arctique canadien (troisieme année)

O Project Leader/Chef de projet

Dr. Laurie H.M. Chan, Professor and Canada Research Chair in Toxicology and Environmental Health,
University of Ottawa, 30 Marie Curie, Ottawa, ON K1N 6N5.
Tel: (613) 562-5800 ext. 6349; Fax: (613) 562-5385; Email: laurie.chan@uottawa.ca

O Project Team/Equipe de projet

Andy Nong, Environmental Health Science and Research Bureau, Health Canada, Ottawa, ON;
Mark Feeley, Bureau of Chemical Safety, Health Canada, Ottawa, ON; Cheryl Khoury, and

Annie St-Amand, National Biomonitoring Section, Health Canada, Ottawa, ON; Kavita Singh (PhD
Student), University of Ottawa, Ottawa, ON

Abstract Résumeé
The Inuit Health Survey (2007-2008) collected L’Enquéte sur la santé des Inuits (2007-
data on blood levels of heavy metals and 2008) a permis de recueillir des données
persistent organic pollutants (POPs) in adult sur les niveaux sanguins de métaux lourds
participants from the Canadian north. The et de polluants organiques persistants chez
population-level risks of contaminant exposures des participants adultes du Nord canadien.
can be assessed using biomonitoring equivalents Les risques d’exposition aux contaminants
(BEs), which are the corresponding internal pour la population peuvent étre évalués au
concentrations of oral health-based reference moyen d’équivalents de biosurveillance.
values or concentrations of the points of Les équivalents de biosurveillance sont les
departure (PODs) used to derive oral health- concentrations internes correspondant aux
based reference values. The purpose of this valeurs de référence pour la santé (exposition
project is to develop new BEs for chlordane par voie orale) ou aux concentrations des doses
and toxaphene and to use these values to critiques (POD, pour points of departure)
assess the biomonitoring data collected in the ayant servi a établir ces valeurs de référence.
Canadian north with respect to population- Ce projet vise a €tablir de nouveaux équivalents
level risks. During the 2014-2015 fiscal year de biosurveillance pour le chlordane et le
information needed to derive BEs, such as toxaphéne, ainsi qu’a utiliser ces valeurs
intake reference standards, was collected afin d’évaluer les risques pour la population
from the published and grey literature. a partir des données de biosurveillance
Several reference values were available from recueillies dans le Nord canadien. Au cours
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organizations such as Health Canada, the United
States Environmental Protection Agency (U.S.
EPA), and European authorities. Also developed
was a pharmacokinetic modeling strategy and
identification of pharmacokinetic parameters
needed to model internal contaminant
behaviour based on absorption, distribution,
metabolism, and excretion. During the second
year of the project 2015-2016, the collected
data was used to carry out one-compartment
pharmacokinetic modeling to derive BEs for
individual chlordane and toxaphene isomers.
The BEs were compared with biomonitoring
data from the Inuit Health Survey and the
Canadian Health Measures Survey (CHMS)
Cycle 1 (2007-2009). The approach was
finalized at a team working meeting held at
Health Canada in November 2015. Results

were presented at the Northern Contaminants
Workshop in December 2015 and at the
Northern Contaminants Program: Human
Health Monitoring and Risk Communication
Workshop in November 2016. In the third and
final year of the project, we have further refined
the BEs based on population-specific body fat
percentage data for the general Canadian and
Inuit populations; we compared the population-
specific BE values with biomonitoring data
from the CHMS and HIS; we conducted a
dietary analysis of important sources of those
contaminants; and we developed preliminary,
physiological-based pharmacokinetic (PPBPK)
models that more realistically simulate
chlordane pharmacokinetics.

de I’exercice 2014-2015, les renseignements
nécessaires pour déterminer les équivalents de
biosurveillance, tels que les normes de référence
relatives a I’absorption, ont été trouvés dans

la documentation publiée et non publiée.
Plusieurs valeurs de référence avaient déja

été proposées par des organisations comme
Santé Canada, I’Environmental Protection
Agency (EPA) des Etats-Unis et les autorités
européennes. Une stratégie de modélisation
pharmacocinétique a aussi été définie, en

plus de I’établissement des parameétres
pharmacocinétiques nécessaires pour modéliser
le comportement des contaminants internes

en fonction de I'absorption, de la distribution,
du métabolisme et de I'excrétion. Au cours de
la deuxieéme année du projet, en 2015-2016,

les données recueillies ont servi a réaliser

une modélisation pharmacocinétique a un
compartiment en vue de calculer des équivalents
de biosurveillance pour les différents isomeres
du chlordane et du toxapheéne. Les équivalents
de biosurveillance ont été comparés aux
données de biosurveillance issues de I’Enquéte
sur la santé des Inuits (ESI) et du premier cycle
(2007-2009) de I'Enquéte canadienne sur les
mesures de la santé (ECMS). La démarche a été
achevée lors d’une réunion d’équipe tenue dans
les locaux de Santé Canada en novembre 2015.
Les résultats ont €té présentés a I'atelier sur les
contaminants du Nord en décembre 2015 eta
I’atelier sur la surveillance de la santé humaine
et la communication des risques tenu par le
Programme de lutte contre les contaminants
dans le Nord en novembre 2016. Au cours de

