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Foreword 
This report provides a summary of the progress 
to date of research and monitioring studies on 
contaminants in northern Canada, and re lated 
educat ion, communi cations and po licy acti vit ies 
that were conducted in 2004-2005 under the 
auspices of the No1i hern Contaminants Program 
(NC P). The projects cover a ll aspects of northern 
contaminants issues, as outlined in the NC P 
blueprints, inc luding human health, monitoring 
the hea lth of Arctic peoples and ecosystems and 
th e effect ive ness of international control s 
(abiotic monitoring and modeling, and bioti c 
monitoring) , education and communi ca tion s, 
internationa l policy and program management. 

These projects were eva luated as proposals, by 
externa l peer reviewers, technical review teams, 
a socia l/cultura l review team, territo ri a l/regiona l 
con ta minant s comm ittees a nd the NCP 
Management Committee to ensure that they 
support the overa ll Northern Co ntamin ants 
Program obj ec ti ves. 

Further inform a ti o n abo ut th e Nort he rn 
Contam inants Program is ava il ab le on the NCP 
website at www.a inc- inac.gc .ca/ncp. 

Preface 
Ce rapport resume I 'avancement de rcchcrchcs 
e t d 'etudcs de surve lill ance portant sur lcs 
contaminan ts dans le Nord canadicn, ainsi que 
d'activites connexes au sujet de !' education, de 
la communi cation et de la politiquc qui ont cu 
li eu en l 'a nn ee 2004-2005. Ccs etudcs et 
act iv ites on t ete menees dans le cadre du 
Programme de lutte contrc les contaminants dans 
le Nord (PLCN). Ccs projets, te ll s que decrit 
dans les pl ans dircctcurs li es au programme, 
representent tous les aspects portent sur lcs 
co ntamin ants , in c lu ant la santehumaine, la 
surve i Il a nee de la sa nte des habitants et des 
ecosystems de I' Arctique et de l'efficancite des 
meas ures de contr6le internationalcs 
(survei llance et modeli sation milieux ab iotiqucs, 
et surve ill ance-mili eux biotiqucs), !' educa ti on 
et la communication , la po li tique intcrnationalc 
et a l gestion des programmes. 

Ces projects on ere exam ines par des pairs , des 
comites d'examen tech ni q ue, un comite d ' 
exa m e n socia l et cult ure!, les comites 
te rritoria ux/reg ionaux sur les contaminants 
environmentaux, et le comite de gest ion de la 
PLCN afin de s ' assurer qu ' ils respondent a 
!'ensemble des objcct ifs du programme de lutte 
contre lcs contami nan ts dans le Nord. 

Pour de plus amplcs rcnseignemcnts au sujet du 
programme de lutte contrc les contam inants dans 
le Nord, v is itez le s ite Web du PLCN au 
www.a inc- inac.gc.ca/ncp. 
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Introduction 
The No11hern Contami nants Program (NCP) was 
establ ished in 199 1 in response to concerns about 
hum an exposure to el eva ted le ve ls of 
contaminants in fish and wildli fe species that 
are important to the traditional diets of northern 
Aboriginal peoples. Early studies indicated that 
there was a wide spectrum of sub stances -
persistent organic pollutants, heavy metals, and 
radionuclides - many of which had no Arctic or 
Canad ian sources, but which were, nevertheless, 
reaching unexpectedly high leve ls in the Arctic 
ecosystem. The Program 's key objective is to 
reduce and, where possible, el iminate 
contaminants in northern traditionally harvested 
(counliy) foods while providing information that 
assists informed decision making by individuals 
and communities in their food use. 

Under th e first phase of the NCP (NCP-1), 
research was focus sed on gathering the data 
required to determine the level s, geographic 
extent, and source of co ntam in ant s in the 
northern atmosphere, env ironm ent and it s 
people, and the probable duration of the problem. 
The data enab led us to understand the spatial 
patterns and temporal trends of contaminants in 
the No11h, and confirmed our suspicions that the 
major so urce s of contam in ants 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 ri sks resulting 
from contaminants in those food s. Results 
generated through NCP- 1 are synthesized in the 
Canadian Arctic Contaminants Assessment 
Report. 

Extensive consu ltations were conducted in 1997-
1998 to find the common elements between the 
concerns and priorities of northern communities 
and the sc ientific needs identified as critica l for 

addre ss ing the iss ue of contamination in 
Canada 's North. As a result, priorities for current 
and future resea rc h are based o n an 
understandin g of th e spec ies that are most 
relevant for human exposure to contaminants in 
th e No rth , and geographic locat ions a nd 
populations that are most at ri sk. 

In 1998-1999, the NC P began its second phase 
(NCP-11 ), which continued until 2002-2003. 
Results of thi s phase are synth es ized in the 
Canadian Arctic Contaminants Assessment 
Report II (CA CAR II). NCP-11 suppo11s research 
designed to answer questions about the impacts 
and ri sks to human health that may result from 
current leve ls of contamination in key Arctic 
food species. To ensure a balanced assessment 
of the ri sks, an empha s is is place d on 
characteri zin g and qu anti fy in g the benefits 
associated w ith traditi ona l diets. 
Communications activities are also emphasized 
and supported und er NC P-11. Und er the 
leade rship of the no rth ern Aborig in a l 
organizations, the di alogue between northerners 
and the sc ientific co mmunity, which was 
initiated in NCP-1 , continues to build awareness 
and an understanding of contaminants issues, 
and helps to support the ability to dea l with 
specific contaminant issues at the local level. 

In addition , the NC P effo rt to achieve 
international controls of contaminants remains 
strong in NCP-11. The legally binding POPs 
protocol , under the United Nations Economi c 
Commission for Europe (UN ECE) Convention 
on Long-range Transboundary Air Pollution, has 
been successfu lly negotiated and was signed by 
34 countr ies (including Canada) at the UN ECE 
Mini sterial Conference in A ?rhus, Denmark in 
June 1998. Canada ratified thi s agreement in 
December 1998. Negotiation s for a lega lly 
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bi nding global instrument on POPs under the 
United Nations Environment Programme have 
now also been compl eted with the signing of 
the POPs Convention in Stockho lm, Sweden, 
May 23. 200 I. The Convention has been signed 
by more than I 00 countries; Canada has signed 
and ratified the Convention. Cooperative actions 
unde r th e Arct ic Co uncil , including th e 
circumpolar Arctic Monitoring and Assessment 
Programme (AMA P) and the Arcti c Council 
Acti on Plan (fo rmall y launched in Octobe r 
2000), arc continuin g. NC P-11 continues to 
generate the data that allows Canada to play a 
leading ro le in these initi ati ves. 

The NC P is direc ted by a manage men t 
committee that is chaired by the Department of 
Indian Affa irs and Northern Development, and 
whi ch in c lud es represe ntatives from fo ur 
northern Aboriginal organizat ions (Council of 
Yukon First ati ons, Dene Nation, In uit Tapiriit 
Kanatami , and Inuit Circumpolar Conference), 
the Yukon, Northwest Territories and Nunavut 
Te rritori al Governments, Nuna vik , and fo ur 
federa l depanments (Environment, Fisheries and 
Oceans, Hea lth , and Indi an Affairs and No1thern 
Development). The management committee is 
responsible fo r es tabli shing NCP po li cy and 
research priorities and fo r fina l deci sions on the 
a ll oca ti on o f fund s. Three territoria l 
co ntamin ant s co mm ittees in the Yuk on, 
No,thwest Territories and Nunavut (estab li shed 
in May 2000), and a reg ional contami nan ts 
committee in Nun av ik support this nati onal 
committee. Fu ndin g fo r th e NCP- ll ' s $4.4 
milli on annual research budget comes from 
INAC and pa1ticipating federa l departments. 

The NCP Operat iona l Manageme nt Guide, 
developed in 2000-200 I, and avail able on the 
NC P we bsite (www.a in c-i nac.gc.ca/ ncp), 
prov ide s a summary of the manage ment 
structures and rev iew processes used to 
effectively implement the NCP. The Guide 

XII 

ex plains the ove rall management st ructu res 
cu1Tently used, the proposal review process and 
outlin es a protoco l to be used to publi cly 
di sseminate health and harves t in formati on 
generated by the NCP. Background informat ion 
on all CP committees and review teams is also 
provided. 

In 1998 , th e NC P Management Co mmittee 
redesigned the CP-Phase II fo r appli cati on 
under the 1999-2000 fund ing yea r. The two mai n 
initiatives undertaken were: I) the devel opment 
of blueprints that represent the long-term visi on 
and strategic direction fo r NC P-11 ; and 2) the 
implementati on of a more open and transparent 
proposa l review process. Thi s new management 
structure is des igned to ensure that the NCP 
remai ns sc ienti fica ll y defensible and socio-
cultu ra ll y awa re, whil e at th e sa me tim e, 
achieving real progress in terms of the Program 's 
broad policy objecti ves. 

Blueprints were deve loped for each of the fou r 
main NC P subprograms: i) Human Hea lth , ii) 
Monitoring the Hea lth of Arcti c People and 
Ecosys tems and th e Effec ti ve ness o f 
Internati onal Controls , iii) International Poli cy, 
and iv) Education and Communications. The 
blueprints are used to provide the necessaI')' 
guid ance to proj ec t proponents for th e 
deve lopment of proposa ls as we ll as to peer 
reviewers, rev iew teams and the NC P 
Management Co mmittee fo r eva lu atin g 
proposa ls. They are evolving documents that 
are rev iewed al least annua ll y. 

Under a revamped proposa l review process, the 
NC P Technical Committee was replaced with 
an external peer review process facilitated by 
review teams. The review of proposals is a two-
pronged approach in volving a scientifi c review 
by ex ternal pee r review ers, fac ilitated by 
techni ca l review teams, and a soc io-c ultu ra l 
review fac ilitated by the regional and Territorial 



Contaminants Commi ttees (TCCs). Both sets 
of reco mm enda ti ons a re co ns id e red by th e 
Management Committee in making fin al fundi ng 
dec is io ns. Pro posals submitted under the 
Education and Communica tions subprogram a rc 
eva luated by th e TCCs. All peer reviewers, 
review teams and TCCs use evaluation criteri a 
and the blueprints to review and rate proposals. 
Written consent from the appropri ate northern 
co mmunity a uth o rity or na ti o na l- leve l 
Aborig in a l o rga n iza t io n is required fo r a ll 
projects in volving fi e ld work in the North and/ 
or ana lyses of samples as a condition of approva l 
for fu nding. 

This report prov ides a summary of the progress 
to date of research and acti vities funded by the 
Northern Contaminants Program in 2004-2005. 
It is a compilation of reports submitted by project 
teams, emphas iz ing the results o f research and 
re lated acti vities that took place during the 2004-
2005 fi sca l yea rs. The report is di v ided in to 
chapters that re fl ect the broad scope of the NC P: 
Human Hea lth ; Moni toring the Health of Arctic 
Peopl e and Ecosystems and the Effecti veness of 
Inte rn a ti o na l Co nt ro ls ( in c ludin g a b io ti c 
monitoring and bioti c monitoring) , Educa ti on 
and Communica ti ons, International Po li cy, and 
Program Coordination. 
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Monitoring Temporal Trends of Human 
Environmental Contaminants in the NWT: Year 2 
MOM'S (Monitoring our Mothers-Study): 
Environmental Health Trends-lnuvik Region 
Expectant Mothers Blood Monitoring Program 
2004-2007 

Abstract 

Project leader(s) 

Barbara Armstrong, MOM's Coordinator - Environmental Health Trends , 
lnuvik Regional Health and Social Services Authority, Bag Service #2 , lnuvik, NT 
X0E0T0; phone (867) 777-8151 /(867) 777-2072 ; fax: (867) 777-8049 ; 
e-mail: barbara_armstrong@gov.nt.ca 

Project members 

Jack MacKinnon, GNWT Department of Health and Social Services (H&SS); Olivier 
Receveur, University of Montreal; Laurie Chan, Centre for Indigenous Peoples' Nutrition 
and Environment (CINE); Jay Van Oostdam, Health Canada; Eric Loring , Inuit Tapiriit 
Kanatami (ITK)-Pan Inuit Communications Committee; NWT Environment Contaminants 
Committee (NWTECC), Indian and Northern Affairs Canada (INAC) and Dene Nation; 
Erica Myles, Kavik-AXYS Inc; Karen Tofflemire , Calgary Regional Health Authority; 
lnuvialuit Regional Corporation; Gwich'in Tribal Council 

Northern Contaminants Program (NCP) Human Health Techni ca l Steering 
Committee: Jill Watkins, INAC; Constantine Tikhonov, Health Canada; Mark Feeley, 
Health Canada; Jay Van Oostdam, Health Canada; Jack MacKinnon, GNWT H&SS; 
Janet Brewster, GN H&SS; Eric Loring , ITK 

In May 2003 it was decided to conduct a feasib il i ty study 
to estab l ish t rends for human environmen tal 
contaminants in the WT and Nunavut as a fo llow up to 
th e Hum an Environmenta l Contaminants Exposu re 
Baseline study conducted between 1995 and 200 I. The 
new study was approved and began in 2004 and will 
involve the col lecti on of maternal blood samples and 
information on li festyle and diet from pregnant women in 
the lnuvik Region of the NWT and Baffin region of 
Nunavut. Consultat ion was a key component that began 
with the feasibi lity study (Year I ). and consultation 
activ iti es continu e to in cl ud e meeti ngs wi th and 
presentation s to: terr itoria l hea lth departments and 
regional hea lth staff, regional health authorities, territorial 

environmenta l contamina nt s and health com mittees, 
regiona l hosp ital staff. regional and national Aboriginal 
organizations including the local lnuvialuit Regional 
C01voration and the Gwich"in Tribal Council. communities 
and representatives of the terr itorial and federal 
governments. 

Year 2 of the program included starting panicipant 
recruitment ; training the appointed project coord inator, 
loca l health staff and community represen tati, es; 
co ll ection of hair and blood samples and lifesty le 
information; ongoing communication with participants. 
stakeholders, and team members; and the formation of a 
local in formal working group with key health sIaff and 
Aborig inal partner parlicipation. 

B. Armstrong 



Key Messages 
I . A coo rdinator was hired fo r the Mothers ' Blood 

Moni toring Program in September 2004. 

2. Tra in ing and recruitment began in November 2004 and 
sampling began in January 2005. 

3. Interest and support fo r th e study cont inued to be 
ex pressed by all stakeholders. A key foc us has been 
on Abori ginal participation to prioritize and improve 
capacity building and communicat ion. 

4. A proposa l fo r Year 3 of the program was submi lt ed to 
the NC P. The recruitment and samp ling process for 
thi s fisca l yea r is planned to continue with the ai m of 
obtai ning th e target of I 00 participants. 

Objectives 
Short Term Objecti ves: 

I. Max imize. improve and build strong 
communication networks with territorial and 
reg iona l hea lth departments, communit ies and 
priority Aboriginal organizations. 

2. Establi sh a temporal trend of maternal 
ex posure to se lect organochlorin c and metal 
contaminants in NWT and Nunavut. 

3. Deli ver recruitment and conduct sam pling and 
lifes tyle surveys that wi ll be compati bl e/ 
comparable with the earlier base line sampling 
program in the Baffin and lnuvik Regions. 

Long-term object ives : 

4 

I. In crease Aboriginal partic ipati on and improve 
capacity building and communicat ions relating 
to all aspects of thi s project. 

2. Provide a vari ety of information to women of 
childbear in g age that offe rs wise lifesty le 
choices and enables them to make informed 
deci sions relating to human hea lth and the 
environment, especially as these factors relate 
to traditiona l/country food choices. 

3. Eval uate temporal trends of maternal ex posure 
lo sel ected orga noch lor in es a nd meta l 
contami nants in the NWT and Nunavut using 
blood and hair as bioma rk ers. 

4. Comprehend , understand , describe and re lay 
relationships between contam inant exposure and 

frequency of consumption of traditiona l/country 
foods. 

5. Co ntribute to ot her, internati o na l bl ood 
mon itoring programs and to Ca nada's 
commitment to the Global Monitoring Plan under 
the Stockholm Convention 

6. Collaborate with other NC P researche rs on both 
study des ign and sample collection. 

Introduction 
In May 2003 the Human Health Steering Committee under 
the No11hern Contaminants Program (NC P) met in Calgary 
to di scuss the need to conduct a feas ibi lity st udy to 
establi sh temporal trend monitoring programs of hu man 
env ironmental contaminants in the NWT and Nuna\ ut 
The new study will fol low up on the Human Env ironmental 
Co ntamin a nt s Exposu re Base line stud y that was 
conducted dur ing 1995-200 I The main pu rpose of 
conducting the new study wil l be to establi sh a time trend 
of human exposure to spec ific environment contaminan ts 
through the col lection and ana lys is of human blood and 
hair samples. The Env ironmenlal Hea lth Trends- lnu, ik 
Region - Expectant Mothers Blood Monitoring Program 
2004-2006 wil l loca lly be ca ll ed: MOM 's (Moni toring our 
Mothers-Study); and will co ll ect informat ion on di etary 
habits and describe relat ionsh ips betwee n contaminant 
ex posure and freque ncy of consumption of traditi onal/ 
country foods and se lect Ii festy le fa ctors. 

This follow- up monitori ng stu dy was also undertaken in 
res ponse to results from the Public Hea lth Resea rch Unit 
at the CHU L/C HUQ Resea rc h Centre that showed 
beneficial effects of traditional/country food consumption 
on in fa nt deve lopment as we ll as some subtl e negative 
effects related to contami nant ex posure. Further, the 
monitoring program will be va luab le in Canada 's effort to 
fulfil I its imernational obligations to the Persistent Organic 
Pollutants (POP) and Heavy Metal s Protoco ls of the 
United Nations Economic Comm iss ion fo r Europe (UN/ 
ECE) Long-ra nge Transboundary Air Po llutio n (LRTAP) 
agreement. The program is al so ex pected to contribute 
data to th e Globa l Mon itoring Plan, created under the 
Stockholm Convention , that includes human blood as a 
biomarker. 

The Baffin and lnu vik Reg ions were se lec ted as target 
regio ns for sam pl e co llec ti on to prov ide data from 
contrasting regions characteri zed by high and moderate 
contaminant exposures. The Ba ffi n Region was a priority 
as it generally had th e highest maternal and cord blood 
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contaminant levels in th e ori ginal N W T and N unavut 
environmental contaminants baseline study. In contrast, 
the lnu vik Reg io n had th e lowest levels of 111os1 
contaminant s in Inuit matern al sa mples, and overall was 
in the 111iddle to low range of dietary ex posure leve ls. The 
lnuvik Reg ion also had the highest recruitment rates and 
th e most detai led d ietary study of all reg ions. Data 
collected from the lnu vik Regi o n w ill also a ll ow 
comparisons between ethnic groups, as it is home to Dene, 
M et is, l nu v ialuit and Caucas ian women. 

A workpl an ou tlinin g activ ities fo r Year 2 of the study 
was prepared and approved by the NC P Hu111an Hea lth 
Techni ca l Stee ring Com111inee. Barbara Ar111strong was 
hired as the project coordinator in September 2004. 
working under the lnu vik Hea lth and Soc ial Serv ices 
A uthor ity. Training sess ions began and recruitment 
started in ove111ber and sa111pl ing began in January 2005. 
Expectant mothers are now being interviewed around the 
1i111e of their de livery to assess diet and lifestyle during 
pregnancy, and are being asked to sign a consent fo rm 
agree in g to provi de blood and hair samples for th e study. 

Activities 
In 2004-2005 
Year 2 of the study focused on training. recruitment and 
beginning th e sampling process wi th ongoing meetings 
with a variety of stakeholders to discuss project planning. 
protocols and communicati ons. 

Monthly acti viti es fo r 2004/2005 are su mmarized in the 
li st be low: 
September- December 

Project Coordin ator was hired by the lnu vik Hea lth 
and Socia l Serv ices Aut hority. 
Training began with Erica Myles and Karen Toflle111irc 
in Ca lgary, AB. 
o Mee tin g wit h the second coo rdinator of th e 

baseline lnu vik study- Ka ren Tofllem ire. 
o Introducti on and rev iew of both the old and new 

studi es with Eri ca Myles. 
Barbara Ar111 strong ane nded and presented at the 
NC P Resu lts Workshop in White Rock, BC. with Erica 
Myles. 
o First in-person 111eeting with the Hu111 an Hea lth 

Technical Steering Committee. 
Informa l wo rkin g gro up se t up and rev iewed 
workplan, recrui tment, and protoco ls. 
Meeti ng with lnu via luit Regional Corpora tion: Roger 
Conne ll y, Ne llie Cournoyea and Frank Pokiak. Al ice 

B Armstrong 

Thrasher ( IRC Regional Wellness Coordinator). 
appo inted by Aboriginal partner. 
For Health Workers of the lnu , ik Regional Health & 
Socia l Services Au thority. 
Con tacted th e Gwic h"i n Tribal Counci l (GTC) -
Nor 111 an Snows hoe (GTC Regional Wel lness 
Coord inator), appointed by Abor ig inal partner -
Denise Kurszewski. 
o Meetings w ith D eni se an d Norm and Alice -

reviewed baseline st udy and draft introduction 
booklet. 

o Several recom111endations were offered and then 
incorporated into the next draft of the recruitment 
packages, posters design. sample protocols and 
Ii festyle survey. 

• Loca l infom1al working group set up with Aboriginal 
representatives from IRC -Alice Thrasher. and GTC -
Den ise Kurszewski: the Env ironmental Health Officer 
at the lnu vik Regiona l Hospital. Christopher 
Beverage: Elaine Bright. the Co111111unity Prenatal 
Nutrition Progra111 (CPNP) Regional Coordinator / 
N utrition ist; and Lorraine Walton Manager, Regional 
Hea lth Pro11101ions. 
o Several reco111111enda 1i ons were offered and then 

incorporated into the next draft of the recru i1111ent 
packages, posters design. sa111p le protocols and 
Ii festyle su rvey. 

Produced the first draft of the introduction booklet : 
ABCS of the MOM'S Study- for I lea Ith Workers of 
th e lnu vik Regional Health & Social Services 
Autho rity. 
Reviewed and reprinted the pre, ious study, MOM"S 
recrui1111ent packages. and survey prompts. 
Ordered hair and blood sa111p li ng kits: reviewed 
protoco ls and refi ned analyses. 
Contacted Mary O'keenan to req uest a new project 
logo designed. 
Doctors and health workers' 111edica l rounds and first 
of three workshop presentations. 
o One-day works hop with Com111u ni1y Health 

Workers (C HR ). Informal work in g group 
att ended and participated as we ll as lnuvik 
Hosp ita l nurses and lab technicians. 

o OfTered a half-day introduction to the NCP. long-
range contam inan ts background presentat ion: 
Country Foods. Still Healthy Safe and Strong! 

o Karen Tome111i re presented on the results and 
study design of the base line st udy. 

o Introduction to the MOM'S trend st udy and a 
lengthy review and train ing on th e lifestyle 
survey and recrui tment : suggested changes 
incorporated in working documents. 
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Col laborated on content and design to produce the 
yearly CPNP newslet1er. 

• NCP mid-tem1 reporting. 
• A proposal for Year 3 of 1he st udy was prepared and 

submit1ed to the NC P. 
• Ph ys ician and hea lth wo rk e rs ro und s a nd two 

community front line worke rs presentatio ns. 
o One-day \\Orkshop with Community Nurses. 
o One-day wo rkshop wit h the reg ional and loca l 

CPNP workers. In formal working group attended 
and part icipated as wel l as the ln uvik Hospital 
nurses and lab technicians . 

o Offered a half-day introduction to the NCP. long-
range contaminants background presentation: 
Country Foods, Still Hea lthy Safe and Strong' 
Presented on the result s and study design of 
the base line study. 

o Introduction to the MOM 'S trend study and a 
length y review and training on th e li fes tyle 
survey and recrui tm ent ; suggested changes 
incorporated in work ing documents. 

• Collaborated on content and design to produce the 
monthly newsletlers with presentation summaries for 
community nurses and heal1hcare work ers. 

• Partic ipated in the organ izati on and displays and 
presenta lions at th e loca l Ca reer Fair. 

• NCP final yea r repo11ing, I RH SSA budgeting, ex pense 
reports and billing reconci li ation. 

• Database set up and train in g wi th Karen Tomemire in 
Calgary. Alberta. 

• lnu vik I lea I th y Babies presentations and parti cipation 
in various activit ies. 

• Several meetings with loca l informal working group set 
up wi th Aboriginal represe ntati ves from IRC - Ali ce 
Thrasher. and GTC - Deni se Kurszews ki ; the 
Environmental Hea lth Officer at the lnu vik Reg ional 
I lospital, Chri stopher Beverage; Ela ine Bright , CPNP 
Regional Coordinator /Nutriti oni st; and Lorraine 
Walton Manager. Regional Hea lth Promot ions. 

o Several recommendations were offered and then 
incorporated into the next draft oft he recru ilment 
packages, posters design , sample protocol s and 
Ii festyle survey. 

• New graphi c - sent from Holman. digitized and ordered 
revised printed materia ls and recru itment packages from 
Gwich' in Graphics. 

• Thank you gift bags ordered. orga ni zed and recruitment 
packages sent to communities. 

• Ten lifestyle surveys and blood and hair samples have 
been com pleted and se nt for analysis. 

Teleconference cal ls and communications ongoing with: 
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Human Health Techn ica l Steeri ng Commit1ee; ha ir and 
blood sampling laboratories ; Jack MacKinnon. Ol iv ier 
Receveur and Jay Van Oostdam ; previous base line study 
lab; health workers and coordi nators ; loca l in fo rmal 
working group ; Erica Myles and Karen Tofnem ire; and 
th e NWT Envi ronment al Cont aminates Comm ittee. 

Results 
All lnu vik region and NWTstakeholders that panicipated 
in meetings, di scuss ions and conference ca lls continued 
to be supporti ve of the study. In general , stakeholders 
were aware of th e base line program and understood the 
importance of conducting the trend monitoring study. 
There were several sign ifi cant comments and concerns 
related to study design. These included: the possib ility 
of including othe r Dene communities in the program: 
adm in istration of project coord inator; com municati on of 
results and building community capacity in th e region 
a nd concern s a bout in crea sed work loads for the 
community front line workers. To date, al l these concerns 
have been incorporated into the overa ll study design. 

Other key iss ues identified during consultat ions that hme 
been incorporated and wi 11 remain prioriti es: 

Comm uni ca ti on material s should be devel oped 
co ll aborative ly and co ntain clear messages related 
to pub li c health and hea lthy pregnancies. 
The need for a well-developed communication plan 
for res ults that included follow up with any women 
who had blood leve ls above guidelines. 
Vi sual and ora l com muni ca ti on material s for 
participants and communities are preferred. 
Community visits with the Abori gina l partners wil l 
need to be planned . 

• Lifestyle and dietary information collected during the 
prenatal interview is of significant interest from a 
public hea lth perspect ive. 

Discussion and Conclusions 
The stud y wi ll continue to in vo lve th e recru itment of 
pregnant wo men from the lnuvik region of the NWT. 
Consult at ions on project planning resulted in the 
establ ishment of a recruitment goal of I 00 women. The 
Program Coordin ator manages the project under 1he local 
hea lth authorit y and undertakes al l th e as pects and 
responsibilities for th e project, including recruitment and 
sampling. Expectant mo1hers are interv iewed prior to 
delivery to assess diet and lifestyle durin g pregnanc)-. 
and are asked to sign a conse nt fo rm agree in g to provide 
blood and hair sa mples for the stud y. Ongoi ng 
communications are offered to participants, community 
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frontline workers and hea lth profess ionals regarding a 
variely or information re lated to understanding long-range 
co ntami nant healt h and envi ro nment iss ues. the 
connectio ns and impo rtance of co untry/traditi onal food, 
and healthy lifesty le cho ices. 

Expected Project Completion Date 
March 2007 
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Abstract 
Compound s that possess a chemi ca l structure s imi lar to 
that of dioxin are among th e most toxic substances and 
can elicit a variety of effec ts in laboratory animals 
includi ng hormo nal distu rbances, imm une sys tem 
dysfunction and ca nce r. There is litt le data o n exposu re 
of the Canadian Inu it population to these co mpo unds 
and no information on possible adverse hea lth effects 
poss ibl y resu lting from this ex posure . In the course of 
the Inuit Hea lth in Transition Study. a co ho rt study that 
started in Nu navik in 2004. we will be analys ing plasma 
samples from I 000 Inuit adu lts for dioxin- like com pounds 
using a ce ll-based assay: the Di oxi n-ReceptorChemica lly-
Activated Luciferase Ex press ion (DR-CA LUX) bioassay. 
During September 2004, we recruited over I 000 Inuit adults 
in the course of the Nunav ik Health Study and p lasma 
sa mpl es were obtained for pers istent organic po llutam 
analyses. A semi-automated comprehensive extraction 
multiple fra cti o n (SACEMF) method was refined to 
prepare, from a s ingl e plasma sa mple (- 5 ml), different 
plasma sa mpl e fra ct ions for GC-MS ana lyses (project H-
I I ) an d the DR- CA LUX assay. We improved th e 
se nsiti vi ty of th e DR-CALUX assay and are proceeding 
10 the forma l va lidat io n of the assay. in the sp irit of 
ISO l 7025 ce rtification. Ana lyses of th e sa mpl es a re 
schedul ed to start in July 2005. 

Key Messages 
I. A new automated method of so li d phase ex trac tion 

was deve lo ped for the ex tract io n of the pl asm a 
samples an d purifi ca t ion of th e fract ions to be 
ana lysed by GC-MS and the DR-CA LUX. 

2. Reproducib ili ty and se nsiti vity o f the DR-CAL uX 
assay were improved. 

3. A na lyses of the I 000 pl asma sampl es will start 10 

Ju ly 2005. 

Objectives 
I. To determine th e plasma concen1ra1ions of d ioxin-

li ke compo unds in I 000 Inuit ad ults recruited in the 
co urse of the Nuna vik Hea lth St udy; 

2. To investiga te th e re lation s between concentra ti ons 
of these compounds and those of oth er pers istent 
organ ic pollutants measu red in the co urse of this 
cohort study; 

3. To relate DLC p lasma leve ls to d ietary hab its in the 
North. 

4. To relate concentrations of d iox in -like compounds 
to th e in c idence o f chro ni c di seases doc um ented 
d uring the fo ll ow up of participants (cohort study). 
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Introduction 
Substance s struct ur a lly re la ted to 2,3.7,8-
tetrachlorodibcnzo-p-di ox in (TCDD) such as non- and 
mo no-o nh o c hloro-sub s titut e d po lyc hl o rinat ed 
biphcnyls (PCBs) as we ll as 2.3,7.8-c hloro-s ubst itutcd 
po lych lorin ated dibenzo-p-dioxins and dibcnzofuran s 
(PC DD/Fs). bind the aryl hyd rocarbon receptor (A HR) 
with va rying affi nities. Th e li gand-receptor compl ex 
tri ggers the express ion of genes that are involved in ce ll 
proliferation and differen ti a ti on. These co mpounds, 
refer red to as dioxin-like co mpou nds (D LCs). are 
ubiquitous pol lutants that are associa ted espec ia ll y wit h 
the aquatic food chain. DLCs e li ci t a number ofspecics-
speci fi e toxic responses in laboratory and wildli fe species. 
including hepatox ic ity, body we ight loss, thymic atrophy. 
and 1mpairment of oth er immune respon ses, dermal 
les ions, reproductive toxicity, alterati ons in vi tamin A and 
th yro id horm o ne metabol is m , tera togc ni c it y, a nd 
carc inogenesis (Sa fe. 1990, 1994). 

In humans. a meta-analysis examining cancer ri sk from 
dioxin exposure in three occupa tio na l cohort s revealed 
excess ri sks for all cancers, without any spec i fie cancer 
predomi nat ing (C rump e t a l. , 2003). In spec ific coho rts. 
excess ri sks were observed fo r reproductive cancers 
(breast femal e, cndometrium, breast male, tes ti s) but, 
overa ll. the pattern is inconsistent (Kogevinas, 200 I) and 
the carcinogenic ity of diox ins rema ins controversia l (Cole 
et al.. 2003). Other possible effects linked to DLC exposure 
in humans include modifica tion of the sex ratio at birth 
altera tions in thyroid function, and increased ri sk fo1~ 
diabetes (Kogcvi nas e t a l. . 200 I). 

Inu it residing in the Arctic recei ve an unusually high dose 
of organochlorines through their trad itional diet wh ich 
includes large quantities of sea mammal fat. We previously 
reported resu lt s of DLC ana lys is in 20 poo led plasma 
sampl es made o f indi vidual samples co llected from Inuit 
adult s res idin g in N un av ik (Arctic Quebec) who 
partic ipated in a large health survey during the 1990s. 
Th e mean tota l co ncentra ti on of DLCs (exp ressed in 
2.3.7,8-TC DD tox ic equivalents) forthe 20 poo led samples 
was 184.2 ng/kg lipids, compared to 26. 1 ng/kg lipids fo r 
three contro l pooled pl as ma sa mpl es from so uth e rn 
Quebec. Thi s DLC body burde n in Inuit adults was c lose 
to th e o ne whic h induced adverse hea lth effects in 
labora tory animals, but thi s ri sk rema in s hypot hetica l. 
Only a large-sca le cohort study conducted th rouohout 
the A rct ic can ge ne ra te the result s needed to bette r 
characteri ze the risk associated with ex posure to DLCs in 
thi s pop ul atio n. Suc h a s tud y has bee n lau nch ed in 

unavik and will invo lve the part icipati on of 1000 Inuit 
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adu lts from unavik . In su bsequent yea rs, it is expected 
that the coho rt study wi ll be expanded to ot her re<rions of 
the Canad ian Arct ic, bringing th e tota l nun;ber of 
pa_11icipants in Canada to close to 4000. Detail s regarding 
this study can be fo und in the synopsis or project H-1 I 
(" Inuit Health in Trans ition Study: the Nunavik ll ea lth 
Study": Eric Dewailly, PI ). Up to now, only poo led plasma 
sa mpl es or a few milk sa mples from thi s popula tion had 
bee n analysed for DLCs. Beca use information on the 
d iet of'partic ipants wi ll be col lected in the Nunavik Hea lth 
Study. it wil l be poss ible to link plasma DLC levels to 
die tary hab its of participan ts. Our s tudy wil l a lso a llow 
testing the hypothes is tha t DLCs a rc related to ch ron ic 
d iseases such as diabetes an d cancer in the No rth . 

The co n ve ntio na l method to quantify DLCs in a 
biological sample in volves the dete1111ination of the Yarious 
co mpou nd s individua ll y by hi gh-reso lution gas-
c hro ma tog rap hy/ h igh re so lution mass-s pectrome try 
( HRG C/ HRM S) and knowledge of the relati,e toxic 
potencies of indi vidual compoun ds compa red to TCDD. 
w hi ch a re expressed as toxic equiva lcncy factors (TEFs). 
The concentra tions of the ind ividual congeners multiplied 
by the ir res pect ive TEFs a rc added up to yield the tot a l 
TCDD toxic equ iva lents (TEQ) of the mixture. Howe,er, 
the often small concen trations of indi vidual congeners, 
the presence of unknown or not routinely-measured A HR 
agoni sts. the lack of TEF va lues for severa l DLCs. and 
the poss ible supra-additi ve or antagonistic interactions 
between compounds in a mixture are dra\, backs to the 
TEQ approach. Furthermore. conventional analytica l 
chemi st,y methods usi ng HRGC/HRM S are expensive and 
require a large vo lume of plasma(> I O ml) and extensive 
sa mple c lean-up. Therefore. in order to study the possib le 
ro le of DLCs in disease throug h a large ep idemio logical 
study such as the In uit Hea lth in Transiti on Study, an 
a lternati ve to the HR GC/ I-IRM S-based methods is needed. 

One such a lternative is the DR-CA LUX b ioassay. In our 
laboratory. this test is performed using l-l 4 11 E.Lu c cel ls 
(k indl y donated by Dr. A braham Brouwer, Vrije 
Universiteit. The Net he rlands). To produce these ce ll s, a 
vector containing the luciferase gene under transcriptional 
co ntrol of dioxin-responsive elemen ts was s tabl y 
transfec ted into a rat (H4 II E) hepatoma ce ll line tha t 
ex presses the AHR. Plas ma ex tracts arc placed in the ce ll 
culture medium and DLCs that are present in the extract 
diffuse across the ce ll membra ne. bind the AHR and the 
complex is translocated in the nucleus where it binds dioxin 
respon se e le ments a nd triggers the express ion of 
luciferasc. Th e response is de termined by mea surin g the 
tntenstty o flt ght emitted dur ing th e oxidat io n of luc ifcrin 
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added to the cel l lysatc, the rate of this reaction being 
proportional to the amount ofluc iferase produced by th e 
cells. 

In recent yea rs, severa l resea rchers have used this 
bioassay to measure DLCs in plasma samples in the course 
of population studi es (Covac i et al., 2002; Koppen et al. , 
200 I; Laieret al., 2003; Pauwcls et al.. 2000. 200 1; Van Den 
Heuvel et al., 2002). In ge neral , mode rate to hi gh 
correlatio ns were observed between resu lts of the DR-
CALUX assays and those obtained by H RG C/HRM S. In 
general, results obta ined with the bioassay are somewhat 
inferio r to those obtai ned by anal ytical chemistry (HRGC/ 
HRM S), whi ch may indicate antagonist ic interacti ons 
between compounds in plasma extracts. 

Activities 
In 2004-2005 
During September 2004, we recruited over I 000 Inuit adu lts 
in the course of the Inuit Hea lth Study. Blood samples 
we re collected in vacuta iners co ntaining EDTA as the 
ant icoagulant , cemrifuged and the plasma was tra nsferred 
in a glass tube pre-washed wit h hexane and stored at 
80°C. Because of the large num ber of samples, th e 

extensive li st of compounds to be analysed in the course 
of the Nuna vik Heal th Study and the limited amount of 
plasma ava il able. a semi-automated comprehensive 
ex traction multiple fraction (SACEMF) method was set 
up. Zymark Rapidtrace automated solid phase extraction 
modules are used to prepare from a single pl asma sample 
(~5 mL) the different fraction s forGC-MS analyses (project 
H-1 l)and th e fraction needed for the DR-CA LUX assay. 
Th e be nefits of using the Rapidtrace modules are 
increased reproducibility and less samples handling. 
Various clean-up procedures were tested for the fractio n 
to be analysed by the DR-CA LUX assay. We al so worked 
on the sensiti vity of the method and are proceeding to 
the formal va lidation of the assay, in the sp irit of the 
1SO 17025 ce11ification. 

Results 
A great deal of work was conducted on improving the 
precision and the sensiti vity oft he DR-CALUX. Each step 
of the assay was rev iewed for possible improvement over 
the original method used in our laborato,y (Ayotte et al. , 
2005). Most notably, we improved the precis ion of the assay 
by using 24-well plates instead of the 96-well plates used 
previously. The coefficient of variation fortriplicates in the 

Figure 1. Dose-response curve with the DR-CALUX 
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same plate is now usually below 5%. A typical dose-response 
curve obta ined with the current version of the bioassay is 
shown in Figure I. We added more poin ts in the lower pa,1 
of the curve and are obtai ning an excellenl fit using a cubic 
polynomial model. The limit of detecti on is 0.5 pM , 
corresponding approximately to 15 pg TEQ/g lipid, assuming 
a 6 g/L total lipid content in plasma. 

Alier extracting the compounds from plasma samples on an 
Oasis HLB (540 mg; Waters Corp.) solid phase extraction 
co lumn and eluting the compounds with I 0% MeOH/ 
dich loromethane, half of the eluate is used for the DR-
CALUX assay. Solvents are evaporated and the fraction is 
purified on an acid-silica column on the Rapidtrace modules. 
We also tested Florisil to purify the extract but we found that 
PCDD/Fs could not be eluted from the column. Hence ac id 
silica was selected for cleaning-up of the fraction . 

Discussion and Conclusions 
Because of the large numberof samples and analytes included 
in the Nunav ik Hea lth Study, a semi-automated solid phase 
extraction procedure had to be set up and va lidated. The 
development of this method delayed DLC analyses with the 
DR-CA LUX. In the meantime, we worked on improving the 
precision and the sensitivity of the method. We are now 
proceeding to the fonnal validation of the method and samples 
will be analysed sta11ing in Jul y 2005. Data analysis will 
follow. Since the DR-CA LUX bioassay can be conducted 
with as little as one ml of plasma, at a fraction of the cost of 
conventional analytica l chemisuy methods, it can be applied 
in the course of large-scale ep idemiologica l studies such as 
the Inu it Cohort Study. This wil l allow examini ng poss ib le 
associat ions between ex posu re to dioxin-like compounds 
and the incidence chron ic di seases in the Inuit populat ion. 

Expected Completion Date 
March 3 I . 2006 
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Monitoring Temporal Trends of Human Environmental 
Contaminants in the NWT and Nunavut: Nunavut Study 

Abstract 
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Key Messages .\ feasibility study for the temporal trends mon itor ing 
program began in September 2003. Work completed in 
2003 mainly focused on proj ect planning and consultation. 
Issues and conce rn s rai sed during consultati on we re 
incorporated into the study des ign detai ls for 2004. Year 
two (2004/2005 ) of the temporal t rends m onitorin g 
progra m was init iall y planned to inc lude hire o f a 
coordinator to manage the proj ect, recruitment wo men 
and the co llecti on o f b lood and hair samp les fo r th e 
program. Some significalll delays were encountered in 
the hire of a Proj ect Coordinator in 2004 which in turn 
delayed the initiat ion o f program recruitment and sample 
col lection. A Coordinator was hired in March 2005, and 
began her pos ition on M arch 2 1 " . 2005. Training of the 
Coordi nator took place in A pr i l 2005. No sa mpling 
occurred in Year 2 of th e progra m. A ll sampling and 
ana lys is is now proposed fo r Year 3 o f the program. 
Recrui tment w il l occur over an 8- 10 momh peri od w ith a 
target for the collecti on of I 00 maternal blood and hair 
samples. The ICP full suite o f metals, fatty acids and PBDEs 
(recent ly added) are included on the parameters li st fo r 
blood analys is. 

I . Work completed in 2004 focused on hire of a regiona l 
coo rd inator. ethics approva ls, fina li zati on of the 
matern al interview questionnaire and dietary survey. 
and approva l of the consent form. 

J. Brewster 

2. The projec t rece i ved eth ica l approva l from the 
N unavu t H ea l th and Socia l Researc h Eth ics 
Comminee and the Lava l University Ethi cs Committee 

3. A Coordinator was hired in March 2005. 

4. D eve lopmen t of commun ica ti on materi als and 
protocols is ongoing in preparation for recrui tment 
and sampling to begin in fa ll 2005. 

Objectives 
Shon Term Object ives: 

I. Recruitment and th e co llect ion of samples for 
I 00 parti cipants 
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2. Conduct in g maternal interviews with a ll 
partic ipants 

3. Establishment of com muni cation networks with 
interested parties (hos pita l staff, co mmunity 
health center staff, Aborigina l organi zations) 
and develop ment of materials for ongoing 
com111unica1ions of program activities 

4. Es tablish ment of an overarching 
communications advisory group between the 
NWT and Nunavut regions of the proj ect 

5. Linking the project to the Nas ivv ik Centre 
program. 

6. Management of data col lecti on and preparation 
for data ana lys is 

Long-term objecti ves: 

I. eva luate temporal trends of matern al exposure 
to se lected organoch lorines a nd meta l 
contam inants in the NWT and Nunavut using 
blood and hair as biomarkers 

2. describe relationships between co nta mina nt 
exposure and frequency of consumpti on of 
traditiona l/coun try foods and select lifestyle 
factors 

3. co nt rib ut e to other international blood 
monitor ing programs and to meet Canada's 
commitment to the Global Monitoring Plan under 
the Stockholm Conventio n 

4. col laborate with other NC P researchers on both 
study design and sa mple co ll ection 

Introduction 
A territorial basel ine of selected organic and meta l 
contamin ants in maternal and cord blood was establi shed 
for the NWT and Nunavut between 1994 and 1999. Thi s 
program aims to establi sh temporal trend s of se lected 
environmental contaminants in human blood and hair in 
the North wes t Territories (NWT) and N una vut. Thi s 
program was initially proposed as a th ree-yea r program, 
but delays in getting coo rdinators in place in the two 
regions and gett ing the program up and running in 2004 
have ex tended the program to run over fou r years. 

For the N unavut component of the program. year one 
(2003 - 2004) foc used o n feasib ility and planning; and 
yea r two (2004-2005) focused on resea rch li cens ing, 
adve11isement and hire of a coordinator. Year three (2005-
2006) will include preparati on of materia ls for recru itment, 
mate rn al interviews and preparation for data 
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management, as we ll as recruitment, sampling and some 
data analysis. Yea r 4 (2006-2007) of the study w ill be 
dedicated to furth er da ta analys is and communication o f 
results. 

This Nunavut pa11 of the study will invo lve the recrui tment 
of pregnant women from the Baffin reg ion of Nu navut. 
Part ic ipants wi ll be interv iewed prior to de li very to assess 
diet and lifestyle durin g pregnancy, and they wi ll be asked 
to sign a consent form agree in g to provide blood and hai r 
samples for the stud y. The study w ill provide data to 
assess te111po ra l trend s of mate rn al blood and hair 
contaminant leve ls in the region, as well as cont ribute to 
international contaminant mon itoring in it iatives such as 
th e G lobal Monitoring Plan under the Stockhol m 
Convention. Communication activ ities wi ll be ongoing 
throughout the progra111. 

Activities 
In 2004-2005 
The fol lowing activities were co ndu cted in 2004; 

The maternal interview questionnai re and 
dietary survey were fi na li zed. 
The partic ipant co nsent form s for the Baffi n 
region were finalized and rev iewed by the 
Nuna vut Health and Social Resea rch Eth ics 
Committee. 
A resea rch applicat ion was submitted to the 
N unavut Research Institute. 
Proj ect deta il s and material s were submitted 
to the Nuna vut Hea lth and Social Research 
Ethics Co mmittee and approval for the study 
was gra nted in September 2004. 
Project de tail s and materia ls we re a lso 
submitted to the La val Universi ty Ethic s 
Comm ittee and approved in June 2004. 
A job desc ription for the Coord inator was 
developed in June 2004. 

• A poster was prepared and presented at the 
2004 NCP Resu lts Workshop in September. 
Th e Coordi nator pos it ion was advertised and 
ca ndidates se lected in November 2004. 
Ca ndidates fo r the Coo rdinator posit ion we re 
screened in December 2004, and interv iewing 
was completed in Jan uary 2005. 
A Coordi nator was hired in March 2005. 
An or ientation sess ion was he ld wi th the 
Coordi nator in Apri l 2005. 
Coordination with the NCP Human Health 
Technical Steering Commi ttee and research 
team was ongoing. 

J. Brewster 



Results 
Due to project delays, sa mplin g has not yet s tarted. 
Pre liminary ana lysis resu lts for sa mples coll ected in Year 
3 are expected in 2006. 

Discussion and Conclusions 
As the ques ti o nnaires ha ve been f inal ized a nd a 
Coordinato r has been hi red and tra ined, recruitment and 
sampling a re ex pected lo proceed according to schedu le 
to begin Fa ll 2005. Testing o f the lifestyle and trad itiona l 
food freque ncy questionnaire w ill occur in Jul y 2005 , lo 
prepare for recrui tm ent. The Coordi nator w ill tra ve l to 
Health Centres in Baffin communities to meet with health 
centre staff and inform them of the progra m. A Territorial 
Work ing Group has been estab li shed for the project and 
will meet o n a reg ul a r basi s to support th e progra m. 
Comm unica ti o ns w ith Baffi n Reg iona l Hospi ta l sta ff. 
Aborigina l organizations and other interested groups have 
been ini tiated , a nd co mmuni cations mate ri als a nd 
protoco ls are being developed and will be ready for Fall 
recru itment. Recruitm ent, sampling and preliminary 
analysis a re ex pected 10 be co mp leted in 2006. 

Expected Project Completion Date 
May2007 
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Abstract 
The animal phase of the deve lopmenta l PBD E study was 
delayed by the appearance of rat parvovirus in the Banting 
animal facility. Since pregnant rats and pups are vulnerable 
to this v irus the decision was made by the Princi pl e 
Investigator (Dr. G. Bondy) to wait until in fect ion control 
processes were firmly in pl ace before commenc ing the 
study. Thi s has been done and the stud y w ill beg in in 
May 2005 . In the interim all of the required materials, 
chemicals. equipment and reagents have been purchased. 
The study protoco l has been approved by the Hea lth 
Canada Animal Care Comm ittee and the study p lan and 
calendar have been prepared. Va li dation of all 
developmental immunotox ico logy endpoints has been 
comp leted. Protocols for milk col lect ion and analyses 
have been finalized and tested. As a result of the extra 
planning time, the resu lting study wi ll be larger and more 
comprehensi ve than the ori g inal stu dy. The parental 
generation (females and males) w ill be assessed for 
changes in immune function. Group sizes will be larger 
for the FI genera ti on immune chal lenges ( I O instead o f 8 
juveni les/group). More importantl y, the test dates for FI 
juveniles (postnata l day [PN D] 22-24 and PND 42-44) have 
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been schedu led to renect recclll di scuss ions in the 
sc ientific community regarding appropriate testing times 
for developmental immunotoxicology studies. At th e 
conc lusi on of this stud y, NC I' w ill have the m os t 
comprehens ive data avai lab le on th e deve lopmental 
immunotox ici ty of PBDEs. 

Key Messages 
The start of th e PBD E developmenta l immunotox icity 
study was delayed to ensu re that vu lnerable dams and 
pups would not be exposed to rat parvov irus, which woul d 
compromise immune endpoints. In the interim the study 
was planned and materi als were purchased to complete 
the an imal phase in the 2005 ca lendar year. The extended 
planning period was used to enhance the study design, 
which w ill ultimately provide NCP w ith stronger and more 
comprehensive data on the immunotoxicity o f PBDEs. 

Objectives 
Shon-term: 
I . To assess imm une funct ion in rats exposed to PBDEs 

in utero, du rin g lac tati on an d post weaning , 
encompass ing the entire juveni le deve lopment per iod 

G. Bondy 



2. To measu re res idues in mi lk from dams exposed to 
PBDEs during pregnancy and lactation . 

Long-tenn: 
To d-etermine whether levels of PBD Es in human blood, 
tissues and breast milk may be similar lo PBDE leve ls in 
rodent blood, ti ssues and milk whi ch are associated with 
adverse hea lth effects in rodent toxicology studi es. Data 
fro m this project will support regulatory dec isions in 
Canada and the U.S. regarding safe leve ls of PBDEs in 
foods. 

Introduction 
PBDEs are regarded as "emerging contaminants" in the 
\retie and in more southerly latiwdes. Analyses of PBDEs 
in North Ameri can breast milk samples indicate that these 
contam ina nts have increased ex ponentially over the last 
I O years (rev iewed by Rahman el al., 200 I). Although the 
presence of PBDEs in breast mi lk is an indicator of both 
maternal and in fanl exposure, it is by no means clear what 
this sig111fies in terms of human health effects. In pat1icu lar 
there arc no data on th e potent ial fo r imm unomod ul atory 
effects of PBDEs on infa nts ex posed in 111ero, via breast 
milk and during criti ca l stages of postnatal development. 
Fetal and early postn atal li fe are important pe ri ods in 
immune system development (Holladay and Smialowicz, 
2000). There are profound changes in immune activity 
during infancy as a resu lt of breast milk ingestion. which 
both protects aga inst in fecti on and plays a key role in the 
de,e lopme nt of oral to lerance to food and bacterial 
antigens in the neonate (Cummi ns and Thompson. 1997). 
Since perinata l exposure to contami nants must be regarded 
as a conti nuum ex tending th roughout fcta l life and into 
the postnatal per iod, it is important that co ntaminant 
e,pos,irc scenarios inc lude a ll of th e critica l windows in 
Juvenile rodent development (Holsapple, 2003). Therefore, 
this study will assess the potent ial fo r PBDEs to modulate 
Juvenile immune responses by examin ing th e effects of 
PBDE exposu re throughout rodent deve lopment and by 
measuring PBDE levels in mi lk to estimate exposure during 
lactation. Si nce there are no pub li shed data on the effects 
of PB DEs on th e j uvenile immune system this study will 
add ress a signifi cant data gap. 

Activities 
In 2004-2005 
• A study protocol was prepared and submilled to the 

I lea Ith Canada Animal Care Committee. The protocol 
was approved and the animal phase wi ll commence in 
May 2005 . 

G. Bondy 

The working study plan and calenda r was completed. 
This is essential for coordinating dosin g, breeding and 
a ll other activities relat ed to the treatment and 
manipulation of rodents over the 7 month study period, 
as wel l as for scheduling staff overtime and weeke nd 
work during the anima l phase of the study. 

Al l materials and eq uipment required for the study 
(with the exception of perishables that could not be 
purchased in advance) were acquired in anticipa tion 
of study commencement in May 2005. 

Results 
None to date. 

Discussion and Conclusions 
one to date. 

Expected Project Completion Date 
The animal phase of the study wi ll be comp leted in 
November 2005. Tissue analyses and data summaries 
wil l be conducted as soon as possible following the 
com pletion of the animal phase. Completion of this project 
is a priority, not only because oft he delayed starting date 
but also because this will be the first comprehensive 
study of the developmental immune effects of PBDEs. 
Both NCP and Health Canada wi ll benefit if the work is 
publi shed as soon as possible. All available immunology 
data will be summarized for presentation in March 2006. 
Some endpoints. mainly residue analyses and pathology. 
wi ll take longer to complete (approximately I year after 
completi on of the anima l phase). 

References 
Cumm in s, A.G. and F.M. Thompson. 1997. Postnatal 

changes in mucosa I immune response: a physiological 
perspective of breast feeding and weaning. lmmunol. 
Cell Biol. 75: 419-429. 

Holladay, S.D. and R.J. Smialowicz. 2000. Development 
of the murine and human immune system: differential 
effects ofimmunotoxicants depend on time of exposure. 
Environ. Health Perspect. I 08: 463-473. 

Holsa pple, M.P. 2003. Developmental immunotoxicity 
testi ng: a review. Tox icology 185: 193-203. 

Rahman , F., K.H. La ngford. M.D. Scrimshaw. and J.N. 
Lester. 200 1. Polybrominated diphenyl ether (PBDE) 
name retardants. Sci. Total Env iron. 275: 1-1 7. 

17 



Neurotoxicological, Thyroid and Systemic Effects of In Utero 
and Lactational Exposure to Polybrominated Diphenyl Ethers 
(PBDEs) in Sprague-Dawley Rats 

Project leader(s) 
Wayne Bowers , Environmental and Occupational Toxicology Division , Healthy 
Environments and Consumer Safety Branch, Health Canada, Ottawa, K1A 0L2; 
phone: (613) 952-3021 ; fax: (613) 957-8800; e-mail: waynej_bowers@hc-sc.gc.ca 

Project members 
Wayne Bowers, lh Chu, Nanqin Li , Rudi Mueller, Jamie Nakai , Olga Pulido, Mike Wade, 
Philip Wall, Al Yagminas, Environmental and Occupational Toxicology Division , Healthy 
Environments and Consumer Safety Branch; and Toxicology Research Division, Health 
Products and Foods Branch, Health Canada, Ottawa, K1A 0L2 

Abstract 
In the last 20 years, exposure 10 polybrominated diphcnyl 
ethers (PBDEs) has been increasing in North American 
populations. While there is lin le data on human exposures 
in Canadian Arctic populations, PBDEs hm c been found 
in theArctic en, ironment and wildlife. Because Aboriginal 
Arctic populations rely on "'ildlife as pan of their diet. it 
is likely that they are also exposed and there is concern 
that levels of PBDEs may be increasing faste r in the Arctic 
than elsewhe re. Because PBDE s have st ru ctura l 
simi larit ies 10 PCBs. it is thought that ncurobchavioural 
function. thyroid functio n and cancer are the most likely 
consequences of PBDE ex posure and that fctuscs and 
infams are the most susceptible populations. This study 
c, aluates the toxicity of DE-7 t. a commercial mixture of 
PBDEs. in offspring of rodents exposed during gestation 
and lactatio n. While thi s study is ongoing, resu lts 10 date 
indicate that 30 mg/kg/day PBDEs produces decreases in 
maternal and offspring weight gain but these decreases 
are transient. In addition. PBDEs alter thyroid hormone 
le, els and CYP-450 enzyme activities in both mothers and 
offspring: however, offspring are about ten times more 
sensitive than mothers with 3 mg/kg producing significant 
alterat ions. A number of behav iours such as motor acti vi ty 
and start le arc also a ltered in offspring. Though some 
behavioural effects appear to be transien t, other effects 
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seem to persist imo adu lthood. Further eva luat ion of the 
effects of PBDEs on learning and memory is in progress . 
Analysis of ti ss ue leve ls of PBD Es in mothers and 
offspring is in progress and until these data are avai lable 
the relationship between toxic it y in thi s study and 
exposure leve ls in humans is yet to be determined. 

Key Messages 
I. This study eva lu ated the neurotoxic and systemic 

effects of gestat iona l and lacta ti onal exposure to DE-
71 (a commercia l mixture ofpolybrominated di phenyl 
ethers (PBD Es)) in rodents because PBDE levels have 
been increasing in the Arctic environment. 

2. Exposure 10 PBDEs at 30 mg/kg produce small but 
transient alterations in maternal and offspri ng growth 
but do not affect mortality rates. 

3. PBDEs decrease thyro id horm one leve ls in mothers 
and offspring but offs pring are about I O times more 
sensitive than mothers. 

4. PBDEs alter cytochrome P-450 drug metabolising 
enzyme leve ls in mothers and offspring but offspring 
are about I O times more sensitive th an moth ers. 
Similarly. PBDEs a lter clini ca l chem istry in PND 21 
offsprin g but have no effect on mothers. 

5. PBDEs alter behav ioural deve lopment (grip strength . 
motor act ivity and start le responding) in young pups. 

W. Bowers 



Some effects on beha vio ur di sa ppea r as an ima ls 
matured (e.g .. mo1or ac1i viry), while other bchav,oura l 
effects persist into adulthood . 

Introduction 
Poly brom inated diph enyl ethers ( PBD Es) a re a_ g ro up o f 
chemica ls tha t have a c he mi cal s truc ture s11nil a r 10 

ol chlori nated biphenyls (PC Bs) and , like PC Bs, a lso 
~p:Car 10 be persistent in th e environment (Sc hecte r, 
Pavuk et al., 2003). PBDEs are found in hum ans ti ssues 
and there is ev idence that level s have been in creas in g in 
the Jasl 20 years (Schecter, Pavuk , Papke, Ryan, Birnbaum , 
and Rosen, 2003; McDonald, 2002; Birnbaum and Staskal, 
2004; Hooper and Mc Do nald, 2000; LoPachin , 2004) 
especially in the Arcti c en vironment, where leve ls may be 
increas ing a l a fas ter rate th an e lsew he re ( o rth ern 
Contamina nts Prog ram, 2003). Co ns is1e111 w ith th is , 
PBDEs have been fo und in w ildlife (Wil son, lko nen cl a l. , 
2004; Utgika r, Chaudhary el a l. , 2004 ) that can fo rm a 
substantial part o f traditi ona l/country di ets . The limited 
tosicologica l information avai lable on PBD Es indi cates 
that the most like ly ad ve rse health e ffects of ex pos ure 
arc: a ) neu ro be hav io ural effect s ; b) th y roid e ffec ts 
(possi bly a co111ribu1or to neurobehavio ura l e ffects)_; and 
c) cancer (McDonald, 2002). There is no NOEL estabhshed 
for PB DEs (McDonald, 2002). 

\ sma ll number of studi es have shown tha t PBD Es affect 
neurobehav ioura l fun cti o n fo ll owing perinatal exposure 
or s111g le ex posures 10 re la ti vely high doses (e.g., 8-1 0 
mg/kg) (Eriksson, Vi berg et al.. 2002b; Vi berg. Fredri ksson 
et al.. 2003). Th e limited da ta ava il ab le have been 
somew hat inco nsistent but suggest 1ha1. s imil ar ID PC Bs, 
PBDE congeners (e.g., PBD E 99) may ex hibit congener 
spec ific tox ic ity that ma y not be re fl ected by PBD E 
mixtures (e.g., DE-71 ). S ince the prominent congeners in 
DE-7 1 (47, 99, 153) are the ones most frequ entl y fo und in 
human t iss ues (Birnba um and Staska l, 2004) and in 
approx imately the same proportions, ex perimenta l DE-7 1 
exposure may prov ide a mo re rea li stic assessment of th e 
po1c111ia l neurotox ic a nd th y roid e ffects in ex posed 
humans. Moreover, like PC Bs, most resea rchers be li eve 
that the most sens iti ve po pulations to PBD E ex posure 
are likely 10 be fetuses and infants (McDo nald, 2002). 

Th is study exa mines the impact of perin atal ex posure of 
rodents to the DE-7 1 mi xture on growth, neurobehavioura l 
deve lopme nt , ne uropathology, c holin e rg ic rece pto r 
fun ction (assessed both behavioura lly and biochemicall y) 
and thyro id fun ction . In addit ion , because there is limited 
in format ion on systemic toxicity of PBDEs aft e r perinata l 
exposure, we will assess systemic toxicity in these animals. 
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We also meas ure b lood levels of the majo r PBDE 
congeners in the exposed mothers and tissue leve ls (b lood 
and bra in ) in the exposed offspring. The study design 
penni ts us 10 provide toxico logica l information on a range 
o f hea lth endpoims and to correlate toxico logica l effects 
with ti ssue exposure levels and to permit comparison with 
thresho ld effects leve ls expected in human populat ions. 
The res ul ts of th is s tu dy wi ll be re levan t to Arc tic 
populations by deve lopi ng toxicologica l knowledge o f 
expos ure to PB DEs. Once ex posure levels can be 
characterized in thi s populat ion, this know ledge can then 
be employed 10 determi ne if adverse health effects are 
likely and if remediation strategies a re required. 

Activities 
In 2004-2005 
Th e anima l phase for the main study is curre111 ly in 
progress and is scheduled fo r completion by Novembe r 
2006. Pregnant rats we re dosed wi th PBDEs fro m 
gestation day I to wea ni ng at post natal day 2 1 ( PND 21 ). 
A ll re prod uc t ive , growth and early deve lo pm e nta l 
measu res have been co llected . Offspring were sacrifi ced 
fo rt issue co llection at PND 4. 11, 14, 2 1, 50 and I 00, while 
the dams were sacrificed for tissue collect ion al wea ning. 
The rema ining offspring are sti 11 undergoing behav io ura l 
testi ng. Blood and liver from the dams and b lood . li ver 
and brains from the pups up 10 PND 2 1 were co ll ected for 
resid ue ana lysis and this work is curremly in progress. 
Neu ropat hology ana lysis for offspring at PND 11 and 21 
is curreml y in progress. Blood and liver from the dams 
and from th e offspring at PND 2 1. 50 and I 00 were 
co ll ected fo r system ic toxico logy (c lin ical chem istry, 
haematology, live r enzymes). The laboratory ana lyses 
fo r the foll ow ing have been completed: haematology (a ll ): 
c lini ca l chemi stry (dams an d pups at PND 2 1 ); and li ver 
enzymes (dams and pups at PN D 2 1 ); the rema inder o f 
th e work is in progress. Thyro id horm one measuremem 
fro m bl ood has been completed fo r the pu ps at PN D 2 1 
and 50 whi le ana lysis of thyroid morphology fro m the 
offs pr ing at PN D 2 1 is in progress. Cho lin e rgic 
neu rochemi stry has been completed for pups at PN D 21 
and is in progress fo r pups at PND 50 and 100. Brain 
tissue fo r morphomelric measures have been collected 
fro m pups at PN D 11. 21 and 50. Morpho metric ana lysis 
has bee n co mpleted fo r subsets of PN D 2 1 pu ps (see 
resu lts be low) and remainin g tissue is curre ntly under 
analys is. Ne urobehav io ura l meas ures of ac ti vity,_ stan le 
a nd emo ti o na lity have been co ll ec ted . Add1 11 ona l 
meas ures of moto r fun ctio n (beam mo tor co-o rdi nati on) 
have bee n co ll ected at PN D 33 and 60. Measures o f 
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learning and memory (Morris Water Maze and delayed 
spatia l alternation) are schedu led for completion in ea rl y 
September 2005. 

Results 
Reproduction and Growth: The lowest dose o r PBDEs 
(0.3 mg/kg) produced a smal l decrease in litter size and 
implantation s ites but no other dose affected e ither 
measure. These s mal l effects are unlik e ly to be of 
substant ial significance. No dose of PBD Es s ignifi ca ntly 
affected litter morta lity rates (morta lity before culling a t 
PND 4) or offspring mortality rates. Weight ga in was 
affected by the highest dose or PBD Es (30 mg/kg). 
Maternal weight was reduced by abou t I 0% during 
gesta tio n and most of lactation but maternal weight had 
returned to normal va lues by the end of lactat ion at PND 
21 (see figures below). Offspring weight gain was a lso 
decreased by 30 mg/kg of PBDEs up to weaning at PND 
2 1. There was no indication that the effect of PBD Es o n 
offspring weight pers isted into adulthood as offs pring 
weight returned to normal by PN D I 00. Th ere was no 
indication of gender differences in the effect of PBD Es 
on offspring gai n. 

Residue Analysis: 
Residue analys is is cu rrent ly in progress but no resu lts 
are yet avai lab le. 

Figure 1. Pregnancy weights for dosed & Preg dams 
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Systemic Toxici ty: 
Haematology: Haematology measures in dams were not 
affected by any PBDE dose. While PN D 2 1 pups sho" ed 
red uced red-ce ll coun ts (RBC), hae moglob in (Hb), and 
haematocrit (Hct) re lati ve to mothers, thi s is not unusual 
as the pups have 11 01 fu lly developed thei r bone marrow 
eryt hroid maturation . PBDEs did not affect haematology 
measures in offspri ng at PN D 2 1 or 50. 

Clini cal Chemistry: 
PBDEs did not affect any measures of c lini ca l chemistry 
in dams. In o ffspring at PN D 2 1, there were reduced levels 
of alanine aminotra ns ferase (A LT), a lka line phosphatase 
(A LP), glucose and uri c ac id in the 30 mg/kg PBDEs dose 
gro up. There we re a lso s ig nifi ca nt e leva ti ons in 
chol estero l, tota l protein and albumin leve ls at thi s same 
dose level. The e levat ion in cho lestero l is most like ly 
lin ked to induction of li ver cytochrome P-450 enzymes. 
AL PN D 50, clin ical chem isuy was not affected by PBD Es. 

Cytochrome P-450 Dependent Drug Metabo li sm: 
The hi ghest PBD E dose (30 mg/kg) produced a signifi cant 
induction o f EROD, BROD, and PROD in mothers. When 
expressed as a perce ntage or co nt ro l a n imal s th e 
magnitude of induct ion was 2944%, 1586% and I 043% 
for EROD , BROD and PROD, respecti ve ly. Thi s is 
consistent with the increased re lati ve li ver we ight al so 
seen in the dams exposed to 30 mg/kg or PBD Es. In 
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Figure 2. 2004 023 PupGrowth 

offspring at PND 2 1 the two hi ghest doses o f PBDEs (3.0 
and 30 mg/kg) produced signifi cant increases in EROD, 
BROD and PROD leve ls, about 2 times the increases over 
contro l values than observed in the dam s. 

Further, whi le 3.0 mg/kg PBDEs d id not s ignificantly 
increase EROD, BROD o r PROD in dams, it did produce 
significant increases in 2 1 day pups. The highest dose of 
the PB DEs also increased li ver weight in PN D 21 offspri ng. 

Thyro id toxici ty: 
Serum T3 and T4 was sign ifi cant ly decreased in dam s at 

PND 21 by 30 mg/kg PBD Es (see figures below). Similar 
to cytochrome P-450 enzymes, T3 and T4 levels in 
offspri ng ex hibit a ten-fold greater sensitiv ity to PBD Es 
than in mothers. In the 21 day old offspring serum T3 and 
T4 were significantly red uced by 3 and 30 mg/kg PBDEs. 
Measures ofT3 and T4 from offspring at PN D 50 ind icate 
that thyroid hormone levels had returned to no rmal. In 
addition, serum thyroid stimulating hormone (TS H) levels 
were signifi cantly e levated in PND 21 offsprin g exposed 
to 30 mg/kg PBD Es. Whole thyroid glands have been 
collected from PND 21 offspring, tissues ha ve been 
processed for hi stomorphologica l analyses, and analyses 

Figure 3. 2004: 023 PND21 Pups (STP) - Serum Triiodothyronine (T3) Levels 
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Figure 4. 2004-023 PND21 Pups (STP) - Serum Thyroxine (T4) Levels 

Serum Thyroxine (T4) Levels 

Treatrnent(mg/Kg) 

Figure 5. Levels of Serum Thyroid Stimulating Hormone in PND21 pups after exposure to PBDEs 
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are currently in progress . 

Behaviour· Behavioura l test ing is continui ng in subsets 
of offspring but results from behavioural tests conducted 
on yo ung a ni ma ls ind icates that 30 mg/kg PBDEs 
produces a signifi ca nt decrease in grip strength at PND 
12. Wh ile g rip strength was sti ll decreased at PN D 15 in 
this do se gro up , thi s dec rease was not s ta ti stical ly 
significant. In add ition, whi le 30 mg/kg PBD Es decreased 
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DE71 mg/kg 
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the days to eye open ing, it had no effect on o nset of ear 
open ing. Motor activity was tes ted at PN D 16, 55 and 
I 00. Prel imin ary ana lyses o f PND 16 activity test results 
indicates that 30 mg/kg PBDEs produces hypoacti vity in 
pups but there was litt le indicat ion of a lte red habituati on 
learning as has been previously reported for mice peri -
nata ll y exposed to spec ific PBD E congeners (Eriksson . 
Vi berg et al. , 2002a; Anka rbe rg, Fredriksson et a l. , 200 I; 
Eriksson, Arc her e t a l. , 1990 ; Viberg , Fred rik sso n, 
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Jakobsson, Orn , and Eriksson, 2003). By PND 55, motor 
acti vity did not appear to be a ltered by PBDEs suggest ing 
any activity effects de tected in young anim als a re not 
persis tent. Mo re detai led stat ist ical analyses of 
habitua tion learning are in progress. Pre liminary 
assessment of acoustic start le responding at PND 21 
suggests that the highest PBDE dose decreases startle 
responding. Acoustic sta nl e respo ndi ng in mature animals 
( PND 90) was inc reased by 30 mg/kg PBDEs suggesti ng 
that PBDEs may prod uce re lat ive ly permanent a lterat ions 
in reactiv ity. Evaluat io n of the effects of PBDEs on pre-
pulse inhibition of start le respond ing, a measure of 
sensory-motor integration , are scheduled for year 2 of 
the study. In addition, we have co llected data on measures 
of an,ie ty (emergence la tency) in young (PND 35) and 
mature (PN D 82) ani ma ls. These res ult s have not yet been 
analysed but will prov ide fw1her information to help c larify 
the role of altered reacti vity in mediat ing effects of PBDEs 
in startle and motor activ ity tests. Measure of learning 
and memory (Morris Water Maze, Discrimination learning) 
are scheduled for year 2 of the s tudy. Te s ts of 
pharmaco logica lly- induced motor activity using nicotine 
and amphetamine wi ll prov ide informatio n o n the im pact 
of PB DEs on func tiona l responsiveness of cholinergic 
and dopami nerg ic brain ne urochemical systems in adults. 
These tests a re sc heduled for year 2 of the study. 

Neuropathology: Ti ss ues have been coll ected, sections 
ti,ed and stai ned and s lides are cu rrent ly under eva luation. 
Morphometr ic measures in PND 2 1 female offspring have 
been completed in the highest PBDE dose group but no 
significant changes were detected. Morphometric 
e1aluat ions of PND 21 brains have been completed in the 
females in the highest PBDE dose group and in the males 
111 the low dose PBDE g roup. (These were conducted 
initial ly because these g rou ps showed altered muscarin ic 
and nicotin ic expression.. A na lysis of morp homet ric 
measures on remain in g tiss ues is cu rrent ly in progress. 

Chol inerg ic neurochem istry: The brains have been 
collected for P D 2 1, 50 and I 00. For PND 21. total R A 
was isolated and used fo r transcr iptio nal ana lys is. The 
prelim inary resu lts show that there are gender d iffe rences 
in the ex pression of the genes ana lysed to date. There 
are ge nder differences in the effects of PBDEs on 
choli nergic system in PND 2 1 offspring. We ana lysed 
the transcript ional changes in the muscarinic (M) receptor 
subtypes MI-MS. In fema les, the expression of M2 , M3 
and MS subtypes is inc reased on ly in the highest PBDE 
dose (30 mg/kg) while in th e ma les the MI and M4 
muscarinic subtype was increased but on ly in the lowest 
PBDE dose group (0.03 mg/kg). The highest PBDE dose 
also showed an upregu latio n in the expression of nicotonic 
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(N) receptor subtypes N3, N5 and N7 but on ly in females. 
There were no changes in the expression of nicotin ic 
receptor at any dose in mal es. Transcriptional chan ges 
were a lso monitored for acety lchol inesterase (AchE); thi s 
enzyme is responsible fo r degrading acetylchol in e and 
thus terminating chol inergic neuron stimul ation. In p D 
2 1 th e hi ghest PBDE dose showed a 4-fold in crease in 
AchE express ion whil e no transcriptional changes were 
o bserved in ma les at any dose. 

Discussion and Conclusions 
Resu lts co llected to date indicate that gestati ona l and 
lactational exposure to the commercial PBD E mixture. DE-
71 , produces effects on maternal and offspring growth ; 
howeve r, this occurs only at th e highest dose (30 mg/kg/ 
day) and both mothers and offsprin g appear to recover 
from the effects of PBD Es o n growth. Result s from 
systemic toxicity eval uation indicate that li ver metabolizino 
enzymes are act ivated in both dams and PND 21 offsprin; 
Whil e no dose of PBDEs affected c lini cal chem istry in 
dam s, c lini ca l chemistry was a ltered in offspring ex posed 
to the highest PBDE dose. S imilarly. while onl y the 30 mg/ 
kg/day dose dec reased serum T3 and T4 leve ls in dams 
both the 3.0 and 30 mg/kg/days doses decreased T3 and 
T4 levels in offspring. It appears that the effects of PBD Es 
on th yroid hormones are tran s ient as serum thyroid 
ho rmones a re unaffected by PBDEs at PND 50. 

Avai lable results from brain biomarker measures in PN D 
21 offspring indi cate that the response to perinatal PBDE 
ex posure is gender dependent and that ma les and females 
appear to exhib it both a different pa ttern of expression as 
well as differential sensitivity to PBD Es. These results 
will be important in the evaluation of gender differences 
in behavioural effects of PBDEs. Morphometri c measures 
ava ilab le indicate that no clear morpholog ical chan ges 
are evident at any PBDE dose suggesting that gross 
morpholog ica l changes in brain structure is not a like ly 
consequence of PBDE ex posure . There do appear to be a 
number of behavioural changes that occur after exposure 
to the hi ghest PBD E dose, pani cularl y motor activity and 
start le reacti v ity. Whil e PBDEs seem to affect motor 
act iv ity only in young an imal s, effects on startl e are 
evident in young and ad ult animals. 

Future resu lt s from funher ac ti vity testing in ad ults and 
tests of learning and memory will help determine both the 
permanence and extent of the effects of PBDEs. Taken 
together the results ind icate that toxicity is ev ident in 
offspring at doses as low as 3 mg/kg. The tran s lation of 
thi s into re levant huma n ex posure will be dete rmined by 
tissue residue leve ls that will be completed in yea r two of 
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Abstract 
The No1thern Contaminants Program (NCP) Phase II , with 
the re lease of the Ca nadi an Arcti c Co nta min an ts 
Assessment Report II (CACA R II), concluded that th ere 
1s a need to characterize the ri sk of mercury (Hg) ex posure 
among Inui t commun ities because some Inu it populati ons 
are exposed to higher levels of methylmercu1y (MeHg). A 
recent repo rt pu bli shed by the United States Nati onal 
Research Council (US NRC) on the tox icologica l effects 
of (M e Hg) con c lud ed that di e tary nut ri ents a nd 
supplements might protect agai nst Mel-l g tox icity (US 
'-RC, 2000). Moreover, intra-i nd ividual differences can 
be ex plained, in part, by nu tri tional factors that mi ght 
exacerbate or attenuate the effects of mercury tox icity in 
the host (ibid.). The main sources of Hg in the northern 
diet. such as fi sh and mari ne mammals. are al so rich 
sources of fi sh protein. polyunsa tu rated fa tt y ac ids. 
se lenium, vitami n E and fib re. It is important, therefore, to 
characteri ze the risk by studying whether components of 
the Inuit di et may offer protective effects aga inst Me Hg 
tox icity. 

Thi s project was a foll ow-up study on the effects of 
nutrients on toxici ty of Me l-l g using the rat as an an imal 
model. Our prev ious study funded by NCP has shown 
that nutrients such as vitamin E and se lenium may have 
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protective effects agai nst the tox icity ofMeHg on newborn 
rats. Th is fo llow-up study was to invest igate wheth er 
vitamin E and/or selenium, or phytate. a di eta,y fi bre, wil l 
affect the accumu lation of orally ingested Me l-l g in 
different organs and/or change the tox ic effects of Me Hg. 
This is a collaborative project between resea rchers from 
the Centre for In digeno us Peoples' Nut ri tion and 
Environm ent (C INE) at McGil l Uni ve rsity and the 
Toxico logy Research Division, Bureau of Chem ica l Safety 
of Hea lth Canada. This study was a laborato,y-based 
tox ico logy ex peri ment. Results of the study wi ll help 10 

characteri ze the risk of Hg exposu re as wel l as benefic ial 
effects fro m the consumption of the traditional Inui t diet. 

Objective 
Overa ll Objecti ves: 
To study the effects of di etaty fac tors on Mc Hg tox icity. 

Spec ific Objecti ves (2003-2004): 
(1) To study the effects of seleniu m on MeHg kinetics 

and tox icity in adul t rats. 

(2) To stu dy the effects of vitamin Eon Mel-l g kineti cs 
and tox icity in adult rats. 
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(3) To study the effects of phytate o n MeHg kinetics 
and toxicity in adu lt rats. 

(4) To use state-of-the-art endpoi nt measurements to 
characteri ze the toxicity ofMeHg. 

These objectives a rc relevant to the project "Contaminant 
and Micro- nutrient Interactions Present in Traditi o na l/ 
Country Foods of Arct ic Res id ents" 

Activities 
In 2004-2005 
The Contribution Agreement for NC P fu nd ing for this 
project which was to be completed in the fiscal year Apri l, 
2003 to March 31. 2004 was signed effecti ve Nove mber 
2 1. 2003. I lowever, the funding was 1101 received at McGill 
Uni, ersity until mid-Janua1y 2004. In addition, the fo nnat 
of th e agreement did not allow a portion of funding to be 
tran s ferred to the Toxicology Resea rch Di vis ion, Food 
Directora te of Hea lth Canada (HC) for the work that was 
to be done at HC. Thus, a lot of energy was spe nt in 
address ing the adm ini strati ve and fin anc ia l issues befo re 
the diets and oth er materia ls co uld be purchased and 
planned studies cou ld begin. Desp ite these setbacks, the 
fol lowing activit ies were undertaken. 

(I) Completion of experimenta l design , preparation of 
die ts and dosing solut ions and complet ion of an imal 
di etary treatment (Jan-Apr 2004) 

i) Eleven different diets wit h or without hi gh o r 
low levels of vitamin E. se lenium. or both , or 
phytate were prepared (A11pendix I, Tab le I ). The 
treatm ent and sampl e co ll ectio n an d anal ys is 
protocols are summarized in Appendix I, Figure 
I . 

ii) Male Sprague-Dawley rats (288) were purchased 
and acclimati zed on a sta rch-based , se mi-
puri lied basa l diet. 

iii) Rats were fed their respective di ets fo r 28 days. 
Food consumption was recorded twice a week. 

iv) MeHg dosing soluti ons were prepared in 0.5 M 
Na,co,. 

(2) Co mpl et ion o f MeHg treatm ent s, necropsies, and 
sam pl e co ll ections (May-Aug 2004) 
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i) Rats were gavaged w ith 0.5 ml Mel-lg dosing 
so luti ons to give a dose of3 mg/kg BW everyday 

fo r 14 days. Twe nty-four-hour urine and feces 
sa mples we re coll ected in metabolic cages on 
the day before dos in g and the 7"' and the 14' 
day o f dosing. 

ii) Rats were sacrifi ced on the 14'' day of dosing. 
and necropsied. Blood sa mpl es and se lected 
ti ssues were collected, we ighed, and fixed in I 0% 
buffered fo rm al in or s tored at -80 °C for later 
ana lys is. 

(3) Co mmence ment of sa mp le processi ng and analyses 
fo r Mel-lg kineti cs and tox ico log ica l parameters (A ug 
2004-Present. ) 

i) Fres h 24-h urin e sa mpl es we re te s ted on 
urinalys is reagent strips for presence of ke tones. 
glucose, prote in , leukocytes, and hcmoglobin . 

ii) Urine sa mpl es were a liquoted and preserved in 
buffer or fro zen. They ha ve been anal yzed for 
leve ls of a -GST and p-GSTwhi ch are markers of 
kidn ey tubul ar damage. 

ii i) EDTA-blood sa mpl es were shipped to Vitatech 
in Toro nt o , a nd have bee n ana lyzed for 
hemato log ica l end points. 

iv) Non-E DTA-b lood sa mpl es were centrifuged 
Serum sa mpl es were a liq uoted and frozen , and 
w ill be ana lyze d fo r c li nica l bi oche mi str) . 
immunoglobulin G and M, DNA damage and 
repair, and antiox idants. 

v) Brain, li ver, kidney, and serum samples have been 
anal yzed for vitamin E contents. 

vi) Total RNA was ex tracted from th e brai n 
cerebellum for each indi vidua l g ro up, and used 
for the transcript ional analys is. Tota l of 14 neuro-
s pec i fi e bi omarker s such as mu sca rini c 
acetycholine receptors (MI -MS), superox idase 
di smutase. mitochondri a l cytochrome ox idase 3. 
and Bel 2- and Bax were exa mined. 

vii ) Formalin-fi xed ti ss ues, includ in g brain , li ver. 
kidn ey, sp leen, heart , thymus, testes, pros tate, 
adrena l, and epididymi s were sectioned. Kidney 
and tes ti s s lid es have bee n H& E-stai ned for 
hi stopatholog ica l examination. 

viii) S lides of li ver, ki dney, bra in, sp leen and ad renal 
w ill be processed and immunohi stoc hemi ca lly 
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sta in ed for markers of ce ll prolifera ti o n. 
apoptos is, rena l damage. and ox idati ve DNA 
damage/repair. 

ex) Liver. kidney, bra111. and blood samples have been 
shipped to Dr. Laurie Chan at Un iversity of 
McGill for mercury analysis. Li ver and blood have 
been ex tracted and analyzed for Mel-l g contents. 

Results 
\s of December 31. 2004, the fo ll owing data have been 

collated and ana lysed stati sti ca ll y, usin g a two-way 
,\'\OVA test. 

Body and Organ Weights 

Bodr H'eigl,t: 
Me l lg (3 mg/kg BW) sign ificant ly decreased body 
we ight in a ll dietary groups. with the least change 
seen in the hi gh se len ium group followed by the low 
, itamin E + low se lenium group. 

Rell/lire Brain Weigl,,: 
\!lei lg signifi cantly increased rel ati ve brain weight 
m low se lenium. low vitamin E, hi gh vitamin E, low 
vitamin E + low se lenium. and low vitamin E + high 
seleni um gro ups. 

The least effect of Mel-l g was seen in the high vitamin 
E-'- high se lenium group . 

Relath·e li\'er H1eight: 
'vie Hg significantl y increased relati ve li ver weight in 
all dietary groups except the high se lenium. the hi gh 
sitam in E + high se len ium, and th e hi gh vitam in E + 
low sc lcn i um groups. 

The least changes were seen in the hi gh vitamin E + 
high se lenium group. 

R<!latiw! Kidney /Veigl11: 
\,le i lg increased relative kidney we ight in all dietary 
groups and to a similar degree. 

The Mel lg-treated high ph ytat e g roup had th e 
highest relati ve kidney we ight. 

R<!lati, •e Spleen /Veig l11: 
Me l-l g signifi cantl y increased relati ve spleen we ight 
in all dietary groups except the low vitamin E + high 
se lenium gro up . The effect of Mel-l g in the low 
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vitam in E + low se lenium group on sp leen we ight 
"as also sma ll. 

Relati, ·e Adrenal /Veig!,t: 
Me Hg signifi cant ly increased re lat ive ad renal we ight 
in a ll dietary groups, howe, er. too a lesser degree in 
the low vitamin E + lo\\ se lenium and the low vitamin 
E + hi gh selen ium groups than the other dietary 
groups. 

Relati, ·e lleart /Veig/11: 
Mel-lg significantly increased rclati,e heart weight 
on ly in the low, itamin E + lo" se lenium groups. 

Relative Thymus /Veigl,t: 
Me Hg significamly decreased rclati,e thymus \\eight 
only in the high sitamin E + lo" selenium. and the 
low phytate groups. 

Relati, •e Testes Weig!,t: 

Me Hg significant ly increased relative testes weight 
in the low se len ium, the hi gh vitam in E, the high 
vitam in E + low selenium, the low vi tamin E + high 
se len ium, and the two phytate groups. 

Re/ati, ·e Prostate ll'eigl,t: 

o significant changes in relati, e prostate weight 
"ere obsened in l\ leHg treated groups regardless 
of the diets. 

Relati, ·e Epididr111is IVeigl,t: 

Mel-lg sign ifi can tly increased relative ep ididymis 
we ight in all dietary grou ps except the control, and 
the low vitamin E + low se lenium groups. 

Me Hg Levels in Li, er and Blood 

In li ve r. Mel-lg content was the highest in the high 
se leni um group. fo llowed by the IO\, , itamin E + high 
selenium group. 

In blood. Me l-l g concentrati on was similar in a ll 
trea ted groups except in the low phytate group which 
had higher Mel-lg le,el than the contro l, the low 
selenium, the hi gh se lenium, the high vitamin E. and 
the high vitamin E + low se lenium groups. 
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In all treated groups, MeHg concentration was 2-3 
fold higher in the blood than the li ve r. 

Urinalysis 

Me Hg seemed to have increased urinary hemoglobin , 
protein , and leukocyte levels in all dieta ry g roups. 
However, these changes occurred to a lower degree 
in the low se len ium, and the low v itamin E + low 
se leni um groups as compared with most of the ot her 
groups except for the high phytate grou p which a lso 
ex pressed most seve re kidney damage. 

Me Hg significantly decreased 24-h urine vo lume only 
in the cont rol and the low v itamin E groups. 

Urinary a-GST 

Results from partial sample analysis indicate that 
Me Hg increased 24-h urinary secretion of a-GST (ug/ 
24h) in all treatment groups but only to a statist ically 
s ignificant degree in the high vi tamin E + hi gh 
se lenium, and the low vitamin E + hi gh se lenium 
gro ups. 

Hemato log ical End Points 

Hemoglobin: 
MeHg significant ly decreased hemog lobin leve ls in 
all treatment groups, with the least effects seen in 
the high vitamin E + low se lenium group. 

He111otocrit (%): 
MeHg significantl y decreased hematocrit leve ls to a 
similar degree in all treatment groups. 

Mean Co,puscular Volume (MCV) : 
MeHg did not affect MCV leve l in any treatment 
group. 

Mean Cell f-le111oglobin (MC!-f). 
MeHg sign ifi cant ly increased MCH only in the high 
vita min E + high se lenium, and the low vitamin E + 
low se lenium groups, with no cha nge in any ot her 
treatment group. 

Mean Cell Hemoglobin Concentration (MCHC) : 
Mel-lg did not affect MC HC level in any treatment 
group. 

Red Blood Cell Counts (RBC): 
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Mel-lg significant ly decreased RBC counts in all 
treatment groups . 

White Blood Cell Cou111s (WBC) .· 
MeHg significant ly increased WBC coun ts only in 
the high selenium group. 

Neutrophi ls: 
MeHg increased neutrophil counts in a ll treatm ent 
groups, but on ly to a statist ica lly s ign ificant degree 
in the low vitamin E and low se leniu m gro up. 

Lymphocytes: 
No statist ically s ignificant changes w ith MeH g 
treatment we re detected in any group. 

Monocytes. 
Me Hg significant ly increased monocyte co unts in 
the control, the high vi tami n E + high se leni um grou p. 
the low vi tamin E + low se lenium group, and the hi gh 
vitam in E + low se lenium groups. 

Eosinophil: 
No statistically sign ifican t changes wi th MeH g 
treatment were detected in any group. 

Basophils: 
No major changes were observed wit h MeH g 
treatment in any groups. 

Polychro111asia: 

No major cha nges were observed with MeH g 
treatment in any groups. 

Platelets: 
No major c ha nges were observed w ith MeH g 
treatme nt in any groups. 

Vitamin E (a-tocopherol) Levels in Brain/ Liver/Kidney, 
Senun 

Brain Cortex: 
Me Hg sign ifica nt ly decreased a- tocop hero l leve l in 
the brain cortex in a ll dietary groups except the low 
vitam in E, the low vitami n E + low selenium, and the 
high phytate groups. 

Brain Cerebellum: 
All vitam in E groups had h igher a-tocopherol level s 
than a ll the non-vitamin E g ro ups. 

Me Hg s ignificant ly decrease d a-tocop herol 
concent rat ions in the brain cerebe ll um in a ll die tary 
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groups except the contro l, the low vitami n E, and the 
high vi tamin E gro ups. 

Me Hg treatment res ulted in sim ilar a- tocophero l 
levels in the cortex and cerebellum from the hi gh 
,itamin E and the low vita min E gro ups. 

Li1·er: 
MeHg significan tl y decreased li ver a-tocopherol 
content in the low se len ium, hi gh vi tam in E + hi gh 
selenium, low vitamin E + high selenium. and the high 
phytate grou ps. 

In rats treated with MeHg. all the high vitamin E 
groups had hi gher vitamin E contents in the liver 
compared to a ll the low vitamin E groups. 

The hepati c content ofa-tocopherol in MeHg treated 
lo\\ \ itamin groups were higher than the non-vitamin 
E groups, with the high phytate group having the 
lo" est hepat ic vitamin E leve l among all the groups. 

J.:idne_,•: 
\'1e Hg signi fi cantl y decreased kidn ey a-tocophe rol 
levels in all the dietary groups except the low vitami n 
E. the high vi tamin E + high seleni um, and the phytate 
groups. 

In Me Hg trea ted rats, all the vitamin E grou ps had 
higher kidney a-tocophe rol content s than the non-
vitami n E groups. 

Simi lar a- tocopherol levels were observed in the 
kidneys from the high vitamin E and the low vitamin 
E groups. 

Serum: 
Me Hg sign ificantl y decreased serum a-tocopherol 
le,e ls in the low vitamin E, the high vi tam in E, the 
high vitamin E + low se lenium, the low Vitamin E + 
high se leni um, and the low phytate groups. 

In rats treated wit h Mel-lg, all vitamin E groups had 
higher serum a- tocopherol levels than the non-vitamin 
E groups. 

The Me Hg treated hi gh vitamin E + hi gh se lenium 
grou ps had highe r serum a-tocophero l level than the 
low vi tamin E groups. 

Molecula r Markers in Brain Cerebe ll um 
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Different diets caused different levels of up or down 
regula ti on of the various biomarkers studied. 

The oxidative pathways (SOD. GCS or COX-3) did 
not show any protection by vitamin E and selenium 
against MeHg in any diet. 

The genes involved in apoptosis ( Bax-a and Bel- I) 
did not offer protection. 

The muscarinic receptors-subtype 3 and 4, we re up-
regulated, suggesting protection against Me Hg, but 
onl y in the low vitamin E and low selenium group. 

H istopath ology 

In kidney. pronounced nephrosis was observed in 
a ll Me Hg-treated groups. regardless of the diet. The 
lesions were simil ar in severity and quality 
throughout. In the high phytate groups the incidence 
a nd seve rit y of glomeru lonephroathy and 
nephrocalcinosis were marked ly increased. 

In testis. no treatment-related effect was observed. 
There was a low incidence of degenerative change in 
most diet groups with or without MeHg treatment. 

Conclusion 
Overall the data ana lysed to date indicate protection from 
MeHg toxicity by Vita min E and Se in the diet. This 
observation. however." ill be further verified by ana lys is 
of more sensitive toxicity parameters at the cel lular and 
molecular levels as summa ri zed below. It is antic ipated 
that such analysis will a llow determination of any subtle 
dietary effects on MeHg toxicity. 

Analys is in Progress. and Due fo r Completion in the 
Near Future: 

Markers of oxidative DNA damage/repair will be 
analyzed in urine, liver, spleen, and kidney using 
ELI SA and immunohistochemica l methods. 

Markers of antioxidants (TAC. GSSG/GS H) in serum, 
liver, sp leen, and kidney will be measured using 
colorimetric and enzymatic methods. 

Markers of cell proliferation, apoptos is and renal 
damage wi ll be meaured in liver and kidney using 
immunohistochemical methods. 
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M ark ers of neurotoxicity incl uding neurotransmiters, 
anti ox id ants, recepto rs, and key en zymes w ill be 
anal ysed using molecular techniques. 

Proposed Future Study Submitted for the 2005-2006 NCP 
Call for Proposa ls 

To fu ll y und erstand th e health ri sks of melhylm ercury 
exposure in Inuit populati ons, it is importa nt lo study the 
interactio ns between MeHg and the Northern diet. Our 
previous studi es funded by NC P have shown that vitami n 
E and se lenium may have protecti ve effects agai nst acute 
tox icity ofMeHg in newborn (Chan et al. 2004) as well as 
in juven il e ra ts (pre liminary data fro m thi s s tud y) 
depending on the doses used. However, the long-term 
hea lth benefi ts o f di etary vitamin E and selenium are sti ll 
unclear. In the NC P Ca ll for Proposal s for 2005-2006, we 
have proposed a fol low-up study to investigate further if 
Vitam in E and Se lenium also provide protect ion against 
chron ic tox ic ity of MeHg at exposure level s sim ilar to 
those fo und in the Inuit population. Findings from the 
proposed study will facilitate characteri zat ion of the hea lth 
risks fo r Inuit population chronically ex posed to a low 
leve l o f MeHg, taking in to consideration the nutrit ional 
benefits of the trad itional di et as well. 
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Abstract 
Previous st udy has shown that In uit in Nunavut may be 
exposed to elevated levels of mercury through traditional 
food consumption. This pilot stud y seeks to characte ri ze 
the ri sk to human health by examining the relationships 
between diet and body burden of mercury in 2 
communities in Nunavut. Food frequency data and hair 
samples were co llected in adult volunteers in lgloolik 
(N=40) and in Repulse Bay (N=52) from May to Jul y of 
2004. Hair samples were col lected for Hg ana lyses. A 
total of65 most commonl y consumed food samples were 
also co llected for Hg analysis. The most consumed 
species on a gipersoniday basis were cari bou, ringed sea l, 
walrus and char in lgloolik . In Repulse Bay the most 
consumed species were caribou. ringed seal, walrus, and 
narwhal. In lgloolik the estimated average Hg exposure is 
11.3 ± 12. 1 ,,g of Hg per day, with individual est imates 
ranging from 0.2 to 48.5 µg of Hg per day. 1 n Repulse bay 
the estimated average Hg exposure is 30.8 ± 35.9 µg of Hg 
per day, with ind ividual estimates ranging from 0.3 to 181.2 
µg per day. Thirteen ( 13) people (33% of participants) 
from lgloolik had exposu re estimates above the minimal 
risk level, and 31 people(60% ofpanicipants) from Repulse 
Bay had estimated exposure levels above the minimal ri sk 
level. The top three food items contributing to Hg exposure 
were walrus meat, caribou meat, and ringed seal meat in 
lgloolik . In Repulse Bay the top th ree contributors to Hg 
exposure were narwhal muktuk (with blu bber), ca ri bou 
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meat, and beluga muktuk (with blu bber). The average hair 
Hg leve l in lgloo lik was 3.3 ± 3.3 ,,gig, with indi vidual 
va lues ranging from 0. 1 to 13. 1 ,,gig. For women of 
ch ild bearing age the average level was 2. 1 ± 1.7 µgig. 
with individual ranges from 0.2 to 7.0 ,,gig. In Repul se 
Bay the average leve l of Hg in hair was 2.3 ± 1.5 ,,gig wi th 
individual ra nges from 0.2 to 6.3 ,,gig. Of the women of 
childbearing age the average va lue was 2. 1 ± 1.4 ,1 g 1g 
with individual va lues ranging from 0.5 to 6.0 µgig. In 
lgloo lik seven peop le had levels above the minimal ri sk 
leve l of6 µgig establi shed by Health Canada, and Repul se 
Bay had two individua ls. In each community on ly one 
woman of chi ldbearing age had leve ls above the low ri sk 
level. There is a signi fi cant corre lation between Hg in hai r 
and both traditional food in take and est imated Hg intake 
in the two communities. A great majority of the panicipants 
agreed that traditional foods contri bute to good health, 
eating trad it ional foods is a part of one's culture, eati ng 
traditional foods is completely sa fe, and that eating 
traditiona l foods has more benefits than ri sks. Resu lts 
wil l be di scussed with the communiti es and the Niqii t 
Avatittinni Comm ittee for ri sk management purposes. 