la troisieme et derniére année du projet, nous
avons précisé les équivalents de biosurveillance
selon les données sur le pourcentage de graisse
corporelle dans la population canadienne
générale et dans la population inuite. Nous
avons également comparé les valeurs des
équivalents de biosurveillance propres a la
population aux données de biosurveillance de
IECMS et de I’ESI, et nous avons procédé a
I’analyse des principales sources alimentaires
de ces contaminants. Enfin, nous avons élaboré
des modeles pharmacocinétiques physiologiques
préliminaires (PPBPK) qui simulent avec un
plus grand réalisme la pharmacocinétique du
chlordane.
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Key Messages

Population-specific BEs were developed for
the general Canadian and Inuit populations
for chlordane (cis-chlordane, trans-
chlordane, cis-nonachlor, trans-nonachlor,
oxychlordane) and toxaphene (Parlars

No. 26, 50, 62) using a one-compartment
pharmacokinetic model. The population-
specific BEs were close to the generic BEs
based on 70 kg weight and 25% body fat.

The population-specific BE values for
chlordane and toxaphene have been
compared with biomonitoring data from

the CHMS, Cycle 1 (2007-2009) and the IHS
(2007-2008).

The comparisons included whole
population, population subgroups,

and regional analyses for the Inuvialuit
Settlement Region (ISR), Nunavut, and
Nunatsiavut.

Among the general Canadian population, no
exceedances of BE values were observed for
either chlordane or toxaphene.

Results for the Inuit population will be
presented to our Inuit partners before
release.

Messages clés

Des équivalents de biosurveillance ont été
définis spécifiquement pour la population
canadienne générale et la population
inuite en ce qui concerne le chlordane
(cis-chlordane, trans-chlordane, cis-
nonachlor, trans-nonachlor, oxychlordane)
et le toxapheéne (Parlar 26, 50, 62) a
I’aide d’un modele pharmacocinétique

a un compartiment. Les équivalents de
biosurveillance propres a la population

se rapprochaient des équivalents de
biosurveillance génériques, pour un poids
de 70 kg et un pourcentage de graisse
corporelle de 25 %.

Les valeurs des équivalents de
biosurveillance propres a la population
pour le chlordane et le toxaphéne ont été
comparées aux données de biosurveillance
provenant de 'ECMS, cycle 1 (2007-2009) et
de I’ESI (2007-2008).

Les comparaisons incluaient la population
totale, des sous-groupes de population et
des analyses régionales pour la Région
désignée des Inuvialuit (RDI), le Nunavut et
le Nunatsiavut.

Dans la population générale du Canada,
aucun dépassement des équivalents de
biosurveillance n’a été observé tant pour le
chlordane que le toxaphéne.

Les résultats relatifs a la population inuite
seront présentés a nos partenaires inuits
avant leur publication.

L. Chan



Objectives

¢ Develop pharmacokinetic models for the
following contaminants:

o Chlordane (cis-chlordane, trans-
chlordane, oxychlordane, cis-nonachlor,
trans-nonachlor)

o Toxaphene (Parlar No. 26, 50, and 62)

e  Derive BEs based on conversions of oral
health-based reference values to internal
concentrations using the pharmacokinetic
models.

¢ Compare the derived BEs for chlordane and
toxaphene with biomonitoring data from
the Inuit Health Survey and the CHMS to
determine the percentage of Inuit adults and
Canadian adults from general population
exceeding values.

® Use existing derived biomonitoring
equivalents for DDT/DDE, HCB, and PBDE-
99 to compare with Inuit Health Survey
biomonitoring data.

¢ Conduct subgroup analyses for women of
child-bearing age, young adults, middle-
aged, and the elderly.

® Perform calculations using different
threshold values.

® Present results of research to regional health
authorities and the Steering Committee of
the Inuit Health Survey.

Introduction

The International Polar Year Inuit Health
Survey collected data on blood concentrations
of environmental contaminants in 2,595 adult
participants from the Canadian North. Laird et
al. (2013) compared the observed blood levels
with those in the general Canadian population,
previous Inuit environmental studies, and
trigger/intervention guideline values from
Health Canada, U.S. Centers for Disease Control
(CDC), or Occupational Safety and Health
Administration (OSHA). Guidance values were
available only for polychlorinated biphenyls
(PCBs, specifically Arochlor 1260), cadmium,
mercury, and lead. Eight percent of the study
sample exceeded the lead guideline level of 100
pgel?, 70% exceeded the cadmium guideline
level of 1 pgeLl!, 35% exceeded the dietary
mercury guideline of 5.0 pgekg body
weight'eweek?, and 27.9% women of child-
bearing age exceeded the Arochlor 1260
guideline of 5 pgel! (Laird et al. 2013, Laird
et al. 2013b). For DDT/DDE, toxaphene,
chlordane, and polybrominated diphenyl
ethers (PBDEs), the exposure distributions
were not interpretable within the context of
established or evidence-formulated guidance
values. Therefore, the health implications of the
observed blood levels for these environmental
contaminants are uncertain. As a result, the
purpose of this project is to develop new BEs
for chlordane and toxaphene and to use

these values to assess the biomonitoring data
collected in the Canadian north with respect to
population-level risks.

Population screening risk assessments can be
made by comparing the measured biomonitoring
levels to existing screening criteria such as
reference dose (RfD), or tolerable daily intake
(TDI). This comparison cannot be conducted
directly because almost all regulatory health-
based toxicity screening criteria are based on

an intake level (mgekg'ed"') or a concentration
in an environmental medium (air, water, soil,
etc.) which corresponds to an acceptable level
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of intake. However, the substantial effort already
invested in developing these screening exposure
guidelines can be leveraged through translation
of these guidelines into BEs as a basis for
interpreting biomonitoring results for specific
chemicals in a health risk context (Hays et al.
2007, Hays et al. 2008).

Comparing biomonitoring data for a chemical
with its BE provides a means for assessing
population exposures to chemicals. BEs can
assist scientists and risk managers in the
prioritization of chemicals for follow-up or
risk management activities (Hays et al. 2007).
BEs for more than 110 chemicals, including
cadmium, benzene, chloroform, arsenic,
toluene, methylene chloride, triclosan, dioxins,
volatile organic compounds, and others have
been derived and published (Angerer et al.
2011). Several have been developed through
collaborations of scientists from the U.S. EPA,
CDC and Health Canada (Hays et al. 2008).

Therefore, we propose to interpret
biomonitoring data by developing BEs for
chlordane and toxaphene. In addition,

we propose to develop guidance for health
authorities to understand BEs as a tool to screen
population level biomonitoring data. Given the
confidence level of the underlying data used

to develop the BEs, associated public health
action plans will also be developed similar to
the approach that was used for establishing the
blood guidance values for methylmercury in

Canada (Legrand et al. 2010).

Activities in 2016-2017

In the 2016-2017 funding year, we further
refined the derived BE values for cis-chlordane,
trans-chlordane, cis-nonachlor, trans-nonachlor,
toxaphene Parlars No. 26, 50, and 62 based on
population-specific body fat percentage and
body weight. The resulting BE values are thus
tailored specifically to the general Canadian
population covered by the CHMS, Cycle 1
(2007-2009) and the Inuit population covered
by the IHS (2007-2008). We also present here

a BE value for the main chlordane metabolite,
oxychlordane, based on a separate assessment

of toxicological oxychlordane studies. We
compared the population-specific BE values with
biomonitoring data from the CHMS, Cycle 1 and
the IHS for whole population, and by the pre-
specified population subgroups, to determine
percentage in exceedance. Additionally, for

the Inuit population, we conducted individual
analyses for the ISR, Nunavut, and Nunatsiavut.
We presented the results of this work at the
Northern Contaminants Program: Human
Health Monitoring and Risk Communication
Workshop in November 2016.

Using data from the Arctic Monitoring Assessment
Program (AMAP), we examined which traditional
foods are likely to be the greatest contributors

of exposure to persistent organic pollutants. We
focused our analyses on those contaminants for
which we observed significant exceedances of

the BEs. We also examined the food-frequency
questionnaire of the IHS to identify dietary
differences among those who were below and
those who exceeded BEs.

A more complex modeling strategy for
chlordane was explored during this year. We
chose chlordane, specifically, because we
observed exceedance of its BE among the Inuit.
We developed a three-compartment model
consisting of blood, liver, and adipose tissues and
a six-compartment model consisting of blood,
liver, adipose tissues, kidney, slowly-perfused

(i.e. skin, muscle) and rapidly-perfused (i.e.
brain). Our objective for these complex models
was to explore if more accurate simulations of
chlordane pharmacokinetics result in significant
changes to the BE value of a simple one-
compartment model. The interpretation of this
work is still on-going.

Results

Table 1 presents the toxicity endpoints and
points of departure (i.e. NOAEL) that were
utilized to derive the BE values for chlordane
and toxaphene. Tables 2 and 3 provide

the derived BE values for chlordane and
toxaphene, respectively. Generic BE values
(based on 70 kg and 25% body fat), general
Canadian population tailored BE values, and
Inuit population tailored BE values are shown
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for both chlordane and toxaphene. A BE for
oxychlordane is presented in Table 2, based on
an endpoint of histopathological changes in

the liver of rats, demonstrated by Bondy et al.
(2003). Please note that the generic BE values
for cis-chlordane, trans-chlordane, cis-nonachlor,
trans-nonachlor, and toxaphene Parlars No. 26,
50, 62, presented in the current report, differ
from the values presented in the 2015-2016
report because: (i) The weight of rat and mouse
were changed from 300 g to 250 g and from 30 g
to 25 g, respectively, and (ii) Interspecies human
variability (UF, , ) was factored in by dividing
the BE values by an additional factor of three.