Objectives 
The overal l goa l of the project is to develop a resea rch 
and manage ment paradi gm to max imi ze benefits of 
traditi onal food-eating pract ices and minimize the ri sks of 
mercury exposure in Inuit communities in N unavut by 
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integrating traditional and scientifi c knowledge . 

Long Term Object ives: 

J. To characterize th e risk of mercury exposure in 
Nunavut communit ies 

2. To identify potemial protecti ve factors such as 
fany acids and vi tamins in the traditi onal diet 

3. To develop indica to rs of we ll be ing of the 
communities 

4. To deve lop managemem options to minimize the 
,risk mercury ex posure and maximize the benefits 
of traditiona l food consumption 

Short Tenn Objectives (2003-2004): 

I. To develop with the communities culturally 
acceptable protocols for the collection of hair 
for biomonitoring of mercury 

2. To esti mate d ietary intake levels of the 
part icipams 

3. To corre late Hg burden with dietary intake 
4. To repo rt test results to each partic ipant and 

discuss the potential health implications 
5. To discuss with the community represen tatives 

on th e fol low-up study 

Introduction 
There have been extensive studies of population groups, 
including the general population. indigenous peoples, and 
fishe rmen, on exposure and effects of mercury (Hg), 
ranging from the initial work in Minamata and Ni igata, 
Japan in the 1950s (Tsubaki and I rukayama 1977) to work 
among remote popu lation groups in the Amazo n in the 
1990s (Kehrigh etal. 1997; Lebel et al. 1996, 1997). Long-
term exposu re to either inorganic or organic Hg can 
permanemly damage the bra in , kidneys. and developing 
foetus (ATS DR 1999). Met hylmercury (MeHg) that is 
ingested through the consumption of comaminated fish 
may cause greater harm to the brain and developing foetus 
because MeHg readi ly crosses the placenta and the 
blood-brain barrier and is neurotoxic. The deve loping 
foeta l nervous system is especial ly sensitive to Hg effects. 
Prenatal poisonin g with high dose MeHg causes mental 
retardation and cerebral pa lsy. The acceptab le limits for 
steady-sta te exposure to MeHg is considered to be 
between 0. 1 to 0.5 µg/kg-body weight/day (ATSDR, 1999). 

Results of the dietary study conducted by CINE in 18 
Inuit communities show th at th e average imake of Hg is 
0.6 µg/kg-body weight /day (n= 1875) and th e 95'" 
percent ile has an intake leve l of3.0 ,,g/kg-body weight/ 
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day (Kuhnlein et al. 2000). It is clear that some sectors of 
the populations are exposed to higher than desirable levels 
of Hg in their diet. The major contributors to Hg intake 
are ringed seal meat and organs. caribou meat and organs. 
lake trout. beluga and narwhal muktuk. Arctic char 
(Kuhnle in et al. 2000). It is, therefore. imponam to 
characterize the risk of Hg exposu re in the Inuit 
communi ties by measuring body burden direct ly and to 
correlate the data with estimate dietary exposure fol lowed 
by neurobehavioural lesting of the subjects (if warranted). 
Dewail ly et al ( 1999) repo11ed mean Hg concentrat ions in 
hair samples collected in 1999 in the Sal luit region to be 
5. 7 mg/kg. No similar data were collected by NCP in 
Nunavut. 

Activities 
In 2003-2004 
Extensive consultations were conducted with the Niqiit 
Avat itt inni Committee on the need for the research, 
methodology and the choice of communities. The project 
was endorsed by the Niq iit Avatittinn i Committee on June 
I 0, 2003. Hi storical data on Hg in hair col lected from 
Nunavut between 1975-1985 were obtained from the First 
Nation and Inuit Health Branch of Health Canada (FNIHB ). 
Based on the range of the historical data and the 
recommendation by the Niqiit Avatittinni Committee. the 
communities of lgloolik and Repulse Bay were selected 
as the participating communities. Both communities 
agreed to participate and research agreements were 
signed. The protocol and procedures were approved by 
the McGill Human Research Ethics Committee. Human 
hair samples and food use pattern data were collected 
from about 160 participants in the two communit ies. An 
M.Sc. st udent, Patricia Solomon. was recruited as the 
project coordinato r. Two research assistants were hired 
in each of the two communiti es. Data we re co ll ec ted in 
lglool ik (May-June 2004) and in Repulse Bay (June-Jul y 
2004). Samples were sem to CINE for Hg analysis. Dieta,y 
Hg exposure was estimated using a food frequency 
questionnaire and body burden of Hg was assessed by 
measuring hair samples .. We plan to discuss the results 
and health implications with the communities in February 
of2005. 

Results 
Traditional Food Samples 

Traditional food samples were obta ined from the lgloolik 
Hunters and Trappers Organization, and loca l hu nte rs in 
both communiti es. In lgloolik 25 samples we re obta ined. 
including I O char meat, I O caribou meat. I wa lrus meat, I 
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Table 1. Mercury Concentrations of Traditional Food Samples Collected in Current Study (mg/kg) 

I n 
Caribou (fl esh, raw) 
Iglooli k 10 
Repu lse Bay 16 

Char (fl esh, raw) 
lgloo lik 10 
Repulse Bay II 

Narwa le (rnuktuk-blubber) 
Repu lse Bay 5 

Narwa le (rnuktuk-skin) 
Repul se Bay 5 

Ringed Sea l (fl esh, raw) 
Repul se Bay 9 

Ringed Seal (kidney, raw) 
Igloo li k I 

Ringed Sea l (li ver, raw) 
Igloolik 3 

Walrus (fl esh, raw) 
lgloolik I 

sea l kidney, 3 seal liver. In Repul se Bay sa mp les were also 
obtained, including 16 caribou meat, 11 char meat, 5 
na rwha l muktuk , and 9 seal meat samples. A ll sampl es 
were analyzed for Hg content. A summary of the Hg 
concentrations from the raw samples are shown in Table 
I. 

Participation 

For the comm unity of lglool ik a ra ndom sample li st of the 
adult populat ion o f the com muni ty was pre pare d 
proportio nal to gen der category. The list of 120 adul ts 
co nsisted of 62 ma les a nd 58 fe ma les. Th e f in a l 
pmtici pation rate from the random sample was 13%. Forty-
nine percent (49%) of those sampled refused to participate, 
17% had moved or were away from the community for the 
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mean rn in rnax 

0.06 0.04 0. 10 
0.05 0.02 0.2 1 

0.07 0.03 0.2 1 
0.05 0.02 0. 10 

0.06 0.04 0.09 

0.39 0.05 0.66 

0.09 0.06 0. 11 

0.44 n/a n/a 

0.72 0.27 1.23 

0.08 n/a n/a 

du ra ti on of the study, and 2 1 % were unacco unted for. 
In clud ing th e vo lun teer participants the fin a l g roup of 
part ic ipants included 40 adults from the co mm unity, the 
majority being women of chi ldbearing age, as can be seen 
in Table 2a. 

The random samp le li st fo r Repu lse Bay was stra tifi ed by 
age , s ince th e date of birth fo r each in d ividual was 
avai lab le. The ra ndom sa mple list of 120 peop le in cluded 
83 members aged 18-40 years, 28 members aged 4 1-60 
years, and 9 members aged 6 1 or above. The part ici pati on 
rate was 18% fro m the random sa mpl e li st. Thirty-six 
percent (36%) of those sa mpl ed refused to parti c ipate, 
18% had moved or were away from the co mmunity at the 
time of the study, and 28% were unaccounted fo r. The 
fi na l st ud y pop ul at ion for Re pul se Bay in c lud ing 
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Table 2a. Profile of Participants - lgloolik 
Male 

Age 18-40 4 
Age4!-60 2 
Age 61 and above I 
Total 7 

Table 2b.Profile of Participants- Repulse Bay 

Male 
Age 18-40 13 
Age 41-60 I 
Age 61 and above I 
Total 15 

,oluntccrs was 52 ad ults with the majority also being 
women of childbeari ng age, which can be seen in Table 
2b. 

\\'hilc it was not recorded for every person that declined 
participation. two main reasons were observed for not 
p, rt1cipa ting. Of the o lder adults who declined. most ga,e 
the reaso n that they would not cha nge their curre nt 
consum ptio n pallerns of traditional food s and were 
therefore uninterested in partic ipating in a s tudy about 
the contam ination of traditional foods. For the younger 
adults \\ ho declined. the main reason for non-partic ipation 
included the fact that they did not consume a great amount 
of trad itiona l food and therefore the resu lts of a study 
looking at contaminants in traditional food wou ld not be 
applicable to them. 

Trad1tio11al Food Intake 

Table 3 present s the number of people who repo rted 
consuming spec ified traditional food items in the pas t 
year as per the food frequency questionnaire. Based o n 
reported frequency of intake, estimates of dail y intake 
were prepa red using the appropriate portion size from 
studies conducted by Kuhnlein et al. 2000. These data 
arc summarized on a per species basis presented in Table 
-la and 4b a long with th e max imum estimated individual 
intake. 

The most co mmonl y consumed spec ies/animal part , 
beg inni ng with th e grea tes t number of people who 
reported consuming it . for lg loolik were caribou meat, 

L Chan 

Female Total 
27 3 I 
3 5 
3 4 
33 40 

Female Total 
32 45 
2 3 
3 4 
37 52 

ca ribou broth/soup, char meat, walrus meat. ringed sea l 
mea t, rin ged sea l so up/broth , bird mea t, ringed sea l 
intestin es. be luga muktuk wit h b lu bber, and char soup/ 
broth. For Repulse Bay the list was caribou meat, caribou 
broth/soup, caribou tongue. char meat. narwhal muktuk 
wi th b lu bber, ringed seal intestines. walrus meat. ringed 
sea l meat, caribou blood. and caribou fat. 

Based on the total spec ies quantity estimates, the most 
consu med species on a g person/day basis were caribou . 
ringed seal. walrus and char in lgloo lik . In Repu lse Bay 
the most consumed species were caribou. ringed seal. 
walrus. and narwhal. 

Afercu,:\' Exposure Estimates 

Hg ex pos ure was est imated by mu lti plying th e repo rted 
frequ ency of consu mption by the average po rti on size 
fo r each age group. Once a g/day, aluc was determined 
the va lues were multiplied by the appropria te I lg content 
in food. Il g content of food was estimated using data 
from the Hg levels in food co llected in this st udy and 
previous data co llected by C l E. Hg concentrati ons used 
for each food item are shown in Table 5. 

In lg loolik the esti mated average I lg exposure is 11.3 ± 
12. 1 µg of Hg per day. with indi, idual est imates ranging 
from 0.2 to 48.5 µg of Hg per day. Specifically for the 
group of women of child bearing age the average ex posure 
was 6.0 ± 5.8 µg of Hg per day. with indi vidual est imates 
rang ing fro m 0 .2 to 23.9 fig I lg per day. In Repul se Bay 
the estimated average Hg exposure is 30.8 ± 35.9 fi g o f Hg 
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Table 3. Frequency of Traditional Food Intake 

IGLOOLIK 

% of 
population 

Species - Part n consuminq 
Beluga - Meat 3 7.7% 
Beluqa - Muktuk with Blubber 27 69.2% 
Beluqa - Muktuk without blubber 15 38.5% 
Beluqa - Blubber 0 0.0% 
Beluqa - Flippers 21 53.8% 
Beluoa - Other 0 0.0% 
Narwhale - Meat 1 2.6% 
Narwhale - Eves 0 0.0% 
Narwhale - Flippers 9 23.1% 
Narwhale - Muktuk with blubber 21 53.8% 
Narwhale - Muktuk without 
blubber 7 17.9% 
Narwhale - Blubber 0 0.0% 
Narwhale - Heart 0 0.0% 
Narwhale - Other 0 0.0% 
Walrus - Liver 15 38.5% 
Walrus - Heart 12 30.8% 
Walrus - Intestines 18 46.2% 
Walrus - Stomach and contents 7 17.9% 
Walrus - Flippers 11 28.2% 
Walrus - Blubber 15 38.5% 
Walrus - Oil 3 7.7% 
Walrus - Soup/Broth 11 28.2% 
Walrus - Meat 32 82 .1% 
Walrus - Other 0 0.0% 
Polar Bear - FaUOil 26 66.7% 
Polar Bear - Feet 0 0.0% 
Polar Bear - Soup/Broth 1 2.6% 

Average da il y intake Max daily 
(q) mean ± stdev• intake (q) 
7.2 + 8.2 18.4 
8.4 ± 11.6 57.2 
5.1 ± 9.8 32.9 
0.0 + 0.0 0.0 
6.6 ± 15.9 74.0 
0.0 + 0.0 0.0 
1.8 + 0.6 1.8 
0.0 ± 0.0 0.0 
4.7 + 5.5 18.5 
8.9 ± 15.6 71 .3 

2.4 + 2.1 4.1 
0.0 ± 0.0 0.0 
0.0 + 0.0 0.0 
0.0 ± 0.0 0.0 
5.6 + 10.2 34.5 
10.5 ± 15.1 46.4 
5.8 ± 10.0 34.5 
8.7 + 12.6 37.2 
15.2 ± 21 .0 74.0 
8.9 + 12.1 41 .1 
7.0 ± 9.7 20.4 
6.1 + 14.9 49.3 
29.3 ± 38.8 138.5 
0.0 + 0.0 0.0 
1.2 ± 5.2 8.2 
0.0 + 00 0.0 
1.3 ± 0.2 1.3 

REPULSE BAY 
Max 

% of Average daily da ily 
population intake (g) mean intak 

n consuminq + stdev• e (q) 
6 11 .5% 38.6 + 30. 1 64.4 
37 71 .2% 33.0 ± 48.6 178.0 
31 59.6% 15.2 + 24.1 100.0 
7 13.5% 12.1 + 13.8 38.2 
31 59.6% 37.1 ± 65.4 225.0 
0 0.0% 0 0 + 0.0 0.0 
8 15.4% 114.1 + 75.7 225.0 
0 0.0% 0.0 ± 0.0 0.0 
33 63. 5% 38.1 + 70.1 225.0 
35 67.3% 57.1 ± 66.3 250.0 

32 61 .5% 27.5 + 35.2 150.0 
5 9.6% 35.3 ± 21.4 57.0 
0 0.0% 0.0 + 0.0 00 
0 0.0% 0.0 ± 0.0 0.0 
13 25.0% 16.5 + 30.2 84.0 
8 15.4% 35.3 ± 48.5 113.0 
23 44.2% 29.2 ± 72.0 338.0 
9 17.3% 30.3 + 40.5 11 3.0 
11 21 .2% 37.9 ± 72.2 225.0 
19 36 .5% 35.7 + 48.3 150.0 
16 30.8% 18.9 ± 31.9 82.8 
16 30.8% 28.6 + 48.7 136.8 
32 61.5% 50.0 ± 91 .1 337.0 
0 0.0% 0.0 + 0.0 0.0 
4 7.7% 27.9 ± 48.3 100.0 
25 48.1 % 23.4 + 67.0 338.0 
9 17.3% 4.8 ± 10.3 32.2 
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Polar Bear - Meat 
Polar Bear - Other 
Rin~ed Seal - Liver 
Rinaed Seal - Kidnev 
Rinaed Seal - Heart 
Ringed Seal - Lunqs 
Rinqed Seal - Brain 
Rinaed Seal - Eves 
Ringed Seal - Intestines 
Rinqed Seal - Fl ippers 
Rinaed Seal - Blood 
Ringed SealFat/Oil 
Rinqed Seal - Soup/Broth 
Rinaed Seal - Meat 
Rinaed Seal - Cartilaae 
Ringed Seal - Other 
Bearded Seal - Liver 
Bearded Seal - Heart 
Bearded Seal - Intestines 
Bearded Seal - FaVOi l 
Bearded Seal - Soup/broth 
Bearded Seal - Meat 
Bearded Seal - Cartilaae 
Bearded Seal - Other 
Bird - Meat 
Bird - Gizzard /Stomach 
Bird - Soup/Broth 
Bird - Eqqs 
Bird - Other 
Caribou - Liver 
Caribou - Kidneys 
Caribou - Heart 

29 74.4% 2.4 + 5.6 
0 0.0% 0.0 + 0.0 
23 59.0% 4.4 + 6.6 
15 38.5% 2.1 + 5.0 
8 20.5% 3.4 + 4.6 
3 7.7% 2.1 + 1.2 
14 35.9% 0.1 + 3.6 
5 12.8% 0.3 + 1.9 
17 43.6% 13.9 + 34.1 
5 12.8% 8.1 + 5.7 
3 7.7% 9.9 + 6.7 
21 53.8% 6.8 + 9.6 
18 46.2% 14.8 + 26.0 
35 89.7% 25.5 + 45.2 
7 17.9% 1.7 + 2.2 
0 0.0% 0.0 + 0.0 
0 0.0% 0.0 + 0.0 
1 2.6% 2.6 + 1.1 
28 71 .8% 4.9 + 9.8 
18 46.2% 2.9 + 5.4 
1 2.6% 2.7 + 1.2 
22 56.4% 7.4 + 8. 1 
1 2.6% 1.2 + 0.2 
0 0.0% 0.0 + 0.0 
22 56.4% 11.9 + 22.4 
8 20.5% 1.0 + 2.4 
3 7.7% 2.9 + 2.7 
21 53.8% 2.5 + 4.3 
0 0.0% 0.0 + 0.0 
5 12.8% 4.5 + 4.8 
5 12.8% 0.6 + 1.9 
19 48.7% 2.8 + 5.2 

10.5 35 67.3% 13.1 + 22.9 113.0 
0.0 0 0.0% 0.0 + 0.0 0.0 
18.1 30 57.7% 18.8 + 41 .6 169.0 
15.3 20 38.5% 8.0 + 16.6 56.0 
14.4 9 17.3% 36.6 + 66.6 187.0 
3.6 3 5.8% 40.8 + 61 .1 111 .0 
0.2 16 30.8% 0.7 + 1.7 7.0 
0.7 9 17.3% 7.1 + 9.7 20.0 
138.9 27 51 .9% 55.9 + 116.9 450.0 
18.5 13 25.0% 44.3 + 87.4 253.0 
15.8 15 28.8% 59.7 + 122.8 360.0 
34.0 32 61 .5% 7.8 + 20.0 82.8 
100.7 31 59.6% 26.3 + 75.8 362.0 
185.2 49 94.2% 27.6 + 72.8 338.0 
3.7 11 21.2% 13.2 + 33.4 113.0 
0.0 0 0.0% 0.0 + 0.0 0.0 
0.0 4 7.7% 4.2 + 4.8 11.1 
2.6 2 3.8% 7.3 + 5.2 10.9 
42.3 23 44.2% 13.2 + 30.8 128.2 
13.7 12 23. 1% 11 .1 + 28.3 100.0 
2.7 8 15.4% 35.8 + 69.8 206.3 
30.8 22 42.3% 17.3 + 34.8 128.2 
1.2 2 3.8% 7.4 + 5.3 11 .1 
0.0 0 0.0% 0.0 + 0.0 0.0 
92.5 18 34.6% 19.2 + 33.9 128.2 
1.5 5 9.6% 8.9 + 12.6 31 .1 
6.7 9 17.3% 27.0 + 43.7 139.6 
5.5 13 25.0% 4.7 + 7.5 28.5 
00 0 0.0% 0.0 + 0.0 0.0 
13.6 16 30.8% 30.6 + 51.8 169.0 
1.5 18 34.6% 17.7 + 23.2 56.0 
15.5 22 42.3% 15.4 + 26.5 113.0 
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Caribou - Lunas 11 28.2% 
Caribou - Stomach and contents 10 25.6% 
Caribou - Intestines 9 23.1% 
Caribou - Nose 6 15.4% 
Caribou - Tanoue 31 79.5% 
Caribou - Eyes 15 38.5% 
Caribou - Brain 19 48.7% 
Caribou - Bone Marrow 29 74.4% 
Caribou - Fat 35 89.7% 
Caribou - Blood 0 0.0% 
Caribou - Carti laqe 10 25.6% 
Caribou - Broth/Soup 38 97.4% 
Caribou - Meat 39 100.0% 
Caribou - Other 0 0.0% 
Trout - Meat 13 33.3% 
Trout - Soup/Broth 1 2.6% 
Trout - Eqqs/Roe 2 5. 1% 
Trout - Other 0 0.0% 
Char - Meat 34 87.2% 
Char - Soup/Broth 8 20.5% 
Char - Eaas/Roe 10 25.6% 
Char- Other 0 0.0% 

• based on average portion size of those consuming 

2.4 + 3. 1 7.4 
2.7 ± 3.7 11 .1 
2.2 ± 3.0 7.4 
2.0 + 2.8 6.8 
5.2 + 8.6 27.4 
0.4 + 3.7 2.1 
2.1 ± 4.8 12.3 
5.6 + 9.1 30.8 
3.4 + 6.5 13.7 
0.0 + 0.0 0.0 
2.4 ± 3.4 7.4 
33.3 + 38.4 134.2 
49.5 + 50.9 184.9 
0.0 ± 0.0 0.0 
3. 1 ± 3.4 6.2 
0.7 + 0.2 0.7 
0.6 ± 0.8 0.8 
0.0 ± 0.0 0.0 
31.2 + 35.6 123.3 
28.0 ± 35.3 100.7 
2.2 ± 2.9 5.8 
0.0 ± 0.0 0.0 

6 11 .5% 24.0 + 44.4 11 3.0 
12 23.1% 58.4 ± 73.0 169.0 
8 15.4% 24.6 + 41 .8 113.0 
2 3.8% 27.5 + 31.9 50.0 
47 90.4% 62.6 + 70.1 200.0 
22 42.3% 6.5 + 6.8 25.0 
30 57.7% 19.2 ± 27.2 
40 76.9% 29.2 + 36.0 128.0 
47 90.4% 28.0 + 31.6 106.0 
6 11 .5% 224.4 + 162.2 360.0 
12 23.1% 40.9 ± 41 .5 113.0 
48 92.3% 114.7 + 95.6 245.0 
52 100.0% 165.6 + 139.9 450.0 
5 9.6% 70.6 ± 58.1 113.0 
26 50.0% 39.2 + 73.0 225.0 
10 19.2% 57.8 + 99.0 245.0 
7 13.5% 45.1 ± 65.7 141 .0 
0 0.0% 0.0 + 0.0 0.0 
48 92 .3% 51 .7 + 72.0 225.0 
22 42 .3% 60.0 ± 880 245.0 
21 40.4% 32 .2 + 48.9 141 .0 
0 0.0% 0.0 + 0.0 0.0 



Table 4. Reported daily intake of traditional food species (g/day) 

a. lgloolik 
R:,la-

B:,11m J\m\rnle \¼lll6 Ehn' 
llffll 11.9 6A 43.1 25 
std:v 24.5 13.5 74.2 3.9 
mn 0.0 0.0 0.0 00 
IT!lX 149.6 71.3 300.2 17.5 

b. Repulse Bay 
RJlar 

B:,lum J\m\hile Wtlll6 Ehn' 
nm, 61.6 99.9 104.5 222 
std:v 129.5 1%.6 300.5 76.4 
nin 0.0 0.0 0.0 0.0 
nnx 733.8 \(Xi7.2 16.38.0 551.0 

per day, with individual estimates ranging from 0.3 to 181.2 
µg per day. The group of wome n from Repul se Bay had 
an a,·erage ex posure of 2 1.3 ± 22.2 ,1g Hg per day with 
individual estimates ranging from 0.3 to 79.0 ,,g Hg per 
day. 

The dis tribution of individual est imates is shown in 
Figures I a and I b. Using the World Health Organization 
Hg in take guideline or 0.24µg/kg body wt/da y and 
assuming the average weight of fema les aged 20-40 is 64 
kg as determined by Kuhnlein et al. 2000, the minimal risk 
le, el of exposure is I 5 µg Hg per day. This minimal risk 
le\el is used for comparison as shown in Figures la and 
I b. Thineen ( 13) people (33% ofpanicipants) from lgloolik 
had ex posure estimates above the minimal ri sk level. and 
31 people (60% of participants) from Repul se Bay had 
estimated exposure levels above the minimal ri sk level. 

Based on the estimated leve ls, the top three food items 
contribut ing to Hg exposure were walrus meat, ca ribou 
meat, and ringed sea l meat in lgloolik. In Repulse Bay the 
top three contributors to Hg exposure were narwhal mutuk 
(with blubber), caribou meat , and beluga muktuk (with 
blubber). 

\fercu,y in Hair 
Mercury levels as measured in indi vidual hair samples 
are all expressed as the average of the first 12 ems of hair. 
The average hai r Hg leve l in lgloolik was 3.3 ± 3.3 ,,gig, 
with ind ivi dual va lues rangi ng from 0.1 to 13.1 ,,gig. For 
women or chi ld bearing age the average level was 2.1 ± 
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Rirgrl ElearcW 
&,al &,al Brei Orib:u TJU.t Ow 
45.9 9.2 8.5 %7 I.I 33.1 
'if/.6 16.5 18.9 %.2 20 47.0 
0.0 0.0 0.0 0.0 0.0 0.0 
462. \ 76.2 %.7 327.1 6.9 193.2 

Rirgrl ElearcW 
&,al &,al Brei Orilxu Tort Ow 
134.3 ? I.\ 13.0 462.6 35.4 83.4 
440.5 77.6 46.9 '½5.7 119.6 149.7 
0.0 0.0 0.0 1.0 0.0 0.0 
2383.8 503.3 327.4 2134.0 611.0 611.0 

Table 5. Mercury Concentrations in Traditional Foods 
used for Estimation of Dietary Exposure 

Repulse 
Jgloo lik Bay 

Beluga (muktuk) 0.135 kl.205 
Caribou (flesh, raw) 0.06 0.05 
Char (flesh, raw) 0.07 0.05 
!Narwhal /muktuk) 0.205 0.225 
Seal - Rin_ged /flesh, raw) kl.09 kl.09 
Walrus /flesh , raw) 0.15 0.14 

I. 7 µgig, with individuals ranging from 0.2 to 7.0 ,,gig. In 
Repul se Bay the average Hg in hair was 2.3 ± 1.5 with 
individuals ra nging from 0.2 to 6.3 ,,gig. Of the women or 
ch ildbearing age the average value was 2. 1 ± 1.4 ,,gig 
with indi vidua l va lues ranging from 0.5 to 6.0 µgig. 

Population di stributions are shown in Figure 2a and 2b. 
As can be seen in these figures. in lgloolik seven peop le 
had levels above the minimal risk level of 6 ,,gig 
establi shed by Health Canada. and Repulse Bay had two 
individuals. In each community only one wo man of 
ch ild bearin g age had levels above the low ri sk leve l. 
Profiles of all individua ls above the low risk level are 
presented in Table 6. They are usually elderly people 
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Figure 1 a Frequency Distribution of Estimated Hg Exposure in lgloolik 
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Figure 1 b Frequency Distribution of Estimated Hg Exposure in Repulse Bay 
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Figure 2a. Frequency Distribution of Hair Hg Concentrations - Participants in lgloolik 
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Figure 2b. Frequency Distribution of Hair Hg Concentrations - Participants in Repulse Bay 
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with high consumption of traditional food and a high 
intake of Hg. 

There is a strong co rrela ti on betw ee n hai r H g 
conce ntrations and traditiona l food intake in both 
communiti es (Figure 3). Sim ilarly, there is also a strong 
corre lation between Hg concentrations and estimated Hg 
intake in both communiti es (Figure 4). 

L. Chan 

Sociocultural Data 

The socio-cul tural questionnaire revealed that more than 
half of the parti ci pants had someone in their househo ld 
that hunted or fished, ind icating a majority of the 
population still in touch wit h traditional practices. When 
asked if they had not iced a change in the avai labil ity of 
tradi1ion al foods the majori ty of res pondents sa id no -
63% from lglool ik and 94% from Repulse Bay. Also a great 
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Table 6. Individual Profiles for Those with Hair Hg Concentrations above the Minimum-risk Level 

Mean Maximum Total Estimated Hg 
Community Hair Hg Hair Hg Gender Age Traditional exposure 

(ppm) (ppm) 
lglooli k 6.5 9.3 F 81 

6.7 8.5 F 149 
6.8 9. 1 F 72 
7.0 J? .7 F 36 
11.7 12.4 M 78 
12.4 15.0 F 69 
13 .1 16.6 F 142 

Repul se Bay 6.0 7.8 F 140 
6.3 7.8 M 

majority of the participants agreed with th e fo llowed 
sta teme nts: eating trad it iona l foods contri but es to good 
health. eating traditional foods is a pa rt o f o ne's culture, 
eating traditional foods is complete ly safe. and that eating 
trad it ional foods has more bene fit s than ri sks. 

Discussion 
The res ults of this s tudy may ind icate a change in the 
way that research should be conducted in the North . The 
low part icipation ra tes in both co mmuniti es appeared to 
be due to dis in terest about the issue o f co nta minants in 
traditional foods and rel uc tance to ma ke di e tary changes 
based on any recommenda tions that will be ge nerated 
from the data. Pan icipat io n rates may improve by o fferi ng 
furthe r incen t ives to pa rt ic ipan ts such as mo neta ry 
compensation. One pos iti ve leve l of partici pati on was 
seen by the la rge number of women of childbearing age 
who parti cipated . T he fac t th at thi s g roup , bein g th e 
most at ri sk o f Hg-related health issues due to foe ta l 
exposu re outcomes, s howed int e res t a nd co nce rn 
indicated success of prev io us educati o n e ffo rts. 

While Rep ulse Bay had s li ghtly hi gher estim ated intakes 
of the trad itio na l foo d items surveyed. Res ults fro m both 
communities indicate that trad iti onal foods are freq uentl y 
consumed by most members. General perce pti ons by the 
comm uni ty ind icate that most people thin k that traditional 
foods are an importa nt way to maintain a sense of culture, 
are hea lthy and safe to consum e. 

A large num be r of people had estimated ex posure leve ls 
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Food (g/dav) (ug Hg/dav) 
1058 ~8.5 
506 18.0 
598 27.5 
372 16.4 
n/a n/a 
656 36.0 
1239 ~1 .9 
762 13.8 
2049 15.5 

above the minimum-ri sk leve l establi shed as prev ious!) 
desc ribed. It sho uld be no ted th at th ese estimates of 
ex pos ure are like ly lo wer than th e actua l ex pos ure as not 
a ll food items were inc luded in the estim ate; thi s is due to 
a lack of Hg concentratio n data fo r many spec ies/ani mal 
parts for th ese reg ions. The estim ates did , howeve r. 
inc lude most o f th e top ten most comm onl y consumed 
spec ies/animal parts, and th ere fo re can be consid ered to 
be good es tim ates o f th e ac tu a l ex pos ure fo r most 
indi viduals. 

The average estimated Hg ex posure for lg loolik was belO\, 
the minimum-risk leve l; howeve r 33% o f the popula ti on 
had estimated ex posures higher than this leve l. In Repulse 
Bay th e ave ra ge es tim a ted ex pos ure was tw ice the 
minimum-ri sk leve l, and 60% o f the po pulation had 
estimated ex posure va lues above thi s level. These resul ts 
ra ise conce rn abo ut the ex posure to Hg o f the popula ti on . 
especial ly for the women o f ch ildbeari ng age. 

Th e average leve l o f Hg in th e ha ir o f the po pulati on was 
below the low-ri sk level o f 6 ppm fo r both co mmuniti es. 
As shown in Table 6, nine people fro m bo th communiti es 
combined had leve ls above acceptab le. A ll indi vidual 
va lues o f Hg in ha ir were be low the "at ri sk" leve l o f 30 
ppm , indi ca tin g th a t indi v idu a l inte rve nti o n may be 
unnecessa ry at thi s poi nt. Anoth er positi ve res ul t is that 
o f th e nin e pa rti c ip ant s hav in g ha ir co ncentrati o ns 
co ns id e red to be hi g h, o n ly o ne was a wo ma n of 
childbearing age fro m each commu nity. Th e Canadi an 
Arcti c Contamin ants Assessment Report II re leased by 
th e No rth e rn Co ntamin a nt s Prog ram s ta tes t ha t a 
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Figure 3. Correlation between average hair Hg concentrations (mg/kg) and estimated total trad itional food 
intake (g/day). 
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Figure 4. Correlation between average hair Hg concentrations (mg/kg) and estimated total Hg intake from 
traditional food (µg/day). 
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significant number of people ha ve reported exposure 
levels of Hg and other heavy metals that are hi gher than 
the tolerable daily intake leve ls. Specifically in the Kivalliq 
and Baffi n Regions, 25% o f the populations of most 
com mun iti es are taking in leve ls of Hg that are higher 
than the tolerab le daily intake levels. This curren t study 
reaffi rms th is point as more than 25% of the population of 
both communit ies had estimated ex posure levels above 
the low-risk level. 

The Cent re for Indi genous Peo pl es' N utriti on and 
Env ironment conducted a large-scale study of the ri sks 
and benefits of the di et of the Inuit in Nunav ut (Ku hnlein 
et al. 2000). Based on reported intake, "55% ofperson-
days consu med a di et contain ing Cd, Hg, and Pb. 
Trad itional foods considered to be major sources of Hg 
(found to each contribute more than I 0% of total intake) 
were caribou meat, ringed seal nesh, and lake trout). This 
current study confi rms that caribou is a major contributor 
to Hg in the diet as it was among the top three contributors 
in both communit ies . Furthermore ringed sea l nesh was 
the th ird top contributor in lgloo lik , and the sixth top 
contributor in Repul se Bay. This study also estimated 
that the average intake of Hg in the diet of the Inuit was 
0.6 µg/kg body we ight/day, higher th an the FAO/W HO 
guide line leve l. As previous ly discussed , based on the 
data collected from this st udy a large portion of the 
population had high levels of estimated exposu re. 

Based on data provided by Hea lth Canada, mean values 
measured in residents of lgloolik from 1976-1985 were 
equivalent to 9.5 ppm in hair, compared to thi s study's 
a,erage of3.3 ppm. In Repul se Bay the average values in 
1977 were equivalent to 5.5 ppm in hair compared to thi s 
studies average of 2.3 ppm. While thi s current study 
does not provide a representative samp le from each 
communi ty, this decrease in average Hg body burden 
,alues should be considered positive. 

Resu lts of thi s study wil l be discussed with Niqiit 
Avat ittinni Committee whi ch has the mandate for risk 
management in Nu na vut. Resu lts will also be presented 
to the communities in a user fr iendl y format in consultation 
with Inuit Tapiriit Kanatam i ( ITK). 
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Abstract 
eurodevel opmental toxicit y was observed in rats 

fo llowing perinatal exposure to a mixtu re of environmental 
contaminants mimicki ng the exposure profile of Canadia n 
Arctic populations. Subsequent st udies were in it iated to 
determine the innuence of the mi xture components on 
neurodeve lopment and to identi fy molecu lar targets 
innuenced by neurotoxicants in the deve lop ing brain. In 
the current study, we compared the effects of the whole 
co ntamina nt mixture used in our previous studies to the 
effect s of comparable levels of its three major component 
group s: mcth y lmercury (Me Hg). polych lorin ated 
biphenyls (PCBs) and organochl orine pesti cides (OCs). 
In addition , we examined the neurodeve lopmental im pact 
of perinatal exposure to a) polybrominated diphenyl ethers 
(PBDEs), which share structural sim il ariti es with PCBs 
and b) an antithyroid agent 6-propyl-2-thiou rac il (PTU). 
The effects of MeHg, admi ni stered a lone, on pups ' 
growt h and mortality were more severe th an those of 
MeHg given as partofthe contaminant mixture, suggesti ng 
that ant ago ni st ic effec ts exist amon g in dividua l 
component s. The effects of the contaminant mi xture on 
thyro id horm one status were attributed to PCBs. Wh il e 
PCBs and PTU el icited simi lar changes on seru m T4 leve ls, 
there were noticeab le differences in other endpoi nt s 

46 

suggesting that the neurodeve lopmental effects of PCBs 
are not all attributab le to the impact of PCBs on thyroid 
hormone levels during development. Further evidence in 
support of thi s argument is that exposure to PCBs and 
OCs induced similar effects on hippocampus proteome, 
despite the fact that OCs fa il ed to affect thyroid hormone 
status. Pro teomi c data a lso supported antago ni sms 
between indi vidual pollutants: e ffect s on brain protein 
patterns resu lti ng from ex pos ure to Mel-lg, PCBs, or OCs 
alone were genera ll y more severe than those resulting 
from the contaminant mixture. These results clea rl y 
indicate distinct pattern s of deve lopmental toxicity fo r 
each of the mi xture components. However, accurate 
prediction of the toxicity of contaminant mixtures based 
on the li st of their components will req uire a better 
understanding of the interactions between pollutants. 

Key Messages 
I. The effects of the contaminant mi xtu re on pup growth 

and morta lity could be attri buted to Mel-lg. 
2. The effects of the contaminant mixture on serum T4 

and TSH leve ls in pups could be attri buted to PCBs. 
3. Despite similar serum T4 leve ls, PCB- and PTU-treated 

groups showed different tox ico logical effect s, rai sing 
ques ti ons on th e re la ti ve importan ce of 
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hypothyrox inemia in PCB toxicity and suggesting that 
other mechanisms of toxicity are invol ved. 

4_ Antagon istic effects occurred within the contam inant 
mixture: th e effects of MeHg on pup g rowth and 
mortali ty were partia lly ameliorated when co-exposed 
with PCBs and OCs. The complete contaminant mixture 
affected the brain protein profi le to a lesser extent than 
Me Hg, PCBs o r OCs adm ini stered indi viduall y. 

Objectives 
I. Compa re the effects of rat perinatal exposure to the 

complete contaminant mixture with the e ffects of its 
major components (MeHg, PCBs and OCs). 

1 Compare the effects o f perinata l exposure to the 
contami nan t mi xture and PCBs w ith those caused by 
PTU-induced perinatal hypothyrox inemia . 

3. Co mpare the effects of perinatal exposure to PCBs to 
those of th e structura ll y related PBDEs. 

4. Correlate brain genomic and proteomic data to systemi c 
tox ic ity and ncu robehavioural outcomes. 

5 Develop and va lidate new mo lecu lar biomarkers of 
ex posure/effects of environmental contaminants. 

Introduction 
The Northern Cont a minant s Program (NCP) has 
pre, iously funded a proposal from our section to examine 
the impact on rat growth and neurodeve lopment of a 
complex mixture o f contaminants, mimicking the profile of 
pers istent contam inants found in the serum of Canadian 
Arctic populations. The lowest dose of the co ntaminant 
mixture (0.05 mg/kg/day) produced blood methyl mercury, 
organochlorine pestic ide and polych lorinated biphenyl 
leve ls in offsp rin g that approx ima ted the co ncentrat ions 
fou nd in the blood of Canad ian Arctic mothers (Bowers, 
persona l communicatio n). More importantl y, 
neurobeha vioura l deficits (attention and motor functions) 
were observed fo ll owing perinatal exposure to the lowest 
dose of the contaminant mixture (Bowers 2004; Chu e1 al. 
2004). Pre liminary mR NA quantification wo rk a lso 
uncovered s ignificant changes in expression of genes 
rela ted to key ncurodevelopmental processes in rat pups 
(G ill , persona l communicat ion). 

In orde r to determ in e the contribution of th e maj or 
components of the contaminant mixture on various 
endpoi nts, we have cond ucted two fol low-up stud ies in 
paralle l, each us in g ide nti cal exposu re regim ens but 
evaluat ing different s u ites of respon ses in pups a t 
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different ages. The first study examined the impacts on 
functional neurodevelopment, neurobehaviour, 
neuroc hemist ry and tissue distribution of the 
contam inants (Chu el al. 2004). The present study was 
designed to furt her in vest igate the neurotoxicity of the 
contam inant mixture and the toxicological contributions 
of its major chem ical c lasses (Me Hg, PCBs and OCs) al a 
molecular level. Effects of perinatal expos ure lo these 
mi xtu res on pup growth, surviva l, thyroid hormone status 
and on brain geno mi c (mi croa rray hybridisation) an d 
proteomic (2D SOS-PAGE) endpoints were eva lu ated . 
Genomic and proteomic studi es typ ica lly produce a large 
amount of data that can lead to equivoca l interpretation, 
as changes in gene expression and protein profile do not 
necessarily result in observable changes at the who le 
organism level. However, sharing of the mixtures and 
dosing scheme with neurobehavioural studies (C hu et al. 
2004) allows the correlation of our molecular data w ith a 
wide array of relevant neurobehavioural, neurochemical 
and system ic endpoints. 

Activities 
In 2004-2005 
The an im al phase of the study was completed and many 
of the ana lyses are ongoing or have been completed. Data 
co llect ion is close to completion for the vehi cle, PTU and 
high dose contaminant mixture, Mel-lg, PCB and OC 
treatment groups. Measurements of serum T4 and TSH 
were completed. Proteomic analyses of cerebellum and 
hippocampus (2D SOS-PAGE and prote in profile 
comparison) are close to completion. Messenger RNAs 
we re purified from cerebel lum and hippocampus of the 
ve hi c le, PTU and hi gh dose g roups. The microarray 
hyb ridi sa ti o n method has been op timi zed and 
hyb ridi zation of cerebe llum and hippoca mpus total RNA 
is almost completed. Th ese data wi ll be sub mitted to a 
rigorous program of normalization, LOWESS 
transformation a nd ana lys is to iden tify significa nt 
changes in steady state mRNA levels with results expected 
by late summer 2005. We anticipate that analys is of thyroid 
gland histomorphology wi ll be completed by fa ll 2005. 

Results 
Darns were dosed with the con tam inan t mixture (5 and 
0.05 mg/kg), or equivalent amou nts of the components 
that constituted the mixture: methy l mercury (2 and 0.02 
mg/kg), po lychlorinated biphenyls ( 1. 1 and 0.011 mg/kg) 
and organochlorine pestic id es ( 1.9 and 0.019 mg/kg). 
Dams were a lso dosed with pol ybrominatcd diphenyl 
ethers supplied as commercial DE-7 1 (0.3, 3 and 30 mg/kg 
body we ig ht) . A po si ti ve con t ro l g ro up for 
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h) pothyroxinemia was dosed with propy l thiouracil 
(0 .00 I% PTU in drinking water from GD 16 to PND 21 ). 
Subsets of pups were sacrificed on P, D 14 or P D 21 . 
corresponding to periods of i111ense synaptogencsis in 
the hippocampus and cerebellum (P D 14) and in higher 
brain area s ( PND 21 ). Measuremc111s were made o n 
gro" th , mortality, thyroid horm one stat us and o n brain 

proteomic (two-d imens io na l ge l e lectrophoresis) and 
genomic (microarray hybridi zati on) profi les. 

Grow1h a11d morf{l/i~J' 

Pups from dams administered Me l lg a lone had a reduced 
growth rate (Figure I B) and showed a morta lity ra te 

Figure 1: Body weight gain for A) dams and B) averaged male and female pups of the high dose groups. 
Errors bars for the contaminant mixture (Mix.) and methylmercury (MeHg) treated groups represent the 
standard deviation. 
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Table 1: Effect of perinatal exposure to the contaminant mixture, PTU, MeHg, PCBs and OCs on pup 
mortality. The number of litters and live births (pups) for each treatment group are listed. PND 1-4 column 
reports pup deaths occurring before cul ling and PND 5-21 reports the deaths occurring between culling 
and PND 21 necropsy. 

% Mortality 
Treatment Litters Pups PND1-4 PND 5-21 
Vehicle 13 192 3.1 0 
PTU (0 001 %) 11 176 8.7 2.3 
OCs O 019 mg 8 105 6.7 o 
PCBs 0011 mg 11 146 2.1 1.1 
MeHg 002 mg 6 86 2.3 0 
Mixture 0.05 mg 11 149 2.0 
OCs 1.9 mg 10 138 2.2 
PCBs 1.1 mg 10 127 5.5 1.3 
MeHg 2 o mg 8 121 33.9 8.9 
Mixture 5 0 mg 10 156 17.3 7.6 
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Figure 2: Effects of perinatal exposure to the contaminant mixture on thyroid system functions. A) Serum T4 
concentration in PND 14 pups. B) Serum T4 and C) TSH concentration in PND 21 pups. Error bars represent 
the standard deviation and * indicates statistically significant differences from the control group (p < 0.05). 
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s1gni fica n1ly greate r than any other group (Table I ), 
incl uding pups who received an equa l dose of Me Hg as 
part of the tota l conta minant mixture, suggesting that 
antagonistic effects ex ist amo ng indi vid ua l cornpo nenls. 
:vleHg a lso appeared lo be responsib le fo r the effects of 
the conlarn inanl rni xlllre on dam body weight after birth 
(Figure I A). PCBs and OCs exposures failed 10 affect darn 
or pup body we ights. Al l low dose groups a lso fa iled 10 
affect we ight ga in (data no shown ). 

Thyroid hormone status 

Exposure 10 the con1arnina n1 mi xtu re and PCBs resu lt ed 
in decreased serum T4 conce111ra1ion that approximated 
PTU-ind uced hypothyroxinern ia at PND 14 and PND 2 1 
(Figure 2A and 28 ). As previously reported (Goldey et a l. 
I 99 5: Roth-Harer e t a l. 200 I), PCB -i nduced 
hypothyrox inernia fa il ed 10 increase the serum TSH 
concentrati on lo the sa me ex1e111 as PTU exposure (Figure 
2C). Surpr isi ng ly, Mel-lg ex posure was also found to afTect 
the seru m T4 concentrat ion at PN D 14. In ra ts, thi s time 
period correspo nds 10 a pea k in thyroid ho rmo ne ac ti vity 
and bra in growth (Seega l, 200 I). lt is therefo re possible 
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that by slowing the pups' weight ga in , MeHg exposure 
a lso delays the appearance of the peak concentrati on of 
thyroid hormone. Unfortunately. blood was sampled only 
at PND 14 and 21, and TSH was not measured at PND 14 
due to the small blood vo lume co llected . This preven1ed 
us from further investigating this finding. Thyroid g lands 
were sta ined and mounted on microscope s lides. Thyroid 
histo logical measurement wi ll begin shortly. 

Proteomic ana(psis 

Two-dimen s ional elect rop ho resis analysis of 
hippoearnpus extracts from the high dose groups was 
completed and analysis of cerebellum is underway. Due 
to the inherent variabi lity of2D gels, at least I O samples 
per treatment group were ana lysed. Spots present in most 
gels that were consistently showing varia tion of intensity 
greater than two-fold using three background subtraction 
and two normalization methods were considered as 
significantly affected. Exposure 10 PCBs and OCs resu lted 
in relati ve ly similar protein pallerns in the male pup 
hippoca mpu s, wit h the two groups sharing fou r 
differentially ex pressed prote in spots (Figure 3). Ex posure 
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Figure 3: Hippocampus protein extract two-dimensional electrophoresis gel profile. Differentially expressed 
protein spots in the contaminant mixture-, MeHg-, PCB- or QC-treated groups are circled . The inset table 
presents the fold change in protein expression for each treated group. Significant protein up-regulation is 
indicated in green and down-regulation in red . 
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to the contam in ant m ix ture resul ted in o nl y two 
differentiall y exp ressed spots (shared w ith PCBs and/or 
OCs). Exposure to MeHg also resulted in two differentially 
ex pressed spots. Preliminary ana lysis or ce rebe llum 
prote in patt e rn a lso revealed that exposure to the 
contaminant mixture res ulted in two differentia ll y 
expressed proteins including spot B (data not shown). 
Thi s observat ion differs from that orhippocampus where 
spot B was down-regu lated by Me Hg but not by th e 
contaminant mixture, suppo11ing the genera l view that 
the ce rebellum is a primary target or Mel-lg tox ic ity 
(Cas taldi et al. 2003). Identifi cat io n of the differen tiall y 
expressed protein by MALDI -ToF protease fin gerprintin g 
and con firmation of the data by immunochem istry and by 
Real Time RT-PCR will follow. 

Discussion and Conclusion 
The results of thi s study clearly dissoc iated the effects 
of the contaminant mixture. Th e resu lts attr ibute pup 
growt h and morta lity to the presence of MeHg, and 
perturbation of thyro id functions to the presence of PCBs 
in the co ntaminant mixture. Data a lso uncovered 
interactions between contamin ants and shed new light 
on th e relat ive importance o f thyroid ho rm one 
perturbation on the overa ll tox ic ity of th e co ntamin ant 
mixture. 
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Antagoni sms appeared to be particu lar ly impo rtant for 
MeHg as co-expos ure w ith PCBs and OCs decreased 
MeHg-induced mortality from 33.9% to 17.3% at PN D 1-4 
(Tab le I ). Antago ni stic e ffects were apparent o n growt h 
cu rves where co nt aminant mi xture-ex posed dams and 
pups were less affected th an those ex posed to MeH g 
alone (Figure I). Proteomic analys is a lso yie lded exa mples 
of contaminant interacti ons: Spot B was up-regulated by 
PC Bs and OCs, but down regulated by MeH g resulting in 
an ex press ion in th e co nta mina nt mi xture g roup th at 
closely matched the control g ro up (Fi gure 3) . In fact , none 
of th e differentiall y ex pressed prote in spots in the Me Hg 
treated group were ro und to change significantl y in the 
conta minant mi xture trea ted gro up . In o ther cases (spots 
C, D, E and F), despite an apparent lack o f sign ificant 
effects in th e grou p ad mini stered MeHg a lo ne, th e 
presence of this compo und in the co ntamin ant mixt ure 
was su ffic ie nt to negate the effects of PC Bs or OCs 
admini stered alone. 

While many similariti es between hypoth yroi di sm and 
effects o f PC Bs have bee n repo rted (for review, see 
Porte rfi e ld 2004), PCB ex posure and hypothyrox inemia 
ha ve different effects on th e timing of th e eye open in g 
developmental landmark (Goldey and Cro fto n 1998) and 
o n neurotransmitter leve ls (Roth-Harer et al. 200 I). This 
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project uncovered further differences: despite si111 ilar T4 
levels in PCB- and PTU-treated grou ps, only the latter 
affected the we ight ga in of pups (Figure I). The growth 
curve induced by PTU was very si111i lar to the contro l 
group unti l PND 10, and on ly after this ti111e the weight 
gain of PTU-treated an i111a ls fel l rapidly behind those of 
the PC B-treated and vehi cle gro ups. A parti al agonist ic 
effect of PCBs or their 111etabolites on thyroid hormone 
receptors 111i ght ex pla in the lack of effect on growth for 
similar seru111 T4 concent rat ions (McKinney and Waller 
1994). Hippoca111pus proteomic anal ysis showed that the 
effects of PCBs and OCs on protein ex press ion were 
close ly re lated despite the fact that OCs fai led to alter T4 
serum leve l (F igu re 3). The fou r differenti ally ex pressed 
protein spots (A, B, C and F) shared by PCBs and OCs 
are un like ly to be good bio111arkers of neurobeha vioural 
effects as OC ex posure did not affect neurobehaviour 
(Bowers, personal co111111unication). Howeve r, they 111ay 
be good bio111ark ers o f ex posure to a wide array of 
chlorinated organ ic 111 o lecu les, but thei r use in 111ore 
complex conta111inant 111ixtures 111 ight be limited as perinatal 
co-ex pos ure to PCBs and OCs with MeHg in th e 
contaminant 111ixture resulted in the different ial expression 
of spots A and G onl y. 

In summary, this project corroborates, at a 111olecular level , 
the conc lusion s of a neurobehavioural stud y of rats 
exposed to the sa 111 e 111 ixtures of contaminants (Bowers 
2004): whi le so111 e toxico log ica l endpoints could be 
attributed to specific co111ponent s of the conta111inant 
mixture, others could not be acc urately predicted fro111 
the li st of individ ual pollutants, as sign ifica nt interacti ons 
between co ntaminants occur. Th is observation has 
serious i111pli cati ons for the hu111a n risk assess111ent . In 
the corning year, we are planning to fi nali se the genomic 
analys is of the mixtu re-, PTU- and PB DE-treated grou ps. 
This will furt her cla rify the interactions betwee n the 
com ponents present in the contaminant mixture and the 
relative impo11ance ofhypothyrox inemia in neurotoxic ity. 
We will also identify new putative molecular bio111arkers 
of expos ure/effect, and corre late our 111olecular data with 
neurobehav ioura l outcomes of rats exposed to the same 
mixtures in para llel NC P-funded studies. 

Expected Project Completion Date 
October 2005 
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Abstract 
Our goa l is to assess if the magnitude of the health ri sks 
assoc iated wi th postnatal exposure to env ironmental 
contaminants is neg li gib le relative to the hea lt h ri sks 
assoc iated with in 111ero exposure. To achi eve thi s a 
cross-fostering ex pe riment wi ll be conducted testin g 
effects followi ng pre and/or postnatal exposure to a mixture 
of northern contaminants. Class ical indicators of effects 
wi ll be measured, in addition to endpoints that cou ld be 
indicators of long-term health effects, such as changes in 
est ro ge n metaboli sm and s ignalling , and DNA 
methy lation. To optimize our techniques. and deri ve an 
idea of dosages to be tes ted in our cross-fostering 
experi ment, we analyzed samples collected under projects 
NC P-H-05 , and - H- t 7. In these ex periments, pregnam 
rats were dosed each day from gestation day I to postnatal 
day (PND) 2 1, with either corn oil (control), or two dose 
levels of t 2 organochlorine pest icides (OCs; 1.9 or 0.01 9 
mg/kg/day), methyl mercury (MeHg; 2, or 0.02 mg/kg/day). 
14 polychlorinated bipheny ls (PCBs; 1. 1 or O O 11 mg/kg/ 
day). or a mixture including a ll these chemicals (5, or 0.05 
mg/kg/day). A preliminary anal ys is of the hi gh dose 

2-hydroxy-, and 4-hydroxy-estradiol-17(3 (20 H- E2. 
40 H-E2), and that of the beneficia l 2-met hoxy-E2 
(2Me0-E2) . In contrast, PCBs reduced mRNAs fo r all 
invest igated DNA methyltransferases (Dnml I. 3a and 3b), 
Me Hg reduced on ly Dnmt I and Dnmt3b mR NAs, 
whereas OCs and the whole mixture had no effects. These 
analyses of the high dose groups revealed major changes 
in the hepatic metabo li sm of estrogens, and the DNA 
methylation system, induced by speci fie chemi ca l groups, 
but anal ysis of low dose and tissue spec ifi c effects , 
are required for an adequate interpretation of these 
findin gs. 

Key Messages 
I. Preliminary ana lysis revealed that in the rat. exposure 

of th e fetus to high doses of co ntaminants during 
pregnancy. combined wit h ex posure received by the 
pups through the mothers milk , dramatically changed 
the normal li ver transformation of the ho rm one 
estrogen into toxic byp roducts. and others that are 
beneficial to heal th . The cumulat ive impact on hea lth 
is still unknown. 

groups re vea led that the mi xture induced synergistic 2. Three groups of contaminams (OCs. MeHg, PCBs) were 
increases in mRNA levels for cytochrome P450 (C YP ') found to increase the amount of ce llular messages 
I A I, I BI, and 2B I, re lat ive to the effects induced by th e di ctating the production of proteins required for the 
separate chemica l fami lies. The PCBs increased hepatic elimination of these chemi ca ls. When tested altogether 
mRNA levels ofCYP JA J and J Bf , and associated hepatic in a single mi xture, the amount of ce llu lar messages 
produc tion of the lox ic ca tec ho les tro ge ns, was much larger than when the amounts produced by 

'Note: capital letters refer to proteins, or mRNAs, while small letters refer to the gene or cDNA. 
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the indi, idual groups are added up together. In 
co111ras1. this "synergistic·· effect was not observed 
"hen other endpoints. not im oiled in the elimination 
of the chemical s. were measured. Synergistic 
endpoin ts are sensiti, e indicato rs of exposure. but 
others are required to demonstrate toxic ity. 

3. Our genet ic code is included in th e DNA located in the 
ch romosomes of our ce ll s. Th e geneti c code is 
cons tant ly used by ce ll s fo r normal fu nctions and 
different iat ion into va riou s ti ss ue types durin g 
de, elopment. A gro up of proteins ca ll ed DNA 
methyltransferases (DNMTs). a re involved in 
comrolling access to the geneti c code and in conferring 
the normal structu re of our chromosomes. Ex posure 
to PCBs, and Me Hg (but not OCs). reduces the amou111 
of cellu lar messages requ ired for the production of 
these ON 1Ts, suggesting that ce ll s may be at risk of 
not functioning and developing normally. 

Objectives 
I. Test if th e magnitude of the hea lth ri sks associated 

w ith postna ta l ex posure lo environmenta l 
contaminallls is neg ligible relative to the hea lth ri sks 
associated \\ ith in wero exposure. 

2. Assess if endocrine disruption in voll ing estrogen 
metabolism and signaling. or early changes in DNA 
methylation. cou ld be used as early indicators of long 
term ad, erse health effects. or adu lthood diseases. 

3. Deri, e an understanding of interactions among 
chemical famil ies in the toxicity of contaminant mixtures. 

Introduction 
In vest iga ti ons in wildlife revea led numerous examples of 
adverse hea lth effec ts re sulting from exposure to 
en, ironmental contaminant s. These concep ts rai se 
concerns that human hea lth could also be threa tened by 
exposure to env ironmenta l contaminant s. Some 
en, ironmcntal co111aminants include persistelll orga ni c 
pollutants (POPs) that accumulate in fatty tissues of 
anima ls and humans. Given that brcastmilk is rich in fa t, 
it is during the postnatal period. whil e breastfeeding. that 
humans recei, e some of the hi ghest exposure to POPs. 
The induction, by environmental contamin ant s. of 
abnormal deve lopmental processes during the in 111ero 
and postnatal peri ods could have long-term hea lth effects. 
Ii is poss ible that the level of exposure to environmental 
contaminants occurring in the general population has no 
hea lth conseq uences. It is also known that the benefit s 
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ofbreastfeeding far outweigh putative ri sks in the general 
population. Howncr. for reasons that are not fu ll ) 
understood . and which may include differences in 
detoxification enzyme acti v ities or unusual exposure to 
environmenta l contaminants. some indi vidual s ha1 c 
abnormally high leve ls of environmental contam inants 111 

their body. Compared to southern populations , some 
northern comm uniti es ma y be al higher ri sk of adverse 
hea lth effects because their popu lations have a higher 
body burden of so me environm ental contami nant s. 
Government agencies must protect adu lts and infants from 
unacceptable exposure to environment al contam inant s, 
but there is little information about the leve l of exposure 
during the postnatal period that could increase health 
risks. No interventions can prevc111 exposure of the foetus 
during pregnancy. Howe,e r. if exposure during the 
postnatal period is responsible fo r increasing health ri s~s 
above what is already attributed to i11 wero exposure, for 
mothers with unusuall y hi gh environme111al contaminant 
body burdens. it could be va lid to reduce postnatal 
exposure by reducing breastfeeding intensity (the major 
source of exposure lo POPs) during speci fic cri tical 
phases. Preventing unacceptab le ex posu re leve ls lo 
environmen tal contaminants in infants is complicated by 
the fact that ti ssue sensitivity. and the abundance of 
environmenta l contaminants, are not the same in 1.lfero 
and during the postnatal period . For example, the infant 
body burden of meth ylmercury declines postnatal l) 
whereas that of persistent organoc hl orines increases. 

ormal exposure occurs as a mixture of environmenta 
co111amina111s and , given that the i11 11/ero and postnatal 
periods are di stinct developmental phases. additional 
in vestigations are required to ide111ify cu lprit chemicals 
and evellluall y improve ri sk management. 

The cu rrent projec t, in add ition to st udying classical 
indicators of toxici ty, focuses on endpoints that are major 
determinants of deve lopmental processes. Estrogen 
metaboli sm and signalling arc major regu lators of brai n 
development, and affect mood behaviours, numerous 
systems (ovaries, ut erus. placenta , testi cles, breasts. 
bones. vasc ular system. hypertension. lipid metaboli sm. 
immune system) and ca nce rs (breast, endometrium , 
ovarian. prostate, li ver. kidney, brain) in both the male 
and female . DNA mcthylation is one of the epigenetic 
modifications involved in chrom osome s tabilit ). 
chromosome X inactivation, modifi cations in centromere 
structure, genom ic imprinting, gene expression and ti ssue 
differellliati on al the appropriate time during development. 
Studyi ng these endpoints at di fferent times following 
prenatal and postnatal expos ure lo environme nta l 
contaminants has grea t potential for idemifying 11 e11 
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bioindicators of hea lth effects, and improving tool s in 
risk assess ment strateg ies. 

Activities 
In 2004-2005 
Selection of endpoints and techniques 
In rats, acute or short-term ex pos ure to high doses of 
organoc hlorines and pesti cides increases the express ion 
of CY P I A I , I BI, 2B and JA, and the production of the 
toxic catec holestrogens (CE) (estrogens hyd rox ylated in 
posit ion 2 and 4). Methylation of the CE by the enzyme 
catechol-o -methy lt ra ns ferase (COM T ) is a major 
mec hanis m for deactivat in g CE a nd producing the 
beneficial 2MeO-E2 (Zacha ri a e / al. 2004). Aroclor 1254 
e,posure in the adu lt rat gene rates metabolites of PCBs 
suspected of inhibiting the deactivation ofCE by COMT 
(Garner e/ al. 2000). It has been shown that postnatal 
e,posure to a mi xt ure of aryl-hydrocarbon receptor 
agon ists dec reased mRNA ex pression of COMT 
(Desauln iers et al. 2005b). Collective ly, these observations 
suggest that exposure to xenobiot ics coul d lead to tissue-
spec ific accu mul ation of toxic estrogen metabolites. 
There fore, CY P I A I , I B I, 2B, JA, an d COMT mRNA 
express ion a re be ing monitored , as wel l as estrogen 
receptor a, a nd es troge n metabolites. Th e hepa ti c 
microsomal trans formatio n of 14C-E2 into 11 standard 
metaboli tes is be ing monitored by high performance-thin 
layer chromatogra phy (HP-TLC) and phosphorimaging, 
which pe rmits the visuali zat io n of treatment effects on 
the relat ive abundance o f known a nd unkno wn 
rad ioactive metabolite s. HP-T LC res ul ts are then 
con11 m1ed by quanti fy ing of.E2 and its hydroxylated (2OH-
E2, 4O H-E2), and methoxy lated (2MeO-E2, 4M eO-E2) 
metabol ites using gas chromatography mass spectrometry 
in negative chemica l ionization mode (GC/MS-NC I) with 
selected ion monitoring. A na lytes are deri vatized w ith 
anhydride pentanuoropropionic acid prior to ana lysis by 
GCIMS. 

Abnorma l DNA meth ylation has been associated with a 
nu mber of cance rs , infe rtilit y. deve lopmenta l. 
neurologica l, im muno log ical, and age- re lated di so rde rs, 
and may originate during early development or later during 
mitosis, when the methylat ion pattern of the origi nal DNA 
strand is co pi ed mostly by DNA meth y ltran s fera se- 1 
(DN MT I) o nto the replicating DNA. DNA methylation 
reac tions a re cata lyzed by families of DNA 
me thy ltransfera ses (DNM TI , 2, 3). Th e de 110110 

methy ltra nsferases, DNMT3a, 3b cata lyze the transfer of 
a met hyl grou p to previous ly unmethy lated DNA , du ring 
gameto- and embryogenes is, but are also active at other 

D. Desaulniers 

times (Koe/ al. 2005 ; Egger e/ al. 2004). The currem 
proj ect is monitor in g by real tim e RT-PCR mRNA 
express ion of DNMTI, 3a, and 3b. Consequences of 
possib le changes in DNA methy lation are being 
investigated in three ways. Methylat ion-specific PCR is 
being used to invest igate the promoter regions of specific 
genes. Second. the methylation status of th e 
retrotra nsposo n Long Inte rspersed N uclear Element- I 
(LI NE-I) has been analyzed by methylation spec i11c PCR, 
sodiu m bisulfite treatme lll and methylation-sensitive 
rest ri ctio n enzymes (/-linfl. Mbol). T hi s abundant DNA 
repeated seq uence is normally methylated thereby 
preventing its expression and chromosome instability. 

Origin of samples 
Fi rst, the mRNA assay for DNA methyltransferase-1 was 
val idated by comparing brain , uterus and li ver mRNA 
expressions in fema le Sprague Dawley rats sacrificed at 
PND2 l , and exposed only postnatally to increasing doses 
of a mixture of AhR-agonists (3 non-or/ho PCBs, 6 
polychlorinated dibenzodioxins, and 7 polychlorinated 
dibenzofurans) preselll in breast milk. Second. to generate 
new info rmation on the toxicity of "northern 
co ntam inams•· wit hin the first year of this project. brain , 
li ver, and ute rin e samples from the projects NC P-H-05 
(Bowers WJ , Nakai J. Chu I, et al.), and NCP- H-1 7 (Pelletier 
G, Wade M, Chu I, e1 al.), are curremly being ana lyzed. 
This will permit us to determine the re levant OCs and 
Mel-lg dosages to be tested in o ur p roposed cross-
fostering expe riment. In the NC P-\-1 -05 and - H-1 7 
experiments, pregnant rats were dosed each day from 
gestation day I to PND2 l, with either corn oi l (control) , 
o r two dose levels of 12 OCs ( 1.9 or 0.019 mg/kg/day). 
Me Hg (2 , or 0.02 mg/kg/day), 14 PCBs (I.I or 0.011 mg/ 
kg/day), o r a mixture including al l these chemica ls (5 , or 
0.05 mg/kg/day). Samples from ma le and female offspring 
were collected at PND 4, 14, 21, 29, and 98. 

Discussion and Conclusions 
Our resu lts suggest syne rgistic and add iti ve interactions 
among classes of chemicals. The synergistic increase in 
CYP I A I mRNA levels is cons iste nt w ith in vilro resu lts 
(Koras hy and El Kadi 2004). Th is in vilro study reports 
that mercury increases amounts ofCYPIA I mRNA, but 
has no effects on protein an d activity leve ls. However, in 
the presence of AhR-agonists , mercury decreased 
CY P I A I ac ti v ity but increased its protein and mRNA 
leve ls (Korashy and El Kad i 2004). For DNMT mRNAs, 
cha nges appea r to fol low an additi ve mode l. While the 
PCB and Me l-l g treatments significantly decreased the 
abun dan ce ofDNMT mRNAs, the re were no signifi ca nt 
effects of the complete mixture. The effects of the OC 
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treatment were always opposite to the effects of the PC B, 
and Mc Hg treatments. Therefore, using an additi ve model, 
it may be specu lated th at the combinat ion of th ese three 
effects cou ld exp lain the lac k of response induced by th e 
complete mixrure. Also. interactions of the chemica ls may 
have induced a large detox ificat ion reaction increasing 
CYP proteins, metallothionein (Nish imura et al. 200 I), and 
glutathione (Bal latori 2002). that are known to seq ueste r 
environmental contaminants an d meta ls. Perhaps this 
prevented the detection of effects o n other e ndpo int s 
not associated with the detoxifica ti o n react ion in the hi gh 
dose mixture group, such as a decrease in DNMTs (PCBs, 
McHg) and an increase in ERa mR A (OCs). 
Nevertheless . these interactions might be high dose-
specific, and com pleting the analys is of the lower dose 
grou p should im prove our und ersta nding of chemi ca l 
interactions. 

The hepati c metabolism of estrogens was greatl y modified 
by the PCB treatment (other groups and tissues sti ll to be 
analyzed) in ways that favour the acc umulat ion of toxic 
catecho lestrogens, 4MeO-E2, and the beneficia l 2MeO-
E2 (Aikawa e1 al. 2005). T he accu mul a ti o n of 
ca1echo les1roge ns leads to the prod ucti on of reactive 
oxygen species, lipid peroxidation , adduct formation. and 
carcinogenesis. The cyclica l exposure to endogenous 
estroge ns in female rat s exposed to PCBs and Ah R-
agonists has been provided as an explanati o n fo r the 
higher rate of he patic ca ncers in fema le than male 
cou nt erparts (Pa int er et al. 200 I). In co ntrast, th e 
production of2-methoxyestrogens cou ld have benefi cia l 
effects. including reduction in card iovascular di seases 
(Zacharia e/ al. 2004). An important enzyme involved 
w ith the detoxification of estrogen metabolites an d 
deactivation of ca tec holneurot ra ns mitters, COMT. 
appears to be affected in opposite directions by Me Hg 
and AhR-agon ists (Desa ulni ers e / al. 2005b). Wh il e 
COMT mRNAs were reduced by AhR-agoni sts, Me Hg 
induced a slight hepat ic increase in COMT (membra ne-
bound form). Thi s is in agreement wit h Boadi et al ( 199 1) 
who found that me rcury exerts an enha ncing effect on 
the activity of COMT in human placenta. Sho uld thi s 
enzyme be affected at low doses of ex pos ure, thi s may 
have imponant consequ ences on es troge n- an d 
catecholneurotransmitter-responsive ti ssues during feta I 
deve lopment. 

The analysis of effects of environm enta l contaminants 
on DNA methylation is a new area of in vesti gat io n in 
toxicology. The current NC P project demonstrates tha t 
mRNAs for DNMTs arc targets fo r high dose ex posure to 
PCBs and MeHg. As we ll , we showed that postnatal 
exposure to AhR-agon ists a lso decreased mRNA levels 
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for DNM T I in th e li ve r, and brain (parti c ularl y the 
hypothalami c area) (Desau lni ers et al. 2005b). These 
o bse rva ti ons ra ise th e poss ibilit y o f a lt e red DNA 
methylati o n. as suggested by th e detection of possible 
hypermeth ylat io n o f the DNMTJb promoter in th e PCB-
treated group (thi s req uires furth er confirmation ). Given 
the persistent na ture of so me c ha n ges in DN A 
methy la ti on, the hypo th es is co uld be tes ted that the 
change in mRNA leve ls for DN MTJb mi ght be persistent. 
whil e changes in mR NA expression for th e ot her DNMTs 
co uld be adaptive. This co uld be o ne adva ntage o f 
detecting chan ges in DNA methy lat io n as an endpoint. 
as it might permit the distinction between e ffects that arc 
trans ient (e.g. age-spec ifi c. c ircadia n effects, s tress-
induced). adaptive. persistent, or those that might become 
detectab le onl y later durin g deve lopment when acti va ti on 
of th e ge ne is requ ired. Changes in DNA methy lati on arc 
assoc iated w ith carc inogenes is. Given tha t AhR agoni sts 
and PCBs are known hepatocarc inogens, pe rh ap s 
c hanges in DNA me th y ltransferase exp re ss io ns are 
indicators of neop lastic transform at io n. In th e brai n. 
changes in DNA meth ylation have been assoc iated wi th 
multi-fa c torial psyc hi atric di so rd e rs, s hort-t e rm 
adaptation , ne urol og ica l deve lopmen t a nd di seases 
(Abdo lmaleky e/ al. 2004; Gosden et al. 2003). 

We still cannot assess if th e magn itude of the hea lth ri sks 
associated with postnatal expos ure to e nvironmental 
co ntamin ants is negligible re lative 10 the health risks 
assoc ia ted with i11 ,aero ex posu re. However, DN MTI 
res ults obtained during the current yea r contributed 10 
important concl us io ns re lated to th e postnata l per iod . 
The lowest postnatal dose of AhR-agonis ts inducing 
effects was equ iva lent to I 00 times ( I 00X) the estimated 
average hum an ex pos ure leve l durin g the first 24 days o f 
life (Desa ulni ers el al. 2005 b). Postn a tal ex posure to a 
mi xture of PC Bs,p,p '-DDT and p,p ·-DDE, reconst ituted 
based on breast milk levels, also induced e ffects at a I 00X 
dose ( Desaulni e rs et al. 2005a). Although AhR-agoni sts 
arc approx imately I 000 times less abundant in breast mi lk 
th an PC Bs, they sign ifi ca ntl y decreased th yrox ine level s 
but the mi xture of PC Bs,p,p '- DDTand p,p '-DDE had no 
s ignificant e ffects. Thus, perh aps AhR-agonists, at th e 
leve ls found in hum ans, have a high er po tential to exert 
tox icity than the PCBs, p,p '- DDT and p,p '- DDE, and to 
mod ulate the effects of"northern contaminants". Testi ng 
effects of '·northern contaminants" in th e presence of the 
ubiquitous A hR -agoni sts is required . 

In conc lusion , th is wo rk is novel in a l leas t four ways; I ) 
in it s HP-TLC tec hnique, 2) in demon stra ting a reducti on 
in mRNA leve ls fo r DNM Ts fo ll owing early ex posure to 
PC Bs, MeHg, or AhR-agoni sts, 3) in demonstrating major 
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effects of PCBs on estrogen metabo lism, and 4) in showi ng 
chemica l in te rac ti o ns o n man y e ndpo ints in hi g hl y 
exposed wea nling fe ma le rats. Th is pre li min ary work 
suggests that th e highest dose is too hi gh to be in cluded 
in the proposed cross-foster ing ex periment. It suppo rts 
the releva nce of study in g endpo ints re lated to DNA 
methylat ion and estroge n metabo li sm and signalli ng, as 
poss ible mec hanisms fo r indu cing putati ve long- te rm 
effects. 

Expected Project Completion Date 
March 2007. 

Acknowledgments 
Our grat itud e is ex pressed to Wayne Bowe rs, Jam ie 
'\laka i, A I Yagmi nas, Na nqi n Li, and Ih C hu, fo r a llow in g 
to partic ipate in th e necropsy o f their ex periment, and to 
Guill aume Pelletier and Mike Wade, for a llowing us to 
partic ipate in both the ex posure phase, and necropsy o f 
their study, and to coll ect ti ssues fo r o ur ex periment . 
Saswati Sen, a coop student fro m McMaster Uni versi ty, 
is a lso ac kn ow ledged fo r her contr ibuti o n in the ana lysis 
of estrogen metabo lites. 

Refe rences 
Abdol maleky, H.M. , C. L. Smith , S.V. Faraone, R. Shafa, 

W. S to ne, S .J . Gl a tt , and M .T. Tsu an g. 2004. 
Met hy lom ics in psyc hi a try: Modul a t io n of gene-
enviro nm e nt inte rac ti o ns may be th ro ugh DNA 
methy la tio n. Am. J Ivied Genet . B Neuropsychiat,: 
Genet. 127:5 1-59. 

Aikawa, B. , K. Leinga,t ner, G Pe lletier, J. Zhu, S. Sen, M.G 
Wade, G X iao, W.J. Bowers, N. Li, G M. Cooke, I. Chu, 
and D. Desa uln ie rs. 2005. Effects of po lychl ori nated 
biheny ls o n the hepatic tran s fo rmati on of estradi o l-
17~ in to ca tec ho l- a nd me th oxy -es t roge ns in 
pre pube rt a l fe ma le S prag ue Daw ley ra ts. 
O,ganohalogen:submi tted (A bstr.). 

Ballatori,N. 2002. T ranspo rt o f tox ic metals by molecul ar 
mi mi cty. Environ Hea/1h Perspecl 11 0 Supp l 5:689-694 . 

Boadi, WY. , J. Urbach, E. R. Barnea, J.M. Brandes, and S. 
Yan nai. 199 1. In v itro e ffec t of me rcury o n a ry l 
hyd roca rbo n hydroxy lase, quin o ne re du c tase. 
catecho lam ine-O-meth y ltrans ferase and g lucose-6-
phosphate dehydrogenase acti viti es in te rm human 
placenta . Pharmacol. Toxico/ 68:3 17-32 1. 

D. Desaulniers 

Desauln iers, D., GM. Cooke, K. Leingartner, K. Soumano, 
J . Co le, J . Ya ng, M.G Wade, and A. Yagm in as. 2005a. 
Effects o f postnata l expos ure to a mixtu re of PCBs, 
p,p '-D DT andp,p '-D DE in prepube11al and adu lt female 
Sprague Daw ley rats. In!. J. Toxicol. 24: 1- 17. 

Desa uln iers, D., G H. Xiao, K. Le in gartner, I. Ch u, B. 
Mus icki, and B. K. Tsang. 2005b. Comparisons of brai n. 
uterus and liver mRNA expressions of cytochrome 
P450s, Dnm1-l, and catechol-o-methy/11w1sferase, in 
prepubertal fema le Sprague Dawley rats exposed to 
ary l hydrocarbon recepto r agonists. Toxicol. Sci.: ln 
press . 

Egger, G , G Lia ng. A. Aparicio, and P.A. Jones. 2004. 
Epigenet ics in hu man disease a nd prospects fo r 
epigenet ic therapy. Nature429:457-463. 

Garner, C.E., L.T. Burka,A.E. Etheridge, and H.B. Matthews. 
2000. Catec hol metabo li tes of polych lori na te d 
biphenyls in hibit the ~atechol-O-methyltra nsferase-
mediated metabolism of catechol estrogens. Toxicol 
Appl Pharmacol. 162: 115-123. 

Gosden, R., J . Tras le r. D. Lucifero, and M. Faddy. 2003. 
Rare conge nital d isorders , imprin ted ge nes, a nd 
ass isted reproductive tec hnology. lancet 361: I 975-
1977. 

Ko. Y.G , K. Nishi no, N. Hattori, Y. Ara i, S. Tanaka, and K. 
S h io ta. 2005. Stage-by-stage change in DNA 
methy lation status of DNA methyltra nsferase I 
(Dnmt I) locus duri ng mouse early development. J Biol 
Chem 280:9627-9634. 

Korashy. H.M. and A.O. El Kadi . 2004. Di ffere nti al effects 
of merc ury, lead and copper on the consti tu tive and 
inducib le expressio n of ary l hydrocarbon receptor 
(A H R)-regulated genes in cu ltured hepatoma Hepa 
I c I c7 ce ll s. Toxicologv 20 I: 153-172. 

N ishim ura, N., Y. M iyabara, J .S. Suzuki , M. Sato, Y. Aoki, 
M. Satoh , J. Yone moto, and C. To hyama. 2001 
Induction of metal loth ionein in the livers of fe male 
Sp rague- Dawley rats treated wit h 2,3,7 ,8-
tetrachlorod ibenzo-p-d ioxi n.life Sci 69: 129 1-1 303. 

Painter ,J .T., K.D. Pinnel la, J.D . Tessa ri , GN. Cosma, and 
S.A. Benjamin. 200 I. Hepatic enzyme in duction and 
es t roge n me tabol ism in PC B-ex posed rats. In 
PCBs:Rece111 Advances /11 Environ111e111a/ Toxicology 
And /-leal!h Effects, e d s. L.W. Robe rt so n a nd 
L.G Hansen, 277-279, Lexi ngton, Kentucky, USA: The 
University Press of Kentucky. 

57 



Zacharia, L.C., C.A. Piche, R.M. Fi eldi ng, K.M. Ho lland , 
S. D. All ison, R.K. Dubey, and E. K. Jackson. 2004. 2-
hydroxyest radio l is a prodrug of2-methoxyestradio l. 
J. Phar111acol. Exp. The,: 309: I 093-1097. 

58 D. Desaulniers 



Monitoring Spatial and Temporal Trends of Environmental 
Pollutants in Maternal Blood in Nunavik 

Project leader(s) 

Eric Dewailly, ACADRE Center on Inuit Health and Changing Environment. Public Health 
Research Unit , CHUL-CHUQ , 945, rue Wolfe, Sainte-Foy, Qc, Canada, G1V 5B3; 
phone: (418) 650-5115 ext 5240, fax: (418) 654-2148; e-mail eric.dewailly@inspq.qc.ca 

Project members 

Daria Pereg, Public Health Research Unit, CHUL-CHUQ, 945, rue Wolfe, Sainte-Foy, 
Qc, Canada, G1 V 5B3; phone: (418) 650-5115 ext 4647; fax: (418) 654-2148; Pierre 
Ayotte , Public Hea lth Research Unit, CHUL-CHUQ, 945, rue Wolfe, Sainte-Foy, Qc, 
Canada, G1 V 5B3; Gina Muckle, Public Health Research Unit, CHUL-CHUQ, 945, rue 
Wol fe , Sainte-Foy, Qc, Canada, G1V 5B3; Jean-Philippe Weber, lnstitut National de 
Sante publique du Quebec, division de Toxicologie Humaine, 945, rue Wolfe , Sainte-
Foy, Qc, Canada, G1V 5B3; NNHC, Minnie Grey (chair), Nunavik Nutrition and Health 
Committee, Kuuj juaq, QC. Canada JOM 1 CO; Serge Dery, Public Health Director, Nunavik 
Regional Board of Health and Social Services, Kuujjuaq , QC. Canada JOM 1 CO 

Abstract 
The Inu it are ex posed to a wide range of environrnenta l 
contami nants through their trad itional diet, whi ch includes 
signi fica nt amoun ts of fi sh and sea mammal fat. During 
the past fiftee n yea rs, seve ral studi es rnonitored the 
expos ure of Nun avik 's In uit to persistent organic 
poll utants and heavy rn etal s. More recentl y, increased 
emphas is was put on hea lth effects studi es in re lation to 
expos ure to polychlo rin ated bipheny ls, chlo rinated 
pestic ides, mercury and lead in the Hudson Bay area . 
This project proposes to foc us on ex posure assessments 
in Nunavik, to compare current ex posure leve ls with those 
prevailing ten to fift een years ago based on our las t 
surveys and, additionally, to assess exposure to emerging 
env ironmen tal contaminants fo r w hich increas ing 
concen trat ions in wildli fe and human samples have been 
reported wo rl dwide. Anal yses ha ve been conducted on 
materna l blood (only a fe w samples of umbi lica l cord blood 
were co llected in th e first yea r, and fu rther analyses are 
be ing conducted on maternal blood onl y). This study 
aims at providing I) an update of geographica l patterns 
of exposure; 2) information about whether exposure leve ls 
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to different classes of contaminants are increasing , 
decreasing or remaining the same in northern populations; 
3) inforrnatio n abo ut the efficiency of intervention 
programs implemented fo llowing earlier surveys. Th is 
project is st ill ongo in g (a lthough on hold for the coming 
year) and resul ts presented in the current report are not 
final. 

Key Messages 
I ) A data warehouse structure was defined and 

implemented for the integration of contam inants data 
in cord and maternal blood as we ll as in hurnan rnilk 
obtained in the framework of past projects. Sernantic 
integration of data from past projects is still ongoing. 
The aim is to obtain a harmon ized database for further 
spati o-ternporal trend assessments and other relevant 
app li cations , as wel l as 10 deve lop a standardi zed 
procedure fo r the continuous integration of new data 
in the data wa rehouse. 

2) An in ventory of archived sa rnpl es was carri ed out in 
order to det errn ine the avai labi lity of archived cord 
and mate rn al plasma that could be analysed for 
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emerging contam in ants such as brominatcd diphenyl 
ethe rs (BDEs) and pernuoroocta nes ulfon ate (PFOS). 
During thi s proced ure. a bar code system has been 
de, e loped fo r archi ved sampl es and thi s system is 
being integrated wi th our data wa reho us in g system. 
Re-coding of the samples is ongoi ng. 

3) Recruitment procedures to co ll ect maternal blood in 
Tulauavik Hea lth Ce ntre as we ll as in o ther N unav ik 
heal th ce ntres have proven to be diffi cult to implement 
during the past year due to an interrupti on of obstetrica l 
sen ices in Tu lattavik. For thi s reason. recruitment was 
put on hold for the comin g year to al low eno ugh time 
10 re-establi sh and stab ili ze obstetrica l se rvices in the 
different hea lth centres ofNunavik before asking the 
medical personnel lo get in vo lved in resea rch proj ects 
again. 

4) In the mea ntim e, a new analyti ca l method has been 
de,e loped in the Toxicology Labora tory o f the lnstitut 
nationa l de sante publique du Quebec ( INS PQ), which 
a llows th e meas ure me nt o f a la rge r numb e r o f 
contami nants in a smal ler vo lume of p lasma . Thi s 
method was com pared on a small number of sa mpl es 
previousl y col lected in the framework o n thi s project 
and va lida ted agai nst method s forme rl y used to 
measure persistent organic pollutan ts (POPs) in plasma. 

Objectives 
The general objecti ve of this proj ect is to monitor prenata l 
exposure to food chain contaminants in N unav ik and to 
assess spatia l and temporal trend s of environme nta l 
co ntami nant s fo und in maternal cord blood. Ta rgeted 
contam inants incl ude the traditional suite of contaminants 
measured in previous project s s in ce the mid- 80s 
(po lych lo rin a ted biphen y ls ( PC Bs), o rga noc hl o rin e 
pesticides (OCs), mercury ( Hg) and lead ( Pb)), as we ll as 
emerg ing contaminants such as halogenated phenolic 
compounds ( HPCs), pernuorooctanes ulfon ate ( PFOS) 
an d re lated co mpo und s, and brominated name reta rdants 
(BFRs), including brominated diphenyl et hers (B DEs). 
The specific obj ect ives are: 
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To improve sample management and implement 
data warehousing : I) To build an a rchi vin g 
sys te m by determinin g the avai lab ilit y of 
a rchi ve d sa mpl es fo r furth e r ana lyses and 
crea tin g a sa mpl e id entifi cat ion sys tem 
compatible w ith a data wa reh ouse: 2) To 
integrate data gath ered in past studi es regard in g 
co ntam inant leve ls measured in umbilica l cord 
plas ma / blood and maternal pl asma / bl ood and 

their re la ted data int o a s in g le functi on al 
database; 

To develop new ana lytica l procedures : I) To 
determine a new suit e of env iro nm enta l 
con tam inants to measure in blood and plasma 
for tempora l trends anal yses : 2) To optim ise 
analytica l method s by va lidatin g the use of the 
RapidTrace method for th e measurem ent o f 
severa l anal y tes in a small volu me of plasma, 
including some emerging contaminants; 3) To 
meas ure emergi ng contaminants (BDEs. PFOS, 
HPCs, as well as o th er re levant emergi ng 
environmental contaminants) in maternal blood 
to be co ll ected in Nu nav ik until 2009, as well as 
in ava ilabl e a rch ived sampl es. 

To implement collection of new samples: I) To 
generate new data on contam inant exposure in 
o rder 10 o bta in an updat e o n leve ls of exposure 
to the traditio na l suite o f contaminants measured 
since the mid- I 980s, as well as to emerg ing 
contaminants; 2) To measure concentrations of 
environmental contaminants in maternal blood 
of 40 Inuit mothers rec ruited in N unavik each 
year. for fi ve years. Effo rts will be made to recruit 
peop le in the Ungava and Hudson regions. Th is 
will provide data coveri ng a la rger geographi cal 
range, and will a ll ow th e assess ment of the 
effic ie ncy of th e poli cy of ba nnin g le ad 
ammunition use on lead exposure in the U ngava 
region. 

To ana lyse spatia l and temporal trends in 
contaminant ex posure: To deri ve spatial and 
temporal trends fo r a ll co ntaminants measured 
in umbili ca l (when availab le) and maternal blood 
(Hg, Pb, PCBs, OC pesti c ides, BDEs, PFOS. 
HP Cs) us in g int eg rat ed data from prev ious 
studies, as we ll as from new analyses on a rchi ved 
and newly co ll ected sampl es. Thi s will provide 
an update o f geographical palle rns of ex posure. 
as we ll as information abo ut whether levels of 
exposure to differe111 c lasses o f contaminants 
are increasing. decreas ing or remaining the same 
in northern popul ati o ns. 

Introduction 
Ea rl y wo rk condu cted on Baffin Is land and in N unavi k 
has demonstrated that beca use of the ir traditional dietary 
habit s, In uit peo ple a re ex posed to unu s uall y hi gh 
quantities of environmental contaminants, mainly heavy 
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metals and organochl orines (OCs) (Dewa ill y, et al. 1993, 
Ki nloch. et al . 1992. Muck le. et al. 200 I b ). OCs fo rm a 
class of pcrsistc lll organic po llutants (POPs) includ ing 
po lych lo ri na ted diben z o p -d iox in s ( PC D Ds ). 
polyc hlorinated d ibenzo fu rans (PCDFs), polychl orinatcd 
biphenyls (PC Bs) and var io us chl o rina ted pesti c ides or 
industria l products. Most epidemio logical and experimenta l 
stud ies o n hea lth e ffec ts re lated to ex posure to heavy 
meta ls (Pb, Hg) and OCs (mainl y PCBs) suggest tha t 
pre nata l life is th e most susce ptibl e pe ri od fo r the 
induction of ad verse e ffects on physica l and neuro log ica l 
deve lo pme nt. Indeed , seve ra l studi es have re po rted 
different deve lopmental, immune and/or cogni ti ve defic its 
in newbo rn s exposed to OCs d uring prenata l and/o r 
post nata l de ve lop me nt, w it h so me of the se defic its 
persisti ng in later childhood (Dewa ill y, et al. 2000 Gladen 
l'I al. 2000, G uo. et al. 1994. G uo, et al. 1995. Jacobson 
and Jacobso n I 997 , Koopman- Esseboom, et al. 1994 , 
Patandi n. et al. 1998, Rogan, et al. 1986, Taylo r, et al. 
1989, Winneke, et al. 1998). As well, prenata l exposure lo 
met hy lme rc ury (Me l-l g) has al so been l in ke d to 
deve lo pmen ta l and cog niti ve de ficit s in in fancy and 
childhood (Weih e, et al. 2002). However, studi es foc using 
on te mpo ral trends of th ese POPs in the A rcti c have 
iden tified a decreas ing tre nd durin g th e last decades in 
se,·era l species (Muir, et al. 200 1a, Muir, et al. 2001b). 
Decreases in bod y burd e n of th ese compounds in 
northern huma n pop ul a ti o ns have bee n re po rted. for 
instance in Sweden (No ren and Me iro nyte 2000 ) and in 
Canada, on the Lower No rth Shore o f the St. Lawrence 
River (Da llaire. et al. 2002) and in Nu navik Inuit resid ing 
in the Hudson Bay area (Da ll a ire , et al. 2003). However. 
lime trend data are no t ava il ab le fo r Inu it populatio ns 
Ii, ing in the easte rn part ofNunav ik, in the Ungava Bay 
area. 

While these PO Ps mi ght be of lesser concern in the Arctic 
if decreasing time trends are confi rm ed, severa l new 
co mpounds have e merged as pote nti a l threat s to the 
•\retie. Orga nobro mine compo und s are amo ng these 
emerg ing contaminant s, inc ludi ng brominated fl ame 
retardants (BF Rs) such as brominated d iphenyl ethers 
(B DEs), commo nl y used in the composit ion of e lectron ic 
equ ip men ts, pl asti cs an d tex ti les . BD Es sha re so me 
phys ico-chemi ca l and toxico log ica l pro perti es with OCs 
but. contra ry to the la tte r for which production. sa le and 
use ge ne ra ll y ten d s to d ecrea se , BD E use a nd 
environme ntal occ urre nce has dra matica ll y increased 
s111ce the 1980s ( lko no mo u, et al. 2002 , Me ironyte, et al. 
1999, No ren and Meironyte 2000). Few studies ha ve 
addressed th e tox ic e ffects o f BD Es, but the ir struc tu ra l 
si milari ty to other po lyhalogenated aromatic hydrocarbons 
and the ev idence o f tox ic ity ga thered until now suggest 
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that they may exert simila r tox ic e ffects thro ugh common 
mechanisms with PCBs. PC DDs and some other OCs (e.g. 
embryo tox ic ity, inte rfe rence with th yro id ho rm o ne 
signalling. neurotox ic e ffects.) (Darnerud, et al. 200 I. 
Zhou, et al. 2002). 

Some ha logena ted pheno lic co mpo und s ( HPCs) a re a lso 
considered emerging contami nants, as their monitoring 
was not commonl y ca rried out in the pas t a long with the 
co nventional sui te of OCs and heavy me ta ls. These 
include the hydroxylatcd metabo lites o f PC Bs (O 1-1 -PCBs) 
a nd halogenated pheno ls such as pent ac hl o ro pheno l 
(PC P), whi ch have been meas ured ea rli er in the Inuit 
populatio n of N unavik , as we ll as in sa mpl es fro m the 
Lower North Shore of the St. Lawrence River and Quebec 
C ity (Sandau. et al. 2000, Sa ndau, et al. 2002). S ignificalll 
amo unts of these compo unds were fo und in pl asma fro m 
Nunav ik Inuit and some ev idence of th ei r pote nti a l to 
imeract with thyroid hormones was a lso shown. However, 
no temporal trends fo r these compounds arc yet ava ilable. 

Pernuorooctanesulfonate (PFOS) and re lated compounds 
are other emerging contaminants that require monitoring 
in the Arctic . These chem ica ls have bee n produced 
commercial ly fo r over40 years. PFOS is ve1y stable, repels 
water and o il and was la rge ly used as a sta in repe ll ent 
("ScotchGuard '') . Kan nan. et al. (2002) have repon ed 
widespread occ urrence of PFOS in fi sh. birds and marin e 
mammals fro m the Medite rranea n and Ba lt ic Seas. PFOS 
has a lso been detected in mar ine mam mals from the North 
Ameri can Arctic (Kannan. et al. 200 I). Endocrine effects 
(dec reased estradi o l and T3 serum leve ls) have bee n 
observed in sub-chronic tox ic ity ex peri ments in monkeys 
(Seacat. et al. 2002). However. data on hum an ex posure 
to these compounds in northern regions are scarce and. 
the re for e, di e ta ry ex po s ure to PFO S a nd re lat e d 
compou nds in th e Inu it po pulat io n as we ll as potent ia l 
tox ic e ffects re lated to the la tter remain to be add ressed. 

Gi ve n the po te ntia l hea lth haza rd s re la ted to th ese 
environmental contam inants, worldwide agreements have 
been taken to make appropria te e fforts to decrease the 
input of several of these substances in th e environment 
and decrease human and wildli fe ex pos ure to th e latte r 
( i.e . Stockho lm Conventi on. POPs and Heavy Meta ls 
Protocols o f the U /EC E Long-range Tra nsboundary Air 
Pol lu ti on Con vent ion). Included in these conventi ons a re 
measures aim ing at assessing current ex posure levels in 
human popu latio ns and deriving spa tia l and tempo ral 
trends for these en vironmental contaminants, in order to 
fo ll ow and understand the ir behaviou r in the environment, 
e va luate th e e ffi c iency o f interven tio n prog rams. and 
und ertake appro priate ac tio ns to e ffic iently decrease 
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po1c111iall y hazardo us hum an exposu res (e.g. 
recomme ndations about dietary habits). 
I lo\\ e, er. taking action 10 modify Ii fcstyle habits and di ets 
in orde r 10 reduce em ironmental exposure lo POPs and 
hca, y metals must be done carefu ll y. taking in 
considerat ion 1101 only the ri sks associated wi th diets 
including fi sh. seafood and sea mammal meals (exposure 
10 contamina111s). but also the benefits of such diets. 
Indeed, hi gh ex posure 10 n-3 fa11y ac ids during prenatal 
life increases birth weight and visual ac uity of newborn s. 
Inuit ha, e, ery high levels of n-3 fall y acids in their blood 
due 10 their high consumption offish and marine mammals. 
These substances are 1ransmi11ed 10 the foellls during 
pregnancy and ha, ea direct effect on the weight of the 
ne\\ born and on prolong ing the gestati onal time. 

Selenium (Sc) is another essentia l nutrient found in sea 
products. This clement is an antioxidant as we ll as a 
micronutrient that regulates the action and 'or enters in 
the composit ion of several essenti al enzymes. It interacts 
\\ ith mercury in an antagonistic way, hence exertin g a 
protective effect with regards 10 mercury- induced tox icity. 
Therefore, thi s project 11 01 only ai ms at assess ing exposure 
to environmental co111am ina111s through maternal blood 
monitoring. but it also proposes to examine n-3 fa tty ac ids 
and selenium co111ent and profiles . This work wi ll provide 
sufticie111 information 10 a11emp1 10 "eigh the costs and 
benefits of the Inuit traditional diet. and hence make 
approp riate recommendations, adapted 10 th e specific 
needs and concerns of northern Abori gi nal people. 

Newly obtained data wi ll be compared lO data obtained 
earlier in Nunm ik (Ungava Bay and I ludson Bay regions); 
hence . the results of th is compa ri son will provide 
informati on about whether ex posure leve ls lO different 
classes of contam inants are increas ing, decreasing or 
remaining the same in northern populations. Since there 
is a strong co rrespondence between POP conce111rati ons 
in human milk, maternal blood and co rd blood (and most 
a,ailable past data is for maternal and cord blood), and 
since maternal blood is eas ier 10 sample th an cord blood, 
we will foc us on maternal blood fo r fuwre exposure 
assessme nt s and spati o-te mpo ra l co mpari sons. 
Addi tiona ll y, this time and geograph ica l trend anal ys is 
wil l provide information abo ut th e effic iency of 
inlef\ ention programs previously implememed in Nunavik 
(i.e. cessation of lead ammuni ti on use; di e1a1y shifts from 
sea mammals to Arct ic char). Efforts will be made lO link 
exposure with pote111ial sources of ex posure, by using 
dietary profil es based on n-3 fa11y ac ids, a marker th at is 
avai lab le in past surveys as we ll as in newl y generated 
data. and oth er sources of information acco rding 10 the 
ava ilab ility and comparabi lity of data. Hence. thi s project 

62 

ai ms at providing information that wi ll serve as a basis for 
decisions and actions 10 reduce exposure 10 pollutants. 
whi le considering the benefit s associated with traditional 
diets. 

Activities 
In 2004-2005 
In the course of the 2004-2005 NC P funding year, women 
from Hudson and Ungava were recruited and we co llected 
maternal blood as we ll as a few corresponding cord blood 
samples 10 measure the conventional suite of POPs and 
heavy metals. These anal yses have being carried ou t 
using previously described laboratory methods. which 
are comparable to methods used in the framework of ou r 
past studies (methods already extensive ly described in 
(M uckle. et al. 200 I a. Muckle, et al. 200 I b)). Additional Ii 
the new RapidTrace method was used on some of these 
samples for comparison purposes. Hence, in addition to 
other conve111ional va lidati on methods already appli ed 
on the RapidTrace method, results of the cord blood and 
maternal blood ana lyses obtained with both methods arc 
be ing compared to furthe r valida te the use of the 
RapidTrace method in temporal trend studi es (RapidTracc 
method described in nex t secti on). Laboratory ana lyses 
are conducted by th e human toxicology laboratory of the 
INS PQ. which is accred ited by the Canadian Association 
for Environmental Analyti ca l Laboratori es and accredited 
ISO 17025. However, recrui1me111 procedures had lO be 
modified along the course of 2004-2005 due 10 an 
interruption of obstetri ca l services in Tula11avik Health 
Centre. In the meantime, progress was made regardi ng 
the integration of data already ava ilable from previous 
projects and major improvements were brought 10 our 
sample archi ving system. The fol lowi ng section describes 
the eve nt s and th e cu rre nt s tatu s of rec ruitm en t 
procedures. presents ava il ab le ana lyti ca l result s and a 
co mpari so n of both anal yti ca l method s used. and 
provides a short update on the status of our data and 
sample manageme111 system. 

Results/Discussion 
Recr11itme11t anti sample collectio11 

Recruitment acti vely s1ai1ed in ea rl y March 2004 at the 
Ungava Tula11av ik Hea lth Centre but in June 2004 
recruitment was stopped because of logistical problems 
at Ungava Tulattav ik Hea lth Centre (lack of medical 
personnel; no more obstetrical se rvices). To that date. 
fi ve participants had been recruited from whi ch cord and 
maternal blood samples had been co ll ected. Gi ve n the 
fact that women were no longer giving birth in Tula11avik. 
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rec ruitment had to be put on hold during the summer 
period whe n medical perso nnel were especially scarce. 
In order to circumvent th e lack of obstetrical services in 
Tu lattav ik, women we re either re-routed to Montreal or 
to matern ity faci lit ies in the Hudson Bay area to give bi11h . 
This imposed a significant wo rkload increase on all 
personnel in vo lved with these host institutions. The 
heavy work load put on La Maison Nuna vik in Montreal 
(Module du Nord) and in other Nunavik maternity centres, 
as we ll as logisti cs problems encountered whe n trying to 
track where women were re-routed from Tulattavik to give 
bi11h, prevented any sam ple co ll ect ion from being stal1ed 
from Montreal or the Hudson Bay area maternity centres 
duri ng the past fundin g year. 

Nevel1heless, to circumvent the above-mentioned hurdles 
faced during recruitment procedures, as well as to avoid 
recru iting the same subject twice , pregnant women 
partic ipating in th e Nunavik Health Survey in Fall 2004 
were incl uded in the current study. Blood samples for 
contaminant ana lyses were taken du ring the Fall Hea lth 
Survey and measured fo r environmental contam inants 
(among other parameters pertaining to the hea lth survey). 
These samples have been incorporated in th e cu rrent 
analyses in order to increase the samples size for 2004-
2005 and to c ircumvent the recruitment problems that we 
encountered. Thus Tables 2, 3 and 4 are based on the 
five matern al blood results merged with the 26 maternal 
blood resul ts from the Nunavik survey (27 for metals). 

Prelimina,y analysis of contaminants 

Meta ls were anal ysed using convent ional methods. 
\lercury is analysed by cold- vapour AAS, se lenium by 
an HPLC-ICP-MS method, and other metals are assessed 
by an ICP-MS screen. 

For organochlorine measurements. two different methods 
were compared: the convent ional method used in the 
fra mewo rk of our past studies (extensive ly described in 
Muckle, Ayotte el al. (200 I); Muckle, Ayotte el al. (200 I)) 
and the new RapidTrace met hod, which al lows the 
meas urement of severa l analytes o f halogenated 
hydrocarbons in a sma ll er vo lume of biological sample ( I 
to 5 ml). This method was valida ted using conventional 
labo ratory standards and val idation methods, and it is 
current ly be ing compared to earli er, conventional methods 
in cord an d materna l plasma samples from Nunav ik in 
order to ensure analytical meth od comparab ility in the 
fra mework of time trend ana lyses. 

The RapidTrace method is based on a first fractionation 
of the plasma ex tract leading to two fractions (FI and F2); 
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followed by differen t extrac ti on, fractionation and 
deri vatization methods for FI and F2: finally leading to 
the separation of three extracts, contai nin g non-po lar, non-
planar compounds (FI a), non-polar, plana r compounds 
(FI b) and pola r compounds (F2). Usi ng this sampl e 
preparation method, PCBs, OC pesticides, and brominated 
compounds such as BDEs, as wel l as other compounds 
can then be measured by mass spectrometry. Th e 
extraction method theoretical ly allows the separation of 
up to 145 anal ytes. Howeve r, the measurement and 
quantifi cat ion of th e latter require different mass 
spectrometry procedures. The INS PQ laboratory has 
currently va lidated the RapidTrace method followed by 
MS procedures to measure 15 PCB congeners and 11 OC 
pesticides (sim ilar to the traditional suite ofOCs. but more 
co mpound s are being validated), two toxaphene 
conge ners (Par lar # 26 and 50) and five brominated 
compounds including PBB-153 and 4 BOE congeners 
(congeners # 47, 99, I 00 and 153). Development and 
va lidati on is ongoing for the detection of more analytes, 
including more toxaphene congeners, hydroxylated PCBs, 
hydroxylated PBDEs, brominated/ch lorinated phenols. 
meth y l- s ulfon yl-PCBs/ DDE an d polych lorinated 
naphthalene congeners. 

Table I shows some preliminary analytical results for I 0 
samples analyzed using convent ional analyt ical methods 
(live cord blood samples and five maternal blood samples). 
Arithmetic means and standard errors are shown. with 
range shown in parentheses. These I O samples were 
collected in the framework of the current st udy before 
sample co ll ection had to be stopped. Other analytes were 
included in these preliminary analyses and comprise the 
fo llowing organochlorines: 14 PCB congeners, aldrin, ii-
HCH , mirex , a-chlordane, a-chlordane, oxychlordane, cis-
nonachlor, 1ra11s-nonach lor and p,p '-D DT. Other metal s 
included se lenium cadmium, arsenic , zinc and copper. 
Statistics for these compounds are shown in Table 2. using 
a larger sample size for maternal blood only. No furth er 
statistics were computed for cord blood given the smal l 
sample size available. However, the data from Table I and 
Figure I show that the concentrations in maternal and 
cord blood are st rongly associated. as shown in many 
previous studies. 

Preliminary comparison of the resu lts obtained with the 
conventional and RapidTrace methods fo r PCB-153 and 
p,p '-ODE are shown in Figure 2. The two methods were 
used on the same live samples of cord blood and five 
samples of maternal blood for wh ich resu lts are show in 
Table I. In Figure 2, di st inction is made between cord 
blood and maternal blood. However, when cord blood 
and maternal blood are considered togeth er and both 
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Table 1: Comparison of certain OCs and metals between cord blood and maternal blood 

DOE (µgig lipids) 
HCB (µgig lipids) 
PCB-153 (µgig lipids) 
Lead (µmol/L) 
MeHg (nmol/L) 
Total Hg (nmol/L) 

Cord blood (n=S) 
0.26 ± 0.3 I (0.04-0. 79) 
0.06 ± 0.06 (0.0 1-0. 17) 
0.07 ± 0.07 (0.0 1-0. 17) 
0. 11 ± 0.04 
48.4 ± 29. 10 
59.20 ± 33.60 

Table 2: Heavy metals in maternal blood from Nunavik (2004) 

% 
n detection AM SE C l 95%AM GM 

Cad mium 32 100.0 32.38 3.57 (25.12-39 .64) 24 .10 
Mercury 32 100.0 50.61 5.92 (38.54-62.68) 38.87 
Lead 32 100.0 0.106 0.0 14 (0.079-0. 134) 0.088 
Selenium 32 100.0 3.72 0.33 (3 04-4.40) 3.36 
* Lead and selenium in pmol/L . cadmium and mercury in nmol/ L 

Figure 1: Organochlorine concentrations in cord and maternal blood 
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cord blood (µgig lipids) 

Maternal blood (n=S) 
0.30 ± 0.33 (0.05-0.86) 
0.06 ± 0.06 (0.01-0.15) 
0. I O ± 0.10 (0.02-0.25) 
0.12 ± 0.04 
28.8 ± 12.69 
36.60 ± 14.75 

C l 95 % MG Minimum Maximum 
(17 .33-33.5 1) 3.00 71.00 
(29.0 1-52.09) 6.00 150.00 
(0.07 1-0. 109) 0.028 0.41 0 

(2.87-3.94) 1.60 8.90 

0.8 

E. Dewail ly 



met hods are co mpa red by Spearman 's co rrelation 
ana lyses, we fi nd that ror al I three OCs compared, th e two 
methods showed sim il ar results and data we re strongly 
assoc iated. For ODE, th e Spearma n's correlatio n 
coefficie nt between both methods was 0.998 (p<0.00 I), 
for HC B. Spearman 's r was 0. 976 (p<0.00 I) and for PCB-
153, Spearman's r was 0.988 (p<0.00 I). These preliminary 
analyses suggest that the Rap idTrace method can be 
used and compa red to the conventional me thod or 
organoc hlor ine measurements without inducin g a 
signi fica nt bias in time trend ana lyses. However, furth er 

comparisons are ongoing on larger datasets and on more 
anal ytes in order to va lidate this hypothesis. 

Analyses or PFOS were ca rri ed out according to a method 
recentl y va lidated by the INS PQ hu111 an toxico logy 
laboratory. This 111ethod is based on alka li ne extraction 
or PFO S w ith 111 e th yl-te rt butyl et her an d 
tetrabutylammoni um hydrogen-sulfate, fo ll owed by 
electrospray LC-MS-MS anal ys is. Result s for PFOS 
analyses on I O samples from Nunavik (five 111atemal blood 
and five cord blood sa111ples) are presen ted in Figure 3 

Figure 2: Comparison of results obtained with the conventional method and the RapidTrace method for A) 
p,p'-DDE, B) PCB-153 and C) HCB (~tg/I) 
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cr, I Table 3: POPs in maternal blood from Nunavik (2004) cr, 

% 
n detection AM SE Cl 95% AM GM Cl 95% GM Minimum Maximum 

PCB , Aroclor 1260 31 100.0 808.5 110.7 (582.84-1034.25) 594.3 (436.17-809.70) 117.2 2758.0 
PCB , IUPAC # 28 31 25.8 DL 6.7 
PCB , IUPAC # 52 31 0.0 DL DL 
PCB , IUPAC # 99 31 100.0 18.4 2.0 (14.3-22.5) 14 .8 (11.4-19.2) 3.6 48.4 
PCB , IUPAC # 101 31 87.1 3.0 0.4 (2.2-3.7) 2.4 (1.9-3. 1) DL 10.0 
PCB , IUPAC # 105 31 83.9 3.3 0.4 (2.4-4.2) 2.6 (2.0- 3.4) DL 11.7 
PCB , IUPAC # 11 8 31 100.0 15.5 1.9 (11 .5-19.5) 12.3 (9.6- 15.9) 3.7 53.3 
PCB , IUPAC # 128 31 32.3 DL 3.0 
PCB , IUPAC # 138 31 100.0 46.4 5.7 (34.7-58.1) 35.3 (26.4-47.3) 7.8 121.1 
PCB , IUPAC # 153 31 100.0 108.4 15.6 (76.7- 140.2) 78.5 (57.2-107.7) 14.8 413.7 
PCB , IUPAC # 156 31 87 .1 6.1 1.1 (3.8-8.4) 3.9 (2.7-5.6) DL 29.3 
PCB , IUPAC # 163 31 100.0 18.7 2.8 (13.0-24.5) 13.3 (9.6-18.3) 2.3 69.0 
PCB , IUPAC # 170 31 100.0 14.9 2.7 (9.4-20.4) 9.8 (6.9-13.9) 1 2 77.6 
PCB , IUPAC # 180 31 100.0 53.9 10.6 (32 .3- 75.6) 34.5 (24.2- 49.4) 5.6 310.3 
PCB , IUPAC # 183 31 96.8 6.5 0.9 (4.7-8.3) 4.8 (3.6-6.6) DL 20.1 
PCB , IUPAC # 187 31 100.0 24.2 3.5 (17.0-31.4) 17.4 (12.7-23.7) 3.7 74 .1 
Hexachlorobenzene 31 100.0 46.6 5.9 (34.6-58.7) 37.5 (29.3-48.1) 11 .1 169.6 
Mirex 31 93.5 6.4 1.1 (4.1-8.8) 4.3 (3.1-6.1) DL 26.6 
Oxychlordane 31 100.0 52.6 8.6 (35.0- 70.2) 36.9 (26.9- 50 .8) 7.1 230.1 
PBB , IUPAC # 153 31 12.9 DL 1.8 
PBDE , IUPAC # 47 31 67 .7 10.6 1.7 (7.1-14.1) 6.7 (4.6-9.9) DL 39.0 
PBDE , IUPAC # 99 31 16.1 DL 7.1 
PBDE , IUPAC # 100 31 12.9 DL 7.9 
PBDE , IUPAC # 153 31 54.8 2.0 0.3 (1.3-2.6) 1.4 (1.0-1.9) DL 8.1 
Parlar no. 26 31 100.0 12.9 2.2 (8.3-17.5) 9.6 (7.2-12.7) 2.5 70.2 
Parlar no. 50 31 100.0 23.2 4.3 (14.5-31.9) 16.9 (12.6-22.5) 4.3 133.2 
l!-HCH 31 96.8 6.4 0.9 (4.5-8.3) 4.8 (3.6-6.4) DL 230 
alpha-chlordane 31 0.0 DL DL 
cis-nonachlor 31 100.0 12.0 2.0 (7.9-16.0) 9.0 (6.8-11.9) 2.3 61.8 
gamma-chlordane 31 0.0 DL DL 
p,p '-DDE 31 100.0 307.7 43.6 (218.8- 396.6) 230.6 (172.3- 308. 7) 55.4 1086.0 
p,p'-DDT 31 58.1 9.0 1.5 (6.0-11.9) 6.9 (5.4-8.9) DL 43.6 

m I trans-nonachlor 31 100.0 78.9 13.4 (51 .6-106.21 57.6 (42 8- 77.41 13.5 411.8 

0 
et> 
:E 

I *POPs are lipid adjusted (pg/kg) 
-< 



Table 4: Concentration of POPs in plasma of pregnant women from Nunavik (trend 1995-2004, mg/kg lipid 
adjusted) 

1995* 
IF:JO 

Aroclor 1260 (1)3 

HCB 36 
Mrex 7.8 

(hycl~ordane 33 
l}HGI 5.1 

,w'-l)l)E 244 
:,'-OOf 15 

and compared with resu lts obtained from a population in 
Japan ( Ino ue e1 al. 2004). PFOS leve ls a re similar in 
Nuna, ik and in Japan fo r maternal blood , but slightl y 
different fo r cord blood. However. our very small sampl e 
s,ze fo r cord blood precludes any firm comparison and 
concl us ion to be drawn rega rdin g thi s o bse rvat ion. 
Results for PFOS on a larger sa mple size of maternal blood 
are shown in Table 2. 

\nalyses or32 merged maternal blood sampl es show that 
lead concentrat ions now average 0.088 (tmol/1 with no ne 
m·cr the 0.48 µ11101/1 thresho ld . Thi s low concentrati on is 
a continuat io n of the decrease o bserved arter the ban of 
lead shot use in I 998 (Da ll a ire, 2003). Merc ury has 
certai nly not decreased like lead compared to yea r 2000 
H0µmol/1). 

For PO Ps we show here (Table 3 and 4) tha t except for 
p.p '-D DT which shows a stro ng decrease, most POPs 
ha, e the same concentrati ons in maternal blood compared 
to 1995. 

Sample ma11ageme11t anti data ware!to11si11g 

The archi ved sa mple in ventory and database integrati on 
were started in early fall and a re cu rrent ly ongoing. The 
archived sample inventory was completed, but a bar-code 
system remain s to be implemented and re lated to th e data 
ware house sys tem under development. Da tabase 
integrat ion is being achi eved wi th the help of a stati sti c ian 
as well as a spec ial ist in Geographi c In format ion Systems 
(GIS) ded icated to the deve lopment of multidimensional 
databases and OLAP systems. Th e framework of thi s 
database has been designed and data from past studi es 
ha,e been co llected into a unique fl at fil e that will be 
integrated in this database. New data w ill be added in as 
soon as they are ava il ab le and stat istica l analyses w ill 
then be carried o ut. 
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2001 Vmiation 
IF31 % 
594 -14.3 
37.5 -+4.2 
43 ..JS 
36.9 +11.8 
4.8 -5.9 

230.6 -5.5 
6.9 -54 
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Abstract 
This project is deve loping a dec ision support tool for 
northern hea lth professionals / experts, and other decision 
makers (e.g. Territori al Contaminam Commi nees inc lud ing 
N"IHC) incorpo rating the qualitative and quamitative 
benefits a nd ri sks associa ted with cou ntry rood 
consumpt ion, associated contaminant exposure, nutrient 
mtake and soc ial and cul tural benefits. The too l ta kes the 
form or a computer based model and is being deve loped 
using the software Analyti caTM (2002). In its fi rst yea r a 
re, iew or lite ratu re and se lec t ion o f ap prop ria te 
methodo log ies for the ba lancing of benefi ts and risks 
applicab le to this issue and ini tia l model developmem / 
adaptation has been conducted. Through working with 
the NN HC and us ing unavik-spec ific data for country 
and market food consumption. macro and micro nutriem 
intakes, comaminam exposure and pu blic perspect ives 
on the social and cultu ral benefits of coumry foods. the 
mode l wil l firs t be applicab le to Nunav ik. However. the 
overa ll framewo rk being developed is generic enabl ing 
future considerati on of oth er communities faci ng similar 
conce rns rega rding food consumption ri sks and benefits. 
The mode l will th erefore support th e decision-mak ing 
act ivities of northern hea lth professio nals and others 

C Furga\ 

having to make decisions and provide ad, ice on health , 
nutrition , and cont aminant iss ues in Aboriginal 
communities in the North and elsewhere. 

Key Messages 
I. A dec ision support too l to he lp northern health 

profess ionals and others in balanci ng the benefits and 
risks or country food s and contam inants is being 
deve loped incorporating Nunavik data using the 
software Analytica rn; 

2. The model is bringing together qua111i1a1ive and 
qualitative data on country and market food 
consumption, macro and micro nutrient intakes. 
comaminant exposure and public perspectives on the 
soc ial and cultural benefits of country roods enabling 
a comparative assessment or the benefits and risks 
associated with country food and market food 
consumption. 

Objectives 
This project is developing a tool to help decision makers 
face the challenges in understanding and mak ing 
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decisions regardi ng country food consumption . The too l 
will facil itate the ex pli cit cons ideration of a number of key 
components in such a decision process including the leve l 
of contam inant ex posure, nutrient intake, perso nal food 
preferences, and social and cu ltural norms. Th e project 
invo lves the review of ex ist ing methodo logies for benefit 
/ ri sk bala ncing deve loped e lsewhere; consultation w ith 
northern health professionals and other decision makers: 
and expert technical review at variou s stages of the work. 
Because of thi s, thi s project is pro vidin g ba lancin g 
methods app licab le to the issue of contaminants, food 
and health to help decision makers and others explicit ly 
cons ider and integrate various aspects o f thi s iss ue in 
their deci s ion maki ng processes and deve lopme nt of 
policies / adv ice. 

Specifically, thi s year the project: 
Adapted a pre limina ry version of an existin g 
decision model developed for the general iss ue 
of food security in the ort h and has been 
oriented to fac ilit ate decision mak ing on 
contami nants / hea lth / country food s in 
Nunavik ; 

Worked with the unavik utriti on and Hea lth 
Comm ittee to invo lve dec ision makers in th e 
model deve lopment process; 

Produced a critical literature rev iew for peer 
review exploring methodologies for ba lancing 
benefit / ri sk; thi s will support the conduct ofan 
expert consultation workshop to be held in 2005-
2006 

Introduction 
The management and communication of the ri sks posed 
by environmenta l conta minants in th e food chain of 
northerners comprises a very challenging issue for hea lth 
and environmental managers and hea lth profess ional s. 
Country fo ods a re the anchor to cultural and persona l 
well-being in the North. They are essential to the nutritiona l 
and soc ial health of no rthern Aboriginal people (e.g. 
CACA R II a,b; Condon et al., 1995). They continue to 
contribute signifi cant amounts of prote in to their total 
diet , and help indi v idual s me e t or exceed daily 
requirements for severa l vitamins and essentia l e lements 
(AMA P, 2003; Blanchet et al., 2000; Kuhnlein et al., 2000). 
In add iti o n to th e s ub stanti a l nutritional be ne fit s, 
traditional fo ods pro vide multiple cu ltural , soc ia l and 
econo mic benefits to these co mmuniti es and ind ividual s. 
Howeve r, th ey are also the main so urce o f seve ral 
enviro nmental contaminants to these po pulations. Data 
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now exists to suggest associations between exposure to 
some contaminants found in country food species (e .g. 
PC Bs and Hg) and subtl e neurodeve lo pment effects in 
Inu it infants at 6 and 11 months of age (CACAR 11 a,b, 
2003). 

It is critica l that northern hea lth dec ision makers and 
community res idents have the most recent and pertinent 
information ava ilable to make truly informed dec isions 
regarding these iss ues, considering th e range of ri sks 
a nd ben e fit s posed by co untry fo o d s a nd th ei r 
a lte rnati ves. However, it is c riti ca l that thi s information 
be prov ided in way(s) that are access ib le and easy to 
use. In the past, deci sions and adv ice based more on the 
ri sks associated with contaminant exposure have resulted 
in fear a nd confusion, di stru st and anx iety; in some 
instances, among communi ty residents they ha ve had 
significant d irect and ind irect social , econo mic, and health 
impacts (Furgal et al., in press; Wheatley and Wheatl ey. 
198 1). 

Forma l literature on compa rati ve ri sk and bene fit 
methodo logy has been accumu lat ing over the past fe " 
decades. Methodology deve lopment is continually being 
updated and ex panded (e.g. Wong et al., 2003). Much of 
the meth odology deve loped to date ha s been direc ted 
toward ri sk-based regulatory re form in the United Sta tes, 
focu s in g on th e mandate of the US Environme ntal 
Protection Agency. While th ere is a di verse literature on 
comparati ve ri sk assessment (or ri sk ranking) techniques 
and issues, there have been relativel y few papers whi ch 
address a com mon framework for cons idering di verse 
negative and positive health o utcomes across an entire 
diet. A recent and very re levant attempt was carri ed out 
with regard to the ri sks and benefits of fi sh consumpti on 
(Anderson et al., 2002). These deve lo pments provide a 
s uffi cient bas is to proceed wit h the deve lopment of 
policy-rel eva nt comparative ri sk and benefit deci sion-
support too ls. 

To he lp northern hea lth decis ion makers face th ese 
challenges, thi s project is deve loping a deci sion support 
tool , which incorporates the most rel evant benefit-ri sk 
balancing methodolog ies to aid north e rn healt h 
profess ionals and other dec ision makers in consideri ng 
these iss ues and providing advice. 

Activities 
In 2004-2005 
Review anti Orie11tatio11 of Preliminary Model to Focw, 
011 Co11tami11"11ts in the N1111avik Population 
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A prototype model deve loped by Fu rgal and Paoli to look 
at the bas ic components of no11hern food security was 
adapted to support a wide range of po li cy iss ues facing 
decis ion makers in the North related to contaminants and 
coun try food consumpt ion. 

Critical Literature Re l'iew 
Various 111 ethodologies have been proposed to address 
com parati ve ri sk assess ment. Some of th ese methods are 
very generic (e.g. genera l 111odels and indices of hea lth 
impact) and some have direct relevance to this wo rk (e.g. 
balancing the risks and benefit s of fi sh consumption, fo r 
e,am ple, TER A, 1999). These 111 e thodo log ies we re 
critica lly rev iewed fo r the ir relevance and appropriateness 
to the proposed approach and contex t. A small number of 
cand ida te meth ods are bei ng se lected fo r potenti a l 
imple111entation in th e model. 

Cons 11 /ta tio11 with northem health experts (N HE) to 
determine ,lecision-making needs and priorities related 
to co11tamim111ts a,ulfood 
Northe rn heal th ex perts and other dec ision make rs / 
researc hers were consulted to ident ify spec ifi c dec ision-
maki ng needs and prio rit ies re la ted to thi s targe t 
popu lati on, and preoccupations in the reg ion with rega rds 

to spec ifi c coun try foods and conta minants. Thi s group 
was made up of the 111 embers of the Nunav ik Nutrition 
and Hea lth Co111 111ittee (including national Inuit thro ugh 
an Inuit Tapi rii t Kanatami represen tative). 

l de11tijicatio11, Selection, and Acq11isitio11 of Data 
Fro111 the early stages of the project, data req uirements 
have been documented and candidate data sets are be ing 
identi fied. Both raw data (individuals) and group averages 
are be ing req uested from researchers working in Nu nav ik 
communit ies on these issues. This " real" data includes 
in format ion on contaminant exposure, foods consumed, 
diet behaviou r, food preferences/diet determinants, risk 
perceptions, and nutrient intakes. 

Model Detaili11g and Develop111e111 to l11c/11de Ca11didate 
Methods and Sample Data 
A first version of the benefi t dec ision-support tool was 
deve loped to incorporate: i) the methodologies selected , 
ii) the data co llected on intake , burdens , and health 
i111pacts and ii i) the model di ets / preferred consumpt ion 
scenarios that have been se lected for exp loration. The 
tool wil l allow decision makers to review tra nsparently 
the fu ll range of in puts into the dec ision (e.g. see Figure 
I - top le ft image) the i111p l icat ion s of various 

Figure 1. Updated overview of decision support model 

Strong Shill 1wa coun1, Sho ll towaid C«.nry Food Bas_.,.,. [Blanc"-! .i _. , Shift tow.d Store Food Strong Shit tw<I Store Food 
Courtry/StorePan.,nl_.,. 
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assumpti ons , an d the implications of mode l diets under 
these assumpti ons (see Figure I - bottom right fi gure). 

Results and Discussion 
A cri ti cal li terature review of ca ndidate methods for 
ba lanc ing bene fit s and ri sks has been don e and th e 
document wi ll be sent for peer review as the basis for an 
ex pert consu ltation meet ing including north ern hea lth 
profess iona ls and technical ex perts in the areas of diet 
model ling and contaminant and nutrient risk assessment. 
The metric being used for compari son of calculated health 
risks associated with high contaminant intake or lov-.1 

nutriem intake (i ncluding cancer and other adverse hea lth 
outcomes) is the Disa bility Adj usted Li fe Year (DALY )' . 

The initial co nce pts of the model and project were 
presented to the Nu navik Nutri tion and Health Comm ittee 
in Kuujjuaq and then furt her consu ltation took place 
between the team and members of the committee at a 
meeting he ld in Montrea l thi s spring. Two to three 
members o f the NN HC have shown specific interest in 
working with th e research team in aspects of the 
deve lopment of the model. At the Montreal meet ing, 
potenti al reviewers for the literature review paper and 
participams for the ex perts meetin g to be held in 2005-
2006 were suggested. Further, the NN HC has supported 
the team in requesti ng access to the most rece nt data 
from researchers working in Nunavik commun ities on 
these iss ues (contaminants, diet, nutrition) to include in 
mode l deve lopment. Discuss ions have begu n for th e 
acquisi tion of raw data and are ongoing. At this time, 
averages and data from ot her so urces (a lready publi shed) 
are being used to develop the model. 

A review of th e initial model and adaptati on for its 
appli cati on lo the case of women of child-bearin g age in 
Nunavik has been done (see Figure I). Figure I provides 
an ill ustration of the overa ll com ponents of the model 
and a conceptual represemation of the ir relat ionships. 
The model will al low individuals to view poss ib le 
outcomes of a reco mmended diet ( e.g. increase average 
char consumption and dec rease average beluga muktuk 
consumpti on by specifi c amounts) in corporat ing both 
quantitati ve information (e.g. real contaminant ex posure 
leve ls) and qua litati ve pa ramete rs (e.g. user-defined 
consumpti on levels or changes in leve ls of certain hea lth 
outcomes in the population). In the draft representation 
of the model in Figure I - bottom image on right hand 
side - you can see one possible mechanism ofrepreseming 

comm unity va lues in terms of a single hea lt h metric , in 
thi s instance the Disabi li ty Adjusted Life Year (DALY ). 
The output meas ure of hea lth burden can be directl y 
compared across poss ible dietary options faci li tati ng the 
identificatio n of an advisory / po licy assoc iated with an 
acceptab le level of hea lt h ri sk / benefit. The mode l is 
being focused to concentrate on the diet, nutrient needs, 
and contam inant impacts among Nunavimm iut. HO\vever, 
as the development is taking a generic approach to the 
analyt ica l co mponents of the model it wi ll be transferable 
to other regions upon completion. 

Conclusion 
At th e req uest of the NN HC the model is being deve loped 
usi ng data that includes all segments of the popu lation in 
Nunavik . However, focus on a spec ific segment of the 
populat ion (e.g. women of ch il d-bearing age) wil l be 
poss ible when running the model. Deve lopment of the 
basic components of th e model are now complete and 
Nuna vik-speci fi c data is being ente red. Further model 
development and refinement, consultation with members 
of the NN HC and data input will be conducted in the 
early stages of Year 2. In the fal l - win ter of Year 2 an 
ex perts meeting will be convened to review technical 
as pects of the model as we ll as it s usefulness for northern 
hea lth dec ision makers in Nuna vik. The literatu re rev ie" 
paper produced thi s yea r and a descript ion of the model 
wi ll help form the background materi a l for this meeting. 

Expected Project Completion Date 
The project will finish planned acti vit ies in 2005-2006. 
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Abstract 
The report describes progress on a new technique being 
used to ex plore aspects of prenatal neurological damage 
that may occur from the ingesti on of methy lmercury 
(MeHg) during pregnancy. It uses a mouse model to 
exami ne the transfer of MeHg from the mother to the 
developing fetus, particularly the accumulation ofMeHg 
in the feta! brain, as well as measuring leve ls in maternal 
brain and other tissues. The method incorporates a stab le 
mercury isotope approach to create unique ' tracer' doses, 
and gas chromatography combined w i th high resolution 
mass spectro metry (GC-MS) fo r meas uring ti ss ue 
concentrations. Commercially avai lab le enriched isotopes 
of mercury (1 98 Hg, 000 Hg and '°'Hg) have been purchased 
and used in the laboratory to form ulate unique doses of 
methylmercury chlori de having a d ist inct signatu re or 
'fingerprint ' different from the isotopic mixture fou nd in 
nature ('native ' mercury). Although th e tota l quantity 
admi nistered over the duration of pregnancy rema ined 
the same, groups of animals received differing patterns 
of exposure (inc luding ' bolus' doses). The enr iched 
isotopes are non- radioactive. These have been 
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administered on cookies to pregnant mice as part ofa•pilot 
phase' w here the princ ip le goa l was to determin e if the 
GC-MS method is sufficientl y sensiti ve and precise to 
distingu ish between the di ffere nt isotopi c mix tures of 
methylmercury which had accumulated in the maternal 
and feta ! ti ssues . A lso described are the results of the 
intricate dissection techniques to obtain intact feta I brain 
tissues. 

The provis ional data set w hi ch is presented fo r the 
concentrati ons of MeHg in mouse dam s and fetu ses 
con firm the feasib ility of the proposed study des ign in 
the main phase to investi gate the ' bo lus dose ' effect. The 
data also show that th e ' total ' leve ls of methy l mercu ry in 
the brain ti ssue are consistem w ith prev iously publi shed 
data (by one of the current investi gators) in thi s mouse 
st rain , where similar dos in g reg imes had bee n 
administered. This is important since - as we ll as the 
k ineti c aspects of the methy l mercury currently described 
here - a key goa l i s to demonstrate th e ex istence of 
neurobehavioural impairments in pups born to similarl y 
exposed ' parall el ' groups of fema le mice. 
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Key Messages 
I. A •pilot' phase of the study has been successfu lly 

carried out this year to test the proposed ana lyt ical 
111ethod and the design of the study protocol. Pregnant 
mice (strain C57BL/6) were administered different 
for111ulated isotopic mixtures ofmethylmercury and a 
te ch nique was deve loped to harvest ve ry s111a\l 
sa111 ples of bra in ti ss ue from the mouse fetu ses. 

2. Using test tissue samples, experiment s were ca rri ed 
out to verify the extracti on effic iency and recovery of 
the isotopic methyl111ercury compou nds used in th e 
analytical 111ethod; thi s was th en ap plied to ti ssues 
collected in the pilot phase. 

3. Using a developed extraction method and 111easure111ent 
us ing gas chro111atography / hi gh reso lution mass 
spectromet ry (GC- HRM S) it has been poss ible to 
separate and identify the quantities of the different 
MeHg doses (wi th unique isotopic ·fingerprints') 
\\ hic h have accumu lated in the ti ss ues of the ex posed 
da111s. The sa111e isotope 111ixes of111ethyl111ercury were 
also measured in the poo led feta\ brain samples, and 
the concent rat ions were found to be eleva ted ( 1-2 
ti mes) compared to those measured in the maternal 
brai n sa111p les. 

Objectives 
I. To ca rry out a pilot phase (b reeding study) in mice 

and take measu rements of body weight changes over 
pregnancy; to dose different groups of mice with 
admini ste red methylme rcury chl or ide in ethanol, 
wh ic h have been fo rmulated to contain different 
quantit ies of enriched stabl e isotopes of Hg (so that 
each dose has a unique " isotopic fingerprint") . 

:!. To take note of the ' lessons learned' during all aspects 
of the pilot phase carried out th is year so as to be 
able to incorporate these appropriatel y into i111proving 
the design of the main phase of the study to be done 
in2005-6. 

3. To refine the analytical methodology and data 
transfor mation proce ss, so that th e isotopi c 
measurements are as precise as possible. 

4. To provide furthe r physio log ical information for the 
mo use strai n utili zed for developm ent of the 
physiologica lly-based pha1111acokinetic (PBPK) model 
of MeHg in pregnancy. (Thi s is to be the basis for 
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pro vidin g guidance on ex posu re in human 
pregnancy.) 

Introduction 
That the developing nervous system of the fe tu s has an 
increased sens iti vity to Mel-lg compared to the adult , has 
been known for some time (lnskip and Piotrowsk i, 1986, 
W.HO., 199 I. Choi, 1989, and Lapham et al., 1995) but 
there are man y questions surrounding why this is so 
(Watanabe and Satoh, 1996., Zheng, Asch ner, and Ghersi-
Egea, 2003). The current project is to examine in a mouse 
model, whether the magnitude and durati on of ex posure 
alter the toxicological impact of Me Hg on the feta I nervous 
system at different times in pregnancy. The question 
posed in the current work is whether a 'bolus' or ' pulse ' 
ex posu re of the mother in pregnancy results in a different 
distribution of Me Hg accu mulat ion in the feta I brain. If 
such eleva ted MeHg levels occur, these may have an 
equ iva lent or greater effect on brain develo pment as 
compared to the same intake of MeHg spread over the 
whole ges tation period ( lnskip e / al. , 2003). This 
consideration has particular relevance in communiti es -
or to individuals - where fish / marine mammals are an 
imponant pan of the diet and where women may consume 
meals containing Me l-l g during pregnancy in a periodic 
fashion, especial ly if the size and spec ies offish consumed 
indicate that the mercury concentrations may be elevated. 

Justifi cat ion as to the selection of th e animal model 
(C57BL/6 mice) has been previously discussed (lnskip. 
2004). As well as ex hibiting more physiological simi larities 
to humans than the rat. the stra in demonstrates subtle 
neurobehavioural effects in the offspring (Dore e / al. , 
200 I. and Goulet, e1 al. , 2003 ). an d at concentrations of 
Me Hg in th e intended co ncen tration ranges 
(physiological ly relevant to human expos ure regimes). 

The analytical tool that was selected (using enriched stab le 
isotopes of mercury) has been used previous ly in an 
environmental sett in g (Hintelmann e1 al., 1997) but not 
previously in control led dosing ex periments, (a lthough it 
ha s been successfull y used in th e case of lead (Pb) 
(lnskip, e1 al., 1996). It utili zes a unique stable isotope 
dosing regim en ad mini ste red to the mi ce during 
pregnancy. By prov iding the ' bolus' dose in the form of 
Mel-l g formulated using a unique isotopic fingerprint 
(e nri ched in one spec ifi c isotope) , it s detect ion and 
measu rement in the bra in of the fetus links it salely /0 1he 
bolus dose consumed by the dam . The remaining MeHg 
in th e fetal brain ti ssue (a lso with a unique isotop ic 
fingerprint of its own) wi ll have been deposi ted th ere as a 

75 



result oftransplacelllal transfer du ring the normal dosing 
with MeHg in pregnancy. 

Because of the newness of the approach, a pilot study 
was carried out in preparation for a main phase- to verify 
(i) the methodology from an analytical aspect (c hem ica l 
fo rmul ation of the isotope mi x ture , detection and 
measurement of the isotopes using a GC-high reso lu tion 
mass spectromete r. data transformation to determine 
relati ve contributions of the admini stered mercury isotope 
species to the total tissue burden . and comparab ility with 
a previously reported ICP-MS based techniques) ; and 
( ii) a number of study design cons idera ti o ns re lated to 
the use of the test animal (acceptance of formulated dose, 
capac ity for matching doses for groups receiving bolus 
and native MeHg, adequacy of methods for harvesting 
sufficient feta! brai n ti ss ue for the analyst, and the 
pregnancy success rates in the strain of mice to ensure 
efficient use of the costly isotopes). 

The report briefly describes the results from this year's 
pilot phase, and includes preliminary evaluation of recent 
data on isotopic measurements using th e GC- HRM S 
method. 

Activities 
In 2004-2005 
The year·s research has focussed on ve rifyin g the 
proposed analyt ica l tech nique for the isotopic en ri chment 
of doses of MeHg to the mouse strain used (C57BL/6), 
the detection and measuremelll of these isotopes in mouse 
ti ssues and (fol low ing approval of the protocol by the 
Departmental Animal Care Committee) the carrying out of 
a protocol for breeding and test dosing of mice, as part of 
a 'pilot' phase of the study. The recently received results 
from thi s phase (GC-MS analysis of animal ti ss ue) have 
been preliminarily assessed and demonstrate a successful 
outcome for this technique. Procedurally, opportunities 
fo r improvement have been identified fo r the upcoming 
·main phase' of th e study thi s year, part icularly on the 
breeding aspects of the mice. Va luable data have been 
recorded for body weight gain in pregnancy and the 
number (and we ight) of pups produced. As well, pract ical 
aspects of manipulating, harvesting and weighi ng very 
small feta I brai n samples fo r ana lys is have been completed 
successfu ll y, while also providing data for the further 
development of the PBPK model ofmet hylmercu1y during 
pregnancy in the mouse. The results of breeding success 
are particularly important in relation to the calculation of 

' Thanks to Dr D Lean of the University of Ottawa 
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the dose needed for the ani ma ls, due to the considerable 
expense of the stab le mercu ry isotopes. 

Mcthylm crcury chloride (CH
3
HgCI) synthesis 

Approx imately 50 mg each ofCH / 98HgC I, C H,")()HgCI and 
CH. '°'HgCI was sym hesized from pu rchased enriched 
isot~pes - 198 1-l g, ' 00Hg and '°' Hg respectively - using a 
procedure adapted from Banton-Montigny et al. (2004 ). 
The purity of the C H3

198 HgCI, the C H
3

' 00 HgCI an d the 
C H.'°' HgC I stock so luti ons was exami ned by nu clear 
magnetic resonance (NM R), total mercu ry analys is, gas 
chromatography-atomic fluorescence spectrometry1 and 
GC-MS. 

Me Hg extraction from maternal brain tissue 
A liquid- liquid extracti on procedure for C H

3
Hg (Forsyth 

et al. , 2004) was fol lowed; however, the more rap id micro-
extraction technique (MET) will be in vestigated fo r the 
main study. T he brain ti ss ue and blood were 
homogeni zed an d 50 mg samples of bra in (in wet weight 
(w/w)) and I 00 trl samples of b lood were analyzed. Pri or 
to sa mple preparat ion , a surrogate addit ion of a known 
amoulll of C H,' 98 Hg was ad mini ste red to each sample. 
C H3Hg was extracted wi th to luene from enzymati call , 
hyd rolysed samples after the addition of sulph uric aci d 
and potassium bromide. An L-cyste ine back-extraction 
was used to separate the CH, Hg from most o rganic co-
ex tract ives an d the analys is of C H. Hg (as C H. HgBr) was 
ca rried o ut by h igh reso lution GC~MS. ' 

Analyti cal determi nations ofC H3Hg by GC- HRMS. and 
data transformat ion 
Chemi cal identification was achieved by the retention time 
on a 15 111 DB- I GC colu mn . Matrix interferences were 
separated by high resoluti o n mass spectrometry. In order 
to s implify the ca lculatio ns and minimi ze the cross-
contributions from other organic consti tuents (such as 
79Br and 81 Br), the [M-Br)+ fragment ion in the e lect ron 
impact ion source (C H. Hg+) was monito red. Every mass 
in the CH3Hg + ion ci,r'ste r (i.e. 111/z 210.9893, 2 1 I. 9824 . 
212.9902, 213.9917, 2 14.9918, 215.9938, 216.994 1, 2 17.9974 
and 218.9969) was mon ito red in vol tage-se lected ion 
monitoring mode. lmens iry fractio ns of each mass were 
then ca lcu lated and fit into the formula for quantitation. 
Althou gh isotope dilut ion mass spectrometry tech niques 
applied to binary systems (a n enriched stab le isotope 
and the nati ve e lement) have been docu mented in the 
literature (Yang et al. , 2003) , the deve lopment of compl ex 
mat hematic equat ions is required to determ in e two 
unknowns in a te11iary system (a surrogate, the nati\'e 

M. lnskip 



CII Hg+ and another enri ched isotope) as in the case of 
mouse ti ssues from these feedi ng studi es. Th ese 
equations were first tested in a binary sys tem and then 
c,tcndcd to th e tert iary system by preparing a seri es of 
,piked mixtures. We also spiked a rat blank bra in ti ssue 
"ith diffe rent combinations of stable isotope enri ched 
spec ies and nati ve CH,HgCI to va lidate the method. 

Pilot Dosing Study 
The yea r's resea rch foc ussed on verifying the proposed 
analytica l techniq ue for the isotop ic enrichment of closes 
ol ( 11 ,Hg to the mouse strain used (C57 BL/6). the 
a •tcction and measurement of these isotopes in mouse 
t sues and the carrying out of a protocol fo r breeding 
and test dosing of mice (maintained on a 111 ouse chow 
diet). 

I ·cding Study Methodology 
I >r the dose formulation prior to ad111inistrat io11 to a11i111als. 
J,,,th stock so luti ons and indi vidual doses fo r the animals 
" re pre pared in 95% eth ano l. Dosages we re 
ad111 111istered to the pregnant da111 s dail y, for a total of 18 
days. All closes were ca lcul ated assuming 30 gram animals, 
and del ive red on portions of a11i111 al crackers. The goa l 
,,as to have each ani mal recei ve simi lar amounts of 
1 rcury over the dos ing period. 

Group A Chronic ·11ari 1·e • sruc/1•: 
111, c mercury was dosed at 2111 g/kg BW/clay fo r a tota l 

ot I 080,ig dose per a11i111al. 

Group B - Chro11ic ·e11riched· s1t1dr: 
Enri chment was 1:1 mix tu re of CH/"' ll gCI nat ive 
Cl l, llgCI. 

Thi s fo rmulation was dosed at 1.8mg kg BW 'day for a 
total of 972µg. 

• Group C - Bo/11s · 1reatme111: 
Nati ve mercury was closed at I. I mg/kg BW/day for 16 
clays, plus 2 bolus mercury events (at gestati on clays (G D) 
12 and 16) were dosed at 7.8mg/kg BW/event , fo r a total 
mercury load of 996,ig per an ima l. Feta! and various 
materna l tissue samples \\ere hanested prepartum on GD 
18 and stored in Teflon• containers at -20°C until chemical 
analysis. 

Results 
a) ,\ferln-/111ercur1· chloride (Clf/fgC/) srnrhesis for 
dosing of animals and ww~rtical d~ten1Ulw11011s by GC-
f-f/1- ,\ IS a11d dara 1ram(or111llfio11 
The stock so lutions of Cl l,'"HgCI. C ll ,"'"HgCI and 
Cl l,'"'HgC I prepared were, eri fied aga inst a known native 
Cl 1,1 lgCI standard. Also, measu rements of tota l I lg and 
methylmercury (as Hg) content indicated that no inorganic 
mercu ry" as present (results not sho\\ 11). Un like organic 
isotope dilution (i.e. 1'C' 1'C) 111ass spectro111etr). in" hich 
the cross-contribution bet"een the stable-isotope labeled 
inte rn al standard and the nati, e anal) te is generally 
111 i11 ima l provided the 111ass difference between these two 
compounds is more than 3 mass units. inorganic isotope 

Figure 1 Isotopic abundances for dosing solutions administered to treatment groups: a) 'native' group, b) 
'enriched' Me202Hg, and c) enriched Me200Hg administered at bolus events in 'enriched bolus' treatment 
group. (N.B. Note scale differences.) 

a) 'Native' MeHg b) 'Ennchecf (1 1, tv\e202Hg c) 'Enriched Bolus' 
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dilution mass spectrometry has complications due lo the 
existence of natura lly occu rri ng multi-stab le isotopes of 
the element such as 79B rand 8 1 Br isotopes. Therefore to 
simpli fy, the ca lcul ations were sw itched to the monitoring 
of the [M-Br]' fragments and the formula for qua ntitat ion 
derived accordi ngly. The choice of internal standard was 
also restricted to one of those en ri ched stable isotopes' . 
The accuracy of the resul ts stems from th e precision of 
the isotope ratios in the sam ples as well as in the 
standards. In genera l, dev iations from the tested spiked 
va lu es do not exceed ± 10% using the deri ved !OMS 
ca lcu lat ions. 

Figu re I (a, band c) shows the isotop ic abundance of the 
native mercury dose and the two en riched doses used in 
the pilot phase , wh ich were formula ted from the 
purchased enriched mercu ry isotopes. Each consti tutes 
a dose having a particu lar, unique isotopic 's ignature' or 
'fi ngerprint ' . 

b) Harvesting and preparation of mouse tissue 
Figure 2 (a and b) shows the brain weights and equiva lent 
feta! brain weights of se lected fema le maternal-feta[ pairs 
from the study. Dam brain we ights (approximately 0.5 
grams) and pooled feta[ brain we ights (approx imately 0.8 
grams) suggested this tissue mass wo uld be sufficient 
for analysis, based on the projection of the ex pected Mel-lg 
concentrat ions, and give n the dose ranges of Mel-l g 
admini stered. This was con firmed (d isc ussed below). 
Exsangui nation of anaesthetized dams pri or to ti ssue 
harvesting revea led a (almost) complete absence of blood 
in the maternal bra in, wh ich is important since the isotop ic 
content of the Me l-l g in the blood will likely di ffe r 
somewhat from that in the brain. Feta! brain samples 
appeared to contain more residual blood in compari son, 
wit h most removab le by de licate swabbi ng and rin sing 
with ultra-p ure distilled water. Maternal organ we igh ts, 
placenta weig ht and blood paramete rs (e.g., red ce ll 
vo lume) were recorded for use in the PBPK mouse model 
being deve loped. Two to three ani mals dail y was found 
to be the maximum number ab le to be processed given 
the care needed for sk ilful harvest ing of intact feta l brain 
tissue. 

c) Breeding success andfetal growth in the Pilot Phase 
Timed and staggered breed ing of the female mice with 
mal es was carried out to ensure optimal numbers of animals 
for effic ient harvest ing of the feta[ brain materia l (from 

approximately 8-9 pups on average but up to 15 pups in 
one case) and co rre spondin g mat ern al ti ss ues as 
described in (b) above. Materna l body we ight increases 
were monitored dail y prior to, and during pregnancy. 
Figure 3 shows data for 3 se lected animals, with an 
approximate average body we ight increase of x2 duri ng 
pregnancy (about 20 grams for an 18 gram mouse) . 
Se lec ted non-dosed animals were also harvested fo r 
measurement of feta\ body weight/brain weight prior to 
full term (data not shown). 

Results also showed that the antic ipated breeding success 
wi th males was lower than initi all y ex pected and will be 
reflected in adjustment of req uired animal numbers fo r 
breed ing suffi cient pups duri ng the main study. 

d) Methvl111erc111y in brai11 and blood 
The preliminary data represented in Tab le I are results for 
I O ani mals: 3 animals admini stered ' nat ive' Me l-l g, 3 
animals admin istered 'enriched Me202 Hg', and 4 animal s 
admini stered ' nati ve' Me l-l g (as a background dose) as 
we ll as Me' 00 Hg (at 2 bolus events) . Total Me l-l g leve ls in 
maternal brai n and blood ti ssues fo r all treatment groups 
range from 8.4 (±3.2) to 9.2 (± 1.7) ,,gig and from 4.2 (±0.3) 
to 7.6 (±3.2) ,,giml respectively. Figure 4 shows a plot of 
matern al brain and blood data and demonstrates th at 
measurab le leve ls of enriched mercury isotopes were 
achieved and di st in gu ishable from the ' nati ve' Hg doses. 
For all treatments, th e leve ls of Me l-l g in blood were 
approximately half that present in the brain with some 
an imal va ri abil ity in the ' nati ve' Mel-l g gro up . Although 
total Me l-l g leve ls differed between maternal brain and 
blood tissues, similar contribu tions of en ri ched Me'°' l-l g 
were present in both ti ss ues (4 1.9% and 39.9% of total 
Mel-lg, respecti ve ly). A greater contri bution of Me' 00Hg 
was received in the blood than in the brain during the 
bolus treatment (47.2% versus 40.2% of total Me l-l g). 

e) Canjirnwtion ofmaternal-fetal tran~fer of MeHg and 
detection of "bolus" dose infe1al tissues 
As with the dams, the presence of the bolus dose was 
identified in the fe ta[ brain , demonstrating the abil ity of 
the Mel-lg adm in istered in thi s way to be transplacental ly 
tra nsferred. 
Figure 5 compares leve ls of ' nati ve' and enri ched Mel-lg 
in the brain of matching darn and pooled fetuses for all 
dosing treatments. Levels of total Mel-l g rece ived in the 
poo led feta [ brain were 1.5 to 2 times hi gher than the 

! In order to calculate the intensity fraction for each isotope [Fr(i)] accurately, every mass (separated by one nominal mass unit) in 
the mercury contai ning isotope cluster was monitored (i.e. 111/z 21 I , 2 12, 213, 214, 215, 2 16,2 17, 218, 2 19). The summation of all 
intensities at different masses generates the total ion current (TIC) or S Fr(i). The indi vidual intensity fraction at chan nel ''i" ' [Fr(i )] 
is defined as the ratio of the intensity measured at channel '•i" over the total ion current for compound ·'r''. 
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;;:: Table 1. Levels of native and isotopic enriched MeHg in maternal and fetal brain tissues (µgig wet weight) 
i and in maternal blood (µg/ml) of mice. -a· 

Treatm e nt Animal ID Ti ss u e Type 
N a t ive MeHgCI M e (200)H g M e(2 02)Hg Total M e Hg 1 

Concentration 1 % of total Me Hg Concentration % of total MeHg Concen trat1on % o f total Me Hg Concentratior 

Maternal Bram 8 3 8 3 
MF023 Ma ternal Blood N /A N/A 

Feta I Brain 16 3 16 3 
Maternal Bram 8 4 8 4 

Native MF033 Maternal Blood 9 9 9 9 
Feta I Bram N /A N /A 

Maternal Bram N /A N/A 
MF035 Maternal Blood 5 4 5 4 

Feta I Bra m 19 6 19.6 

Group S umm a r y Mate rnal Brain n=2 8 4 (± 3 2) 
Maternal Blo od n=2 7 6 (± 3 2) 

{ M ean(± S .0)) F e tal Bra in n =2 17 9 (:t 2 3) 

Maternal Bram 5 9 56 9 4 5 43 1 10 4 
MF037 Maternal Blood 2 4 58 5 17 41 5 4 0 

Fetal Bram 10 3 60 0 6 9 40 0 17.1 
Maternal Bram 4 2 57 9 3 1 42 1 7 3 

Enriched MF039 Maternal Blood N /A N /A N/A N/A N /A 
Fetal Brain 8 5 59 1 5 9 40 9 14 5 

Maternal Brain 5 9 59 5 4 0 40 5 10 0 
MF040 Maternal Blood 2 7 61 8 17 38 2 4 4 

Fetal Bram N/A N/A N/A N/A N/A 

Group Summary 
Maternal Brain n=3 5 4 (t 1 0) 58 1 (:t 1 3) 3 9 (± 0 7) 41 9 (± 1 3) 9 2 (± 1 7) 
Maternal Blood n=2 2 5 (±0 3) 60 1 (± 2.3) 1 7 (± 0 0) 399(±23) 42(±03) 

(Mean (:t S .D)) Feta! Brain n=2 9 4 (±1 2) 59.5 (± 0.7) 6 4 (± 0 7) 40.5 (± 0 7) 15 8 (± 1.9) 

Materna! Brain 57 59 8 3 8 40.2 9 5 
MF029 Maternal Blood NIA N/A N/A N/A N/A 

Fetal Bram 9 1 57 1 6 8 42 9 15 9 
Maternal Bram 5 2 61 8 3 2 38 2 8 4 

MF041 Maternal Blood 21 52 4 1 9 47 6 3 9 

Enriched Bolus 
Fetal Bram N/A N/A N/A N/A N/A 

Ma ternal Bram 5 4 58 9 3 8 41 1 9 2 
MF042 Maternal Blood 2 9 53 7 2 5 46 3 5 4 

Fetal Bram 8 4 55 6 6 8 44 4 15 2 
Maternal Bram 4 2 58 9 2 9 411 71 

MF043 Maternal Blood 2 2 52 3 2 0 477 42 
Fetal Bram 6 6 51 9 6 1 48 1 12 8 

Group Summary 
Materna l Bra in n=4 5 1 (± 0 7) 598(±04) 3 4 (± 0 4) 402(±14) 8 6 (± 1 1) 
Maternal Blood n=3 2 4 (± 0 4) 528(±08) 2 1 (± 0 3) 47 2 (± 0 8) 4 5 (± 0 8) 

(Mean (:t S .O)) Fetal Brain n=3 8 1 (± 1 3) 54 9 (± 2 6) 66(±04) 452(±26) 146(±17) 

1 units in µgig wet weight for brain tissues and µg/ml for blood. 

--..J I 
1 a summation for each measured isotopic MeHg (i.e ·native' + Me 200Hg + Me202Hg = total MeHg) 

<D · NIA, samples not available for analys is 



maternal brain levels. However, the ranges of total Mel-lg 
ac ross the three dose groups were comparable in each 
ti ssue, 8.4 (±3.2) to 9.2 (± 1.7) µg/g in maternal bra in and 
14.6 (± 1.7) to 17.9 (±2.3) r1g/g in feta! tissue, which was 
not unex pected, since animals in each group recei ved 
approx imately the same overall amou nt of Mel-lg. Of the 
total Me l-l g leve ls found in the pooled feta! brains, a 
consistent contribution of 45 .2% of Me~00 Hg originated 
from the bolus doses, whereas an average of on ly 40.5% 
was recei ved in the maternal brain. Sim il ar contri buti ons 
of Me'°'Hg in the enri ched dose treatment were foun d in 
both maternal and feta ! brain ti ssues (41 .9% and 40.5%. 
respecti ve ly). 

() Split samples f or a11a(1•sis by ICP-MS methodology 
Fo llowing advice received at the prev ious NC P Results 
Workshop (Whiterock B.C. , 2004) it was decided to ex plore 
the feasibility of ca rrying out some analyses for total and 
meth ylmercury by ICP-MS during the pilot phase of the 
stud y, and to this end , a contract was let with an 
acknowledged ex pen in th e field , Dr Holger Hintelmann 
from Trent Uni versity. Altho ugh the fu ll data sets for th is 
exercise of comparison of two methodologies (ICP and 
GC-M S) have not yet been confirmed, initi al assessment 
of the data shows good agreement between the meth ods. 

Figure 2. Measurements of a) selected maternal brain weights from pregnant female mice, and of b) brain tissue 
from their fetuses at time of harvesting. Q~;~-~:g!i 
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Figure 3. Measurement of increase in body weight during pregnancy in the C57BL/6 mouse. 

80 

:: l 
"' 35 E 

30 

:g, 25 
·.; 
S: 20 

15 

-7 -5 -3 -1 3 5 7 9 11 13 15 17 19 
Oays 

E t-.t=o2J -- M=0Js -- t-.t=042 ' 

M. lnskip 



Figure 4. Levels of 'native' and enriched MeHg found in maternal brain tissue and corresponding blood 
samples. 
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Figure 5. Levels of 'native' and enriched MeHg found in maternal brain and corresponding pooled fetal 
brain tissue. 
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g) Progress on PBPK 111odel develop111e111 
Good progress was made with deve lopme111 of the mouse 
model in pregnancy, fo ll owing on from previous work that 
assembled and adapted data from the literature on a PBPK 
model ofmethylmercury in rats. Measured data fo r an imals 
partic ipating in the curre111 phase have been useful in 
providing various phys iologica l parameters fo r thi s 
particular mouse strain (C57 8L/6) including bodywe ight 
changes over pregnancy, pup bra in weight and blood 
parameters. 

Discussion and Conclusions 
The data sets accruing from the pilot phase of the study -
on isotopic and tot al mercury measurement s, and on 
grow th durin g pregnan cy - have de monstrated 
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encourag ing results as to th e feas ib ility of' the stable 
isotope method fo r examin ing dosing patterns in th is animal 
model to renect poss ible non-steady state ki netics of 
methy lmercury intake (pulse or bolus as like ly happens 
in ·real life' consumption patterns. The pi lot phase of the 
study has been successful ly completed this year with a 
number oflessons learned that can be readily incorporated 
into the upcoming main phase of the study. 

The GC-MS met hod has perfo rmed as planned and the 
measu red data successful ly transforn1ed in a manner that 
confirms the ab ility to detect the presence in the ani mal 
ti ss ues o f th e en ri ched stab le mercu ry isoto pes 
admini stered in the dos ing reg imen. Th us, it all ows the 
brain ti ssue leve ls of Mel lg acc rued in the fetus to be 
meas ured - further de lineating whether it has ori ginated 
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from the chronic dosing regimen during pregnancy or 
from the bolus dose c, ents superimposed on the ch roni c 
dosing regimen. Preliminary ana lys is oft he resu lts from 
ana lys is of dupli cate samples by anoth er technique ( ICP-
MS) confirms the comparab ility of the techniques. Data 
on fetal tissue le,·els are also comparab le with previous 
"ark in this mouse strain - for example. in a sllldy by 
Dore et al. (200 I ), pregnan t mice were given 6 mg/kg 
Mel lg on gestation days 12, 13, and 14. Resulting Me l-l g 
levels in feta I brain were 16. 74 (GD 15), I 3.26 (GD 17). and 
12.09 (bi11h) ft glg respectively. In a study using rats. (Rossi 
et al .. I 997) dosed from GD7 to day 7 of lactati on with 
0.5mg 1,;g BW per day of Mel-lg. brain levels of 1.24i gig 
in the cerebrum and 1.27i gig in the cerebe llum were found. 
using cold, a pour atomic absorption spectrophotometry. 

Thus. pending funding approval. the study is now on-target 
fo r completion of the main phase of the study this year, and 
it" ill be inco,porating the knowledge gained from in fom1ation 
accrued during the pilot phase of the study. 

Expected Completion Date 
March 3 1 ". 2006 
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Abstract 
The traditional Inuit diet is rich in n-3 or omega-3 
pOl)unsaturatcd fa11 y acids (w-3) and selenium (Se) but 
is also contaminated by em ironmenta l po llutants such 
as mcthylmercury (Me Hg) and organochl orines. Lillie is 
""°'' n on the interaction between these toxicants and 
dietary factors . The effects of four diets, low-Sc/low-w-3. 
hi gh-Sc low-w-3. low-Se/high-w-3. hi gh-Sc/hi gh-w-3 on 
Mel lg gestational tox icity was eva luated in newborn mice. 
Supplementa ti on of a low-Se/low-w3 diet with both Se 
and w3. but not each dietary factor alone, completely 
suppressed MeHg-mediated offspring mortality. Of note, 
the diet enriched in w3 only was developmentally tox ic 
per se (- 20% mortality at day-4 , p<0.O I), an effect 
suppressed by Sc. These results support the hypothesis 
that clernted dietary intake of both Se and w3 may reduce 
the dc,clopmental toxicity of Mel lg, wh ile Sc-deficiency 
ma y enhance in 111ero Mellg toxicity, espec iall y if 
combined wi th high intake of w-3 fa11y acids. 

Key Messages 
Our expe rimental results suggest: 
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Supraoptimal intake of di etary se lenium can 
antagonize gestati onal tox icity ofmethylmercu,y 

when the diet also includes high w-3 fa11y ac id 
content s. 

• Elevated intake of w-3 fa11y acids wit h lo" 
selenium was fo und to have detrimental effect, 
on mouse perinatal deve lopment. effects that 
were exacerbated by mcthylmercury an d 
su ppressed by se lenium. 

Objectives 
To eva luate the e ffects of se mi -purified diets 
enriched in fish-derived w-3 fa 11y ac ids and 
supplemented or not with hi gh selenium, on the 
in utero deve lopmental toxicity of contaminants 
such as methylmcrcury and organochlorines . 

Introduction 
This ex perimental NC P study is direct ly relevant and 
complementary to the Canadi an study "Inuit Health in 
Transition Study: Nunavik Study" and the circumpolar 
study "The Inuit Health in Transition Cohort Study" 
whi ch examine the signifi cance of the environm en t, di et 
and living conditions fo r In uit health. Our studies arc 
address ing NC P issues th at cannot be addressed through 
exposure or epidemiologica l sllldi cs. Our 2004-2005 
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stud ies have pro vided novel information o n the effects 
of dietary w-3 fatty acids, se lenium and Mel-lg, and their 
interactions during perinatal development. 

\ teHg and PCBs are currently li s ted among the most 
hazardous environmental pollutants, primarily due to thei r 
po te ntial de trim e ntal effects o n perin ata l brain 
development. A hi gh prenata l expos ure to both Me Hg and 
PC Bs was documented for the Inuit population of Northern 
Quebec (Muckl e e/ al. 2002; Sandau e/ al. 2002) with 
signi ficant decreas ing trends recent ly reported for PCBs 
(Da lla ire e/ al. 2003). Today, the chi e f concern is w ith the 
effects ari sing from prenatal and earl y postnatal ex posure, 
suc h as ear ly se nso rim o to r dys fun ct io n, dela ye d 
development and cognit ive changes in children (reviewed 
in (Mye rs e 1 al. 1998)). There is abundant ev idence 
suppo11 ing th e hypothesis that the major mechani sm fo r 
Ilg tox ic ity involves ox idati ve stress (Park e1 al. 1996; Yee 
and Choi I 996). 

11-3 FA p lays an essentia l ro le in th e deve lopment of the 
centra l nervous system and neuronal function. In animal 
models, w-3 FA defi c iency caused memo1y deficit (Gamoh 
cl al. 1999), lea rning d isabil ity (Carrie e/ al. 1999) and loss 
of visua l acui ty (Neurin ger 2000). In humans, va ri o us 
neuro logica l di sease states have been associated with a 
defi c ient DHA status (Hoffma n and Birch 1998; Martinez 
1992). In preterm infants w ith underdeve loped brains, the 
nc lusion of DHA fatty acid in in fant formul a has been 

show n to im prove visual a ttention (Birch e1 al. 1998). 
Because w-3 FA are quite sensi ti ve to oxidati on, th e 
antioxidant status is most important to avoid detrimental 
effec ts of e nh a nced li p id peroxidat ion potentiall y 
associated with excess w-3 FA (S uarez e/ al. 1999). 

The ra tiona le of o ur s tudy was based on the following 
po ints: 
• Inu it are ex posed to e levated leve ls of Me Hg and OC 

mixtures in cluding PCBs (Sandau e1 al. 2002). These 
tox ins affect perinatal brain development in an imals 
(Schantz and Widholm 200 I ) and are potenti al sources 
ofox idati ve stress (Ma riussen e / al. 2002; Yee and Cho i 
1996) 

• Inuit have elevated blood levels of sea food-derived w-
3 fa tty ac ids and se lenium (Dewa illy e1 al. 200 1 ), which 
are essent ia l fac tors for perinata l deve lopme nt of the 
centra l nervous system (Gamoh e l al. 1999; Sc hwe izer 
e1al. 2004) 

• Selenium is a criti ca l element of several antioxidant 
enzy me s including se leno-glutathione peroxida scs 
(G Px). Inuit have e levated blood GPx activity, whi ch 
was posi ti ve ly assoc iated with w-3 FA co ntent of red 
blood cel l membranes (Belanger e1 al. ) 
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• G Px is essenti a l for mitocho ndrial functions (Esposito 
e1 al. 2000: Legault e/ al. 2000) and is neuroprotect iv·e 
in neuronal fun ct ion (Fu rl ing e1 al. 2000; Mirault el al. 
1994) 

Activities 
In 2004-2005 
Mouse experi ments were carried out to eva luate the effect 
o f a dietary w-3 FA supp lementatio n combined or not 
w it h e le va ted Se, on Mc ll g-mcdia ted in 11/ero 
deve lopmental toxicity. Simila r experiments were 
previously carried out with diets low in w-3 FA comb ined 
o r not w ith e levated Se (lov,-Se/low-w-3, high-Se/low-w-
3 ). The NC P st udies with diets enriched in w-3 FA were 
carri ed out at the Centre Hospita lier de 1 · Uni, crsite Laval 
(C l IUL), Quebec City. as pre, ious ly. T11 o groups of mice 
were treated w ith one of the two diets. hi gh-w-3/ low-Se. 
hi gh-w- 3/high-Se. After mating. gestat ing mice were 
adm ini stered Mc Hg in the third quarter of gestation. The 
di et treatment stan ed six weeks before mating and was 
maintained thro ugh gestation and lac tation. The effects 
of the di ets on in Ulero Me l-l g deve lopme ntal tox ici ty 
were assessed in newborns. The fo ll ow ing endpo ints were 
assessed: 

Dam 's fec undation success ra te (i nvesti ga to r. 
Mirault) 
Offspring survi val from birth to weaning (day-2 1) 
( in vest igator. Mirault) 
Offspring weight from birth to weaning (day-21) 
(investigator. Mirault) 
Brain mercury burden (CTQ). sele nium stallls 
(CTQ) and fatty acid composition a t birth 
(i nvestigator, Ju lien) 
Brain GPx act iv ity at birt h ( in vestigator, Mirault) 

Results and Discussion 
The fecun dati on success rate de fin ed by the fra cti on of 
females th at became pregnan t over an 18-da y mating 
period was significantly enhanced by the high-w-3/high-
Se diet (94 % vs 76 % fo r hi gh-w-3 lo\\-Se, or, s 73% for 
low-w-3/ low-Se. p<0.02). Conclusion : thi s result suggests 
tha t a di et rich in both w-3 fatty ac ids and se len ium may 
increase the chance of a fema le to become pregnant post 
coit. 

The offspring surv iva l results are presented in Fi g. I . As 
compared to unexposed control s (no Mel-lg), in 111ero 
McH g exposu re produced a s ignifi ca nt dec rease of 
survival ( day-4) in the low-w-3/low-Se (-42. 7%, p<0.00 I), 
low-w-3/hi gh-Se (-27%, p=0.0 15) and hi gh-w-3/low-Se (-
50.9%, p<0.0 I) but not with the high- w-3/high-Se diet 

85 



group (-4%, p = 0.57). Surviva l was improved by Se when 
w-3 intake was low ( low-w-3/high-Se vs low-w-3/ low-Se. 
p=0.0 15). The high-w-3/low-Se diet produced a significant 
decrease of surviva l in the absence o fM e Hg ex posure (-
17.3% vs low-w-3/ low-Se di et, p<0.0 I). The hi gh- w-3/ 
hi gh-Se di et totally su ppressed MeH g-mediated tox icity. 
Two major observati ons come out of the surviva l results: 
I) Se had signifi ca nt protecti ve e ffect s agains t Me\-lg-
mediated fetal tox ic ity, which were most ev ident with the 
di et enriched in bot h Se and w-3. Conclus ion : these results 
suggest a strong benefit of hi gh se lenium and w-3 fa tty 
ac ids contents in the tradi tio nal In uit di et, which might 
anta gonize th e ri sk of perina ta l tox ic ity po tentiall y 
associated with hi gh gestatio na l ex pos ure to Me Hg. 

2) Th e low-Se diet enri ched in w-3 showed a signifi cant 
intrin sic prenatal tox icity. Although th e o ri g in o f thi s 
deve lopmental tox icity is uncerta in , we specula te that it 

cou ld resu lt at least in part from increased basal lipi d 
perox idati on associated with elevated po lyun saturated 
w-3 fatl y acid cont e nt s, which mi g ht ove rwhelm 
ins uffi cien t an ti ox idant defe nses. Concl us io n: thi s 
observation suggests tha t optima l a mo unt s of dieta ry 
anti ox idants inc luding se lenium and vitamin E shou ld be 
in c lude d in w-3- ri c h di e t s in o rd e r to avo id an y 
developmental tox ic ity potential ly associated w ith excess 
w-3 fatty acids. 

Pups body we ights were measured from birth to day-2 1 in 
ord er to assess the e ffects of Se, w-3 and Me Hg on b irth 
weight and postnata l weight ga in . The statistical ana lys is 
o f birth weights shown in Fi g. 2 indicates: I ) a reduction 
of average birth weight assoc iated w ith prenata l MeHg 
exposure (-0.077 g, p<0.000 I) observed with both low-w-
3 di ets, enrich ed o r not w ith Se (no effect of Se), and a 
larger MeHg-assoc iated bi11h we ight red uctio n (-0. 157 g ) 

Figure 1. Diets enriched in both selenium and w-3 fatty acids suppress neonatal mortality of mice 
exposed in utero to methylmercury. Four diet treatments were administered to C57BL/6 female mice six weeks 
before mating and during gestation and lactation: 1) a semi-purified diet low in w-3 FA and low in Se (0.05 ppm); 2) 
a diet low in w-3 FA and enriched in Se (1 ppm) ; 3) a diet enriched in w-3 FA (13.2 g EPA ·kg-1 and 8.1 g DHA ·kg-1, high 
w-3) and low in Se; and 4) a diet enriched in both w-3 FA and Se. Gestating mice of each diet group were administered 
three consecutive doses of MeHg (4 mg ·kg-1 ~ay-1, p.o.), or vehicle (controls) at gestation days 12, 13 and 14. The 
data express offspring survival at postnatal day 4 (PND4) as percent of the mice born in the unexposed group. The 
number of litters per treatment group ranged from 15-19, with a total number of newborns ranging from 107-148. 
The results obtained wi th the low w-3 FA diets come from a previous study funded by FRSQ/Hydro-Quebec and 
Health Canada . • Different from controls, P<0.01 ; t different from controls treated with the low-w-3/low-Se diet, 
P<0.01. 
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Figure 2. Diets enriched in both selenium and w-3 fatty acids suppress birth weight deficits of mice 
exposed in utero to methylmercury (see text in Resul ts for in terpretation and statistical significance P 
values). 
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Figure 3. Effects of dietary selenium, w-3 fatty acids and prenatal exposure to methylmercury on bra in 
selenium status at birth (see text in Results for interpretation and statistical significance P values). 
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observed with the hi gh-w-3/ low-Se di et, which was totally 
suppressed by Se enrichment; 2) an increased birth weight 
assoc iated with high w-3 intake (0.090 g, p<0.000 I ). 
Conclu sion: These results confirm the protective effects 
of Sc in the presence of e levated w-3 , which were observed 
at the leve l o f surviva l. De fi cits in birth we ights associated 
wi th MeHg ex posure are thought to renect de layed feta I 
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development, while in contrast w-3 associated bi11h weight 
excess may be related to increased developmental age. 

Brain mercury bu rden at birth. Brain total Hg leve ls were 
st rongly reduced by dietary Se in mi ce trea ted w ith the 
low-w-3 diets (from 6.61 ± 0.56 to 3.43 ± 0.27 µg·g·' ti ssue, 
p<0.0 I). Surpri si ng ly, Se had no effect on Hg levels in 
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mice trea ted hi gh w-3 di ets. Conclusion : the pro tective 
effects of combined Se a nd w-3 observed on surviva l and 
bin h weights ofMeHg-exposed offspring were not re lated 
to brain Hg le,els (not affected by Se). 

Brain selenium status at birth . T he sta ti sti ca l a na lys is o f 
the da ta presented in Fig. 3 shows: I ) an increase in bra in 
Se associated with both d iets e nri ched in Sc (+0.024 ,, g·g· 
1, p<0.000 I, no inte racti on w ith w-3 ): 2) a nega ti ve e ffect 
of Me l lg in mi ce trea ted w ith the low-Se di ets (-0.056 
,,g-g·', p<0.000 I): and 3) a pos iti ve effect of Se in mi ce 
treated with the low-Se diets and ex posed to Me Hg, whic h 
was stronger than the effect observed in unexposed mi ce 
(+0.0-10 µg·g·'. p=0.032). Conclusion: The pro tecti ve 
effects of Se observed at the level of deve lopme nt (b irth 
weights) and sun ival we re assoc iated w ith inc reased 
le, els of brain Se. 

Brain GPx activity at bi rth. Pre nata l ex pos ure to MeHg 
decreased GPx act ivity in mice receiving low-w-3 di ets 
(mean: 76.2 U·mg·' prote in or - 45% of un ex posed 
contro ls. p<000 I , no Se e ffect) and hi gh-w-3 di ets (mean: 
-37.2%, p<0.000 I). A pos iti ve effect of Se was observed 
in Me l lg-exposed m ice treated w ith the hi gh-w-3/hi gh-
Sc die t as compa red to the hi gh-w-3/ low-Sc, w hi c h was 
almost sta ti stica ll y s ig nifi ca nt (+ 11 .5%, p= 0 .08). 
Unexpectedly, GPx act ivity was decreased by the hi gh-w-
3 diet t reatments (-37%, p<0.000 1, no effect of Se) as 
compa red to the low-w-3 d iets. Conclusion: Pre na ta l 
exposure 10 Me Hg had a strong negat ive effect o n G Px 
acti\ ity. which was not significantly antagon ized by Se 
supplementation. Thus, the p rotecti ve effects of Se 
observed at the leve l of development (b irth weights) and 
sun ival a re a pparent ly unre lated to brain G Px ac ti vity. 

Brai n fa tty acid co mposi ti on at birth . As compared to th e 
low-w-3 d iets, trea tment w ith hi g h-w-3 die ts inc reased 
the percentage by weight o f total n-3 PUFAs from I 0. 7 1 ± 
0.53 to 19.0 ± 0.64 % (p<0 .000 I ) a nd concomita ntl y 
decreased the percentage of to ta l n-6 PU FAs from 17.45 ± 
0.65 to 8.02 ± 0.25 (p<0.000 I ). Th e n-3 10 n-6 ra ti o was 
thus increased from 0.6 1 to 2.37. In contrast. no s ignifi cant 
c hanges in to ta l satu rated and mono in satura ted fa tty ac id 
conte nt we re o bse rved. Ne ith e r Me Hg no r Se had 
sig ni fica nt impact o n bra in fa tt y ac id co mpos iti o n . 
Conclusions : as ex pected, the hig h-w-3 die ts dras ti ca ll y 
increased the ra ti o of n-3 to n-6 PU FAs in phosph o lipids 
of newborn mice. 

Conclusion 
We found that diets conta inin g e levated leve ls o f selenium 
and w-3 fa tty ac ids had protecti ve e ffects aga inst pre natal 

88 

tox ic ity of methy lme rcury in th e mo use. These results 
suggest th at the hi gh leve ls o f selenium and w-3 fatt y 
acids present in the traditional Inuit diet may antagonize. 
a t leas t to so me ex te nt. th e po te ntial developme nta l 
tox ic it y m edi a ted by m e th y lmerc ury durin g fet a ! 
deve lo pme nt . However, th e traditi o nal In uit die t is not 
onl y conta minated by methy l merc ury but a lso by complex 
mixtures oforganoc hlorine contaminants including PCBs. 
It w ill thu s be ve ry important to al so assess in th e 
la bo ratory what m ight be the be ne fi c ia l o r detrime nta l 
e ffects of se lenium- a nd w-3 fatt y ac id-enriched die ts on 
th e pe rinatal tox ic it y o f mi x tures o f o rga nochlorine 
contaminants. as proposed in the 2005 H-09 NC P proposal , 
whi ch was not fund ed. Until we know what can be the 
interactions of se lenium . w-3 fatty ac ids and relevant 
mi xtures o f organochl orine conta mina nts during perinata l 
d eve lo pme nt , it w ill no t b e poss ibl e to draw a ny 
co nc lu s io n a b o ut po te nti a ll y a tt e nu a tin g effec ts of 
selenium and/o r w-3 fa tty ac ids on the devel o pme nta l 
tox ic ity o f these contamina nts. 
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Abstract 
In 2004/2005 the Northwest Territories Environmental 
Contaminants Committee (NWT ECC) undertook a 
Northern Contaminants Committee (NCP) fu nded project 
to complete regionally relevant hea lth ri sk assessments 
for mercury levels in fi sh in orthwest Territories (NWT) 
lakes and rivers. The NWT ECC services the NCP as one 
or four territorial contaminants committees reporting to 
the NCP Management Committee. I t is a multi-party 
committee that appl ies for NCP funding to, amongst other 
tasks, provide regional coordination for the NCP in the 
NWT, as we ll as current information and results on 
contaminants studi es to the res idents of the NWT. 

The CP's present focus is to understand the relationship 
between human health effects and exposure to long range 
contaminants. In thi s regard the N WT ECC undertook a 
project to ensure hea lth ri sk assessments ( HRAs) 
andcurrent health advisori es for mercury leve ls in fish in 

90 

N WT lakes and rivers are relevant to the residents of th e 
WT. The NWT ECC was fortunate to engage th e 

experti se of Dr. Laurie Chan, Centre fo r Indigenous 
Peop les' Nutrition and Env ironme nt (C INE), McGill 
Uni ve rsity, to lead the health risk assessments. These 
resu lts will provide the N WT ECC with va luab le 
information to ass ist and advise GNWT Hea lth and Social 
Services in reviewing th eir current fi sh consumption 
advice for spec ifi c lakes in the NWT. 

The NWT ECC was provided w ith regional summari es of 
mean and maximum mercury levels in fi sh species, regional 
est imates of mercury ex posure from fi sh consumption for 
a number of' scenarios, and pre liminary guidel ine leve ls 
for intake of spcci fie fish species on a regional basis. 
Exposure estimates using the average fi sh consumpt ion 
ra tes fo r regiona l gender-age groups , and either the mean 
and maximum mercury concentrations in fi sh, showed that 
no groups exceed the mercury intake guideline leve ls. 
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Ex posure est im ates for heavy fish consumers showed th at 
the women (age 20-40) in Deh Cho regions and all women 
above the age 20 in the Sahtu reg ions exceed the guideli ne 
levels (us ing the average mercu ry concentrat ions). Us ing 
the max im um concentrations of mercury in fish, the 
exposure estimates for the Sa htu men (aged 41 +) can also 
exceed the g uideline levels. It is important to point out 
that the ca lcul a ted fish intake rates indi cate that many 
fish mea ls can be consumed numerous times per week 
without risk of exceed in g gu ide lin e level s of mercury 
expos ure. In particular, wh ite fish and Arctic char can be 
consumed in large quant ities w ithout concern. 

The next step is to ensure contin ued di scuss ion between 
the NWT ECC and GNWT Hea lth and Socia l Services to 
ensu re health advisories currently in pl ace a re still relevant 
to the peop le consuming the fish from these lakes, given 
the information presented to the committee by C INE. 

Key Project Messages 
I. The calcul ated fish intake rates by C INE indicate that 

many meals of fish can be consumed numerous tim es 
per week without risk of exceeding gu ide lines levels 
of mercury exposure. In pan icu lar, whitefish and Arcti c 
char ca n be co nsu med in large quan ti ties without 
concern. 

2. Exposure estimates using the average fis h consumption 
rates for regional gender-age groups, and either the 
mean or maximum mercury concent rations in fish 
showed that no groups exceeded the mercury in take 
guideline levels. 

3. The me rcury hea lth risk assessments undertaken by 
CfNE for the NWT ECC will serve as a tool for the 
NWT ECC in working with GNWT Health and Soc ial 
Serv ices in rev isi tin g a nd potentia ll y updating 
adv isories for fish consumpti o n, as wel l as providing 
regio nal edu catio n prog rams for the genera l 
popu lat ion. Loca l trad itional knowledge needs to be 
incorporated into thi s discussion and decision s should 
be made only after taking into consideration current 
dietary patterns an d traditional harvest patters. Th e 
outcome will be co ll aborative ri sk management 
decis ion making. 

4. NWT ECC members ga ined an understanding of mercury 
toxico logy and hea lth risk assessment and management 
as a result of the one-day workshop presented by C INE. 
This will help build the capacity of the committee in 
more fu lly understandin g this subj ect matte r. 

NWTECC 

Objectives 
Review and comp il e al l ex isting data on mercury levels 
in fish in the NWT. 

2. Compile al l existing HR As and health adv isory 
information for the NWT. 

3. Complete draft H RAs for all lakes and rivers in the 
NWT that ha ve not had data assessed for mercury 
leve ls in fish. 

4. Revisit existing health adv isori es for lakes whi ch have 
had HRAs to ensure the most recent Hea lth Canada 
guidelines are being applied. 

5. Pro vide an estimate of average exposu re of NWT 
residents to mercury on a regional basis. 

6. Identify age/gende r groups potentially at risk of 
exceeding guideli ne levels for mercury. 

7. Pro vid e trainin g to NWT ECC members on risk 
management and risk assessment to build internal 
capac ity to assisl in the assessment of contaminants 
data and subsequently in making decis ions regarding 
the issuance of hea lth advisories in the NWT. 

Introduction 
Fol lowing fourteen years of research the NC P has 
provided northerners with a valuable balance of hum an 
health, e nvironmental trends and educatio n/ 
co mmuni cation research pertaining to long-range 
co ntaminants in the North. It is timely in the NWT that 
health advice on fish consumption due to mercury 
contaminat ion be revisited considering the current focus 
of the NCP on mercury. There are presently s ixteen lakes 
for which health advisories on mercury ha ve been 
released by GNWT Health and Social Services for 
different spec ies of fish (Appe ndix I). These are in the 
fo rm o f recom mended maximum weekly intakes based on 
health risk assessments by Heal th Canada between 1997 
and 200 I. In general , non-predatory fish such as whitefish 
and Arctic char had low levels of mercury not warranting 
advisories. Conversely, adv isories for predatory fish such 
as trout, walleye (pickerel) and northern pike Uackfish), 
are more common for the three categories (adults. women 
of childbearing age, and children) in several of the lakes. 
Some of these lakes are not regu larl y harvested for fi sh, 
and thu s the necessity for advisories and th e context for 
comm uni cating advisories have been questioned by NWT 
ECC members. 

Th e need fo r HRA s, and subseq uently the pote ntial 
issuance ofhealth advisories related to conta minants such 
as mercury, are some of the primary challenges of the 
NWT ECC and northern hea lth profess iona ls. Traditional 
foods such as fi sh a re essentia l to cu ltural , social and 
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Table 2. Average daily intake (grams/meal) of fish recorded by 24-hour recal l (consumed in either late fall 
or winter) 

I Women [ Women I Women 
Aoe 20-40 Aae 41-60 Aae 61 + 

I Men l Men I Men 
Aae 20-40 Aoe 41-60 Aae 61 + 

lnuv1alu1t 
Arctic Char flesh I 253 I 382 I 680 I 225 I 415 I 284 
Wh1tef1sh flesh I 427 1- I 450 I 212 1. I 338 
Cisco flesh 1. I - I 281 I - I 450 I 393 
Lake trout flesh I - I 187 I- I- I 225 I -

Gw1ch'1n Commurnt1es 
Whllef,sh flesh I 300 I 223 I I 270 I 508 I 
Loche (burbot) flesh I 450 I 428 I I 450 I 426 I 
Arctic char flesh 1 - 1. I I- I 252 I 
Trout flesh 1225 1. I I- I - I 

Sahtu Communties 
Whllef1sh flesh I- I 523 I I 193 I 434 I 
Trout flesh I 147 I 450 I I 221 I 225 I 
Loche (burbotl flesh 1- I 223 I I- I 225 I 

Dnnnb Communities 
Wh1tefish flesh I 11 3 I 267 I I 225 I 242 I 
Loche (burbot) flesh I I 337 I 1- I 337 I 
Pike flesh I- 1- I 1. I 225 I 
Trout flesh I· 1 112 I 1. 1. I 

Deh-Cho Communt1t1es 
Wh1tefish flesh I 375 I 225 I I 262 I 337 I 
Trout flesh I- I 225 I I 112 I 113 I 
Loche lburbotl flesh I - 1 . I 1. I 136 I 

Aka1tcho 
Wh1tefish flesh I 202 I 337 I I 274 I 344 I 
Trout flesh I 113 I 225 I I 225 I 300 I 
Loche (burbotl flesh I- I- I I - I 450 I 

Table 3. Average mean regional mercury concentrations in fish species (µgig) 
Lake Lake Northern Arctic Loche 

Reaion Trout Whitefish Pike Walleve Char (Burbot) Other 
lnuv1alu1t 0 17 0.05 0.45 n/a 0.04 0.21 0 .12 
Gwich'in 0 17 0.05 045 n/a n/a 0.21 0.08 
Sahtu 048 0 .12 0 32 0.54 n/a 0.26 0 .16 
Deh Cho 0.28 0.09 0 34 0.40 n/a 0.38 0.12 
Doanb 0 26 0.08 0 26 n/a n/a n/a 0.05 
Aka1lcho 0.21 008 038 0.24 0.02 0 .14 0.11 

Table 4. Average maximum regional mercury concentration in fish species (µgig) 
Lake Lake Northern Arctic Loche 

Reaion trout Whitefish Pike Walleve Char IBurbotl Other 
lnuv1alu1t 017 0 05 0 45 nla 0 04 0.21 0.14 
Gw1ch'in 0 17 0 05 0 45 n/a n/a 0.21 0.10 
Sahtu 0 84 0.25 0 50 0.61 n/a 0.38 0.26 
Deh Cho 0.32 0.12 0.47 0.61 n/a 0.46 0.15 
Doanb 0 34 0 11 0 34 n/a n/a n/a 0.06 
Aka1tcho 0 35 0.15 0 .71 0.38 0 02 0 15 0 .11 
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per week ( i.e. one serving of both fish per week. and that 
serv in g is the DA ILY serving size) by th e mercu ry 
concentrations in fi sh (mean and max imum). Women of 
chi ld-bea ring age in the Sahtu and Deh Cho regions ca n 
exceed the g uidel ine level s of0.2 i1g/kg bodyweight/day 
(Tab le 7). Furthermore, the Sahtu women aged 41 + ca n 
a lso exceed the g uide line leve l for adults of 0.47 pg/kg 
bo d ywe ig ht / day (Tab le 7). Wh e n ca lcu la tin g the 
theoret ica l h igh intak e us ing th e max imum merc ury 
concentrati ons in fi sh, th e Sa htu men aged 41 + also 
pote ntia ll y exceed the g uide lin e leve ls of 0.4 7 µg/kg 
bodyweight/day (Tab le 8). The NWT ECC and reg iona l 
represen tatives fro m the Abori gi na l governments w ill need 
to consider these results re lat ive to current fi sh intakes 
w ithin di ffe rent age and gender groups in their regions. 

Guideline Levels: 
Pre liminary gu ide line levels of intake were prepared by 
C INE ba sed o n the ava ilable data. Th e detai led 
recomm endati ons will be carefu ll y consid ered by th e 
1\I WT ECC and GNWT Heal th and Socia l Se rvices. In 
particular, eac h reg io n w ill need to co nsider the data 

generated in compari son to the average intake of various 
fi sh species by community members to determine its 
acc ura cy. Overall, women of child -bearing age are 
recommended to have lowe r fis h consumption levels 
co mpared to rest of the popu lat ion . Furthermore the 
recom mended intake levels fo r whi tefi sh and Arctic char 
are much higher than fo r the other fi sh species, since 
these fi sh have lower concentrations of mercury compared 
to the oth er species. Th ese data are not presented in this 
report as they require NWT ECC and GNWT Hea lth and 
Social Services review to ensure it is regiona lly relevant. 

Conclusions 
The calcul ated fish intake rates by C INE indicate that 
many mea ls of fish can be consumed numerous times per 
week without risk of exceeding guidelines levels of mercury 
exposure. In particu lar, whitefi sh and Arctic char can be 
consumed in large quantities w ithout concern. 

The average mercury concentrat ions in fi sh indicate that 
most of the fi sh in wate r bodies used by the residents of 
the N WT have low mercury concentra ti ons and are below 

Table 5. Exposure estimates (µg/person/day) based on average mean values in fish and estimated average 
intake 

I lnuvialuit I Gwich'in I Sahtu I Deh Cho I Oonrib I Akaitcho 
Women: 

20-40 7 0.016 I 0.054 I o.o4o I 0.015 I 0.011 I 0.032 
41-60 7 0.040 I 0.132 l 0.262 7 0.103 l 0.101 I 0.053 
61+ I 0.074 l I I l I 

Me n: 
20-40 I 0.001 I o.o4o I 0.181 I 0.049 I 0.035 I 0.055 
41 -60 7 0.060 I 0.084 I 0.213 I o.047 I 0.137 I 0.057 
61+ 7 0.063 7 7 7 l I 

Table 6. Exposure estimates (µg/kg/day) based on average maximum values in fish and estimated 
average intake 

I lnuvialu it I Gwich'in I Sahtu I Deh Cho I Oonrib I Aka itcho 
Women: 

20-40 I 0.0 16 7 0.054 7 0.070 7 0.020 I 0.015 I 0.057 
41-60 I o.o4o I 0.132 I 0487 I 0.124 7 0.147 I 0.096 
61+ l 0.074 I I I I I 

Me n: 
20-40 I 0.001 I o.o4o I o.322 I 0.064 7 0.049 I 0.101 
41 -60 7 0.060 I 0.084 I o.399 I 0.056 I 0.181 I 0.093 
61+ l 0.063 l l I I I 
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Table 7. High intake exposure estimates (µg/person/day) based on average mean values in fish and one 
meal of trout and whitefish per week 

I lnuvialuit I Gwich'in I Sahtu l Deh Cho I Doq rib I Akai tcho 
Women: 

20-40 l 0.119 l 0.126 I o.317 I o.230 I 0.091 I 0.095 
41-60 I 0.115 I 0.117 I o.661 I o. 197 I 0. 120 I 0.176 
61+ I 0.122 I I I I I 

Men : 
20-40 I 0.091 I 0.102 I o.259 l 0.108 I 0.093 I 0.136 
41-60 I 0.095 I 0.126 l 0_3 15 l 0.122 I 0.096 I 0. 178 
61+ I 0.123 l l I I I 

Table 8. High intake exposure estimates (µg/person/day) based on average maximum values in fish and 
one meal of trout and whitefish per week 

lnuvialuit Gwich'in Sahtu Deh Cho Doa rib Aka itcho 
Women: 

20-40 0.119 0.126 0.605 0.278 0. 120 0. 166 
41-60 0.115 0.117 1.206 0.234 0.160 0.306 
61+ 0.122 

Men : 
20-40 0.091 0.102 0.469 0. 132 0. 124 0.236 
41-60 0.095 0.126 0.586 0. 150 0.128 0.308 
61+ 0.123 

g uideline levels. The average mean wa lleye (pi ckerel) 
mercury concentration in the Sa htu region. and severa l 
average maxirnum mercury concentrations in the Sahtu, 
Aka itcho and Deh C ho regions exceed the guide li nes. 
Results of the exposure est imates for the ge neral 
population of each region indi cate that the ri sk of mercury 
exposure from fish consumption is low. Using the average 
mean and average max imum va lues in fi sh, it was found 
that there are no gender/age groups exceed ing the Hea lth 
Canada g uideline leve ls. Whil e several groups do exceed 
the guide lin e leve ls when assuming consumpti o n of one 
meal of whitefish and one mea l of trout per wee k, th e 
majority o f the population continues to remain be low the 
gu ide line levels fo r mercu ry exposure in this scena ri o. 