Table 4 presents the exceedances of general
Canadian population-specific BEs for chlordane
and toxaphene among the population covered
by the CHMS, Cycle 1. No exceedances were
found in general Canadians. Here we have not
presented specific data for the Inuit because

discussion with our Inuit partners is required
before dissemination. We are in the process of
compiling regional reports that will describe and
summarize our results.

Figures 1 and 2 show the levels of
chlorobenzenes (includes hexachlorobenzene)
and chlordanes (includes trans-nonachlor)

in Arctic marine mammals. Highest levels of
chlorobenzenes are found in narwhal and
highest levels of chlordanes are in polar bear.
We will explore differences in diet composition
among Inuit who have low and high blood
levels. However, as with the biomonitoring data,
we have not presented these results as discussion
with Inuit partners is required.

Table 1. Human Oral Reference Doses for Chlordane and Toxaphene

Chlordane Toxaphene
ATSDR 1994 JMPR 1994 EPA 2009 MATT 2012
Chemical Form Technical Technical Technical Weathered*
Animal Model Rat Rat Mouse Rat
Altered hepatic foci
Endpoint Hepatocellular hypertrophy Hepatic toxicity** Hepatic necrosis eXpéfjt::h%Opr:Z?g?tal
transferase™**
:“n?g‘/\:;/d) 0.055 0.05 0.15 1.8
Human Oral
Reference Dose MRL: 0.0006 pTDI: 0.0005 RfD: 0.0005 pTDI: 0.018
(mg/kg/d)

* Technical toxaphene administered to farmed cod fish and toxaphene residues from liver extracted.
** Unpublished study submitted to FAO/WHO - specific toxicity endpoint unclear.
*#%% Indication of tumour promotion.

Abbreviations: ATSDR = Agency for Toxic Substances and Disease Registry; EPA = Environmental Protection Agency; JMPR
= Joint FAO/WHO Meeting on Pesticide Residues; MATT = Investigation into the Monitoring, Analysis, and Toxicity of
Toxaphene in Marine Foodstuffs; MRL = minimum risk level; NOAEL = no-observed adverse effect level; pTDI = provisional
tolerable daily intake; RfD = reference dose; TDI = tolerable daily intake
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Table 2. Derivation of BE Values for Chlordane

Cis-Chlordane

Trans-Chlordane

Cis-Nonachlor

Trans-Nonachlor

Oxychlordane

POD (mg/kg/d) R: 0.055; M: 0.15 R: 0.055; M: 0.15 R: 0.055; M: 0.15 R: 0.055; M: 0.15 R:0.1*
BE, ... (mg/kg lipid) R: 0.36-1.05 R: 0.81-2.02 R: 1.39-2.44 R: 2.08-3.67 R: 6.94-11.11
M: 0.94-5.00 M: 3.13-5.00 M: 3.57-5.71 M: 6.25-10.00
Allometric Scaling
Factors**
Generic R:4; M:7 R:4; M: 7 R:4; M: 7 R: 4, M:7 R4
General Canadian R:6; M:10 R:6; M:10 R:6; M:10 R:6; M:10 R:6
Inuit R:5; M:9 R:5; M:9 R:5; M:9 R:5; M:9 R:5
UF, . 3 3 3 3 3
BE, .. (generic) (mg/kg 0.03-0.23 0.07-0.23 0.11-0.26 0.17-0.46 0.57-0.91
lipid) Midpoint: 0.13 Midpoint: 0.15 Midpoint: 0.19 Midpoint: 0.32 Midpoint: 0.74
BE, ... (general Canadian) 0.02-0.17 0.05-0.17 0.08-0.19 0.12-0.34 0.42-0.67
(mg/kg lipid) Midpoint: 0.10 Midpoint: 0.11 Midpoint: 0.14 Midpoint: 0.23 Midpoint: 0.55
BE, .. (Inuit) (mg/kg lipid) 0.02-0.18 0.05-0.18 0.09-0.20 0.13-0.35 0.44-0.70
Midpoint: 0.10 Midpoint: 0.12 Midpoint: 0.15 Midpoint: 0.24 Midpoint: 0.57

* NOAEL from Bondy et al. (2003).
** Rounded to nearest whole number.

Abbreviations: BE = biomonitoring equivalent; M = mouse; POD = point of departure; R = rat; UF, ,, = uncertainty factor
for human pharmacodynamic variability

Table 3. Derivation of BE Values for Toxaphene

Parlar No. 26 Parlar No. 50 Parlar No. 62
BEPOD (mg/kg/d) R: 158 R: 18 R:1.8
BE, ... (mg/kg lipid) 10.71-150.00 25.00-75.00 25.00-60.00
Allometric Scaling Factors*
Generic 4 4 4
General Canadian 6 6 6
Inuit 5 5 5
UF, .o 3 3 3
BE, .. (mg/kg lipid) 0.87-12.22 2.04-6.11 2.04-4.89
Midpoint: 6.55 Midpoint: 4.08 Midpoint: 3.47
BE, .. (general Canadian) 0.64-9.01 1.50-4.50 1.50-3.60
(mg/kg lipid) Midpoint: 4.83 Midpoint: 3.0 Midpoint: 2.55
BE, ... (Inuit) (mg/kg lipid) 0.67-9.42 1.57-471 1.57-3.77
Midpoint: 5.05 Midpoint: 3.14 Midpoint: 2.67

* Rounded to nearest whole number.