These data a lo ne do not immedi ate ly imply the need for 
adv iso ri es for th ese a rea s. The ca uses behind hi g h 
merc ury leve ls in spec ifi c lakes warrant further resea rch. 
Furthermore, it is impo11ant to study whether the specific 
fish spec ies from the va rious water bodies in question 
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a re frequentl y co nsumed by the local residents. If the 
people do not fi sh o r desire to fi sh these species in these 
lakes, th en an advisory may not be necessary. 

The exercise d id not include chi ldren as there is no die tary 
data avai lable for ch ildren (under 18 years o ld) . However. 
the usual portion size is generall y smal ler among chi ldren 
and that shou ld account fo r the re lati ve ly lower body 
weight assoc iated with die tary inta ke est imate. There fore, 
the genera l recommendations regardi ng the choice offish 
spec ies and young women of child-bea ri ng age should 
apply to ch il dren as well. 

T he guidelines and data presented in this report and in 
C INE's report to the N WT ECC should act as a too l to be 
used by the NWT ECC in work ing with GNWT Health 
and Social Services in updat ing advisories and provid ing 
reg iona l educa ti o n prog rams fo r the pop ul at ion. By 
work ing col laborat ive ly, such signi ficant in format ion can 
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be care ful ly considered to determine the most appropriate 
means of re levant communication wi th th e genera l pub lic. 
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Abstract 
Although neve r used in the Arc ti c, res idu es of 
components and metabol ites of the po lych lori nated 
pesticides toxaphene and chl ordane have been identified 
in nort hern sam ples of human blood and milk. apparently 
carried to the North on prevai ling winds. In thi s study. 
technica l toxaphenc and technica l chlordane, as wel l as 
ind ividual components cis-ch lordane, 1ra11s-chl ordane, cis-
no nac h lor, 1rc111s- nonach lor a nd th e me tabo l ite 
oxyc hlo rdane were exa mined for effec ts on var ious 
cytochrome P450 isozymes invo lve d in dr ug and 
xenob iotic metabolism. When pu ri fied, cloned isozymes 
(Cyp I A2, Cyp 2A6. Cyp 2C8, Cyp 2C9, Cyp 2D6, Cyp 
2E I, and Cyp 3A4) were incubated with the test chemicals 
up to 75ug/ml, dose dependent inhi bition was genera ll y 
observed to va rying degrees. Wi th the exception of 
oxychlordane, Cyp 3A4 exhibi ted a biphasic response with 
most of the test chemi ca ls where an initi al inhibition with 
an IC,0 of 300-700 ng/ml was followed by an increase in 
acti, i.ty at hi gher chemica l concentrat ions. Cyp 2C8 
exhibited a sim ilar bi phasic response when incubated with 
techn ica l toxaphene and 1ra11s-chl ordane. When ra t 
he patoma H4II E ce ll s we re incuba ted with th e test 
chem ica ls up to I mg/ml to test fo r ind uct io n o f 
cytochrome P450 isozyme activ ity,Cyp P450 activity was 
genera ll y induced at hi gher concentra ti ons of 250 ug/ml 
to 1 mg/ml. However, lower concentrations were found 
to inh ib it endogenous ac ti vities ofCyp 3A4 and Cyp 3A 7-
li ke acti vi ties with IC,0s ranging from 35-250 ng/ml. These 
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concentrations we re approximate ly one-tenth of those 
found to affect the purifi ed enzymes and may be due to 
an e ffect of th e test chemica ls on cytochrome P450 
isozyme transcription or translation. This effect was foun d 
at chemical concentrations approx imately I 000-fold higher 
than those desc ribed in adult plasma and at least an order 
of magnitude greater than encountered in maternal mil k 
samples. Therefore, although the effect ofpolychlorinated 
pesti cide residue leve ls on adult drug metaboli sm appea rs 
to be minimal to nil , the poss ible accum ul ati on in Inu it 
infants and assoc iated hea lth e ffects dese rve furth er 
study. Furth e r cha rac teri za ti o n o f po lyc hl orin ated 
compound e ffects on cytochro me P450 inducti on by 
known inducers is currentl y undcrway. 

Key Messages 
The polychlorinated pesticides toxaphene, chlordane, and 
related compounds which persist in wi ldli fe and humans 
have been fo und to inh ibit the ac ti vity o f severa l purifi ed 
enzymes in volved in the deacti vati on and breakdown of 
drugs and poiso ns. However, the leve ls of chemica ls 
needed to exert these effects arc several -fo ld hi gher than 
those detected in blood and mi lk samp les. Therefore there 
is littl e conce rn th a t po lyc hl o rin a ted pes ti c ide 
contaminated has an effect on drug metabolism by the 
adult populati on. 

Wh en the polychl orinated pestic ides were exam ined for 
induct ion o f va ri ous drug brea kdown enzymes in a ra t 
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Objectives 
Short-fem,: 

liver cell line, an activit y corresponding to a feta! enzyme 
fo rm was found in s tead to be inh ib ited a t leve ls of 
contamin ants approx imate ly 10- fold hi g he r than have 
been detected in hum an milk . With the ava ilabl e data, it is 
di fficu lt to assess whe th er any signifi cant hea lth ri sk 
exis ts and thi s aspect is be ing exam ined more c losely in 
additional ex pe riments. 

1) To d e te rmin e di rec t effec ts of t he pers isten t 
organochlori nes on specifi c human cytochrome P450 
isozyme act iviti es (using commercia ll y available kits 
contain in g c loned cytochrome P450 isozymes): enzyme 
acti vity is assessed through metabolism of a fluorescent 
substrate. 

Figure 1. Polychlorinated pesticide inhibition of human cytochrome P450 1 A2 Activity (with Furafyll ine as 
positive control). 
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intakes (TD ls) . 
2) To determine the effects of major persistent chl orda ne-
and toxaphene-related co mpounds on cytochrome P450 
enzyme induction in rat hepato ma H411 Ece lls. 

Long-tenn objectives: 
To characteri ze the effects of exposure to polychlorinated 
pesticide-related res idues on cytochrome P450 isozy me 
ex press ion/acti vity to better assess ri sks associated with 
drug interac tion s, endocrin e di sruptio n and 
carcinogenes is. 

Res ults may support further mol ecul ar-based studies to 
examine mechani sms by which polychlorinated pestic ide 
res idues exert effects their on cytochrome P450 isozy me 
induction a nd ac ti v ities. These co u ld include 
examinati ons of structure/activi ty re lationships, gene 
express ion changes us ing reverse- tran sc riptase/PCR/ 
array analysis, transcription factor binding, RNA turnover 
analysi s, etc. 

To ass ist in th e evaluation of current tolerab le dai ly 

Figure 2. Polychlorinated pesticide inhibition of human cytochrome P450 2A6 Activity (with Tranylcypromine 
as positive control). 
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Figure 3. Polychlorinated pesticide inhibition of human cytochrome P450 2C8 Activity (with Quercetin as 
positive control} . Technica l 
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Introduction 
Chlordane and Toxaphene: 
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B01h ch lordane and IOxaphene are pes1ic ides produced 
as complex mix1ures of re laied polychlori na1cd compounds 
(Saleh. 199 1: ATSDR 1994. 1996). The chief cons1i1uents 
of chlordane include alpha- and gamma-chlordane. cis-
and tm11s- nonach lor and heptach lor whi le loxaphene 
con tains hundreds of polychlorinated bornane isomers. 
In Canada, chlordane was deregistered for use in parallel 
with the United States in the 1980s and toxaphene was 
never widely used. However, polychlorina1ed components 
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and metaboli1es from both pesticides have been ide111ified 
as persistent environmental contaminants in the Canadian 
Arctic, apparen1ly caiTied North on prevail ing winds (Muir 
et al. 1990: Yo ldner and Schroeder. 1990: Bidleman and 
Leone 200.J). 801h pesticides have con1aminated 1he food 
chain . rai sing questions aboul the health ri sks posed by 
1hese residues to northern residents dependent upon 
tradi1ional fi sh and game (Muir et al. 1988: Kuhnlein. 1995: 
Kuhnlein et al. 1995: ). Co111aminants arising from bo1h 
pest icides have been detec1ed in human blood and mi lk 
sampled from res iden1s of northern Canada (Newsome 
and Ryan. 1999: Muckle et al. 200 I: 2003: Walker et al. 
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200 I). The co nsequences of long term ex posure to 
chl o rd ane and toxaphe ne a nd th e effects of spec ifi c 
chlo rin ated components on a ll stages of life from the 
developing fetus to adult remain a topic of active research. 

Cytochrome P450- medicued xenobiotic metabolism: 

T he majo rit y of drug s a nd xe nobio tics, a s we ll as 
endogenous substrates such as stero id hormones, are 
metabolized into more water so lub le and easily excreted 
compounds through the activity of the cytochrome P450 
fami ly of inducible m icrosoma l monoox yge nase 
he moprotei ns (F.P. G ue nge ri c h, 1995; 1997 ; 2002) 

Figure 4. Polychlorinated pesticide inhibition of human cytochrome P450 2C8 Activity (with Sulfaphenazole 
as positive control) . 
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Cytochrome P450 isozymes differ from each other in 
cata lytic acti vit y. substrate specificity, and inducibility 
by xenobioti cs. The express ion o f cytochrome P450 
isotymes is regulated by many factors including ti ssue. 
age. gender. and exposure to drugs and other xenobiotics. 
These factors ca n modulate P450 ac ti v ity through 
induction and suppress ion of indi vidual P450 iso forms. 
The bio logica l effect s of many therapeuti c agents are 
dependent on the part icular cytochrome P450 isoenzyme 
that may metaboli ze them to an act ive or inactive form. 

Interac tion of Toxaphene and Ch/ordane ,vitl, the 
Cytochrome P450 system: 

Chl ord ane. to xaphene and man y polyc hl orin ated 
pesti cides functi on as pote nt inducers of hepa ti c 
microsomal enzymes (Hodgson et al. 1980: Smith. 199 1 ). 
The induction of hepat ic mi crosomal enty mes by 
technical chlordane has also been shown to increase the 
rate of metabolism of many endogenous and xenobiotic 
compounds. including therapeutic drugs and hormones 
(Welsh and Harrison. 1966; Welsh et al. 197 1 ). Exposure 
to othe r pesti c ides ha s been show n to alter the 
metabo l i sm/ toxi c it y of toxaphenc and chlordan e 
(Deichmann and Keplinger, 1970) and pretreatment with 
chlordane has been found to enhance the tox icit y of 
carbon tetrachloride in rats (S tenger et al. 1975. M ahon et 

Figure 5. Polychlorinated pesticide inhibition of human cytochrome P450 206 Activity (with ddtc as positive 
control). 
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Figure 6. Polychlorinated pesticide inhibition of hu man cytochrome P450 2E1 Activi ty (wi th 
Diethyldithiocarbamate as positive control). 
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al. 1978). Even in the absence or human data. the ev idence 
of ani mal-based studies has been strong enough to 
promote warn ings to health practioners that prescribed 
doses or therapeutic drugs and hormones may requ ire 
adjustmen t in patients case studies on toxaphene-drug 
interactions publi shed. exposed to chlordane (ATSDR. 
199-l). Toxaphene exposure has been assoc iated w ith 
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increased warfari n tox icity (Jeffrey et al. 1976) in one or 
the few human Pre-exposure to toxaphene has also been 
fou nd to reduce the inducti on of lung tumours in ra ts by 
benzo(a)pyrene. sugges ting that to xaphene may be 
ant icarcinogenic (Triolo et al. 1982). 
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Activities 
In 2004-2005 
The project con;i;ted of i11 l'itro studies carried out using 
commercial ly ava il able kits used to measure the e ffect of 
polychlorin ated pesti cides o n: 

a) inhibiti on of purified. c loned human en,yme, 

b) inducti on of enzyme ac ti vity in H-11 lE rat hepatoma 
cell s. a ce ll line known to maintai n at least some 
cytochrome P-150 inducibility. 

Figure 7. Polychlorinated pesticide inhibition of human cytochrome P450 3A4 Activity (with Ketoconazole 
as positive control). 
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Studi es were carried out by M s. I. Langloi s in the 
laboratory of Dr. T. Schrade r. Tox ico logy Research 
Division. Food Directorate. Health Canada. Sir Frederick 
G. Banting Research Centre. Ottawa. Ont. 

Tes/ Che111icals: 

The test chemica ls included: technical chlordanc. cis-
and rra,1s-c hl orda nc, c is- and 1ra11s- non ac hlor. 
oxychlordane. and technical toxaphenc (Cerilli a111. Round 
Rock. TX ). 

Measurement of £11:yme i11/Jibi1io11: 

Kit s containing purifi ed. c loned cy toc hrome P450 
isozymes (BDGentest) all owed direc t tes ting of test 
chemica ls for inhibition of enzyme acti vity in a micropl ate 
formal. The avai lable isozymes provided a comprehension 
sur vey of po l yc hl orina ted pesti c id e effect s on 
cytochrome P450 acti vities and include: Cyp I A2 , Cyp 
2A6, Cyp 286, Cyp 2C8 . Cyp 2C9. Cyp 2C 19, Cyp 2D6, 
Cyp 2E I . Cyp 3A4, and Cyp 19. Briefly. a mix containing 
th e enzy me. flu orescent substrat e and necessa ry 
cofacLOrs was added to wells containing either a known 
inhi bitor or polychlorin ated test chemica l and incubated 

Figure 8. Induction of cytochrome P450 1 A 1 in rat hepatoma H411E cells after incubation with polychlorinated 
pesticides 
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Figure 9. Induction of cytochrome P450 1 A2 in rat hepatoma H411E cells after incubation with polychlorinated 
pesticides 
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&>r 15 minutes. The reaction was stopped wi th acetonitrile 
and the generation of flu orescent product determined on 
a plate-readi ng spectrofluorometer (Cytofluor. Millipore). 

2) Measurement of Cy1ochro111e P450 i11d11c1io11: 

Rat hepa1011w H4 11 E cell s were grown in white 96-well 
microplates wi th transparent we ll bonoms (Corn ing). The 

T.J. Schrader 
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cel ls were exposed 10 test chemicals for three days after 
wh ich the medium was removed. the plates washed wi th 
phosphate-buffered sa line and frozen 10 permeabili ze the 
cel ls. After thawing. cytochrome P450 substrate reaction 
mixture is added. After an incubation period (37"C. 10 
min) 10 all the plates 10 acc limati ze . the luminescence 
reac tion is started by adding an NADPH regenerating 
system (37"C. 30 min). The reaction is then stopped and 
luminescence detected by add ing luci ferin detecti on 
reagenl. 
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Results 
Results for the effect s of the various po lyc hl o rin ated 
compounds on enzy me in hibit ion are presented in 
graphical form for each o f the cytochrome P450 isozymes 
tested (Cyp I A2, Figure I: Cyp 2A6, Fi gure 2: Cyp 2C8, 
Figure 3: Cyp 2C9, Figure 4: Cyp 2D6, Figure 5; Cyp 2E I , 
Fig ure 6; Cyp 3A4, Fi gure 7). Evidence supported the 
general observati o n that most of the cytochro me P450 
iso,ymes were inhi bited by the po lychl orinated pes ti c ides 
with IC

50
s fa lling in the range o f 1-Sµ g/ml. The chemica ls 

were general ly less potent inhibitors ofCyp I A2 with cis-

chlo rdane and cis -nonachl or inac tive (Fi gure I ). Cis-
nonachlor was a lso less acti ve in the inhibiti o n of Cyp 
2C8 (Fi gure 3), Cy p 2C9 (Figure 4), and Cyp 2D6 (Figure 
5). Oxychlo rdane was a lso less inhibitory to Cyp 2D6 
(F ig ure 5 ). In c ub a t io n o f Cy p 3A 4 w ith th e 
polychl orinated chemi cals in general resulted in a biphasic 
response in which lower concentra tion s of chemica l-
produced inhibiti on (I C50 300-700 ng/ml ) while hi gher 
concentrati o ns produced so me sti mulati o n of ac ti vity 
( Fi g ure 7) . Thi s effec t wa s a lso o bserved w he n 
cytochro me P450 2C8 was incubated with e ither techni cal 

Figure 10. Induction of cytochrome P450 2C8-like activity in rat hepatoma H411E cells after incubation with 
polychlorinated pest ic ides 
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wx aphene or trans-chlordane (Figure 3). 

The e ffec t of test chemi ca ls o n induc ti o n o f enzyme 
ac ti vity in rat hepatoma H4 1\ E cell s is a lso show n (Cyp 
JA I, Figu re 8; Cyp I A2, Fi gure 9 ; Cyp 2C8, Figure I 0; 
Cyp 2C9, Figure I I ; Cyp 3A4, Fi g ure 12. and Cyp 3A 7. 
Fig ure 13). It sho uld be noted that th e s ubs trat e 
specificities used to detect these enzy mes are based upon 
ac livities characteri zed with human rather than rat 
isozy mes. Additiona l ex pe riments w ill be required using 
iso,yme specific inhibitors to dete rmine which ra t 2C and 
3A isozymes were ac tually de tected by the lum inescent 
su bs trates. A co mpar iso n of all res ult s shows that 
cytochrome P450 induc tion occurred for a lmost a ll tes t 
chemical s and isozymes at re latively hi gh test chemical 

concentrations of250µg/ml to I mg/ml. However. biphasis 
reponses were aga in found fo r Cyp 3A4 and Cyp 3A 7 
where inhibition with IC~0s ranging from 35-250 ng/ml was 
fol lowed by a rebound o f cytochro me P450 activ ity at 
higher test chemica l concentrati ons. 

Discussion and Conclusions 
These studies were init iated to address several data gaps 
whi ch were recogni zed in the publi shed literature: 

A. Most publi shed studies on the interaction of chlordane 
and toxaphene wit h the cytochrome P450 system refer 
to the techn ical mixtures with li11\e publi shed data 
availab le o n pes ticide s ubcom pone nt s a nd 

Figure 11. Induction of cytochrome P450 2C9-like activity in rat hepatoma H411E cells after incubation with 
polychlorinated pesticides 
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metabolites. 

B. More recent studies of pesticide effects on cytochrome 
P450 induction have examined mRNA levels with litt le 
accompanying data regard ing actual enzyme activities. 

C. Little data is avai lable on the interact ion of ch lorclane, 
toxaphene or indi vidual co mponents/metabolites wi th 
known inducers of cytochrome P450 isozymes. 

D. No data appears 10 be avai lable on en hancement o r 
inhibition of cytochrome P450 isozme activi ties by 
technical mixtures of toxaphene or chlordane as well 

as individual components or metabol ites. 

The c haracteri za ti o n of polyc h lorinated pes ti c ide 
inte ract ions with various members o f cytoc hrome P450 
fa milies may have importa nt im pl ica ti ons fo r dru g 
interactions, endoc ri ne disrupti on and carci nogenes is. 
Interact ions coul d be re lati ve ly specific since d iffere nt 
hepat ic P450 fam ilies show so me substrate spec ifi c ity in 
chemi ca l cl asses (please refer to table (A dapted from 
Lew is, 1996) to the ri ght. ) 

Othe r studies have fo und th at tec hni ca l mi xtu res of 
chlo rdan e and toxaphene as well as gamma-chlordane 

Figure 12. Induction ol cytochrome P450 3A4-l ike activity in rat hepatoma H411E cells alter incubation with 
polychlorinated pesticides 
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Cyp lam1ly/subfam,1y 

Cyp 1A1 

Cyp 1A2. 

Cyp2A 

Cyp2C 

Typical substrates and chemical ctasses 

planar polyaromatlC hydrocarbons. ni1roarenes 

planar heterocycllC and polyaromahc ammes and 
amides 

7o• and 15o•hydroKyiatlOO ol 1es10s1erooe 

relattVety polar compounds possessing non-planar 
molecules 

and tra11s-nonachlor have induced isotymes typicall y 
induced by phenobarbital (cytochrome P450p or Cyp 28 ) 
wllh a le,ser contribution by Cyp 3A (Schuett et al. 1986: 
'lims and Lubet. 1995: van- Hezik et al. 200 I ). lnduc1ion 
wa, shown 10 resu lt from an inhibition of Cyp 28 
degrada1ion. Oxychlordane was inacti ve. The Cyp 28 
fami ly has not yet been examined in the presem studies 
but induc1ion was found ofCyp 2A and Cyp 2C fa milies, 
which are also inducible by phenobarbitol. In contrast, 
inhibition of enzyme acti vi1y was also fou nd when these 
families were examined. 

Cyp2D aromatic compounds con1a1ning a basic nilrogen atom 
protonated at pH 7 4 which 1s S-7 • lrom the s11e of 
me1abohsm 

Cyp2E 

Cyp3 

small molecular weight solvents 

large molecular weight compounds of diverse 
structure. 1nclud,ng macrohde antib1ohcs and many 
slructurallyd1versepha1maceut1Cals 

Figure 13. Induction of cytochrome P450 3A7-like activity in rat hepatoma H411 E cells after incubation with 
polychlorinated pesticides 

T.J. Schrader 

Technical Technical 
Toxaphene Chlordane 

10 10 gL ; 0 

j -10 

-20 

u 
C 

0 

·~ 
-1 0 _/ -' 

-20 

10 

0 

-10 
E 
j -20 

500 1000 

µg mr1 

cis-Chlordane 

-3o,+--~---
o 500 1000 

µg mr1 

trans-Chlordane 

10 

-30-1------
0 500 1000 

µg mr1 

0 500 1000 

µg mr1 

cis-Nonachlor 

101 
u 0• 
C 

u 
-10 C .E 

.3 -20 

-30 
0 500 1000 

µg mr1 

trans-Nonachlor Oxychlordane 

10 10 

500 1000 500 1000 

µg mr1 µg mr1 

111 



114 T.J . Schrader 



Estimation of Dietary Exposure to Perfluorinated Carboxylates 
and Sulfonates via Consumption of Traditional Foods 

Project leader(s) 

Sheryl Tittlemier, Food Research Division , Health Canada ; Laurie Chan, Centre for 
Indigenous Peoples' Nutrition and Environment (CINE), McGill University 

Summary 
Liver sa mp les (20) fro m traditiona l foods were ana lyzed 
for five perfl uorin ated carboxylates, one perfluori nated 
sul fo nate , th ree pe r fl uorooctanes u lfo na mid es, three 
fluo rinated te lo mer carboxylates, and three unsat ura ted 
fluo rinated te lomer carboxy lates (see Table I for a list or 
ana lytes). Th e samp les were extracted usi ng a newly 
deve loped so lvent extraction method and ana lyzed using 
LC-MS/MS 

Introduction 
Recent work has described levels o r certai n perfl uorinated 
compounds (PFCs) in hum an sera co llected from donors 
in a large number o f co unt ri es' incl udi ng southern ' and 
northern Canada-'. The routes of human ex posure to these 
pe rfl uo r inated co m po unds have no t bee n well 
characte ri zed . O ne poss ible route is the consu mpt ion of 
foods conta ining PFCs. Pas t work on PFCs in Arct ic 
biota'·' demonstrates that th ese com pou nds are present 
in the Arct ic environment, and in some trad itional foods 
consumed by northe rn populati ons. T his ini tia l study 
was pe rfor med to exa mi ne the die tary ex posure or 
tradi tiona l food consumers to PFCs. Portions of li ver 
consumed as traditi ona l foo d were ana lyzed for five 
perfluorinated carboxy lates (PFCAs), one perfluorinated 
su lfonate. three perfl uorooctanesulfo namides (PFOSAs), 
three fl uorinated te lomer carboxylates (FTCAs), and three 
unsaturated flu ori nated te lomer carboxylates (FT UCAs). 

Materials and Methods 
Liver sa mples (20 in to ta l) fro m A rcti c cha r, burbot. 
caribou, loche, ringed sea l, and wa lrus were collected 
from vari ous locati ons in N unavut between 1997 and 
1999 (Ta ble 2). Sa mpl es were stored at -20°C prior to 
ana lys is. 

S Tittlemier 

The samples were extracted using a newly developed 
so lvent extract ion method and analyzed using LC-MS/ 
MS6

. A 0.2 g p011ion or liver was spiked with recove,y 
interna l standards ( 13C, -PFDA. 4H-PFOS, " C, -6:2 
FTUCA. 13 C

2
-I0:2 FTUCA, and d , -NEtPFOSA) 

homogeni zed with 4 m l Optima grade methanol and 
cent ri fuged ( I O min. at 3600 x g) to obtain su pernatant. 
Th e extraction was repeated twice more with 2 ml 
volumes of methanol , and th e supernatant s were 
combined and reduced in volume at 37°C to 250 ,,L using 
N, . Aliquots or methanol taken through the procedure 
w~re used as method blanks. Instrument performance 
internal standards were added ( 13C, -PFOA. '-'C , -8:2 
FT UCA, and d

3
-NMePFOSA), and the- final so luti o11 was 

centrifuged at 14,000 x g for 10 min . A portion of the 
fi nal solution was transfe rred to a polypropylene 
autosam pl er vial prior to inj ection on the LC-MS/MS. 
All PFCs were quant itated using externa l s tandard 
sol ut ions made up in methanol. Met hod detection limits 
were esti mated to be 0.3 ng/g for PFOA and PFNA. 0.1 
ng/g for PFDA. 0.03 ng/g for PFUA, 0.04 ng/g for 
PFDoDA. 0.02 ng/g for PFOS and 2 and 36 pg/g for 
PFOSA and N-EtPFOSA, respective ly. 

Results and Discussion 
Tab les 2 and 3 list concentrations of PFCs obse rved in 
the liver samples. T he r inged seal li ver contains the 
greatest amount of PFCs. fo llowed by wa lrus. ca ribou. 
and fis h livers. This rank order in LPFA concentrations 
is driven by P FOS co nce ntrations. which are 
approximate ly 2 to I O t imes higher in ringed sea l li ver 
co mpared to samples from other spec ies. PFCAs were 
a lso frequent ly detected, and were found at the highest 
levels in ca ribou and walrus, followed by ringed sea l, 
and then f ish. PFOSAs (on ly perfluoro-
octanes ul fo nam ide in al l but one instance) were o nly 
detected in wa lrus. ri nged seal, and the one Arctic char 
liver sample (Table 3). FTUCA/FTCAs were not detected 
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Table 1. Perfluorinated analytes and internal standards used. 

0111 pound Abbreviation Chemical formula A nall'l e / lnt e rnal Standard 
Pe1j/11oro ca rboxylcues (P FCA s) 

e rfl u o ro oc la no ate PFO A C , F CO ,- ana lv te 
er flu o ron onaoate P FN A C , F , CO , - ana ly te 
er flu o rod ec an oa te PFDA CF CO ,- analyte 
e rfl u o round eca noa te PFU A C F , C O ,- analvte 
e rflu o rod od ec a noa te PFD o DA C F ,, c o ,- analyte 
C , - oerfluorod eca noa te 13 C ,- PFD A C , F , 11 C F ,'' CO ,- recover y int e rn a l s td for PF CAs 
er flu o rooc tan e s u I fo n ate PFOS C , F , SO ,- a n a I y te 
H , IH , 2 H .2H - THPFO S C , F 11 C H 2 C H 2SO 3- recov e ry internal s td for PFO S 

et ra h ydro pe r flu o rooc ta n es u I fo n ate 
Perf/11orosulfo11a111ides (PFOSA s) 

e rfl u o roo c ta nes u If o na 111 id c PFOSA C , F , SO , N H , a na ly te 
-m e t hy I per flu o rooc ta nes u I fo n am id e N-MePFOSA C , F , SO , NH(CH ,) a na ly te 
-e th v I oe rf l u o rooc tan es u I fo na mid e N-E tPFOSA C , F , SO , N H (C , H ) a na lv te 

3-N -m e th y lp e rfluor ooc tane su I fo na m id e d 3 N-M e PFOSA C , F ,,SO , N H (C D 3) in strum e nt performance internal std fo r 
PFOSA s 

,- N -e th y lp e rflu o rooc tan es ulfo nam id e d N-E tPFO SA C , F , SO , N H (C, D ) recove ry int e rnal s td for PFOS As 
Unsaturated fluorinated te /omer ca rb oxy/ates (FTUCA s) 

H -perfluoro -2 -oc te noic aci d 6:2 FTUCA CF CF = C HCO - analyte 
H -perfluoro -2-d ece noic acid 8:2 FTUCA C , F ,CF = C HCO ,- analyte 
H -perfluoro -2- dode ce n o ic a c id 10:2 FTUCA C , F , CF = C H CO , - analyte 
H - pe rflu oro- l 1 ,2- 13 C , J-2 -oc te noic acid 13 C 1-6:2 C , F ,, CF = " CH " CO ,- recove ry int e rnal s td for FTUCA / FTCA 

FT UCA 
H -perflu o ro -[ I ,2- " C , ] -2 -de ce noi c ac id 13 C 1-8:2 C , F ,,C F = " C H " CO ,- ins trument performan ce inter nal std for 

FT UCA FTUCA / FTCA s 
H -perflu oro- [l ,2 - " C , ] -2-do d ece noic acid " C ,- 10 :2 C 9 F 19 C F = " CH " CO , - recove ry interna l s td for FTUCA / FT CA 

FT UCA 
F/11 o ri11 a ted telomer carboxyla tes (FTCA s) 

H - pe rflu oro-2-oc tan o ic aci d 6:2 FTCA C , F , C H , CO , - a n a ly te 
H -perfluoro- 2 -de ca no ic acid 8:2 FTCA C , F , C H , CO , - ana ly te 
H - pe rflu oro-2-dod eca noi c ac id 10 :2 FTCA C F , C H ,CO , - a n a ly te 



Table 2. Liver perfluorinated sulfonate and carboxylate concentrations (ng/g, wet weight) 

Community Preparation PFOA PFNA PFOS PFDA PFUA PFDoDA LPFAs 
Arctic char Kugluktuk Raw 0 0 5.4 0 0 0 5.4 
Burbot Aklavik Raw 26 .5 29. 2 2.7 10.2 0 0 68.6 
Burbot Aklavik Raw 0 0 15.4 0 0 0 15.4 
Caribou Pond Inlet Raw 8.9 26.3 19.8 12.8 7.6 10.8 86.3 
Caribou pooled Baked 2.1 24.6 19.7 7.8 4.9 6.4 65.5 
Caribou Hopedale Raw 12.2 17.8 24.4 14.5 11.6 0 80.5 
Caribou Pond Inlet Raw 5.9 15.5 15.2 4.5 3.9 6.2 51 .3 
Ca ribou Pond Inlet Raw 3.7 7.7 23.2 0 10.7 0 45.3 
Caribou Kugluktuk Raw 0 0 3.8 3.2 5.9 0 12.9 
Loche Aklavik-Jackfish Creek Raw 2.7 0 6.7 5.6 24 .3 0 39.3 
Loche Aklavik Raw 0 0 18.3 0 0 0 18.3 
Ringed seal lgloolik Raw 0 25.2 86.7 4.4 5.6 2.9 124.7 
Ringed seal lgloolik Raw 8.7 6.2 74.3 4.2 9.0 0 102.5 
Ringed seal Qikiqtarjuaq Raw 0 7.1 152.8 3.3 4.9 7.5 175.6 
Ringed seal lgloolik Raw 2. 3 0 291.7 0.7 4.6 13.6 312.9 
Ringed seal lgloolik Raw 0 9.0 197.9 7.1 0 0 214 .1 
Walrus lgloolik Raw 5.8 18.0 27 .7 6.4 3.8 11 .1 72.6 
Walrus lgloolik Raw 0. 3 22.3 38.6 2.7 1.8 4.7 70.6 
Walrus lgloolik Raw 4.5 34.9 8.1 3.5 4.7 4.5 60.2 
Walrus l9loolik Raw 0 11.1 14.6 0 4.8 8.8 39.3 

Table 3. Liver perfluorooctanesulfonamide concentrations (ng/g, wet weight) 
Species Community Preparation PFOSA N-Me-PFOSA N-Et-PFOSA LPFOSAs 

Arctic char Kugluktuk Raw 1.6 0 151.0 152.6 
Burbot Aklavik Raw 0 0 0 0 
Burbot Aklavik Raw 0 0 0 0 
Caribou Pond Inlet Raw 0 0 0 0 
Caribou pooled Baked 0 0 0 0 
Caribou Hopedale Raw 0 0 0 0 
Caribou Pond Inlet Raw 0 0 0 0 
Caribou Pond Inlet Raw 0 0 0 0 
Caribou Kugluktuk Raw 0 0 0 0 
Loche Aklavik-Jackfish Creek Raw 0 0 0 0 
Loche Aklavik Raw 0 0 0 0 
Ringed seal lgloolik Raw 0 0 0 0 
Ringed seal lgloolik Raw 0.4 0 0 0.4 
Ringed seal Qikiqtarjuaq Raw 1.6 0 0 1.6 
Ringed seal lgloolik Raw 0.2 0 0 0.2 
Ringed seal lgloolik Raw 2.8 0 0 2.8 
Walrus lgloolik Raw 3. 1 0 0 3.1 
Walrus lgloolik Raw 3.3 0 0 3.3 
Walrus lgloolik Raw 0.6 0 0 0.6 
Walrus l9loolik Raw 1.1 0 0 1.1 
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Table 4. Average and range (in parentheses) of relative concentrations of selected perfluorocarboxylates 
and perfluorooctane sulfonate in liver from traditional food samples and archived maternal and cord plasma 
collected from donors residing in the North. 

Samples PFOA/PFNA PFOA/PFOS 
Metis, Dene, Inuit plasma' 7.9 0.35 
(n=9) (0.2 - 32) (0.04 - 1.54) 
fish liver 0.9 2 
(n=5) (undefined - 0.9) (0 - 10) 
caribou li ver 0.4 0.2 
(n=6) (undefined - 0.7) (0 - 0.5) 
ringed seal li ver 0.4 0.03 
(n = 5) (undefined - 1.4) (0 - 0.1) 
walrus liver 0.1 0.2 
(n=4) (0 - 0.3) (0 - 0.5) 

'data is from Tittlemier et al. (2004) 

in any of the 20 li ver samples. 

The PFC concentration s obse rved in thi s s tud y are 
generally s imi lar to what has been reported for li ver in 
other ringed sea l. walr us, a nd fish sa mpl ed in th e 
Canad ian Arctic. Prev io us wo rk examinin g PFCs in 
Arct ic biota also fou nd that PFOS was present at hi gher 
concentrations than al l indi vidual PFCAs in ringed sea l', 
wa lrus ', and va ri ous species of fi sh'·'. 

Relative concentrations of the PFCA homologues in thi s 
limited number of trad iti onal food sampl es analyzed are 
different than those observed in the pl asma of trad itional 
food consumers (Table 4). PFOS and PFNA are the two 
most abundant PFCs found in the traditiona l food sampl es 
ana lyzed in thi s pilot study (PFOS the most ab undant in 
r inged sea l, so me wa lrus and loche ; PF NA the most 
abundant in caribou and some burbot). However, in the 
plasma pools o f donors identified as Dene, Met is, or Inui t, 
PFOS and PFOA were the most abu ndant PFCs, fo llowed 
by PFHpA and then PFNA. PFCAs with perfluoroalkyl 
chains longer than C, were not observed in the human 
p lasma3, but were observed in a lm ost a ll of the traditional 
food samples analyzed. 

The results of this pilot study indi cate that consumers of 
li ver are ex posed to PFCAs, PFOS, and some PFOSAs. 
Consum pt ion of ringed sea l li ver will lead to the greatest 
dietary ex posu re to PFCs, fo ll owed by cari bou and wa lrus 
liver. H owever, since l ive r is not one of the main 
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traditional food items consumed, a wider varie ty of food 
items mu st be ana lyzed to obtain a better pi cture of th e 
dietary exposure of traditional food consumers to PFCs. 
An expanded survey of traditio na l food items for PFCs 
wi ll also provi de da ta to assess whether or not PFC 
concentrat ions observed in northerners are corre lated to 
PFC concentra ti ons in food. 
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Abstract 
This project determined temporal trends of new chemica l 
contaminants in Arcti c seabirds. Unlike the persistent 
,rganic pollutants (POPs) measured in most pre, ious CP 

projects. most of the chemica ls determined in this study 
·e in everyday use as name retardants. stain repellents 

•nd lubricants but they have the potential for long range 
transport to the Arctic and accumulat ion in top predators. 
Three major groups of chemica ls we re investigated. 
hro mina tcd n a me retarda nt s (BF Rs), ch lori nated 
naphthalenes (PCNs) and pernuorinated acids (PFAs). 
Since prev ious ana lyses showed that short and medium 
chain chl orinated paraffins (SCCPs/MCCPs) were 1101 
detectab le in scabird (northern fulmar ) eggs and MCCPs 
were 11 01 detectab le in any spec ies. thi s group of 
compounds was not included in the temporal trend" ark. 
Pernuorinated ac ids clearly increased from 1975 to 200.J 
n thick-billed murres whereas. in the northern fulmars. 

there was an increase between 1987 and t 993 but no clear 
mcrease between 1993 and 2003. Total polybrominated 
d1pheny l ethers (PBD Es) and hexabromocyclododccanc 
(H BCD) increased signifi cantl y in northe rn fulmars 
between 1975 and 1998. whereas in thi ck-b illed murres. 
on ly PBD Es increased significantl y between 1975 and 
2003. We have not yet rece ived the PCN data. 

B. Braune 

Key messages 
• The study contributes the first information on temporal 

trends of HBCD. the PF/\s and the PCNs (once 
recei,ed) in arctic seabirds. 

• Total polybrominated diphcnyl ethers ( PBDEs) and 
hexabromocyclododecane ( IIBCD) ha,e increased 
significantl y in northern fulmars o,er the last 2-3 
decades whereas. in thick-billed murres. onl y PBDEs 
increased significantly. 

• Perfa1orinated acids have increased over the last three 
decades in thick-billed murrcs whereas, in the 11011hern 
fulmars, the trend is less clear. 

Objectives 
As part of a larger proposal to in,estigate the presence 
and extent of new chemical contaminants in Arctic biota. 
the sub-component on Arctic seabirds proposes to: 
I. Determine the temporal trends of these ne\\ or 

emerging chemical contaminants (such as brominated 
name retardants (BFRs). chlorinated naphthalenes 
(PCNs) and nuorinated sulfonic and alkanoic acids) 
in Arcti c seabi rds (2004/05). 

2. Determine the geogra phic/spat ial trends of th ese 
contaminants (2003/0.J). 
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3. Identify and priori ze other new contaminants that 
are entering the Arc tic ma rin e and fres hwa ter 
e1n ironmen ts incl uding. if necessary. appropri ate 
ana lytical methodology. 

4. Contribute informati on to Canadian and Internati onal 
assessments of new candidate POPs. 

Introduction 
The recent Canadi an Arctic Contaminants Assessment 
Repo rt and the AMA P report on Persistent Orga ni c 
Pol lutants (POPs) have summarized in formation on a series 
of new chemica l contaminants in the Arct ic environment 
(A laee et al. 2003: Fi sk et al. 2003: de Wi t et al. 2003). 
These contam inants include brominated name retardants 
(BFRs), perfluorooctane su lfonic ac id (PFOS). chlorinated 
paraffins (CPs) and polychlorinated naphthalenes (PCNs). 
With the exception of PCNs, these chemica ls are widely 
used in consumer and industri al products in Canada and 
throughout the worl d. PCNs arc no longer in commercial 
use. They are, however, combusti on byprodu cts and can , 
li ke chlori nated di ox ins and fu ra ns. be emitted from many 
sources. The presence of these commercial chemica ls and 
byproducts in the Arcti c illustra tes th e vulnerability of 
polar regions to contami nati on by persistent, semi- vo latile 
organic che micals, pa rti cul arl y those th at are used or 
emitted in re lat ively large vo lumes. 

NCP Phase II supported several projects whi ch measured 
"new chemica ls" in a ir (A laee et a l. 2003) and biota 
(B idlcman et al. 1999: 2000; Mai1 i11 et a l. 2003; Tomy and 
Helm 2003). PBDEs and SCC Ps were detected in archi ved 
extracts of Arcti c air co ll ected in 1994 at Alen (NU) on 
northern Ell esmere Island and at Tag ish in southern Yukon 
(A laee et al. 2003). Levels of total PBD Es we re found to 
have increased signi fica ntl y in a vari ety of Arcti c bi ota 
incl ud ing ringed sea ls (lkonomou et a l. 2002), beluga 
(Stern and lkonomou 2000), seabirds (Braune and Simon 
2003), bu rbot (Stern et al. 200 I) and landlocked Arcti c 
cha r (Muir and Koch 2003). PCNs as well as SCC Ps have 
been detected in beluga and ri nged sea ls from Cumberl and 
Sound (Helm et al. 2002 : Tomy et a l. 2000). Fluorinated 
acids have been detected in li ver samples from ringed 
sea ls, po lar bears. northern fulmars and min k (Martin et 
al. 2003, 2004). 

While much was accompli shed under NC P II th ere are 
numerous knowledge gaps. Good temporal trend data were 
deve loped onl y for PBDEs in a limited number of spec ies 
and loca ti ons. Oth e r BFR s such as 
hexabromocyc lododecane (H BCD}, a chemica l that is 
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replacing some PBDEs in Europe, as well as man y other 
se mi -vo latil e bromin ated compound s th at are in 
commercial use. have not been determined. PCNs, SCCPs 
and perfluorinated ac ids were determined only in a very 
limited number of samples. Neutral precursors of the 
perfluorinated ac ids such as perfluoroalkyl-sul fonamides, 
-sulfonamidoa lcohols and telomer alcohols had not been 
determined . Informati on on geographi c variati on of all of 
these new contaminants was genera lly not avai lable for 
any spec ies. Result s from 2003/04 (Muir 2004) indicated 
the presence of perfluoro ac ids, BFRs and PCNs in th e 
sea birds justifyin g th e analyses of those compounds for 
temporal trends in year 2 (2004/05) of th e project. In fac t, 
the PCN signal fo r seabird eggs was stronge r than in 
beluga and rin ged sea l ti ssues. Chlorinated paraffins. 
however, were not detected in any of the seabird samples 
analyzed in 2003/04 and therefore, further analyses of 
these compounds in scabird samples were not pursued. 

Activities 
In 2004/2005 
The work in 2004/05 foc ussed on temporal trends ofBFRs, 
PCNs and PFAs in seabirds. 

Sample collectio11/retrieva/: Archi ved indi vidual li vers 
and poo led egg samples (three eggs per poo l) of thi ck-
bi I led murres (Ur ia l0111via) and north ern fulm ars 
(Fu/111ams g!acialis) co ll ected from Prince Leopold Island 
were retri eved from the CWS Specimen Bank for analyses. 
The foll owin g samples were retri eved fo r the co ll ecti on 
years indicated: Eggs - thi ck-billed murres - 1975, 1987. 
1993, 1998: no11hem fulmars - 1975 . 1987. I 993. I 998; Livers 
- thick-bi lled mutTeS - 1975, 1993; northern fulmars - 1975, 
1987, 1993. Eggs of both spec ies and li vers of northern 
fulmars collected in 2003 were al so included in the lime 
trend an alyses. The fulmar li ver sa mples collected in 2003 
ha ve now been completely used up and no col lections or 
adult thick-billed murrcs have been made since I 993. 
Therefore, 10 adult birds each of thick-bill ed murres and 
northern fulmars were co ll ected from Prince Leopold 
Island in 2004 so that recent li ver samples will be ava ilable 
fo r tempora l trend compari sons. 

Amdytica! methods: The analyti ca l methods used for 
each chemica l group are outlined in Tabl e I . Eggs were 
analysed fo r BFRs and PCNs, and li ver for perfluoro ac ids. 
Vari ability for sea bird egg samples was reduced by use of 
pooled samples (a standard CWS protocol ; Braune et al. 
200 I), however, indi vidual sea bi rd li ver samples were 
analysed for PFAs. In brief, eggs were Soxhlet extracted 
and lipid was removed by gel-permeation chromatography 
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Table 1. Analytical methodology for the new chemicals 

:,iew chemica l Tissue Extraction/ iso lation method Quantification method 
BFRs (Br2-Br8- egg Soxhlet/ASE. GPC to remove GC-hi res MS (E l mode) 
PB DE, 1-IBCD) lipids. and \-I PLC/MS/MS 
PCN egg Soxh leUASE. GPC to remove GC-lo rcs MS (N I mode) 

lipids. 
Pernuoro acids and li ver Homogeni zat ion with ion pai ring \-I PLC/MS/MS 
neut ral precursors reagent. 

Figure 1. Mean concentrations (± standard error) of brominated flame retardants (ng/g lipid weight) in 
seabi rd eggs collected from Prince Leopold Island, 1975-2003. Five egg pools (comprised of 3 eggs 
each) were analyzed per species for most years with the following exceptions: Northern Fulmar 1987, N=2 
egg pools; Thick-billed Murre 1975 &1987, N=3 egg pools per year. SPBDE = Sum of Br2-Br7BDEs; HBCD 
= gamma-hexabromocyclododecane. Results for HBCD are preliminary (see text). 
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(G PC). Ad di t iona l c lea nu p a nd iso la ti o n was 
acco mpli shed us in g s ili ca-ge l co lumns. PCNs we re 
subj ected to an additi ona l iso lati on step using carbon 
colu mns (He lm e t a l. 2002). PCNs and PBD Es were 
quantified by gas chromatography- low reso lution mass 
spectrometry (GC- LR MS) in negati ve ioni za ti on mode. 
PFAs were extracted by the method of Hansen et a l (200 I ) 
and qua ntified by liq uid chromatogra phy-tande m mass 
spectrometry (LC-MS/MS) using e lectro-spray nega ti ve 
ion ization mode. l-lexabromocyclododecane was extracted 
along with ot her BF Rs and quam ified by LC-MS/MS and 
by GC-LRMS (Stuttaford et al. 2004). 

Results 
Bro111i11utedf/a111e returduuts: PBD Es (Br, -Br7BDEs) and 
I-IBCD (ga mma- hexa bromocyc lododecane) were present 
al low ng/g (l ip id weight) concen trati ons in eggs o f both 
nonhern fulmars and thick-bill ed murres as early as 1975 
(F igure I). Resul ts for I-I BC D are pre liminary beca use the 
ana lys is was conducted by GC-MS. Further ana lyses by 
LC-MS / MS to dete rmin e th e p ro po rti o ns a nd 
concentrat ions of 1-1 BC D iso mers a re underway. Based 
on the prclimi naty data, however, both LPBD E and 1-1 BC D 
increased s igni fica ntl y (p=0.00078 and p=0 .000 11 , 
respecti vely ) in northern fu lmars between 1975 and 1998, 
whereas in th ick-bil led murres, on ly LPBD E increased 
significantly (p=0.0039) between 1975 and 2003. BTBP E 
( I .2-Bis(2 .4.6-tri bromophenox)ethane) was detected (0.096 
ng/g lw) in only o ne poo l of no rth ern fulmar eggs fro m 
1993. 

Po(1 •cl,/ori11uted 11uphthu/e11es (PCNs): Analyses o f 
po lychlorinated naphthalenes (PCNs) in eggs o f both 
northern fu lmars and thick-billed murres collected between 
1975 and 2003 are un derway. Those res ults sho uld be 
availab le by September 2005. 

Pe1j /11ori11ated co111po 1111ds: Perfluo rinated ca rboxyli c 
ac id s ( PFC As), perfluoro sulfo nic ac ids (PFSAs) an d 
te lomer ac ids were determined in li ver samp les of northern 
fulmars and thi ck-bi lled murres col lected between 1975 
and 2004 (Table 2). C7 to C 15 PFCAs were detectabl e in 
both spec ies in a ll years ana lyzcd, but C I 1-C 15 were the 
predomin ant compo nent s. parti cul a rl y in rece nt years 
(2003-2004). Perfluo rooctane sul fo nate (PFOS ) was the 
maj o r PFSA in the murre li ve rs whereas in the fu lmars, 
PFOS and perfl uo rodecanoi c acid (PFDS) comributcd 
equall y to tota l PFSA and perfluorooctane sulfonamide 
(PFOSA) was the dominant contributor in 1987 and 1993. 
Perfluo ro hexane sulfonate (PFl-l xS) was not detected in 
any o f the murrc li vers and was onl y detected in the fulm ar 
li ve rs fro m 2003. Perfluorin ated ac ids cl earl y increased 
from 1975 to 2004 in thick-bil led murres whereas, in th e 
northern fulmars, there is an increase between 1987 and 
1993 but no cl ear increase between 1993 and 2003 (Tab le 
2, Figure 2). 

Due to analyti ca l probl ems, the fulm ar sampl es from 1975 
have not yet been ana lyzed and th ose results may c la ri fy 
the trend. Of th e fluo rinated te lomer ac ids, 21-1-perflu oro-
2 .3 -dece no ic ac id (8:2 FT UCA) was de tec ted in both 
species in a ll years whereas 2 1-1 -perfluoro- 2.3-deca no ic 
ac id (8:2 FTCA) and 2H-perfluoro-2.3-dodecano ic acid 
( I 0:2 FTCA) were not detected in e ither species in any 
year. Th ese chemi ca ls a re precursors in the mi cro bia l 
biodegradati on and atmospheric breakdown of fluo rinated 
telomer a lcohols (Ellis et a l. 2004; Ding lasan e t al. 2004). 

Discussion and Conclusions 
The study contri butes th e fi rst in fo rmati on on temporal 
trends o f HBC D. the PFAs and th e PCNs (once rece ived) 
in arct ic seabirds . Muir (2004) repo rted severa l new 

Table 2. Perfluorinated acids (ng/g wet weight) in livers of northern fulmars and thick-billed murres from 
Prince Leopold Island, 1975-2004 

Species Year N Total PFCAs Total PFSAs Telomer acids 
Mean ± SD Mean ± SD Mean ± SD 

Fulmars 1987 8 6.8 ± 3.4 1.4 ± 0.3 0.2 ± 0.06 
1993 10 30 ± 12 4.8 ± 2.5 0.2 ± 0.08 
2003 15 33 ± 38 1.5 ± I.I 2.2 ± 6.3 

Murres 1975 8 2. 5 ± 0.3 0.4 ± 0.2 0.7 ± 0.00 
1993 10 3.1 ± I .I 1.0 ± 0.4 0. 1 ± 0.0 1 
2004 10 26 ± 8. 7 2.0 ± 1.9 0.2 ± 0.05 
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Figure 2. Mean concentrations(± standard error) of perfluorooctane sulfonic acid (PFOS) (ng/g wet weight) 
in seabird livers collected from Prince Leopold Island, 1975-2004. 
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ha logenated contaminallls in Arctic biota. These include 
II BC D, an additi ve BFR that is used in rigid polystyrene 
fo am. There have been a grow in g number of 
measurements of HCB D in the environmelll but none 
previously in Arctic biota. In this report, we show that 
HBC D was prese nt a t low ng/g ( lipid weight) 
concentrations in eggs of both northern fulmars and thick-
bi lled murres as ea rl y as 1975. Both I PBD E and HBCD 
increased significantl y in nort hern fu lmars between 1975 
and 1998. whereas in thi ck-billed murres, only I PBDE 
increased significantly between 1975 and 2003. PBDEs 
were shown to have increased in guillemot (common muJTe 
- Cria aalge) eggs from the Baltic Sea between 1969 and 
the ea rl y 1980s fo ll owed by a leve llin g off of 
co ncemrati ons up to 1997 (Sellstrom I 999). whereas 
HBC D concentrations increased signifi cantl y in th e 
gui llemot eggs from 1969 to 1997 (Kierkegaard et al. 1999). 
In Canada, leve ls of total PBD Es are reported to ha ve 
increased significantly in herring gull (larus argentatus) 
eggs in the Great Lakes between 1981 and 2000 (Norstrom 
et al. 2002) , in thi ck-bi ll ed murres and northern fulmars 
between 1975 and 1998 (Braune and Simon 2003), in ringed 
sea ls from Holman Is land between 198 1 and 2000 
(lkonomou et a l. 2002), in beluga from south east Baffin 
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Island between 1982 and 1997 (Stern and lkonomou 2000) 
as well as in burbot (Stern et al. 200 I) and landlocked 
Arctic char (Muir and Koch 2003). 

Overall, perfuorinated acids (PFAs) in the nort hern fulmars 
and thick-billed murres ana lyzed in this study" ere low. 
Compared wit h fu lmars from the Faroe Islands and black 
gui ll emots (Cepp/111s gn-1/e) from Greenland (Bossi et al. 
2005). and black-legged kittiwakes (Risse, tridac1_1'1a) and 
glaucous gulls (Lams h,•perboreus) from the eastern 
Canadian Arctic (Tomy et al. 2004). the PFOS levels in our 
birds were much lower. The PFOA concent rati ons. 
however, were similar. Pernuorin ated acids clearly 
increased during 1975 to 2004 in th ick-bi ll ed murres in 
thi s study whereas. in the northern fulmars. there was an 
increase between 1987 and 1993 bu t no clea r increase 
between 1993 and 2003. Simi larly. PFOS levels in guillemot 
(common murre - Uric, oa!ge) eggs from the Baltic Sea 
increased signifi ca ntl y between 1968 and 2003 with a 
sharp peak observed in 1997 (Holmstrom et al. 2005). While 
the C9-C 15 PFC As were reponed for the first time in Arctic 
biota by Martin et al. (2003, 2004). Muir (2004) added to 
the li st with the detection of the nuorinated telomcr ac ids 
an d we have reported fu rther data for these compounds 
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here. With respect to the PFCAs, it is interesting to note 
that, in the murres and the fulmars , th e longer-chained 
perfluorocarboxylates (C 11-C 15) dominate the overa ll 
profi le whereas, in ringed seals (Muir 2004) and most other 
biota samples, the CS-C 11 perflu oroca rboxylates 
dom inate. As wel l, in most biota, PFOS overwh elmingly 
dominates the perfluor inated aci d conce ntra tion s 
whereas, in the seab irds, the profi les are domi nated by 
perfl uorinated ca rboxylates. 

Expected Project Completion Date 
December 31, 2005 
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Abstract 
Concu rrent weekly hi gh volume (Hi Vo l) air samples were 
co llected over one yea r at two arctic sites: Litt le Fox Lake 
(LFL), Yukon, Canada and Point Barrow(PB),Alaska, USA. 
Al I samples were analyzed for organochl orine pesticides 
(OCs), polych lorinated biphenyls (PCBs), and polycyclic 
aromati c hydrocarbons (PA Hs). Preliminary data ana lysis 
focuses on se lected OCs which show sign ifi cantly 
different concentrations and seasonali ty at the two sites. 

Much higher concentrations of a- and a- HCH and stronger 
seasonal va riation were obse rved at LFL than at PB. 
Hi storical ly when HCH technical mixtures were widely 
used, HCHs were transported to the Arct ic via long-range 
transport (LRT), effecti ve ly scavenged, and further 
deposited to soil s. Atmospheri c scavenging was probab ly 
more efficient at LFL than PB because of increased 
precipitation rate at higher elevation at LFL. The two HCI-I 
isomers are subject to re-emission to the atmosphere whi le 
temperatu res ri se above freezing at LFL and after primary 
e mi ssions have diminished. Ho wever, seconda ry 
emissions from soils are hindered at PB since snow cover 
above soils acts as an effect ive barrier. 

Seasonal va riati on of dieldrin was comparable at the two 
si tes, i.e. , higher concentration occurred durin g su mmer 
time and lower concentrat ion in winter. However, elevated 
concentration of die ldrin in air was observed at LFL 
compared with PB which could be related to different 
emission sources. Concentrat ion of endosulfan I was 
comparable at the two sites during the cold period , 
whereas nearly opposi te trends occurred during the warm 
period , i.e. elevated concent rat ions at LFL and lower 
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concentrations at PB. Aga in , thi s is probab ly related to 
differen t emi ssio n sources. Also , a di ve rge nce in 
temperatures at the two sites may result indifferent extent 
of degradation. Re lati vely hi gh concentrations of 
pentach loroanisole (PCA) were measured in air at both 
si tes. Month ly ave rage concentrations of PCA were 
mostly comparab le at the two locations, but significant 
differences occurred duri ng the th ree summer months of 
June, Jul y, and August. Spec ifi ca ll y, PCA concentrati ons 
were much highe r at PB during thi s period of time. Th is 
could be a resu lt of regio nal usage ofpentach loropheno l 
(PCP) and subsequent transformation from PCP to PCA 
during the summer time at this site. A potential source of 
PCA at PB could also be increased evaporation from open 
sea wate r. Observed low ra tio of /rans- and cis-chlordane 
renects aged chlo rdanes in arctic air. 

Key Project Messages 
I. Co ncu rrent o rganochlori ne pesticide (OC) air 

concentrations measured at Littl e Fox Lake (L FL), 
Yukon, and Po int Barrow (PB), Alaska, were compared. 

2. Differences in a ir concentrat ions and seasonality of a-
H CH, y-HCH, die ld rin, endos ulfan I and 
pentachloroanisole (PCA) were observed at the two 
sites. Possib le exp lanat ions for such differences 
include: 
a) A difference in seasonal snow coverage at the two 

locations. Snow can act as a barrier to re-em ission 
of pre vio us ly deposited resid ue of these 
chemicals from soi ls. 

b) A difference in sou rce reg ion of innuence to the 
two sites . 
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c) Di vergence in temperatures at the two locati ons 
resulting in different ex tent of bi oti c and abioti c 
degradati o n o f OCs. 

d) Regiona l usage ofpentachlorophenol (PC P)-treated 
wood or bui ldin g mate ri a l at PB res ulted in 
e lev ated s umm e r co nce ntr a ti o ns of PCA 
observed at this locatio n. PCA is be li eved to be 
an environmenta l me tabolite o f PC P. 

3. Low ratios of /rans- and cis-chlordane (TC/CC) observed 
at bo th location s indi ca te wea th e red so urces of 
chlordanes to these areas o f the A rcti c. 

Objectives 
I . To meas ure and unders tand the occurrence and trends 

of se lec ted OCs, PC Bs, and PA Hs in the Arct ic 
atmosphere and to determine w heth er conce ntrati ons 
are chang in g in response to nati ona l and inte rnational 
initiati ves . 

2. To prov ide in sight into contaminant path ways (sources, 
transport , tran sfo rmatio n, and remova l processes) to 
the A rcti c environment. 

3. To enabl e va lidati on o f models of tox ic chemi ca ls in the 
Arcti c environment with atm ospheri c observati ons. 

4. To operate a major long-term trend measurement stati on 
at A le rt , N un av ut ( in ope rati o n s in ce 1992), to 
cont ribute to future assess ment s by th e Northern 
Contaminants Program and the A rcti c Moni tori ng and 
Assessment Programm e, and to adv ise Canadian 
nego ti ators in preparin g co nt amin ant co nt ro l 
strateg ies. 

Introduction 
Atmos phe ri c me a s ure m e nt s o f pe rs is te nt orga n ic 
contaminants, in c luding he rbi c ides, pes ti c ides, synthetic 
indus tria l co mpounds and PA I-l s, have been made on a 
weekl y bas is in the Canadi an (A lert , Tag ish, Littl e Fox 
Lake, Kinnga it [Ca pe Dorset]) and Russian Arctic (Dunai. 
Amderma) sin ce January 1992 , and Alaska, USA between 
March 2002 and A pri l 2003. In th e prev ious Synops is of 
Resea rch , lon g-t e rm trend s we re de ri ved for the a ir 
concentrati ons of PC Bs and OCs at A lert usin g a digi ta l 
fi ltra tion me thod ; a spati a l compari son o fO C seasonality 
at Alert , Tagish, Dunai and Kinngait was given; and, the 
inn uence o f the Pac ifi c North Ameri ca n (PNA) Pattern on 
the a ir con centrati o ns of y-HC H and PC Bs measured at 
Ale rt was di sc ussed . In th e current Sy nops is Report, 
prelimina ry resul ts a re presented fo r a spati a l compari son 
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ofOC air concentrat ions measured at Little Fox Lake (LFL) 
and Poi nt Barrow (PB). T h is work is performed in 
col labo ration w ith G. W. Patton of Paci fie Nort hwest 
Nat ional Laboratory, Washington, USA, who conducted 
the measure ments at PB. 

Weekly high volu me a ir samples were collected between 
Ju ly 2002 and June 2003 at LF L(61.35°N/l 35.63°W, 1128 
m above sea level or m.a.s.l.), Yukon, Canada and between 
March 2002 and April 2003 at PB (71.32°N/ 156.60°W. 11 
m.a.s.l.), Alaska, USA. T he two samp ling periods 
overlapped and a ll samples were ana lyzed in the same 
laboratory, i.e., Freshwater Institute, Canada, thus it is 
poss ible to study spatial variation of some organoch lorine 
pesticides (OCs) without co nsidering inter- laborato ry 
correct ion. Comparison of various compounds can 
provide insight into their potent ia l sources (e.g., LRT or 
local secondary emissions) and envi ronmental pat hways 
at the two sites. Preliminary data analysis focuses on 
selected OCs, i.e .. a- HC H, a-HC H, d ie ldr in , PCA, 
endosulfan I, and chlordanes. These compounds show 
significantly different air concentrations and seasonality 
at the two sites. Deta iled examination of all compounds 
wi ll be carried out at a later stage by study ing usage/ 
emiss ion information of differe nt types of compounds 
and the ir potent ial transformation kinetics, and employing 
Lagrangian back trajectory to trace air mass origins. 

Activities 
In 2004-2005 
I . Regula r weekly atmospheric measurements ofOCs and 

PA Hs cont inued at A le ,1. This invo lved the collection, 
extrac tion and analysis of air sa mples. 

2. As part of a decis ion to integrate analytica l activi ties 
withi n Env ironment Canada, che mica l analyses have 
been moved fro m Fresh Water In stit ute (FW I), 
Winnipeg, which is a laboratory of the Department of 
Fis heries and Ocea ns, to the Natio nal Laboratory for 
Environme ntal Testing (N LET), an Environme nt 
Ca nada laboratory. T he first round ofinterlaborato ry 
co mpariso n be tween FW I and NLET has been 
completed. The interlaboratory com parison included 
3 regul ar sam pl es and 3 bla nks with partic le and gas 
phases separate ly analyzed and 7 regu lar samples wit h 
pa11ic le and gas phases comb ined for ana lys is. For 
most of the PC Bs and PAHs, results fro m the two 
labora to r ies co m pare reasonab ly well. Various 
d iscrepancies were obse rved fo r the OC pesti cides. A 
second round ofQNQC assess ment has been pl an ned 
and wi ll commence in the coming fi sca l yea r. 
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3. Data ana lysi s ha s been progress ing we ll. Analys is o f 
1992-200 I data from A lert , 1993- 1995 data fro m 
Kinngait. Tag ish and Dunai , as we ll as more recently 
obtai ned 2000-2002 data fro m Kinngai t is sti ll ongo ing. 

4. A n articl e summari sing fi ndi ngs unde r thi s project 
re ported in t he Canad ia n Arctic Co nt a m ina nt s 
Assessment Report 11 (CACA RI I) has bee n publi shed 
in the Science of Tota l En vironment in th e CACA RII 
Spec ia l Issue (Hu ng. H. , Bla nchard, P., Halsa ll , C. J ., 
Bidleman , T. F. , Ste rn , G. A. , Fe lli n, P., Muir, D. C. G. , 
Barrie, L. A., Jantunen, L. M. , He lm, P. A. , Ma, J ., 
Konoplev, A. (2005) Temporal and Spat ia l Vari abil iti es 
of Atmospheric Polych lorina ted Bi pheny ls (PC Bs). 
Organoc hl o r in e (OC) Pes ti c ides a nd Po lycyc li c 
Aromatic Hydrocarbons (PAHs) in the Canadian Arctic : 
Res ult s from a Decade o f Mo ni to ri ng . Sci. Toi. 
Environ .. 342: 119-144.) 

5. An a11ie le w hich in vest igated the in nuence o f c lim ate 
va riat ion patt ern s, e .g. North A tl anti c Osc ill a ti o n 
(NA O), Pacific Nort h American (PNA) pattern and the 
El N in o-Sout hern Osc ill atio n (ENSO) , on POP a ir 
co nce ntration s meas ured und e r NC P and th e 
Integra ted Atm ospheric Depositi on Network ( IA DN) , 
w hich monito rs PO P air concentra ti o ns in the G reat 
Lakes . has been pub lished in £11 viron111en1al Science 
and Technology. T hi s work is pe r fo rm e d in 
co llaboration with Dr. Ji an min Ma. a meteo ro log ist a t 
MSC. The a rti c le was a lso featu red in the ES& TNews 
in the same issue. 

6. T he in nuence of climate var iation pattern s on the 
transport of PO Ps to the A rctic was further in vesti gated 
by pe rformin g corre latio n ana lyses between se lected 
OC pesti c ides and PCB ai r co ncentrat io ns measured 
at Alert w ith 10 low-freque ncy c lim a te va riati o n 
parterns. T hese in clude the PNA , West Pacifi c (WP), 
the East Atla ntic Jet (EA-Jet) patte rn s and ot hers. 
Re s u lt s hav e ind icated t hat th e seaso na l a ir 
co ncentrat ions of OCs and PC Bs measured a t A le rt 
were s ignifi cantly associated w ith d iffe rent c limate 
va riation patterns. A manuscr ipt to be submitted to 
Environmental Science and Technology is cu rrently 
being prepa red . 

7. Considering that there is no comprehens ive rev iew of 
the occurrence of chlo rdane-re lated compounds in th e 
A rctic environment, a rev iew paper is currenlly be ing 
dra fted. The review pape r w ill conta in i) ava ilabil ity o f 
in form at ion on current usages and em i ss ion 
in vento ries ; ii ) overview of ana lyti ca l meth ods that 
include tec hniq ues fo r ident ifica ti o n o f indi vid ua l 
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co mpo ne nts and by prod uc ts inc lud ed in th e term 
"chl ordane-re lated compounds", and any appli ca ti ons 
which are spec ifi c to chlorda ne- re lated compo unds for 
anal ys is of bi oti c and abi oti c sam ples; iii) assessment 
of spa tia l and tempo ral trends in the enviro nment w ith 
the emphas is on the a tmosphere of the A rcti c region; 
and iv) identifi cati on o f know ledge ga ps and further 
monitoring and resea rch needs. The rev iew pape r w ill 
inc lu de a ll a ir concentra ti on data prev iously co llected 
under thi s NC P proj ect, includi ng those coll ected from 
Littl e Fox Lake (2002-2003), Du na i ( I 994- 1995) , 
Amde1111a ( 1999-200 I) and Kinngait (2000-2002) which 
have never been pub I ished before . 

8. In co llabo ra tion with Dr. Crispin Halsa ll, Lancaster 
Uni versity (U K), the long-te1111 trends o f PA Hs in A rctic 
a ir a rc be ing exp lored . Th e dig ita l fi ltrat ion techni que 
deve lo ped by MSC, w hi ch was used lo ca lcu late 
tempora l trend s o f PC B and O C a ir conce ntrat ions, 
is n ' t a pp lica bl e to PA Hs w hi c h have ex t re m e 
seasona lity. T he a ir concentrati ons o f PAHs measured 
in the A rcti c a re usua lly hi g h in the w in te r but mostly 
be low detect ion limi ts in th e summ e r. Lancaster 
Uni ve rs ity has deve lo ped a tim e se ri es a nal ys is 
tec hnique, whi ch is a lso based o n di g ita l fi lte rs, but is 
much less sensiti ve to ex treme seasona li ty. A Ph.D. 
student under the supe rv isio n o f Dr. Ha lsa ll has used 
thi s method to dete rmine the tempo ra l trends of PA Hs 
in a ir a t A le rt. It has been fo und tha t th e re is no 
consistent decreas ing or inc reasing trends for most of 
the PA Hs in A rcti c a ir. Th is is ex pected since th ese 
compounds are by products o f combustion. The air 
concentrat io ns o f PA Hs in th e Canad ian A rctic seem 
to re 0ect industri a l activiti es in Eurasia , as we ll as local 
in c ine rati on activiti es at the mi li tary base at A le rt. A 
manu script is currently under prepa ra tion. 

9. T he Ju i 2002 - Jui 2003 a ir concentrat ions o f POPs 
measured al Li rt le Fox Lake were compared with those 
measured at Tagish betwee n Dec 1992 and Mar 1995. 
These two s ites are ve ry c lose to each o th e r. A 
pre l imin ary exa m in ati on showed that the a ir 
concentra tio ns of p,p ' -DD E, trans- and c is-chlo rdane 
had declined, however, p,p'-DDTand y-HC H remained 
more or less unchanged and a- HC H had in creased. 
The a ir concentrat ions o f PC Bs and I ighter PA Hs, e.g. 
phenanthrene, a lso rema ined more o r less unchanged. 
Fewe r h igh concentrat ion episodes were observed for 
th e heav ie r PA I-l s, e.g. benzo(a]pyrene, in 2002-2003 
co mpared to 1992- 1995. Fi ve-day Lagra ng ian back-
traj ectories have shown that an epi sode with hig h a ir 
concentrat ions of several OCs and higher PC Bs, which 
occurred durin g the week start ing Dec I, 2002, may 
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ca rry signals of tran s-Pacific transpo n s ince greater 
tha n 50 % of the bac k trajectori es orig in ated in As ia. 
However, since the sa mpl es were biweekly averaged, 
such signals may be skewed by transpon from western 
US/Mex ico (26 % of the trajectori es). Further st udy of 
the dataset is required to ident ify the tran s-Pacific 
ve rs us weste rn US / Mex ico tran spo rt s igna ture. 
Results from th e preliminary ana lys is of the Littl e Fox 
Lake dataset were presented at SET AC 2004 in Po11land, 
U.S.A .. 

10. Between March 2002 and Ap ril 2003. weekly Hi Vo! 
samp les were co ll ected at PB, A la ska, USA. Th e 
samp ling period overlapped with sam plin g ca mpaign 
conducted in LFL. Moreover, a ll samples were analyzed 
in the same laboratory, i.e., Freshwater In stitut e, 
Ca nada. Co mp ar iso n was perfo rm ed towa rds 
unders tandi ng spati a l vari ati on of se lected OCs and 
their potenti a l sou rces and environmental pathways 
at the two s ites. Pre liminary da ta anal ysis focuses on 
se lected OCs, i.e., a- HC H, a- HC H, die ld rin , PCA. 
endosulfan I, and ch lordanes. These compounds show 

s ignificantly diffe ren t air concentrations and 
seaso nality at the two sites. Detailed exam ination of 
a ll compounds will be carried out at a later s tage. 

Results and Discussion 
The particle-bound phase accou nted for only a minor 
fracti on of total concentrat ion for most OCs at the two 
sites. Gaseous and particle-bound concentrations were 
combined for individual OCs in the cu rren t data analysis 
in orde r to circumvent seasonal temperature effect on 
gaseous/particle partitioning of some OCs. To illustrate 
the difaference in seasonality ofOC air concentrations, 
monthly average co nc entrations were calculated by 
averaging al l sam ples col lected in the same month (not 
necessarily from the sa me yea r). The monthl y average 
co nce ntra ti ons were then no rm alized by the total 
concentration over the who le sampling period to enhance 
the seasonal profiles. Several OCs. namely, a- HCH. a-HCH, 
di e ldrin. PCA, endosulfan I and isomer ratios of HCH s 
and ch lordanes are presented in Fig. I to illustrate the 
difference between the two sam pling sites. 

Figure 1. Monthly concentrations and seasonal variations of a-HCH, a-HCH, dieldrin, endosulfan I, and 
PCA at LFL and PB. 
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Figure 2. Monthly temperature (°C) and total precipitation (mm) are shown in A and B for both Whitehorse 
(60.43°N/135.04 °w, 703 m above sea level) (http://www.theweathernetwork .com/weather/stats/pages/ 
C02142.htm?CAYT00 19) and Barrow (71. 18°N/156.47°W, 9 m above sea level) (http :// 
www.theweathernetwork.com/weather/stats/pages/C01873.htm). Monthly rain rate (mm), snow rate (cm), 
and snow cover (cm) at Whitehorse are indicated in C. 
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Fig. 2A and 2B show monthly average temperatures and 
monthly precipitation rates recorded at the meteorological 
stations of Whitehorse and Barrow (averages from 1961 
to 1990), wh ich are the c losest meteorological stations to 
LFL and PB, respectively. Monthly rain rate, snow rate, 
and snow coverage at LFL are shown in Fig. 2C. In Fig. 
2A, the monthly average temperature was approximately 
I O °C higher at LFL(or Whitehorse) than at PB (or Banow). 
Fig. 2B indicates that the annual precipitation rate at LFL 
was 2.4 times that of PB. Fu rther examination of Fig. 2C 
reveals that the precipitation at LFL was mostly from snow 
between October and April , and mainly from rain between 
May and September when temperature was gene rally 
above freezing, whereas a ll precipitation was from snow 
at PB throughout the yea r. It is noteworthy that snow 
accumulated between November and March at LFL, and 
to a lesser extent in April and October (Fi g. 2C, "+" 
indicates snow cover in cm). However, there was usua lly 
no snow coverage from May till September. 

Both a- and a- HCH exhib ited much hi gher concentrat ions 
at LFL than at PB, specifica ll y in the sum mer time (Fig. 
I A, IC). Moreover, stronger seasonal variation of the two 
HCH isomers was observed at LFL (Fig. I B, ID). Usage 
of technical HCH products (general ly contain ing 5 stab le 
isomersofHCHs, a: 55- 80%, ~: 5- 14 %, y: 8- 15 %, 8: 2-
16 %, a: 3- 5%) was banned in the US and Ca nada in the 
1970s (Li, 1999) and air concentration ofa-HCH is expected 
to be more or less uniform ly distributed among different 
location s (Shen et a l. , 2004). Relative ly lo w a ir 
concentrations of a- and a-H C H with less seasonal 
variation at PB are consistent w ith this fact. However, 
e levated concentratio ns of a- and a- HCH and strong 
seaso nal varia tion a t LFL sugges t that seco ndary 
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em issions of HC Hs were important in this regi on. Global 
usage of technica l HCH peaked in 1970s and significantl y 
declined in the 1980s and 1990s (Li , 1999); therefore, direct 
appli cation of techn ical HC H is currently less important 
in the g lobal environm ent. However, hi storicall y when 
the technical m ixtu re was widely used , these compounds 
we re transported via LRT and depos ited in the Arcti c 
environment. HC Hs can be effectively scavenged by both 
snow and rain and further deposited to soil s. During th is 
period of tim e, th ere was net deposition from th e 
atmosphere to so ils since ai r concentrations of HCHs were 
re latively high. Now that prima,y em issions ofHCHs have 
ceased, HCH transfer between the atmosphere and soil 
reversed from net deposition to net evaporation as ai r 
conce ntration s of HCH s have decrea sed. Fresh snow 
above soi ls cou ld act as an effect ive barrier, red uci ng 
evaporation of HC Hs d uring the co ld pe riod. When the 
temperature r ises above freezing (i.e. , from May to 
September), evaporat ion of HC Hs from soil s becomes 
s ignificant at LFL. This process can lead to observed 
elevated atmospheric concentration of il-HC H in thi s area. 
a-H C H shows sl ightl y different seaso nal profi le al LFL : 
a-H CH concentration greatl y increased in Jul y compared 
to June. The elevated co ncentrati o n of a-HCH could be 
from source regions v ia LRT. In contrast , atmospheric 
scavengi ng of OCs at PB is expected to be less efficient 
than at LFL. LFL is at a higher elevati on ( 1128 m a.s.l. ) 
and genera lly experiences more precipitation (F ig. 2B) than 
PB (Blais et a l. , 1998). Therefore, historical deposition of 
HCH s at PB can be expected to be less than that at LFL. 
Moreove r, PB is covered by snow nearl y year roun d 
whi ch acts as a barrier for HCH evaporation from soi l. 
The observed low concentration s ofil- and a-HCH re nect 
backgrou nd air concentrations in thi s reg ion. The Rati on 
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ofa -HCH to ii- HC H is ca lculated for both sites and ranges 
fro m 9- 21 (mean 15) at LFL and 5- 15 (mean 8) at PB (Fig. 
IK). 

The a/ii ratio ofHCH technica l mixture is typically between 
4 and 7. The a /a ratio at both sites, spec ifi cal ly at LF L, is 
much hi gher than prev ious observations in the Arctic 
(Hung et a l. , 2002; Hung et a l. , 2005). The surprisingly 
high a /a ratio co uld be from: I) secondary re-emi ssion of 
previously appl ied HC Hs with hi gh percentage o f a- HC H; 
2) reduced usage ofa-HCH or lind ane. 

Die ld rin is used as an insect icide and co ul d also be a 
breakdown product of a ldrin . Air concentrations of dieldrin 
at PB were consistently hi gher th an that at LF L, and the 
difference in concentrati on was up to a factorofS- 6 duri ng 
the summer time (Fig. I E).Temperature at PB was typically 
\0 °C lower than at LFL; therefore, both biotic and ab iot ic 
trans formatio n should be less important at PB than at 
LFL. The hi gher die ldrin concentrat ion at PB may also be 
related to different source reg ions as a result ofLRT. More 
work is req uired to in vest igate this scena rio, fo r example, 
trac king majo r source areas using Lagrangian back-
trajectory ca lcul at io ns. Seasona l variat io n of die ldrin is 
appare nt at both sites where co ncentrations are elevated 
at higher temperatures and dec line when temperatu res 
drop (Fig. IF). 

Endosu lfan I differed in both concentrat ion and seasona l 
pro file at th e two sites. Concentrati ons of endosu lfan I 
were comparabl e dur in g w inter and ea rly sp rin g (cold 
time), but there were signifi cant di ffere nces during warmer 
periods at the two sites (Fig. I G).At PB, endosul fa n I was 
depleted during the summ er time. As mentioned above, 
seconda ry emi ssion ofOCs from soi ls was probab ly less 
im portan t at PB because of snow cover; the refo re, 
observed endosulfan I could be the result ofL RT. During 
the wa rm season, less endos ulfan I may survive LRT to 
this remote area beca use o f rapid degradation at relat ively 
high ambi ent temperatures en route. However, at LF L, 
higher co ncentration of endosu lfan I occurred during the 
warme r seaso ns (i .e., su mmer an d fa ll ) and lower 
concentrati ons duri ng the co lde r seasons (i.e., winter and 
early sprin g), whi ch co uld be a resu lt of seasona l re-
em ission from secondary sources, whi ch wou ld have been 
enhanced by e levated temperature and ex posed so il wit h 
no snow cover. Variation of sou rces led to different 
seasonal profi les at the two s ites , whi ch showed nea rl y 
opposite tre nds (Fig. I H). 

PCA is o ne o f several OCs that are detected in al l sam pl es 
at the two s it es. Generally speak in g, hi g he r PCA 
concentration was observed during fa\ I and wi nter at both 
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sites relative to that in spring and early summer. However, 
during three summer months (i.e. , June, Jul y, and August). 
co nsiderab ly higher concentrati o n of PCA was recorded 
at PB (Fig. 11 , IJ). Interestingly, the temperature in thi s 
locat ion was above O °Con ly during these three months. 
It is believed that PCA is an envi ro nm enta l metabolite of 
pentachloropheno l (PCP), which is restrictedly used as a 
pesticide and a wood preservative. Elevated PCA at PB 
could be from usage of PCP-treated wood o r bui ld ing 
material at this site and subsequent transformation. PB is 
fair ly close to the sea and increased evapo ration from 
open water cou ld also lead to higher air concentration of 
PCA during these three months, however, more study is 
required to il lustrate this issue. 

Ratios of 1ra11s -chlordane (TC) and cis-chlordane (CC) 
( i. e ., TC/CC) can provide extra information on whether 
the presence of these compou nds in Arctic air is due to 
fresh usage or previous application. Technical products 
of chlordane (TC/CC - 1.16) were banned for use in North 
America many years ago. The observed TC/CC ratios 
were normally below I in arctic air, which is a renection of 
aged ch lordane (Hung et al. , 2002). The TC/CC ratios at 
the two sites were fairl y low. The annual average was 0.30 
at LFL and yearly average of TC/CC ratio was 0.63 at PB. 
Seasonal profile suggests reduced TC/CC ratio during 
the summer and fall time (F ig. I L). It is believed thallrans-
ch lordane is more susceptible to bio-degradation (Beeman 
and Matsumura , 1981 ). Considering I 0 °C higher 
temperature at LFL than at PB, it is understandable that 
b io-degradat ion is faste r in this location , which cou ld 
lead to overall lower TC/CC ratio at LFL provided that the 
two sites have simila r em iss ion sou rce (e.g. , LRT inpu t). 
Elevated TC/CC was observed during March and May at 
PB. This is probably related a difference in source region 
influence. 
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Abstract 
L.; ndc r NC I', ai r monitoring for persi ste nt organ ic 
poll utants (POPs) has been conducted in the Canadian 
and Russian Arctic since 1992 using the conventional, 
tcmc air sampling method. This technique reli cs on a 
pump to pull air through the sampler which traps the 
cnmpo unds of interest. However. thi s approach is 
e,pcns i, c. labour intensive and is limited to sampling 
ncat ions where electricity is available. It is thus difficult 
to sam ple in the remote arctic and the hi gh operating costs 
pre , ents simultaneous sampling at multiple locations. 

In rece nt years, va rious pass ive air sampling (PAS) 
techniques have been developed to co llect chemica ls from 
the atmosphere wit hout the help of a pump, instead relying 
on the abi lity of the sampling medium to directl y take up 
chemica ls from the air. Previous pass ive sampler designs. 
such as those based on po lyurethane foam (PUF) di sks 
(Ja\\a rd et al .. 200-1) and XAD-resin (Shen et al .. 200-1), 
re ly on molecular diffusion for the sampling medium to 
take up chemicals from the air. Molecular diffusion is a 
,lo" process and. as a result. sampling rates of existing 
P-\S designs are quite small. typicall y on the order of a 
few 111 ' of air per day (Shen et al. , 2004: Shoeib and Hamer, 
2002). Since ve,y low concentrations of POPs in the remote 
atmosphere often necessitate large air sampling vo lumes. 
111 the orde r of500 111 1 and higher. the low sampling rates 
of ex isting PAS des igns require long deploymen t periods 
on the ord er or severa l months to more th an a year. 
Variations in air concent rations on the time sca le of mon ths 
or shorter, thus. cannot be resolved , but arc often of 
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considerable interest. Under this project, a now-through 
PAS, which can potentiall y increase the sampling ra tes of 
passive air sampling by directing air through the sampling 
medium, has been developed and tested under laboratory 
conditions. Two types of sampling media have been 
tested. namely aluminium honeycomb di sks coated with 
ethylene vi nyl acetate (EVA) and polyurethane foam (PUF) 
disks. It was found that although the former" as superior 
in rninimi zing flow resistance. significant breakthrough 
occurred resulting in sample loss. PUF disks were found 
to be a more suitab le sampling med ium. The now 
resistance introduced by the PUF disks can be adj usted 
by vary ing the thi ckness, number and porosi ty of the 
di sks used to achieve the desired sampling efficiency. 

Key Project Messages 
I. A prototype of a now-through pass ive air sampler. 

which can potentially increase the sampling rates of 
passi,e air sampling by directing air through the 
sampling medium. has been built. 

2. The prototype has been tested under laboratory 
cond itions using l\\ o types of sampling media, name ly 
aluminium honeycomb disks coated" ith ethylene vinyl 
acetate (EVA) and polyurethane foam (PUF) disks. It 
was found that although the former was superior in 
minimizing flow resis tance, significant breakthrough 
occurred resulting in sample loss. PUF di sks were 
round to be a more suitable sampling medium. The 
now resistance introduced by the PUF di sks can be 
adjusted by varying th e thickness, number and 
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porosity o f the di sks used to achieve the des ired 
sa mpling e ffi c iency. 

3. The now-through air sa mpler is currentl y being tested 
in the field. 

4. Conventional PUF-di sk based PAS have been deployed 
at Ale11 for6 months at 13 locations close to the militaty 
base and the Global Atmospheric Watch (GAW) 
Laboratory to assess the spatial va riability of POP air 
concentration s at c lose proximity. Duplicate samples 
were also taken at tv,-'O locations to assess the prec ision 
of measurement. 

Objectives 
I. To test the performance of pass ive air samplers (PAS) 

in preparation for the ir r9 utine use in arctic air 
monitoring, by: 

a) optimi zin g and increasing air sampling rates of 
PAS with the ass istance of fluid now analysis; 

b) conducting wind tunnel experiments to characterize 
flow rates through PAS; 

c) deploy in g PAS a longside acti ve air sam plers to 
test for samplin g accuracy and to quantify POP 
uptake k inetics. 

2. Th e long-term objective is to deve lop a PAS suitable 
fo r use unde r arctic cond iti ons to supplement or to 
use in pl ace of active a ir sa mpling in future arctic a ir 
monitoring network(s), and to increase s patial 
definition of POP air concentrat ions in the arctic. Such 
monitoring prog ram s wo uld gather POP a ir 
concent ration data in support of the Long Range 
Transboundaty Air Pollution (LRTAP) and Stock holm 
conventions. 

Introduction 
Air concentration s of POPs have been measured in the 
Canad ian and Russ ian arctic since 1992 under NCP. This 
is mainl y beca use a ir is the major transport pathway for 
these pollutants to ente r the arct ic ecosystem s. POPs can 
be tran spo rted ove r great di s tan ces and tend to 
bi oaccumulate and biomagnify through food cha ins 
res ulting in unu s uall y high exposure of northe rn 
populations that rely on a traditional , hi gh fat diet. 

Th e co nve ntional tec hnique used to determine ai r 
conce ntrations of POPs invol ves acti ve sampling. Thi s 
technique re lies on a pump to pass air through the sampler 
whi ch traps th e com pounds of interest. The limitation of 
thi s approac h is that it is expe nsive, labour intensive and 
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is limited to sampli ng at locat ions where e lectri city is 
available . It is thus difficult to sample in the remote arcti c 
and the high ope rating costs p reve nts si multaneous 
sampling at multiple locat ions. In the past few years, 
vario us pa ss ive sa mplin g tec hnique s have been 
developed to assess atmospheric leve ls of POPs. These 
are simple, cost-effective air sam plin g techniques that 
require ne ither the use ofa pump nor e lectricity, but rel y 
on the devices' capability to directl y take up contaminants 
from the atmosp here. 

PAS are promi s in g to address th e need for spatially 
resolved atmosphe ri c conce ntra-tions of SOCs. because 
of (I) their capabi lity of time-integrated sampling over 
extended time period, (2) their independence from power 
supplies an d regular mainte nance, and (3) the ir relativel y 
low production and operating cost. Th e capability of 
pass ive air sa mp lers to provide information on th e large-
sca le variab ility of atmospheric SOC concentrations has 
been shown through the result s of contin ental samplin g 
networks in both North America (Shen et al. , 2004) and 
Europe (Jaward et al , 2004). Passive a ir samplers have 
al so been used to establish urban-rural gradi ents ofSOC 
concent rations in Southern Ontario (Gouin et a l. , 2005). 
In orderto reach their fu ll potential , however, the fol low ing 
limitations of ex isting PAS designs need to be overcome: 

• low samp ling rates of ex isting pass ive air sampling 
des igns. POP a ir concen tration s in remote a rctic 
regions are often low, necess itating large air sampling 
volumes in the order of 500 111 3 and higher. PA S must 
therefore eithe r have h igh sampling rate s or be 
deployed for lon g periods. For instance, polyurethane 
foam (PUF) di sk sampl in g rates are approximately 3 
111 3/day (Shoeib and Harner, 2002) and XA D-based PAS 
have sampling rates of less than I 111 3/day (Shen et a l. , 
2004), which requires deployment peri ods of about one 
year at th e current anal ytical detecti on limits and 
ambient air conce ntrations in the arctic. Therefore, 
seasonal va ri ations in air concentrations are di ffic ult 
to reso lve with the curre nt PAS tec hniques. 

• limited characterization of the prec ision and accuracy 
of PAS. A number of experiments on the preci sion and 
accuracy of XAD-based pass ive sa mpl ers were 
cond ucted under arctic conditions (Wania et al. , 2003), 
but more work is required. Such studies have not been 
performed under arctic co nditi ons for other types of 
PAS thus far. 

• inability to distinguish between POPs in the gas and 
pa rticle phases. Existing PA S are des igned for 
sampling POPs in the gas phase. However, at co ld 
arct ic temperatu res, a larger fraction o f POPs is present 
in the partic le-sorbed s tate than und e r typical 
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temperature conditi ons of mid-l atitudes, and sampling 
on ly the gas phase may unde rest imate the true extelll 
of atmosp heric colllaminati on by POPs. 

In the cu rrent project , we attempt to overcome th e first 
and second limitatio ns li sted above by designing and 
deve loping a PAS suitable for use in co ld environmellls 
such as the Arcti c. 

Activities 
In 2004-2005 
\. Developed and tested under laboratory conditions a 

new design of PAS, whi ch increases the sampling rate 
by directi ng air th rough the sampling medium. 

2. Conventional PUF-disk based PAS have been deployed 
at Alen fo r 6 momhs at 13 locati ons close to the military 
base and the G loba l Atmospheric Watch (GAW) 
Laboratory to assess the spat ial variabi lity of POP air 
concentrations at c lose proximity. Resul ts of this study 
wi ll contribute to a global network of ai r monitoring 
for POPs using thi s type of PAS. 

New Passive Air Sampler (PAS) Design 
and Testing Method 
In the new PAS design, the sampl in g rate is increased by 
forcing wind to blow through the sampling medium. The 
sampler consists of a horizontally-oriented, 
aerodynamica ll y shaped, stainless steel now tube 
mounted on a post with ball bearings whi ch al low it to 
turn into the wind with the help of vanes (Fig. I). The 
sampling medium is placed i1110 a stai nless steel cylinder 
of approximately 20 cm length and an inner diameter of I 0 
cm. The cylinder is mounted inside the flow tube assembly 
on a screw thread. At the same time. it serves as a sturdy 
storage and shipping container which can be sealed air-
tight by screw caps that use the same thread. 

By taking advantage of the wind blowing through the 
sampler, significantly higher sampling rates can be 
achieved. In contrast to previous sampler designs, 
however, the sampling rate is no longer a constant but 
dependent on the wind speed. This means that it is 
necessary to record the sampled air vo lume, if the amount 
of chem ical quantified in the sampling medium is to be( I) 
converted into volumetric air concent rat ions or (2) 
compared between locations differing in wind speed. In 
the prototype sampler, the sampled air volume is recorded 
by a battery-operated turbine-counter mounted at the exit 

Figure 1: Design of the flow-through passive air sampler with EVA-coated honeycomb as sampling 
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of th e now tube (Fig. I), whi ch has been pre-ca librated 
with a hot wire anemometer. The wind speed dependence 
of the sa mpling rate futther imp lies that sampling is biased 
towa rds tim e peri ods with higher wind speeds, i.e. 
con tami nant uptake in th e sampling medium is minimal 
during windst i\l time periods, but ra pid during windy days . 
The sam pler des ign includes an annul ar bypass (Fig. I), 
wh ich stabi li zes the wind speed through the now lltbe 
and red uces the uptake rate during peri ods of very high 
wi nd speeds, thus limiting the ex tent of sa mpling bias. 
Such bias is not a prob lem if wind speed and POP air 
concentrations are independent of each other. which often 
can be assu med to be the case. 

To al low a ir to pass through th e fl ow tube and to co llect 
contaminants quantitati ve ly from th e air strea m requires 
a sam pl ing med ium th at idea lly com bines low now 
res istance wi th hig h uptake e ffi ciency. Two types o f 
sampl ing media were explored: 

aluminium honeycomb disks of I /8" ce ll size and I" 
thickness, coated with a thin film o f ethylene vinyl 
acetate (EVA). EVA has prev iously bee n used in 
passive air samplers (Shoeib and Harner. 2002; Kha led 
and Paw li szyn, 2000). 

polyuretha ne foa m (PUF) di sks o f I" thi ckness and 
different densit ies (P- 10, P-20. P-3 0 and P-50, 
corres ponding to pore sizes of 10, 20. 30 and 50 pore 
per inch, res pecti ve ly). PUF is reg ul arl y used as 
sampling medium for POPs in both acti ve and passive 
air samplers. 

Honeyco111b inserts were coa ted with EVA by a meth od 
described prev iously (Harner et al. , 2003). In order to 
i111prove the uptake effi ciency, honeyco111b inserts were 
separated by ha lf- inc h spacer ri ngs to 111 ax i111i ze th e 
turbu lence. A large box fa n was used to generate an indoor 
a ir now fi eld . The 111ass (thi ckness) of th e EVA coatin g 
and the nu111ber of in serts was va ri ed. The now res istance 
was deter111in ed by comparing the win d speed within the 
sam pling tube and thro ugh th e an nu lar bypass under 
different wind scenari os . The angles between th e wind 
direc ti on and a li gn 111ent of the honeyco111b we re a lso 
adj usted to increase wind res istance. Hon eycomb samples 
were extracted with 400 ml methanol fo r I hour tw ice. PUF 
disks we re ex tracted by Sox hl et us ing ace tone and 
pet rol eum eth e r ( 1. 1) ove rni g ht. A ll th e sa111pl es 
underwent clean-up and were exchanged into iso-octane, 
then further reduced to I ml under a gentle strea111 of 
nitrogen before instrumental analys is. PCB concentrations 
were determined using an Ag ilent 6890 GC equipped wit h 
splitl ess inj ector and an EC D or MS detecto r. Mirex was 
used as an intern al standard to correc t for vo lu me 
differences . The extent of brea kthrough was qu antifi ed 
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as th e percentage oft he total chemica l amount trapped in 
the last disk. The e ffect o f samplin g ti111e and wind speeds 
on sa mp li ng e ffi c iency was deter111 ined fo r different 
sampling media. 

Results and Discussion 
Preliminary results from th e now res istance experim ents 
showed that the EVA-coated honeyco mb di splayed much 
lower a ir now resistance than th e PUF di sks and that the 
res istance o f the PUF di sks depended on its porosity. 
The wind speed through 5 honeycomb units in seri es 
was only th ree time lowe r than th at th rough the annul ar 
bypass, whereas 5 low density PUF (P I 0) di sks in series 
dec reased the wind speed by about an order of magnitude. 
Neve rt heless, low dens ity PUF-di sks (P-10) had a wind 
res istan ce suffic ientl y low to all ow fo r sampling. 

PC B co ncentrations in mult ip le, se ria lly arra nged EVA-
coated honey-comb di sks were found to be rather unifor111. 
Additional ex periments with thicker EVA fi lms and different 
phys ica l arrangement of the honeycomb in serts did not 
i111prove the sa111pl ing e ffi c iency. Thi s suggests that the 
contact tim e wi thin the honeycomb units is too short (less 
than 0. 1 s) to preve nt sub-stantial breakth ough. Despi te 
its superiority in terms of now res istance, the honeycom b 
in se rt s we re jud ged not suitabl e for qu antit ati ve 
measurements of POP air concentrations. 

Fi g. 2 shows th e percentage profi le fo r four se lected PCB 
congeners in two PUF assemb lies ( fi ve se riall y-arran ged 
PUF di sks). that had bee n ex posed to laboratory air fo r 5 
and 15 days, res pec ti ve ly. With ar tifi c ia lly crea ted 
co nstant wind speeds of 0.3 1 111/s, thi s corresponded to 
sa111pling vo lumes of I 000 and 3000 1113 , respective ly. The 
co ncentrations of the PCBs dec rease from the first to the 
fi fth PUF di sk. The ex tent o f the decrease is different for 
different congeners. Re lati ve ly volatil e conge ners, such 
as PC B- I 8, ex pe ri ence co nside rabl e brea kthrou g h, 
whereas less vo latile PC Bs, such as PCB- IOI and PC B-
138, are effi ciently stripped from the air strea m by the first 
4 PUF disks. The ex tent o f the concentrat ion decrease 
appea rs to be independent of the length o f the sa111p ling 
peri od, which suggests th at wind speed th rough th e 
sa mpling med iu111 (i.e . co ntact tim e, rath er than the 
ca pac ity of the PUF di sks) is the ma in factor determining 
sampling effi c iency. Thi s opens th e poss ibility to achi eve 
a desired sampling effi ciency by simply adjustin g the now 
res istance of the PUF asse mbl y. Thi s in turn ca n be 
ac hieved by varying thi ckness, nu111ber and porosity o f 
the PU F di sks. Further work is currentl y underway to 
optimize the sa mpling effi ciency under fi eld conditions at 
MSC. 
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Figure 2. Percentage profile of selected PCB congeners through the five serially arranged PUF disks. 
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Other than the designing and testing of th e new now-
through air sampler, prev iously designed PUF-disk based 
a, r samplers (Shoe ib and Harner, 2002) were deployed at 
13 di ffercnl locations close to the military base and Global 
\tmospheri c Watch (GAW) Laboratory at A Jen 10 assess 
the difference in air concent ra ti ons of POPs in close 
proximity to one another. Two sets of dupli ca te PUF-
<lisk based samplers we re also deployed to determine the 
precis ion of sampling using PAS under aret ie condit ions. 
The samplers were deployed in October 2004 for 6 mon1hs. 
The sampler inserts (PUF di sks) have been sent back 10 
Tom Harner·s laboratory al MSC for analysis in mid-April 
2005. Results of thi s study will contri bute 10 a globa l 
network of pass ive air sampling fo r POPs using thi s type 
of air sampler. 
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Abstract 
T he polar bear ( Ursus 111ariti11111s) is the apex predator of 
the Arctic marine ecosystem and an integral component 
of Inu it cultu re. Due to its posit ion at the top of the marine 
food web. levels of pers istent organic pollutant (PO P) 
and metal contaminan ts in polar bears are among the 
highest observed in t he Arct i c. The las t study that 
examined spatial trends of metals in Canadian polar bears 
was carried out in t 982 and 1984. A lthough levels of PCBs 
and OC pesticides were moni tored in western Hudson 
Bay th roughout the I990s, there has been no temporal or 
spatial survey of POPs throughout Canada since the late 
I990s and early I990s. respective ly. Furthermore, nove l 
and emerging, ch lorinated (e.g., methy l sulfony l-PCB 
metabolites (MeSO, -PCBs)) , brom inated (e.g. , polar 
br o min ated dipl;enyl et her ( PBDE s) and 
hexabromocyc lododecane (HBCD) and fluorinated (e.g., 
perfluoroalkyl subs tan ces (PFAs)) POPs ar e of 
environmental concern including in the A rctic, for wh ich 
there is little or no pub li shed data on spatial and temporal 
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trends. To address thi s knowledge and data gap we 
determ ined a suite of legacy (PCBs and OC pest icides) 
and novel/emerging (PBDEs, PFAs and M eSO, PCBs) 
POPs, and meta ls (e.g. , Hg, Se, Rb, Sr, Ba and Mn) that 
have been identified as important contaminants in the 
Arctic env ironment, in t issues of indi v idua l polar bea rs 
from populations spanning the western hem ispheri c 
Arct ic in Alaska , C anada, Greenland and Sva lbard 
(Norway). Samples of l iver and fa t we re co ll ected (2001-
2002 season) from all polar bears harvested. Thi s allowed 
for the se lection o f appropri ate bears for the analyses 
( i.e., femal e bears between the ages of 5 and 15 years to 
reduce age effects). 

General ly, East Greenland and Sva lbard polar bears are at 
higher exposure risk to (non) legacy PO Ps and metabolites 
among Arct ic and Subarct ic populations. Easternmost 
populations of the polar bear range we re dist ingui shed 
by h ig her propo r t ions of DDT-related compo unds. 
nonachlor 111 , oxychlordane, higher-chlorinated and more 
persi stent PC B s (hepta- to nona-ch lo rin ated), and 
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I MeSO,-PCBs a nd 3- MeSO,-p,p '- OD E. In ve rse ly, 
western -po la r bear populatio ns of the North American 
Arctic we re cha rac ter ized by a sig nifi cant ly higher 
exposure to relat ive ly vo latile compo unds such as HC Hs 
and PnC Bz, and tri - to penta-chlorinated PCB congeners, 
suggesting a stronger innuence of Southeast As ian and 
Nort h Ame ri ca n- sou rced inputs fo r these classes of 
co ntami nant s. Re la ti ve to 1989" 1993 st udi es for 
compa rable fema le po la r bear populatio ns, there was a 
ge nera l decrease for th e age -adj usted mean 
concentrations ofICH L,p.p '-ODE, I 41PCB, IMeSO,-PCB, 
and 3-McSO,-p,p '- OD E. 

Pern uorooctane sulfo nate (PFOS) was the majo r PFA in 
all liver sa mples, hav ing concentrat io ns at least a factor 
often hi gher than all other PFAs. There was a significant 
geographi c trend for PFOS, with South Hudson Bay and 
Eas t G reen la nd having sig nifi cantly greater 
concentration s than Sva lbard , Hi gh Arct ic, and western 
\I WT, and a ll hav in g signifi cant ly greater concentrations 
than Chukchi Sea samples. The greater conce ntrat ions 
measured in bears from East Green land and the South 
Hudson Bay are possibly due to proximity to sources in 
Europe and Eastern No1th Ameri ca, respect ive ly. If PFAs 
(and/or precursors) are bei ng tran sported via w ind and/ 
or ocea n currents, the preva iling path ways suggest that 
the source of the PFAs in the Europea n Arctic and 
eastern Greenl and would be att ributable to transpol1 from 
Weste rn Europe and easte rn No rth America, while the 
weste rn No rth A meri ca n A rctic would be innuenced 
mai nl y by East Asian sou rces. Tempora l trends for PFOS 
and pernuoroca rboxylic ac id s with ca rbo n chain lengths 
from C9 to C

11 
showed an ex ponent ial increase between 

1972 and 2002 (Northern Baffin Isla nd vers us Barrow, 
Alaska), with doublin g times ra nging from 3.6 ± 0.9 years 
for perfluorononanoic acid in the eastern group, to 13.1 ± 
4. 0 yea rs for PFOS in the western g rou p. Doubling times 
appear to be sho rt enough to preclude oceanic tra nsport 
as the major path way to th e Arct ic from mid-latitudes. 

Fat samp les from Ca nadian arctic and East Greenland 
pola r bears we re screened for 33 PBDEs (d ibromo- to 
heptabro mo BDEs) as we ll as BDE209. Only BDE47 , 
BDE99, BOE I 00 and BOE 153 were consistently identified 
(west to east I PBD E concentrati ons in creas in g from 7.6 
to 70 ng-g·' lw), with no detectable BDE209. Tota l (a) 
HBC D was present in I 00% of the East Green land and 
Sva lbard , and 13% of Ber in g-C hukchi sa mples, with 
conce ntrations hi gher than th at of BDE47. and thus the 
highest bromi nated contaminan t in circumpolar polar 
bears. Th e geogra phi c trend for PBDE concentrat ions 
pa rallels that of PC Bs and PFAs and po ints to eastern 
North Ameri ca and western Europe as source regions. 
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More than 20 e lemental metals were detected in the polar 
bea r livers. Among th e Canadia n bear populations, 
Sanikilauq and Southern Baffin Island bears had lower 
concentrat ions and relative proportions of Hg and Se but 
hi gher concentrations and proportions of Rb, Sr. Ba and 
Mn. Age was found to influence Hg and Cd 
concentrations. 

The present study on polar bear samples collected in 2001-
2002 demonstra ted that ongoing assessments are 
wa rranted on the spatial and temporal trends of legacy 
and novel (emerging) POPs and their metabolites, as well 
as certain metals (As, Cd, Pb, Se and Hg). Clea rl y there 
are non-legacy POPs that are bioaccumulative in bears 
from circumpolar populations, and vary as a function of 
spatial and temporal factors. These non-legacy POPs are 
potentially biomagnifying in polar bears and their food 
webs. Th e unique trend findings for. e.g .. PFA s, PBDEs, 
total-I I BCD and MeSO,-PCBs indicate the necessity for 
cont inued vigilance in determining and assessing the 
trends of other ch lorinated , brominated and nuorinated 
organic contaminants in the Arctic environment. 

Key Project Messages 
• East Green land and Sva lbard polar bears are at higher 

expos ure risk to (non) lcgacy POPs and metabolites 
(PCBs, CH Ls, DDTs, PBDEs, total-HBCD, MeSO,-
PCBs, 3-MeSO,-p,p'-DDE and PFAs) among Arctic and 
Subarctic populations, with the exception of relatively 
volatile compounds such as HCHs and PnCBz, and tri-
to penta-chlorinated PCB that are higher in 
concentration in western polar bear populations of the 
No rth American Arctic. For bears from Canadian 
popu lations, the same is true fo r metals such as Hg. 

• PFOS was the major PFA in all liver samples, having 
concentrations at least a factor of ten higher than all 
other PFAs. For South Hudson Bay and East Greenland 
bears, PFOS concentration s were signifi cantly greater 
than for Svalbard, High Arctic. and western NWT, and 
all having significant ly greater concentrations th an 
Chukchi Sea samples. On ly BDE47, BDE99. BOE I 00 
and BOE 153 were consistently identifi ed (no detectable 
BDE209). with IPBDE concentrations in fat increasing 
from west to east. Regardl ess of population , total (a) 
HBCD concentrations in bear fat were highest among 
the ot her brominatcd contam inants in cluding BDE47. 

• Relati ve to previous 1989-1993 st udi es for comparable 
female polar bear popu lations, there has been a genera l 
temporal decrease for the age-adjusted mean 
concentrations ofICHL,p,p '- ODE, I , ,PCB. IMeSO,-
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PCB, and 3-MeSO,-p.p '-ODE. Tempora l trends for PFOS 
and perfluorocarboxy li c acids with longer carbon chain 
lengt hs showed an exponen1ial increase between 1972 
and 2002 (Northern Baffin Is la nd vers us Barrow, 
Alaska), with concentration doubling times ranging 
from 3.6 ± 0.9 yea rs for perfluorononano ic acid in the 
eastern group, 10 13. 1 ± 4.0 yea rs fo r PFOS in the 
western group. 

• The spatia l and temporal trend findin gs fo r non ( legacy) 
POPs and metals (e.g., Hg) in polar bea rs from western 
hemi s pheric pop ul at ions indicate that future 
assessments are necessary, and future assessments 
need 10 include a complete, circumpolar population 
representation includ ing those from the Russ ian Arctic. 

Objectives 
• Interpretat ion and publication of co ntaminant data on 

the spatial and tempora l trends of legacy persistelll 
organic pollutants (PO Ps) ( i.e .. PCB s and OC 
pesticides) and metals, and the nove l and emerg ing 
POPs PBDEs, PFAs and MeSO2-PCBs, dete rmin ed in 
the ti ssues of polar bea rs (i.e., fat or liver) that we re 
coll ected across the Canadian arctic in 200 1-2002. 

• Archive the remaining polar bea r tissue samples th at 
were co ll ected as part of this projec t. at the nati o nal 
specimen bank at the NWRC/CWS in Ot1awa. 

• Provide informat ion in a timely manner to each Inuit 
community participating in the stud y, o n the level s 
and temporal trend s of these co ntam in allls in polar 
bear. Thi s wou ld include translation of documentation 
and deli verables in10 ln ukt itut. 

Introduction 
The toxico logical significance an d spat ial and tempora l 
trends of organochl ori ne contam inants class ifi ed as 
persistent o rganic pollutants (POPs) and metal s in 
Ca nad ian arc ti c biota has been discussed in rece nt 
assessmelll report s and publications (Brau ne et al. 2005; 
de March et a l. 1998 ; Muir et al. 1998, 200 I; 1orstrom et 
a l. 200 I; Fi sk et al. 2005). The OCs in question includes 
PCB congeners , DDT and metabolites, c hl o rd a ne 
compounds, I-I C l-1 isomers, chloroben zenes, toxaphcne, 
and a num be r of mi sce ll aneous compou nds (e.g., mirex , 
endos ulfan. etc.). Meta ls in c lud e Hg (o rganic and 
inorganic).Ag,As, Ba, Cd, Co, Cr. Cu, Ga, La. Li, Mn , Mo, 
Ni, Pb, Rb, Sb, Se, Sr. TI, U, V, and Zn. 

In addit ion 10 these legacy POPs, there a re a number of 
chlorinated , brom ina tcd and fl uorin ated co ntamin ant 
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classes th at are environmentally novel and/or of emerging 
env ironmenta l releva nce and co ncern from both a 
bioaccumulative and toxicological perspective, but have 
1101 been ex tensive ly assessed in Arc ti c biota. in cluding 
the top marine predato r the po lar bear ( Urs 11s 111arili11111s). 
Polybrominated diphenyl e th ers ( PBDEs) a re being 
reported in Arctic bio ta wi th increasing frequenc y, 
however the focus has general ly been o n Br, to Br, PBD E 
congeners, whi ch la rge ly compri se the PentaB DE and 
OctaBDE techni ca l mi xtures. and continue to be phased 
out from commercial use. Much less is knov,.in about in 
Arc ti c b iota abou t hi g her brominated PBD Es , and 
espec ia ll y BDE209, whi ch is the majorcons1i1ue111 o f the 
unregu lated DecaB DE techni ca l mi xture ( Braune el al. , 
2005). lkonomo u e t a l. (2002) repo rted ex po nenti al 
increases of PBD Es in Canadi an arct ic biota measured in 
samples from 198 1 10 2000. PBD Es have been show n to 
be increasi ng sign ificantly in ringed sea ls at Holman 
(Addi son and lko nomou, 2000). PBDEs in rin ged sea ls 
were undetectable in blubber samples form the early I 980 's 
but were readil y detectable by th e la te 1990s. 
Concentrations o f tota l Br2 10 Br7 PBDEs are in th e low 
ng/g range in ringed sea ls (Muir e t a l. 1998; Add ison and 
lkonomou 2000). The profile of PB DE congeners in ringed 
sea ls is dominated by BDE47, 99 and 153/ 154. which 
s uggests th a t more h ighly brominated co nge ners 
accumu late in po lar bears . Wolkers et a l. (2004) reported 
PBD Es in fat of Sva lbard ringed sea l, polar bear, and bel uga 
wha le. Very rece ntl y. Ve rrea ult et al. (2005a) repo rted on 
PBD Es in plasma of Svalba rd g lauco us gull s and po lar 
bears. BDE209 was quantifiable in the g ull plasma, but at 
low leve ls, whereas BDE209 was not detectabl e in po lar 
bear. T here does not exist a publi shed, c ircu mpolar trend 
study o f PBDEs in po la r bears. 

Pernuorooctane sulf'o nate ( PFOS) and pernuo rooctanoic 
acid (PFOA) are exa mpl es ofpernuorinaled acids (PFAs) 
tha t have recently been identified in liver and bl ood of 
polar bea rs and sea ls in th e Arcti c including some sampl es 
from Nu nav ut (Kannan e t a l. 200 I). PFAs are c lassed as 
non-mutagenic carcinogens and may cause other effects 
in wi ldlife such as li ver enlargement and reduction o f mal e 
sex hormones. Po lar bears from A las ka had the highest 
level s of PFOS of any mammal s investigated ( 175-678 ng/ 
g wet wt in li ver) despite the ir distance from likely sources 
in urb a n a reas. PFO S is th e re fo re th e indi v idual 
o rganoha loge n o f th e hi ghest co nce ntrati o n in po la r 
bears. De S il va a nd Mabury (2004) id e ntifi ed a nd 
quantified perfluorocarboxylate an ions (PFCAs) in the 
li verofCanadian arc tic and eastern Greenland pol ar bears. 
Many compounds in the PFA fami ly were not repo rted in 
bears by Kannan e t a l. (200 I ) but may be eq ually 
bioaccumulative. Th ese findings indi cate that the spat ial 
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and tem poral trends of PFAs, and especia lly PFOS and 
rela ted perfluorosul fo nates and perfluorocarboxylates, 
req uire furth er in vestigated in polar bears. 

The occ urrence of re tained O H- PCB a nd pers istent 
MeSO,-PCB metabol ites in wi ldlife ti ssues has been of 
bioaccu mul ati ve and toxico logica l co ncern from some 
time( Letcher et. a l. 2000a). Regardl ess, in a li mited but 
grow ing number of Arctic spec ies (e.g., beluga, bow head 
wha le and g lau cous gu ll ) these novel OCs were, in many 
cases quite recentl y, reported in tissues fro m individuals 
co llected in A laska, Canada, East Greenland and Norway. 
In po lar bea rs, MeSO,-PCB and/or OH-PCBs (mai nl y in 
blood) have been reported in who le b lood, pl asma, fat 
and/o r liver of East Greenland, cent ral Ca nad ian arct ic 
and Sva lba rd polar bea rs (Letcher et al. 1995, 1996, 1998, 
2005 ; Norstrom et a l. 200 I; Sa ndal a et al. 2004; Sandau et 
a l. 2000; Sandau 200 I ), pl asma and eggs of Sva lbard 
glauco us g ull s (Verreau \t e t al. 2005a, b), blubber and/or 
liver of Canadi an be luga whales (Le tcher et al. 2000b: 
Mc Ki nn ey et al. 2005) and th e blubber of Alaskan 
bowhead whales (Hoekstra et al. 2003), and the blubber 
of Canadian ringed sea l (Letcher et al. 1998). MeSO,-PCB 
and 3-MeSO,-p,p '-DDE have similar bioaccum,;lative 
properties as PC Bs, and yet o nl y one publi shed study on 
circumpo lar trends in po la r bears ( co llected in 1989-1991) 
is known, which was on sing le fat poo ls fo r bears from 
ten Canadian , one East Greenland an d o ne A laska n 
popu lation (Letcher et al. , 1995). 

The last study that examined spatial tren ds of metal s in 
Canadian polar bears was carried out in 1982 and 1984 
(Norstrom et a l. 1986 , Braune et al. 1991 ). These studies 
showed that th e leve ls of many meta ls, including Cd, Hg 
and Se va ri ed between diffe rent reg io ns of the Canadian 
Arctic. For exa mple, po lar bears co llected fro m the western 
Canadian Arctic had lower concentrati ons ofCd but higher 
concen trat io ns o f Hg and Se than th ose co ll ected from 
other regions (Braune et a l. 200 I). In li ght oft he evidence 
o f increas ing Hg concentration in Arcti c b iota and the 
lack of tempo ra l trend metal data for polar bears there is a 
need to assess the current leve ls of metals. 

A lth o ugh leve ls of OCs were monitored in western 
Hudson Bay throughout the 1990s there has been no 
su rvey of co ntamin ant leve ls thro ughout Canada s in ce 
the late 1980s and early 1990s (Norstrom et al., 1998). 
Norstrom (200 I) meas ured th ese co ntaminants in fa t 
biopsy samples fro m western Hudso n Bay po lar bear fo r 
every year between 199 1 and 1999, except 1996. It was 
reported for exa mple, that there was no significant decline 
in total chl ordane, total DDT, dieldrin and J3- HC H. The 
ra tionale for th e present c ircumpo lar trend study was 
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based on the need to assess the current spati a l tre nds of 
legacy ( PCBs and OC pesticides) and novel (and 
unde rstudi ed) polyha loge nated contaminants in polar 
bears. For OCs and PCBs, the goa l was al so to determine 
if temporal trends of contaminants observed in Hud so n 
Bay polar bears a re simi lar to trend s observed in other 
parts of the Canadian Arctic. Th is project is part of a 
large r study on the circumpolar level s of OCs in polar 
bears that includes samples co ll ected in East Greenland 
and Svalbard . Samples of liver, fat and mu sc le were 
collected from most harvested polar bears during the 2001-
2002 season. 

Activities 
In 2004-2005 
This is an o ngo ing multi-year NCP project which began 
in 200 I. As reported in a 2002-2003 NC P final report , the 
co llecti on of polar bear samples during the 200 1-2002 
hunting season was completed, and female polar bears 
between the ages of 5 and 15 years were se lected for the 
study. Chemical analysis of sampl es began in Apri l / May 
of2002 wit h the complet ion of a ll chem ical analyses in 
2003. We measured a suite of contaminants (orga ni c and 
metals) in the fat or liver of polar bears from five Canadian 
Arct ic regio ns as wel l as Alaska, East Greenland and 
Sva lbard to assess spa tial and temporal co ntaminant 
trends. These locations were chose n based on the 
variabi lity of OC concentratio ns observed in polar bear 
popul at ions from the 1980s and early 1990s (Norstrom et 
al. 1998). As summarized in the 2002-2003 NC P report, the 
ana lysis of fat or liver for PCBs, OC pesticides (DDTs, 
chlordan es, HC l-l s, CBzs, etc.), MeSO,-PCBs/ DDEs, 
perfluorinated compo und s, PBDEs and n~etals (Hg plus 
24 other e lements) were completed, and actual data was 
summarized. In the 2004-2005 period, essentially all of the 
contam in ant data col lected has now been compi led and 
interpreted. a nd has or is in the process of being 
disseminated in peer-reviewed , sc ientific pub lications. The 
present find ings have also been extens ive ly presented at 
numerous sc ientifi c conferences and workshops. In the 
original proposal for 2004-2005, we had predicted 4 or 5 
manu scripts would be submitted fo r publication in peer-
reviewed sc ientific journals. We have met these goals. 
References to publications based on the finding from this 
study are in dicated in the results section. 

PC B and OC pesticide data were presented in part at the 
NC P Workshop held in Sept. 2004 in White Rock, B.C. 
The meta l and PFA results were presented at the Soc iety 
for Env iro11111ental Tox ico logy and Che111ist ry (SETAC) 
111eeting in Portland, Oregon, U.S.A. in Nov. 2004. The 
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PBDE res ult s were present a t the SETAC-Europe 
confe rence in Prague. Czech Republi c in May. 2004 . The 
following is a list of co n ference a nd workshop 
presentations made in 2004-2005. 

Remaini ng pola r bea r ti ssues a re present ly archived at 
NW RC and NWRI. All freezers are set at least at -20°C, al l 
with individual temperature monitoring and alarms. At 
NWRC and NW RI there ex ists the ex pertise and fac iliti es 
to properly process and maintain the sampl es. 

This proj ect co mplements a number of Arctic research 
initiatives of the proj ect leaders and team members. but in 
particular that of Muir and Letcher on the dynami c and 
effect correlations or co ntaminant s in Danish/Greenland 
polar bears with co ll aborators (Ors, R. Di etz, F.F. Riget. C. 
Sonne and M. Kirkegaard) at the Department of Arcti c 
Environment, National Environmental Research Inst itute, 
Roskilde, Denm ark. Ni ne pape rs have be published or 
submitted for publication based o n the resu lts of this 
research and co llaboration (Di e tz e t al. 2004 , 2005 ; 
Kirkegaard et a l. 2005; Sm ithw ick et a l. , 2005a; Sonn e et 
al. 2004, 2005a , b, c, d). 

Results 
PCBs, OC pesticides anti MeSO ,-PCBs/DDEs (Verreault 
et al. 2005c) -
Th e East Greenland and Svalbard popula tions of polar 
bears were dist inguis hed by hi gher proportions of DDT -
re lated co mpounds , no nac hl o rs, oxychlordane , and 
higher-c hl orinated and persistent PC B conge ners (hepta-
to nona -chlorinated). Conve rse ly, A laska, th e 
westernmost population of the North American Arctic, 
was characte ri zed by h igher proportions of re latively 
vo latile com pounds such as HCHs and PnCB z, lower-
chlorinated PCB congeners (tri- to pentachlorinated), and 
lower propo11ions of oxychlordane. Geometric mean I HCH 
concentrations were highest in A laska mal e polar bear fat 
sa mpl es (593 ng x g·' lipid we ight (lw)) , IDDT 
concentration were hi ghest in East G reenland female 
samples (309 ng xg·' lw), and I , ,PCB (5 ,972 ng xg·' lw) 
and IMeSO,-PCB ( 198 ngxg·' lw) concentrations were 
highest in fe mal e samples co llected from Svalbard (Figure 
I). The distribution of Och lordane-related compounds 
(ICH L), ICBz, mirex, and dieldrin was re latively uniform 
amon g the popu lations of po lar bea rs investigated . 

Pe1j/11ori11a1etl co111po11 11tls (Smithwick et al. , 2005b, c) 
Concentrati ons ofperfluoroalkyl substances (PFAs) were 
dete1111ined in liver tissues of po lar bears (Ursus mari1i111us) 
from five locati ons in the North America n Arctic and two 
locations in the European A rcti c. PFOS, PF HxS , and 
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PFCAs w ith chain len gths C8 th ro ugh C 13 were detected 
at concentrations above the MDL at all loca tions. PFOSA 
was not de tected in the N WT sa mples, and PFTA was not 
detected in the Svalbard sa mp les. PFPA was only detected 
above the method detection limit (MDL) in the Greenland 
and Svalbard samples. 

PFOS was the major co ntam ina nt group in all sampl es, 
ha ving concentrations at least a factor often higher than 
al l other PFAs. The re was a significant geographic trend 
for PFOS, with South Hudson Bay and East Greenland 
having significantly greater concentrations than Svalbard , 
High Arctic, and western NWT. and all having significantly 
greater concentrations (P<0.05 ) than Chukchi Sea sampl es. 
The greater concentration s measured in bears from East 
Greenland and the So uth Hudson Bay are possibl y due 
to prox imity to so urces in Europe and Easte rn Nort h 
America, respec ti ve ly. Onl y b lood p lasma was availabl e 
from the Svalbard bears, and the PFOS co ncentration s 
were lo we r co mpa red to th e East G reenland bea rs. 
However, the ''plasma to li ver convers ion factor" used 
on th e Svalbard sa mp les was based o n the A la s kan 
sa mpl es, and it is hi g hl y uncertain w hether we can 
ex trapolate to these to other region s. 

PFUA (excepting NWT), PFDoA , PFTriA. and PF PA (the 
only PFPA va lues above MD L we re measured in bears 
from Svalbard and Greenland) showed simi lar geographi c 
trends to PFOS , while the remainin g PFAs did not show 
di sti ngui shab le geogra phi c trends. PFOS and PFCAs with 
c hain le ngth s g reater th a n 10 ca rbons had s imil ar 
geograph ic di stribution s, while PFOA , PFNA, PFD A, 
PFH xS, and PFOSA are mo re evenly di strib uted , or 
showed hi ghe r conce ntration s in the Western No rth 
American Arcti c. 

In a re lated study, a rchi ved po lar bear li ver ti ss ue sampl es 
from two geographic locations in th e North American 
Arctic, col lected from 1972 to 2002 were analysed for the 
same suite of PFAs as th e spatial s tudy (Smithwick et al. 
2005c). The eastern group, take n from the vicinity of 
Northern Baffin Is land, Ca nada comprised 31 sampl es, 
and the western group, from the vic inity of Barrow, Alaska, 
USA , 27 sa mpl es. Samples we re.a nalyzed for 
perfluorocarboxy lic acids from carbon cha in lengt h CS to 
C I S, perfluorohexa ne s ulfonate, PFOS , the ne utral 
precursor perfluorooctane sulfonamide (PFOSA), as wel l 
as 8:2 and I 0:2 fluorotelom er ac ids, and thei r a , p 
unsaturated acid counterparts. Co ncentrations of PFOS 
and perfluoroca rboxyli c acid s wit h ca rbon chain lengths 
from C9 to C 11 showed an ex ponential inc rease between 
1972 and 2002 at both locat ions (Figure 2). 
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Figure 1. Age-adjusted geometric mean concentrations of SPCB and sum of each OC class (plotted with 
95% confidence intervals, vertical bars) in polar bear fat in populations in order of longitude. 
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PBDEs (Mui r et al. 2005) 
A. dipose fat samples were col lected by subsistence 
hunters in the lttoqqortoo rm iit/Scoresby Sound area in 
central East Greenland and in six locations in the Canadian 
arct ic (Am undsen Gu lf, Lancaster Sound, Foxe Basin/ 
Boothia Peninsu la, Northeast - and Southeast Baffin 
Is land, Western Hudson Bay). Fat biopsy samples were 
collected in Svalbard as well as in Southern Beaufo11 Sea/ 
Chukc hi /Ber ing Sea reg ions of north western Alaska. 
PBDEs were isolated along wi th otherOCs and quantified 
by GC- negative ion low reso lution mass spectrometry. 
Sample extracts from Canadian arctic and East Greenland 
po lar bea rs were sc reened fo r 33 PBDEs (dibromo- to 
heptabromo BDEs) as we ll as BDE209. However. only4 
PB DEs (47 , 99, I 00, and 153) were consistently identified. 
Samples from East Green land and Svalbard were screened 
for BDE209 but it was not detected in any samples (<0.05 
ng·g·1

) . Also ident ifi ed was total (a) HBCD, whi ch was 
present in I 00% of the East Greenland samples that were 
analysed ( 11 of 44 females) , I 00% of Svalbard samples. 
and 13% of Bering-Chukchi samples. 

Geo metri c mea n concentrations on: PBDE ranged from 
7.6 in the Bering-Ch ukchi females to 70 ng-g·' lw in East 
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Greenland. BDE-+7 was the most prominent indi1 idual 
congener with geometric means ranging from 7.6 ng-g·1 

lw in the Lancaster/Jones Sound group to 50.9 ng·g·' lw 
in East Greenland fema les. BOE 153 was the next most 
prominent congener ranging from 0.03 ng-g- 1 lw in Bering-
Chukchi animals to 12 ng·g·' lw in East Greenland bears. 
BDE99 was more prominent than BOE 153 in western Nonh 
American arcti c bears (Amundsen Gulf and Bering-
Chukchi). BOE I 00 was gene rall y present at lower 
concentrations that the other 3 congeners. Total-H BCD 
was determined only in a subsample of the Greenland 
bears (N= l 1) and in all Bering-Chukchi and Svalbard 
samples. Total-H BCD geometric mean concentrations 
were higher than that ofBDE47 in the Svalbard and East 
Greenland samples indicating that it may be the most 
signifi cant brominated contaminant in polar bears. 

Metals (F isk et al .. in preparation) 
Tota l mercury (Hg) in li ver and muscle tissue (NLET 
Method 02-2802) was ana lysed by cold vapour atomic 
absorption spectrometry (CVAAS). Analyses of22 metals 
in liver and muscle samples (NLET Method 02-2705), were 
analysed by inducti ve ly coupled plasma-Sector Field 
spectrometry (ICP-SFMS), with 20 metals ana lysed at low 
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resolution: Ag, Ba, Cd, Co, Cr, Cu, Ga, La, Li , Mn, Mo, Ni, 
Pb, Rb. Sb, Sr, TI. U, V and Zn, and the rest at high 
resolution: As and Se. The inst rumental detection limits 
(IDLs) for most meta lswere0.001 i g-g·' ,wetweight(ww) 
except for Sr (0.05 ,,g -g·' ww). Pt and Sb (0.0 I ,, g-g·' ww), 
and Pd and Li (0.1 ,1g-g·1 ww). 

For statist ical ana lys is metal concentrat io ns were log 
transformed to reduce skewness and heterogeneity. Onl y 
multivariate o rdination (Principal component analyses 
PCA, CANOCO 4.5 for Windows, Ter Braak and Smi lauer 
1998) were perform ed both on metal concentratio ns and 
metal pattern ([meta l]/[Imetals]) and for a ll bears without 
conside ration of age or ge nder (age and gender data 
lacking for 30 Ca nadian bears). IMeta ls only include the 
metals quantified above the I DL. Elements be low the IDL 
in more than 30% of the sa mples were excl uded from the 
PCA analys is and include Ag, Cr, La, Pt , U, TI and Pd . 
Ana lysis of a larger data set of meta ls in some of th ese 
bears and bears from Alaska and Gree nl and showed that 
gender was on ly fou nd to influence Zn conce ntratio ns, 
an essentia l element but age \.vas a significant variab le for 
Hg and Cd conce ntrations, and hence unvariate stati st ics 
were not performed to assess spatial trends. 

More than 20 elements were detected in the polar bear 
livers; and for brevity on ly the e lements As, Cd , Pb, Se 

and Hg are presen ted (Table I). These e lements were 
chosen based o n concern about the ir tox ic ity and because 
they were li sted as e lemen ts of concern by AMA P (de 
March et al., 1998). The PCA assigns sco res to th e 
individ ual samples that are linear com bination s of 16 
metal s, and are presented re lative to their ordination axes. 
Metals are presented as a rrows po inting to the directi on 
of increasing va lue (Figure 3). Polar bears from San ikilauq 
and southern Baffi n Islan d sepa rated from the othe r 
locations based on concentrations and patterns of metal s 
(Figure 3) . 

Discussion and Conclusions 
PCBs, OC pesticides and MeSO,-PCBs/DDEs (Verreault 
et a l. 2005c) 
Th e eastern most po pulati ons of the po la r bear range 
investigated in thi s s tudy were distinguished by hi gher 
proportions of DDT-re lated compo unds, no nach lor Il l, 
oxyc hlordane, h igher-ch lo rina ted and more pers istent 
PCBs (hepta- to nona-chl orinated), and MeSO, -PCBs and 
3-MeSO,-p,p '- OD E. Inversely, western polar bea r 
populations of the North America n A rc ti c we re 
c harac te ri zed by a s ig ni ficant ly hi gher exposu re to 
rela ti ve ly vo latile compounds such as HC Hs and PnCBz, 
an d tri- to penta-ch lori nated PCB congeners, suggesting 
a s tronger influence o f Sou th east As ian a nd North 

Figure 2. Time trends of 4 perfluorinated compounds in archived polar bear liver samples from the North 
Baffin Bay region (Smithwick et al. 2005c) . 
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Figure 3: Biplot of polar bear liver scores on the principal components (PC) extracted by principal component 
analyses (PCA), and the metals' loadings on the PCs for metal concentrations (log µg g·1 ww) and pattern 
([metal]/[1:metals]) 
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Amer ican-sourced inputs for the se classes of 
contaminants. 

With respect to ad ipose tissue samples collected during 
1989- 1993 from comparable female polar bear populations 
(Letche r et al. 1995; Norstrom et al. 1998). there was a 
ge nera l decrease for the age -adjusted mea n 
concentrations ofrCH L,p,p '-DDE, r ,,PCB, rMeSO,-PCB, 
and 3-MeSO,-p,p '-DDE for the present 1996-2002 fema le 
po lar bear samples. However, concentrations of dieldrin 
were unchanged re lati ve to those reported for these fe111al e 
po lar bear popul atio ns sa111pled du rin g 1989-1993. 
Te mpora l comparisons showed great cons istency with 
te111poral tre nds observed for Svalbard po lar bear plas111a 
concentrations of CB 153 throughout the I 990s, and i:CHL, 
i:PC B, and dieldrin concent rati ons measured in East 
Greenland fe111a le polar bear ad ipose ti ssue collected 
duri ng 1999-200 I relat ive to samples from 1990 (Dietz et 
al. 2004). 

Compared to Norstro111 (200 I), the Western Hudson Bay 
fe111ale po lar bear fa t samples of the prese nt assess111ent 
displayed trends that were consistent with the apparent 
non-decreas ing trends of i:C HL, ~-HCH , i:HCH, and 
die ldrin concentrations over the last I Oto 12 years, and 
the appa ren t dec lining trend for i: PCB. In contradicti on 
wi th results by Norstro111 (200 I), who reported a downward 
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trend for a-HCH and rCBz, and no sign ificant change for 
L DDT (mostly p,p ·-DDE). the concentrations of a-HCH 
and CX:::Bz in the present 2001-2002 survey were elevated 
compared to the last measurements reported for I 997-
1999. For i:DDT, the present mean concentration in 
Western Hudso n Bay was notably lower than last 
measured in fat sa111ples collected in 1999. 

As a result of their relatively high degree of contam ination, 
East Greenland and Svalbard polar bears are at higher 
health risk of contaminant exposu re among Arctic and 
Subarctic populations. In ad diti on to continued 
bio111onitoring. further research on health and population 
status is needed to eva luate the impact from chronic 
exposure of polar bear populations to CHCs and their 
metabolites. 

Pe1jluori11ated co111po111ll/s (Smithwick et al.. 2005b. c) 
Statistically significant correlat ions were found among 
concentra tions of some PFC As (r2 > 0.5; P < 0.05) within 
location, an d the strongest correlation was, in general, 
between PFDA and PF UA. These correlat ions suggested 
a common source within each loca tion. Concentrations 
of PFOS, FOSA, PFHxS and PFOA were not correlated 
with any other PFA. Atmospheric degradation experiments 
by Ell is el al. ( 11) indicated that fluorotelomer alcohol s 
(FTOHs) degrade through react ion with an hydroxy l 
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Table 1: Concentrations (mean ± 1 SE, i g-g-1 ww) of five metals in the livers of polar bears collected in the 
Canadian Arctic in 2001-2002 (Figure 3). 

Region N As Cd Pb Se He 
Southern Beaufort 11 0.46 ± 0.07 0.35 ± 0.06 0.06 ± 0.0 1 21.8 ± 6.0 62.5 ± 16.0 
Sea 
Sanikiluaa 11 0. 17 ± 0.02 1.06 ± 0. 15 0.12 ± 0.02 3.3 1 ± 0.61 7.34 ± 1.58 
Southern Baffin 13 0.22 ± 0.03 0.62 ± 0. 11 0.69 ± 0.4 1 9.16 ± 2.35 28.4 ± 8.4 7 
Island 
No11hern Baffin 12 0.37 ± 0.02 1.02 ± 0.08 0.26 ± 0.05 I 1.6 ± 0.63 32.5 ± 2.7 1 
Island 
Lancaster Sound 13 0.32 ± 0.03 0.87 ± 0. I 5 0.23 ± 0.06 14.4 ± 2.20 45.2 ± 7.78 

radical 10 yield a homologous series of PFCAs. According 
10 Ell is et al. (2005), 10:2 FTOH is a po1en1ial source of 
bo1h PFDA and PF UA. The strong correla1ion shown here 
suggests a comm on source, and Jherefore supports this 
hypolhesis. However, 8:2 FTOH should be a sou rce of 
both PFOA and PFNA (E lli s et al. 2005), but the prese111 
study did not find a signi fi cant correlation betwee n these 
two conlaminanls. Metabo lism of8 :2 FTOH 10 PFOA has 
been docume111ed in rats and mi xed microb ial systems 
and could be a sou rce in the mari ne food web. Lac k of 
bioaccumulation of PFOA or additional sou rces of PF NA 
could further obscure this relationship. 

To address 1he question of sou rces at differenl loca1ions, 
the ratios of adjaee111 chain length PFA conce111ra1ions 
were ca lcul ated , and th e ar ithmeti c means and 95% 
confidence intervals determined. Chukchi Sea samples 
had a much higher proportion of PFNA 10 PFOS than in 
the eastern sampl ing loca ti ons. Similar re lation ships 
ex isted between PF UA 10 PFDA , PFDA 10 PF NA, and 
PFDoA 10 PFUA. The proportion of PFNA was much 
greater than PFOA in the Chukchi Sea sa mp les, but lower 
in the eastern sampling areas. PFTriA and PFDoA we re 
prese111 at similar conce111ra1ions wit hin a ll locat ions. The 
result ing patterns could be ex plained by two different 
geograp hic sources of PFAs for the eastern and western 
locations. The atm ospheric processes or chemistry are 
unl ikely to be different between the sampling locati ons. 
eastern Greenl and would be attributab le to transport from 
Western Eu rope and eastern orth Ameri ca , whi le the 
western No rth American Arctic would be innuenced 
mainly by East Asia n sources (3 1. 32). No reg iona l 
emi ss ion data are ava ilabl e at this time, but similar 
geogra phical so urce pattern s have been presented for 
PCBs (Verreault et al. 2005c) and PBDEs (Muir et al. 2005). 
PFH xS and PFNA had a geographic di stribution more 
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similar to that of HCH isomers in polar bears (Verreault et 
al. 2005c}, which has been previously shown to be mainly 
of Asian origin. 

In the tempora l study described in Smithwick et al. (2005c). 
concentrat ions of PFOS and pernuoroca rbox yli c ac ids 
with carbon cha in lengths from C, to C 11 showed an 
exponent ial increase between 1972 and 2002 at both 
locations (Figure 2). Doub ling times ranged from 3.6 ± 0.9 
yea rs for pernuorononanoic ac id in the eastern group, to 
13. 1 ± 4.0 yea rs for PFOS in the western group. PFOSA 
showed decreas ing concentrati on over tim e at both 
locations. while the remaining PFAs showed no significanl 
trends or were 11 01 detected in any sample. We concluded 
that the doubling times determined for these contaminants 
are short enough to prec lud e ocean ic transport as the 
major pathway to the Arctic from mid-l atitudes. 

PBDEs (Mui r et al. 2005) 
PBDEs have previously been detected in po lar bears from 
Svalbard (Wolkers et a l. , 2004; Verreault et al. , 2005b), but 
have not been reported elsewhere in the Arct ic and 
geogra phical trends are unknown. PBDEs were detected 
in all 204 fat samp les with BDE congeners 47 , 99 and 153 
predominat in g. Highest mean concentrations of PBDEs 
were found in Sva lbard, East Greenland, Southeast Baffin, 
and Western Hudson Bay (36-73 ng·g·' lw). Lowest 
I PBDE concentrations were fo und in the samples from 
north west Alaska, Amundsen Gulf and Lancaster Sound 
( 11-1 7 ng·g·' lw). The geogra phic trend fo r PBD E 
concentrations para llels that of PCBs and PFAs and points 
to eastern North America and western Europe as source 
regions. 
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,\fetals (Fisk et al. in preparation) 
\s top Arctic predator, the polar bear is exposed to a 

\I 1de range of metals and can accumulate hi gh 
concentrations of mercury due to the process o f 
biomagnification. Sani kilauq and southern Baffin Island 
bears had lower concentrations and re lati ve proportions 
or Hg and Sc but hi gher concentrat ions and proportions 
of Rb, Sr, Ba and Mn. Sim ilar trend were observed for Cd, 
Sc and Hg in polar bears in 1982 and 1984 (Braune et a l. 
199 1 ). Leve ls of mercury in be luga li vers were also higher 
m an imals from the Beaufort Sea region (Fisk cl al. 2003). 
Concentrations of As, Cd. Pb, Se and Hg in the polar bear 
li, ers co llected in 200 1-2002 are similar to those reported 
in 1982 and 1984 (Norstrom et al. 1986; Braune et al. 1991 ). 
\gc was found to innuence Hg and Cd concentrati ons. 

In conclusion overa ll. the present study on polar bear 
samples co llected in 2001-2002 demonstrated that ongoing 
assessments arc warranted on the spatia l and temporal 

ends of legacy and nove l (emerging) POPs (c hl orinated. 
hromina tcd and nuorinated) and their metabol ites, as wel l 
as certain metal s (As, Cd, Pb. Se and Hg). Clea rl y there 
are no n-legacy PO Ps that are bioaccum ul at ivc in bear 
fro m circumpolar popu lati ons, and vary as a function of 
spat ia l and tempora l fac tors. These non-legacy POPs are 
potentia ll y biomagnifying in polar bears and their food 
\\ebs. The unique trend findings for, e.g., PFAs. PBDEs 
md McSO,-PCBs indicate the necessity for continued 

, igilancc in determining and assessing other chlorinated. 
orominatcd and nuorinated organic contaminants in the 
\ret ie environment. We recommend and are planning on 

a trend re-assessment in polar bears in the near future 
(W06-2007), which will include samples from polar bears 
orig inat in g from Russ ian populations. The present and 
new co ll abora tors and partners are being approached in 
the planning of an expanded re-assessment on POP and 
metal trend s. 

Expected Project Completion Date 
Pub li cat ions resulting from thi s project are expected to 
be submitted or pub lished by December 2005 at the latest. 
The sc ientific publications wi ll be made available to. 
community repre cntatives and the NWT and una, ut 
Contaminants Comm ittee once all scientific publications 
are finali zed, which is expected by the end of summer 
2005. Result s will be provided to the parti c ipating 
communities in the form of posters. wh ich address the 
issue of new contaminants in wild life general ly. We wi ll 
work close ly with In uit Tapiriit Kanatami to formulate an 
appropri ate poster and a short report that includes Eng li sh 
and lnuktituk. 
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Abstract 
The project " Digital Arct ic for En vironmental Study 
(DAFES)", a project started at the fi sca l year 2003/2004, is 
to in tegrate all arctic data produced from the Northern 
Conta minant s Program (NCP), the Arctic Monitoring and 
Assess me nt Programme (AMA P), a nd from ot her 
pub I ications into one Geographic In formation System ( G IS 
) based database. In the fi scal yea r 2004/2005. all ava ilab le 
po llutants data from AMA P assessment reports (AMA P 
I 998 and 2002) and data from other pub li cat ions have 
been collected, ca refull y processed , and integrated into a 
standard format. This in formation was then placed onto a 
grid system according to its longitude and latitude location 
us ing GIS software. The sources for each data have been 
clearly cited. To date, in the DA FES database, contaminant 
concentrations are availab le for over I 00 types of POP 
com po und s, 8 heavy metals , and 25 radio nuc lides 
generated betwee n 1980 and 2002. There are more than 
27,000 records for POPs, almost 19,000 for heavy metal s. 
and more than 2,000 reco rds fo r rad ionu clides. Some 
datasets assembled for thi s project have been used by 
natio nal and internationa l institutes. 

Key Messages 
• All ava il able pollutants data from AMA P assessment 

report s (AMA P 1998 and 2002) and data from other 
pub lications ha ve been co ll ected. and stored in the 
DAFES system. The sources fo r each data have been 
clea rly cited. The data in the system can be easil y 
sea rched, queried , downloaded , and displayed using 
aG IS tool. 

• Contaminant concentra tions are ava il able for ove r I 00 
types o f POP compounds, 8 heavy metal s. and 25 
radionuc li des generated between 1980 and 2002. 
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• There are more than 27,000 records for POPs. almost 
19,000 for heavy metals, and more than 2,000 records 
for radionuclides. 

• Metal and radionuclide data from the most recen tAMAP 
assessment Reports were not available when thi s repo11 
was finalized. 

Objectives 
• To bring as much arctic inform at ion as possible 

into one GIS based system to assist systematic 
and comprehcnsi, c arctic resea rch. Since the 
arctic environment is a complex system the study 
of this system for different pollutants in different 
areas should not be isolated. 

To create a platform that bri ngs publ ic, the 
Aboriginal people in pan icu lar. the policy makers. 
and the sc ienti sts together, and through which 
communications amo ng the different grou ps 
becomes more effic ient and transpa rent. 

Software wi ll be deve loped that in cludes 
relational database management and a G IS tool 
for visua li zi ng the data. The GIS tool being 
deve loped docs not inc lude any commercia l GIS 
software, thus the package can be used by any 
organization and indi vidual at no cost. 

Depth(m) - Depth of sea, river. or lake. in meters 
Stat istic - Method of stati sti c ca lcu lati on 
Type - Sample type 
Layer - Number of laye rs 
Length - Length of an imal 
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Method - Method of obta ining concentration 

The platform created in this project ca n be 
modified for other purposes since thi s package 
does not include any co mmercial GIS so ftware . 
For exam pl e, the new package ca n be used by 
northerners to deve lop future Arctic sa mpling 
plans and other purposes. 

Introduction 
Both the Northern Co111amina111s Progra m (NCP) and the 
Arc ti c Mon itorin g and Assessment Progra mme (AMAi') 
have been carried out for more than I O years, and a huge 
set of data is available to the sc ientific community and 
public. These data. however. were published in the Annex 
Tables of the AMA P Reports, and are difficu lt to search. 
even by profess ional scie111i sts. A new concept of" Digital 
Arctic For Environmental Study (DAFES)°' is suggested 
to i111egrate a ll Arctic data produced from AMAP and 
NCP programs. and other programs under th e Arct ic 
Counc il. inc luding inhabitant population , vegetation , land 
use. ice cover. temperature , along w ith the level of 
contam in ation by all pollutants in both biotic and abiotic 
env ironments in the Arctic, into o ne G IS based database. 
The data in the system can be easi ly sea rched. queried , 
do,\llloaded, an d then di splayed using a G IS tool. The 
database w ill be created in such way that w hen one 
chooses any location in the Arctic. all availab le 
informat io n related to that loca tion wil l be di splayed 
simu ltaneously, from the land cover to the conce111ration 
ofpollutan1s. Specific information (contamination leve l 
in wi ldlife. for exampl e) fora given time period can also be 
shown for the entire Arctic reg ion. 

Acco rd ing to the propo sed sc hedule , a PC-ba sed 
so ftware package wi ll be made availab le that includes: a 
powerful re lational databa se manage ment tool , a 
geographi c information system (GIS) for di splaying the 
data, and an i111erface linking the G IS AMAP grid system 
and the database together. This package will not include 
any comme rcia l G IS software, thus the package can be 
used by any orga ni zat ion and indi vidual s at no cost. 

Activities 
In 2004-2005 
Al l available po llutants data from AMAi' assessme nt 
reports (AMA P 1998 and 2002) and data from other 
publications have been co llected. carefu ll y processed, 
and integrated into a standard format. This informati on 
was th en placed 01110 the AMAP grid system (see Report 
fo r the fiscal year 2003/2004) accordin g to its longitude 

156 

and latitude using G IS so ftware. The sources for each 
data have been c learly cited. All data have been stored in 
MS • The platform created in thi s project can be 
modified for other purposes since this package does not 
include any commercial GIS software. For example, the 
new package ca n be used by northerners to develo p 
future Arctic sampling plans and oth er purposes. 

The followin g figures li st some concen1ration datasets 
for some contaminants in various compartments with th e 
AMAP Grid system: 

Discussion and Conclusions 
The project DAFES was sta rted a t the fi scal year 2003 
2004. The main purpose of thi s project is to bring all arcti c 
information produced from NC P and AMAP programs 
and other arctic programmes into o ne system. The GI S 
based and web-based database DAFES can be used as a 
powerful information so urce for i111egral and systematic 
a rctic research, and a lso a convenie111 and soph isticated 
com muni cation tool among aborigina l peop le, Arctic 
researc hers, and policy make rs. By us in g thi s system, 
people ca n query and searc h th e data, discuss the data. 
and express their opi ni ons very easi ly and efficiently. Thi s 
system can a lso be made into different versions for 
different purposes. For examp le, an arcti c educati on 
system can be produced from DAFES for the use in high 
sc hool. It has been sugge sted that the GIS-database 
package developed in this project wi ll be modified for the 
use in planning future Arctic sampling plans. 

The datasets created in thi s project have been used by 
national and international institutes. For examples, Or. 
Derek Muir 's group from En vironment Canada is using 
the crop and popu lat ion datasets for their work on current 
use pest icides in a g lac ial snow cores from Svalba rd , and 
Mr. Geir Wing Gabriel sen from the Norweg ian Polar 
In stitute used the map of Arcti c c rop rate in a popular 
sc ience arctic written in Norweg ian . 

Project Completion Date 
March 31, 2005 
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Figure 1. Concentrations of a-HCH (ng/L) in arctic waters. 

Figure 2. Concentrations of LDDT (ng/g) in Arctic sediments. 
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Figure 3. Concentrations of y-HCH (pg/m3) in Arctic air. 

Figure 4. Concentrations of I:HCH (ng/g ww) in arctic fishes. 
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Figure 5. Copper concentrations in arctic sediments. 
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Figure 6. Lead concentrations in arctic marine mammals. 
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Abstract 
This project has in vo lved the continuing deve lopment of 
mass balance computer models that describe the global 
distribution of contaminants. The foc us is on transpo11 
of persistcnt organic po llutants (POPs) and mercury (Hg) 
from temperate c li mat ic regions to the Canadi an No rth. 
The general objective has been to provide scientific 
modelling infom1ation that will cont ri bute to international 
controls on these substances. The principal effo11 in 2004-
2005 has been to devise a method by whi ch the ex isting 
BETR-World model, whi ch was designed fo r POPs, can 
be modified to app ly to the more complex multi-species 
chemistry of Hg. Th is has been done successfu ll y and 
the new techniq ue has been peer-reviewed and publi shed. 
A furth er effort has been a study of the fundamental 
chemical and environmental factors that cause a chemi cal 
to be subject to long-range atmospheric transport (L RT). 
Early indications are that this will result in a technique by 
which a chemical's susceptibility to LRT on a globa l sca le 
ca n be evaluated. Thi s may he lp identify new 
contaminants of concern. Finally a review has been written 
for the UK Roya l Society of Chem ist ry concernin g long-
range transport, which it is hoped will be influent ial in 
international negotiat ions to control POPs and Hg. 

Key Messages 
• Existing models that apply to organic contam in ants, 

can now be app li ed to substances such as mercury 
provided that certa in key assumpti ons apply. 
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• The facto rs whi ch cause a chemical to be su bject to 
long-ra nge atmospheric transport to the North have 
been more clearly identified. 

• Effor)s continue to discuss the issue of transport to the 
Nort h in the sc ientifi c media with a view to influencing 
fo reign govern ments to support loca l controls on 
co ntaminant releases. 

Objectives 
• To modi fy the exist in g BETR-World model to apply to 

mercury and other multi-species chemica ls. 

• To probe the fundam ental chemica l and environ mental 
characterist ics that resu lt in long-range at mospheric 
transpo rt. 

• To maintain and promote a scientific di alog on the issue 
of global -sca le contaminant transport to the No rth . 

Introduction 
A global model of contaminant fate (the Berk eley-Trent, 
or " BETR"-World model) was developed as a resu lt of 
prev ious NC P contracts and app li ed to an o rga ni c 
su bstance, a -hexachlorocyc lohexane (a- l-l Cl-1 ). In thi s 
continuation of that project the BETR-World model has 
been used to desc ribe and predi ct th e fate of other 
chemica ls, parti cul arl y mercury. The foc us has been on 
g lobal sca le transport of c he mi ca ls lo the arcti c 
ecosystem. It is recognized that the only feasible approach 
to reducing leve ls of these contaminants in th e arctic 
ecosystem in genera l and human foods in particu lar, is to 
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reduce emi ss ions fro m a ll g lo bal sources and a ll ow these 
leve ls to fa ll by na tural remova l processes. Encouraging 
such reducti ons inte rna ti ona lly requi res in fo rmat ion such 
as: 

• Where do the co nta minants orig inate? 
Wh at a re the d i rrerences in "e fficiency ' · or 
tra nsport from various reg ions to the arct ic? 
How are they tra nsported? 
How lo ng will it take fo r red uctio ns to become 
effecti ve? 

.\nswers to these questi o ns enhance Canada 's abil ity to 
,nn uence inte rna ti o na l negoti ati o ns and agreements. 
These answe rs can be prov ided, at least in part, by global 
sca le dynami c mass ba lance mode ls of co ntam inant 
sources and fate. 

This proj ect has been undertaken join tly by DM ER Ltd. 
and the Canad ian Environ mental Mode lling Centre at 
Trent Uni versity. The a im is to generate scientific resu lts 
an d re fe reed pu b li cati o ns whi ch will be innuential to 
interna ti onal negoti a ti ons to red uce emi ss ions of POPs 
an d mercury. Achi ev in g thi s o bj ecti ve is accomp li shed 
by ex ten ding th e capab ility o f the ex istin g BET R-Wo rl d 
smg le-species mode l o f co nta mina nt fa te to address 
chemica ls which co-ex ist as multiple species. The next 
step is to apply thi s multi-spec ies model to hi storic, current 
and future scena ri os o f na tu ra l a nd an th ropogenic 
merc ury emiss ions. 

\s a suppl ement to thi s wo rk on mode l development and 
application an ex plorati on was undertaken of the methods 
by wh ich the res ult s o f models such as the BETR-World 
mode l ca n be co nveyed to the lay pub li c and the 
intern a ti o na l reg ul a tory community in a s im ple but 
sc ientifi ca ll y defens ibl e manner. The ulti ma te aim is to 
,n nuence po li cy- makers a t an inte rna ti onal leve l. 

Activities 
In 2004-2005 
Two stages o f model deve lo pment were completed in the 
dura tio n o f the proj ect. 

First. the multi -spec ies mode lling approac h for chemicals 
" ith constant spec ies concentratio n rat ios was developed 
and a paper was pu bl ished in September (Toose and 
Mackay, 2004 ). As a result. we are now ab le to apply the 
BETR-World g loba l mode l to substances such as mercury 
as we ll as to co nventi ona l persistent o rga ni c po llu tants 
(PO Ps) 
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Second, the multi-species approach deve loped in th e 
above publication was int egra ted into th e robust 
framework of the existing BETR-World sing le-s pec ies 
mode l. The BETR-World si ngle-speci es mode l was 
developed under a prev ious contract from the NC P an d 
the successfu l applica tio n to modelling the globa l fate of 
a-HCH has been detailed in a refereed publication, Toose 
et a l. (2004). Th e process or integration required 
reprogra mm ing sections of the ori ginal mod el 10 ca ll new 
subrouti nes which enab le the multi-species vers ion of 
th e model to run in an au tomated fashion. Th e mode l 
automatically parameteri zes ho" eac h chem ica l species. 
as well as the overal l chem ical behm·es withi n each region 
and how th ey are transpo rted between regions. The 
mod e l can be run in both steady-state and dynamic 
modes. Th e dynami c or unsteady-state mode l a ll ows the 
model lo estimate th e time dependent co nditi ons as 
contaminati on increases or decreases. It involves 
numeri ca l integration in \\ hich the results from previous 
tim e-steps are used as inputs for subseque nt ones. while 
allowing for c ha ng in g temperatures. at mospher ic 
chemistry and emiss ion s. The simpler steady-sta te model 
shows domi nant pathways und er wh ich c hemi ca l is 
tran s po rt e d and deposited ass umin g both the 
environment and emissions are unchangi ng. It has the 
advantage that ii is much easier 10 interpret. 

An impo rtant issue from the perspecti, e of a retie 
contamination is the ·'arctic sunrise" effect during which, 
in spring, there is increased deposition of ionic mercury. 
Thi s is believed to be the result or convers ion of the 
elemental mercury 10 divalent mercury cata lysed by 
organo-halogen substa nces of marine origi n. Thi s effect 
can be included in the model by adjusting the spec ies 
ratios at thi s Lime. Thi s has not yet been do ne because 
the prese nt emphas is is on confirmin g the mass balance 
and ensuring that parameter va lues are reasonable. 

Results 
We have successfu lly developed a method by" hich the 
existing BETR-World mode l (which is designed to treat a 
sing le chem ical species) can be modified to apply 10 the 
multiple species mercu ry. Thi s was accomplished by 
deve loping a novel ·'spec ies mu ltiplier" method in which 
the ex isting model is used and app lied to one of the 
species, a "key" spec ies (in this case elemental mercury) 
and the fluxes ofother species (ionic and organic mercury) 
are quantified as a multipl e of the key species. This 
mult iplier can range form I O·" to I 0' Thi s enables a mass 
balance to be establ ished for eac h species in d ivid ual ly 
and al l species in total. The met hod requires that the user 
defi ne the species pro portions in each medium , thu s 

161 



circumvent ing the need lo defi ne inter-spec ies conversion 
ra tes. 

A paper descr ibi ng the pr inc ip les under ly in g th is 
approac h has been publi shed in the re fereed scientifi c 
li terature in Enviro nm enta l Sc ience and Tec hno logy 
(Toose and Mackay, 2004). The multi -spec ies model was 
then ap plied in a preliminary fa shi on lo mercury fat e on a 
globa l sca le and promising res ults were obtained . The 
mode l was used 10 estimate '·transfer e ffi c ienc ies" from 
va ri ous regions to th e arcti c. 

A study \\as a lso unde rt a ke n 10 inves ti ga te th e 
fundame ntal determin ants of g loba l sca le long range 
atmospheric tra nsport (LRAT) as qua nti fied by Eul cri an 
or mu lti-box models. The aims arc lo provide a sc ienti fic 
explanation of the potential that diffcrc m substances may 
ha,e for LRAT and prov ide a method whi ch will be 
sufficiently sim ple that it ca n be ex pl ained 10 a lay 
audience. It is hoped th at thi s sim ple and approx imate 
method will be intuiti ve ly credibl e and thus se rve lo 
convince participants in internati onal negotiations that 
LRAT is a rea l and quantifiabl e phenomenon and that 
mode lling and monitoring data are mutuall y supportive. 
The inte ntio n is lo deve lop thi s co ncept furth er in a 
subsequent study and pub li sh it in a fo rum th at will 
innuence international opinions and acti vi ti es. 

Discussion and Conclusions 
O\\ that we ha,·e avail ab le a globa l mode l appli cab le to 

both PO Ps and me rcury. the nex t task is clearl y to appl y 
the mode ls lo other ex isting and " new" substances and 
seek lo establi sh the mode l's credibility, or va lidity. We 
sec the need fo r both steady-state and dynami c ve rs ions 
of the mode l. A major task will be compiling in fo rmation 
from monitoring programs and emiss ion estimates. The 
incl usion of the "arcti c sunri se" e ffect for mercury is also 
req uired. 

A key effort will be to compare how the mode l quantifies 
time-trend data and how these " pred ictions" compare 
with monitori ng data obtained by MSC wi th CP support . 

We co ncl ude that there is a compe lling incentive for 
Canada 10 cont in ue to address the issue of the chemi ca l 
and enviro nm ent al de termin ant s of long- range 
atm ospheric transport - especia ll y lo de vise simple and 
c red ib le meth ods for identify in g new chemica ls o f 
conce rn and to co nfirm the co nsisten cy between these 
mode ls and the in valuabl e mon itoring data obtained by 
1hc No rthern Conlaminams Program. 
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Expected Project Completion Date 
This modelling work is\ icwed as continuing indefin itely 
as lo ng as it proves lo be use ful to Ca nad ian 
representati ves as a contr ibuti on to intern ati onal 
negotiati ons. 
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Abstract 
Trends in concentrations of PCBs, DDT. and other 
persistent organic pollutants (POPs). in blubber of female 
·,nged seals from fo ur communities in 'una, ut were 
assessed based on samples collected in 2004 combined 
with resu lts from previous years. Significant declines in 
concen trat ions of _DDT (sum of DDT related 
compounds) were observed in female ringed sea ls from 
Arctic Bay. Reso lute Bay and Gjoa Haven/Taloyoak (3-
4% per yea r) and there was a shift to more reca lcit rant 
resid ues, i.e. p,p'-DDE reflecting older "weathered" or 
degraded sources at al l locations. Dec lines of IP BIO 
(sum of I 0 major PCB congeners) were slower than I DDT 
averaging about 2% per year. Total ch lordane (IC H L) 
and I HCH also declined signifi cantl y at Arctic Bay but 
not at Reso lute. hort chain chlorinated paraffins 
(SCC Ps) increased in concentration in seal blubber 
between 1992 and 2004. Pertluoroalkyl acids increased in 
liver of ringed sea ls from Reso lute during the 1990s and 
the doubling time fo r pertluorcarboxylic acids (PFCAs) 
was est imated to be 3.8 yea rs. Mercury and other hea vy 
metals were determined in ringed seal li ver coll ected in 
2004 or 2003 from fi ve communities (Arctic Bay, Resolute 
Bay, Gjoa 1-l ave n/Ta loyoak, Pond Inlet and Arviat). 
Mercury concent rat ions ranged widely at each locat ion 
but overal I averages were similar at al l 5 locations ranging 
fro m 1.7 ug/g wet wt at Gjoa 1-l aven/ Ta loyoak to 4.9 ug/g 
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ww at Arctic Bay. Average cadmium concentrations in 
Ii, er varied much more "idely among locations than 
mercury; Gjoa Haven had di stinctly lo\\erconcentrations 
than all other locations. Mercury concentrations "ere 
generally lower in 2003 and 2004 samples than those from 
the late I 990s 2000. This confirms pre, ious results for 
ringed seals in which no clear increasing trend of mercury 
was found. Howe, er, this result contrasts "ith results 
from seabirds , and for some beluga stocks. where 
increasing mercury has been observed. 

Key Project Messages 
Temporal trends of POPs and mcrcu,y were examined 
in ringed seals from five communities in Nunavut by 
combining new results from samples collected in 2003/ 
2004 with previous results. 

New chemical contaminants such as fluorinated stain 
repellants and chlorinated paraffins "ere found to 
be increasing in ringed seals 

• Mercury concentrations were found to have remained 
the same or declined at the 5 locations studied. 

Objectives 
I. Determine temporal trends of pe rsistent organic 
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pollutants (PO Ps) and mercury in ringed sea ls from 
locatio ns previously studi ed in the 1970s, 1980s and 
1990s. 

2. Determine the geogra phi c/spat ia l and tempora l 
trends of new or emerging chemica l contaminants in 
sea ls 

3. Provide the infonnation on levels and tempora l trends 
of these co ntaminants to eac h co mmunit y 
participat ing in the stud y annually. 

Introduction 
The ringed sea l is th e most abunda nt Arcti c pinniped 
with a circ umpolar distribution, making th is species an 
idea l candidate fo r exa mining spatial trend s of pers istent 
organic poll utants (POPs) and heavy meta ls in the Arctic. 
It is identified as a key species for mo nitoring by the 
Arct ic Monitori ng and Assessment Program (AMA P) and 
fo r temporal trend s monitoring in the previous NC P 
" Blueprint" ( INAC 1999) and current monitorin g plan 
(fNAC 2004). As a top predator in nearshore pelagic foo d 
webs, the ringed seal prefe rs land fast ice or multi year ice. 
The ringed sea l di et consists of fi sh, mainl y Arcti c cod 
(Boreogodus soida) , polar cod (Arc tocadus glacialis) 
and cru staceans (amphipods, mys ids and euphau sids) 
(Hol st et a l. 200 I). Ringed sea ls are relati vely sedentary 
and ma le ri nged sea ls may occ upy the same under ice 
habitat for up to 9 month s (S mith 1987). Ringed sea ls are 
hu nted througho ut t he year in virt ua ll y a ll coasta l 
communities of the Canadian Arctic and it is therefore 
re latively easy to obtain sa mples with the he lp of local 
Hunters and Trappers assoc iation s. Because ri nged sea ls 
a re res ident top predators th ey can provide local and 
regional in format ion on temporal trends of contaminants. 
Migratory species such as beluga, narwhal , thick-bi ll ed 
murre and b lacklegged kittwakes spend much of the year 
feed in g far from the locations they are sampled and thus 
tend to reflect contam inant trends over much broader areas 
of the Arctic. 

The o ri ginal rationale for thi s project was that there could 
be differences in the tempora l trends of POPs and Hg in 
marine mamma ls across the Canadian Arctic. Recent 
seawater measurements show large spatial differences of 
HCH and toxaphene concentrations in seawater between 
the Beaufort Sea and Baffin Bay and between those areas 
and Hudson Bay (Hoekstra et al. 2002 ; Macdona ld e t a l. 
2003). These differences in seawater levels may g ive ri se 
to differences in contaminant levels in marine food webs 
and ultimately into marine mammals. In the case ofHCH 
for example, m uch hi gher leve ls are found in ringed sea l 
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b lub ber from the ce ntral hi gh Arctic than in waters 
influenced by the Atlantic Ocean (Muir et al. 2000). PCB 153 
in sea l bl ubber showed fewer reg ional d iffe rences after 
adjusting for the effects of age and sex usin g ana lys is of 
covarian ce (Mui r et a l. 2000) but leve ls of PC Bs are 
generall y hi gher in sea ls in th e eastern Arctic (Muir et a l. 
1997). 

Reg io nal differences in concentrations a re even more 
pronounced for mercury (Hg) and cadmium (Cd) than fo r 
persiste nt organoch lorines (OCs) in sea ls . Ri get et al. 
(2 005) found the highest Hg co ncentrations in li ver of 
ringed sea ls from western Canadian Arctic locations, while 
Cd in li ver was hi ghest in the eastern Canadi an and West 
Greenland locations. Thi s may be du e to g reater sources 
of natural Hg in the sed imentary rocks of the western 
Arctic. Trends in concentrations of mercury in ringed seal 
li ver also va ry geographi ca ll y. During the I 990s/early 
2000s, mercury concentrations increased fro m 2 to 3- fo ld 
at 3 locations, decl ined by I .5-2x at 3 locations and showed 
no change at two others, lnukjuaq and Arviat (Muir et al. 
2003). There is hi gh year to year variation which suggests 
that di etary shifts e.g. from macrozooplankton ( deca pods 
and la rge amphipod s) to pelag ic sc hoo lin g fis hes such 
as arcti c cod (Boreogadus saida) that may be re lated to 
year to year changes in ice conditio ns may have a large 
influence. 

The recent Canadian Arcti c Assessment Report and th e 
AMAP report on Persistent Organic Po llutants (POPs) 
have summari zed information on a seri es of new chemi cal 
contaminants in the Arctic environment (A laee et a l. 2003; 
Fi sk et al. 2003 ; de Wit et al. 2004). Temporal trends of 
polybrom inated diphen y l e th e rs (PBDE) have been 
examined in sea ls only at Holman ( lko nomou et al. 2002). 
They showed that PBDE concentrations were doubling 
every 4 .5 years during the 1990s or about 14% per year 
assuming a linear trend of log concentrations. Tempo ral 
trends of other new, emerging persistent bioaccumulati ve 
co mpound s in ring ed sea ls in the Ca nadi a n and 
c ircumpolar A rctic are large ly unknown. The se 
contaminants include brominated flam e retardants (BFRs), 
per flu orooc tan e su lfonic ac id ( PFOS ), chl o rin ated 
paraffins (CPs) and polychlorinated naphthalenes (PCNs). 
With the exception of PCNs, these chemica ls are widel y 
used in consu mer and industrial products in Canada and 
throughout the world. PCNs are no longe r in commercial 
use . They are, however, combustion byproducts and can, 
li ke chlorinated diox ins and - furans, be emitted from many 
sources. The presence of these comm erc ial chemi ca ls and 
byproducts in the Arctic illustrates the vuln erability of 
polar regions to contam ination by persistent, semi-volati le 
organic chemicals, parti cularl y those that are used or 
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emitted in relati vely large vo lumes. 

Activities 
In 2004-2005 
Sample collection: Ringed seal samples were successfu lly 
collected with the help of our HTA partner organizations 
in May-June 2004 from Reso lute (N=2 I), Arctic Bay 
(N=25), and Gjoa Haven (N= 16) and in Ap ril-M ay 2005 
from Mittimatalik (Pond Inlet) (N=2 1 ). Samples received 
fromArviat in late 2003 (fall hunt, N=25) were also available. 
Hunters were provided with a kit and video prepared in 
Jn ukti tut and Engli sh by the Nunavik Resea rch Centre 
(l\ivRC). Collect ions consisted of blubber, li ver, muscle, 
kidney, tooth/lower jaw (for aging) from 25 sea ls, most 
be ing adults and about half female . Essential data on 
length, girth , blubber thickness at the sternum, and sex 
was provided for most animals for all locations. Samples 
were stored at - 20°C and then shipped frozen to NV RC in 
Kuujj uaq for age determination , processing and meta ls 
ana lys is. Large subsamples of all ti ssues were archi ved 
in walk-in freeze rs at -35°C in sea led plasti c bags (double 
bagged). Aging was performed on tooth sections at Nv RC. 
Arch ived samples from Reso lute ( 1972 and 1992) were 
also provided by the CWS Tissue Bank in col laboration 
wi th Birgit Braune. 

Chemica l analyses : OC pesticides, PCBs and PBDEs in 
seal blubber were determined with the following genera l 
procedure: Blubber samples were homogeni zed with 
sodi um su lfate and Soxhlet extracted with 
dichloromethane:hexane (I: I). Following lipid removal by 
ge l permeation chromatography, OCs were fractionated 
on an acti vated sili ca gel column, then analysed by gas 
ch romatography with electron-capture detection (GC-
EC D). Separation was accompli shed on a HP 6890 GC 
using a 30m DB-5 column with H, carrier gas. PBDEs and 
HBCD were anal ysed by low reso lution GC-negative ion 
'v!S using a HP 5973 MSD in negati ve ion mode using m/ 
z 79 and 81. All OC anal yses were conducted by the 
'\Jational Laboratory for Environmental Test ing ( LET) 
Organi cs Analys is Laboratory. This lab is certifi ed by 
Canadian Standards Association and has participated 
success full y since 1998 in more than 12 QUAS IMEME 
interlab compari sons on PCBs/OC pesticide analysis. 
Liver and kidney samples were anal ysed for heavy metals 
(cadmium, mercury, lead, se lenium and arsenic) at NV RC 
(Ku ujjuaq) using atom ic absorption spectrometry (AAS). 
Samples were primaril y di gested with nitric acid in Teflon 
digestion bombs. Cd concentrations were determined by 
graphite furnace AAS (Perkin Elmer 411 0ZL Zeeman) . 
Aliquots of the primary di gests were further di gested in a 
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mixture ofsul furic and hydroch loric acids at 70°C. Total 
Hg concentrations of the secondary digests were 
determined by cold-vapour AAS (Perkin Elmer FIAS-100 
and 411 0ZL) using I 0% wiv stannous ch loride in 30% v 
v hydrochl oric acid as reducta nt. 

Seal li ver samples were also analysed for PFAs at the 
Dept of Chem istry (U of T). Samples were prepared 
fo llowing methods developed by (Hansen et al. 200 I). 
Liver tissue was extracted using MTBE and TBAS as an 
ion-pairing agent. The MTBE was evaporated and the 
samples were reconstituted in methano l and filtered 
through 0.2 im nylon filters into plastic lined glass vials. 
Instrumental anal ysis was performed by LC-MS/MS 
fo llowing previously described conditions (Martin et al. 
2004). 

SCCP-MCCP were quantifi ed in the same fractions 
analysed for PBDEs by GC-high re solution mass 
spectrometry (HR MS) using MAB-ion ization mode. The 
MAB source was operated with argon (60 mbar, 10- 11 
mA) in the positive ion mode. analysis of al l congeners 
was done by injecting each sample twice; masses between 
m/z 208 and m/z 342 were monitored for the first inject ion 
and masses between m/z 346 and m/z 458 were monitored 
for the second injection. One internal standard was used 
in each injection: 13C 12-PCB 114 fort he first inj ection and 
" C I 2- PCB 157) for the second injection, at 125 pg/ul 
(Moore et al. 2004). 

Quality ass urance and statistica l ana lysis: QA steps 
included the analys is of reference materials for heavy 
metals and organochlorines. reagent blanks and duplicate 
samples. The NVRC metal s lab and the NLET organ ics 
lab have participated in the NC P Quality Assura nce 
Program (Stokker 2003). Organochlorines concentrat ions 
in ringed seals were norma lized to I 00% lipid. Resu lts for 
both mercury and organochl orines were first tested for 
normality the Shap iro-Wi lk test. Al l mercury data were 
log '° transformed to give coeffic ients of skewness and 
kurtosis <2 while OC data were not log transformed 
because of re latively low coefficients of skewness and 
kurtosis. Geometric means (back transformed log data) 
and arithmetic means were ca lculated for mercury in liver. 
Selected comparisons between years were made wit h the 
Students t-test (two tailed, unequal variances) (Exce l 
2000). 

Results and Discussion 
Spatial and temporal trends of organohalogens: Samples 
from fema le seals from Arctic Bay, Resolute, and Gjoa 
Haven were selected for analysis in order to minimize the 
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Table 1. Mean concentrations (ng/g lipid wt± 95% confidence limits) of major organochlorines in blubber 
from female ringed seals 

Resolute 2004 Arct ic Bay 2004 Gjoa 2004 
Haven 

Mean 95%C I Mean 95%C I Mean 95%CI 
N >>> 9 
Length (cm) 120 8.9 
Blubber thickness (cm) 5 0.5 
Age ()'.rs) 7 0.9 
rPCB 363 80.9 
LPC BIO 186 44.2 
rDDT 159 36.6 
r CHL 186 39.5 
rHCH 99.4 13.0 
rCBz 30.7 5.6 
SCCPs 188 18 1 
SCCPs {Cls-9} 147 158 

infl uence of age in the interpretati on of temporal trend s 
ofOCs (Addison and Smith 1974). Results fo r major legacy 
POPs (rCBs and OC pestic ides) and SCC Ps in samples 
collected in 2004 are su mm ari zed in Table I. LPC B I 0 
represents the sum of CB 28, 3 1, 52, IOI . I 05, 118, I 38, 153 , 
156 and 180. Mean concentra tions ofLr C B, LDDT, total 
hexach lorocyc lohexa nes (L HC H), and su m of tetra -, 
penta- and hexachl orobenzenes (LC Bz) did not differ 
sign ifica ntly between Reso lute and Arcti c Bay, whi le 
LC HL were marg inally higher at Reso lute. r C Bs were 
significantly hi gher in the samples from Gjoa Haven while 
LHCH was lower. 

Resul ts from 2004 from sea ls collected at Resolute, Arctic 
Bay and Gj oa Have n are combin ed in Fi gure I w ith 
historica l resu lts fo r pre liminary assess ment o f tempora l 
trends. For comparison with earlier data LPCB 10 was used 
ra ther th an a ll congeners because th e res ults from the 
early 1980s and 1970s (M uir et al. 1988) did not include as 
many congeners as later studi es. Results from early 1990s 
are fro m Muir ( 1997), Muir ( 1996), and from 1980s from 
Weis and Muir ( l 997). All previous results shown in Figure 
I , includ ing the samples fro m the 1970s and 1980s, were 
based on capill ary GC-ECD with quantificati on using 
authenti c standards . Temporal trends were exa min ed by 
calc ul ating the slopes and half-li ves using s imple linear 
regression of log of mean lipid we ight concentrations 
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9 10 
129 II 123 21 

5 0.8 4.0 0.9 
7 2 5 3 

397 83.6 554 199 
192 50.0 283 12 1 
188 63. 8 134 50.4 
106 18.7 130 46.4 

93.2 21.3 75.0 4 1.9 
24.2 5.6 38.6 12.9 

versus time. 

LPC B I O concentra ti ons were genera lly lower in sampl es 
from 2004 than earlier sampl es at a ll 3 locati ons (Fi gure I). 
However, th e ove ra ll dec line in L r C B I O was not 
stati sti ca lly signifi cant at Reso lute, Arctic Bay o r Gjoa 
Haven/Ta loyoak and represented <2% per year change 
in concentrations over the respecti ve time interva ls o f 20, 
29 and 18 yea rs (Table 2). More rapid rates of dec line in 
LPC B I O can be ca lcul ated fo r Reso lute and Arcti c Bay 
sea ls us in g o nl y res ult s fro m th e 1990s, however, 
statisti ca l power is limited because of few sampling times. 
The results fo r LPC B I O in sea l blubber from sa mpl es 
collected in 1992 at Resolute and archi ved at th e NWRC 
SCCPs were analysed on ly in sampl es from Reso lute as 
part of temporal trend compari son di sc ussed below. C 11 
and C I 2 chl oroa lkanes were the predominant SCCPs 
present represe ntin g 28% and 6 1 % of to ta l SCC r s, 
respecti ve ly. The GC-MAB MS method detected 3 and 4 
chl orine conta in ing SCC r s whereas th e previous work 
had dete rmin ed onl y chl oroa lka nes w ith 5 o r more 
chl orines. Thus SCCPs (C l5-9) are al so reported in Table 
I. Concentra tions of SCC Ps (C l5-9) ave raged about 90% 
of total SCCPs in the samples from Resolute. However, in 
5 samp les o f ma le seals from Pangnirtun g whi ch were 
anal ysed for compari son o f the MAB MS method used in 
these sa mpl es a nd th e GC-EC IM S me th od used 
previously (Muir et a l. 2004). C l3 and C l4 containing C I 0-
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Figure 1. Temporal trends of 1:PCB1 0 (sum of 10 congeners) and ratio of CB153 to SPCB10, as well as 
SOOT and ratio of p,p'-OOE to SOOT in female ringed seal blubber from 3 locations in the Canadian Arctic 
that were sampled in 2004. Bars represent arithmetic mean concentrations (ng/g lipid weight) ± 95% 
confidence limits. Lines and symbols represent ratios of p,p'-OOE /LDOT and CB153/SPCB10. 
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Table 2. Temporal trends of major legacy OCs in female ringed seals from 3 locations studied in 2004-05 
expressed as half-lives and % decline per year 

Resolute ( 1984-2004) Arctic Bay ( I 975-2004) Gjoa Haven/Taloyoak 
( 1986-2004) 

Half- p ' % per Half-li fe p ~lo per Half- life 0 o per yea r 
life year (yrs) year (yrs) 2 

(vrs) 
LPC BIO >20 NS <? >'JO NS <3 - 1.2 

, I DDT 12 0.00? 4. 3 15 0.02 3.3 - 3. 1 
I I CHL >20 NS <2 19 0.02 2.7 - 2.6 
1I HCH > 15 NS <3 24 0.05 2. 1 - 4.0 
Probabi li1 y of signi!ican t s lope of log mea n conccn1ra1ions \S lllnc (yrs). .. . 
\Jot calcul ated si nce resul ts an.: a, ai lablc for on ly 2 years.% declines for this location are based on obscncd d1ftcn.:nccs d1,1dcd by 

number of )Cars. 
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C 12 chl oroa lkanes represented 75% o f to ta l SCC Ps. 

tiss ue ban k we re in very good agreement with th ose 
obtained from samples coll ected in 1993 and ana lysed in 
the mid- I 990s (Figure I). Th is supports the approach used 
in this study of combining data fro m previous work with 
analyses of recently co ll ected sa mples. Fo r Gjoa Have n 
we used results fro m the nea rby community ofTaloyoak 
reported by Weis and Muir ( 1997). C B 153/LPC B ra ti os 
general ly increased over time at Arctic Bay and Gjoa 
Haven but not at Resolute. Th is ind icates a grad ua l shi ft 
to more recalci trant PCB conge ners. We have prev io us ly 
found that CB 153/I PCB ra tios were increasing over time 
at 8 of9 locat ions surveyed (Mui r et a l. 2003). Addi son et 
al (2005) also d id not find signifi cant declines in I PC Bs in 
ma le ringed sea ls fro m Holman over th e pe ri od 198 1 to 
2000. Indeed, mean concent rat io ns of di-o rtho PC Bs, 
which includes the maj ority of PCB co ngeners actua ll y 
remained the same o r in creased s lightly over thi s period. 

IDDT dec lined significantly in ringed sea ls fro m a ll 3 
locat io ns (F ig ure I , Tab le 2) an d p,p ' -DD E/I DDT 
increased over the sa me pe ri od (Fi gure 2). The percent 
dec line of3-4% per year was s imila r to observati ons at 3 
of 6 ot her locations we prev iously studied (M uir et a l. 
2003). p.p'-DDE/I DDT ra ti os gene ra ll y increased at 

Reso lute, Arcti c Bay and Gjoa Haven . Addison and Smith 
( 1998) fou nd a 3- fold decline fo r I DDT at Holman between 
1972 and 199 1 which is in general agree ment w ith results 
from thi s study. 

To ta l c hl o rd ane (ICH L) a nd I HC H a lso dec li ned 
significa ntl y a t Arc ti c Bay but not at Reso lute (Table 2). 
In genera l the annu al % dec line is slower than for DDT-
re lated compounds. Resu lts from 1993-2004 suggest a 
more rap id decline in the past I O years especia lly for HCI I. 
Thi s is consistent with th e known reducti on in global 
e mi ss io ns o f l-1 C H (de Wit e t a l. 2004 ). P- HCH 
concentra tions ac tua lly increased in seals from Arctic Ba) 
over the period 1975 to 2000 . 

A ll sa mpl es we re a na lys ed fo r PBDEs and H BCD, 
however, the res ults a re not ava il ab le fo r thi s report due 
to analyt ical difficulties. PCNs were determined in arch ived 
and 2004 sa mples fro m Reso lute and res ults w il l be 
available in fa ll 2005. 

Pe rflu o rin a te d ca rb oxy li c ac id s (PFCAs) , 
perfluorosulfoni c ac ids, PFOSA and te lomer acids were 
determined in li ver sa mples from ringed sea ls coll ected at 
Resolute in 2004 as we ll as fo r a rchi ved samples from 
1972. 1993 and 2000. C7 to C 14 PFCAs were not detectable 

Figure 2. Temporal trends of mercury in ringed seal li ver from 4 locations in the Canadian Arctic. Bars are 
geometric mean concentrations (ug/g wet weight) + upper 95% confidence intervals except for Pond Inlet 
where the bars are arithmetic means. 
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in samples fro m 1972 while r FOS was above detection 
J,mits. However in samples from 1993 and more recent 
dates, PFeAs were the predominant perfluoro acids. The 
time trend fo r total r FeAs in sea ls at Resolute is shown 
in Figure 3. Sample sizes fo r r FeAs are N=2 in 1972 and 
1\J= I O for all other sampling times. Doubling time for rFeAs 
was 3.8 ± 0.4 yrs compared with abo ut 8 years for PFOS. 
Time tre nds fo r see r s we re determi ned by analyzi ng 
samples from Resolute fro m 1992 obtained from the NWRe 
arch ives and combini ng with resul ts from 2000 reported 
by Muir et al (2004). Because only a single archi ved sample 
of blubber was avai lab le fo r Reso lute in 1972 it was not 
included in Figure 3 (lower panel). That 1972 sample had 
non-detect see r s. Resu lts for 1992 and 2000 were in 
reasonab le agreement despite be ing ana lysed by two 
different methods (Figure 3, lower panel) However, average 
concentrations of See r s in samples from 2004 were much 
higher as was the sample va riance. Thus although it 

appears that seers have increased significantly between 
2000 and 2004 funher analyses" ill be necessary to confim1 
thi s due to high variability in SeCPs among the 200-1 
samples. 

Spatia l and temporal trends of mercury and cadmium: 
Concentrat ions of Hg in liver of ri nged sea ls from 5 
locati ons are shown in Table 3. Results fo r both males 
and female ringed seals were combined because previous 
studi es showed no effect of gender of the an imals on Hg 
concentrati ons. Hg concentrat ions ra nged wide ly in adult 
seals and were highly skewed , however, log 
transformation reduced skewness and. general ly yie lded 
normally distributed data. Thus geometric means are 
reponed and they are similar at all 5 locations ranging 
from I. 7 ug/g wet wt al Gjoa Haven Taloyoak 10 4. 9 ug 'g 

Figure 3. Time trend of total perfluorocarboxylates (sum of C7-C14-PFCAs) in ringed seal liver and short 
chain chlorinated paraffins (SCCPs) in seal blubber from Resolute Bay, NU . A single blubber sample from 
1972 had non-detect SCCPs. Symbols represent arithmetic mean concentrations and vertical lines =1 
standard deviation. 
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Table 3. Concentrations of mercury and cadmium in ringed seal liver collected in 2004 from the communities 
of Arctic Bay, Gjoa Haven , Pond Inlet and Resolute Bay and in 2003 from Arviat 

Community N Statistic Hg Cd Age (yrs) Length 
~g/g WW f:Lglg WW (cm) 

Arctic Bay 25 Geomean 
min 
max 

Arviat 25 Geomean 
ITil!l 

max 
Gjoa Haven 16 Geomean 

min 
max 

Pond Inlet 24 Geomean 
min 
max 

Resolute Bay 2 1 Geomean 
m111 
max 

ww at Arctic Bay. 

Average cad mium concentratio ns in liver varied much 
more widely among locations than mercu1y (Tab le 3). Seals 
from Gjoa Haven had di stinct ly lower co nce ntrat io ns 
(geomean = 0.1 ng/g ww) than all other locations. Hi gher 
concentrations in Cd in sea l liver from the eastern 
Canadian arctic and Greenlan d have been pre vio us ly 
observed by Dietz et al ( 1998) and recent ly by Ri get et al 
(2005). 

Temporal trends of Hg in ringed sea l li ver were examined 
in all four communiti es by combi nin g the res ults from 
2004 w ith older data (Smith and Armst rong 1978; 
Wagema nn et al. 1996; Muir et al. 2003; Muir et a l. 2004). 
All of the mercu ry measurements in sea l ti ssues have 
been co nducted using basica ll y th e sa me analytical 
methodology (ac id digesti on followe d by cold vapou r 
atomic absorption spectrosco py), the refore, analytical 
differences are not like ly to be an issue. We used geometri c 
mean s except fo r Pond Inlet where only arithm etic means 
we re avai lable for sa mples from 1976 (Smit h an d 
Armstrong I 978). 

Hg concentrations were genera ll y lower in 2003 and 2004 
samples than those from the late l 990s/2000 (Figure 2). 
At Pond Inl et concentrations increased 3x from 1976 to 
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44 34 12 130 
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0.2 0.01 I 97 
40 1.5 20 147 

2.4 2.9 7 110 
0.3 0.25 3 97 
34 21 17 141 

4.1 3.0 6 120 
1.2 1.2 3 99 
16 8.9 II 144 

2000 but were 50% lower in 2004 than in 2000 even though 
average ages o f the sea ls co ll ected in 2004 (7 yrs) where 
greater than in 2000 (4.5 yrs). The raw data from the Pond 
Inl et sa mp les of 1976 a re not availab le (L .Lockhart, 
persona l communi cation) and therefore there wi ll a lways 
be great uncertainty in the conclus ion regarding the size 
of th e increase . For the ot her 4 locations we used 
geometric means based on seals from 5 to 15 yrs of age to 
reduce va riance due to age. At Resolute and Arcti c Bay, 
Hg conce ntrati ons were sli ghtly lowe r than in 2000 but 
diffe rences were not statisti ca lly sign ificant. At Arviat , 
Hg declined s igni fican tly fro m 14 to 6.8 ug/g wet weight 
between 1998 and 2003. 

Discussion and Conclusions 
Th is study has updated the temporal trends of legacy 
POPs. S low dec lines of a ll 3 major PO Ps, PCBs, DDT and 
Chlo rdane-re lated co mpo unds are ap parent. HCH, which 
is techni ca ll y not a POP, is al so show ing decl inin g trends. 
The increased number of samplin g tim es is perm itti ng 
more accurate est imates of the annual % decline and thi s 
acc uracy is like ly to improve in the future as annu al 
co ll ect ions are made at some of the sites reported on here. 

Thi s repo11 a lso presents, for the first time, temporal trend 
information o n pernuorin ated compounds and SCCPs in 
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ringed seals. PFCAs are showing a remarkable rapid ri se 
in concentration in sea l li ver, outpac ing repo11s for PBDEs 
in ringed sea l blubber (lkonomou et al. 2002). PFCAs also 
have shown increasing trends in northern fu lmar and thick-
billed murres (Bra une et al. 2005) although not with the 
short doubling times foun d fo r ringed sea ls. Doubli ng 
times for perflu orn onanoic, -decanoic and undecanoic 
ac id in polar bears in th e eastern Canad ian arctic were 
also about 4 years (S mithwick et al. 2005). The increasing 
trend for SCCPs in seals was unexpected because global 
SC CP product io n is declining and medium chain 
chlo rinated paraffi ns (MCC Ps) are replacing them 
(Env ironment Canada 2004). MCCPs were non-detect in 
ringed seals from Resolute in samples analysed from 2000 
, however, addi ti ona l analyses by GC-MAB-MS are 
pl an ned to determ ine if th ey are detectable in 2004 
sa mp les. Th ere is the poss ibility that MCCPs are 
dechlorinated to SCC Ps thus helping to exp lai n the 
observed trend. 

The overal I decl ine in concentrat ions of mercury in ringed 
seals observed at 4 locat ions was not entirel y consistent 
with previous work wh ich showed increases of from two 
to three-fold at three locations (Mu ir et al. 2003). However, 
thorough statisti ca l analyses of these trends remain to 
be done. The variance is hi gh eno ugh withi n years that 
only very large trends i.e. >2x are like ly to be significant. 
The results for Hg in ringed sea ls contrasts with the work 
on seabird eggs from Pri nce Leopold Island in Lancaster 
Sound in which Braune et al (200 1) found a sign ifi cant , 
approx imate ly two-fold , increase in Hg in thi ck-bil led 
murre eggs, a 50% increase in northern fulmar eggs and 
no significant increase in black-legged kittiwake eggs over 
approx imate ly the sa me period as several of the ringed 
sea l popu lati ons in this study. The explanat ion for this 
may be that kittiwakes overwinter at lower lat itudes wh ile 
the murres an d fulmars overwinter in northern waters that 
may not have experienced a decline in Hg. The different 
overwintering habitat fo r sea birds com pared to seals may 
also exp la in differences in trends of PFCAs. 
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Abstract 
Thi s long term study is examining trends over t ime of 
mercury and other trace elements, as well as legacy and 
new persistent organic pollutants (POPs) in land locked 
Arctic char from lakes near the community ofQausuittuq 
(Resolute) and in Lake Hazen, by analysis of annual sample 
co llections. In 2004, arct ic char samples were collected 
from Reso lute Lake and from Lake Hazen. To assess 
temporal trend s, results from 2004 were combi ned with 
previous results. Concentrations of mercury in the char 
in Resolute Lake were found to have remained unchanged 
in 2004 and overa ll have not declined significantly from 
1993 to 2004. At Lake Hazen, mercwy concentrations were 
not signifi cant ly different in 2004 from 2003 but yea r to 
year variat ion is evident especia l ly for larger char (>375 
111111 in length). Time trends of total PCBs (IPCB) and tota l 
DDT (IDDT) were examined in ski n-on muscle ofarctic 
char from Amituk. Char, Resolute, and Hazen Lakes. IDDT 
has dec lined sign i ficantly in al l 4 lakes over the period 
1989 to 2004 (time intervals di ffe r in each lake and va ry 
from 8 to 14 years). The decline ofIPCB was statist ically 
significant on ly in Am ituk and Hazen lakes at 3 and 5% 
per year, respectivel y. Total polybrominated diphenyl 
ethers (PBDEs) increased significantly in concentration 
from 1997 to 2004 in Reso lute Lake with doubl ing t ime of 
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5 years similar to observat ions for marine an ima ls in the 
Canadian arctic. 

Key Messages 
Mercury concen t rations have not dec l ined 
sign i ficantly in landlocked char from Resolute lake 
or Lake Hazen from the early I990s to 2004. 

DDT concentrations i n land locked char have 
decreased significantly in al l 4 study lakes wh ile PCB 
has declined more slow ly or not at al l in cha r from 
the same lakes 

Tota l PBDEs increased significantly in concentra tion 
from 1997 to 2004 in Resolute Lake w i th doubl ing 
t ime of5 yea rs 

Objectives 
L Determ ine long term tempora l trends of pers istent 

organic po l lutants (POPs) and meta ls in landlocked 
Arct ic char from lakes in the Canadian high arct ic 
islands by ana lys is of annua l or biann ual samp le 
col lections. 
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2. Investigate fac tors influencing contaminant Je,els 
in landlocked char such as the influence of sam pl ing 
ti me. water temperature. diet and climate warming. 

J. Determ ine leve ls of current POPs and meta ls as well 
as "new" potenti al POPs in fi sh fro m lakes of 
import ance 10 th e community of Reso lute Bay 
(Qausuinuq) and provide thi s informati on on a timely 
basis. 

Introduction 
Lakes in the hi gh Arcti c are repleni shed annuall y with 
snow melt runoff and direct prec ipitati on whi ch represent 
significanl fracti ons of their water budgets. Changes in 
concc ntrations of POPs and Hg ( Hg), in air and 
precip itati on should be re fl ected relat ive ly quick ly in 
changes in leve ls in food webs and top predator fishes, 
co mpared to th e vas t mar in e enviro nment. The 
sedi mentary records of POPs and Hg in smal l arct ic lakes 
show that they refl ect global trends in emissions (Mu ir et 
al. 1996; Lockhart et al. 1998). Direct precipitati on during 
the open water period and snow melt were importan t 
sources of Hg inputs into Amituk Lake (Semkin et al. 2005). 
Abo ut 30% of PCB inputs, and 8-3 3% of organochl orine 
(OC) pesti cide inputs, to Amituk Lake from snow melt in 
1994 we re retained in the lake (Macdonald et al. 2000). 

As top predators in hi gh arctic lakes. landlocked char are 
good indica tors of changes in inputs of methyl Hg and 
PO Ps beca use of th e biomag ni fica t io n of these 
con taminants (Kock et al. 2004). Fish accumu late 
contaminants and metals from their diet and as they pass 
water over their gill s. Unlike mammals, fi sh have limited 
capac ity to degrade most POPs and excrete many of these 
chemicals ve ry slow ly (N iimi and Oli ver I 983). Hg 
genera ll y ent ers the food web after con version lo methyl 
Ilg from Hg (11 ) and Hg(0) (Morel et al. I 998) and 
concen1ra1ions increase with trophic pos itioning in the 
food web, with top predators having the highest body 
burdens of any spec ies in a lake. Mercury is excreted 
,ery slowly by fi sh (Trudel and Rasmussen 1997). In 
addi tion. smdies have demonstrated that concen1ra1ions 
of Hg fro m primary to tertiary consumers are significantly 
re lated 10 their trophic pos ition. as determi ned by Ii '' 
(Kidd et al. 1995; Power et al. 2002). 