Abbreviations: BE = biomonitoring equivalent; POD = point of departure; R = rat; UF, , = uncertainty factor for human

pharmacodynamic variability
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Table 4. Exceedances of Chlordane and Toxaphene Concentrations in the CHMS

CHMS, Cycle 1 (2007-2009)

99th Percentile (mg/kg lipid) % Equal to or Exceeding BE*

Chlordane

Cis-Chlordane 0.0014 0.0
Trans-Chlordane 0.00074 0.0
Cis-Nonachlor 0.0067 0.0
Trans-Nonachlor 0.040 0.0

Oxychlordane 0.021 0.0
Toxaphene**

Parlar No. 26 0.0026 0.0

Parlar No. 50 0.0042 0.0

* Midpoint value of BE range. Percentages exclude missing values.
*#* Parlar No. 62 was not measured in the CHMS.

Abbreviations: BE = biomonitoring equivalent; CHMS = Canadian Health Measures Survey

Figure 1. Data from the Arctic Monitoring Assessment Program (AMAP) — Chlorobenzenes
(Raw data courtesy of Dr. Derek Muir)
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Figure 2. Data from the Arctic Monitoring Assessment Program (AMAP) — Chlordanes
(Raw data courtesy of Dr. Derek Muir)

Sum of Chlordanes in Arctic Marine Mammals
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Discussion and Conclusions

During the final fiscal year of this project in
2016-2017, we have derived population-specific
BEs for cis-chlordane, trans-chlordane, cis-
nonachlor, trans-nonachlor, oxychlordane,
toxaphene Parlars. No. 26, 50, and 62 based on
one-compartment pharmacokinetic models.
We have compared these values with the
biomonitoring data from the Inuit Health
Survey and the CHMS, Cycle 1 to determine the
percentage of the population in exceedance.
We have also conducted subgroup analyses by
sex, women of childbearing age, young adults,
middle-aged, elderly and by region. None

of the general Canadian population were in
exceedance of the BE values, and data on the
Inuit population will follow after consultation
with the relevant Inuit partners.

The BE values for chlordane and toxaphene
developed in this study provide a way to
interpret the biomonitoring data of the IHS
in a population-based health risk context.

m
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Previously, aside from oral reference doses that
are not directly comparable with internal blood
contaminant concentrations, no guidance was
available for either chlordane or toxaphene.
This study, therefore, contributes to better
understanding of the persistent organic
pollutant exposure data collected in the IHS
2007-2008 and provides direction for selecting
contaminants for ongoing monitoring efforts.

We think it is important to inform the main
communities (i.e. ISR. Nunavut, Nunatsiavut) of
this research and to also obtain their input and
perspectives on public health implications and
future research needs relating to development
of guidance values. In 2016 we developed a
communication plan (Appendix 1). We are
currently in the process of compiling regional-
specific reports to describe the results of this
work and we will apply selected components

of the communication plan, as deemed
appropriate by the communities.

L. Chan
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Expected Project Completion Date:
March 2017
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Appendix 1

Development of Blood Guidance Values for Persistent Organic Pollutants for the Canadian Arctic:

Communication Plan (2016-2017)

An integral component of this project is the
communication of the project’s concept and
design, results, and interpretation of results for
communities. With guidance from our partners
in each region, we will work towards developing
a package of communication materials in
English and translated into local Inuktitut
language (specific deliverable materials

are described below). The communication
materials will be coordinated with NCP Risk
Communication SubCommittee and Regional
Contaminant Committee.

Given the project’s focus on environmental
contaminant levels in blood and sources of
contaminants from traditional foods, we want
to ensure that the communication messages
are clear, scientifically-based, and reflect the
perspectives of Inuit. The communication
should result in positive outcomes, including:

¢ Understanding of persistent organic
pollutants in the Arctic environment, biota,
and humans.

¢ Understanding what guideline values for
environmental contaminants are and the
general process for deriving these values.

® Awareness of persistent organic pollutant
levels observed in Inuit and how these levels
compare with guideline values.

¢ Understanding the potential health risks
of persistent organic pollutant levels if a
significant percentage of the population
equals or exceeds a guideline value.

¢ Balancing the benefits of traditional
foods with identified health risks to make
informed and health-promoting decisions
about foods.