The CP ca ll for proposa ls fo r 2004-05 noted that 
"L andl oc ked char are an import ant in dicato r of 
atmospheric contamina nt inputs in the hi gh Arcti c and 
are also an increasingly impo1ia n1 food spec ies lo loca l 
Inuit. In order 10 maintain th is tempora l data set th ere is a 
need 10 assess Hg and POPs in char from Reso lute, 
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Amituk. Char and I la7en lakes". The ne\\ Northern 
Con1aminants Program's "Blueprint" for "E1n iron mental 
Trends Related to Human llealth and International 
Controls" which was de, eloped after this project was 
appro, ed in early 2004. recommended that temporal trend 
monitoring of Hg and POPs be conducted at "Resolute 
and Amituk lakes and "or others depending on sample 
ava il ability''. The NCP (2004) blueprint sets an ambit ious 
goa l of being able lo detect a I 0% an nua l change in 
contaminant concen1ra1ion over a period of I 0-15 years 
wi th a power of80% and conridence level of95%. 

A study of the statistical power of 42 time series data sets 
for Hg in biota from countries i1n ohed in AMAP noted 
that the consequence of sampling less frequentl y than 
once a year was considerable loss of power (Bignert et al. 
2004 ). "Power" is defined as the probabilil) that the data 
set of in1erest is sufficiently scnsi1i, e 10 detect a change 
or trend ofa specified magniwde. The study demonstrated 
that only a few datasets such as those from Sweden had 
sufficienl power 10 detect annual changes of5% in Hg in 
fis h. 

The va lue of long term, annual, sampling of fish for 
measu rement of temporal trends of POPs. as well as Hg. 
has been well illustrated by studies in Sweden. Arctic 
char have been collected since 1980 in Lake Abiskojaure. 
200 km north of the Arcti c circle. and northern pike "ere 
collected from Lake Stan indeln. a forest lake in northern 
Sweden since 1978 (de Wit et al. 2004). Each annual sample 
at a site was represented by I 025 specimens. thus 
"ithinyear ,ariation could be estimated. Declines in Je,·els 
ofLDDT (DDT + DDD + DDE), PCB. and HCBz, were 
noted in fish from the Arctic locations (Olsson and 
Reutergardh 1986; de Wit et al. 2004). Mercu,y and HCH 
isomers showed no significant dec li nes in fish muscle 
over a 24 year period. Because of annual sampling the 
Swed ish program was also able 10 detect increases in 
DDT inputs due 10 the use of DDT in East Germany in 
1984(Bignertetal. 1993). 

Results from our pre, ious study on co111aminants in char. 
"hich was funded from 1999-2004 in Phase II of the 
Northern Contaminants Program. ha, e shown that Hg 
le, els ha, e increased marginally Arctic char from Char 
andAmituk Lakes. remained the same in Lake Hazen, and 
declined in Reso lute Lake over a 9-1.J year period (Muir et 
al. 200 I). The slow declining trend in Resolute Lake 
suggests that th ese trends can va ry widely among lakes. 
Di ffere nces in wa ter res idence time and wa tershed 
characteri stics may help ex plain thi s. 
Persistent organochl orines were not de term ined in 
landlocked char collected by th is study in 2003 because 
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funding was avai lab le only for work on Hg. Our previous 
NCP Synopsis report summari zed results for legacy POPs 
(PCBs. DDT, and oth er organochlorine (OC) pesticides) 
and new potential POPs in landlocked char from Amituk. 
Char and Resolute Lakes based on samples co llected 
between 1993 and 2002 (Muir, Bright et al. 2003). Char 
samples had detectab le levels of about 85 PCB congeners 
(LPCB) and 30 OC pesticides (DDT, chlordane etc) and 
OC byproducts (e.g. HCB, octach lorosytrene etc .) related 
compounds. LPCB concentrations showed no significant 
decline in Char Lake ( 1993-2000).Amituk Lake ( I 992-2002) 
or Reso lute Lake ( 1997-2002). Total chl ordane (LC HL). 
tota l tetra- , penta- and hexachlorobenzenes (LCBZ), and 
total hexachlorocyc loh exa ne s (L HCH) dec lin ed 
significantl y between 1992-02 (Amituk) and 1993-2000 
(Char). L DDT (total DDT-related compounds) a lso 
declined but the trend was not stati sticall y significant 
due to small sam ple sizes. Our previous work also showed 
signifi cant increased concentrations of tetra- and penta-
brom inated diphenyl ether(PBDEs) congeners in Resolute 
Lake ( 1997-2002). 

Thi s st ud y repo rt s on re sult s of continued annual 
sampling and contaminant analysis of char at Reso lute 
Lake and other lakes on Cornwall is Island, as we ll as from 
Lake Hazen. 

Activities 
In 2004-05 
Sample collection: 
Samples were successfull y collected in August 2004 from 
Resolute Lakes. as well as from Lake Hazen. Due to ice 
conditions we were unable to collect adu lt char from Char 
and Amituk Lakes (about 90% ice covered). Collect ion 
involved th e use of gill nets (net size 36 111111 and 42 111111) 

set perpendicu lar to shore in 1-3 111 depth water genera ll y 
for < 3 hrs. Young char were co llected from Char and 
Resolute Lakes by electrofi shing along the shoreline in 
support of other studies. The sample numbers coll ected 
in 2004 and in previous years are li sted in Table I. Samples 
(sk in- on fill ets) were frozen in Resolute and then shipped 
to th e Na ti ona l Water Resea rch Institute ( WR!) , 
Burlington. Ontario, and stored at -20°C until ana lys is. 
Subsamples were also shipped to J. Reist (DFO Winnipeg). 
Ag ing o f the char was done by J . Babaluk (DFO 
Winnipeg). Archived samples of char from Lake Hazen 
( 1992, 200 I) were provided by J. Babaluk. 

Chemical ana lysis 
Mercury and other elements: Arctic char muscle (skinless) 
was subsampled and acid-digested in a hi gh-pressu re 
microwave oven. Mercury was ana lysed by co ld va pour 
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atomic absorption spectrophotometry (CVAAS), and 31 
elements (Ag,AI.As, Ba, Be, Bi, Cd, Co. Cr, Cu. Fe, Ga, La. 
Li , Mn, Mo, Ni, Pb, Rb, Sb, Se, Sn, Sr, TI, U, V, Zn, Pt, Pd, 
Cs, K) were determined by inductively coupled plasma 
hi gh reso lution mass spectrometry (ICP-H RMS). All 
anal yses were performed by the Nat ional Laboratory for 
Environmental Testing (NLET) at NW RI , Burlington. 

Organohalogen compounds: Char (muscle plus skin ) 
samples we re homogenized, mixed with pre-cleaned 
Na ,SO, and Soxhlet extrac ted with 
dichloromethane:hexane ( I: I) using a clean room (carbon 
and HEPA filtered a ir ) to reduce background 
comaminat ion. Organohalogens were iso lated by gel 
permeation chromatography (GPC) followed by silica gel 
cleanup. Lipid was determined using the GPC lip id 
fract ion. The chromatography on silica gel was used to 
separate PCBs and p,p' -DDE from more polar compounds 
including chlordane and toxaphene components, p,p' -
DDT and HCH isomers and polybrominated diphenyl 
ethers (PBDEs). The two fractions from the si li ca ge l 
co lumn were then anal ysed by gas chromatography with 
electron-capture detection (GC-ECD). Separation was 
accompli shed on a HP 6890 GC using a 30 111 DB-5 column 
with H, carrier gas. LPCBs represented the sum of I 03 
congeners. Toxaphene , PBDE s and 
hexabromocyclododecane (H BCD) were analysed by low 
resolution GC-negati ve ion MS using a HP 5973 MSD. 
Selected samples of Fraction I were also run to check 
quantification oftoxaphene congener P26. PBDEs were 
quantified using an external standard consisting of 32 
congeners. Gas chromatographic conditions for the 
PBDEs and HBCD are described by Luross et al (2002). 

Stab le isotope ana lyses: Muscle from all fish analysed 
for Hg and POPs were analysed for stable isotopes of 
carbon (o 13C) and nitrogen (o "N) at NWRI (Saskatoon) 
in muscle samples using isotope ratio MS. 

Quality assurance (QA): Certified reference materials for 
heavy metal s from the National Research Counc il of 
Canada (DOLT-2, DORM-2 and TORT-2) were analysed 
with each batch of samples (N=2). Average deviations 
from certified va lues fo r the 15 certified elements in 
DORM-2 (dogfish musc le) , 15 elements in DOLT-2 
(dogfish liver) and 14 e lemems in TORT-2 (lobster 
hepatopancreas) were 3%, 5% and 3%, respectivel y. 
Certified reference materials for organochlorines and 
PBDEs from NIST (National Institute of Standards and 
Technology, Gaithersburg MD; http: //ois.nist.gov/ 
srmcatalog) 1588a cod liver and 1974b musse ls were used 
with each batch of I O samples. Average deviations for 
major cert ified ana lytes in NIST 1974b ranged from 20-
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35% and from 2-35% in NIST 1588a. Reagent blanks were 
also run with each sample batch of I 0 samples. NLET 
organ ics and metals labs are participants in the NC P 
Quality Assurance Program. The NLET organics lab is a 
pa rticipant in the Qua lit y Assurance for Marine 
Environmental Monitoring in Europe (QUASIMEME) 
programs fo r PCBs, toxaphene and PBDEs. The NLET 
Jabs are accredited by the Standards Counci l of Canada 
through Canadian Environmenta l Analytical Laboratory 
program to the standard CAN-P-4D (ISO/IEC 17025). 

Sta tis ti c al an a lyses: All statistical analyses were 
conducted using the SYSTAT stati stical package (Systat 
Softwa re Inc ., Point Richmond , CA). No n-d etect 
concentrations were replaced with half the instrumental 
detection limit for ca lcu lation of arithmetic and geometric 
mea ns and standard de via tion s. Resu lt s for each 
collection yea r were first tested for normality using the 

Shapiro-Wilk test. Results fo r all elements were log I 0 
transformed in order to reduce coeffic ients of skewness 
and kurtosis to <2. Geometric mean concentrations and 
upper/lower 95% confidence interva ls were calcul ated 
with log transformed data and back transformed for 
graphical presentation. 

Results 
Mercury and other elements: Mean concentrations of 18 
elements in landlocked Arcti c char musc le from Resolute 
Lake and Lake Hazen fo r 2004 are presented in Table I Of 
th e 32 elements routinely determined. 16 were above 
detection limits in all Resolute lake samples and 18 in 
Lake Hazen samples. We ha,e pre, iously noted that Hg 
was signifi cantly corre lated (P<0.05) wit h length, we ight. 
8"N, TI and Rb in char from ll azen and Resolute lakes 
(Mui r and Kock 2004). 

Table 1. List of Arctic Char samples analysed for mercury and other elements in high Arctic Lakes 

Lake Year Col lected Analysed for Ana lysed for 
H POPs 

Am ituk 1989 23 23 9 
Am ituk 1 I 992 15 15 12 
Amituk 200 I, 2002 , 2003 5, 5, 6 5,5,6 2,4,5 

Char 1 1993 5 5 5 
Char 1999,2000,200 1 3,4, 4 3,4,4 3,4,4 
Char 2003 6 6 6 

Hazen 1 1990 35 35 6 
Hazen 1992 20 20 2 

Hazen 2001 20 20 
Hazen 2003 20 20 10 
Hazen 2004 16 8 

Reso lute 1 1993 7 7 
Reso lute 1997 40 10 10 
Reso lute 1999 21 10 10 
Reso lute 2000 18 18 8 
Reso lute 2001 21 17 10 
Reso lute 2002 19 10 8 
Reso lute 2003 20 10 10 
Reso lute 2004 17 10 10 

1 Amituk 1989, 1992, Char 1993, Resolute 1993, and Hazen 1990 samples not available. Used Hg 
results from W. L. Lockhart's database 

' Archived samples to be analysed for POPs in 2005-06 
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The range ofo" N in char muscle from the 2004 col lecti ons 
varied from 10.6%0 to 14.4%0 in Resolute Lake. Differences 
of > 3.5%0 in li " N in di cate that some char were a full 
trophic leve l hi gher than others assu ming increases of 
about 3.5 %0 with each lrop hi c leve l (Peterso n and Fry 
1987). li " N was positively correlated (P<0.0 1) with length 
and weight o f char in Reso lute lake (data not shown). 
Thus larger char were feeding at a hi gher tro phic level. 
Hobson and We lch ( 1995) associated 6 15N values of 13.7 
%0 w ith pisc ivory in char from Char Lake. They a lso found 

a significa nt increase in the li " N of th ese fi sh with si ze 
w hi c h th ey attribute d to ca nniba li s m w ithin the 
popu la ti o n. 
Mercury was sign ificant ly corre lated (P <0.05) with age 
and length of char in Resolute Lake but not in Lake Hazen . 
Small sa mple size of th e Lake Ha zen char may have 
precl uded findin g s ignifi can t relation ships. Previous 
sa mpl es fro m Lake Hazen (2003) showed s igni ficant 
correlations of Hg and fi sh length , age and li " N (Mu ir 
and Kock 2004). 

Figure 1. Temporal trends of mercury concentrations in arctic char muscle from Lake Hazen and Resolute 
Lake. Bars represent geometric mean concentrations and 95% confidence intervals on the log transformed 
data. Horizontal axis shows dates and sample numbers each year. 
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The results for Hg from 2004 arc combi ned with prev ious 
results for Hg in landlocked arctic char from Resolu te and 
Hazen Lakes in Figure I. These are geometric mea n 
conce ntra ti o ns and 95% confidence inte rva ls. No 
adj ustment fo r we ight/ length o f th e char was made 
because thi s information is not available fo r 1993 samples. 
However, our experience from fi shing Resolute Lake since 
1997 is that the size range ca ught each year is ve,y simil ar. 
No significa nt trends ove r the period 1993 to 2004 are 
ap pa rent. Whil e mean concentrati ons o f Hg dec lined 
about 20-25% from 1993 to 2002, recent mean results (2003-
04) have been sli ghtl y hi gher. 

For Lake Hazen, two size classes of char were consistently 
sampled in prev ious years ( 1990, I 992. 200 I and 2003). 
One group from 280-375 111111 length generally had o" N of 
9- 12 %0 while the larger size class (375-680 111 111) had 8" > 
13 %0. The samples from 2004 were all >370 111 111 and were 
therefore in cluded in the "large" category. Arithmetric 
mean concent ra tions for 2004 were similar to those for 
2003 from the same ·'large" size class (Figure I). 

Persistent organ ohalogen compounds: 
Char were ana lysed for legacy OC pesticides and 
byproducts (29), PCB congeners ( I 04). PBDEs ( 17) and 
toxaphene co ngeners (25). Thi s added to re sult s 
gene rated previously for these sa me analytes from 
sam ples co llected from 1997 to 2002 (Mu ir. Bright et al. 
2003) and in the early 1990s (Muir and Lock hart 1994; 
Muir and Lockhart 1996). The combined informat ion 
enables temporal trends to be examined and for 
compa ri son among lakes. In thi s report we wil l focus on 
trends of PCBs and DOT related compounds and on 
PBDEs. 

Trends of total PCBs (IPCB) and total DOT (LOOT) in 
skin-on muscle of arctic char from Amituk, Char. Resolute. 
and Hazen Lakes are presented in Figure 2. These results 
shou ld be considered preliminary because they represent 
means of log transformed data using all samples and not 
considering trophic level of the char. LOOT has declined 
significantly in all 4 lakes over the past 8 10 14 years. 
Expressed in percentage terms. us ing the slope of the 
regress ion of mean log concentrations vs time, LOOT is 
decl ini ng al a rate of 6% per year in Ami tuk Lake, 17% in 

Figure 2. Trends of I PCBs and IDDT (ng/g lipid weight) in arctic char from Amituk, Char, Resolute, and 
Hazen Lakes. Vertical bars are upper and lower 95% confidence intervals. Log values are plotted, thus 
3=1000; 2=100 ng/g. 
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Char Lake. 16% in Resolute Lake and 5% per year in Lake 
Hazen. The decline on:PCB was statistically signi ficant 
only in Amituk and Hazen lakes at 3 and 5% per year. 
re spec tively. LPCB concentrat ions have re mai ned 
constant in Resolute and Char Lakes (F igure 2). 

We had previously repo rted that total PBDEs (LPBDE) 
doubled in concentration from 1997 to 200 I in Resolute 
Lake (M ui r, Bright et al. 2003). The present study has 
ex tended thi s to 2004 and Figure 3 shows mean 
concentrations of log transformed data using char with 
o"N < 13 %0 (Figure 3). LPBDEs in Resolute Lake cha r 
were significantly correlated with o"N and resu lts from 4 
char with o"N > 13 %0 were omitt ed from ca lcul at ion of 
mean concentrat ions in order to use fish that were feedi no 
at the same trophic level. While LPBDEs were relative!; 
lo w ( 1-5 ng/g wet wt) the concent rations of PBDE 
congeners 47 and 99 are within th e range of the 30 most 
prominent PCB congeners in the same sam ples. LPBDEs 
have increased significantly (regression of mean log 
concentrations vs time; P<0.05) with doubling time of 5 
years over the period 1997 to 2004. LPBDE appear 10 have 
levelled off ove r the period 200 I to 2004 (Figure 3). 

Hexabromocyclododecane was also detected in char from 
Resolute Lake (<0.05-0.25 ng/g wet wt) but not in char 
from Amituk or Char La ke (<0.05 ng/g we t wt). 

Decabromodiphenyl ethane and PBD E 209 were not 
detected in any samples. 

Discussion and Conclusions 
The resu lts for Hg in landlocked char in thi s study when 
combined wit h prev ious yea rs work continue to ill ustrate 
that there is great lake to lake variati on observed in both 
concentrations and in tempora l trends of Hg. Overall , no 
significant time trends of Hg conce ntrations were 
observed in Resolute Lake and in Lake Hazen although 
signifi cant short term vari at ion seems apparent espec ial!) 
for th e large char in Lake Hazen. The presence of small 
an d large char morphotypes ( di stincti ve fonns of different 
size and feeding habits) has been prev iously repo rted for 
Lake Hazen (Reist et al. 1995; Gu igueret al. 2002). Guiguer 
et al (2002) showed that large char from Lake Hazen (394-
642 111111 ) were feedi ng at a higher trophic leve l than smaller 
cha r, main ly on ju ven il e char ( l 13-252 111111 length ). Our 
8" N for char of375-680 111111 agree with those reported by 
Guiguer et al. yea r to yea r dietary shift s by these 
pi scivorous char cou ld exp lain the va ri ation. 

Resolute Lake has a much higher sedimentation rate than 
Lake Hazen and because of its small size responds rap idly 
to changing input s. Mercury profiles in dated sediment 
cores from Reso lute Lake indica ted that hi storica l inputs 
we re greater in the 1960s than in more rece nt decades 

Figure 3. Concentrations of total PBDEs and tetrabromo PBDE congener 47 in landlocked Arctic char from 
Resolute Lake (1 997-2004). Symbols are average lipid weight concentrations and vertical lines are 95% 
confidence intervals. Log values are plotted , thus 1 = 1 0 ng/g lipid wt and 2 = 100 ng/g lipid wt. 
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Table 2. Geometric and arithmetic mean concentrations and ranges of length, weight, age major elements (ug/g wet wt) and stable 
isotope ratios in muscle of landlocked Arctic char from lakes in the Canadian Arctic archipelago collected in 2004 

Lake lengt age As Ba Cd Co Cr Cs Cu Mn Mo Ni Pb Rb Se Sn Sr TI Zn Hg 011c 
h 
(cm) ( r) 

Reso lute GM 38 19 0.02 0.02 0.002 0.003 0.020 0.001 1.02 0.09 0.004 0. 133 0.006 0.69 0.65 0.013 0.111 0.007 7.6-1 0.156 
N= IO avera ge 38 20 0.02 0.02 0.003 0.003 0.027 0.00 I I. 15 0.09 0.004 0. 145 0.009 0.69 0.65 0.017 0. 1-10 0.0 I O 8.2 1 0.168 -22.0 

min 33 14 0.01 0.01 0.001 0.002 0.004 0.001 0.57 0.05 0.002 0.087 0.001 0.53 0.47 0.010 0.0340.00-1 -1.59 0.102 -22.8 
max 48 33 0.06 0.06 0.007 0.004 0.061 0.003 2.67 0.14 0.0 10 0.203 0.022 0.80 0.74 0.050 0.3440034 13.1 0.278 -21.6 
% detected' 100 100 100 100 100 100 100 100 100 20 80 100 100 100 100 100 100 100 

I lazen GM 44 15 0.02 0.01 0.003 0.009 0.023 0.007 0.36 0.04 0.002 0.0-10 0.004 1.21 I .46 0.0 14 0.024 0.010 4. 11 0.234 
N=8 average 44 15 0.02 0.01 0.004 0.009 0.053 0.007 0.37 0.05 0.002 0.049 0.005 1.23 1.47 0.0 16 0.031 0.012 4. 12 0.280 

min 37 II 0.0 1 0.01 0.003 0.005 0.009 0.003 0.22 0.03 0.002 0.009 0.002 0.85 1.02 0.0 I O 0.012 0.004 3.86 0.075 
max 50 18 0.03 0.02 0.004 0.013 0.298 0.0 12 0.48 0.07 0.002 0.086 0.008 1.56 1.87 0.030 0.111 0.019 4.5 1 0.561 
% detec ted' 100 100 100 100 100 100 100 100 100 100 100 100 100 63 100 100 100 100 



(Mu ir, Halli we ll et a l. 2003). Nea rby Char Lake also shows 
declining inputs o r total Hg 10 sed im ents (Muir, D. and 
Jackson, T. Unpubli shed data NW RI 2004). St. Louis et 
al. (2005) concluded that linle of the spring-time oxidized 
Hg entered lakes via snowmelt due 10 volat ili zation and 
photochemical reduction, however, they did observe a 
springtime pulse or mono-methyl Hg into high arclic lakes. 
This may be a signi ficant source for the arctic char food 
web. Small lakes suc h as those in the Reso lute area that 
we have been studyi ng si nce 1997 are thus best suited lo 
detect changes in Hg inputs due lo foster response than 
large systems such as Lake Haze n. 

This study has updated the time trends in legacy POPs 
and new co111am ina111s in landl ocked char ror the first 
time si nce 2002. With the add itional data, time trends have 
greater power and are becoming more amenab le to 
stati s tical analys is. Observed tre nd s a ppear lo be 
consistem with observations for marine biota. For example, 
lkonomou et a l. (2002) observed a doubling lime of about 
5 yrs during the 1990s ror I PBD Es in ringed sea ls from 
Holman (NT) whi ch is s imilar 10 obse rvations in a rcl ic 
char in Reso lute Lake. The AMAP POPs assessment 
noted that IDDT declined by 2.4 to 3.7% per yea r in 
Ca nadian arctic ringed seals and from 3.6 10 7.3% per year 
in Northern fu lmars from Prince Leopold Is (de Wit et a l. 
2004). I PCBs showed generally s lower % dec lines than 
IDDT in seals and seab irds, s imil a r to observations for 
arctic char. The % per year of decl ine ofIPCBs and IDDT 
in cha r rro m the most remote lakes, Amituk and Hazen, 
was most simi lar to those in marine biota , while results 
from Reso lute and Char showed mo re rapid dec lin e or 

IDDT and s lower decline orI PC Bs. 
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Abstract 
Mercury is a global toxic pollutant and its impact on th e 
Arct ic environment is of great concern . Atmospheri c 
mercury concentration measurements have been made at 
Alert , Nunavut for the past I O yea rs and ha ve shown 
di sti nct repeatab le seasonal and annual patterns in the 
gaseous elemental mercury (GEM). Research continues 
into understanding th e processes, transfer and impact of 
atmosp heri c me rcury depletion event s (M DEs) in th e 
springtime to the Arctic. A n intensive snow sa mpling 
campaign was initiated th is past yea r to stu dy mercury in 
the spring and, for the first time, during the snowmeh 
period to further understand the potential tra nsport of 
mercury to the Arctic ecosystem. An intern ational fi e ld 
campaign was held in Barrow, Alaska in the spring of 
2004 to fu rther our capab iliti es of sampling mercury in 
Arctic environ ments and to fu rth er understand the 
sprin gt ime cycle of mercu ry in the Arctic. 

Key Messages 
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Ten years of atmospheric mercury measurements 
have been made at Alert , Nunav ut. Thi s data 
will establish trends of atmosphe ri c mercu ry in 
th e Canadian hi gh Arct ic 
Con tinue d in tens ive stu d ies of me rc ur y 
depletion/depos it ion epi sodes and their impact 
on th e A rct ic environment were undertaken 
includi ng sampl ing of snow du ri ng the snowmelt 

Research into th e measurement, fo rmati on and 
the fate of the various reacti ve mercury spec ies 
continued 
Wh il e studi es continue to furth er understand 
th e processes dri ving mercury depletion even ts, 
the cause, effects and impli cation s of these 
even ts are stil l pending. 

Objectives 
The objecti ves of thi s project are to establi sh baseline 
concentrati ons of mercury in the atmosphere and to study 
the behav iour of mercury in the Canadia n hi gh Arct ic. By 
co llect ing long term in formati on on concentrat ions of 
atmos pheri c mercury, temporal var iab ility, transport 
events and trends can be establi shed. This information 
wi ll be crucia l in the deve lopment of Canadian strateg ies 
fo r nati onal and international po llution control objecti ves. 
The behaviou r of at mospheric me rcury in the hi gh Arctic 
in the springtime is complex and is currently we ll studi ed 
throug hout po lar reg ions. Th roug h th e NC P, thi s 
phe nome no n has been studi ed at Ale rt s ince th e 
beginning of the di scove ry and has th e adva ntage of 
long term reco rds and study. This project ai ms to furth er 
eluci date th e c he mi ca l a nd phy s ica l aspec ts of 
atmospheric mercury dep let ion and deposition event s 
afte r polar sunri se and the resulti ng potent ial link to 
enhanced Hg concentrations in the Arct ic environment. 
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Introduction 
With globa l c limate change cons idered to occu r at a rapid 
pace in Arcti c reg ions, the atmospheri c dynami cs and the 
impacts of po llu tants to thi s environm ent must be we ll 
understood . One priority po llutant of concern in Arct ic 
regions is mercury. Seve ral lines of evide nce stro ngly 
imp ly post-industrial enhan cement o f mercury to the 
envi ro nm e nt and th e A rc ti c appea rs pa rti cul a rly 
rnl nerabl e to th ese inputs (Macdona ld et al., 2000). 
Gaseous elemental mercury (GE M) meas urements have 
been ongo ing in the Canadi an Arcti c at Alert, Nu navut, 
since 1995. Annu a l tim e seri es o f GEM have been 
produced and show repetiti ve di stinct seasona l cycling 
of th is po llutant. Through ana lysis of th is an nual cycling, 
it was di scovered that a substanti al amount of reactive 
mercury is present in th e air and on particles during the 
spri ngtime when leve ls of GEM in the air are ,ery low 
(Ste ffe n et al. 2003). A porti on of these reactive mercury 
spec ies remain in the a ir whil e a large amount is deposited 
onto th e snow and ice surfaces . It is very likely that this 
conve rsion o f mercury (and subsequent depos ition) after 
polar sunri se may provide a pathway by whi ch these more 
reacti ve (potenti all y bioava ilable) merc ury spec ies are 
introd uced into th e Arcti c environm ent and thus may be 
im pactin g large areas o f the Northern Hemisphere (Lu et 
al. 200 I ). This project, within the Northern Contaminants 
Program, provides long term data on the temporal trends 
and spatia l variab ility of mercury in the High Arctic as 
we ll as in format ion concerning th e behaviour of mercury 
tha t may have a s ignifica nt impact on the Arctic 
env ironm ent. Result s fro m thi s project have created 
inte rn a ti o na l inte res t and have resu lte d in similar 
meas urements bei ng made in countries throughout the 
circumpo lar area and in the Antarcti c (Sc hroeder et al. 
2003). These data (Canadian and oth er) will provide 
important inform ation on the atm os ph er ic transport, 
tra nsformatio n and depos ition processes o f th is priority 
pollutant th roughout the Polar Regions. 

Activities 
In 2004/2005 
Ground-based atm os pheri c G EM, Reacti ,e Gaseous 
Me rc ury (R G M) a nd Pa rti cul ate Merc ury ( PM)) 
measurements continued at Alert. Duri ng the spring of 
2004 . a fo ll ow- up internati ona l inter-comparative and 
processes fi eld ca mpaign (Barrow Arcti c Mercury Study 
(B AMS 2004)) was he ld in Barrow, Alaska to fu rther 
understa nd mercury depletion events in the Arcti c as we ll 
as the methodo log ies used to make atm ospheri c mercu ry 
meas urements. At Alert , snow sa mp les we re co llected in 
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4 different ways to support the atmospheric 
measurements and associated M DE observations. 

Results 
Ground-level concentration measurements were continued 
fo r GEM in ambient air at Alert. The data to the end of 
2004 have been prel imina rily quality ass ured. A QC 
protoco l for RGM and PM concen trat ion data was 
developed for Alert and appl icd to the 2003-2004 data 
sets. Results are shown in Figure I . Results from the 
BAMS 2004 study are still being worked up. 

Four different sets of sam ples were col lected at Alert: I) 
snow table; 2) snow melt; 3) o, er the ocean and 4) snow 
pit (comparative) sa mples. Some preliminary results are 
presented in Table I Sno\\ table sa mples were co ll ected 
from April until early June. The concentrations were fou nd 
to range between 2 and 1800 pgg·' and inpu ts of merc ury 
during thi s sampling period ranged between 2 and 350 
ngm·'- Snow melt (pre-melt. melt and post-mel t) samples 
for tota l and methy l mercury concentrat io ns we re 
anempted at Alert forthe first time in 2004 and prcli mina,y 
results are shown in Table I . Part of this init ial program 
inrnlved establ ish ing the required logistics to complete 
such a task and thus only a few sa mples were col lected 
this yea r. Three tributaries near the Alert station were 
se lected for snow and water sampling during the pre-
melt. melt. and post-melt periods. Sites I and 2 feed into 
two adjacent lakes and site 3 is an outlet tributary from 
one of the lakes. Four sets of sn0\\ core duplicate samples 
were obtained for both total and methy l-Hg from June 8 
10 Jul y 6 for sites I and 2. while two sets were take n in 
June from site 3. Analyses are st il l ongoi ng fo r these 
samples. Water sampli ng was limi ted to three sets from 
June 29 to July 13 fo r sites I and 2 and two sets for site 3. 
Methyl- Hg analyses for these water samples are ongo ing. 
Snow and frost nowcr samples collected over the frozen 
ocean (for the Out On The Ice (OOT I) 2004 st udy) were 
analyzed for total- Hg. Tota l-Hg results (s hown in Table 
I) for the frost nowers and artific ial ly created "snow'' 
nowers were low when compared to surface snow resu lts 
at various sea ice sites. A surface sample col lected inland 
was lower than the sea ice results. Met hyl-Hg analyses 
are ongoing for these samples and integration of the 
mercury results with other chemical data wi ll be made in 
the coming months. Snow pit samples were col lected fo r 
the U of A and the resu lts from the surface snow are 
show n in Tab le I. The concent ra tio ns were fo und to be 
lowe r than the table sa mples and lower than the sam ples 
coll ected ove r land during OOTI, April 24. Snow table 
sa mples were co llected and analysed for comparison with 
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NW RI samples and were fou nd to range between 3 and 
600 ng/L. 

Discussion and Conclusions 
Atmo.,·pheric merc111:J1: 
10 years of GEM concentrat ion data from thi s s ite a re 
now avai lable. This is the longest continuous record of 
atmospheric mercury measurements made in the Arcti c. 
Us ing this da ta set, a compara ti ve analys is of data from 
severa l circ umpolar s ites is unde rway and is expected to 
be completed by the end of thi s year. 

Using new technology, RGM a nd PM co nce ntration 
measurements have been made on a mostly con tinuous 
basis since 200 I to assess the ann ua l signature of these 
mercury spec ies thought to be key in unde rstandi ng 
MD Es. Using the experi ence gained over the past several 
years and th e data co ll ec te d , a QC protocol was 
deve loped for this data set. Thi s protocol was app li ed to 
the 2003 and 2004 data se ts (200 I and 2002 a re 
forthcoming) and the final resu lts are shown in Figure I . 
Thi s data show the clear anti-corre la ti on be tween GE M 
and RGM/ PM d urin g the springtime period whi ch has 
been previous ly reported (Lindberg et al. 200 I ; Lu et a l. , 
200 I). This figure also shows that towards the beginning 
of spring the predom inant spec ies of mercury during 
depletio n events is PM whil e towards th e encl of the 
season it is predom inant ly RGM . This is seen in 2003 and 
is repeated in 2004 suggesting th at there is a change each 
year in the meteorology and/o r chemistry at thi s location 
throughout the season. RGM/ PM concentrati ons are very 
low thro ughout the rest of th e year. Some events were 
found during th ese low RGM / PM per iods of a nti-
correlations between GEM and PM where the GEM is low 
and PM is elevated, s uggestin g deplet ion eve nt s o r 
transport of depletion events occurs in the dark per iod. 
Further analys is of thi s data set is expected this FY. 

The BAMS 2004 was undertaken between March and 
May 2004. This study a imed to fu11her ou r understanding 
of mercury cyc li ng in the Arctic regio n during springtime. 
As we ll , the data col lected during thi s ca mpaign will a lso 
feed into the circumpolar analys is of merc ury. Res ults 
from this campa ign a re still be ing ana lysed. 

A1ercury in snow: 
A snow sa mpling campa ign was undertake n this past 
spri ng at Alert. 4 types of samples were col lected and 
described above. Concentrati ons of th e snow collected 
on the tab le, between April and early June arc lower during 
non-MD Es and higher after or during MD Es whi ch agrees 
with reported resu lts (S teffen e t a l. , 2002). Samples 
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co llected in Jun e may be lowe r than expected beca use 
sam pl es were s lu s hy or partially refrozen, with 
temperatures hove ring aro und 0' C during sa mplin g. 
Sa mples were a lso co llected fro m the tab le for ana lys is at 
th e U of A and we re found to be within th e sa me 
concentrati on range but a direct compari son is st ill to be 
undertaken between laboratories fo r the total and methyl-
Hg sa mpl es. 

To investigate the e ffect of snow melt o n mercury in th e 
Arcti c enviro nment we initiated a pre. during and post 
snow melt samp ling campaign. As shown in Table I, total-
Hg concentrati ons in water sampl es were consistent over 
th e th ree sam ple sets fo r s ites I and 2 show ing li ttl e 
variation over the two week period. Concentrations of 
samples col lected at site 3 were lower on average than 
the inlet sites yet with a la rger va ri ati on between sa mples. 
Further anal ysis of th ese a nd additiona ll y co ll ected 
sa mp les is requ ired for both to ta l and methyl- Hg and a 
mo re intens ive samplin g ca mpa ign is ongoing in 2005. 

Frost fl owers (halogen enri ched frost found o n the frozen 
ocea n) a re th o ught to be the init iatin g factor in the MO E 
and ozone depletion chemi stry. Our goa l, as part of the 
OOT I 2004 study, was to find fres h frost flowers near 
open leads and measure them and th e surroundin g snow 
for tota l and meth yl-Hg. Unfo rtu nate ly, thi s study was 
plagued by a lack of open leads in the sea ice wh ich is 
requ ired to prod uce fresh frost fl ower fields. Two aged 
frost flower field s were sam pled for tota l and meth yl- Hg 
an d a third was a rtifi c ia ll y created by flooding an area. 
Thi s y ie lded some fresh "snow flowers" which were a lso 
sampl ed. To ta l-Hg concentrati on in the frost and snow 
flowers was quite low (as shown in Table I ) compared 
with the concentrati on of tota l-Hg found in the sur face 
snow at various sea ice sites. These data are preliminary 
and a re undergo ing further anal ys is and inte rpre ta tion. 

U of A coll ected snow pit sa mpl es as in previous years at 
A lert. The concentrati on of mercury in the surface snow 
is lower than that reported by NWR I from th e tab le and 
from sur face snow co llected o n th e OOT I study. The 5 
su rface sampl es from the snow pits co llected show a slight 
decreasin g trend in concentrati on for both the tota l and 
meth yl-H g. This indi cates a loss of merc ury fro m th e 
snow pack over the sa mp le tim e period . It has bee n 
suggested, from s imi la r sa mp les coll ected at A le rt in thi s 
manner, the concentrati on of mercury in the snow is low 
as a resu lt of red uct io n o f the inorganic merc ury in th e 
snow to elemental mercury (St. Louis et al. , 2005). However. 
the time tha t the snow pit sa mples were co llected was 
around the same time th at th e snow tabl e samples were 
repo rted as "s lu shy' '. Thi s mi ght s ugges t tha t these 
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samp les, si111il arl y to those collected on the sno" table. 
are low because th ey have been subjected to partial sno" 
mel t. This could be part of the reason fo r these reported 
IO\\ concent ra ti on values and suggests an alternate reason 
fo r these low concent ratio ns. The post depos itional 
behaviour of111 ercury in the snow pack, du ring the 111elting 
period. re111 a ins questionabl e and is the fo cus of our 
, now111 elt stu dy and requ ires further exp loration. 

Expected Project Completion Date 
Ongoing. 
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Abstract 
Tissues from burbot col lected at Fon Good Hope (Rampan 
Rap id s) in Dece mber 2004 were anal ysed for 
organohalogen comaminams (OCs/PCBs/BFRs/FOCs) 
and heavy metal s (H g/Se/As). Data from this lime point 
was combined with the ex isting meta l ( 1985, 1989, 1993 , 
1995, 1999, 2000, 2001 , 2002, Jan 2004 and Dec 2004) and 
OC ( 1988, I 994, 1999, 2000, 200 I, 2002, Jan 2004 and Dec 
2004)) data coverin g time spans of 19 and 16 years, 
respecti vel y. No significam correlat ion between length 
and mercury concentration was observed \:vith muscle or 
li ve r for e ith er sex . In the males , mean mercury 
co ncentrations in muscle increased by 2-fold over the 19 
year time pe riod. Mean Hg concentrat ions in muscle and 
li ver over the entire data sets were 0.3 17 ± 0. 132 (n=23 I) 
and 0.078 ± 0.069 (n=223) ,,g g·' , respectively. Muscle 
mercwy levels are below the recommended guidel ine level 
of0 .50 µg g·' for commercial sale but are al , or exceed, the 
guideline level of0.2 ,,g g·' reco mmended for fish used 
for subsistence. PBDEs levels have increase from 3.6-
(PBDE 47) to 15.1-fold (PBDE 154) overthe 19 year period 
from 1988 to 2004 but, are currently still about one order 
of magnitude less than those of PCBs. PFOS was the 
dominant pernuorinated compound in burbot liver. 
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Key Messages 
Mean wet we ight mercury concentrations in muscle 
from male Fort Good Hope burbot have inc reased by 
almost 2-fold over the 19-year time period from 1985 
to 2004. 
Muscle mercury leve ls are be low the recommended 
guidel ine level of0.50 ,,g g·' for commercial sa le but 
are at, or exceed, th e guideline leve l of 0.2 ,,g g·' 
recommended for fish used for subsistence. 
Significant dec lines , 6. 1- and 4.4-fold, occurred for 
both a- and y- HCH over 16 yea r time period between 
1988 and Dec-2004. ICBz leve ls dec reased by 2.9-
fo ld ove r the same time peri od. No trend in IDDT 
concentration was observed, however, p,p '-DDE/ 
IDDT rat ios increase from 0.39 in 1988 to 0. 73 in 
Dec-2004 suggesting "o ld" rather than recent inp uts 
of DDT. Oxychlordane leve ls increased 2.6-fo ld since 
March 1988. 
Brominated fl ames retardant such as PBDEs have 

increase from 3.6(PBDE47) to 15. 1 fo ld(PBDE 154) 
ove r the 19 yea r period from 1988 to 2004. 
Current IPBDE leve ls are approx imately one order 
of magni tude less than those of PCBs. 

• PFOS was the dominant perfluorinated compound in 
burbot li ver. 
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Objectives 
To continue to assess long term trends and to maintain 
current data o n leve ls of bioaccumulating substances 
such as trace metal s (e.g. mercury, se lenium, a rse ni c, lead 
and cadmium), organochlorine contaminants (e.g. PCBs. 
DDT, toxaphen e) and new contaminants (e.g. bromina tcd 
!la me re tardant s, lluor inated orga ni c compo unds) in 
Mackenz ie Rive r bu rbo t at Rampart Rapids (Fort Good 
! lope). 

Introduction 
Wi th a few except ions, minimal or no direct temporal trend 
111formation o n organ haloge n (OCs/ PCPs/BFRs/FOCs) 
contaminants and heavy metals (Hg/Se/As) in fish arc 
a , a ilable in e ither th e Arctic marine o r freshwater 
env iro nments. Due to a lack of retrospec ti ve samples and 
of past studi es, much of the temporal trend data that are 
ava ilab le a re too limited to be sc ientifica ll y c redibl e 
beca use they are based on 2 or at most 3 sampling tim es. 
In addi ti o n, much of thi s is confounded by changes in 
ana lyti ca l methodology as well as va ri abi lity due to age/ 
size, or di eta ry an d popu lation shifts. By compa ri son, 
tempora l trend data for contam inants in Lake Ontario lake 
tro ut (Borgmann and Whittl e 1991 ) and in pike mu sc le 
fro m Storvindel n Sweden are ava ilable over a 15 to 30 
yea r period. 

In the Macken zie Bas in over the last 150 years a steady 
increase in tempera tures has been recorded. In parti cu lar, 
over th e las t 35 years tem pera tures have increased abo ut 
a degree a decade, in the centre of the bas in ( Ro use e t a l., 
1997). Ri s in g tempe ratures in the reg ion ma y be 
responsibl e for the increasing Hg leve ls in the FGI-I burbot 
(see Results) for several reasons: (a) melted perm afrost, 
increased eros ion and forest fires may release increasi ng 
amounts o f Hg in to the river; (b) the rate of Hg methylat ion 
processes may have in c reased du e to in c reasing 
temperature and nutrients, particularly in th e wet lands 
and peatlands in the basin ; and (c) poss ible changes in 
food web structure may have an effect on methyl mercury 
(Mel-lg) biomagnification. 

As o utlined in the orthern Contaminants Program 2005-
2006 Ca ll for Proposa ls, the goa l of temporal trend 
monitorin g is to be able to detect a I 0% annual change in 
contaminant co ncentration over a period of I 0- 15 years 
with a power of80% and a confidence leve l of95%. Thi s 
requires sa mp le co ll ection and analys is ofa minimum of 
I 0 fi sh annually for a period of I Oto 15 years. Beca use of 
the impo rt ance of burbot to th e sub s istence diet of 
northerners res iding in the Sahtu Region and because of 
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th e avai labi lity of cu rrent da ta sets and arc hi ved sa mples 
( 1986-2005), Fort Good Hope (and the continued analys is 
of burbot) was se lected as one of the pri ority sampling 
locati o n fo r long term tempora l trend studi es. 

FWI currentl y maintai ns a very extensive arc hi ve of Fort 
Good I lope burbot tissues and data o n trace metals ( 19 
years and 9 time points; 1985, 1993 , 1995, 1999, 2000, 200 I, 
2002 , Jan04 and Dcc04 and POPs ( 18 yea rs and 9 time 
points: 1986, 1988, 1994, I 999, 2000, 200 I. 2002, Jan0-+ and 
Dcc04). 

Activities 
In 2004/05 
In December 2005, 35 burbot were col lected from the 
Mackenzie Ri ver at Fort Good I lope (Rampart Rapids) by 
com munity res idents. I lea, y metal and HOC ana lyses for 
th ese samples are now complete and the results d iscussed 
below. 

Results 
I lg, Sc, As: Currentl y heavy meta l (mercury, selenium and 
a rseni c) tim e trend data fro m Fort Good I lope ( Rampart 
Rapids) burbot tissues cove r 19 yea rs and 9 time points 
( 1985, 1993, 1995. 1999. 2000. 200 I. 2002, Jan0-+ and Dec 
200-+ ). Mean Hg concentrations in muscle and liver over 
the enti re data sets were 0.3 17 ± 0.132 (n 231) and 0.078 ± 
0.069 (11=223) pg g·', respectively. Muscle mcrcwy levels 
in muscle are below the recommended g uidel in e le ve l of 
0.50 ,, g g·' for comme rc ial sale but arc at, or exceed , the 
gu ide li ne leve l of0.2 ,,g g·' recomme nded for fish used 
fo r su bsistence. 

Mean mercury, se lenium and arsenic conce ntrat ions for 
burbot muscle and li ver sampl es for each co ll ecti on yea r 
are shown in Tables I an d 2, respec ti ve ly. No significant 
correla tion between length and mercury concentration 
was observed w ith mu sc le o r li ve r for ei ther sex. In th e 
males. mean mercury concentrations in muscle and liver 
increased by - 1. 5- and 3. 1-fold, respect ive ly. ove r the 19 
yea r time period (Tab les I. 2: Figure I ). For se lenium and 
arsenic no trends were observed in eit her the musc le o r 
li ver (Tabl es I an d 2). Th e hi g hes t meas ure d As 
concentration. 17. 16 pg g·1_ occu rred in a musc le sample 
from a fema le burbot co llected in 1999. 

Organohalogens: Tables 3-7 li st the mea n wet we ight 
concentrations o f major HOC g roups for co ll ec tion 
periods between 1988 and Dec-2004 . The hi gh I-IOC leve ls 
on:C H L. rD DT, r PCB and LC l-1 B observed in the Dec-
2004 sampl es cou ld poss ibl y be attributed to the hi gher 
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Table 1. Mean (standard deviation) concentrations of mercury, selenium and arsenic in Fort Good Hope 

burbot muscle (pg 9·1) . 

Collecti on Sex 11 Length Hg Se As 
Apr-85 1 M 10 633 (84) 0.222 (0.035) 0.358 (0.087 ) 
Dec-93 M 7 677 (109) 0.23 1 (0. 113) 0.534 (0. 163) 2.29 I (3. 15 1) 
Sept-95 M 2 0.265 (0.035) 
Dec-99 M 21 676 (107) 0.286 (0.095) 0.395 (0. 107) 0.637 (0.637) 
Dec-00 M 21 699 (104) 0.345 (0.097) 0.4 78 (0. 136) 1.333 ( 1.944) 
Dec-0I M 10 720( 164) 0.342 (0. 151) 0.581 (0.272) 3. 106 (3.897) 
Dec-02 M 12 699 (92) 0.297 (0. 139) 0.427 (0. 132) 1.555 (2. 746) 
Jan-04 M 9 705 (79) 0.336 (0. 179) 0.377 (0.06 1) 3.324 (4.506) 
Dec-04 M 17 681 ( 112) 0.413 (0. 130) 0.523 (0. 199) 1.0 11 ( 1.680) 
A pr-85 F 6 714 ( 140) 0.337 (0. 136) 0.480 (0. 126) 
Dec-93 F 3 8 12 (133) 0.297 (0.035) 0.32 1 (0.009) 6.450 (0.984) 
Sept-95 F 2 0.1 80 (0.085) 
Dec-99 F 21 735 ( 101) 0.259 (0. I 08) 0.219 (0. 104)2 2.626 (3.8 15) 
Dec-00 F 15 732 ( 127) 0.364 (0. 140) 0.460 (0. 175) 1.929 ( 1.62 1) 
Dec-01 F 10 747 ( 122) 0.336 (0. 180) 0.304 (0.096) 1.098 ( 1. 82 1) 
Dec-02 F 17 727 ( 118) 0.294 (0. 126) 0.400 (.297) 2. 704 (3.258) 
Jan-04 F 22 726 (98) 0.254 (0. 179) 0.376 (0. 125) 2.827 (3.425) 
Dec-04 F 18 708 (115) 0.432 (0. 138) 0.45 1 (0. 11 4) 1.562 (2.075) 

'Wagemann 1985; 'n = 20 

Table 2. Mean (standard deviation) concentrations of mercury, selen ium and arsen ic in Fort Good Hope burbot liver 
(ug g ' ). 

Collection Sex 11 Length Hg Se As 
Apr-85 1 M 9 643 (82) 0.044 (0.0 19) I . 759 (0.558) 
Dec-88 M 8 706 (84) 0.054 (0.026) 1.230 (0.555) 3.1 19( 1.725) 
Dec-93 M 7 677 ( 109) 1.0 16 ( 1.328) 
Dec-99 M 21 676 ( I 07) 0.046 (0.024) I .07 1 (0.628)2 0.607 (0.326) 
Dec-00 M 21 699 ( 104) 0.064 (0.026) 1.646 (0. 733) 0.585 (0.4 12) 
Dec-01 M 10 720(164) 0.063 (0.048) 1.434 ( 1.278) 0.839 (0.822) 
Dec-02 M 12 699 (92) 0.063 (0.031) I .43 7 (0.808) 0.77 1 (0.539) 
Jan-04 M 9 705 (79) 0.126 (0. 179) 1.98 1 ( 1.370) 1.994 ( 1.447) 
Dec-04 M 17 68 1 (112) 0. 111 (0.065) 3.267 (2.437) 0.496 (0.605) 
Apr-85 F 6 714 ( 140) 0.097 (0.098) 1.272 (0. 7 15) 
Dec-88 F 2 623 (86) 0.072 (0.035) I .460 ( 1.529) 1.280 ( 1.0 18) 
Dec-93 F 3 8 12 ( 129) 1.062 (0.546) 
Dec-99 F 20 749 (77) 0.064 (0.069) 0.687 (0.552)2 1.353 (0.8 11 ) 
Dec-00 F 15 732 ( 127) 0.094 (0.056) 1.203 (0.469) 0.632 (0.349) 
Dec-0I F 10 747 (122) 0.098 (0. 108) I .235 (0. 720) 1.074 ( 1.227) 
Dec-02 F 17 727 (118) 0.082 (0.067) 1.488 ( 1.203) 1.063 (0.890) 
Jan-04 F 22 726 (98) 0.057 (0.033) 1.245 (0.5 1 I ) 1.522 ( 1.348) 
Dec-04 F 17 700 ( 11 2) 0. 138 (0.08 1) 2.6 16 (? .030) 0.489 (0.335) 

'Wagemann 1985; 'n = 19 
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Figure 1. Mean Hg concentrations in muscle samples from male Fort Good Hope burbot. 
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wate r leve ls (a nd co rres po ndi ng ly hi gh pa rt ic ula te 
loadings) observed in th e Mackenzie Ri ver in spring/ 
summ er 2004 (Stern and Macdonald , 2005). ARe r li p id 
norma li zation , signifi cant dec li nes, 6 .1 - and 4.4- fo ld , 
occurred for both a - and y-HC H over thi s six teen year 
ti me period. P- HC H co nce ntration s we re be low the 
detection limit in most sa mp les. I:C Bz leve ls decreased 
by 2.9-fo ld. Whil e no trend in DDT co ncentrati on was 
obse rved, p,p '-DDE/L DDT rati os increase fro m 0.39 in 
1988 to 0. 73 in Dec-2004 suggesting "old" ra th er than 
rece nt in put s o f DDT. O xyc h lord a ne, th e princ ipa l 
metabolite of cis- and /rans-chlordane, and second only 
to /rans-nonachl o r as the mos t abunda nt chl o rdane-
re lated res idue in the Fort Good Hope burbot li ver, 
increased 2.6-fold s ince March 1988. The decreas ing 1/c-
CH L rat io suggests "old" ra ther than recent chl ordane 
inputs. 

Major PBD E congener and homo logue concentra ti ons in 
se lected burbot li ve r sa mples are listed in Tab le 5. PBDE 
47 is the most predominant PBDE congener residue in the 
burbot liver fol lowed by PBDE 99, 100, 153 and 154. 
S ig n ifi cant inc reases we re obse rve d for a ll majo r 
congeners over the 12 yea r t ime period from 1988 to 
January 2004. 

Mean a - and y- HBC DD concentrations ranged from 0. 177 
- 0. 290 and 0. 104 - 0 .3 14 ng/g, wet we ight. respecti vely 
(Table 6). P- HBC DD leve ls in a ll cases we re be low 
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Year 

detect ion limits. Only log [y- H BC DD] from the Jan 04 
samp les showed any correlation w ith lipid (r' = 0.23). No 
corre lation's were observed between log [a-, y- HBCDD] 
and age or length . 

PFOS was the dom ina nt perfluori nated compound in 
bu rbot liver. T he re we re no sta ti sti ca lly s igni fi can t 
d ifferences in the co nce ntrations of PFOS (or PFOA) in 
the burbot between 1986 and Jan 2004. There were 
positive linear correlations between concen tration of 
PFNA (r'=0.93), PFDA (r'=0.69) and PFUA (r'=0.86) and 
sa mpli ng year. No corre la ti o ns between P FC 
concent ration and age (o r lengt h) offish we re obse rved. 
PFOS was the domina nt perfl uorinated co mpo und in 
burbo t li ver. The re were no stat ist ica lly s ignifica nt 
di ffe rences in the conce ntrations of PFOS (or PFOA) in 
the burbot between 1986 and 2004. 

Expected Project Completion Data 
Tempora l trend st udies are long-term propositio ns and 
th us annual sa mplin g is projected unti l at least 2009 (13 
time poi nts covering 2 1 yea rs fo r the o rga noha logen 
compoun ds and 14 time points cove ri ng a period of 24 
years for mercury). 
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io rv Table 3. OCs in Burbot liver from Fort Good Hope (mean and standard deviation, ng g·1, ww) 

Yea r sex 11 % Lipid ICBz IHCH ICHL IDDT IPCB ICHB HCBz Die ldri n 
1988 M + F 10 30 .20 13.63 5.53 23.83 16.17 58.11 121.66 13.07 2.38 

( I 3.47) (4.21) ( I . 71) (7.37) (5.25) (18.45) (38.62) (4.06) (0.74) 
1994 M + F 9 30.56 8.63 5.13 17.34 18.96 50.05 93.70 8. 17 2.02 

( 11.59) (2.63) ( 1.53) (6. 14) (8.28) ( 17.55) (28.92) (2.48) (0.62) 
1999 M + F 2 1 42. 10 10.04 3.78 21.00 22.84 62.77 108.06 5.43 2.38 

( I 3.3 I ) (38 1) (138) (8.04) (8.59) (22.29) (40.74) (2. 17) (0.93) 
2000 M + F 20 36.22 8.72 3.29 19.02 21.24 54.62 94.02 4.78 2.2 1 

( 15.22) (5.24) ( 1.98) ( 12.50) ( 14.92) (36.25) (58.08) (2.89) ( 1.57) 
200 1 M + F 20 30. 14 6.36 3.79 13.68 8.99 4 1. 88 75.36 4.33 2.37 

( I 5.00) (3.06) ( 1.67) (6.99) (5.96) (21.26) ( 48.54) ( 1.90) (13 1) 
2002 M + F 12 27.33 4.69 1.40 17.83 22. 18 37.97 143.6 1 4.54 3.23 

( 16.06) (2.93) (0.94) ( 10. 10) ( 12. 19) ( 16.50) ( 11 9.82) (2.85) ( 1. 59) 
Jan-04 M + F 10 24.90 3.83 1.62 17.25 15. 19 29.95 11 8. 13 3.80 2.83 

(5.77) (3.08) (0.57) ( 18.7 1) ( 12.72) (2 1.29) ( I 09.79) (3.00) (2.46) 
Dec-04 M + F 9 24.73 4 .05 0.87 2535 35.65 57.62 20 1.65 3.90 1.96 

( 14.27) (3. 72) (0 .45) (2 1. 84) (26. 15) (32.22) ( 167.60) (2.66) ( 1.56) 

Table 4. Major PBDE congener concentrations in Burbot liver from Fort Good Hope (mean and standard deviation, pg g·1 ww) 

Year Sex 11 % Lieid PBDE 47 PBDE 99 PBD E 100 PBDE 153 PBDE 154 
1988 M + F 10 30.20 226.3 1 84.54 35.2 1 29.38 20.53 

( 13.47) (280.28) ( 130.65) (46.69) (44.66) (28.95) 
1999 M + F 4 35 .00 582.83 370.03 207.73 16 1.33 157.48 

(9.59) (522.33) (269.6 1) ( 154.65) ( 124.84) ( 11 6.36) 
2000 M + F 11 33.3 1 620.30 3 19.68 180.47 135. 17 8 1.30 

G) 

I 
( 13. 10) (628.89) (273.93) ( 182.68) ( 133 .88) (84.22) 

Jan-2004 M + F 10 28.09* 8 14.74 745.28 297.72 435.4 7 3 11 .40 
(f) ( 11.5 1) (6 18.92) (583.23) ( 190.94) (330.08) (2 16.01) 
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Table 5. a- and g-HBCDD levels in Burba! liver from Fort Good Hope (mean and standard 
deviation, ng 9·1 ww) 

Year Sex 11 % Lipid a- HBCDD y-HBCDD 
1986 M + F 8 23.08 0.290 0.154 

(19.56) (0.190) (0.204) 
1999 M + F 9 42.68 0.1 77 0.104 

( 12.56) (0.109) (0.043) 
Jan-2004 M + F 9 27.67 0.27 1 0.3 14 

( I 2.13) (0.198) (0.229) 

Table 6. FOC levels in Burba! liver from Fort Good Hope (mean and standard deviation, ng 9·1 ww) 

Year Sex 11 % Li12id PFOA PFNA PFOS PFDA 
1986 M + F 10 23.08 4.24 0.30 10.44 1. 83 

( 19.56) (7.07) (0.93) (5.90) (2.20) 
1999 M + F 10 42.68 3.62 3.39 9.98 1.06 

(12.56) (6.81) (9 .50) ( 10.16) (I 82) 
Jan-2004 M + F 10 27.67 1.56 7.7 1 46.55 4.21 

_(_12.13) (3.52) (8.3 1) (95.48) (4.05) 

PFUA PFDoDA 
2.2 1 nd 
(4.92) 
1.40 nd 
(2.94) 
5.3 I nd 
(3.97) 
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Abstract 
Samples of beluga li ver from the eastern Arctic have been 
analyzed for merc ury sporadi ca ll y since 198 1, w ith a few 
samp les taken even earlie r, a ltho ugh age data for those 
an ima ls were not obtai ned. These results offer some 
opportuniti es to test for tempora l changes and these 
opportunities will grow as future co ll ectio ns add data. 

Estim at ion of tempora l change is compli cated by the fact 
that mercury accumulates with age so that older an im als 
o ften have hi g he r leve ls. A lso, me rc ur y varies 
cons idera bly from anima l to anima l and from yea r to yea r 
even w ithout th e e ffect of age. Both of these observations 
make diffi cult the detection of temporal changes fo r a 
species. Leve ls appear to vary a lso among spec ies with 
walrus genera ll y hav ing lower leve ls of mercury than 
narwha l o r beluga , presum ab ly refl ecting dietary habits 
of wa lrus. Leve ls in be lu ga liver appear to have behaved 
differentl y in different locations signa ling the need to 
co nside r loca ti o ns se pa ra te ly. Presumably loca l 
con diti o ns a re respons ibl e fo r differing results from 
d ifferent locatio ns, bu t identify ing these va riables will 
require more re sea rc h. The c lea rest indications of 
increas ing leve ls in be lu ga appear to be the Mackenzie 
De lta and Arviat, but the change in the Mackenzie De lt a 
appears to be oscillato ry ra th er than li near. Several se ts 
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of data suggest a change in the pauern of accumu lation 
of mercury in the early or mid- I 990s but the cau se of thi s 
is speculative. 

Key Messages 
• Tota l mercury levels in beluga, narwhal and even walrus 

li ver remai n higher than levels used to regu late the 
sa le of commercia l fish (0.5 ug g·'). 

• Leve ls of mercury in li ver o f wa lrus are lower than 
those in the wha les. 

• Leve ls of mercury in beluga liver have behaved 
somewhat d ifferentl y in different locat ions . In some 
co mmuniti es the level s have increased s ince the mid-
I 980s but not in a ll comm uniti es. One c lear message is 
the need to cons ider locations indi v iduall y. The 
ques tion of what might be driving changes in belu ga 
from some locations but not others wi ll have to be 
add ressed by future research. 

• Year-to-year variat ion can be q uite large (e.g. be luga, 
Iqa luit, 1993 and 1994), making it difficult s tatistical ly 
to idemify any tempora l trends. 

• Data on narwhal and wa lrus from the eastern Ca nadi an 
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Arctic show no clear indication of chang ing levels of 
mercury over the intervals sampled. 

Objectives 
. To define temporal trends in concentrat ions of mercury 

in ti ss ues of narwhal , be luga and walrus from the 
eastern Canadian Arctic. 

2. To develop the data from whi ch to track trends in the 
leve ls of mercury on a stock-by-s tock basis o f beluga, 
narwhal and walrus. 

Introduction 
Th e leve ls of mercury in organs of northern marine 
mam mals generall y exceed the two guidelines used to 
regulate the sa le or domestic consumption of fis h (0.5 ug 
g·' for sa le of commerc ial fish and 0.2 ug g·' for 
subs istence co nsumption). The extent to which thi s 
results fro m natural processes act ing o n the northern 
geo logi ca l scllings, c limate change or from the im port of 
industrial mercury with air and water movements is not 
clear. Studies of sedi ment cores suggest that about ha lf 
th e mercury coming into northern lakes is of 
anthropogenic origin (Lockha11 et al.. 1998). Mercu ry has 
increased in air over the North At lantic (S lemr and Langer, 
1992) and mercury has been measured in air and in snow 
in the Arc tic (Lu et al., 200 I ). While there is little doubt 
that industrial mercury is deposited in the Arctic. the fate 
of that mercury is sti ll under in vest igation. Processes 
within th e s now suggest that much of the mercury 
deposited in the Arctic may be volat ili zed back into the 
air without actual ly reaching arctic anima ls. The question 
of greatest interest is whether the mercury de li vered to 
the Arctic by the atmosphere is sumcient to cause changes 
in the levels of mercury in arct ic animals. Recentl y, Stern 
and Macdonald (2005) postulated th at th e observed 
increases of merc ury in western Arcti c beluga s in ce the 
early I 990 's maybe attributed to recent changes in ice 
cover and distribution in the western Arctic Ocean. 

A previous study of mercury in northern anima ls poo led 
data from different locations in the eastern and western 
Arc ti c and reported a trend to higher levels in both regions 
(Wagemann et al., 1996). With growing recognition that 
arctic populations of marine mammals are composed of 
multiple stocks that are hunted se parately in different 
commu nities, the need is for trend data on a stock-specific 
basis. 

Whal es may ra nge long distances from the communities 
where they are hunted . but the hunting itself is usua ll y 
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re latively c lose to the com mu nit ies. Here, mammals are 
described on ly by the commun iti es where the samples 
were obta ined. Hence two or more communiti es may hunt 
the same stock if those communiti es are re latively near 
each o th er. 

The raw data from several investi gat io ns a re archi ved in 
the Freshwater Institute and comprise records o f mercury 
levels in over2300 marine mammals, mostly beluga, ringed 
sea ls, narwhal and wa lrus. Bio logists obtain samples from 
hunter kil ls and those sa mp les form the basis of most 
ana lyses. The arc hi ve grows th ro ugh the co llecti on an d 
ana lyses of new sa mples and also th rough the ana lyses 
of arch ived sa mples from past collections. Over time, the 
accumu lated data offer in creasi ng ly the means to detect 
geograp hic and temporal trends. 

Activities 
In 2004/05 
A number of new coll ectio ns were made during 2003 and 
2004 and these are inc lud ed in this repo rt (A rviat beluga 
in 2003. Mackenzie De lt a beluga in 2003 and 2004, 
Sanikiluaq beluga in 2003 and 2004, Arctic Bay narwhal in 
2004 , Pond Inlet narwhal in 2004, Ha ll Beach walrus in 
2004). This repo rt covers data avai lab le early in 2005. No 
report was made fo r thi s project in 2004 and thi s report 
covers data accumu lated th rough until early in 2005. The 
coll ection of samples is done independentl y of this project 
and is not described here. The ana lytical methods have 
been described in pre v ious reports and have been 
continued to date. While the project is conce rned with 
mercury, the sa me sa mpl es have ana lyzed fo r seleni um 
and cadmium and o ften for methyl mercu ry. The focus for 
thi s report is on tota l mercury in li ver; su rveys of mercury 
in body orga ns have cons istent ly identifi ed li ver as the 
orga n most highl y contaminated 

In a few instances, the orig in al analyses were reported on 
a dry we ight basis. In th ese cases, the dry we ight unit 
was co n verted to wet weight us in g th e fo rmu la : 
Concentrati on (wet we ight) = concent rat ion (dry weight) 
I ( I 00/( I 00-per cent mo isture)). 

Results 
The data on age and mercury in li ve r are listed by locat ion 
and year of co llectio n fo r beluga in Table I , narwha l in 
Table 2 and wa lrus in Tab le 3. In view o f the variability in 
the data, the reg ress io n of me rcu ry o n age for each 
co mbi nation of loca t io n a nd yea r of co llect ion was 
ca lc ul ated using th e "robust regress ion" tec hnique of 
NCSS so ft ware. This so ftware we ight s each point in 
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Table 1. Means of beluga age and levels of mercury in liver. The arithmetic means and standard deviations 
are listed for age and level of mercury. Geometric means were calculated by converting original concentration 
units to natural logarithms; geometric means have also been converted back to original concentration units 
(in parentheses). 

Locat ion Year N Arithme tic Arithmetic Geometric mean Number 
mean of Mean Hg in (log,,) of Hg in liver of 
wha le age liver (µg/g wet outliers 
(yr) wt) remo,ed 

Arviat I 984 20 12.2 ± 6.07 7.61 ± 6.91 1.59 ± 1.05 (4.90) 2 
I 986 I 5 11.5 ± 8.06 7.55 ± 8.44 1.40 ± 1.23 (4.07) 0 
1999 3 I 11.4 ± 4.86 11.9 ± 8.13 2.18 ± 0.88 (8.83) 5 
2003 28 9.80 ± 5.34 10.4 ± 11.3 1.82 ± 1.03 (6.18) 5 

Cora 1 Harbour 1993 8 15.3 ± 2.79 5.05 ± 0.75 1.61 ± 0.13 (5.01) 3 
1997 I 8 12.9 ± 7.46 12.8 ± 29.8 1.51 ± 1.37 (4.54) I 
2000 21 9.36 ± 6.03 4.1 7 ± 1.85 1.35 ± 0.40 (3.85) 3 

Grise Fiord I 984 16 5.88 ± 4.85 2.10 ± 1.73 0.44 ± 0.84 ( 1.55) I 
200 1 5 4.10 ± 1.19 2.08 ± 1.48 0.55 ± 0.66 (1.73) 0 

lgloolik 1995 32 11.2 ± 4.25 9.21 ± 5.13 2.08 ± 0.55 (7.97) 3 
2001 I I I 0.3 ± 2.90 8.02 ± 7.65 1.83 ± 0.68 (6.21) I 

Iqaluit 1993 20 13.4 ± 3.28 7.28±3.10 1.89 ± 0.46 (6.62) 3 
1994 5 I 5.6 ± 5.22 20.4 ± 6.46 2.98 ± 0.3 I ( 19.6) 2 

Lake Harbour I 994 I 8 11 .4 ± 6.58 9.23 ± 6.03 1.99 ± 0.76 (7.28) I 
1997 8 17.1 ± 7.35 12.4 ± 3.93 2.47 ± 0.35 (11 .8) I 
2001 13 14.1 ± 5.97 16.4 ± 9.83 2.58 ± 0.74 (13.2) 0 

Mackenzie Delta 198 1 24 12.2 ± 4.44 11.1 ± 10.7 1.99 ± 1.02(7.21) I 
1984 6 2 1.8 ± 10.5 22.2±17.1 2.84 ± 0.79(17. 1) 2 
1993 19 22.1 ± 6.23 37.3 ± 28.0 3.25 ± 1.01 (26.7) 3 
1994 40 17.3 ± 5.64 30.0 ± 27. 7 2.91 ± 1.13 (18.3) I 
1995 14 15.5 ± 5.71 38.1 ± 37.4 3. I 6 ± I.OS (23.5) 2 
1996 I 0 14.6 ± 5.68 43.8 ± 31.3 3.51 ± 0.81 (33.4) 0 
2001 23 15.1 ± 5.09 40.2 ± 42.1 3.22 ± 1.02 (24.9) I 
2002 23 14.3 ± 3.70 26.5 ± 28.2 2.84 ± 0.95 ( 17 .0) 0 
2003 16 I 6.8 ± 5.64 43.3 ± 35.5 3.41 ± 0.95 (30. 1) 3 
2004 26 29.9 ± 28.1 3.00 ± 0.93 (20.1) 0 

Nastapoka 1984 12 14.3 ± 7.38 I 3.3 ± 14.3 2.02 ± 1.14 (7.53) 2 

Pangni rtun o 1984 II 11.2 ± 3.73 5.05 ± 4.42 1.30 ± 0.83 (3.68) 0 
1993 9 8.11 ± 4. 19 8.38 ± 7.53 1.86 ± 0.73 (6.43) 2 
1994 26 8.00 ± 6.07 11.0 ± 13.5 1.97 ± 0.86 (7.16) I 
1997 22 13.0 ± 4.31 7.68 ± 3.06 1.96 ± 0.40(7.13) 2 
2002 6 15.2 ± 4.92 16.6 ± 3.06 2.79 ± 0.18 (16.3) 4 

Pau latuk 1993 3 14.3 ± 5. 13 8.58 ± I 0.0 1.67± I. I 9 (5.31) 0 

Reoulse Bav I 993 2 8.00 ± 3.42 ± 0.97 ± (2.64) 0 

Saniki lu aq 1994 30 13.6 ± 5.56 12.9 ± 9.53 2.27 ± 0.80 (9.71) 0 
1995 14 15.0 ± 7.98 28.6 ± 32.8 2.83 ± 1.03 (17.0) 1 
1998 2 1 12.7 ± 5.33 21.5 ± 25.8 2.46 ± 1.32 (11.7) I 
2002 9 12.7±5.01 9.01 ± 8.57 1.85 ± 0.90 (6.33) 0 
2003 8 9.06 ± 5.8 1 6.04 ± 4.61 I.SI ± 0.87 (4.5 1) 5 
2004 II I 9.1 ± I 5.7 2.70 ± 0.71 (14.9) 0 

Shi ngle Point 1993 3 19.7 ± 0.58 42.7 ± 25.3 3.65 ± 0.55 (38.4) 0 
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accordance with its agreement with th e ca lcu lated 
regress ion line. Points far removed from the line are 
accorded zero litt le or no weight and are identifi ed. A few 
such points were identified in most coll ect ions and the 
number of them is listed in Tables I and 3. (Ages cannot 
be determined reliably for na rwha l and so no regress ion 
of mercury on age cou ld be ca lculated.) Once ident ified 
outlier points we re de leted fro m the data used for 
ca lcu lation of mean s. 

At least three points are required to suggest a trend. The 

analyses were restri cted to those in stances for whi ch we 
had at least three co ll ect ions spread over several years. 
The vari ation with age and the va ri ation among animals 
of the sa me age make detectio n of tempora l changes 
stat istica lly di ffic ult. The statistical approach used PROC 
G LM (Genera l Linear Models) of SAS app lied to the points 
remain in g after exc lusion of out! iers. The ana lysis tested 
whether means differed indifferent years for reasons other 
th an di fferi ng ages of the animals. The ana lysis initi all y 
in cluded a term of interact ion between age and yea r of 
collection. If thi s interaction term was not signifi cant. 

Table 2. Means of narwhal lengths and levels of mercury in liver. The arithmetic means and standard 
deviations are listed for length and level of mercury. Geometric means were calculated by converting 
original concentration units to natural logarithms; geometric means have also been converted back to 
original concentration units (in parentheses). Narwhal cannot be aged reliably. 

Location Year N Arithmet ic Mean Arithmet ic Geo metri c mean Number 
Length (cm) and Mean Hg in ( log, ) of Hg in of 
sample number if li ve r (,,gig li ver with antilog outli ers 
different fro m wet wt) (,,gig wet wt) removed 
orevious co lumn 

Arctic Bav 1983 I 5 16.7 ± 4.76 2.77 ± 0.33 ( 15.9) 0 
1986 3 430 ± 52.8 9.57 ± 2.72 2.23 ± 0.2 7 (9.68) I 
1987 9 449 ± 45.8 8.72 ± 3.83 2.07 ± 0.49 (7.94) 2 
1999 25 410 ± 41.7 11.1 ± 7.53 2.25 ± 0.55 (9.44) 2 
2004 11 426 ± 33.1 9.56 ± 6.27 2. 12 ± 0.5 1 (6 .72) 3 

Broughton Island 1993 II 463 ± 35.6 7.74 ± 2.73 1.99 ± 0.34 (7 .35) 2 
1995 23 42 1 ± 83. 1 13. 1 ± 7.18 2.42 ± 0.59 (1 1.3) 4 
1996 8 395 ± 37 .0 11.6 ± 7.36 2. 18 ± 0.90 (8.86) 0 
2001 25 425 ± 62.6 17.8 ± 24. 1 2.50 ± 0. 78 ( 12.2) 0 

Clyde Ri ver 1993 5 4 14 ± 92.2 11 .7 ± 12.4 1.90 ± 1.28 (6.7 1) 0 

Grise Fiord 1993 3 367 ± 42.9 9.3 1 ± 6.07 2.01 ± 0.92 (7.43) 0 

Pangnirtung 2002 2 10.4 2.05 (7.80) 0 

Pond Inlet 1978 38 372 ± 49.6 6.85 ± 2.95 1.83 ± 0.47 (6.23) 5 
1982 23 394 ± 55.3 12.2 ± 7.49 2.23 ± 0.90 (9.3 1) 0 
1983 15 442 ± 30.2 17.0 ± 7.00 2.75 ± 0.41 (15.7) 0 
1992 9 381 ± 54.9 10.0 ± 5.94 2. 10 ± 0.75(8.14) 0 
1994 18 387 ± 46.3 13.0 ± 10.0 2.20 ± 0.99 (9.07) I 
1999 17 393 ± 64.7 9.60 ± 8.40 1.9 1 ± 0.93 (6.77) 0 
2000 II 373 ± 77.4 9.2 1 ± 6.64 1.93 ± 0.84 (6 .9 1) 4 
2004 7 389 ± 47.8 11 .4 ± 6.84 2.30 ± 0.58 (9.94) I 

Repu lse Bay 1993 3 398 ± 11.9 8.92 ± 7.92 1.33 ± 2. 15 (3 .77) 0 
1999 16 365 ± 64.8 12.0 ± 7.20 2.1 7± 1.00 (8. 70) 0 
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then the analys is was repeated without it. I fthe interaction 
term was significant, then the analys is was terminated. 

, lrFiar 
Four co ll ecti o ns we re obta ined from A rviat ove r the 
interva l from 1984 to 2003 (Table I). The mean level s of 
mercu ry in li ver from Arviat ranged approx imately two-
fo ld from 4 .07 r1 glg in 1986 to 8.83 r1g/g in 1999. The 
average age for the 94 beluga remai ning from this locat ion 
after remova l of statistical o utli e rs was 11 . 1 years. The 
regress ion o f ( log) liver merc ury on age was ca lcu lated 
fo r each of the four co ll ecti o n years separatel y to obtain 
the merc ury levels expected in whales of 11.1 yea rs: 
For 1984, age adjusted Ln Hg = 1.46 (4.32 r1g/g) 
For 1986. age adjusted Ln Hg = 1.36 (3.91 r1g/g) 
For 1999, age adj usted LnH g = 2.14 (8.49 µgig) 
For 2003, age adjusted Ln Hg = 1.98 (7.26 rig/g). 

The analys is of cova ri ance using PROC G LM indicated 
that there was no significa nt interaction between age and 
year and that there were signi fi cant differences among 
years (F=6.01 , p=0.0009). The LS MEANS procedure was 
run to estimat e which means diffe red and 1his procedure 
indicated that the mean s fell into two pa irs: those in 1984 
and 1986 differed from those in I 999 and 2003. Inspectio n 
of the age-adju sted va lues shows that 1he va lues in the 
former pair were exceeded by those in the latter pa ir. 

Coral Harbour 
The three col lections from Cora l Harbour were taken over 
a shorter time span of on ly 7 years from 1993 to 2000 
(Tabl e I ). Th e a rithm etic mean s s how a so mew hat 
di storted pattern because the col lectio n in 1997 inc luded 
a whale with an unusually hi gh level of 130 µgig (age 29.5 
years) and thi s ind ividual was not rejected as a stati sti ca l 
outl ier. The influence of suc h an unusual indi v idual was 
less prominent in the geometric means (Table I). The levels 

Table 3. Means of walrus ages and levels of mercury in liver. The arithmetic means and standard deviations 
are listed for age and level of mercury. Geometric means were calculated by converting original concentration 
units to natural logari thms; geometric means have also been converted back to original concentration units 
(in parentheses) . 

Location Year N Arithmetic Arithmetic Geometric mean Number 
Mean age (yr) Mean Hg 111 (log, ) of Hg in li ver of 

liver (µgig wet out liers 
wt) removed 

Akuli vik 1990 3 5.90 ± 1.47 5.27 ± 0.29 1.66 ± 0.05 (5.26) I 

Grise Fiord 1996 2 10.5 1.26 -0.40 (0.67) 0 

Hall Beach 1988 14 9.14 ± 3.37 0.87 ± 0.29 -0. 19 ± 0.33 (0.83) 2 
1992 14 11.1 ± 7.32 1.35 ± 1.50 -0. 18 ± 1.00 (0.84) 0 
1996 14 14.3 ± 8.84 1.70 ± 1.28 0.22 ± 0.90 ( 1.24) 0 
2004 16 1.66 ± 0.92 0.35 ± 0.58 ( 1.43) 0 

JgJoolik 1982 12 11.8 ± 4.47 1.21 ± 0.82 0.009 ± 0.62 ( 1.0 I ) 0 
1983 24 12.8 ± 4.28 1.35 ± I.OJ 0.12 ± 0.58(1 12) 0 
1987 14 9.50 ± 4. 77 1.07 ± 0.98 -0.13 ± 0.57 (0.88) 2 
1988 II 8. 73 ± 6.92 1.1 8 ± 0.70 -0.04 ± 0.745 (0.96) I 
1992 6 I 1.0 ± 5.87 0 .78 ± 0 .5 1 -0.48 ± 0.80 (0.62) 0 
1993 5 17.6 ± 4.39 2.02 ± 1.09 0.59 ± 0.53 ( 1.80) I 
1996 II 18.5 ± 5.43 1. 82 ± 1.1 7 0.40 ± 0.68 ( 1.49) 2 

lnukiuaa 1990 7 10.9 ± 10.3 1.36 ± 0-.93 0.04 ± 0.85 ( 1.0-1) I 

lna luit 1984 27 11 .4 ± 5 .1 3 1.58 ± 0 .97 0.28 ± 0.64 ( 1.32) 3 
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Figure 1. Age-adjusted levels of mercury (ug/g wet weight) in beluga liver at locations and years shown. 
Age adjustment was to 13.2 years, the overall mean age for 650 beluga represented .(The age adjustment 
for Gri se Fiord in 2001 (N=5) and Shingle Point in 1993 (N=3)could not be done successfully and the bars 
shown are the geometric means.) 
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of mercury were adjusted fo r an average of 11. 7 years 
with the fo ll owing results: 

For 1993 , age adjusted LnH g = 1.73 (5.64 µg/g) 
For 1997, age adj usted Ln_H g = 1.39 (4 .02 µg/g) 
For 2000, age adjus ted LnH g = I .42 (4 .12 ,,gig). 
Proc GLM of SAS d id not detect any signifi cant interaction 
term and so the procedure was re-run without it and th ere 
was no significant effect o f year o f coll ecti on (F=0.07, not 
signi fi cant). 

200 

45 

40 

3 5 

3 0 

Scale 
2 5 

ug g·' 

20 

1 5 

1llil 

10 

5 

0 

84 939~ 9702 
Pangnirt ung 

Iqaluit 
With onl y two coll ection s from Iqa lu it in 1993 and 1994 
(Table I), thi s location met neither c riterion for tests of 
tempora l change. However, thi s site is instruc ti ve fo r th e 
very large difference in mean levels between the two years. 
Th e ages o f the whales in the two collec tions were not 
very different, 13.4 years in 1993 and 15.6 years in 1994. In 
additi o n, ne ithe r reg ress ion o f LnH g o n a ge was 
s ignifi cant stati sti call y. It is d ifficult to imag ine such a 
la rge apparent change ove r a sing le year being th e resu lt 
o f any temporal trend. More likely these col lection s re nect 
other ca uses responsibl e for year-to-year differences. If 
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this interpretation is correct, the n it e mph as izes th e 
difficulty of being ab le to detect trends in the presence o f 
such la rge year-to-year variati on. 

Lake Harbour 
The three co ll ections from Lake Harbour comprised 39 
be luga (after remova l of two statistical outliers) obtained 
in 1994, 1997 and 200 I (Tab le I). Both ari thm etic and 
geomet ric means suggest increases in leve ls over th e 
interva l, but the wha les were considerably you nger in 
1994 than in either subsequent co ll ectio n. The average 
age forthe 39 whales was I 3.5 years. The levels of mercury 
in each co ll ection were adjusted to 13.5 years as fol lows: 

For 1994, age-adj usted LnH g = 2. 18 (8.83 ,,gig) 
For 1997, age-adjusted LnH g = 2.46 ( 11.7 ,,gig) 
For 200 I, age-adju sted LnH g = 2.5 I ( 12.3 µgig). 

PROC GLM indicated a sign ificant in teraction between 
age and year of co llect ion and so further comparison of 
means was not attempted. The s lopes of the regressions 
fo r the three yea rs were: 

For 1994, slope of LnH g on age = 0.9 143 ± 0.0 174 (S.E.) 
(p<0.0001) 
For I 997, slope of LnH g on age = 0.0026 ± 0.0194 (S.E.) 
(not Signifi cant) 
For 200 I, slope of LnH g on age = 0.1081 ± 0.0 I 82 (S.E.) 
(p<0.000 I). 

There was no c lea r pattern in the slopes and no clear 
conclus ion has been drawn regarding temporal change. 
Since the co ll ection in 1997 had no clea r re lationship 
betwee n age and merc ury in liver, the ana lys is was 
repeated us in g data from I 994 an d 200 I on ly. In thi s 
instance, the interaction term was not significant (F=0.40, 
p=0.53). The ana lys is was run w ith no interact ion in the 
mode l and the mea ns fe ll just short of differing (F=4. 16, 
p=0.05 I). Th is outcome suggests that results in 2001 were 
probably hi gher than th ose in 1994. 

Mackenc ie Delra 
The ten collections from the Mac kenzie De lta area from 
198 1 to 2004 (Tab le I) shou ld offer our best opportunity 
to detect a te mpora l trend . Th ese val ues can not be 
compa red direct ly with th ose from the eastern Arctic 
beca use these were age-a dju sted to the mean age of 16.4 
years within th e Macke nzie De lt a group , an age 
considerably o lder than th ose fo r the eastern co ll ect ions . 
At th e time of thi s report, ages were not available fo r the 
co ll ect ion in 2004. The regre ss ion equ ati o ns were 
ca lcul ated for eac h co ll ect ion and then solved for an age 
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of 16.4 yea rs to yield the age-corrected leve ls of me rcu ry 
be low: 

For 198 1, age-adjusted Ln Hg = 2.06 (7.87 µgig) 
For 1984 , age-adjusted LnH g = 2.52 ( 12.5 µgig) 
For 1993 , age-adjusted LnH g = 2.57 ( 13. 1 µgig) 
For 1994, age-adj usted LnH g = 2.84 ( 17.0 µgig) 
For 1995, age-adj usted LnH g = 3.33 (28. 1 ,,gig) 
For 1996, age-adj usted LnH g = 3.72 (4 1.1 µgig) 
For 200 I, age-adjusted LnHg = 3.43 (30.8 µgig) 
For 2002 , age-adjusted LnH g = 3. 19 (24.3 µgig) 
For 2003. age-adjusted Ln Hg = 3.34 (28.2 µgig). 

The means cou ld not be compared direc tl y usi ng the 
ana lysis of cova ri ance in PROC G LM because the 
interaction term between age and year \.vas sign ificant 
(F=2.30, p=0.02). The slopes of the regression lines were: 

For 1981 . slope ofLnH g on age = 0.0209 ± 0.0488 (S.E.) 
(not significant) 
For 1984, s lope of LnHg on age = 0.0588 ± 0.0237 (S.E.) 
(p=0.068) 
For 1993 , slope of LnH g on age = 0. I 072 ± 0.0253 (S.E.) 
(p=0.0005) 
For 1994, slope of LnH g on age = 0.0790 ± 0.0299 (S .E.) 
(p=0.012) 
For 1995. slope of LnH g on age = 0.1690 ± 0.0 130 (S .E.) 
(p<0.0001) 
For 1996, slope ofLnHg on age = 0.1156 ± 0.0297 (S.E.) 
(p=0.0046) 
For 200 I, slope of LnH g on age = 0.1657 ± 0.0248 (S.E.) 
(p<0.0001) 
For 2002, slope of LnH g on age = 0.1689 ± 0.0419 (S.E.) 
(p=0.0006) 
For 2003 , slope of LnHg on age = 0. 1567 ± 0.0162 (S.E.) 
(p<0.0001) 

The slope fo r 198 1 was not significantl y d ifferent from 
zero and that for 1984 was onl y margi nally different 
(p=0.068). Whet her these two s lopes are taken as ze ro or 
as the va lues shown , they are the lowest slopes for th is 
location. Gen era ll y the slopes fal l into two ranges, those 
from 198 1 to 1994 in the ra nge of0-0.1972 and those from 
199410 2003 with a range of 0.1 156 to 0.1690. These 
suggest that mercury was taken up more readil y during 
the la tter period than during the former. 

Since the s lope for the co ll ec ti o n in 1981 was not 
significant, the analys is of cova ri ance usin g PROC GLM 
was run again excluding that co ll ection. In thi s case, the 
interact ion term fe ll j ust short of stati sti cal sign ificance 
(F=2.0 I. p=0.059) and the ana lysis with no interaction term 
indicated significant differences among the means 

201 



(F=4.62, p=0.000 I). If 1984 is also excluded, the result was 
similar wi th no significant interaction term and significant 
differences among mea ns. The LSMEANS proced ure 
indicated that means in 1993 and 1994 differed fro m all 
subsequent means which d id not differ from each other. 
That is, leve ls were higher in 1995 and later than they 
were in 1993 and 1994. 

Overa ll , the co llections from the Mackenz ie Delta suggest 
that mercury levels in liver have changed over ti me and 
that the chan ge occurred in the mid- I 990s. The cause of 
thi s change is speculative but may have been related to 
oceanograph ic changes. 

Pangnir11111g 
The five co llections from Pangni rtung included 74 beluga 
(Tab le I) with a mean age of I 0.6 yea rs. The age-adj usted 
means fo r age I 0.6 years were: 

For 1984, age-adj usted LnH g = 1.21 (3.36 ,,gi g) 
For 1993, age-adj usted LnH g = 2.23 (9.26 µgig) 
For 1994, age-adjusted LnH g = 2.81 (9 .79 ,,gig) 
For 1987, age-adjusted LnH g = 1.91 (6.74 ,,gig) (s lope not 
signifi cant) 
For 2002, age-adjusted LnHg = 2.63 ( 13.9 µgig) 

Again , the means could not be compared in the ana lysis 
of cova riance because of differi ng slopes (s ign ifica nt 
interaction term between age and year of col lection). The 
s lopes fo r the co llections were: 

For 1984, slope of LnHg on age= 0.1350 ± 0.0594 (S.E) 
(p=0.049) 
For 1993, slope ofLnHg on age = 0. 1492 ± 0.0339 (S.E.) 
(p=0.003 1) 
For 1994, slope of LnHg on age = 0. 1226 ± 0.0 I 42 (S.E.) 
(p<0.0001) 
For 1997, slope of LnH g on age = 1.6683 ± 0.0228 (S.E.) 
(p=0.2715) (not significant) 
For 2002, slope of LnH g on age = 0.0352 ± 0.003 4 (S.E .) 
(p=0.0005) 

There was no obvious, consistent pattern to the slopes 
and so there was no ind ication th at the accu mul ation of 
mercu ry in li ver had cha nged great ly ove r the interva l. 

In view of the lack of a relationshi p between age and 
mercury in 1997, that col lection was exc luded and the 
ana lysis by PROC G LM was run aga in . Wi th the remaining 
four collections, the interaction term was not signi fica nt 
and the difference among year ly mea ns was hi ghl y 
significant (F= 12.56, p<0.000 I). The LS MEANS procedure 
indicated that the col lect ion in 1984 di ffere d from the 
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remaining three and that those three ( 1993, 1994 and 2002) 
did not d iffe r from each other. Th is analys is suggests 
that mercury levels in creased sometime betwee n the mid-
I 980s and the mid-I 990s. 

San ikiluaq 
The 83 whales from Saniki luaq over the peri od from 1994 
to 2003 had an average age of I 3. I years. Ages for the 
co llecti on in 2004 were not ava ilab le at the tim e of th is 
report. 

The leve ls of mercury, adju sted to age 13. 1 years were: 

For 1994, age-adj usted LnH g = 2.22 (9.20 ,,gig) 
For 1995, age-adjusted Ln Hg = 2.60 ( 13.5 ,,gig) 
For 1998, age-adjusted LnHg = 2.55 ( 12.8 ,,gig) 
For 2002, age-adj usted Ln Hg = 1.9 1 (6.73 µgig) 
For 2003, age-adjusted LnH g = 2.04 (7.72 ,,gig) 

As with most other co llecti ons, the analys is of cova ri ance 
us ing PROC G LM indi cated that the interaction between 
age a nd year was s ig nifi ca nt a nd th e ana lys is wa s 
terminated at th at po int. The s lopes of the regress ions 
were: 

For 1994, slope of LnH g on age = 0. 1060 ± 0. 01 84 (S.E.) 
(p<0.0001 ) 
For 1995, slope of LnH g on age = 0 1202 ± 0. 01 36 (S.E.) 
(p<0.0001 ) 
Fo r 1998, s lope of LnH g on age = 0.2275 ± 0.0229 (S.E. ) 
(p<0.0001 ) 
Fo r 2002, s lope of LnH g on age = 0 1327 ± 0.0456 (S.E .) 
(p=0.0227) 
For 2003, s lope of LnH g on age = 0. 1454 ± 0.0 I I O (S.E .) 
(p<0.000 I). 

In spect ion of these s lopes suggests no s imp le trend over 
the decade. Rather the s lopes appear to have increase 
between 1994 and 1998 and then decreased. All the slopes 
were s ignifi cant stat ist ica lly and so there was no reason 
to exc lude any of th em. 

Most of th e beluga sampl es could not be anal yzed by the 
co nve nti ona l a na lys is of cova ri ance in PROC G LM 
beca use o f d ifferin g s lopes of th e indi vidua l yea rly 
regressions . The exceptions to thi s were Arviat where 
levels were hi gher in th e ea rly 2000s than th ey in the mid-
I 980s, and Cora l Harbour where no change was ind icated 
over the period from 1993 to 2000. The remaining locations 
with at least three co ll ections, Lak e Harbour, Mackenzie 
Delta, Pangni11ung and Sanik iluaq, a ll had d iffering slopes. 
The diffe rin g s lopes of me rc ury on age sugges t in 
themse lves changes in the rates of assi mi lation o f mercury 
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in to liver. Some of the slo pes were not signifi cant; when 
co llection s w ith no s ignifi cant slope we re exc luded, the 
analysis o f cova ri ance suggested in creases in leve ls of 
mercury over ti me in the remaining collections. Collections 
suggested ei th er no change in leve ls or increases; 
decreases we re no t suggested. On bala nce th en, o ur 
conc lu s ion is tha t leve ls o f mercury have in creased 
somewhat in belu ga from some locat ions since the mid-
1980s. 

Narwhal 
The narwhal data describe 298 individual s co ll ected over 
the interval fro m 1978 to 2004. Narwhal lacking in forn1ation 
on length or mercu ry in li ver were exc luded. About halfo f 
these we re fro m Po nd Inlet with smaller numbers from 
several other communities (Broughton lsland,Arct ic Bay, 
Repu lse Bay, C lyde Ri ver and Grise Fiord). Narwhal cannot 
be aged reli ab ly; consequently, length was exam ined as a 
covariate w ith mercury. However, the range of lengths in 
the sampl es was relat ively small . Often regress ions of 
mercury in li ver on narwha l length did not have signi fi cant 
slopes and so the va lue of length as a covariate is limited. 
Eac h co llect ion was exa min ed us ing th e " Ro bu st 
Regress ion" feature of NCSS software in an a ttempt to 
ide nti fy sta ti s tica l out li ers. Aga in , th e procedure of 
remov ing o utli e rs with narwhal is limited but it was used 
fo r consistency wi th the beluga data. Th is resulted in 
remova l of 26 ind ividual s, leav ing 272 for examinat ion 
using PROC GLM of SAS. The o ve ra ll mean length of 
these 272 narwhal was 404 cm and their average leve l o f 
mercury in li ver was 11.5 ,,gig. 

Co llections from C lyde River, Gri se Fiord and Rep ulse 
Bay were a ll made in a single yea r and so they cou ld not 
be ana lyzed fo r temporal trends. 

Arc1ic Bay 
Since length data were not avai labl e for the narwhal from 
Arctic Bay in 1983, they had to be exc luded from the 
ana lys is of covariance, leaving 48 samples over the period 
from 1986 to 2004. The in itia l screening of the data with 
NCSS software identifi ed severa l outlier points as li sted 
in Tab le 2. After remova l of o utli e rs, th e length-adjusted 
means were ca lculated wi th PROC REG of SAS, usin g a 
length of 430 cm, with th e resu lts below: 

For 1986, length-adj usted LnHg = 2.23 (9.33 ,,gig) 
For 1987, length-adjusted LnHg = 2.07 (7.92 ,, gig) 
For 1999, length-adjusted LnHg = 2.25 (9.45 ,, gig) 
For 2004, length-adjusted LnH g = 2 .1 2 (8.31 ,,gig). 

The examinati on with PROC GLM of SAS revea led no 
interacti on was between length and year of co llecti on. 
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When the analysis was repeated without the inte raction 
te rm, no effect of yea r of collection was evident (F=0.64 , 
p=0.59). Hence th is ana lysis offers no indication that 
leve ls have changed in narw ha l over the inte rval. 

Brough/on Island 
Fou r co ll ections were available from Broughton Island: 
1993, 1995, 1996 and 200 I . Th e total number of whales 
was 67 with a mean length of 436 cm and mean mercury in 
li ver of 13.8 µgig. Two of the fou r regressions of(Ln) liver 
mercury on length we re statistically s ignificant (p<0.05) 
but the remaining two fe ll short of significance (P=0 .1 8 in 
1993 and p=0.08 in 1996) . When me rcury leve ls were 
adjusted to the mean length. the adjusted val ues were: 

For 1993 , length-adjusted LnH g = 1.84 (6.31 ,,gig) 
For 1995 , length-adjusted LnH g = 2.44 ( 11.5 ,,gig) 
For 1996, length-adjusted LnH g = 2.68 ( 14.6 ,,gig) 
For 200 I , length-adjusted LnHg = 2.51 ( 12.3 ,,gig). 

The analysis with PROC G LM revealed no significa nt 
interaction term between length an d yea r, and the repeat 
of tha t a na lys is wit h no interaction te rm indi cated 
significant di fferences among yea rs (F=4.32, p=0.0079). 
Inspection of the mea ns from the LSMEANS procedure 
of PROC GLM indicated that the levels in 1993 were lower 
than a ll the ot hers. There were no differences among the 
means from 1995 , 1996 and 200 I Th us the pattern is one 
o f a large change between 1993 an d 1995 wit h no 
subsequent change. 

Pond lnle1 
The e ight collections from Pond Inl et compri se the longest 
time seri es we have for marine mammals with col lections 
from 1978 to 2004. The average length of narwhal from 
thi s location was 390 cm and the average level of mercury 
in liver was I 0.9 ,,gig. When mercury levels were adjusted 
to a length of390 cm, the adj usted levels were: 

For 1978, length-adjusted LnHg = 1.9 1 (6. 74 ,,gig) 
For 1982, lengt h-adjusted LnH g = 2.19 (8.96 ,,gig) 
For 1983 . lengt h-adjusted LnHg = 2.52 ( 12.4 ,,gig) 
For 1992, lengt h-adjusted LnH g = 2.15 (8.57 ,,gig) 
For 1994. length-adjusted LnH g = 2.26 (9.62 µgig) 
For 1999. length-adjusted Ln Hg = 1.89 (6.60 ,,gig) 
For 2000, length-adjusted Ln Hg = 2 .11 (8.26 ,,gig) 
For 200 I , length-adjusted Ln Hg = 2.3 1 ( I 0. 1 µgig). 

When these da ta were analysed w ith PROC GLM , the 
interaction term between length and year fe ll just short of 
sign ifi cance (F= 1.90, p=0.076). With no interaction term , 
PROC G LM indicated no s ignificant effect of yea r o f 
sampling (F=0.99, p=0.44). The conclusion drawn was that 

203 



level s have remained uncha nged over the pe ri od from 
1978 to 2004. 

Repulse Bay 
Two collections were made from Repul se Bay, a small one 
of4 narwhal in 1993 and a larger one of 18 in 1999. However, 
three of these had no information o n length , reducing the 
total to 19 available for compari so n. The ave rage length 
for these 19 whales 370 cm and the average concentration 
of mercu ry in li ver was 11 .5 µgig. Adjusting the mercury 
leve ls to the average length of370 cm failed forth e three 
wha les in 1993 and gave a clearly e rroneous va lue of only 
0.63 ,,gig in spite of an ari thmetic mean of8.92 µgig. The 
regress ion technique o f adjust ing leve ls of mercury to a 
common age becomes more and more unreliable as the 
number of samples gets sma ll er. For 1999, the length-
adjusted mean ofLnHg was 2.22 (9.16 ,,gig). PROC GLM 
indicated neither a significant interaction te rn nor any 
difference between years (F=2.67, p=0.12). 

Overall, the narwhal data suggest littl e or no change in 
levels of mercury over the period from 1978 to 2004. The 
only suggestion of any change was in the samples from 
Broughton Island and the change there was restricted to 
the period between 1993 and 1995. 

Wa lrus 
The numbe r of walrus for which both age and mercury 
concen trati ons in li ver are avai lable is small e r wi th 177 
sa mples ava il able (Tab le 3). These were obtained mostly 
from Hall Beach and lg lool ik wit h small numbers from 
other commu niti es. A good sample of 27 walrus was 
obtained fro m Iqa luit in 1984 but thi s has not been 
repeated yet. Samples were obta ined on one occasion 
only from the communities of Akuli vik ( 1990), Grise Fiord 
( 1996), lnu kjuaq ( 1990) and Iqaluit ( 1984) and these could 
not be used fo r temporal compari son. The levels in walrus 
liver were consistently lower than those from either beluga 
or narw hal , presumably reflect ing different d ietary habits. 
The three wa lrus from Ak uli vi k stand o ut with higher 
le ve ls of merc ury th an the walrus from th e other 
co ll ection s. 

The effect of age o n levels of mercury appea rs to be 
re lat ively wea k for these walrus. For Hall Beach and 
lgloolik, a combined total often regression eq uations were 
ca lculated and o f th ese o nl y three had slopes significantly 
grea ter than ze ro. Co nsequentl y, th e adj ustment o f 
mercury levels fo r age in these samples has relat ively 
little effect in most instances. 

Hall Beach 
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Collections of 42 individua ls from 1988, 1992 and 1996 are 
use ful for temporal compa risons (Table 3). Ages are not 
avai lable yet for th e co llection in 2004. The average for 
the three ea rli e r co ll ection s was 11 .5 yea rs and that age 
was used as the basis for th e ca lculati o n of the age-
adjusted leve ls of mercury in liver. Two of the three 
regress ions had slopes significantly different from zero 
( 1992 and 1996). The adjusted mea n leve ls of mercury 
were 0.90 ,,gig, 0.87 ,,gig and 1.05 ,,gig fo r 1988, 1992 and 
1996 respective ly. The analys is by PROC GLM of SA S 
re vealed no signifi cant interaction between age and year 
of co ll ect io n and the ana lys is with no interaction term 
indi cated no effect of year of co ll ection . Th e conclusion 
drawn was that no significant differences occurred in the 
leve ls of mercury in wa lrus li ver at Ha ll Beac h over the 
pe ri od from 1988 to 1996. Future reports wi ll be able to 
in corporate the data from 2004 after ages are ava ilabl e. 

lg loolik 
Over the period from 1982 to 1996 we have seven 
collecti o ns of walru s from lg loo lik (Table 3). These 
collections co mpri se 83 wa lrus fo r whi ch both age an d 
mercury in liver have been determined. The overall mean 
age was 12.5 years and the overall arithmetic average leve l 
of mercury in liver was 1.32 µgig. Of the seven regression 
equation s ca lculated to adjust the leve ls of mercury for 
wa lrus age, onl y one ( 1996) had a s lope s ignifi can tly 
different from zero and so the adjustment fo r age had 
little effect in six of the seven co ll ect ions . The co llections 
in 1993 and 1996 were composed of anima ls considerabl y 
older than the earlier co llections and age was undou btedly 
a facto r in the higher means in those years. The mean 
leve l of merc ury in the sa mp le from 1996 declined from 
I .49 ,,gig (Tab le 3) when the average age was 18.5 years 
to on ly 0 .8 µgig when th e age was adj usted to 12.5 years. 
The adj usted mean leve ls were: 

For 1982, age-adjusted LnH g = 0.03 ( 1.03 µgig) 
For 1983, age-adjusted LnH g = 0.11 ( I 12 µgig) 
For 1987 , age-adjusted Lnl-l g = 0.05 ( 1.05 µgig) 
For 1988, age-adjusted Ln Hg = -0.10 (0.90 ,,gig) 
For 1992, age-adjusted LnHg = -0.37 (0.69 ,,gig) 
For 1993, age-adju sted LnH g = 0.35 ( 1.42 µgig) 
For 1996, age-adjusted LnH g = -0. 22 (0.80 ,,gi g). 

PROC GLM ind icated no interaction between age and 
year of collect ion and also no effect of year of co ll ection . 
Our concl usio n is that no change in leve ls of mercury in 
walrus was ev id ent over th e interva l. 

Hall Beach and lgloolik together 
In view of the re latively c lose geographi c proxim ity of 
Hall Beach and lg loo lik, the data from walrus from those 
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communities were pooled. The result was s imilar to the 
analyses for th e comm uniti es separate ly. There was no 
interaction term between age and year of coll ect ion and 
there was no effect o f year of co ll ect ion. Thus. neither 
the data from the communities separate ly nor those from 
the poo led data suggest a change in leve ls of mercury 
overtime. 

Discussion and Conclusion 
Leve ls of mercury in liver of three species of beluga, 
narwhal and walrus have been determined at irregula r 
in te rva ls since the 1970s. All mean arithmetic and 
geometric leve ls in all th ree spec ies ha ve exceeded the 
Canadian consumption guidel ine of0.5 ftg/g set to regulate 
the sa le of commercial fis h. (There is no guidel ine set 
spec ificall y fo r marine mammals.) The predominant form 
of merc ury in li ver of beluga is not methyl mercury as it is 
in fis h (Wagemann et al. , 1998). Regional differences in 
leve ls were found in the I 990s in be lu ga with hi gher 
leve ls of mercury in the an imals from the western Arct ic 
th an in the Eastern Arct ic (Wagema nn et a l. . 1996) bu t 
this di fferencc dimini shed by the early 2000s (Lock hart et 
al, 2005) suggest ing that the leve ls in the different regions 
have been driven by different processes. There are quite 
large differences from one year to the next in some 
instances. Perhaps the best example o f thi s was from 
Iqaluit beluga where the mean leve l changed by more 
than 2-fold in a si ngle year from 1993 to 1994. In the face 
of such large year-to-year variat ion, identifi cation of 
genuine tempora l trends, if any. wi ll be very demanding 
stat istically. 

'vlercury concentrati ons are usuall y expressed as the 
amount of mercury per wet weight of ti ss ue. This has 
been common practi ce in much of the literature and it 
probably derives from human consumpti on regulat ions. 
Howeve r, a susta ined effo rt to detect trends may be 
fac ilit ated by exp lorin g a lte rn ati ve ways to exp ress 
concent ra ti ons of mercu ry. For example. organoch lorine 
com pounds are commonl y ex pressed on the basis of the 
amount of fa t in a tissue. Similarly. it may be useful to 
explore techniques for ex press ing merc ury on the basis 
of total protein , for exa mple, or on the basis ofsulfur or 
prote in -bou nd sulfur. If th ese or other a lt ern ati ve 
expressions reduce the variance in the data, then detection 
of trends will become easier. Biopsy techniques have been 
used for other purposes to obtai n samples wi thout ki lling 
ani mals and th ese might enable repeated sa mpling of th e 
same indi vi dua ls over the ir lives. With relati ve ly li ll le 
ex tension of ex isting know ledge of mercury in dif'fcrent 
body orga ns, it may be poss ib le to express body burdens 
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of mercury rather than concentrations in tissues and this 
would be useful for modeling and projecting future levels. 

There was a clear species differences in le, cls of mercu,y 
in li ver. Levels found in walrus liver were consistent ly 
lower th an those in beluga or narw hal. Probably th is 
difference reflects different feeding habi ts between wa lrus 
and the whales . 

Most of the data fail to show a clear tempora l trend . Rather 
they suggest e ither increases or no change. If the 
differences simply reflect some source of random variation 
then one might expect some to show decreases over the 
intervals. Samples of beluga from the Mackenzie Delta 
suggest that levels may have been higher in the mid-
I 990s than in eitherthe I 980s or early 2000s, fo ll owing an 
oscillating pattern. 

On balance, it seems likely that leve ls of mercury have 
increased in some locations. Hopefully future research 
will be able to identify the processes responsible for this 
and improved means of detecti ng changes. Perhaps 
improved linkages to oceanographic and climatic variables 
wi ll prove instructive. 

Expected Project Completion Date 
In view of the statistical difficulties in isolating any 
temporal trends from other sources of variation. it seems 
likely that some form of monitoring of leve ls in marine 
mammals will be required regularly as long as people 
consume these animals. It is difficu lt to predict what. if 
any. programs wil l be available to support this work, but 
the interest in trends in marine mammals and 01her biota 
used as human food wi ll con tinue. 
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Abstract 
While the leve ls of major HOC groups and compounds in 
t\ rv iat and San ikiluaq have either remained unchanged 
or have dec lined since th e mid-I 980s, the leve ls in the 
Hendrickson Island animals have ri sen signi fi cantly over 
the 15 yea r period from 1989 to 2004. Interestingly, this 
res ul t co incides with a sim ilar increase obse rved fo r 
mercu,y in the same animals and maybe attributed to recent 
changes in ice cover and distribution in the western Arctic 
Ocean. HOC concentrations in narwhal from Pond Inlet 
and Arcti c Bay and wa lrus from lgloolik have dec lined 
significantl y whi le, with the exception of IC Bz. no 
changes we re observed in the Hall Beach wa lrus. 

Key Messages 
• HOC levels in Arviat beluga and Arct ic Bay narwhal 

and wa lrus from lg loolik have dec lined signifi cantly 
since th e mid- I 980s. 

• No trends in HOC concent ra tions were observed in 
Sanikiluaq be luga or Hall Beach wa lrus 

• HOC leve ls in the Hendrickson Island animals have 
risen significantly over the 15 yea r period from 1989 to 
2004. This result co incides with a similar increase 
observed for mercury in the same an imals and maybe 
attribu ted to rece nt changes in ice cover and 
distr ibution in the western Arct ic Ocean. 

GA Stern 

Objectives 
To cont in ue to assess long te rm trends and to maintain 
the cu rrent data-base on leve ls of haloge nated organic 
com pounds (e.g . PCBs, DDT, toxaphene) in marine 
mammals (bel uga, narwha l, walrus) from selected locations 
across the Canadian Arctic 

Introduction 
Marine anima ls accum ul ate (relative ly) high 
concentra tions o f halogenated orga nic compounds 
(HOCs). The objectives of this project, therefore, are to 
maintain current data on contaminant levels in marine 
mammals and to continue to assess the temporal trends 
of halogenated organic compounds (HOCs). This wi ll 
allow us to determine whether contaminant levels in the 
marine mammals. and hence ex posu re to Arct ic people 
who traditionally consume them, are changing with time. 
These results wi ll also help to test the effect iveness of 
interna tional contro ls and , in conjunction ·with projects 
such as CASES (Canadian Arct ic Shelf Exchange Stu dy) 
and Arcti cNet, to understand the effects that climate 
va ri at ion may have on the con taminant levels in these 
an imals and the health of the stocks. 

The raw data and samples from prev ious and ongoing 
investigat ions are arch ived at the Freshwater Institute 
and represent about 2000 marine mammals, mostl y beluga, 
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ringed sea ls, nanvha l and walrus from 23 different locat ions 
across the Canadian Arcti c. DFO scientists concern ed 
with stock management, animal health and cl imate change 
studies obtain various samples from hunter kills and those 
sa mpl es form the basis of most of ou r analyses. For 
examp le, ti ss ues from eastern Arctic and Hudson Bay 
narwhal and beluga have been collected and analyzed for 
HOCs as part of DFOs stock management studies since 
1996 (Nunuvut Wildli fe Management Board and Nunavut 
Implementation funding to Stern and de March; de March 
& Stern , 2003 ; de March et al. 2005). The accumulating 
data resulting from these stud ies offer the means to detect 
both spatial and temporal trends of HOCs an d heavy 
metal s in marine mammals across the Canadian Arct ic 
(Stern et al. 2005). 

Activities 
In 2004/05 
With the exception of the 2004 walrus samples from lgloolik 
(co ll ecti ons were not success ful but w ill be attempted 
aga in in summ er 2005) all HOC ana lysis ollllined in the 
2004/05 proposal has now been completed. The resu lts 
are reported be low in Tables 1-3. Manuscripts outl ining 
factors affecting spatial variation of HOCs in beluga (Stem 
et al. . 2005), the combined use of HOC profiles and 
mol ecular genetics fo r stock discrimination of beluga 
hunted in three communities on southeast Baffin Is land 
(De March et al. 2004) and a report on narwhal (De March 
and Stern , 2003) ha ve been now been published. 

Results 
As part ofan ongoing whale sampling and stock identity 
program, suppo11ed by the Nunavut Wildlife Management 
Board (N WMB) and DFO, samples were col lected by 
hunters during the ir subsistence hunts using standa rdized 
whale kits. Blu bber, kidney, li ver, ovaries and uterus, 
muscle and the lower jaw, as wel I as morphometric data 
were co llected for each animal. All samples were shipped 
fro zen to the Freshwater Inst itute and stored at - 20°C 
until analysis. 

Beluga: Current temporal trend results fo r maj o r HOC 
groups, dieldrin and oxych lordane are presented in Table 
I. With few excepti ons, HOC levels have declined in the 
male Arv iat beluga over the 17 year tim e period between 
1986 and 2003. The 2003 animals are about twice the age 
of those co ll ected in I 986 and 1999 but, if corrected fo r 
age , wo u ld most likely result in eve n lo wer leve ls. 
Conversely, the levels in the Hendri ckson Is land animals 
seem to have increased over the 15 year period from 1989 
to 2004 (ages are similar). Interestingly, this re su lt 
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coincides with a si milar increase observed fo r me rcury 
( Lock hart et al. 2005) and cou ld be attributed to recent 
changes in ice cover and distribut ion in the western Arctic 
Ocean (Ste rn and Macdona ld 2005). Th e levels in the 
Sani ki luaq animals, tak ing the ages into account, have 
not chan ged sign ificantly over nine yea r period from 1994 
to 2003. HOC levels in the 2004 Hendrickson Islan d 
sa mpl es a re approximate ly 2-fold hi gher than those in the 
2003 Arviat and Sanikiluaq animals. 

Narwhal: Current temporal trend results for major HOC 
gro ups, di e ldrin and oxych lordane are presented in Tabl e 
2. Unlik e beluga , narw hal cannot be aged a nd no 
correlation between HOC leve ls and length was observed 
in ma les anima ls fo r Arctic Bay or Po nd Inlet. O ver the 17 
year pe riod from 1987 to 2004 mean HOC concentrations 
in the Arctic Bay anima ls ha ve decl in ed. Th e high mean 
HOC levels (standard dev iations) in the ma le 2004 Pon d 
Inlet animals are ascribed to the very hi gh leve ls measured 
in two, probab ly much olde r, animals. PI samp les from 
1982, 1992 and 1994 are ava ilable and will be analyzed for 
HOCs in 2005-06. 

Walrus: C urrent temporal trend results fo r major HOC 
groups, di e ldrin and oxychlordane are presented in Tabl e 
3. As was noted by Muir et al. (1995), age was not 
corre lated to HOC concentratio ns in e ith er the Hall Beach 
or lg loolik animals. Only 1:CBz showed a s ign ifi cant 
dec line in the Hall Beach an imal s over the 17 year pe riod 
from I 987 to 2004. 

In the case of the lg loo lik animals, leve ls of contaminant 
g rou ps and co mpo und s li s te d in Tab le 3 dec lin ed 
signifi cantly over the 13 year period from 1983 to 1996 (t-
test,p <0.05). 

A few animals, notably 2 males from Hall beach and one 
from lg loolik had leve ls of all major HOC groups and 
compounds that were approximately I O fo ld highe r than 
that of all other ma les. The 8 " N and 8 '3C va lues for these 
th ree animal s averaged 12.2 ± 0.25 and - 18. 1 ± 0.42, 
respecti ve ly, and did not diffe r s ignifi ca ntly from the 
means outlined in Table 3. Elevated leve ls were also 
reported in walrus from lnukjuak , Akuli vik (Eastern 
Husdson Bay) and Loks Land (East Baffin Is land) (Muir 
et a l. , 2005). It was postulated that the much hi gher HOC 
leve ls in th ese animals was the re s ult of pe r iodi c 
consumption of ringed sea l blubbe r. 

Expected Project Completion Data 
Thi s study, in conjunction with the trace me tal work , is 
ex pec ted to continue until at least 2009. 
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Table 1. Mean (stdev) of major HOC groups and compounds in beluga blubber (ng g 1, wet wt). 3 

Loe Year Sex 11 Age %lipid ICBz LHCH ICHL IDDT I PCB ICHB Dieldrin Oxychlor 
HL 1989 M 12 14.5 90.5 42 1.5 269.3 1857.6 2930.8 3800.0 4548.0 297.5 487.7 

(7.5) (3.7) (185.9) (111.3) (667.8) (11 25.8) (1587.7) (1462.6) ( 11 2. 1) (143.6) 
HI 1995 M 15 16. 1 81.3 783.2 211.9 2076.2 3907.7 41 76.6 670 1.0 287.9 519. 1 

(5.2) (3.3) (380.4) (40.6) (1025.8) (1753.7) ( 1473.3) (3207.3) (141. 7) (348.2) 
HI 200 1 M 19 16.7 82.5 553.8 206.4 2065.4 3593.9 4026.4 637 1.5 315.5 555.0 

(5.2) (3.6) (224.7) (42.9) (976.2 1) (1715. 1) (1697.4) (356 1.8) ( 129.6) (328.4) 
HJ 2004 M 10 nd 85. 1 888.0 329.2 2932.8 3747.0 4894.1 7554. 1 500.7 744.8 

(6.8) (189.0) (50.8) (535.7) (1928.3) (948.8) (2360. 1) (99.4) (192.5) 
AR 1986 M 9 9.8 94.9 1286.9 464.0 3722.5 11 013.7 7128.4 24667.4 1250.0 866.5 

(6.0) (2.6) (590.0) (190.9) (1048.4) (6346.5) (2666.5) (8436. 1) (366.4) (226.4) 
AR 1999 M 10 12. 1 90.3 438.4 455.9 1480.8 2842.2 3086. 1 3935.4 240. 1 373.6 

(4.8) (3.3) (164.8) (202.0) (397.3) (769.8) (840.7) ( 11 06.6) (127.5) (1 11.4) 
AR 2003 M 18 8.7 79.7 257.8 132.3 1264.8 1332.9 1567.0 4092.2 437.2 296.6 

(4.8) (14.4) ( 169.5) (63.0) (539.7) (786.6) (620.5) (1853.4) (234.2) (143.7) 
AR 2003 F 16 10.2 91.4 219.0 11 7.0 1320.4 1210.4 1375.7 3453.4 328.0 334.7 

(4.7) (6.2) (167.9) (64.1) (968. 1) (9950) (967.2) (2 137.1) (2 16.3) (304.6) 
SK 1994 M 15 15. 1 92.5 535.2 440.5 2075.5 2153.7 348 1.0 5577.7 44 1.1 409.4 

(4.9) (2.7) (88.7) ( 11 4.4) (765.4) (840.7) (1362.3) (157 1.9) (139.0) (196.8) 
SK 1998 M 10 12. 1 94.4 388.2 374. 1 1645.5 1523.3 2856. 1 386 1.8 268.6 327.4 

(2.8) (3.9) ( 170.6) (203.7) (896.6) (937.9) (1629.6) (1830.3) (201.3) (194.4) 
SK 2003 M 7 8.9 86.9 286.2 154.5 1557.2 2073.0 2422.0 5547.4 571.4 333.3 

(4.4) (4.7) (55.8) (41.0) (5 18.1) (764.9) (6 15.4) (1262. 1) (143. 1) ( 138.0) 
SK 2003 F 3 11.0 85.3 184.8 124.2 11 99.9 1543.2 2727.3 7385.8 447.8 217.4 

(8.3) (2. 1) (237.6) (94.9) (120 1.2) (1631.5) (2883.8) (5665.2) (614.8) (268.2) 
HL = Husky Lakes; HI= Hendrickson Island; AR =Arviat; SK= Sanakiluaq; na = not yet determined; SDDT = Sum of p,p'-DDT, p,p'-DDE, p p'-DDD, o,p·-
DDT, o,p'-DDE and o,p'-DDD; SHCH = a- b- and g-HCH isomers; SCHL = all chlordane related compounds, including heptachlor; SCBz = Sum of 1245TCB, 
1234TCB, P5CBz, HCBz; SPCB = Sum of CB1, 3, 4/10, 7, 6, 8/5, 19, 18, 17, 24/27, 16/32, 26, 25, 31 , 28, 33, 22, 45, 46, 52, 49, 47, 48, 44, 42, 41 /71 , 64, 
40, 74,70/76,66,95, 56/60,91 ,84/89, 101 ,99,83,97,87,85, 136, 110,82, 151 , 144/135, 149, 118, 134, 114,131 , 146, 153, 132, 105, 141 , 130/176, 179, 
137, 138,158, 178/129, 175, 187, 183, 128, 185, 174, 177, 171 , 156,201 / 157, 172/197, 180, 193, 191 ,200, 170, 190, 198, 199, 196/203, 189,208, 195, 
207, 194, 205, 206, 209 
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Table 2. Mean (stdev) of major HOC groups and compounds in narwhal blubber (ng g·1, wet wt). 

Loe Year Sex 11 Length ¾lipid ICBz LHCH KHL WDT IPCB ICHB Dieldrin Oxychlor 
AB 1987 M 10 459.4 87.2 614. 1 139.0 2353.4 9263.7 5269.1 16549.7 582.5 373.3 

(31.9) (4.10) (145.1) (31.7) (5 11.3) (2161.8) (1 11 9.2) (4078.3) (126.7) (70.0) 
AB 1999 M 9 430.8 87.7 371.9 137.0 1629.2 2972.3 4180.5 4455.3 186.6 224.2 

(40.8) (4.01) (183.2) (57.0) (451.1 (1365.3) ( 1755.9) (1939.8) (84.0) (89.6) 
AB 2004 M 8 418.2 80.7 257.5 97.5 1449.6 2374.6 2190.6 5820.7 297.0 288.3 

(32.4) (10.2) (125.7) (30.8) (8 13.8 (1511.3) (1260.3) (3240. 1) (130. 1) (175.6) 
AB 2004 F 5 421.6 89.4 385.6 150.4 2309.7 5569.0 37 10.9 10705.3 492.2 437.5 

(26.0) (3.2) (240.8) (49.6) (1486.9 (4707.2) (2841.3) (6506.5) (264.6) (293.5) 
PI 1999 M 8 412.4 88.3 457. 1 I 10.2 1704.9 4857.4 3888.2 8039.3 318.8 370.2 

(34.5) (3.50) (134. 7) (34.4) (483.6) (15710) (1147.0) (2430. 1) (85.2) ( 11 4.3) 
PI 1999 F 2 353.5 84.8 309.6 75.4 11 99.9 3243.9 2660.3 5503.5 229.2 235.8 

(3.54) (4.45) (120.4) (27. 1) (539.8) ( 11 22.5) (1044.7) (2084.9) (11 7.2) (85.6) 
PI 2000 M 20 419.2 86.6 364.0 97. 1 1438.0 4 11 7.6 3445.4 68 12.9 276. 1 318.5 

(42.0) (6.38) (207.8) (50.3) (747.6) (2 152.0) ( 1693.2) (3173.5) (136.9) ( 171.9) 
PI 2004 M 8 404.3 92.9 583.8 141.7 3280.3 7680.0 4939.4 14263.6 577.7 648.1 

(49.0) ( 1.37) (2 17.2) (4 1.6) (1462.0) (5596.9) (3 11 6.6) ( I 1755.4) (223.5) (306.0) 
PI 2004 F I 38 1.0 92.7 55.2 35.1 634.9 977.4 825.8 2540. 1 89.7 90.5 
AB = Arctic Bay; PI = Pond Inlet; PI samples from 1982, 1992 and 1994 are available and will be run for HOCs in 2005-06. 
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I Table 3. Mean (stdev) of major HOC groups and compounds in walrus blubber (ng g·1, wet wt). '° 3 

Loe Year Sex n Age %lipid ICBz LHCH LCHL WDT rPCB LCHB Dielcbin Oxychlor o'"N o'3C 
HB 1987- M 6 19.7 82.8 20J %.5 313.5 37.5 205.7 459.1 143.2 102.2 12.5 -1 8.9 

1988 (2.4) (2.2) ( I II ) (43.7) (6. 1) (42.5) (94.6) (18.6) (14.6) (0.3) (0.4) 
HB 1992 M 7 12.3 73.2 6.97 146.0 369.9 41.6 197.6 1054.0 405.0 201.1 13. 1 -1 8.9 

(8. 10) (8.05) (3. 10) (45.7) (94.5) (15.8) (59.2) (249.7) (2 14.0) (90.8) (0.9) (0.4) 
HB 1992 F 2 14.0 62.8 5.02 87. 1 253J 120.2 208.2 1027.7 160J 105.0 13.7 -18.9 

(4.2) (20.1) (2.72) (22. 1) (247.6) (68.8) (205.5) ( I 063.3) (150.8) (1 19.0) (1.4) (0.7) 
HB 1996 M 9 ISJ 75.7 2.62 88.9 162.2 24. 1 92.5 369. 1 95.4 78.0 12.8 -18.5 

(6.7) (3.25) (0.85) (32.5) ( I 07.2) ( 16.5) (70J) (226.8) (60.9) (54.6) (0.7) (0.7) 
1-1132 2000 M 4 na 75.1 1.88 111.6 27 1.4 32J 147.2 625.9 294J 163.2 na na 

(9.5) (0.42) (8.50) (43.2) (18.8) (44.4) (2 12.8) (7 1.9) (29.8) 
HB 2004 M 4 9.5 79.48 1.43 86.4 267.9 29.9 173.9 619.8 194.8 142.1 na na 

(0.58) (1.52) (0.93) (3.6) (50.9) (10.3) (3 1.1 ) (90.6) (42.3) (38.4) 
HB 2004 F 5 9.4 83.6 1.41 72.5 136.0 10.1 77.9 25 1.4 155.3 85.4 na na 

( II ) (4.93) (0. 1§2 (26. 1) (82.9) (5.02) (38.2) ( 132.2) (84.9) (65.7) 
IG 1983 M 9 13.6 74.2 3.50 146.6 350.8 44.0 191.4 129 1.4 324.8 215. 1 12.2 -18.2 

(5.2) (4.8) (0.52) (43.9) (82.6) (20.8) (44.8) (445.0) (154.4) (59.5) (OJ) (0.5) 
10 1 1987- M 6 13J 77.7 26.1 102.4 310.5 28. 1 192.5 442.6 165.6 11 6. 1 12.4 -1 8.9 

1988 (6.4) (10.1) (19.0) (85.0) (9. 1) (52.8) (143J) (56.8) (47.8) (OJ) (OJ) 
JG' 1987- F 12 13.7 81.0 0.37 62.6 165.5 20.8 90.0 20 1.3 71.8 44.5 12.5 -19.6 

1988 (5.2) (0.46) (12.7) (98.9) (12.9) (54.6) (123.0) (37.0) (30.3) (0.9) (05) 
IG 1992 M 4 13J 68J 5.45 11 4.8 242.9 17.2 130.6 566J 274.7 170.6 12.2 -19.0 

(2.99) ( 16.4) (2.05) (32.7) (32.3) (2.49) (3 1.6) ( 11 8.5) (710) (23.5) (0.4) (0.2) 
IG 1992 F 2 6.5 79.5 4.53 185.9 408.7 40.4 180.8 889.1 563.4 250.9 13.7 -19.8 

(9.2) (3.95) (1.05) ( 122.5) (326.8) ( I I .4) (72.2) (420.7) (617.8) (260. 1) (1.41) (0. 1) 
IG 1993 M 5 18.6 79.3 2.07 86.0 184.6 16.6 101.6 497.0 146.3 102.3 12.8 -18.3 

(3.2 1) (13.4) (0.41) (28.7) (76.0) (8.45) (42.9) (264.4) (57J) (45.3) (0.4) (OJ) 
IG 1996 M 7 16.7 78.4 1.81 107.3 237.7 17.5 141.5 606.9 194.6 138.9 12.6 -1 8.6 

(7.52) (5.00) (0.65) (33.Z} (90.6) (11.3) (67.3) (67J) (90.6) (SS.I) (0.5) (0.2) 

HB = Hall Beach; IG = lgloolik; 1OC Data from Muir et al. 1995, d15N this study; 2Blubber from ten animals 
analyzed but sex has yet to be determined for the remaining six; na = samples not yet analyzed 
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Abstract 
Lake trout muscle sam ples collected from two Yukon Lakes, 
Kusawa and laberge, were analysed for a range of 
organohalogen (OCs/PCBs/BFRs/FOCs) and heavy meta l 
(Hg/Se/As) contaminants. Currently heavy metal time 
trend data from Laberge and Kusawa Lake trout muscle 
cover 11 years, 8 and 6 time points. respectively. Mea n 
Hg levels over the en tire data sets for the Laberge and 
Kusawa samples were 0.46 ± 0.21 (n=84) and 0.40 ± 0.25 
(11=55) ,,g g·', respectively. In both lakes, levels are just 
below the recommended gu ideline level of0.50 ,,g g·1 for 
commerc ial sa le but are at, or exceed, the guide li ne level 
of0.2 µg g·' recommended for fi sh used for subsistence. 
In lake Laberge, mercury leve ls in th e trout muscle 
decreased sign ifi cant ly after 1993 but seemed to rise again 
in 2003 and 2004. In Kusawa lake trout, levels in the I 993 
and 1999 samples were significantly hi gher than those 
collected from 2001 to 2004. LPCB, LHCH, LC HB and 
LCBz in Lake Laberge continue to decline since 2003 wh ile 
in Kusawa, LPCB, LHCH and IDDT concentrations have 
declined significantly since 2002 and levels ofICH L, LCBz 
and LC HB remain fairly constant. PFOS was the dominant 
pernuorinated compound in both the 2000 and 2004 Lake 
Laberge burbot while PFOA concent rat ions was the 
greatest amongst the PFAs in I 996. 

Key Messages 
• Current ly heavy metal (mercu ry, selenium and arsenic) 
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time trend data from Laberge and Kusawa Lake trou t 
cover 11 yea rs, 8 and 6 time points, respectively 

• The mean Hg leve ls in th e Laberge and Kusawa trout 
muscle samples over the enti re data sets were 0.46 ± 
0.21 (11=84) and 0.40 ± 0.25 (11=55) pg g·', respectivel y. 
In both lakes, leve ls are just below the recommended 
guideline level of0 .50 ,,g g·' for commercia l sale but 
are at, or exceed, the guideline level of 0.2 pg g·' 
recommended for fish used for su bsistence. 

• In lake Laberge, mercury levels in the trout muscle 
decreased signifi cantly after 1993 but seemed to ri se 
again in 2003 and 2004. In Kusawa lake trout, levels in 
the 1993 and 1999 samples were signifi cantl y hi gher 
than those col lected from 200 I to 2004. 

• Lake Laberge burbot mercury time trend resu lts cover4 
years and time 4 points and 8 year and 4 time points, 
for muscle and liver tissues, respectively. 

• Mean Hg concentrat ions in burbot musc le and li ver 
sam ples over the enti re data sets were 0.50 ± 0.15 (11=86) 
an d O 16 ± 0.13 (11=55) µg g·', respectively. 

• The length adjusted mean merc ury concentrat ions in 
burbot muscle tissues are 0.38 , 0.51 , 0.60 and 0.45 (pg 
g·') fo r the 2000, 200 I, 2002 and 2004 time points, 
respectively. For li ver tissues, the length adjusted were 
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0. 11.0.13.0.17 and0.13(mgg' )forthe 1996, 1999,2003 
and 2004 time points, respecti vel y. 

In Lake Laberge, I PCB, H ICH. IC HB and IC BL 
cont in ue 10 decline since 2003. In Kusawa, I PCB, LI ICI I 
and I DDT concentrations have decli ned signifi cant ly 
since 2002. Leve ls of IC H L, ICBz and IC I I B remain 
fa irl y constant. 

• PFOS was the dominant pe rfluori nated compound in 
both the 2000 and 2004 Lake Laberge burbot whil e 
PFOA concentrat ions was the greatest amongst th e 
PFAs in 1996. 

Objectives 
The objective of thi s project is to maintain current data 
m contaminants levels in lake trout from two Yukon lakes 
( Labe rge and Kusawa) to continue to assess the tempora l 
trends of bi oaccumulatin g substances such as trace 
metals (e.g. mercu ry, selen iu m, arsenic), organochlorine 
contaminants (e .g. PCBs, DDT, toxa phene). se lec ted 
current use chemica ls such as bromi natcd name retardants 
(e.g. PBDEs, I IBCDD), and fluorinated organic compounds 
(e. g. PFOS and it's precursors) so as to determi ne whether 
the levels of these contaminants in fi sh (health of the fi sh 
stock) and thus ex pos ure to people who consume them 
arc increas ing or decreasing with time. These results" ill 
also help 10 test the effecti veness of international controls. 

Introduction 
llistori ca l stud ies have demonstrated that halogenated 
orga nic contaminants (HOCs) and mercury leve ls in top 
predators can va ry considerab ly from lake to lake within 
a sma ll geographic region but tempora l trends of th ese 
contaminant s have rare ly been moni tored in a sub-Arctic 
area fo r a long per iod of time. This study examines 
concentrat ions of a wide ra nge of HOCs and trace metals 
in lake trout from two Yukon lakes (Laberge, Kusawa), 
o, er a span of 11 years ( 1993-2004) . Recently. Rya n et al. 
(2005) reported that OC pesticide and PCB concentration 
were decli ning at vari ous rates in lake trout (Safreninus 
11w11ar c11s/, ) in three different Yukon lakes (Labe rge. 
Kusawa and Quiet) . For example. IDDT concent ra ti ons 
ha,c decreased 39%, 85% and 84% in Kusawa. Quiet and 
Laberge lakes respective ly. Spatial variat ions in OC PCB 
levels were qui te evident as Lake Laberge trout continued 
to ma intain th e hi ghest levels over the I O year pe riod 
fro m 1992 10 2003 foll owed by Kusawa and then Quiet. 
These differences were related to a variety of factors 
especially the spec ies morpholog ica l characteri sti cs such 
as log age, log we ight s and fi sh lip id content. A 
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decreas ing trend in Qui et and Laberge lake trout lipid 
content. coupled " ith fluctuating condi tion fac tors and 
increases in body masses, suggest biotic changes may 
be occurring with in the food" ebs due to fis h populat ion 
,ari ati ons related to the cessation of commerc ial fi shing 
or potentia ll y an increase in lake plankton producti vity 
related to annual climate va ri ati on. 

Because of th e importance of lake trout and burbot to th e 
subsistence di et of northern ers. the need to contin ue to 
assess the effect of climate varia tion on fi sh contaminant 
le, els, the ava il ab ility of current data se ts and archi ved 
sam ples . Lakes Laberge and Kusawa we re selected as 
the prio ri ty Yukon sa mpl ing loca ti on for long term 
temporal trend studies. 

Activities 
In 2004/5 
INAC (Whi tehorse)/DFO (Winnipeg) together maintain a 
very ex tensive archi ve of fi sh ti ssues and data fo r Hg, Se, 
As, and HOCs in Yukon lakes (see Tab les 1-7). HOC 
analysis ofburbot li ver sa mp les from Kusawa and Laberge 
(2003 and 2004) are we ll undcrway but , are not ye t 
completed. One manusc ript is in press (Rya n et al.. 2005) 
and second will is to be submi11cd fo r re, ic" in mid July 
2005. 

Results and Discussion 
I lg. Se. As: Currentl y hem) metal (mercury. selenium and 
ar;enic) time trend data from Labe rge and Kusawa Lake 
trout cover 11 yea rs. 8 and 6 ti me points. rcs pccti,ely 
(Table I). Mean Hg concentrat ions in the Laberge and 
Kusawa muscle samples over the ent ire data sets were 
0.46 ± 0.2 1 (n=84) and 0.40 ± 0.25 (n 55) ,,g g ' , 
res pec tive ly. In both lakes , leve ls arc just below the 
recommended guideli he leve l of0 .50 ,,g g·' fo r commercial 
sa le but are at, or exceed. the guideline leve l of0 .2 pg g·' 
recommended fo r fi sh used fo r subsistence. A signi fica nt 
correlati on betwee n length and mu sc le me rcury 
concentrati on was obsen ed in the Laberge ([ Hg] = 
m* length + b. m=0.0013. b=-0.2926. r' 0.59. p<0.00 I. n=8.J) 
and Kusawa ([ Hg] = m*length + b. 111 0.00 1.J, b=-0.3-189. 
r' = 0.35, p<0.00 1. n=55) trout. A, COVA was used to 
assess the effects of year to yea r co ll ecti ons (tempora l 
trends), length and length*year were signifi cantly higher 
than those collected from 200 I to 200.J ( 1993, 1999 > 200 I 
to 2004 ,p<0.05, Figure I). interacti ons (homogeneity of 
the slope between length and [I lg]). In lake Laberge, 
mercury levels in the trout musc le decreased signi fi cant ly 
after 1993 but seemed to ri se aga in in 2003 and 2004 
( 1993> 1996 to 2002. p<0.05. Figure I). In Kusuwa lake 
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Table 1. Mean (standard deviation) concentrations of mercury, selenium and arsenic in lake 
trout muscle from Laberge and Kusawa Lakes. All levels are in µgig. 

Year n Lenoth Ho Se A s 
1993 13 483 ( 110) 0.44 (0.11) 0.45 (0.08) 0. 15 (0.04) 
1996 18 472 (93) 0.32 (0. 10) 0.32 (0.12) 0. 12 (0.06) 

0) 1998 7 700 ( 125) 0.61 (0.24) 0.42 (0.07) 0. 18 (0. 12) 
on 2000 6 590 ( I 08) 0.43 (0.21) 0.66 (0.14) 0. I 3 (0 .04) i3 

.D 200 1 22 639 (92) 0.54 (0.23) 0.57 (0.13) 0. 10 (0.04) "' ....J 2002 5 570 ( 120) 0.38 (0.15) 0.61 (0. 12) 0.11 (0.05) 
2003 8 593 (98) 0.56 (0.25) 0.47(0.10) 0.10 (0.03) 
2004 5 6 14 (68) 0.54 (0.23) 0.38 (0 .09) 0.09 (0.04) 
1993 3 535 (72) 0.54 (0.2 1) 0.43 (0. 17) na 

"' 1999 14 515 ( I 06) 0.5 1 (0.17) 0.46 (0. 11 ) 0.12 (0.07) 
200 1 9 55 1 ( I 08) 0.29 (0. 1 I) 0.52 (0.09) na 

::, 2002 10 500 (74) 0.29 (0.09) 0.55 (0.07) 0.02 (0.0 I) :,,: 
2003 10 487 (90) 0.35 (0. 13) 0.35 (0.24) 0.03 (0.02) 
2004 9 553 ( I I 7) 0.39 (0. 13) 0.64 (0. 14) 0.03 (0.0 I) 

Figure 1. Length adjusted Hg concentrations in trout muscle from Lake Laberge and Kusawa (1993 - 2004). 
Only Kusawa trout less than 700 mm in length were used in the ANCOVA. 
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Table 2. Mean (standard deviation) concentrations of mercury, selenium and arsenic in burbot muscle from 
Laberge and Kusawa Lakes. All levels are in pg/g. 

Year 11 Length Hg Se As 
2000 18 626 ( I 03) 0.42 (0 .14) 0.44 (0.08) 0.1 I (0.03) ., 
200 1 30 635 ( 102) 0. 54 (0. 15) 0.51 (0.08) 0.13 (0.06) ., 

..D 2003 13 6 11 (7 1) 0.62 (0. 12) 0.41 (0.05) 0. 13 (0 .03) 
"' ...J 2004 25 544 (75) 0.43 (0. 12) 0.35 (0 .06) 0.10 (0.03) 
::, 2003 14 483 (57) 0.30 (0.08) 0.45 (0.06) 0.04 (0.01) 

:.::: 2004 I 780 0.42 0.42 0.04 

Table 3. Mean (standard deviation) concentrations of mercury, selenium and arsenic in burbot liver from 
Laberge and Kusawa Lakes. All levels are in pg/g. 

Year 11 Length Hg Se As 
1996 15 429 (64) ., 0.08 (0.03) 0.62 (0.45) 0.38 (0.1 7) 

bi) 1999 II 642 (74) 0.2 1 (0. 13) 0.98 (0.53) 0.60 (0.47) 
..D 2003 13 6 11 (7 I) 0.25 (0. 16) 1.62 (1.01) 0.72 (0.35) 
"' ...J 2004 16 525 (74) 0.15 (0.09) 1.30 (0.48) 0.48 (0. 29) 

1999 8 474 (69) 0.05 (0 .02) 0.81 (0 .29) 0.06 (0.01 ) 
::, 2003 14 483 (57) 0.09 (0.05) 1.68 (0.82) 0. 19 (0 .07) 

2004 780 0.15 

trout, levels in th e 1993 and 1999 sa mples Lake Laberge 
burbot mercury time trend results cover 4 yea rs and time 
-1 po ints and 8 year and 4 time points, for muscl e and li ve r 
tissues, respec tive ly (Table 2). Mean Hg concentrati o ns 
in the musc le and li ve r samples over th e entire data sets 
were 0 .50 ± 0. 15 (11=86) and 0. 16 ± 0. 13 (n=55) r• g g·' . 
res pect ivel y. Si gnifi ca nt corre lations we re o bse rve d 
be tw e en le ng th and mu sc le a nd li ve r me rc ur y 
concentration ([Hg '""'""'] = m*length + b, m=0.0006. 
b=0. 1397, ,0 = 0. 14, p<0.005, n=86; [Hg 11 ,,"1] = m*lcngth + 
b. m=0.0007, b=-0.207 1. ,0 = 0.35, p<0.005. 11=55). The length 
adjusted mea n mercury con centra ti ons in burbot mu sc le 
tissues a re 0 .38. 0 .5 1, 0 .60 and 0.45 (µg g·') for th e 2000. 
200 I , 2002 and 2004 time po ints. respecti vel y. For li ver 
tissues, the length adjusted were 0 . 11 , 0. 13. 0. 1 7 and 0. 13 
(r<g g·') for th e 1996, 1999 , 2003 and 2004 time po ints. 
respecti ve ly. 

Organoha logens: Tables 4 and 5 li st the mean wet we ight 
HOC conce ntration in trout from Lake Labe rge and 
Kusawa Lak e over the 11 year time pe ri od fro m 1983 to 
2004 . In Lake Laberge, HCB. OH C H, LCI-IB and LC Bz 
cont inued th eir dec lin e s ince last reported by Rya n e t a l. 

G.A.Stern 

0.55 0.02 

(2005). In Ku sawa , L PCB. H IC H a nd L DDT 
conce ntra tions dec lined s ignifi cantl y s in ce 2002. Leve ls 
o f LC H L, LC Bz and LC HB remain fa irl y constant. 

Major PBDE congener and LPBD E concentra ti ons in Lake 
trout from Lakes Laberge, Ku sawa and Quite are shown 
in Table 6. Levels in trout from Quite Lake are I to 2 orders 
of magnitude lower than those from Laberge and Ku sawa. 
Trends were difficu lt to di scern due to the small sampl es 
sizes analyzed in thi s study (n=5) . 

As was observed in bu rbot fro m Fo rt Good Ho pe (see 
report by S te rn e t a l. ) P FOS wa s the do minan t 
pernuorinated compound in both the 2000 and 2004 Lake 
Laberge burbot (Table 7) whil e PFOA concentra ti ons was 
the greatest amongst the PFAs in 1996. The ra nk o rder of 
PFCA concentra tions were PFOA> PFNA= PFDA> PFUA. 
There were no corre latio ns between PFA concentra ti ons 
and lipid. 
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Table 4. Mean (S.D.) OC levels (ng/g wet wt.) in lake trout muscle from Lake Laberge 

Laberoe 1993 1996 2000 2001 2002 2003 2004 
N 24 13 6 16 5 8 6 
Age 15 (2) 22 (5) 12 (2) 14 (2) 12 (4) 12 ( I) 12 (4) 
% Lipid 7.9 (0 .9) 9.6 (1.4) 3.7 (0.8) 4.9 (0.5) 4.2 (0.9) 4.7 (0.8) 8.7 (3.9) 
IPCB 328.28 ( 12 1.49) 209.32 (52.08) 138.95 (60.89) 139.7 1 (53 .75) 48.60 (8.81) 81.0 1 (29.83) 48.93 (34.30) 
IDDT 39 1.54 ( 132.69) 236.5 1 (41.39) 96.46 ( 14.2 1) 89.46 ( 14.04) 54.50 ( I 1.58) 6 1.48(8.55) 94.09 (60.68) 
ICHL 47.60 (8.84) 5338 ( 13.74) 22.36 (5.84) 26.37 (5. 14) 7.26 ( 1.59) 7.44 (2.24) 7.46 (4.90) 
I HCH 4.69 (0.78) 6.50 ( 1.79) 230 ( 1.08) 0.80 (0.07) 1.58 (0.50) 0.54 (0. 10) 0. 19 (0.09) 
IC HB 3 10.96 (62.36) 2 12.23 (283 1) 207.33 (49.90 154.20 (60.46) 139.23 ( 16.88) 179.3 I (42.79) 79. 92 (52.0 1) 
ICBz 3.92 (0.57) 4.90 ( 1.24) 2:26 (0.59) 2.11 (0.17) 1.15 (0.25) 1.21 (0 .28) 0.49 (0.28) 

Table 5. Mean (S.D. ) OC levels (ng/g wet wt. ) in lake trout muscle from Kusawa Lake 

Kusawa 1993 1999 200 1 2002 2003 2004 
N 10 14 9 10 9 9 
Age 19 (2) 18 ( I) 12 ( I) 12 ( I) 9 (3) 13 (4) 
% Lipid 1.8 ( I .6) 4.6 (3.0) 2.4 ( 1.4) 1.4 (0.8) 5.8 (3.6) 7.9 (4.7) 
IPCB 85.62 (26.07) 9 1.09( 11.85) 48.55 (7.9 I) 32.45 (3.66) 8. 16 (5.86) 11 .29 (3.78) 
ID DT 44. 16 (2 1.50) 139. 16 (19.72) 56.58 ( 15.30) 26.66 (4. 15) 8.2 1 ( 15.67) 5.70 (3.70) 
IC HL 17.33 (2. 78) 17.82 (2. 74) 7.45 (2.35) 3.0 1 (0.48) 3.50 (2.28) 4.52 (2 .1 6) 
I HCH 1.2 1 (0.36) 1.68 (0.23) 0.9 1 (0.14) 0.62 (0.08) 0. 14 (0.08) 0. 15 (0.07) 
IC HB 120.80 (24.94) 148.38 (29.29) 61.03 (8.55) 43.47 (5.02) 45.05 (32.20) 49. 73 (30. 17) 
ICBz 1.15 (0.28) 1.52 (0.20) 0.84 (0. 14) 0.6 1 (0.09) 0.44 (030) 0.50 (0.27) 
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Table 6. Mean (S.D.) PBDE levels (pg g·1, wet wt.) in lake trout muscle from Lakes Laberge and Kusawa*. 

Laberge % Lipid BOE47 BOE49 BOE99 BOE 100 BOE 153 BOE 154 IPBOE 
Cl) 1993 1.99 ( 1.69) 1620 (620) 350 ( 11 0) 3240 (1630) 690 (320) 870 (460) 1970 (101 0) 9680 (5000) 

2000 0.45 (0.25) 4900 (1680) 2100 (240) 8590 ( 1170) 3380 (630) 5740 (1320) 4460 ( 11 90) 32280 ( 41500) ,,:, 
j 2003 0.41 (0. 19) 3170 ( 1430) 1290 (750) 5890 (2860) 2450 (1200) 3920(4050) 3200 (28 10) 21990 (14030) 

"' 1999 3.01 (2.20) 6420 (8440) 1590 (2090) 12070 ( 16320) 3640 (4820) 3720 (5 180) 4.00 (5790) 33950 (45130) 
:,. 

2001 2.78 (1.63) 700 (990) 130 (160) 720 (1090) 250 (250) 260 (480) 230 (330) 2550 (3650) 
2003 0. 16 (1.12) 960 (1220) 360 (47) 2630 (35 10) 950 (1260) 11 80 (1590) 870 (1150) 7480 (9890) 
1992 2.52 (0.71) 25 (20) nd 18 (3 1) 3 (5) 6 (6) II ( 14) 161 ( 125) 

-~ 200 1 0.94 (0.94) 28 (40) nd 19 (32) 8 (10) 11 (7) 12 (14) 237( 183) 
O' 2003 0. 12 (0.09) 51 (106) 7 (4) 127 (273) 18 (4 1) 32 (7 1) 17 (35) 293 (58 1) 

·N=5 for both lakes and all year; nd = non detect 

Table 7. FOC levels in Burbot li ver from Lake Laberge (mean and standard deviation, ng g·1 wet wt.) 

Year 11 % Li~id PFOA PFNA PFOS PFDA PFUA PFDoDA 
1996 5 29.20 (9.12) 14.43 (8.33) 11.89 ( I 1.07) 603 (3.92) 6.17 (5.43) 0.93 (2.07) nd 
2000 5 21.75 (6.46) I 0.30 (7.30) 6.33 (8.72) 29.99 (22.50) 5.46 (4.36) 0.67 (1.49) nd 
2004 5 20.37 (5.34) 1.56 (2.8 1) 3.93 (4.67) 30.36 (43.45) 2.20 (2.72) 0.60 ( 1.34) nd 

nd = non-detect 

..__, 



Expected Project Completion Date 
Temporal trend studies are long-term propositions and 
thus annual sampling is projected until at least 2009. 
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Abstract 
T ime lrend analyses of new and emerging contam inants 
were carried out fo r beluga (Pangnirtung). walrus (lgloolik) 
and narwha l (Pond Inlet). N-ethylpernuorooctane 
sulphonamide (N-EtPFOSA) was the dominant fluorinated 
compound in beluga li ,er while perfluorooctane sulfonate 
(PFOS) dominated both narwhal and" alrus Ii, er samples. 
Expo nen t ia l increases in concentration s of 
pernuorooctanoic acid (P FOA) and pernuorodecanoic 
acid (PFDA) were observed in beluga liver with respecti, e 
doublin g tim es o f 6 and 11 years. Mean total 
po lybrominatcd di phenyl ether (IPBDE) concen tra tio ns 
were consistently higher tha n hexabromocyclododccanc 
(I I-I BCD) in the blubber of all the animals. Walrus show 
stat istica ll y signifi cant (p= 0.02 . respectively) increas ing 
linea r trends in I PBDE concentrat ions. Mean l:PBDE 
concen trat ions in narwhal blubber were found to ha,·e 
increased 3 tim es betwee n 2000 and 200-l . 
Deeabromodiphenyl ethane concentrations "ere belO\\ 
detections limits in a ll animals. Mean total short chain 
chlorinated paraffins (l:SCC Ps) increased exponentially 
in beluga between 1982 and 200-l: medium chain 
chlorinated paraffi ns (MCCP) were below detection limits 
in all the animals. 

Key Messages 
• N-EtP FOSA , a neutra l PFOS precursor. is the dom inant 

pcrnuorinated chemica l in Pangnirtung be luga while 
PFOS dominated both narwhal and walrus Ii , er tissue: 

G. Tomy 

• PFOA and PFDA arc increasing exponentia ll y in 
Pangnirtung beluga "ith doubling times of 6 and I I 
years. respecti, ely: 

• Concentrations ofperfluorinated carbo~ yli c acids are 
increasing in Pond Inlet nandial: 

• IPBDE concentrations are greater than l:I IBCD in all 
animals in blubber; 

• l:PBDE concentrations have increased - 3 x in Pond 
Inlet narwhal between 2000 and 2004; 

• l: HBCD has increased exponenti all y in lgloo li k wa lrus 
wit h a doubling time of 3 years: 

• l:SCCPs concentrations were consistentl y higher than 
l:MCCPs: 

• l:MCCPs concentrations ho, creel around method 
detection limits in all the animals: 

• ISCCPs concentrations have increased exponentially 
in Pangnirtung be luga between 1982-200-l with a 
doubling time of25 yea rs. 
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Objective 
To co nstruct a chronolog y of che mi cal 
co ntamination of new and emerg in g 
organohalogen contaminants in marine mammals 
(beluga, narwhal and wa lrus) from the Canadian 
Arctic. 

Introduction 
Changes in the inputs of chemica ls into the environment 
arc renected in changes in concentrat ions of chemical 
contaminants in wi ldlifeovertime(OS PAR 1999). Because 
of its unique physical and biolog ica l charac terist ics, the 
arctic e,n ironment has become a sentinel for studies on 
temporal trends of halogenated organic po ll utants. 

In this study, three classes of haloge nated compounds. 
pcrnuorinated compounds (PFCs) . brominated name 
retardants ( BFRs) and chlorinated paraffins arc examined 
in mari ne mammals. Pernuorinatcd compounds are a 
diverse class of compounds which are used as surfactants 
and as su rfa ce protectors(G iesy and Kannan , 2002). 
Brominatcd name retardants are used in a range of 
consumer products including textiles. furniture and 
clcctron ics(de Wit. 2002). Sho rt- and medium chain 
ch lorinated paraffins (SCC Ps and MCCPs) are com plex 
mixtures used prima ril y as indu stria l metal 
lubricants(Tomy et al., 1998). 

Our object i, e for thi s research is to determine if there 
ha, e been changes in concentrations of the PFCs. BF Rs. 
SCCPs and MCC Ps in anima ls from the Canadian arct ic 
o\·er tim e. The anima ls chosen were from our archi ved 
tissue bank and include: be luga from Pangnirtung. wa lrus 
from lgloolik and narwhal fro m Pond Inlet. Because parse 
usage and release information ex ists fo r these chemica ls, 

constructin g historical concentration profiles is the onl y 
means of assessing the chronology of contaminat ion. 

Activities 
In 2004-2005 
Beluga from Pang11i 11u11g ( 1982, 1986, 1992, 1995. 2002), 
narwhal from Pond Inlet ( 1982, 1994, 2000, 2004)and walrus 
from lglool ik ( 1983, 1992, 1996, 2004) were se lected for 
study. Eight anima ls were se lected fo r study from each 
year. Archived li ve r (for PFCs, 11 =8) and blu bbe r (BF Rs. 
11=8 and SCC Ps, 11 =8) were extracted and analyzed . 
Extractions of PFCs from li ve r we re based on a ne" 
meth a no li c ext rac ti on me th od deve loped in our 
laboratory(Tomy et al. , 2005) BFR and SCCPs and MCCPs 
ex tract ion and analys is have been described in earl ier 
studies(Tomy et al. , 2004. 2000; Tomy and Stern, 1999: 
and Budakowski. 2003). 

Results 
Plots of th e time- trend log concentratio ns of PFCs, 
IPBDE. I HBCD, ISCCP and I MCCPs in the an ima ls are 
shown in Figures 1-3. 

Discussion and Conclusions 
PFCs. For the Pangnirtung be luga, in whi ch we have the 
best time resolution, there were exponential increases in 
both PFOA and PFDA concentrations from 1982 to 2002: 
respective doubling times are 6 and 11 years. PF UA. the 
dominant PFCAs in th ese animals, showed a linear 
increase throughout the time period. PFOSA and PFOS 
concentrati ons increased up unt il 2002 although th ere 
was a smal l decrease in concentration in 1992 for both 
compou nds. N-EtPFOSA , FTCAs and FTUCA s were 
be low detection limits in al l the animals examined. PFCs 
concentratio ns which peaked in I 992 fo r the lgloolik 

Figure 1. Change in log concentrations of PFCs in beluga (Pangnirtung, left panel) , wal rus (lg loolik, middle 
panel) and narwhal (Pond Inlet, right panel) over time. 
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Figure 2. Change in log concentrations of OPBDEs and OHBCD in beluga (Pangnirtung, left panel) , walrus 
(lgloolik, middle panel) and narwhal (Pond Inlet, right panel) over time. 
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Figure 3. Change in log concentrations of OSCCPs and OMCCPs in beluga (Pangnirtung, left panel) , 
walrus (lgloolik, middle panel) and narwhal (Pond Inlet, right panel) over time. EIX)L ·= 9)J • 
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walrus appear to have decreased since then. A similar 
concentration trend was observed for PFOSA and PFOS 
in Pond In let narwhal. PFCAs conce ntrat ions were st il l 
increasing in 2004 for narwhal. 

There were statist ical ly signi ficant re lat ionships between 
PFOSA and PFOS concentrations and age for th e 1995 
be luga (s ee Fig ure 4). There was a dec reasing trend in 
PFOSA concentrat ions with age of the an imals while PFOS 
concentrat io ns increas ing linea rl y. Taken together, these 
resu lts strongly suppo rt the hypothes is that PFOSA is a 
metabo li c precursor to PFOS in mamma ls. The fact that 
PFOSA leve ls are much greater than PFOS in the younger 
an ima ls s uggests th at PFOSA-p recu rsors are like ly 
co111ributing to the bu rde n of PFOSA at a very yo ung age 
a nd th a t o lde r an imals have a greater capacity to 
biotra nsform PFOSA 10 PFOS. No corre lation was 
observed for any of the PFCs and li pid co111ent. 

Corre lat ions between PFCA chain length (and PFOS) and 
concentrat ions were observed for beluga and narwhal. 
T here were stati sti ca ll y significant positive correlations 
between PFOS and PFUA concentrations (r'=0.5 7, p=0.05) 
and PFDA an d PFUA conce ntrat ion (r'=0.64, p=0.05) in 
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beluga fro m I 982. In narwhal from 1994. pos iti ve 
co rrelation s we re observed for the che mi ca l 
concentrations of the followi ng compounds: PFOA/ PFOS 
( 12=0.48, p=0.02); PFNA/PFOS (r'=0.41, p=0.04) and PFDN 
PFUA ( 12 =0.38, p=0.05). 

:!:PBDEs. Wa lrus show increas ing lin ear trends (p=0.02) 
in LPBDEs concet11rations. Between 2000 and 2004 , 
LPBDEs concentrations in narwha l increased by 3x. BDE-
47 was the dominant congener in narwhal while BDE-99 
dominat ed in wa lrus. Deca bromodiph e ny let hane 
(DBDPE) was below the method detection limit in a ll 
sampl es. 

:!: HBC Ds. For beluga, LHBCD concentrations peaked in 
1992 and decreased ex ponen tial up lo 2004. For walrus, 
there are exponential increases in LH BCD concentrations 
with a doubling time of3.2 years. Ll-lBCD concenlrations 
in narwhal peaked in 1994 where there was roughl y an 8x 
increase between 1982 and 1994; concentrations and have 
remained steady s in ce then. 

:!:SCCPs and :!: MCC Ps. Ful l fo rmulae group profiles for 
both short- and med ium-chain chl orinated paraffins were 
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Figure 4. Correlation between PFOSA and PFOS log concentration in 1995 beluga and age. Regression 
analysis: log [PFOSA] = 1.9750 - 0.0302*(age) , (r2=0.63, p=0.01); log [PFOS] = 0.7688 + 0.0356*(age), 
(r2=0.51 , p=0.03) 
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determ ined on an indi vidual animal from each species from 
each samp ling year. SCC Ps were consistentl y greate r than 
MCCPs in a ll th e anim a ls; O'vlCC Ps ho ve red a round 
method detection limits(~ 70 ng/g, lw) in a ll the animal s. 
CSCCPs in be luga peaked in 1992 and have decl ined since 
th en wh il e co nce ntration s o f CSCC Ps have remained 
steady in wal rus since 1983. In narwhal. CSCC Ps have 
increased exponentia lly from 1982 to 2004 (r'=0.98, p=0.02) 
with a doubling rate of~ 25 years. 

Expected Project Completion Date 
PBD E ana lyses in beluga are underway. We hope to have 
thi s completed by ea rl y Fall. 
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Abstract 
I n the l nuv ialu it Set t lement Region ( ! SR) most 
communit ies harvest a variety of marine mammals as an 
important source of nut ri ti ous food. Recent results from 
CACA R 11 show that people who rely on marine mammals 
may be at greater risk for exposure to some environment 
contaminants. It is vi ta l that people in the !SR get accurate 
and detai led inform at ion about the benefits of country 
foods and the ri sk of contaminants in order to make good, 
in formed and educated decisions. In order to provide 
people w ith th e educati on tools required to make these 
dec ision i t was fi rst necessary to understand what peop le 
new about con taminants and country foods in the ISR. 
In 2004-2005 the lnuv ialu it Regional Corporation (IRC) 
and lnuvialuit Game Council ( IGC) undenook a project to 
determ ine both th e short and long-term needs of our 
comm unit ies which began the process of developing our 
regiona l strateg ic plan in order to have a more focused 
and targeted approach to communication in the !SR. 
In 2003-05 a cumu lative in formation initiative took place 
to assess Inuit comprehension. know ledge and perception 
of contam inants and health issues in !SR and other Inuit 
reg ions. Resul t were ana lysed and dissem inated and 
translated into plai n language fac t sheets fo r delivery 
into our ind i v idual comm unities. T his process was 
undertaken w ith a new A urora Col lege student-mentoring 
progra m to insure lessons learned and th e growing 
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network and knowledge trees would be focused on and 
benefit our lnuvialuit Beneficiaries. Thi s year, we continue 
on the task of capacity building to empower our people 
with knowledge. We are also conducting community 
, i s it s that include attending sc hool s. as well as 
presentations at the IRC and IGC board meetings. Also. 
our goal thi s year was to network with other funding 
bodies, tasks and projects to build up the position of the 
Health and Environment Coordinator in order to maximize 
the knowledge base. We are networking with like 
organizat ions. while training our students, allowing for a 
more susta inable research- liaison posit ion. 

Key Messages 
Country Foods continue to be safe, sound choices 

and offer the best nutrition value 

• What do our Beneficiaries know about Contaminants 
and their health and environment? 

• Student Mentoring Program priority and long term 
planning strategy 

• Improved networking tree , and partnered sustainable 
fu nding. 
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Objectives 
Shon Term Objectives: 

To expand our funding, networki ng and train ing 
opportuniti es 

To understand how were we goi ng to use the 
resu lts of the su rvey into long term planning? 

• To inform leaders. fron tline wo rkers, educators 
and community members. 

Long-term object ives: 
Enh ance and improve d wel l-es tab li s hed 
communication and neLworking wi th a foc us on 
bu ilding both the knowledge base and ln uvialuit 
capaci ty right down to the community leve l 

A we ll deve loped reg ional strategic pl an in order 
to have a more focused and targeted approach 
to communication in the ISR 

A strong student mcntoring program to insure 
lessons learned and th e grow ing network and 
knowledge trees wou ld be focused on and 
benefi t our yo uth and ln uvialu it Beneficiari es. 

Introduction 
What Inuit Want to Know about Their Hea lth and the 
Environment: Preliminary Resu lts 
A su rvey was deve loped with input from ITK by Dr. Chri s 
Furgal and hi s ass istant Carrie Ga ble for all Inuit regions 
and the Yukon thi s past yea r to assess the le ve l of 
understanding of basic contam inant messages th at have 
been delivered in all regions of the North as well as to 
identify current percepti ons and und ers tandin gs of 
contaminant, hea lth and wil dlife concepts and issues and 
informat ion needs related to these topics. The survey 
was conducted wi th a representative sample of the 
regional popu latio n 18 years of age or o lder in lnu vialuit 
communiti es. In the JSR, the majo rity of responden ts 
were concerned abo ut the store foods they ate but not 
the country foods they consumed. Most had heard abo ut 
contaminants, but when li s ting thin gs participant s 
considered "contam inants", loca l community garbage and 
po llu tion issues such as o il drums on the land were al so 
included. An overwhelm ing majority of people fe lt that 
they needed to know more about contaminant issues. 

Key Messages 
• More lnu vialu it ap pear to be concerned about the 

store foods than the country foods they consum e; 
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lnu vialuit have a number of conce rns about th eir 
hea lth a nd th e e nvironment s a rou nd th eir 
co mm uniti es. Th e iss ue of e nv iro nm ental 
con taminants was only mentioned in th e con text of 
conce rn s related to country foods. 

Survey Objectives: 
The survey proposed to assess the leve l of reca ll of some 
basic cont aminants conce pts and messages that have 
been communicated in the JSR under the NC P be fore as 
we ll as co ll ect informati on on peop le 's conce rn s and 
perceptions related to contam inants, food safety and their 
env ironment and hea lth in format ion needs. Specifically 
the proj ect: 

Deve loped and app li ed a questi onnaire to assess the 
reca l I of key NC P deve loped messages and gather 
in format ion on heal th , food and environm ent 
conce rn s and in fo rmati on needs related to th ese 
top ics; 
The results of thi s survey wi ll be used to help ident ify 
key issues in th e regional planning of communicati on 
act ivit ies at the reg ional leve l for contami nant s and 
hea lth issues ove r the nex t 5 yea rs. 

Activities 
In 2004-2005 
A common quest ionnaire was deve loped in cooperati on 
with Inuit regions and the Yukon to assess th e general 
perception of country food and store food safety and 
other environment issues in the reg ion . The survey 
included questi ons to assess th e reca ll of prev iously 
delivered messages under the NC P among other issues. 
A core group of questi ons was common to a ll reg ions 
part ici patin g in the survey however each regio n also 
included questi ons spec ific to it s own con text. The 
questi on na ire was pre-tested. adap ted, veri fi ed and 
adapt ed once again in cooperation wi th regi onal 
researche rs. Rand oml y se lected indi vidua ls were 
identifi ed using the res ident li sts for each community and 
approx imate ly 1% of the ad ul t population was surveyed 
in each of th e communiti es. Surveys were conducted 
face to face by th e I RC Hea lth an d Envi ronm ent 
Coordinator and or a lnuvialuit Join t Secretari at Resource 
representati ve du ring schedul ed community vis its. All 
survey responses were entered into a database (exce l) 
fo r basic quantitati ve descripti ve ana lys is of resu lts. 
Anal ys is of the survey at the regional and nat ional leve ls 
is ongo in g and is providin g informat ion fo r reg ional and 
national communicati on strategy deve lopment. To date 
quantitati ve descripti ve analys is is complete and analys is 
of the qualitat ive data is ongo ing. Most importantl y, the 
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survey results offered information to produce a 6 page 
news letter that is be ing offered in each of the six ISR 
communi ti es in both Engli sh and translated versions. This 
news letter focuses on the benefits of cou ntry foods with 
a variety of everyday compari sons to store bought foods, 
afte r a co lourful and plain language introduction 
information sheet that offers results of th e survey. (See 
enc losed example of th e Engli sh language, community 
survey results fact sheet) . 

INUVIALUIT BENN IFICA RY MENTO RING PROGRAM 
- HEALTHANDENVIRO ME T 
• Estab lished and maintained a working re lationship with 

the Aurora Co ll ege Na tural Resou rce Management 
Program course students and staff to mentor lnu vialui t 
students rega rd ing Hea lth and Env ironm ental current 
acli vities, in formation and events. Throughout their 
schoo l term, a number of acti viti es and assign ments 
incl uded class presentat ions on a va ri ety of Hea lth 
and Environment projects, assignments relating to al l 
NC P and Nas ivv ik and ArcticNet research acti viti es . 
whi c h inc lud ed propo sal-writin g in stru ction , 
workshops, and community visits and several meetings 

• Thi s is the first two year pilot project to offer pract ical 
hands on lea rning and lnu vialuit Benefi ciary training 
to build capacity and promote opponunit ics to have 
graduatin g stud ent s with th e s kill s to assu me 
responsibil it ies for Hea lth and En vironment positions 
in the ISR. 

PA RT NE RS HI P PROGR AM -H EALTH A D 
ENVIRON ME T (NCP)A ND NAS IVV IK (ACA DRE) 
• The I RC secured anot her 20K from the Nas ivvik Center 

(Tota l fund ing for yea r-35 K) to a ll ow fo r a combined 
funded position for th e Hea lth and Env ironme nt al 
Coord inators position that focu s on NC P (95 K) and 
Nasivvik research activities while mentoring lnu vialu it 
students. In person meetings were attended in Quebec 
City, in December 2004 which coincided with the first 
annual ArcticNet Scientific meeting providing an 
oppo rtunity for regional representati ves to exc hange 
with the research community working on Arctic issues 
and offer lessons lea rned from the NC P. One student 
from Aurora College accompanied Barbara Armstrong 
to thi s meeting. Activities are ongoing in Labrador. 
Nunavik . Nunavut and the JSR related to the fol lowing 
issues: 

• Contaminants and Inuit Health 
• Cli mate Change and In uit Hea lt h 
• Air and water qu ality and Inuit hea lth 
• Tradit ional Plant Use and Hea lth 
• Environmental Hea lth Monitoring and 
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Surveillance 
• Inuit Knowl edge and Western Science for hea lth 

research 

• The Nas ivvi k Centre wil l serve as consultant / advisor 
for researchers applying for NC P funds thi s year and 
prov ide ideas fo r training opportunities and capacity 
bu ilding that can be incorporated in to their proposa ls. 
Further, the Centre will stri ve to link interested students 
from the North with research projects funded to provide 
them ex perience in Arctic environmen tal health 
research to increase our community involvement in 
research and training by stimulating and sup porting 
interest of communiti es in obta ining smal l resea rch 
grants for community-based projects in our reg ion. 

• The Nasivvik Cen tre took advantage of the ArcticNet I 
Nunav ik Inui t Heal th Survey shi p crui se 10 a ll Nunavi k 
communities, on the CCGS. to expose regional trainees 
from th e ort h to vario us as pects of Arctic 
environmental hea lth issues and research techniques. 
The course was a huge success. Donald Ross (Au rora 
Co llege), from the ISR, panicipated in acti viti es rangi ng 
from interviewi ng parti c ipants of th e Qanuippitaa 
Survey to col lect in g water samplings and conduct ing 
lab analyses and th e n he proceeded to g ive 
presentations on the experience with other students. 

DEV ELO PMENT OF REG IONA L / NATIO NA L / 
INTER NAT IONA L COMMUN ICATION STRATEG IES 
FOR CON TAM INAN TS AN D HEA LTH IN THE 
CANA DIAN NORTH 
• The review of communications materi als and acti viti es 

conducted during Phase 11 of the NC P, as reported in 
Kn ow ledge in Action (2003) identi fied th e need fo r an 
organized approach to communication s activi ties an d 
resea rch. To date, various fo rms of eva luati on (forma l 
and informal) have documented unique lessons at 
different times and in diffe rent regions regarding 
met hods of bes t prac ti ce o r chall enges faced in 
communicating about contaminants and hea lth in our 
ISR communities. Funher, as more is learned about the 
potential e ffe cts o f co nt a min a nt s on No rth e rn 
Abor igi nal hea lth (CACA R II Hea lth Report) th e 
messages are in fact becoming more complex, requi ring 
grea ter leve ls of detai l to be communicated and 
the refo re un derstood in order to sup port truly 
in formed decision and to ensure that in formati on is 
easy to understand and access. 

• A meeting was held in conj unction with the NC P White 
Rock workshop to begin dec isions on how to formulate 
an appropriate communica tions plan fo r the ISR. A 
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second meeting was held in March where discussion 
took place regardi ng the Popul ati on Survey analysis 
to formulate result s and incorporated them into the 
wo rking regional plan. Consu ltatio ns are ongo ing as 
the plan grows and becomes a workin g document to 
be inco rporated into all aspec ts of our improved 
education and communicati ons direct ive. 

Al l act ivit ies were carri ed out with student participation; 
monthly tasks are summa ri zed in the li st be low: 

August-December 2004 
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NWTECC Conference Ca ll s-rev iew agenda and 
meeting minutes-student material s created 
Collate 2002-2003 NC P, LCC's, ECC library of 
information. fact sheets. maps , and posters 
Reviewed and provi ded the IGC with Fact 
Sheets. nutritional country food messagi ng 

• Consu ltations wi th Roger Connell y, Frank Pokiak 
and Nel li e Cournoyca, Norm Snow and Joe 
Thrasher- lGC. DIANO and Dene Nat ion-
NWTECC, IT K, Eric Loring. Chri s Furga l, John 
Edwards 
Responded to: IRC. GTC, ECC. ITK . DIA NO. 
IGC. NCP e-mai ls. phone ca lls. con-espondences 

• Prepared the new job description and posting 
for potential new coordinator Nasivv ik pos ition 
Mid Term IRC and GTC board and NC P repo11ing 

• Volu nteered to sit on the stee ring committee to 
look at the potential for an on-l ine course to teach 
front line health and environmen t work ers about 
contaminan ts and nutritional in formation 
Assis ting with coordin at ing the Nuclear Waste 
Management Orga ni zat ion ( WMO) dialogues 
Estab li shed and maintained a wor kin g 
relati onship wi th the Aurora Co ll ege Natural 
Resource Management course students and 
staff to mentor lnuvial uit student s regardi ng 
I lea Ith and Environmental NCP cu1Tent activities, 
information and events 
Arrange me nt s a nd parti c ipat ion in NC I' 
workshop and meetings in White Rock B.C. 

o Attended severa l sub meetings during 
the CP workshop 

Secured another 20K fro m the Nasivvik Center 
(Total fu nding for yea r-35K) to allow for a 
combin ed funded position for the Health and 
Environmenta l Coordinators posi tion that focus 
on NC P (95 K) and Nasivv ik and Arcti cNet 
resea rch activ iti es whil e mentoring lnuvia luit 
students. 

In person Nas ivv ik/ArcticNet meeting in Quebec 
City with Aurora College Student. 

January-Ma rch 2005 
Consultations with Roge r Connell y. IGC-Joe 
Thrasher a nd No rm Snow, DIANO , th e 
NWTECC. ITK , Eric Loring and Chri s Fugal. 
ArcticNet and the asivv ik Center about th e 
ongo ing projects 
Responded to: IRC, GTC, ECC, DIANO, IGC. 
ITK. NC P e-mail s, phone ca ll s, correspondences 
Worked on the 5 year regional planning strategy 
with ITK and loca l and reg ional stakeholders 

• Attend in-person meeting of the NWTECC,-in 
January with 2 students from the mentoring 
program 
Complete year-end funding repo11s and the 2005 
proposa l was submitted to th e NC P 
Secured fu nding for partn ered fundin g and 
created roles and ta sks with ArcticNet and 
Nasivvik 

• Ongoing consultations rega rdin g new blood 
monitoring project (MOM 'S)-Alice Thrasher and 
Barbara Armstro ng with reports, updates for 
both I RC and IGC representatives and board 
meetings 
Created a new job description and adverti sed 
for a new Hea lth and Environment coordi nator 

• NWTECC Conference Ca ll s - Review Age nda 
and Meeting Minutes, preparation for meetin gs 
Present ati ons at the adu lt lea rnin g center + 
community co ll ege-NC P and Contaminants 
information 
Co ntinuing the progra m fo r a n lnuvialui t 
Beneficiary Mentoring ass istant 

• Po pulati on Survey res ult s/a na lysis 
communica ti ons informati on and conference 
ca lls 

• Create and di stribute new communicat ions 
in fo rmation under the NC P program and the 
Co ntamin ant s Fact Sheets that in c lud ed 
tra nslated Population (Pan Arct ic) Survey results 
Organize, translate and print communica ti ons 
materi als for upcoming six regional com muni ty 
vis its 

• Quart erly I RC Board Meetings report s and 
presentations and continued to write reports and 
consult with partners regarding all activities with 
Aurora Co ll ege student mentors. 
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Results 
This past yea r, through the success ful work of the Hea lth 
and Enviro nment Coordinator and studems from the 
Aurora College mentoring program, the lnuvialuit Regional 
Corporation fulfilled the deliverables outlined in the 
Northern Con taminants Program proposal. Netwo rking 
was key to this yea rs acti viti es as the position expanded 
and work on the long term regional and national strategies 
was cond ucted and the Pan Arctic Survey resu lts were 
ana lyzed, tran s la ted an d reported back into the 
communities as plain language summaries to various 
target grou ps whi ch increased the knowledge base within 
the JSR. 

Discussion and Conclusions 
Ongoing training opportunities and a va ri ety of 
commu ni cations continue to be offered to lnuvialuit 
Bene ficiaries. community representati ves, our educators, 
frontline workers and hea lth professionals regarding a 
1ariety of information related to understanding long-range 
contaminant health and environment issues, and resu lting 
con necti ons and importance of country/traditional food. 
and health y lifestyle choices. 

Expected Project Completion Date 
\1arch 2005 
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Abstract 
In 2004-05 the LI A research office cont inued to enable 
communities of the north coast of Labrador and the Lake 
Melville area to become involved with and lea rn about 
contaminant issues affecti ng the region and supports 
them in making informed decisions. Addi ti onall y, the LIA 
researcher continued to act as a resea rch li aison with 
outside resea rchers conducting work in the region on 
these issues, supporting their wo rk and aid ing them in 
conducting ethica l, effective inve stigation s and 
communicati on of these resu lts to reg ional residents. 

In 2003-04, a survey was deve loped with all In uit reg ions 
and the Yukon to assess the leve l of understand ing of 
basic contaminant messages that have been deli vered in 
all regions of the No11 h before as we ll as to identify cu rrent 
perceptions and understand ings of contami nant, hea lth 
and wild life concepts and issues and informat ion needs 
related to these topics. The survey was conducted with 
a representative sample of the regional population 18 years 
of age or older in all Labrador communities. In Labrador, 
th is survey was titled "What Labradorians Want to Know 
About Their Hea lth and Environment". The resu lts from 

consumed. Most had heard about contaminants, but as 
previous work has shown in this region , loca l commun ity 
ga rbage and polluti on iss ues were incl ud ed in th e 
defin iti on of what people thought we re "contaminants". 
Addi ti onall y, a project was conducted to review the 
pathways of communicati on being used for women of 
child bea ring age in the region to assess whether th ese 
we re mo re effect ive lines of communicati on to use fo r 
di ssemination contaminants informat ion to these gro ups. 

Key Messages 
• The LI A Research Office strives to, in a cu ltu rally 

relevant manner, continue its communication efforts 
on contaminants, research and the environment, 
cond uct resea rch and promote mutua ll y bene fi cial 
relationships between th e comm uniti es of northern 
Labrador and outside sc ienti sts; 

Labrado ri ans appea r more concerned about the store 
foods they ea t th an the wi Id foods cons um ed 
although most want to hear more in format ion about 
contaminants and hea lth in the region 

this survey was ana lyzed th is year and the majority of • Labradori ans have a number of concerns about th eir 
hea lth a nd th e e nviron me nt s aro un d their 
com muniti es. The iss ue of e nviro nm e nt a l 
contaminants is one of th ose concerns but is not the 

respondents reported that they were concerned about 
the store foods they ate bu t not the wild foods they 
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most common ly reported concern for e ither category 
(healt h o r environment). 

Objectives 
An objective of the Northern Contaminants Program 
(NC P) is to red uce or, wherever poss ible , e liminate 
conta min a nt s in traditionall y harvested foods whil e 
prov idin g informa ti on th at ass is ts info rmed dec is io n 
making by in d ivid uals an d communit ies re lated to their 
food use. 

The Labrador Inuit Association Research Of1i cer: 
Ass isted res idents of Na in , Ho peda le, Pos tv ill e, 

Makkovik , Ri golet and Happy Valley-Goose Bay by 
providing information about ri sks, the means to reduce 
ri sks, and information on the benefits o f traditi ona ll y 
harves ted food s to s uppo rt res id e nt s in ma ki ng 
informed dec is ions: 

Ass isted communit ies of the north coast o f Labrado r 
and the Lake Melvil le area in becoming in vol ved with 
conta minan t issues and activities that affect th e people 
and the region ; 

o Acted as a resea rch li a iso n with outside researchers 
conduc tin g wo rk in the region on the se iss ues, 
supporting their work and aiding and ensuring th at 
the ir work is co nducted in an ethical , e ffecti ve manner 
and that their res ults are communicated back to the 
popula tion in a timely mann er. 

The survey entit led What Labradorians Wa111 to Know 
A bow Their Health and Environment proposed to assess 
the level of recall of some basic contaminants concepts 
and messages that have bee n commun icated in Labrador 
under th e NC I' before as well as col lect informatio n on 
people 's conce rn s and perception s re la ted to 
contaminants, food safety and their env ironment and 
health information needs. Specifical ly the project: 

• Deve loped, tran slated and applied a questionnaire to 
assess the recall of key NCP developed messages and 
gather information on health. food and en vironment 
concerns and information needs re lated to these topi cs; 

• Is bei ng used to support the identification of key issues 
in the regional planning of comm unication acti viti es 
at the regional level for conta minants and health issues 
over the next 5 yea rs. 
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Introduction 
Labrador Inuit are susta ined by the animals, birds, fi sh 
and pl ants o f th e region. Re sea rch has shown that 
co ntamin ants a re present in these food so urces due to 
the environment being contaminated by vary in g so urces 
o f local and d istant po llutio n whi ch a re th en tra nsported 
to the north via atm ospheri c and oceanic mechanisms. 
Th e leve ls o f contaminants in th ese foods whi ch susta in 
peopl e in Labrador and potenti a l e ffec ts th ey may ha ve 
on res idents of the coastal communities are of concern to 
the Inuit o f Labrado r. The Labrado r Inuit Assoc iati on 
Resea rch Offi ce helps to ensure that Lab radorians a re 
heard and their concern s with regard 10 both natio nal 
a nd loca l co n ta min a nt s iss ues a re assessed a nd 
com muni cated. The current issues for Labrado r Inuit a re 
simil a r to those o f other In u it regio ns, but th ere a re a lso 
loca l concerns that need 10 be communi cated and th e 
minds of Labrador Inuit to be se11led with rega rd to 
perce ived local contaminants. Thi s is espec ia ll y true when 
we have just learned that so me traditi o nal hunting a reas 
and wildli fe in th ose regions (e.g. Sag lek Fjo rd and its 
imm edi ate env ironm ent) are un sa fe fo r hum an 
consumpti on due to PC Bs. As well , greater concern ex ists 
fo r these issues now that studi es in Nunav ik a rc show ing 
subtl e effects from PC B ex posu re. In order for Labrador 
Inuit to be informed about wise foo d cho ices the LI A 
Research Of1ice must coordina te efforts between NC P 
researchers. Inuit Tapiriit Kanatami and uni versity and 
government researchers and our communities. Following 
the obj ectives o f th e 1orthern Co ntaminant s Program, 
the LI A's Researcher acts as a key resource person and 
provides informati o n to the populati o n in a cultu ra ll y 
relevant and plain language format on contaminant-re lated 
issues. Thi s is done by uti liz in g th e guidelines deve loped 
th rough consultation with community indi vidual s in th e 
project Country Food, Nlllrition and Health: Developing 
Eff ecti ve Co mmunicati on S trategies in Labrado r 
conducted by LI A Research and C Furga l (U Laval ) and 
Lorraine Craig (U Waterloo). 

Activities 
In 2004-2005 
COA/1\fUNICA TJON 

Avati vut Newsletter 
Thi s newslener is a quarte rl y publi catio n tha t the LIA 
Research Office has developed and used to communi cate 
to th e Labrador In uit populati on about the bene fit s and 
risks of wild food s, the most recent kn owled ge on 
contami nants. health and en vironmental issues and to 
update people on current research acti vities in the region. 
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The existence ofa regional person and their involvement 
in this publication has enhanced the LIA Research 
Office·s ability IO communicate such information in a 
cul1urally-rcle,an1 and timel y manner. Wi1hou1 this 
person. this newslener wou ld 1101 be published. The main 
focus of the A, a1ivu1 news lener is on the benefits of 
consuming" ild foods so as 10 enforce the understanding 
among the genera l popu lation !hat they arc still the mos! 
nutritious foods fo r Labradorimiu1 10 eat. Additi onal 
updates of new and ongoing resea rch act ivi ti es and 
rcle, anl facts about hea lth and environmenl issues in 
the region are also prO\ ided in this ne" slener which is 
printed in English and lnuktilUI (Labrador Dialect) and 
distributed 4 times a yea r. A section of the Ava1 ivu1 
Newslener is also set aside for environme111a l news from 
each of the north coast communi ties. gi, ing each 
communit)' a chance to share their concerns and 
accomplishments with the coast regarding en, ironmcnt 
and health issues. 

l/AISISG/CO1\'TACT PARTICIPATION I N 
RESEARCH PROJECTS 

Communicating in Labrador on En, iron mental 
Co111amina111s: Developing a Strategy 10 Engage Target 
Audiences on Con1amina n1 . Food and I lea lth Issues 

This project has been looking at what in fo rmati on is 
currently being distributed 10 "omen of child bearing age 
and through "hat mechanisms this information is 
deli, ered. It is preparing a dissemination framewo rk for 
reaching this target group with contaminants informati on 
using existing pathways. It is expected 1ha1 thi s approach 
\\ill help deli,er such information in a proper co111ex1. 
along with other health and nutrition information. This 
year. Libby Dean of Dalhousic Uni ve rsity worked with 
the LI A researc h office and conducted key in forma nt 
inten ie" sin I lappy Va lley-Goose Bay and Nain, Labrador. 
l111 en ic" s "ere conducted with loca l and regional hea lth 
professionals and educators. Add itiona ll y, literature and 
documenl sou rces were ident ified and ga thered for 
re, ic\\. Data is now bei ng ana lyzed and in cooperation 
"ith LIA this project" ill prO\ ide recommendations for 
reaching \\Omen of child bearing age with diet and 
contaminant information in the future. What Labradorians 
Wan! 10 Kno" About Their Hea lth and Env ironme111 

A common questionnaire was developed in cooperat ion 
"i1h Inuit regions and the Yukon in 2003-04 10 assess the 
general percepti on of wild fo od and store food safety 
and the population's in for mation needs related 10 health 
and environme ntal issues in the reg ion. A core group of 
questions was common 10 all regions pai1icipa1ing in the 
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survey however each reg ion a lso included questions 
specific 10 its own con1ex1. The questionnaire was pre-
tested. adapted. translated. back translated and verified 
and adapted once aga in in cooperat ion with Inuit field 
assistant s in the participating communities. Random!)' 
se lected individuals were ide111ifi cd using the In uit 
organization membership li st fo r each community and 
approx imately I% of the ad ult populati on was surveyed 
in each of the north coasl communiti es. Surveys were 
conducted face 10 face wi th th e aid ofan Inuit fi eldworker 
and were conducted in either English or lnuk1i1u1 al the 
par1icipa111 's request. All lnuktilUI su rveys we re then 
1ransla1cd and all su rvey responses were entered i1110 a 
database ( exce l) for basic quan1i1a1ivc descripti ve analysis 
of results. 

,Vasi1•1·ik Centre for Inuit f-lea/1!, and Changing 
Environments 

This Ce111rc is one of eigh t establi shed in a network across 
the count ry by IAP I I (ACA DR E Program: Aboriginal 
Capaci ty and Deve lopmental Research Environments) 10 
address Abori gin al I lca l1h train ing and resea rch needs. 
The Nasivvik Centre is based al the Publi c Hea lth 
Research Unit, CHUL-C I IUQ. Laval Uni versity (Quebec). 

The Nasivv ik Cent re and Arc1icNe1 hired Inuit Research 
Advise rs ( IR A's) in 4 regions: Labrador, Nun avik. 
Nunavut and lnuvialui1 in September 2004. Elizabeth Ford 
was hired as Inuit Research Advisor for Labrador. She is 
curre111ly "orki ng out of LI A head office. Mary Denniston. 
the research office staff member is Acting Boa rd Member 
and Chair of the Nasivv ik Ce111re. The cooperati on 
between these programs in the LI A Resea rch Office is 
leading 10 belier overall resea rch coord ination among 
projects fund ed under the var ious research prog rams 
going on in th e North. 

ON GOI N G DAILY COMMUNI CA TIONS AND 
RESEARCH COORDINATION 

In add iti on 10 these spec ifi c acti viti es, a number of 
ongoing communication responsibilities are fulfilled by 
the LI A Research Office staff. Dail y activ iti es of the 
Resea rch Office include res pond in g 10 communil ) 
concerns, providing info rmation 10 th e Labrador Inu it 
Association. communi ti es. and individuals on issues 
relat ing 10 con1amina111s. the environme111 and heal th , and 
acting as a li aiso n fo r th e va ri ous peop le propos ing 10. 
and c ur rent ly co nclu c lin g resea rc h in the reg ion. 
Additionally, the resea rch staff acts as a liaison for 
interactions between the reg ional organ izat ions and ITK 
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an d the NCP. This in vo lves regu lar interaction with 
various individ uals and ongoing communications efforts. 

Results 
Results of the survey emitlcd "What Labradori ans Wam 
to Know About Their Environm em and Health" shows 
low comprehens ion of some basic comam inanl concepts 
in some regions; especially among younger women, 
therefore, the need fo r a strategy as is being developed 
unde r th e projec t '·Communi ca tin g in Labrador on 
Environmemal Contam inams: Developing a Strategy to 
Engage Target Audi ences on Contaminant, Food and 
Hea lth Issues" to reach thi s group is even more obv ious. 
The fo ll owing is some of the results from the su rvey, 
which was also put out in the co mmuniti es to 
comm unicate th e res ults via the use of a fact sheet on 
this project: 

Wha t did Lab rado ri a ns say abo ut th eir health, 
environmem and food? 
When asked if th ey were conce rn ed about the health of 
the environment or wi ldli fe around theircommunity43% 
of pa rtic ipants sa id "no". 35% sa id "yes" and 21 % were 
uncertai n. 

Common environmental concern s were: 
• Garbage in communities 
• Environmental damage ca used by development 

companies 
• Water quality 
• Pollution in the region including contaminants like 

PCBs and mercury 
Al most 40 % of participants also sa id they were concerned 
about their health or hea lth of others in the community. 
Almost 50 perccm sa id they we re not and the rest were 
uncertain. 

Common hea lth concerns were: 
• Cancer, diabetes and other diseases 

Unhea lthy behaviours - too many people smok ing 
Hea lth of Elders 
Access to good hea lth services 

In addit ion to helping identi fy needed communications 
and research on contaminants information dissemination 
in the reg ion, thi s project supports the sta ff in anti cipat ing 
and reducin g the poss ibility of misund erstandings and 
mistru st among communities, organiza ti ons, researchers 
and scientists in communicati on acti vit ies in the region. 
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Discussion and Conclusions 
The LI A Research Office staff member cominues to be a 
va luable addition to the LIA Office and regional 
popul ation. The LIA Office continues to educate and 
empower the people of Labrador to bencr understand 
and deal with contaminants in their environment and 
traditional foods, and be aware of research and general 
environmental issues. 

The Labrador Inuit Association Research Office cominucs 
lo: 
, Sup port th e activities undertake n by LIA 

Researc h Staff in providing in fo rmati on on 
resea rch about contaminams. their effects on 
wildlife and humans through consumption of 
wild foods whi ch arc based on the varied 
la nguage and geographic needs of individua ls 
and communities of Labrador; 

Enhance decision making abil it ies of Labrador 
Inuit through the deli, ery of information on risks 
and benefits of contaminams and wild foods 
re levam to the region in an acc urate, timely and 
accessible manner: 

Develop regionally releva nt resource materia ls 
in consultation wi th the coastal communities and 
appropriate agencies (i.e. Labrador Inuit l lealth 
Commiss ion, DIAND-NC P. ITK etc.). These 
materials include educational materials such as 
posters and a quarterly news letter: all 
publicat ions are produced in both lnuktitut and 
English; 

Use the research results from stud ies conducted 
in the region. such as the project Coumry Food, 
Nutriti on and Heal th : Deve lopi ng Effective 
Communication Strategies in Labrador to aid in 
effecti ve delivery of in formation ; 

Be responsible for interacting ,vith and ass isting 
out side researc hers wi th comm unity 
consultations. T his assis tan ce also includes 
negotiating research agree ment s between 
researchers and community organizat ions and 
report ing project results to communities in a 
timely and respo nsible manner. The Research 
Office determines, in co nsu lt atio n w ith 
community representatives who are responsible 
for communicat ion on contaminant , hea lth and 
environ men t iss ues, whi ch medium(s) best su it 
the in fo 1111ation needs oft he community, etc. This 
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person wi ll continue to assist commun ities in 
identifying and prioriti7ing contaminan ts issues 
and ass ist in communicating community 
conce rn s and priorities 10 appropriate 
authorities. 

,- Take pa11 in research projects and communication 
of resea rch resu lts whe n appro priate. 

Date of Completion 
This is an ongoing project in Labrador. 

Analys is of the survey at the regional and na tiona l levels 
is ongoing and is pro, iding information for regiona l and 
national communication strategy de,·elopmem. To date 
quamitati,e descriptive analysis is complete and analysis 
of the qualitative data is ongoing. 
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Abstract 
N unavut Tunngav ik Inc. (NTI) organ ized a 3-day 
workshop aiming to build Inuit ca pacity on contaminants-
re lated issues in Nunav ut. Open thematic discussions 
focused on human and environmenta l hea lth issues as 
wel l as ways to enhance future Northern Contam inants 
Prog ram activities in N un av ut. While participants 
expressed concern s regardin g the impact of contaminants 
on the hea lth of Nunavut 's wild life and environment. 
workshop discuss ions clearly highlighted that Nunavut 
Inuit are however not basing their personal food choices 
on contami nants cons iderations. Community involvemen t 
was seen as the key to progressing towards relevan t 
contaminants research and effective communication. both 
required for informed deci sion-making in Nunavut 
communities. 