To achieve these goals, we would like to work
closely with the partners in each region. This
collaboration will be essential for developing

communication messages and materials that are
sensitive, address the needs and perspectives

of Inuit, and that are effective at conveying the
message. We do not want the communication
to be one-sided with respect to the adverse
effects of contaminants in traditional foods

and to create unwarranted fear or anxiety. We
understand that traditional foods have many
benefits, both for the health and culture of
Inuit, which must be discussed alongside any
identified risks to provide an accurate and
holistic picture of traditional food consumption.
Ultimately, the choice of what foods to include
in one’s diet is a decision based on individual
perspectives of risks and benefits, experiences,
and priorities. We hope that this project

will provide Inuit communities with more
information, which can be incorporated by
individuals into making informed decisions
about foods.

Figure 1 shows the overall work plan

for communication. The content of the
communication will depend on whether a
significant proportion of the population equals
or exceeds the guideline values developed for
persistent organic pollutants. If the majority
of the population is below the guideline value,
then no additional analysis is needed and

the communication message will consist of a
description of the project objectives, methods,
and results. If a significant proportion of the
population does equal or exceed a guideline
value, then it will be important to identify
which traditional food sources are contributing
most to intake of that contaminant. For the
identified traditional foods, we would also like
to provide an assessment of the benefits that
includes both nutritional and cultural aspects.
The assessment of benefits and interpretation
of benefitrisk profiles must be completed
through a consultation process with regional
partners. If the benefits are found to outweigh
the health risks, then the communication
message will consist of project objectives,
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methods, results, and dietary analysis. If the
benefits are found to not outweigh the health

risks, then the communication message will also
include suggestions for reducing contaminant
exposure. This message will not be framed as a

consumption advisory, but rather will provide
different traditional foods with their levels for
the contaminant in question. We hope that this
will help individuals make informed decisions.

Figure 1. Communication Work Plan- Below, we describe the individual components of our communication plan.

Identify main traditional

food sources percentage of the

YES population equal or exceed
guideline value?

contributing to
exceedance

Evaluate risk-benefit
profile of identified

traditional foods

{including cultural

perspectives)

Do benefits outweigh

risks?

1. Project objectives, methods, and results

A.

Description of the persistent organic
pollutants we examined in this project:
including historical uses, levels found
in Arctic environment, and why these
particular contaminants were chosen.

o Chlordane
o Toxaphene
o PCBs

General process of how we developed
guideline values

o We will focus on providing more
qualitative and visual explanation
instead of technical jargon.

Does a significant

(A)
Communicate
NO project objectives,
methods, and
results

(B)
YES Communicate A &

include dietary
analysis

)
Communicate B &
NO include
suggestions for
reducing
contaminant
exposure

Description of the data sources we used:

Inuit Health Survey (2007-2008)
Additional sources for dietary
examination of contaminants — e.g.
NCP reports

and CACAR

Results of comparisons of blood levels
of persistent organic pollutants with
guideline values

o We will show the percentage of the

whole population from the Inuit
Health Survey that equals or exceeds
guidelines values, as well as subgroups
by region, gender, and age.
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2. Balance of health risks and benefits
(consultation process)

If a significant proportion of the population
equals or exceeds the guideline value for a
contaminant, then we will investigate what
traditional food sources are contributing
most to intake of that contaminant. The
health risks and benefits of the identified
traditional foods will be explored through a
consultation process with regional partners.

A.

Health risks: The risks of exposure

to contaminant will be based on the
endpoints used to derive the guideline
values as well as data available in the
literature of adverse effects in humans
(case reports and epidemiological
studies). As much as possible, this data
will be summarized in a qualitative, visual
manner to assist with comprehension of
the information.

3.

Deliverable Communication Materials

We will hold four workshops with the
Regional Contaminant Committees

in Yellowknife, Iqaluit, Kuujjuaq, and
Nain. During these workshops we

will communicate the information as
presented above. In consultation with the
regional partners, we will also develop
communication materials (e.g. brochures,
pamphlets, website, other materials as
deemed appropriate) for the public in
both English and Inuktitut that explains

the project, process, and results in an easily

accessible and understandable manner.
Before launching any communication

materials to the public, we would like to pilot

test them to ensure that the materials are
appropriate and effective at conveying the
information as intended.

Feedback on Communication

B. Benefits: To understand the benefits We would like to obtain feedback on our
of the identified traditional foods, communication methods to help us in
we will examine the nutrient content understanding the effectiveness of the
and explore the cultural benefits communication and making improvement
according to Inuit perspectives. This for future projects. We will consult with
will require collaboration between us as our regional partners on the most suitable
the researchers, regional partners, and method (e.g. written or oral survey) and
key Inuit group(s) who can accurately respondents for gathering this feedback.
represent the Inuit perspectives of
traditional foods and assess the balance
of risks and benefits.
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Do country food nutrients protect against mercury toxicity
and cardiometabolic diseases? Integrating data from
cutting-edge science and mobilizing knowledge towards
Nunavimmiut health (year 3)

Les élements nutritifs présents dans les aliments traditionnels
assurent-ils une protection contre la toxicité du mercure et
les maladies cardiométaboliques? Intégration des données
scientifiques de pointe et mobilisation des connaissances
pour la santé des Nunavimmiuts (troisieme année)

O Project Leader/Chef de projet
Pierre Ayotte, Ph.D., Toxicologist, Professor, Department of Social and Preventive Medicine, Université
Laval; Research Scientist, Axe en santé publique et pratiques optimales en santé, Centre de recherche
du-CHU de Québec; Associate researcher, Centre de toxicologie, Institut national de santé publique du
Québec (INSPQ), 945 Avenue Wolfe, Québec, QC, G1V 5B3. Tel: (418) 650-5115 ext. 4654; Fax: (418) 654-2148;
Email: pierre.ayotte@inspg.gc.ca

O Project Team/Equipe de projet
Mélanie Lemire PhD, Michel Lucas PhD, and Matthew Little PhD, Université Laval and Axe en santé
publique et pratiques optimales en santé, Centre de recherche du-CHU de Québec, Québec, QC; Pierre
Dumas BSc, Institut national de santé publique du Québec, Québec, QC; Michael Kwan PhD, Nunavik
Research Center, Kuujjuaq, QC; Guillaume Massé PhD, Biology Department, Université Laval, Takuvik, QC.

Abstract Résume
Despite a decreasing temporal trend over the Malgré une tendance a la baisse au cours
last decades, methylmercury (MeHg) exposure des derniéres décennies, I’exposition au
in the Inuit population of Nunavik is still among ~ méthylmercure (MeHg) au sein de la
the highest in the world. Country foods from population inuite du Nunavik demeure parmi
the marine food chain are the major source les plus élevées au monde. La consommation
of this exposure, but country food are also d’aliments traditionnels issus de la chaine
exceptionally rich in nutrients such as selenium alimentaire marine est la principale source de
(Se) and omega-3 polyunsaturated fatty acids cette exposition. Or, ces aliments traditionnels
(n-3 PUFA). Through an interdisciplinary sont exceptionnellement riches en nutriments
program incorporating nutrition, epidemiology, tels que le sélénium (Se) et les acides gras
toxicology, oceanography and implementation polyinsaturés oméga-3 (AGPI n-3). Grace a un

P. Ayotte 15



research, we are addressing the complex issue of
benefits and risks of country foods in the Inuit
population of Nunavik, especially with regard to
cardiometabolic diseases and Se-Hg interactions
and respective toxicity. This year, in addition

to continuing the integration of data obtained
during our 2012-2016 program, we have
conducted key work centred mainly on better
defining the origin in the Arctic marine food
chain of selenoneine, a new selenocompound
recently identified in Inuit blood and beluga
mattaaq by our team, and the interaction
between this compound and methylmercury in
red blood cells. These results will improve our
capacity to develop and implement interventions
that aim to promote the benefits of country
foods of marine origin, while minimizing MeHg
toxicity in this population.

Key Messages

¢ Selenoneine levels in red blood cells of
Nunavimmiut are related to their beluga
mattaaq consumption;

® Selenoneine levels are significantly higher in
women compared to men;

¢ Additional country food analyses did not
reveal important selenoneine sources other
than beluga mattaagq;

¢ Preliminary in vitro experiments were
conducted to study the methylmercury-
selenoneine interaction.

programme de recherche interdisciplinaire
intégrant la nutrition, I’épidémiologie, la
toxicologie, I’'océanographie et la recherche sur
la mise en ceuvre, nous abordons la question
complexe des avantages et des risques associés
aux aliments traditionnels chez les Inuits du
Nunavik, en particulier a I’égard des maladies
cardiométaboliques, des interactions entre le
Se et le Hg et de leur toxicité respective. Cette
année, en plus de poursuivre I'intégration des
données recueillies par notre programme de
2012 a 2016, nous avons réalisé des travaux
importants, qui visaient a mieux comprendre
I'origine de la sélénonéine, un nouveau
sélénocomposé que notre équipe a récemment
détecté dans le sang des Inuits et le mattaq de
béluga, de méme qu’a décrire 'interaction
entre ce composé et le méthylmercure dans les
globules rouges. Ces résultats nous aideront a
élaborer et a mettre en ceuvre des interventions
visant a promouvoir les avantages des aliments
traditionnels provenant de la mer, tout en
réduisant I’exposition au méthylmercure dans
cette population.

Messages clés

® Les concentrations de sélénonéine dans les
globules rouges des Nunavimmiut sont liées
a leur consommation de béluga mattaaq;

® Les concentrations de sélénonéine sont
significativement plus élevés chez les femmes
que chez les hommes;

* D’autres analyses d’aliments traditionnels
n’ont pas révélé d’autres sources
importantes de sélénonéine que le béluga
mattaaq;

® Des expériences préliminaires in vitro
ont été menées pour étudier I'interaction
méthylmercure-sélénonéine.
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Objectives

The main objective of this interdisciplinary
project is to investigate the effects of country
foods on cardiometabolic diseases in Inuit
adults from Nunavik. This study consists of three
sections.

The first section focuses on contaminant/
nutrient interactions and their effects on
biomarkers of early metabolic changes that are
predictive of T2D risk. Specific objectives of this
section are:

¢ To measure total Se and Se-containing
proteins levels in plasma samples of NHS
participants (completed);

* To measure recently validated early
biomarkers of type 2 diabetes (T2D) risk
issued from metabolomics studies in the
same plasma samples(completed);

e To measure concentrations of selenoneine
and its metabolites in red blood cells (RBCs)
of NHS participants (completed);

* To examine the associations between
biomarkers of methylmercury (MeHg)
exposure, biomarkers of Se status and early
biomarkers of T2D risk (ongoing);

¢ To investigate links between MeHg exposure,
nutrient status, early biomarkers of TD2 risk
and T2D related effects using path analyses

(ongoing).

The second section focuses on Se and

Hg concentrations, and Se speciation in
Nunavik country foods. Because our recent
results indicate that selenoneine is a major
selenocompound in the blood of Inuit and
beluga mattaaq, this section now focuses on
determining its concentration in various country
foods and other species that are part of the
Arctic marine food web. The specific objectives
of this section are:

e To collect selected country foods from
several Nunavik villages in collaboration
with community members and the Nunavik
Research Center of Makivik Corporation
(completed);

¢ To determine the age of the animals
sampled and measure total Se and Hg
concentrations in the corresponding country
food samples (completed);

¢ To determine concentrations of Se species
including selenoneine in different country
foods consumed by Nunavimmiut;

e To determine concentrations of selenoneine
and nutrients in a wide array of species
from the marine food chain collected in
Qikiqtarjuaq, Nunavut.

The third section consists of performing in

vitro experiments with RBCs to characterize the
interaction between MeHg and selenoneine that
both accumulate in RBCs (ongoing).

The fourth section focuses on the integration
of the data from the two above sections. Specific
objectives of this section are:

¢ To determine whether country foods
nutrients protect against MeHg toxicity and
cardiometabolic diseases (ongoing);

* To mobilize this integrated knowledge
towards Nunavimmiut health (ongoing).

Introduction

The Inuit population of Nunavik displays
among the highest Se intake and blood Se
status in the world since their traditional
marine mammal diet is exceptionally rich

in Se (Lemire et al. 2015). Se is an essential
element involved in several body functions
through selenoproteins expression, including
regulation of oxidative stress, and immune
and thyroid functions (Reeves and Hoffmann
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2009). In fish and marine mammal eating
populations, high dietary Se intake may play
arole in offsetting some deleterious effects

of high MeHg exposure (Ayotte et al., 2011;
Boucher et al., 2010; Lemire et al. 2010; Lemire
etal. 2011; Valera et al. 2009). Conversely, in
Europe and the United States, high plasma Se
has been related to T2D, hypercholesterolemia
and hypertension (Stranges et al. 2010).
Contrary to most European and North American
populations, Inuit present an exceptionally
high intake of n-3 PUFA, a preventive factor

for cardiovascular disease (CVD) (Dewailly et
al., 2001). They can also be highly exposed

to MeHg, polychlorinated biphenyl (PCB),
perfluorooctane sulfonate (PFOS) and trans-fat,
all risk factors for CVD (Chateau-Degat et al.
2010; Counil et al. 2009; Valera et al. 2009).

While plasma or blood Se are the biomarkers
most often used to evaluate the associations
between Se status and health effects, several
other biomarkers (e.g. selenoproteins and
small selenocompounds) have been identified
and these may help to better characterise Se
status (Xia et al. 2010). Several selenoproteins
share common metabolic pathways with glucose
and insulin, and it remains unclear whether
increased plasma Se and selenoprotein activity
is the cause or the consequence of the disease
(Steinbrenner et al. 2011). Selenoproteins
have also been postulated as the key targets
of Hg toxicity; Hg exhibits a very high

affinity for selenol groups in the active site

of selenoproteins and high Se intake may
restore their enzymatic functions (Khan and
Wang, 2009). SelP may also promote MeHg
demethylation and/or bind to inorganic Hg
(HglI) or MeHg and reduce its availability

for target proteins and organs (Khan and
Wang 2009). Others have shown that PCBs,
arsenic and cadmium may also interfere with
selenoprotein activity (Twaroski et al. 2001;
Zwolak and Zaporowska 2012).

In 2010, Japanese researchers identified a novel
selenocompound, selenoneine, as the major
form of organic Se in Bluefin tuna, and other
marine organisms (Yamashita and Yamashita
2010). This Se-analog of ergothioneine,

a powerful antioxidant molecule, could

contribute to the scavenging of reactive

oxygen species (ROS) that are involved in the
etiology of chronic diseases or MeHg toxicity.
Different “methylated/non-methylated”

ratios of selenoneine have been observed

in human blood and urine, indicating their
active metabolism and suggesting a promising
metabolic role of these redox metabolites

in humans (Klein et al. 2011). A subsequent
study among Japanese fish-eating population
showed that selenoneine is primarily found in
the c