Key Messages 
Work shop di scuss ions revealed that : 

Persona l preference , practicality, cost and 
availabi lity, rather than con tam inants, are the 
main considerat ions governing the food choices 
of Nunavut Inuit 

Communications effo rt s rema in a necessi ty 
because end urin g misinterpretation s and 
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misunderstandings potentiall y hinder informed 
decision-making 

Objectives 
To build Inuit capacity on contaminants-re lated issues 
by: 

Providing information to. and hear in g the 
concerns of, community resou rce-people ; 
Offering an opportunity for open thematic 
discussions between holders of community-
based and sc ience-based knowl edge; 
Linking human and environmental health issues; 
and 
Supportin g comm unity in volvement in the 
design. development and conduct of NC P-
sponsored research in N unavut. 

Introduction 
Over the course of the Northern Contami nants Program 
(NC P)'s first two phases, a varie ty of educat ion and 
communi cations initiatives have been delivered in 
N unavut commun ities. More specifica ll y, the Niq iit 
Avatittinni Committee (NAC). Nunavut 's contaminants 
committee under the NCP, has always made capac ity-
building and communicat ions the focus of its efforts. 
Accordingly, the NAC's most recent work (Caughey 2004, 
Loring 200-1) and community tou r. which presented 
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CACAR II results in a ba lanced manner that considered 
other health and nutritional issues (Stephens 2004), have 
highlighted the need to take human health implications 
into account, to identify community know ledge gaps and 
priorities, and to generally approach contaminants issues 
in a broader human and environmental health co ntext. In 
parallel. preliminary resul ts from the human and 
env ironmenta l hea lth survey entit led "What do 
Nunavwnmiut want to know aboul their environment 
and their health?"_ described by Furgal (2004). seemed 
to suggest that Inuit in Nu navut had a pers pective that, 
in at least some respects. diverged from the general 
Northern outlook on con taminants. 

With this in mind, Nu navut Tunngavik Inc. (NT!) wished 
to shed light on the relevance of contam inants research 
to Nunavut Inuit and to improve communication lines, 
both to and from, Nunavut communi ti es. Providing 
information to, and to hearing the concerns of. community 
resource-people was seen as a mean s to build Inuit 
capac ity on contam inants-relates issues in Nunavut. Wit h 
this in mind, NTI's workshop part icipant list was to a 
large extenl drawn according to the survey responses to 
'·Where do you think you can get the most helpful 
information about ll'ildlife and co/1/aminants?". The 
participation of key technical expe rt s and NC P 
representatives was also seen as essenti al in encouraging 
the two-way di scussions needed to support informed 
decision-making by community members and relevant 
research by contaminants researchers. 

Activities 
In 2004-2005 
From February I 5 to I 7, 2005, Nu navut Tunngavik Inc. 
(NT!) hosted a workshop on contami nants in Nunav ut. 
Over 40 people, from Nunavut and South ern Canada, 
gathered in Iqaluit to take part in thi s 3-day workshop 
intended to build Inuit capacity on contaminants-re lated 
issues. Participants included Inuit Elders, Hunters and 
Trappers Organization members , Wild life Officers , 
Commun ity Health Representatives alo ng with Hea lth 
Promotion and Protection staff, delegates from Inuit 
organizat ions (Regional In ui t Assoc iations, NT! , Inuit 
Tapiriit Kanatami and Inuit Circumpolar Conference), 
Northern Contamina nts Program (NPC) and Niq iit 
Avatittinni Committee (NAC) representatives, as we ll as 
technica l experts. The wo rk s hop was c hai red by 
Thomasie Alikatuktuk, President of the Qikiq tani In uit 
Assoc iat ion, and facilitated by Joa nasie Ak umalik , 
Director of Government and Public Relations at NT!. 
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Results 
Among th e issues that surfaced durin g th e workshop 's 
themat ic disc uss ions, th e fo ll owing may be of particular 
interest to the North ern Contaminan ts Program: 

Contami nants and human hea lth 
Conta minants research needs to look at the 
overa ll e ffect (includi ng benefi ts) of country 
foods on the hea lth of In ui t, not just at th e 
potential impacts of the contam inants contained 
in coun try foods 
Given researc hers' ability to detect tra ce 
quantities of contam inants, and th e re lati ve lack 
of kn ow ledge about the effects of thes e 
con tami nan ts, is continua ll y sea rching for 
contaminants ult imate ly more harmful than 
beneficial to Inuit? 

Contaminants and environmental health 
• Wildlife sa mpl es destined to co ntaminants 

studies need to come from animals that could 
normally be harves ted by Inu it for the ir 
consumption, otherwise resu lts from random or 
unin formed sampling might not be renect ive of 
th e contam in ant s intake of loca l hu ma n 
populati ons 

• This being said, the contamination of wi ldli fe is 
a concern in itself, not just because of it s 
potent ial repercussions on country foods - the 
foc us of contaminants resea rch shou ld therefore 
not rest exclusive ly on human health 

Towards relevant contaminants researc h and informed 
dec ision-making 

Contaminants research shou ld not be conducted 
on the basis that all Inuit eat an average quant ity 
ofa given country food every sin gle day of the 
yea r - Inui t culture is conn ec ted to wi ldli fe and 
seasona l cyc les, and country food consumpti on 
conseq uentl y va ries both throughout th e year 
and ac ross the territory 
If resea rchers spent more time in N unavut 
communiti es to 'get their bearings', establ ish 
link s and get to know the communiti es and 
su rroundings before conducting th ei r study, it 
might then be easier for community members to 
consider th e researchers' in for mat ion and for 
resea rchers to conduct releva nt research and 
appropriate ly return results to these communities 
The absence of behav ioural change is not 
necessari ly a sign th at t he con tamina nts 
message has not been assimilated - it can also 
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rencct an informed deci sion to carry on with 
personal food choices 

Discussion and Conclusions 
The cross-thematic nat ure of discuss ions throughout the 
wo rkshop hi ghli ghted th e extem to whi ch the hea lth of 
Inu it, of wild Ii fe and of the environment is imerconnected . 
Th is rea lity, of parti cu lar relevance 10 the Norlh ern 
Contaminants Program (NCP) given its interest in country 
foods, is co mpounded by the fact that contaminan ts, and 
the issue of what is or isn' t co ntaminated. Lends 10 be a 
, ery sens iti ve topic for Inuit. In add ition, it is one that is 
not easi ly defined for int erp ret in g/t rans latin g into 
lnuktitul and lnuinnaqtu n. 

It is therefore crucia l th at accessib le. understandable 
contaminants material and me~sages be receptive to 
community co ncerns and be integrated imo a broader 
human and env ironmen tal health context. Further, 
communications needs 10 be an ongoing process that 
will rai se the awarenes s and und erstanding or 
contaminants-related issues to a level enab ling commun ity 
members 10 fee l comfortab le about their food choices. In 
this rega rds, loca l resource-people are vital for in forming 
community members and wa nt to work more close ly with 
those designing a nd di sse minatin g contamin ant s 
information. 

Thi s be in g sa id , coumry foods are generall y preferred 10 

store-bought foods and considered more beneficial Lo 
the ex tent that many think it very unlikel y that Inu it in 
Nunavut would stop eat in g coumry foods in response Lo 
recommendati ons or adv ice based on contaminants 
rese arch result s. Di scuss io ns also und e rlin ed that 
although Inuit are undoubtedl y conce rn ed about the 
hea lth ofNunavut 's wildlife and environment , persona l 
preference. pract ica lity, cost and availability. rather than 
co maminallls. nonetheless drive the food choices of 
Nunavut Inuit. Al so, since contaminants studies are 
mainl y condu cted in Inuit regions, NC P researchers need 
10 improve the ir understa nding of the effects o f country 
foods on the cultural and physica l well-being of Inuit 
be fore they draw co nclusions relat in g to the impacts o f 
co ntaminant s on Inuit hea lth. 

Overa ll. the workshop was beneficial in that it provided a 
foru m 10 help th e NC P identify issues that are important 
to Inuit, because contaminants research is still. for the 
most part , based on quest ions researchers are ask ing 
them se lves. As such , when contaminants re sea rch 
does n' t fu lly invo lve communities and doesn' t ge nuin ely 
ac knowl edge that Inuit possess va luable ins ight and 
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expertise, there is sometimes a perception that researchers 
are using and abusing Elders and Inuit kno" ledge 10 

sa ti sfy th e ir own acade mi c age nda . Workshop 
discussions on healthy cho ices pe rt ain in g 10 both 
nutrition and lifesty les em phasized th e be nefi ts of 
bringing comm unity, environ mental, wildlife and health 
ex perti se to the same tab le. While progress has clearly 
been made over th e last yea rs towa rd s relevant 
contaminants research and informed decision-making, 
many of the conclusions ofa similar work shop, he ld back 
in 1998 (Nicke ls et al. 1999), regrcuably remain valid today. 
Furthe r efforts therefore need 10 be direc ted at finding 
the most adequate way 10 engage Nuna, ul In uit on NCP-
related contaminants research and issues (contaminated 
s ites being a recurrent source of concern that the NCP 
does 110 1 directly address). and at building on the desire 
exp ressed by some comm unit y resource-people 
participating in the workshop 10 become more involved 
in contaminants communications. 

Lastl y. it may be beneficial for the Northern Contaminants 
Progra m to take a step back and ack now ledge th at 
contaminants are not as cruc ial an issue to Nunavut 
communit y members as they arc to co ntaminants 
researchers. 

Expected Project Completion Date 
The workshop was held in Februa ry 2005. 

Acknowledgments 
Nunavut Tunngavik Inc. "ishes to thank all workshop 
participants. especially Elders and community members. 
for sharing the ir knowledge and pers pec ti ves on 
contaminallls and respectful ly we lcomin g the input of 
others. 

References 
Ca ughey. A. 2004. Ri sk Management Communicat ions in 

Nu navut. In : S. Smith. J. Stow an d F. Cari ll o (eds.). 
Synopsis of Research Conducted 1111der the 2003-2004 
Northern Co111ami11a11ts Program. Ottawa: Indian and 
Nonhern Affairs Canada. pp . 177- 179. 

Furgal, C. 2004. Provision of Techni ca l Survey Support 
for the Design, Development and Application of a 
Common Northern Com munica ti ons Survey in Inuit 
Regions. In : S. Sm ith , J. Stow and F. Carri ll o (eds.), 
S1'11opsis of Reseorc/1 Conduc ted under the 2003-2004 
Northern Comaminants Program. Ottawa: Indian and 
Northern Affai rs Canada. pp. 189- 19 I. 

237 



Loring. E. 2004. Development ofan Inu it Communications 
Strategy on Contaminants Guiding Acti viti es in In uit 
Communities (200-+-2008). In : S. Smith , J. Stow and F. 
Caril lo (eds .). Synopsis of Research Co11d11c1ed under 
1he 2003-2004 ,Vor1hern Co 11 1(1111inc1111s Program . 
Ottawa: Indian and orthern Affairs Canada . pp. I 99-
202. 

Nickels, S., S. E. Cundil l. A. Watson and E. Loring (eds). 
1999. Eas /ern Arclic Co 111a111i11a111s Worksh op . 

S1111 1111c11y Reporl. Ottawa : Inuit Tapiri sat of Canada, 
52 pp. 

Stephens. G. 200-+ . Niqiit Avatittinni Community Tour. In: 
S. Smith. J. Stow and F. Ca rrillo (eds.) . Synopsis of 
Research Co11d11c1ed under 1l1e 2003-2004 Nor1hem 
Co111ami11a111s Program. Ottawa: Indi an and Nonhern 
Affairs Canada. pp. 2 11 -220. 

238 
P. Lavallee 



On-line Contaminant Course for Inuit Students 

Project leader: 

Eric Loring , Senior Environment Researcher, Inuit Tapiriit Kanatami, 170 Laurier Ave, 
Ottawa, Ontario K1 P5V5; phone: (613) 238-8181 ext. 234 ; e-mail: loring@itk.ca; 
www.itk.ca 

Project Team Members: 

Pan Inuit Communication Committee; Tommy Akulukjuk , Inuit Tapiriit Kanatami ; Carrie 
Grable, BA, Consultant, Ottawa, ON; Beat Studios, Ottawa, ON; Centre For Indigenous 
Peoples Nutrition and Environment, QC 

Abstract 
This unique, Inuit-developed online course explores the 
issue of contaminants gett ing into the Arctic. It is meant 
to introduce the subject to Inuit students at a high school 
level or fo r a genera l introduction to the definit ions and 
issues in vo lved in contaminant education. It can also 
serve as an ex planati on for anyone who wants to know 
more about contaminants in the Arctic. 

This on line course takes place in a virtual Inu it community 
in the Arcti c - one that doesn' t exist in real life but can be 
used as a "cl assroom" to lea rn about contaminants in the 
Arcti c. The many di ffere nt questions answe red in the 
course are meant to dea l with the issue from a general 
Arcti c/In uit perspective and the virt ual Inuit comm unity 
prov ides a unique opportuni ty to bring in the sc ientists 
who study contaminants and to present the information 
with a community perspective in mind. 

Key Messages 
•In direct response to the success ofCINE's onl ine 

nutrition course, the on line contaminant course was 
deve loped as a supple111 entary informational source 
to provide tra ining about conta111 inan1s in the Arct ic. 

• The deve lop111 ent of a re levant and usable resou rce 
fo r Inuit youth about conta111inants in the Arctic will 
ass ist in further enabling communit ies to access 
important in fo rmation related to food safety, hea lth 
and contaminants in the Canad ian nort h. 

E. Loring 

Objectives 
Specifically this project: 

• Developed a general introductory course about the 
sc ience and issues concerning contaminants in the 
Arctic geared to a high school level audience; 

• Provided an exploratory and animated context for users 
(i.e. "the st udent") to learn about Arct ic contaminants 
and related environmental and health issues ; 

• Complemented and enhanced ex isting comm unicat ion 
efforts with respect to contaminants in country food, 
contaminants and heal th , and food safety and food 
choice; 

• Bu ilt capacity to provide community education in these 
subjects; prov ide opportunit ies for Inuit 10 deve lop 
and design their own course curriculum on explaining 
the complex issues of contaminants to Inuit ; 

• Further exp lored the effectiveness of combi ning the 
use ofon li ne ed ucat ion materials for Inuit regions 

A udience: 
The general audience for the online contaminant course 
inc lude Inuit at high school leve l. It was developed in 
pla in language and is su itab le and adaptable for schools, 
communi ties, regions or those interested in lea rni ng about 
conta m inants. 
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Introduction 
Communicating about the issue of contaminants in the 
Arctic to Inuit is one that requ ires many different and 
innovative approaches. Despite co nsiderab le efforts over 
the past few years to inform Inuit of the health implications 
of contaminants in country food, many issues remain to 
be comm unicated. Community tours, fact sheets, radio 
programs, face-to-face workshops, radio shows and the 
development of educationa l materials have a ll contributed 
to increasing the leve l of understanding of these issues 
in Inuit communities. However, due to the complex nature 
of the material and the short expos ure (one-time nature) 
and expense of these methods of comm uni cation, not a ll 
contam inant com munication issues have been explored 
within Inuit communities. I n recent yea rs, the 
introduction of computers and in ternet access in Inuit 
communities has led to the development of material whi ch 
Inuit can now access via Internet. The broadband initiative 
in the Arcti c is now open ing a new door for communicating 
to Inuit. Alt hough sti ll in its in fancy stage with numerous 
bugs (slow con nections speeds, lack of computers, etc) 
the internet and online courses may be a va luabl e tool in 
Arctic education. 

ITK is explori ng this comm uni cation route after extens ive 
commu nity and regional eva luat ion or using on line 
educatio n. With new knowledge being generated w ithin 
the No11hern Co ntamina nts Program (NCP) concern in g 
the possible health imp li cations of con tami nan ts to Inuit, 
efforts are now being shifted to focus communi cat ion to 
a much younger Inuit audi ence. In the past commu ni catio n 
was geared to organizations withi n the communities and 
to elders. Very li tt le work was done in educating Inuit 
youth. Th e community tours of 2003 visited every Inuit 
high schoo l with the idea to first talk to students about 
contaminants as we ll as to engage them in what th ey 
would like as communicat io n material. Both on line and 
com puter informatio n was overwhelmin g requested. 

The Center for Indi genous Peoples N utriti on and 
Environ ment (C INE) had sta rted the process of onlin e 
course and fo r three consecut ive yea rs, an online 
( Internet-based) nutrition co urse have bee n developed , 
delivered and evaluated fo r an audi ence of co mmun ity-
based health workers in Nunav ut through the direction 
and guidance of a Nu navut-based steerin g co mmittee. 
The successes of enrolment and course compl etion of 
this cou rse lead to the proposed development ofan on line 
con taminants course as a means to educate, in form , and 
interact with young In uit on the issue of contaminants in 
the Arctic. 
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Activities 
In 2004-2005 
The deve lopment of any co ll aborati ve communi cati on or 
educat ion materia l requires a series of drafts, development 
id eas and des ign; each subsequent meeting working upon 
the next. This phase of the on lin e co ntami nant course 
was no different. A steerin g committee was struck to 
design the overa ll storyboard of what thi s course woul d 
look like, how it would o perate, the overa ll content, who 
would take the co urse, etc. Th e committee wanted a pan-
Inuit course th at ITK wo uld develop geared towards hi gh 
schoo l students and front lin e workers. Once developed 
it co uld then be adapted fo r variou s reg io nal use. The 
committee agreed that the course should be housed at 
ITK. pilot tested and th en, if appropriate, adapted to use 
in the fo ur Inuit regions. 

First drafts of the co urse followed th e C INE on line 
nutrition s it e s tor yboa rd of a fami ly d isc ussing 
contaminants and co untry foods. Thi s draft was fa irly 
simpl e, easil y downloadab le focuss in g o n "sto ryte lli ng" 
as the means of navigation. Other ideas were much more 
ambitious with streaming videos, images, interacti vity with 
more o f a v ideo ga me appearance. What was deve loped 
was something in-between a course that was easy to use 
and interact with but o ne that was a lso cha ll eng ing and 
e ngag in g. 

Learning objectives of the course include: 
Describe the benefits of harvesting and eating 
cou ntry foods 
Recognize the names o f some environmental 
con taminants 
Identify w he re e nv ironme ntal co ntamin ant s 
come from 
Describe how they get to the Arct ic 
Describe the differe nce between environmental 
co ntam inants and contamination at the local 
dump 
Na me th e an im a ls mos t lik e ly to co nt ain 
environmental contaminants 
Understandin g contaminants in Arcti c fl o ra and 
faun a 
Understanding the risk and benefits of cou ntry 
and store bought foods. 
Identify where to go to find more information 

Results and Discussion 
Through a series oflessons (approximately 20), users will 
be able to na v igate through the co urse in 2 modes, one 
tuto rial and the other navigationa l. In the tutoria l mode, 
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the user w ill wor k t h roug h th e cou rse linearly 
accompli shin g o ne lesson before mov ing to the next. In 
orde r to mo ve throu gh the lesso ns, the user must 
successfull y co mpl e te the end of the lesson "q uiz" in 
order to proceed to the next lesson. The navigational 
mode will be for users who are already familiar (i.e. have 
com pleted the course once before) and desire to explore 
the co urse at th eir own leisu re. 

The course wil l be based around a vi1t ual Inuit communi ty 
in the Ca nad ian Arct ic. In order to sim ul ate a genuine 
Arct ic town , the design of the "community" will have 
places (Mu ni cipal office, No11hern store, Research Office, 
etc.) and objects (s kidoos, water truck, etc.) and characters 
(l nuk e lder, researc h scienti st, you ng lnuk woman, etc.). 
Each location , object, and characte r on the interface will 
be incorpo ra ted into the lesson st ructure and will be used 
as a place of information - or a "c lassroom". Therefore, 
the user 's ex peri ence will be largely based upon visiting 
different c lass rooms th ro ugho ut the community, whi ch 
are inco rporated into the lesson st ru cture. Addi tional ly, 
as req uired by th e co ntent, certa in virt ual "field trips" 
(i.e. to resea rch lab in Montreal , pest ici de use on cotton 
fi e ld in southern US, or muni cipal inc in erator in Los 
Angeles) w ill be integrated into the lessons whereby the 
use rs w ill v is it places o ut side th e co mmuni ty via 
animati on or v ideo footage. Th e course is broken down 
into 20 work p lans (see below). The goal is to acq uire 20 
dogs to develop a dog team to go out hunting for your 
fa mily. Each successfu l completion of each work plan will 
add another dog to your dog team. 

Each lesson in cluded some if not all of the following 
components: 

I) Teacher introduction 
2) Ass ignment 
3) Possibl e Field Trip 
4) Report back to the teac her rev iew 
5) Misconception 
6) Bo nu s (fun things that are hidden) 
7) Di scuss ion Forum 
8) Links to g lossary / FAQ section 
9) Q ui z to graduate to next lesson / build dogsled team 

alon g the way 

The general ou tlin e whi ch th e co urse cove red is as 
follows: 

I. Intro: What is this course about? 
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a. About the lesso ns and field trips (refers 
back to news paper article) 

b. Goal of the course : in fo rm peop le if they 
hear about contam inants or wa nt to know 

more, what this mean s. how it affects 
everyo ne's life 

c. Learn the website - what to see and hear 
and what they'l l get at the end 

2. Lesson I - What are contaminants? (Classroom) 
a. Wha t people think contamina nts are 
b. General Definition (refer to newspaper) 
c. Li st of airborne contami nants (i.e. those 

studied by NC P) 
d. Why are they made1 (generally man-made 

for a reason .. ) 
e. Are contaminants poi sonous? 

Are contaminants polluants? 
g. Can you taste or smel I or see them? 
h. Bacteria vs. Chemical (contam inant) vs. 

virus (EAGLE f/s) 

3. Lesson 2: POPs (Classroom / Library) 
a. Definition of POP 
b. What is "Persistent"? 
c. What is "Organi c''" 
d. What is ·'Po ll utant"" 
e. Herbicides / pestic id es (types of, sou rces, 

uses of) 
Industria l byproducts (types of. so urces, 
uses of) 

g. Why is there a concern (love fat, stay in the 
environment, build up in the food chain) 

Fie ld Trip: Vis it with families in Sout h Ame ri ca 
use pest icides; medica l waste burning fac ility, 
intensive agriculture in mid-west US 

4. Lesson 3 - Heavy Meta ls (Classroom / Library) 
a. Definition 

Sources (natu ral vs. anth ropogenic) 
11. Ou r bodies need BUT now of concern 

b/c of anthropoge ni c so urces 
b. W hat were the leve ls of these before 

pol lu tion? 
c. Mercury, lead, and cadmium 
d. Methylmercury 
e. What and why is there a concerns (Mercury 

prob lem in food. cadm ium only of concern 
for smokers, lead in shot) 

S. Lesson 4- Wrap up of what are contaminants 
(Now you know what they are, how do they get 
to the Arctic") 
a. Sources 

6. Lesson 5- How do these contaminants get to the 
Arctic? 
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a. Intro - ju st saw what and whe re 
contaminants are used (map), litt le used in 
Arctic, so what is concern 

b. Local sources 
1. DEW line (Field Trip) 
ii. Mining si tes (Field Trip to Na ni sivik 

(zinc)) 
iii. Dump burning 

c. Long range transport 
i. viaair 
ii. via water 

d. Why do co ntam inan ts stay? Why don ' t 
they leave? 

i. Arctic sinkhole 
ii . Cl imate change impacts 

e. Wrap up 

Fie ld Trip : Visit with the hi gh Arctic weather 
Stat ion in Alert: How we measure contaminants 
in the air 

7. Lesson 6- ls the Arctic Environment Hea lthy'? 
a. Air(d iagra m) 
b. Ri vers and Lakes 
c. Drinking water 

i. At Water Truck - Is ou r water healthy9 

d. Land 
i. Coll ect in g berries with Grandma - are 
plants hea lth y? 

e. Ocean 
How would yo u think contaminants wo uld 
go from air, land, ocean? What 's th e 
process9 

8. Lesson 7 - How do con taminants move into the 
wild life? 
a. What the y eat: Through food ve rsus 

through water. e nvironme nt (i.e. 
con taminants are not a d isease) 

b. Up food chain - biomagnification 
c. Over time - bioaccumulation 
d. Differences between land and sea 

(animation) 
e. Marine mammals ha ve a lot of fa t 

9. Lesson 8 - Where are co ntaminants located in 
the ani mals? 
a. How do POPS behave in th e body of 

animals? 
b. How do heavy metals behave in bod ies of 

animal s? 
c. Organs versus fat 

d. Wh y is it important to know whe re 
contam inants concentrate in an organism? 

Misconception: WORM / BACTER IA 

Field Trip: Out on the ice with a member from the 
HTO and a researc h Scient ist tak ing sampl es 
for measuring. 

10. Less on 9 - How do sc ie nti s ts m easu re 
contaminants? What do these levels mea n? 
a. What is toxico logy? 
b. Sampl ing methods 
c. What is ppm? Ppb? 
d. Levels - high ve rsus low 

Field Trip: Off to CINE to understand how the 
sea l sa mp le goes from being co llected to 11nding 
out what contam inants arc in it. 

QUIZ: which sa mp les ha ve the hi ghest and 
lowest? 

11 . Lesso n 10 - ls A rctic wildlife hea lthy? 
a. How is hea lth measured? 
b. Compa ring anima ls - who has hi gh / who 

has low leve ls? 
c. Regiona l difference? Why is thi s9 

i. Beluga lower le ve ls in east than west 
(d ue to curre nts) 

ii. Seal leve ls from Holman to Kugluktu k 
to. 

d. Other places in the world that animals ha, e 
contaminants 

Field Trip: Maybe we ca n take them to St. 
Law rence seaway wit h the be lu gas, o r 
somewhere else where an ima ls are contami nated 

12. Lesso n 11 - A re the re risks of contaminants 
to 1>eo1>le? 

a. Everyone ha s certain amount of 
contam inants 

i. levels from around the world 
b. Inu it exposu re (est. pote ntia l ri s k o f 

contam inants of Arctic/over long period of 
time low doses) 

i. hi gh dose example (Japan or Grassy 
Na rrows) - do contaminants affect 
hea lth? 

ii . What does low dose mean? 
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c. Foods are how most peop le are exposed to 
contaminants. Thi s is why Inuit foods are 
studi ed . 

d . Who is the most sensit ive? 
e. Who is at ri sk? (how is it meas ured) 
f What are so me of the ri sks? 
g. What k ind of action shou ld Inuit take? 
h. Uncertainties but a re concerned 

A ll th e good thi ngs to cons id er about 
co untry food s 

j. Do contaminants cause cancer? 
k. Has anyone eve r gotte n s ick from 

contami ,iants? 

13. Lesson 12 - W hat are the benefits of eating 
country foods? 

a. Yes, country fo ods have contaminants but 
there a re a ll of these wonderful benefits of 
count ry food s. 

b. Whal a re all the nutrit iona l benefits of eating 
country food s? 

c. N utritioni st - importance of vitamins / 
nutrients 

d. Breastfeeding 
e. C INE - N utrients studied? 

What is the C ultural importance? 
g. At community hall - sharing eating having 

fun 
h. What is the Economi ca l impo rtance? 

At grocery store - economic benefits vs. 
store food s 

j. lmpo11ance on know ing the benefits in order 
to make dec isions 

Radio Station play ing PSA 

14. Lesson 13 - What abo ut store bought foods? 
I. At th e store 

b. Country Foods 

16. Lesson IS-Hea lth Studies / Messages 
a. Case ofSa lluit or Bro ughton studi es 
b. Present day Hea lth risk assessments 

i. Hea lth st udie s (co rd blood. ha ir 
sampl es , why its done) 

ii. Di eta ry Surveys 
111. Food sam plin g 
1v. Benefits inc luded 

c. Heal th advisories 
d. Pub I ic hea lth messages by region 

Nunavik 

17. Lesson 16 -Talking about Benefits / Risks 
a. Thi s is what we know are the good th in gs 
b. Thi s is what we know are the potemia l bad 

things 

18. Lesson 17 - What can I do? What do I need to 
know to make decisions? 
a. Mak ing lifesty le choices 
b. Ri sk of smoking eq ual to or g reater than the 

risk contaminants 
c. Hea lth of gathering / hunting foods 
d. Get in vo lved 
e. Educate myse lf 

Know about Nunavut foo d gu ide 
g. Publi c hea lth messages 
h. At grandparent's house - be nefits 

19. Lesson I 8 - What is being done? 
a. At the Hamlet - What about local issues? 
b. At ITK / ICC - what is do ne nationally, 

inte rnatio na lly? 

Fi e ld Tri p to Stockholm UNE P meetings 

a. Nutrients / vitami ns are different depending 20. Lesson 19 - Conclusions 
o n what yo u eat 

b. Types o f fats Conclusion 
c. Are th ere contam inants? 
d. What about preservati ves / additives? 
e. Why can ' t we eat sto re food s (beef, pork) 

raw? 
How do they co mp a re eco nomically / 
cu lturall y to country foods? 

g. How do we get bette r sto re food s? 
h. What sho uld we chose? (deve lo p a store 

food guide?) 

15. Lesson 14 - Today's Diet 
a. Sto re Foods 

E. Loring 

The Centre fo r Indigenou s Peo pl es N utri tion and 
Environment (C INE) has deve loped and de li vered and 
o nline nutrition course to fro ntlin e hea lth workers in 
N unavut and NWT. Th rough th e course eva luations. 
s tudents expressed their desire to have a si milar o n line 
co urse deve loped to expla in th e co mplex iti es of the 
"contaminant story in the arct ic" to Inuit. Building on the 
conceptual framework and lessons lea rned from the C INE 
online course, an interact ive, trainin g course ba sed 
th rough the Internet was deve loped to teach Inuit about 
co ntaminants and food safety in th e Arctic. The goa ls 
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for the o nlin e co urse in c lud ed imp rove menl and/o r 
deve lop menl of skill s and knowledge of 1he 1arge1ed 
workers, sludenl s and other inte resled parti es in !he lopi c 
areas of co ntaminants in country food, contaminants and 
hea hh , and foo d safety and food c hoice fac in g Inuit. 
Direc1ed by Inuit youth at ITK 1his course begins to foc us 
teaching mo re from an lnuil perspecti ve of whal youlh 
wa nt to learn and how to learn . rath er from a non- Inuit 
more 1raditiona l southern focus. 

The ITK on line conlaminants co urse has been inn ovati ve 
in its deve lopment with ln ui1 Junior Researchers gu iding 
and direct ing 1he deve lopmelll of thi s course. II explores 
1he issue of contamina111s gelling i1110 the Arcli c thro ugh 
an lnuil perspec1ive. l1 is mea11110 introduce th e subj ecl 
to slude nl s a l a high sc hoo l leve l or fo r a ge ne ral 
introduction lo 1he defi niti ons and issues in vo lved. It 
can also serve as an exp lana1ion fo r anyone who wa nl s 
to kno11 more about con1amina111s in the Arc1ic. It takes 
place in a v ir1Ual lnui1 community in !he Arcti c - o ne 1hat 
doesn 't exist in rea l life but can be used as a "classroom•· 
10 learn abou l contaminants in !he Arc ti c. The many 
di fferent questions answered in the course are meant to 
deal wi1h !he issue from a general Arctic- Inuit perspecl ive 
and the v irtual Inuit comm unil y pro vides a uniqu e 
oppor1uni 1y lo b rin g in th e sc ienti s t s w ho s tud y 
contam in ant s and 10 presenl !he informa1io n w ith a 
comm unity pers pective in mind . 

Expected project Completion Date 
Final tesling September 2005 
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Abstract 
In 2003-2004 in cooperation wi th researchers at the Cl !UL 
Research Cemre in Quebec City, the Nunavik utrition 
and Hea lth Co111111illee returned results and provided 
public health 111essages to co111111unities and the region 
related to contaminants, country food consumption and 
chi ld deve lop111cn t. Later that yea r, a s111a ll eva luati ve 
survey was conducted with a random sample of women 
in each of the three focus co111111unities for this sllldy to 
assess th eir reca ll and percepti on of the 111 cssages 
de li vered. The NNHC then used feedback docu111ented 
wh ile in the co111111unities and the resu lts of this survey to 
develop a fact sheet on thi s infor111at ion thi s yea r (2004-
05). A long with other supporting in for 111 ation on the 
co111 111illee and the issue of coma111inams in the region. 
the NN HC produced an infor111ation package that was 
the n distributed to all co111 111uniti es and 111ajor 
organizations in the region in addition to key individuals 
and researchers interested in this issue. The committee is 
continuing to manage and disseminate information on 
health. con tami nants and food and the environment in 
the region in a larger context wi th other publi c and 
cnv iron111 ent al hea lt h i ss ues and evaluate th e 
effectiveness of its acti vi ties in thi s area. 

C. Furgal 

Key Messages 
Results fro111 the Inuit child coho11 study conducted in 
Nuna vik were returned \ ia a face to face tour to 
co111111 unit ies and delivery of public health 111cssages: 

Objectives 
Specifica lly, this project: 

Prepared and presented the basic resu lts fro111 a 
smal l 3 comm unity eva luati ve survey on th e 
cohort co111111unica 1ion acti v ities done in 2003-
04; 
Used community visits conducted in 2003-04 and 
survey information 10 finali ze a fact sheet on 
women's and children's health in the region: 
Developed an infom1ation package including thi s 
fact sheet and other supporting information and 
distributed it to com111unities and regional 
organizations in Nunavik and elsewhere. 

Introduction 
The 111anage111ent and co111111unicat ion of the ri sks posed 
by env ironmental comaminanls in the food chai n of 
northerners compri ses a very challenging issue for health 
and environmental managers and health professionals. 
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Traditional food is the ancho r to cultura l and persona l 
well being in the North. For the first time, assoc iat ions 
between subtle neurodevelopmental effects in Inuit infants 
and consumpt ion of country foo ds by the ir mothers we re 
reported thi s past spring in Nunavik (Muck le e t al. , 2003; 
NRB HSS, 2003). Act ing under the authority of the Publi c 
Health Director, the unavik Nu triti on and Hea lth 
Committee, in cooperation with researchers conducting 
this researc h in th e reg io n, have the responsibility of 
discussing w ith the population what is being done, why 
this work is needed, what is being fo und and what can 
and will be done about it in order to support informed 
decision mak ing among Nu nav immiut. 

In 2003-04 two init ia ti ves took pl ace to assess Inuit 
comp reh ension, knowledge and percep ti on of 
contaminants and health issues in Nunav ik, other Inuit 
regions and Yukon First Nat ion communiti es. This work 
follows that conduc ted by Furga l and Myers in Labrado r 
and Nunavut in 2002-03 (F urgal et a l. , 2005; Myers and 
Furgal. in press). Some standardized questions, which 
were asked in all Inuit region s and the Yukon in 2003-04, 
were included in a larger Nunavik Regiona l Inuit Hea lth 
Survey. As we ll , an assessment of recepti o n and recall by 
a target audience of a specifi c communicati o n strategy 
was done in 3 Nunavik communities. The top ic of thi s 
specific communication strategy was the d isseminati o n 
of results of the Inuit child deve lopment cohort study 
conducted in N unavik between 1996 and 2003. 

Activities 
In 2004-2005 
Communications Evaluation Survey 
In 2003-04 a to ur of three com muniti es was cond ucted to 
return results to Nunavimmiut from the Inuit child coho rt 
study. The team invo lved in thi s tour in cluded members 
of the NN HC, the Publ ic Hea lth Director, the researchers 
lead ing the Inuit child cohort s tud y, a n interpreter-
translator and other key Inuit representati ves. The findi ngs 
of the cohort s tudy had indi cated pot ential negati ve 
subt le effects on aspects o f Inui t c hild mo tor a nd 
ne urodevelopment from exposure to env ironmental 
contaminants such as PCBs and mercury. Thi s infonnation 
was first deli vered to the study parti ci pants and general 
public in three participat in g communiti es (Pu virnituq , 
lnukjuaq, Kuujjuarapik) and then to the larger Nuna vik 
popu lation. Key messages deli vered and acti viti es for 
communicat ion focused on the parti c ipants of thi s study, 
women of ch ild bea ring age. In ea rl y 2004 a sma ll survey 
was conducted amo ng this target group in these three 
communities to document their aware ness and reca ll of 
some of the basic messages del ivered. As well , the survey 

246 

was done to assess the reco ll ection o f where women had 
heard thi s in formati on. Quest io ns were deve loped based 
on the key messages de livered by the N HC and Regional 
Hea lth Boa rd dur in g the co mmunit y tou rs. 
Q uestionnaires were pre-tested a nd adapted in both 
Engli sh and lnuktitut prior to app li cati o n in th e three 
communities. 

A random sample of58 women of child bearing age ( 18-45 
years of age) was selected from all women of child bearing 
age in the three community populations using communi ty 
li sts with the a id of a loca l interpreter-translator / research 
assistant (Babbie, 1990). Women were asked to participate 
in a su rvey re ga rdin g the iss ues of contaminants, 
environme nt and hea lth and th e ir reco ll ection of the 
communi cati on events taking place around the In uit child 
cohort study in their community that year. Written consent 
was g ive n and surveys we re conducted e ithe r in the 
parti c ipant 's home or th e local health centre (CLSC) and 
took approx imate ly 25 minutes to co mpl ete. The su rvey 
was conducted with the a id of a resea rch ass istant and 
interpreter-translator in e ither Eng li sh o r lnukt itut , at the 
choi ce of the parti c ipant. 

Data was trans lated, tra nscribed and entered into an excel 
s preads hee t for ana lys is. Descr ipti ve qu antit ative 
stat ist ics were ca lcula ted us ing the Systat 11.0 stati stics 
package. Compari sons be tween age g roups and cohort 
study parti c ipants and non-participants a re ongoing. 

Commun ications Package 
Transcripts of community tour presentations and radio 
ca ll-in shows conducted to di sseminate the res ults and 
re lated public hea lth messages for the Inuit child cohort 
study were reviewed for key questio ns re la ted to stud, 
findin gs and relation wi th other publi c health iss ues. 
Survey results were rev iewed for identification of message 
misconception and stro ng negati ve perceptions regarding 
country food safety and va lue to women and children's 
hea lth . Based on thi s rev iew, a fact sheet was prepared 
for the final di stribution of public health messages re lated 
to study findin gs and other hea lth issues in the reg io n. A 
comprehens ive news pa pe r communi ca ting resu lts of 
CACA R 11 results originally produced in English by Inu it 
Tap ir iit Kanatami ( ITK) was trans lated into N un avik 
dialect ln uktitut syllab ics. Fina ll y, the NN HC produ ced 
an updated brochu re to inform the pub li c o f th eir 
existence, mandate and goa ls o n beha lfofNuna vi mmiut. 
All communication materia l, including a general fac t sheet 
o n country foods and hea lth produced by ITK were then 
pa ckaged and se nt to key commun ity a nd reg io nal 
o rgani zati ons and offices for di stributi on in the region to 
the general publi c. As we ll , key researchers working in 
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the reg ion and indi viduals with interest in this issue 
outs ide of the region were id entifi ed and targeted with 
the de livery of thi s 111 ateri al. 

Results 
A total of 58 wo111 en were rando111l y se lected fro111 the 
three co111111unities as shown in Table I. 

O f these wo men, onl y 14% (N=8) had parti cipated to th e 
Inu it child cohort stud y in the previous years. The large 
majority (8 1 %) had not, but as 111 e111bers of the target 
popu lation for the co111mun ication acti vities cond ucted 
during th e co111muniry tours, were likely exposed to the 
messages de li vered at that time. However, when asked if 
they re111embered hea ring the results or infor111ation fro m 
the study the 111 ajo rity of parti cipants reported that they 
did not recal l hearing thi s news (F igure I ). 
Among participants, 45% reported that they had heard 
about contaminants wh il e 52% reported that they had 

Table 1. Participants to communications evaluation 

Com munity 18-25 Years old 
lnukjuak 14 
Kuujjuarap ik 6 
Puvirnitu 6 
Totals 26 

not. When asked wha t "contami nants" we re, the 
fo llowing statements given included: 
• "PCBs" 

" I've heard of bacteria in fre sh country food , the 
midwives tel l the pregnant wo men not to eat very 
fresh fish , fresh ca ribou, some birds b/c they have 
bacteria an d that can play a role in baby 's growth" 
"Mercury, ac ids (battery), aerosol, other thin gs" 
"Alochol , drugs, smoke" 
" I've seen dead caribou infection on the side of the 
ri ver" 
" Li tt le infections and bugs" 
"Something in the fi sh, mercury" 

When asked directl y if they had heard about PCBs or Hg, 
45% and 44% respective ly, reported that they had. 

Partic ipan ts were asked, using a 5 point likert sca le, if 
they agreed with a series of public health statements 
regarding health , food and conta minants. These 

26-45 Years old Total 
10 24 
8 14 
14 20 
32 58 

Figure 1. Responses to the question "Do you remember hearing the results or information about what the 
study on Nunavik women, children and contaminants found?" 

100 
90 

i=' 80 
·c: 70 
:, 

60 E 
E 50 
0 40 u 
>, 

30 .c 
20 
10 
0 

C. Furgal 247 



Figure 2. Responses to questions indicating participants' agreement with positive public health messages 
delivered in the Inuit ch ild cohort communication strategy in Nunavik. Messages are arranged by decreasing 
agreement ("strongly agree") and increasing uncertai nty ("uncertain") as expressed by participants. Letters 
correspond to the fol lowing questions below. 
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statements had fo rmed the major publi c hea lth messages 
or the communication stra tegy for th e Inuit child coho rt 
study de li vered in the spring of2003 (F igure 2). 

At the completion of the survey a ll parti c ipants were asked 
if they had any o ther q uestio ns rega rd in g th ese issues. 
The fo llow ing were so me of the most com mon questions 
as ked or statements made: 

Questions: • " Wo men should eat more country food other than 
just food fo r the ir vitamins" A. Playi ng. talking, singi ng and int eracting with your 

baby can have sign ifi cant pos iti ve im pacts o n your • 
baby 's deve lop ment. 

B. Alco hol use du rin g preg nancy ca n have s ubt le 
negative e ffects on yo ur baby's deve lopment. 

C. It is very important th at women of childbea ring age 
(p lanning to have a baby o r pregnant) eat a vari ety 
of nutrit ious foo ds in an adeq uate (good and in an 
enough) amount. 

D. Smoking during pregnancy ca n have subtl e negati ve • 
effects on you r ba by's development. 

E. While you're pregnant, some country food s are better 
for you and your ba by than others. 

F. If you have a cho ice when pregnant, you should eat 
country foo ds that are ri ch in fa tty acids (good fa ts) 
and lowe r in co nt ami nants (s uc h as PC Bs a nd 
mercury). 

G You ca n red uce yo ur ri sk fo r hea rt di sease by eat ing 
coun try foo ds ri ch in fa tty ac ids (good fa ts) . 

H. You can redu ce yo ur ri sk for cancers by ea t ing 
country foo ds ri ch in fa tty ac ids (good fats). 
Nunavimmiut 's exposure to some contaminants like 
PCBs and lead in Nunav ik is ac tually going down. 
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" If they (researchers) rea lly want to know about 
country foo ds th ey sho u Id test them, the protei n 
and stuff like that. They woul dn ' t have to ask us if 
they knew the country foods th emse lves" 
" My g irl eats a lot of cou ntry foo ds. ls she getti ng 
contamina nts from the co untry foods? I do n ' t have 
an y oth er comm ent other than I want to see the 
report. " 
" When I eat goose, what about the meat a round the 
pe lle t, (is it sa fe)?" 
" What a re contami nants? What are fa tt y ac ids9 

What is mercury?" 
' 'What are PC Bs? Are PC Bs in the Hu dson coast0 " 

"N RBHSS - has no to ll free num ber. Why not?" 
" Researc he rs/ sc ien t is t s shoul d be mo re o pen 
beca use a lot o f pe opl e do n ' t kno w a bout 
contamina nts and don't kn ow what 's goin g on . I 
know they (resea rchers) a re helpfu l but it would be 
be tter if th ey did something more." 
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Figure 3. Contents of NNHC communications package distributed this year. Includes (left to right) NNHC 
brochure , women's health fact sheet, country foods fact sheet, and CACAR II results newspaper. All materials 
were produced in both lnuktitut and English. 
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"Are th ey still doing more research9 I hope that 
researchers continue thi s work for the health of the 
people." 

Comm unications Package 
A communications package including the following 
materials (F igure 3) in both Eng lish and lnuktitul was sent 
to all community and regional organizations dealing with 
issues re lated to food, nutrit ion and hea lth. Additionally. 
organizations outside the region and researchers regularly 
working in Nunav ik received the package to inform the111 
of how thi s infor111ation is presented to Nu na vimmi ul in 
its public hea lth con text. 

Discussion 
The results to date from the su rvey indicate a low level of 
reca ll of the specific event used to return the results fro111 
the ch ild deve lopment study. Further, as indicated in 
other work (e.g. Bruneau et al., 200 I; Myers and Furgal, 
in press) there appears to be some conceptual confusion 
rega rd ing the terminology used to communicate about 
"co ntaminants" as st udi ed und e r the NCP 
(o rga nochlorines, heavy metal s and rad ionuclides). 
Although there is strong agreement for so111e of the bas ic 
publi c hea lth messages de li vered in the region with the 
res ults of the child cohort study, there is increasing 
uncertai nty about some th at were directly related to the 
res ults of the child cohort study (e.g. messages on the 
be nefit s of fa tl y acids , reduction in expos ure to 
co ntami nan ts in Nun avik). Some messages th at the 

C. Furgal 

majority of participants agreed with are messages that 
are delivered via a nu111ber of other basic public health 
promotion and educat ion programs in the region (e.g. 
alcohol and smoking cessat ion) or are common knowledge 
a111ong 111others regarding child rearing (e.g. playing wi th 
your baby is good for his/her develop111ent). Those 
messages that elic ited increasing uncertainty from 
participants were 111ore complex 111essages related to 
concepts of fatty acids and hea lth and trends in 
contaminants exposure. Further, the remain ing questions 
reported by participants indicate th e ongoing need for 
work on communicating basic fundamental in formation 
to build pub lic knowledge on th ese issues in the reg ion. 

The result s to date raise a nu111ber of questions that 111usl 
be followed up in future co111111uni cation efforts and 
resea rch. Currently it is not poss ib le to determine if the 
understanding of some issues was positively influenced 
sole ly by the stra tegy and effo rts that took place to return 
results to co111111un iti es in the spring of 2003 or if this 
understandin g comes from other communication and 
education effo11s in the commun ity. Identifying th ese 
other sources and their importance for certain issues and 
specific audiences within the population may help us 
determine if thi s ·'tour" delivery 111echanis111 is the 111ost 
effective for retu rni ng results and in formi ng the 
popu lation of the importance of th is work for th ei r 
everyday publ ic health concerns. Without knowing such 
things as the other source(s) of recalled information and 
othe r ·'contextual factors" is it difficult to kno w the 
"effectiveness" of any one activity. If the recall is only 
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strongl y associa ted wit h ot he r public hea lth 
communica ti on and educa tion ac ti vities the n th e 
resources alloca ted 10 project spec ifi c com111unica1 ion 
evems may require review and / or the specific object ives 
of such efforts be revis ited. 

Expected Project Completion Date 
The activit ies reported here are part of the ongo ing 
comm unications strategy of the Nunav ik Nutriti on and 
Heal th Com mi11ee. The final su rvey resu lts and results of 
the Regional Inuit Health Survey will be used by the NN HC 
in the development of a long-ter111 co111111uni ca1ions 
strategy in 2005-06. 
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Abstract 
The North Slave Metis Al\iance received fundi ng for 2004-
2005 via th e Nort hern Contami nants Progra m (NCP) to 
pa rtic ipate in the NWT Environmental Contaminants 
Comm ittee (NWT ECC), to attend workshops, and to 
communicate and rece ive feedback from the NSMA 
communi ty regard ing contaminants information di scussed 
in NWTECC meetings. NSMA continued to provide 
informat ion regarding the Canadian Arctic Contaminams 
Assess ment Report 11 (CACAR 11 ). 

The North Slave Met isAl \iance was an acti ve pa rtic ipant 
in the Northern Contami nants Program (NCP) throughout 
2004-2005. The NSMA works di li gently to ensure that 
members have access to relevant and reliab le information 
about the re lative ri sks and benefi ts of consuming local 
country foods as compared to commercial ly ava ilable 
foods. Pa rticu lar attention is give n to di spell ing myths 
regardi ng significant health-threa tening conta111i nams in 
the NSMA co111 munity's traditional foods. It is only with 
the 111uch needed funding and our partic ipat ion in the 
Nonhern Conta minants Program that the NSMA has been 
able to main tain an act ive role in di spe lling 111yths and 
provi di ng acc urate, up-to-date informat ion about 
contaminants to our membership. 

Key Project Messages 
• The NSMA's part icipation on the NWTECC is integral 

to effectively com111 unicat ing and recei ving feedback 
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from the NSMA community regarding contam inant 
sou rces, impacts and 111ethods of reduction. 

• Traditional North Slave Melis foods remain hea lthy 
and nutriti ous choices co111pared to easily obta inable 
commercia l substi tutes. 

Objectives 
To dispel the myth that the country foods th e 
NSMA are consuming contain har111 ful levels of 
con taminant s, 
To effect ive ly com111u nicate that the country 
foods the NSMA community are eating are safe. 
hea lth y, and nutritious, 
To commun icate NSMA commun ity concern s 
back to the NWT ECC and NC P. 
To actively parti ci pate in NWT ECC 111onthly 
111 eetings and related activities 

Introduction 
Indigenous Metis of th e North Slave Region depend on 
the land and waters of this region for their physical, 
e motional and cultural surviva l. As th e pace of 
"deve lopment" in the No rth Slave region continues to 
in crease, and as the vo lume and type of contaminants 
introduced or re leased into the environment also increase. 
th e NSMA co111mu ni ty ha s become in creas in g ly 
concerned about the safety and securi ty of their traditional 
food and medicine sources, including air, water, plants, 
animals, fi sh. and birds. As a result many members have 
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decreased their consu111pti on of traditional foods in favor 
of go, ern111ent-inspected products that are expected to 
be less conta111 ina1ed. 

The Nort hern Contam inants Progra111 is currentl y focused 
on ident ifying and quant ifying long-range con ta111inants 
in th e northern food chain , and in vestiga tin g th e 
implications fo r public hea lth . This yea r th e 111 ajo r 
ini t iative was to eval uate resea rch on mercu ry 
contamination of fish in NWT lakes to ensure regional 
re le,ance. Wh il e the identifi cation and quantificatio n of 
long-range contaminants is of unquestionable va lue to 
regu lators and policy 111akers. the community concern s 
raised about contaminants encompass any and all sources 
ofconta111inat ion . In order to adequately inform citi zens 
of the actual ri sks of consu111 ption of loca l foods. th e 
cumulative contaminant loads must be known, and 
interact ions between con tam inant s also need to be 
considered. In recognit ion of thi s in formati on need, the 
NWT ECC has been instru111ental in a11 rac1ing additional 
funding fo r Loca l Contaminant Concern s projects from 
Env iron111 en1 Canada and provides advice to co111111unity 
groups on appropriate funding sources. 

Activities 
In 2004-2005 
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Prepared for and participated in NWT ECC 
monthly 111eetings 
Receive. review. catalogue, and respond to NWT 
ECCe111ails. 
Maintai n files and fo ld ers with nort hern 
contaminant information. 
Participate in Loca l Contamin ant Concern 
proposal reviews 
Participate in socia l and cultural review of 
proposed NC P projects. 
Produced NWTECC final report, 
Comp il e 111 ap of location s of contaminant 
concerns. 
Increase the capac ity of the NSMA to deal with 
con taminants issues. 
Provide the NSMA comm unit y with a 
knowledgeab le li aison person and reliable point 
of contact to discuss and answer questions 
regard ing conta111in an1s in the No rth Slave 
Region. 
ln for111 NSMA staff. directors, and 111embers 
abo ut th e on-going wo rk of the NWT ECC, 
researchers conducting co ntaminants research , 
an d contaminants information. 

• He lp Me ti s peo ple access con1a111ina nt s 
infor111ation ava ilable to 111 ake hea lthy food 
choices fortheir fa111ili es. 
ln for111 NWT ECC and NC P of NSM A 
contaminant concern s. 
Attend various wo rk shops. 
Tra in and orient new staff. 
Part icipate in th e de s ign o f th e post er 
·'Traditiona l Foods are Good for You". 

• Presen ted at and allended the annu al NC P 
re sults workshop, September 28,30, 2004 in 
Whiterock. BC 

Results and Conclusions 
The SMA's participation on the NWTECC has been 
inva luable to th e North Slave Mctis People. Although 
NSMA ex perienced severe capacity issues througho~11 
the yea r, including shortage of staff time and money. 
including a near complete and unplanned turnover of staff 
following a change in leadership. the work that NSM A 
has conducted has nevertheless been very effecti ve at 
providing informat ion to our membership. 

Key messages deli vered to NSMA Directors sta ff and 
members, included the fol lowing: ' ' 

The NSMA's pai1icipation on the NWTECC is inte!!ral 
to effective ly communicating and receiving feedb;ck 
from the SMA community regarding contaminant 
sources, impacts and methods of reduction . 
Traditional North Slave Met is foods remain health \ 
and nutritious choices compared to easily obtainabl~ 
commercial substitutes. 
In spite of informati on indicating that increasing 
levels of contaminants are showing up in the no11hem 
envi ronment and in country foods and medicines, 
there is credibl e research that indicates that the 
co ntaminat ion levels remain low enough that they 
are not cons idered to pose signifi can t threat s to 
Meti s health. 
Prelimin ary re sea rch indi ca te s that nutri ents 
contained in traditi onal northern foods, combined 
with the health y leve l of activity in vo lved in 
obtaining, preparing, and distributing country foods, 
ma y protect aga inst so me e ffect s of Mercury 
contamination. 

Local communit ies have the abil ity, and the moti vati on, 
to bring contaminant iss ues to the allention of regul ators 
and 111anagers before the problem becomes so severe that 
it becomes common public know ledge. The NSM A 
commun it y has id entified the fo ll ow contami na nt 
concerns: 
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• The Bathurst Caribou Herd has decreased in 
numbers and hea lth . Concern s are that contaminant 
levels may be impact in g the ability of ca ribou to 
thri ve. 

• More in fo rmati on needs to be gathe red on how 
contaminants impact fish, cari bou and human health. 

• NS MA members identified th e need for more 
Traditional Kn ow ledge to be included in 
co ntam inants research as the community's reliance 
and presence on the land g ives them an acute 
awareness of how the env ironment functions and 
changes, th ey consequentl y are often th e first to 
poi nt out changes to ecosystem hea lth . 

• There is an ongoi ng need to identify and eli minate 
long-ra nge and loca l sources of co nt aminants to 
ensure contaminants don ' t gel into the North Slave 
Melis· food source. 

• NSMA members are concerned the contaminants, 
specifically arseni c, released durin g Giant and Con 
Mine 's operational years are prese nt in the so ils and 
lake sediments arou nd Yel lowk ni fe, a Nort h Slave 
Meli s community. These contami nant s have the 
potential to surface when so ils are used for growing 
vegetables and lake sediments are churned during 
recreational boating and swimming. 

• Increased diamond and oth er minera l exploration 
in the NS MA's traditi onal territo1y is leav ing cutt ings 
from drilling opera ti ons on the land . possi bi li ty 
contam inating so il s and vegetat ion. and possibly 
entering the human food chain . No researc h has 
been done to date on th e environmenta l impacts of 
leavi ng dril l cuttings on the land however, during 
recent exp lorat ion s ite in spections NS MA members 
documented dead vegetati on resulting from drill 
cuttings and unsightl y di sco loring of the so il s where 
cuttings were di scharged. The NS MA bel ieve the 
cuttings are a sou rce of co ntaminants and are 
concern ed abo ut the cumulat ive effects of multiple 
exp loration programs releasing co ntaminated drill 
cuttings. 

• The potential effects of contaminant loads in 
traditional med ic in es has not been adequa tely 
studied or communica ted. 

• M ore information is needed on food storage, 
preparati on and use to minimize harmful effects of 
poss ible contam inants. 

S. Grieve 

• More inform ati on about contaminants needs to 
be provided to the NSMA community on an on-going 
basis to e nsu re the myth of hi gh leve ls of 
contamina nts in NSMA traditional foods is dispell ed. 

Expected Project Completion Date 
The NSMA's participati on on the NCP NWTECC is an 
on-goi ng ro le designed to maintain open communications 
between the NSMA Board of Directors. membersh ip and 
the NC I'. We wi ll continue in this endeavor 10 the best of 
our capac ity. 
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Abstract 
Th is 2004-2005 Fi sca l Year Report is to record th e 
invo lvement ofTl icho Treaty 11 's involvement as member 
of the No11hwest Terri tories Environmental Contam inants 
Committee (NWTECC) commencingApril 2004 and ending 
in March 2005. Dogrib Rae Band (Dogrib Trustee) received 
funding in 2004-2005 through No11hern Contaminants 
Program so the Tlicho Representat ive co uld parti c ipate 
in the NWTECC monthl y meetings and communicate any 
contaminants issues and receive feedback from the Tli cho 
public . 
Tlicho Represe ntati ve wi ll contin ue to participate in a ll 
N WTECC meetings, partic ipa te in NC P a nd Local 
Contaminants Concerns proposa l Evaluations and keep 
informed the Tlicho Leadershi p and publi c rega rd ing 
contaminants in the Tlicho Region. T he representati ve, 
wi ll a lso contin ue to co nduct two-way tra ns fe r of 
information , to keep the Tli cho publi c in formed of 
contam inant s iss ues in their reg ion , throu g h th e 
development of proposa ls an d relaying resu lts. 
Th e following report com muni cates the parti c ipatio n of 
the Tli c ho Representative in th e N WT ECC a nd 
commu ni cating results with the Tlicho public. 

Key Project Messages 
Tli cho represe nta tive part ic ipatio n as member of th e 
NWTECC is a very imp011ant part of ways to communi cate 
a nd rece ive feedback from th e Tli cho com m unities 
rega rding contaminants in their region. With Traditional 
foods as Cultura l importa nce to the T li cho people we 
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continue to seek bette r ways to com muni cate the benefits 
of traditional foo ds and the concern s of co ntaminants. 

Objectives 
• To provide information o r seek appropri ate resource 

fr o m membe rs of t he No rth west Ter rit or ies 
Environmental Contaminants Committee to the Tlicho 
publi c. 
To br in g to the Tlic ho publi c knowledge on ho\\ 
contaminants are always present in our environment. 
but al so to in fo rm them of harmful con taminants that 
trave l th rough air and wate r system to the colder 
no rth ern pa rts of the world. 

• Whe reve r possib le to see k profess iona l inte rpreter 
tran s la to r a ss is tanc e to e n s u re effici en t 
co mmuni cat io n is co mpl ete so th e T li cho pub li c 
wou ld understa nd th e iss ues c lea rl y, and avoi d 
mi sunderstandin g or misinterpretations. 

• To continue to participate in act ivit ies of the NWT 
Environmenta l Contamina nts Com mittee, includi ng 
monthl y meetings and proposa l wri ting and reviews. 

Introduction 
Throug h parti cipat ion of the Tli cho representati ve as 
member of th e NWTECC, Tli cho public ca n be provided 
with accurate contaminants issue inform at ion. 

Increasing ly, through ou r communi cati o ns with Tli cho 
Elders, it becomes ap parent o ur traditi onal foo ds like the 
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fis h be ne fit s are quest io ne d due to in d ustria l 
deve lopments w ithin th e Tli cho Region. 

• Rae-Edzo and other Tli cho com munity members over 
th e yea rs ha ve expressed their concern rega rd in g 
drinking wate r. Because, most of the water within the 
Tli cho region fl ows through Rae and into the Great 
S lave Lake and onto the Mackenzie Ri ver, they would 
like assurance th at industrial develop ments a re not 
adversely affecting the ir drinking water. More study 
is wanted in thi s area. 

• Over and over, th e Tli cho members a re seeking to be 
in vo lved with research and development rega rding 
contaminants in their area. Add iti onal funding is 
req uired to cons ider thi s issue. 

• Occasiona ll y, iss ues o f co nt am in a nts within th e 
communi ty are o f co ncern , but some of the concerns 
a re w ithin th e muni c ip a l b,rnndaries and local 
Governm ent. NWT ECC need ways to deal with this 
issue. 

T he communiti es want more in vo lvement and it becomes 
appa rent more fundin g is needed to address many wide 
verities of concern s. 

Activities 
In 2004-2005 
NWTECC Meetings 

Ma rc h 24 , 2005: NC P - Soc ia l/c ultu ra l review of 
environmenta l trend s and human health proposals 
for 2005/06, NC P mercury health ri sk assessment 
project - February 22 summary, NEI, LCC projects -
updates, etc. 

February 23 , 2005: NC P - Socia l/cultu ra l review of 
environmenta l trend s and human health proposa ls 
for 2005/06, Hum an Hea lth , WT Ed ucation and 
Communicati on Proposa ls, LCC projects - remaining 
fund s/new projects, etc. 

January 17, 2005 : NC P - call s for proposals 2005/06, NC P 
mercury hea lth ri sk assess ment project, and LCC 
projects update/new proj ects, etc. 

Dece mber 15 , 2004; orthern Contam inants Program -
ca ll fo r Proposals 2005/06, Scott Mitche ll , DIAN D, 
expla in ed th e Indi an and Northern Affairs Canada -
Contaminated Sites Progra m, Lorne Napier, Dene 
Na tion , ex plain e d th e NC P De ne nd e h 
Co mmunications Strategy process, etc. 

G.J. Lafferty 

November 24, 2004: Presentation by Laurie Chan, McGill 
Uni ve rsity, regardin g Health ri sk assessme nt s for 
mercury leve ls in ll sh in NWT lakes/rivers, Chri s Paci. 
De ne Nat ion. exp la in ed the Dcn endeh 
Comm uni catio n Strategy and provided background 
on the Environment Canada orthern Ecosystem 
Initiati ve, LCC projects update, etc. 

October 26, 2004: Update on November In-person meeting, 
NE I for communication ofNWT Local Contaminants 
Concern funding - summary by C hris Paci. Dene 
Na ti on, co mm ent s o n NC P Re su lt s Wo rk shop. 
Whiterock. B.C. , Miche le provided summary ofNCP 
Manageme nt Committee meeting held in Iqaluit in 
October 19-20, 2004, etc. 

September 16, 2004: Thi s Co nfe rence Ca ll d iscusses 
upd ate o n mercury ( Hg) research in the NW T 
presented by Gary Stern/ Marlene Eva ns and to ta lk 
about the CP Results Workshop September 28-30. 
to be held at Whiterock , British Columbia. 

August 12, 2004: NC P Results Workshop Se ptember 28-
30, Whiterock, BC - update from Simon. LCC projects 
- brief updates from Pat and George. NC P Ed ucation/ 
Comm uni cations projects 2004/05 - bri ef updates. 

June 30, 2004: LCC projects - review of proposa ls 
submitted. Long term strategy for Educat ion and 
Commu ni cat ions - Ottawa meetin g. Co mm ittee 
Eva lu ation Results. 

May 25. 2004: Update on the May meeting in volving 
(TCC Chairs and aborigina l partners). LCC projects 
update. Lo ng term strat egy fo r Educat io n and 
Communi cati o ns. Proposa ls for complet in g a long 
te rm strategy for E&C (~9K I) 

Apri l 22, 2004: Update o n the management committee 
meeting. Update on projects fund ing for the NWT. 
Update on Education and Communication Projects 
Funds. LCC projects from 2004-05 update. 

Expected Project Completion Date 
Th e Tlicho representative has comp leted it 's 
responsibiliti es th rough participating as member of the 
No rthwe st Territories Environmental Contaminants 
Com mittee for the Fiscal Year 2004-2005. The Tli cho will 
continue to panicipate in the commit1ee fo r the 2005-2006 
Fi sca l year. 
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Abstract 
Since the inception of the No rthern Conta111in ant s 
Progra111 (NC P), 111any different types and for111s of 
communications material s for Inuit audiences have been 
developed by the affi li ated partne rs to convey NC P 
results and infor111ation. These printed 111aterials for 
co111111unity use incl ude brochures, fact sheets. posters, 
newsletters, community reports, posters. cu rri cula, and 
glossaries. This project has co llated al l of these va ri ous 
publications into an accessible format from wh ich to 
develop and ulti111ately synchroni ze Inu it co111111unicat ion 
efforts into a General Inuit Co111111 uni cations webs ite for 
use by the Pan-Inuit Co111municat ions Co111mi ttee, 
nationa l, international and regional Inuit organi zati ons, 
front line workers and high sc hoo l s tuden ts in 
communi ties. 

Key Messages 
• An arc hival record now exists of NC P-re lated 

communications material s in both a hard copy binder 
for111a t and a keyword searchable, 2-di sc CD ROM 
entitl ed "Comm1111icati11g about Contaminants with 
Co111111 1111ities: A Collectio11 of Materials from the 
Northern Co 11tami11a11ts Program and Other 
Sources" 

• Development of new standardi zed web based In uit 
spec ifi c fact sheets is being developed on pertinent 
subjects to complete an Inuit-genera l communications 
package with the sa111e look and feel. 

Objectives 
Speci fi ca ll y thi s project: 
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• Identified and gathered a ll co111munications 111aterials 
fo r the issues of contaminants and cou ntry foods in 
Inuit reg ions; 

• Rev iewed mater ial and identified requ ired ne\\ 
materi a l(s) (do ne in coo peration with Pan- Inu it 
Communications Committee); 

• Adapted and updated ex isting mate ri a l (to provide 
same look and fee l of print material ); 

• Developed the required new material ; 
• Assembled info1111ation in General lnuit Com111unications 

Package; 
• Upda ted annotated database of communi cations 

material s in North w ith new materials. 

Introduction 
The co mmunicati on of contaminants information in Inu it 
regions has in volved the deve lopment of numerous forms 
of materi a ls and the use of various methods for their 
di stribution. Some of these materials have been eva luated 
and shown to be very va luable in communicatin g specific 
iss ues to the general public. On ly recentl y, has material 
specific to Inu it and some target audiences in Inuit regions 
been produced (Inuit public Country Food posters, Fact 
sheet fo r Wo111en of Child Bearing Age in Nu navik , Fact 
sheet for Nunavut on Country Food Benefits etc.). These 
audience-spec ific material s are showin g to be effecti ve in 
providing detail ed information to the intended audi ences. 
However, 111any of these 111aterials have been produced in 
one regio n but are of va lue to all Inuit reg ions. It is fo r 
thi s reason, that ITK proposed to gather and rev iew and 
th en deve lop Inuit spec ifi c material s prod uced to 
communicate on contaminants and country food issues, 
ada pt and reprod uce (including translation) those that 
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were applicable to all Inui t reg ions, and assemble a genera l 
In uit Communications Package of thi s material. 

Activities 
In 2004-2005 
By spring 2004, NC P-related material s (e.g. posters, fact 
sheets, newsletters, cu rri cu la, etc.) that had been produced 
fo r communication efforts related to contaminants and 
country foods were identified, gathered, and co ll ated. An 
inventory of these material s was created in a hard copy 
fo rmat and then transferred into a Microsoft Exce l 
docum ent organized by year, region , organization, type 
of document , and document titl e. This col lat ion , due to 
its immensity and the va lue of its in fonnation, was digitized 
and inputted into a keyword searchable CD ROM entitled 
"Communicating about Contaminants w ith Communiti es; 
A Col lection of Materia ls from the Northern Contaminants 
Program and Other Sources,'' produced in winter 2005. 

The ga th ered material was reviewed for co nten t 
in formation gaps were identifi ed, and the fact sheets fo;· 
the communications package were outli ned. Grap hic 
des igners ha ve been put in place lo ensure cont inuity 
and integrity of material. Additionally, the annotated 
database "Contaminants and Hea lth Communication 

Material s for the North" was reviewed and updated with 
new material. 

Results 
Col!a1ion Phase: 
In a prev ious NCP project conducted by Chris Furgal. 
communications material s produced and used in the No11h 
on the issues of contaminants and health were gathered 
from each northern region health authority, Abo ri gina l 
organization , as well as from researchers an d nat ional 
organizations having produced materi a ls. This material 
was then updated this year by gatherin g items produced 
since the production ofCACAR II. Once ga th ered, th e 
titl e, med ia type, key words describing its conten t and 
the language it was produced in were entered in to an 
Excel spreadsheet. 

All materials not previously digit ized were then scann ed 
and saved as j peg and pdf file s. 

This in ve ntory of material was then linked to the speci fi c 
digit ized PDFs and JPEGs of the documents and thi s 
material was saved on a two-CD fo rmat. This comprises 
the C D RO M e ntitl ed "Co mmunicating about 
Contaminants with Communities: A Collection of Materials 

Figure 1: Cover sheet for the 2-CD set entitled "Communicating about contaminants with communities: A 
collection of materials from the Northern Contaminants Program and other sources." 
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from the Northern Contaminants Progra m and Oth er 
Sources." 

Review and Deve/opme111 Phase: 
A review of th e materials (e.g. fact sheets, brochures, 
news lett e rs, posters, curricula) com menced o nce a ll 
material was col lated and catalogued. An extensive review 
of fact sheets was first conducted th is year as it was the 
largest category o f items with over 190 pieces. Once 
categori zed (56 were collected on chemica l contaminants, 
of which 12 were on PCBs, 39 described nutrients and 
nutritional information of count ry foods, and 17 were o n 
country food s and contaminants-re lated inform at ion) a 
review of subjects for duplicat ion or gaps was conducted. 

The following li st of subjects did not ex ist in fact sheet 
form for Inui t regions, and the project team ident ified the 
need to produce materi als on these top ics to fi ll in ga ps 
for the produ ction of a general Inuit co mm unicat io ns 
package on contam inants: 

Nutrient Fact Sheets 
Store Foods vs Country Foods 

Contaminant Fact Sheets 
Chlodane 
PFOS 
Cesium 137 
Levels of Contaminants in A ir, Snow, Water 
Where are they fou nd in the anima l9 (Front on 
Mari ne/Back on Terrest ri a l) 

Spec ies Fact Sheets 
Eggs 

Health and Country Foods Fact Sheets 
Are some country foods safer than ot hers? 
Balancing the Benefits and Risks 
ls it safe to eat country foo ds? 

Action on Contaminants Fact Sheets 
National Initia tives 

FAQ 
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NCP 
AMAP 
Stock holm Convent ion 
UNEP-L RTAP 
Local Act ions (at the dum p mercury/PBD Es, 
PFOS) 

Ca ncer and Contam inants- is there a li nk? 
Wi ld Ii re Abnormali ties 
Store Foods vs Country Foods 

What yo u sho uld kn ow about Sto re Foods in the 
North 9 

Wh at a re tmeasurement s (ppb. ppm )? 
Wh at is RD I? 

Based on thi s review of gathered materia ls and previous 
ex pe rience wo rk in g in co mmuni ca tion e fforts with 
communi ties, proj ect team members finali zed a list of fact 
sheets to be deve loped. To a id in thi s process, a document 
was created to link the pro posed fact sheets to related 
o nes that currentl y ex ist (see Appendix 2-1) . 

Discussion and Conclusion 
In fi scal year 2004/2005, over 350 items produced through 
NC P-re lated communicat ions activ it ies were co ll ated and 
cata logued. Building upon the prev io us database proj ect 
these mate ria ls have been updated and a re now in a 
searchab le format by type o f publ icat io n (e.g. fac t sheet, 
poster, curricu la, etc.) , year of publi cation, author, ti tle. 
keyword , and region. 

This has and will continue to prov ide the groundwork fo r 
the contin uation o f th e deve lopment o f the Genera l Inu it 
Communications Package. 

Graphi c des ign wo rk has commenced to ensure that the 
materi a l deve loped w ill be visua ll y appea ling, cultural ly 
appro priate, and co nsistent for the informat ion needs of 
the Genera l Inu it Commun icati ons Package. To thi s end. 
rev iew by NC P funded scientists and no rthern ers are 
planned in futu re steps of materia ls deve lopment and 
productio n. Figure 2 is a snapshot of what the new ITK 
environment fac t sheet website wil l look like . Be able to 
scro ll on topi cs and choose va rious fac t sheets which 
will be deve loped on an ongo in g basis fo r the next fe" 
years, o r as need a rises. The user will be abl e to choose 
two opt ions, a q uick and fa st loadi ng low q uality image 
of the fact sheet fo r rev iewing, and a hi gh reso luti on PDF 
fil e fo r printing and di stributing at meetings or for other 
needs. Fi gure 3 shows a dra ft of how fin al fac t sheets wi ll 
appear; d iffe rent subj ects w ill have different icons and 
co lours, but the fo rmat w ill mainta in the same look and 
fee l. Nex t year, rev iew tea ms made up w ith researchers, 
commun ity and regional representati ves will beg in the 
process of fi na li z ing the development of fact sheets an d 
looking th em over fo r both commun ity re levance and 
scient i fi c relevance. 

Expected Project Completion Date 
Deve lo pm e nt a nd prod ucti o n o f the Ge ne ra l Inui t 
Co mm uni cati o ns Pac kage webs ite is an ongo in g project 
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Figure 2: Snapshot of the new look of an ITK fact sheet website. 

Norae 
ITK Alleut HCP Commu11 iuti119 Meuagu rurpose of Wellalte 

NCP Com mu nications 

Pl an t s / Anima l s 

Health 

Work on the Issue 

Word Meanings 

POPS 

What arc P0Ps' 

Chlo,danc 

Dioxins and Furans 

D01 

PllDEs 

rca, 
PIOS 

________ _. 

CIiek to view low res .POF Click to download 
Ille before downloading a high res .POF me 

View Thumbnai l Down load 

view Thumbnail Download 

View _Uiumbnal l Do wnload 

View Thumbnail Download 

VICW lhurnbna1 f D_ownload 

View l!_l_umbnall Download 

view !l)umbna1i Download 

View I humbna1I Download 

] Select Fact Shce l l_:J >-------------+----------i-------Toxaphcnc View lhumlma il Do ,.,nload 

Heavy Metals 

What arc ~tcavy Mcta .s View T_hum bnail oo ,,nload 

Cadmium V!cw lhumtmail Download 

Lead View 1 humbnail Download 

1--'CrCU ry View lhumbnail Dow nload 

Rad ionuclid es 

Whal are radloouclldes? VICW 1 hu mbna1 I Download 

Ceslum View lt)umbnall Do wnload 
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and will cominue into the 2005/2006 fi scal year. Final 
de ve lopment on the website are being developed for 
access of thi s site please contact ITK for add itiona l 
in fo rmation. 

Acknowledgements 
Webs ite deve lopment made poss ible by Beat Studi os in 
Ottawa and John Albert. Development of the reference 
CD was made poss ible by research from Chri s Furga l, 
Tommy Akulukjuk. and Carrie Grable. 
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Appendix 1-1: Existing NCP Factsheets; broken down by category. 
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Chemica l Fact Sheets: 56 on specific chemical contaminants 

4 Contaminants and What you can to REDUCE your Exposure to Contaminants? 
A few notes about the 4 contaminants and their possible health effects as relevant to the 
participants of this monitoring program : Cadmium , Lead, Mercury, PCBs 
Arsenic 
Bacteria , Chemicals and Viruses 
BEWARE: Cadmium Contamination of Deer and Moose Organs 
Cadmium 
Cadmium 
Cadmium 
Cadmium 
Cadmium 
Cadmium and Your Health 
DDT 
DDT - Oichlorodiphenyltrichlorethane 
DDT - Dichlorodiphenyltrichlorethane 
DDT and Its Metabolites 
Dioxins and Furans 
Dioxins and Furans 
Heavy Metals 
Heavy Metals : What do we know? 
Information on Ozone 
Metals 
Lead 
Lead in Household Tap Water in Nunavik 
Your Health: Should We Worry About Mercury? 
Mercury 
Mercury 
Mercury 
Mercury 
Mercury and Your Health 
Mercury contamination of the food chain 
Mercury Intoxication in Humans: Preventive Measures and Guidelines 
Organochlorines: What do we know? 
Information on Pesticides 
PBDEs - Polybrominated Diphenyl Ethers 
PCB concentration 
PCBs 
PCBs 
PCBs 
PCBs - Polychlorinated Biphenyls 
PCBs - Polychlorinated Biphenyls 
PCBs - Polychlorinated Biphenyls 
PCBs (polychlorinated biphenyls) 
PCBs and Your Health 
PCBs and Your Health: Questions and Answers for Participants and Others 
Information on PCBs 
Advisory: Potential Health Hazard from Burning Wood and Other Materials Coated With Paint 
Containing PCBs 
Persistent Organic Pollutants (POPs) 
Petroleum Products 
Radiation 
Radionuclides 
Radionuclides:What do we know? 
Selenium 
Toxaphene 
Toxaphene 
Toxaphene 
Zinc 
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Nutrient Fact Sheets: 39 on 
food sources of nutrients 

NWT Contaminant Fact Sheet -17 fact sheet 
contains both contaminant and nutrient info 

Country Foods: 20 fact 
sheets 
Arctic Char 
Arctic Hare 
Beluga 
Berries 
Caribou 
Duck 
Fish 
Fish 
Goose 
Goose 
Grizzly Bear 
Ground Squirrel 
Muskox 
Polar Bear 
Ptarmigan 
Seafood Mussels, Clam and 
Crab 
Duck 
Seaweed 
Walrus 
Wild Plant Greens 

Arctic Char, Other Fish and Your Health 
Beaver and Muskrat 
Beluga and Your Health 
Beluga Whale 
Berries 
Caribou 
Caribou and Your Health 
Ducks and Your Health 
Fish 
Moose 
Muskoxen 
Ptarmigan and Grouse 
Ptarmigan and Your Health 
Radionuclides 
Ringed Seal 
Seal and Your Health 
Waterfowl 

Nutrients/Nutritional Info: 19 fact sheets 
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Calcium 
Fat 
Good Sources of Folacin 
Good Sources of Iron 
Good Sources of Vitamin A 
Heal th , Omega-3 Fatty Acids and Selenium 
Heal th y Eating for a Healthy Baby 
Iron 
no title - (nutrients per serving) 
Nunavut Food Guide 
Nutritional Requirements and Country Foods 
Protein 
Traditional Food gives you fib re to help prevent 
ca ncer 
Traditional Food gives you strong blood 
Traditional Food gives you strong bones and teeth 
Traditiona l Food makes good snacks 
Traditiona l meat and fat 
Vitamin A 
Vitamin C 
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Communicating About Contaminants into the Futu re : 
Analysing the Inuit Communications Survey and the 
Establishment of an Inuit Strategic Plan 

Project leader: 

Eric Loring, Senior Environment Researcher, Inuit Tapiriit Kanatami , 170 Laurier Ave, 
Ottawa, Ontario K1P5V5; phone: (613) 238-8181 ext. 234; e-mail: loring@itk.ca; 
www.itk.ca 

Project Team Members: 

Pan Inuit Communications Committee (PICC) ; Chris Furgal , PhD, Nasivvik Centre , Ste-
Foy, QC; Carrie Grable , BA, Consultant Ottawa, ON 

Abstract 
The Environme nt Department at Inu it Tap iriit Kanatami 
su ppo1ied and helped coord inate the conduct of surveys 
in each Inuit region unde r the 2003-04 Northern 
Contaminants Program to ident ify inform ation needs 
related to contaminants and other environmental health 
iss ues. The research team entered data , cond ucted 
analysis and coordinated the review of prel iminary results 
between and within reg ions in 2004-05. Initial results fact 
sheets were distributed and are being used in regions to 
return the basic results of this work to commun iti es. An 
Pan Inuit Communications Committee (PI CC) was 
convened and met twice du ring the year to di scuss the 
survey progress, results and ongoing challenges be in g 
faced in comm uni cati ng about contam inants in these 
communities. Training and support was provided to thi s 
group to begin a process of developing sho rt and lo ng 
term communicat ion strategies at the regional , national 
and international levels. Preliminary survey results we re 
used in the development of a national strategy and are 
now being considered in th e development of reg ional 
strategies that will then be brought together to deve lop a 
new Inuit blueprint fo r communicat ions and educations. 
This fi nal product will be used to promote, coo rd inate 
and direct needed acti vit ies at the regional , national and 
international levels over the nex t 3-5 years. 
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Key Messages 
ITK coo rdin ated and supported the ana lysi s of 
s urvey data for each Inuit region to assess 
information needs and current understandings about 
contaminant and other envi ronmental health issues; 
A n Pan Inuit Com munica ti ons Com mittee was 
esta bli shed lo adv ise on com muni cat ing about 
contaminants issues in Inuit com munities under the 
NCP; 

• A new national Inuit bluepr in t now exists for 
Communications and Edu cations and regio nal 
strategies and blueprints are under deve lopment that 
will di rect work at the regional level in future years. 

Objectives 
Spec ifi cal ly thi s project: 

Co llected and a nalysed data fo r the Inuit 
Communicat ions Survey 
De livered these resu lt s to the regio nal 
representat ives for thei r disseminat ion at the regional 
level 
Developed a long term national Inuit communications 
strategy for contam in an ts, counlly / tradit ional foods 
and hea lth 

• Convened an Pan Inuit Communicat ions Committee 
comprised of represe ntatives from each Inuit reg ion, 
ITK and ICC to develop integ rated Inuit 
communication strategies and to discuss ongoing 
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challenges to communicating about contaminant 
issues at vari ous levels. 

Introduction 
A great deal has been \ea111ed about contam inant transpo11, 
levels in the Arct ic environment , and human exposure to 
these substances in th e past two decades under th e 
Nort hern Contaminants program. The NCP and 
partic ipating Aboriginal Partners and reg ion a l 
representatives have delivered much of thi s information 
to communit ies and individual s to support informed 
decision making in the North. With increasing knowl edge 
regarding the potential effects of th ese substances on 
infant health and development in high ex posure regions, 
the delivery of thi s message has become more complex. 
The acti vit ies used to di sseminate thi s information have 
been varied, ranging from print media to spoken word and 
regions are just now conducting evaluati ve exerci ses to 
increase the understand ing of successes and chall enges 
related to the deli very of thi s information. In 2003-2004, a 
common Inuit Communications Survey was applied in 
Labrador, Nunavik, Nunavut and the lnuvialuit Settl ement 
region , and in cooperation with the Yukon First Nations 
communit ies, and results of this survey wil l be used to 
support the identification of communication needs and 
priorities for coming years in these regions under the NCP. 
Further, wit h the establi shment o f th e North ern 
Contaminants Program as a long term program under 
Indian and Northern Affairs, some degree of continuity 
now exi sts for in vestigating these issues and determining 
the best ways to commu nicate them to 11011herners in order 
to support wise food choices in the future. It is for these 
reasons that the ITK Environment Department supported 
the establi shment of a Pan - Inuit Communi ca ti ons 
Comm ittee (P ICC) thi s year and helped coordinate the 
analysis and communication of results from the regional 
surveys as well as the development of regional, national 
and international communi cation strat eg ies for 
contaminant issues. 

Activities 
In 2004-2005 
Survey A nalysis and Dissemination 
Survey form s from each region were re viewed and 
collated. Data fo r the 72 specific question s (4 5 
quant it a ti ve , 27 qual itative) were entered into a 
spreadsheet and coded and ca tego ri zed. Ques tion 
organ ization an d labelling was standardi ze~ to enab~e 
comparab ility across regions for simila r questions. Basic 
descriptive stati stics were calcul ated for each quantitati ve 
question by region and then among all reg ions. 
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An initial presentati on of the results was given to Inuit 
representati ves at the second PICC meeting held in Ottawa 
in winter of 2005. At thi s time, regional representati ves 
reviewed bas ic results, posed further questi ons to analyse 
and priorit y qu es ti ons fo r th eir region and suggested 
methods in which th ey wo uld like to rece ive these 
preliminary results. 

Furth er an a lys is and ve rifi ca ti on of th e data was 
conducted for quantitati ve questi ons and preliminary fact 
shee ts providin g th e bas ic result s by reg ion we re 
produ ced a nd di sse min ated to th e lead reg iona l 
representatives (see regional Inuit synopsis reportsfi ·om 
Labrador, Nunavu t and the fnuvialuit Se11 /emen t 
Region-Appendices 1-1, 2,3). 

Inuit Communications Planning 
A n initial communicati ons fra mework and plann ing 
bac kgro und doc um e nt was produ ced 10 guid e 
di scussions among reg ional, nati onal and internati onal 
In uit orga ni zations on the subj ect of deve loping strategic 
plans for communicatin g in Inuit regions on contaminant 
iss ues under the NC P (Appendix 1-4). 

A meeting was con vened in Whiterock, BC in assoc iation 
with the Annual NC P Results Workshop at whi ch time 
the first Pan-Inuit Communications Committee (PICC) met. 
Th e doc um ent (Appendix 1-4) was use d to lea d 
di scuss ions and th e deve lopment process fo r integrated 
Inuit communicati ons plan s. 

Based on th e development of a draft Nati onal Strategy 
for communicati on acti viti es in Inuit regions, th e Inu it 
blueprint was rev ised fo r th e 2005-06 NC P ca ll for 
proposa ls. 

The PICC met once aga in in the winter of 2005 to di scuss 
the results of the Inuit communications survey (see above) 
and identi fy ongo ing needs related to communications 
on these issues. 

Results and Discussion 
A total of 33 1 individuals were surveyed in Labrador, 
Nunavut and the lnuvialuit Settlement reg ion. A core 
group of comparabl e ques ti ons are bein g as ked in 
Nunavik as part of the Nunavik Regional Inuit Hea lth 
Survey. Data from thi s region will not be ava ilable until 
winter 2005-06. 

Topics in the survey inc lu ded: 
Concern s on health and environment 
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Personal sources o f in formatio n 
Risk percep ti o n of foo d sa fe ty iss ues a nd 
contaminants 
Reca ll and comprehension of basic NC P messages 
Informat ion needs and key questio ns 
Qualitati ve ex plana ti ons for the above issues 

See reg iona l synopses reports fo r specifi c resu lts to date 
(Appendices I-I, 1-2, and 1-3). 

Quant ita ti ve a na lys is is o ngo in g to de te rmin e the 
rela tionsh ip between responses to questi ons and soc io-
demographic va ri ab les co ll ected in th e stud y. Thi s 
ana lysis wil l be done to identify palle rn s in th e concerns, 
perspectives and infor m a ti o n need s re po rt ed by 
participants to help the developmelll of regio nall y specific 
communicat ion plans and strategies for future NC P work . 
As well, ana lysis of within and be tween reg io n panerns 
in responses to q ualita tive questi ons is ongoing and being 
re, iewed and managed th ro ugh the PI CC. 

A Draft National Communications Stra tegy was deve loped 
in cooperat ion with reg ional representatives and in cluded 
goals, objectives, act iv ities and meas urements o f success 
(see Appendix 1-5). Regions are continuing their regio nal 
planning in 2005-06 and usin g th e pl anning fram ework as 
the basis fo r thei r d isc uss ions. 

Conclusion 
The ITK Env ironment Department has worked to brin g 
together In uit regions and suppo rt th e111 o n conductin g 
communicat ion activit ies related to contaminant issues 
in their communiti es. The coordinati on o f analys is o f the 
Inu it Comm uni cati ons Survey and th e estab li shm ent o f 
the Pa n- Inu it Co mmuni cati o ns Commillee a re two 
exa mples of th ese effo rts to date . Through wo rkin g 
toge th er, Inu it regio ns a re stri v in g to join e ffort s on 
learning how best to pl an for, de li ve r and eva luate 
commun icat ions on contamin ant iss ues to support 
informed dec ision makin g and ac ti on at loca l, reg iona l, 
nat iona l an d imernational sca les. 

Expected project Completion Date 
Ana lysis o n q ua litati ve aspects of the survey is o ngo ing 
and will be completed this fa ll , 2005. Planning and regional 
strategy deve lopment will be completed thi s winter in each 
region and at the nati o nal and intern ati o na l leve ls. 

Acknowledgements 
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organ izatio ns is g reatl y apprec ia ted . The work th at was 
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Appendix 1-1. What do Labradorians want to know about the environment and their health 

What Labradorians Want To Know About Their 
Health and the Environment 

Preliminary Results 
What was the survey about ? 

A small survey was conducted face to face with a 
small number of people in each community to learn 
what people wanted to know and what they thought 
about the environment and their health . The survey 
was conducted by LIA, in cooperation with ITK to 
help these organizations know what information 
communities want. 

Who participated ? 
A total of 60 people participated from Labrador. 
Both men and women over the age of 18 answered 
the survey. A small number from each community 
participated. The number that participated from 
each community was related to the total number of 
residents in that communi ty. Forty-five percent of 
participants we re men and 55% were women. The 
average age of all participants was 41 years old . 

Table I . Number of participants 
from each Labrador communitv . 

in the survey 

Labrador Community 
Hopedale 
Makkovik 
Nain 
Postvil le 
Rigolet 
Total 

Total 
13 
8 

27 
5 
7 

60 

What did Labradorians say about their 
health, environment and food ? 

When asked if they were concerned about the 
health of the environment or wildlife around their 
community 43% of participants said "no", 35% said 
"yes" and 21 % were uncertain. 

Common environmental concerns were: 
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Garbage in communities 
Environmental damage caused by 
development companies 
Water quality 
Pollution in the region including contaminants 
like PCBs and mercury 

Almost 40 % of participants also said they were 
concerned about their health or health of others in 
the community. Almost 50 percent said they were 
not and the rest were uncertain. 

Common health concerns were: 
Cancer, diabetes and other diseases 
Unhealthy behaviours - too many people 
smoking 
Health of Elders 
Access to good health services 

Participants also reported concerns they had about 
store foods and wi ld foods they ate . 
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Figure I . Percent of participants reporting they 
had concerns about store foods they ate . 
Concerns about store foods were : 

Quality (colour, freshness , freezerburn) 
Out of date foods in store 
Food related diseases (botulism, madcow, etc) 
Price 
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Figure 2 . Percent of participants reporting they 
had concerns about wild foods they ate . 
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Concerns about wild foods were: 
Availability 
Animal health (sores on animals etc) 
Contaminants (PCBs, mercury etc) in wild foods 

The majority of people stated that there were 
contaminants (things like PCBs and mercury) in 
both wild and store foods; however, a greater 
number of participants thought that store foods had 
contaminants (48%) in them than wi ld foods (22%). 

Despite concerns almost all participants (87%) 
reported knowing about the many benefits of eating Thirty-seven percent thought that wildlife in the 
wild foods! region had contaminants (things like PCBs and 

Have Labradorians ever heard of 
"contaminants"? 

Almost all participants said that they have heard of 
"contaminants" before , as well as the terms "PCBs" 
and "mercury". 

When listing things they thought were contaminants 
participants also included garbage in the dump, oil 
drums on the land and other general environmental 
pollution. 

What have Labradorians heard ? 
The majority of people were aware that contaminants 
(things like PCBs and mercury) can be in people, 
their community, in Labrador, and in southern 
Canada as well. 

When asked if concerned about their health because 
of contaminants (things like PCBs and mercury), 43% 
said they were not, 41 % said they were, and the 
remaining 15% did not know. 

Most people said they thought it was possible to 
reduce the amount of contaminants (things like PCBs 
and mercury) they are exposed to and the amount 
getting into the environment . 

Forty-two percent stated that contaminants 
(things like PCBs and mercury) were more of a 
concern for certain groups of people . 

mercury) in them. 

Seventy-one percent stated that different species 
(types of animals, fish, plants) have different 
amounts of contaminants (things like PCBs and 
mercury). 

Most stated that it had been longer than one month 
since the topic of "contaminants" had come up in a 
conversation. 

The majority of Labradorians surveyed stated that 
they pay attention to research done by scientists, 
feel like it's in an accessible form of information and 
believe what they hear from these people. 

An overwhelming majority fe lt that they needed to 
know more about contaminant issues. 

Where do Labradorians get their 
information ? 

Most people said they got their information on the 
environment and wildlife from LIA, a family member 
of friend or a hunter in the Community. Most 
people said they got their health information from a 
Doctor or nurse, LIAILIHC or a family member or 
friend . 

What's Next ? 
These are preliminary results from the survey. You 
will hear more from LIA and ITK about what people 
in your region said and how LIA and other 
organizations will use these results to get you the 
information you want and in the ways you want to 
hear them in the near future. 

For more information on this survey or 
other research on environment and health 
issues contact : 
Mary Denniston LIA 
Eric Loring ITK 

1-709-922-2847 
1-866-262-8181 
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Appendix 1-2. What do Nunavummiut want to know about the environment and their health 

What Nunavummiut Want To Know About Their 
Health and the Environment 

Preliminary Results 
What was the survey about ? Common environmental concerns were : 

A small survey was conducted face to face with a Garbage on the land 
small number of people in each community to learn Environmental damage caused by mining 
what people wanted to know and what they thought Abnormalities in wildlife 
about the environment and their health. The survey 
was conducted by Indian and Northern Affairs 
(Iqaluit), in cooperation with NTI to help these 
organizations know what information communities 
want. 

Who participated ? 
A total of 201 people participated from Nunavut. 
Both men and women over the age of 18 answered 
the survey. A small number from almost all 
communities participated. The number that 
participated from each community was re lated to 
the total number of residents in that community. 
Forty-fi ve percent of participants were men and 
55% were women. The average age of all 
participants was 39 years old. 

Table I . Number of participants in the survey 
from each Labrador community . 

Nunavut Communitv Number 
Arviat 22 
Baker Lake 16 
Coral Harbour 10 
Gjoa Haven 12 
Grise Fjord 2 
Hall Beach 8 
lgloolik 16 
Iqaluit 38 
Kimmirut 6 
Kugaaruk 6 
Kugluktuk 16 
Pangnirtung 15 
Qikiqtarjuaq 6 
Repulse Bay 8 
Resolute Bay 6 
Taloyoak 8 
Whale Cove 6 

What did Nunavummiut say about their 
health , environment and food ? 

When asked if they were concerned about the 
health of the environment or wildlife around their 
community 40% of participants said "no", 37% said 
"yes" and 23% were uncertain. 
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Climate change impacting animals 

Thirty-five percent of participants said they were 
concerned about their health or health of others in 
the community. Forty percent said they were not 
and the rest were uncertain. 

Common health concerns were: 
Healthy behaviours - too many people 
smoking, poor diet 
Cancers 
Health of Elders 

Participants also reported concerns they had about 
store foods and wild foods they ate . 
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Figure I . Percent of participants reporting they 
had concerns about store foods they ate . 

Concerns about store foods were : 
Quality (freshness , freezerburn , past due date) 
Cost 
Food related diseases (botulism, madcow, etc) 

ni R n--
D::m't Know No Yes 

Figure 2 . Percent of participants reporting they 
had concerns about country foods they ate . 
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Concerns about country foods were: 
Availability 
Animal health (abnormalities in animals etc) 
Contaminants (PCBs, mercury etc) 

The majority of people stated that there were 
contaminants (things like PCBs and mercury) in 
country foods; however, were uncertain as to 
whether there were contaminants in store foods. 

Despite concerns almost all participants (75%) Twenty-nine percent thought that wild life in the 
reported knowing about the many benefits of eating region had contaminants (things like PCBs and 
wild foods' mercury) in them. 

Have Nunavummiut ever heard of 
"contaminants"? 

D:,n't Know r,.t> Yes I 

Almost all participants said that they have heard of 
"contaminants" before, as well as the terms "PCBs" 
and "mercury". 

When listing things they thought were contaminants 
participants mentioned PCBs and mercury but also 
included garbage in the dump, oil drums on the land 
and other general environmental pollution. 

What have Nunavummiut heard ? 
The majority of people were aware that contaminants 
(things like PCBs and mercury) can be in people , 
their community , in Nunavut, and in southern Canada 
as well. 

When asked if concerned about their health because 
of contaminants (things like PCBs and mercury) , 56% 
said they were not, 31% said they were, and the 
remaining 13% did not know. 

Most people said they thought it was possible to 
reduce the amount of contaminants (things like PCBs 
and mercury) they are exposed to and the amount 
getting into the environment. 

Forty-six percent stated that contaminants (things 
like PCBs and mercury) were more of a concern 
for certain groups of people. 

Fifty-one percent stated that different species 
(types of animals, fish , plants) have different 
amounts of contaminants (things like PCBs and 
mercury). 

Most stated that it had been longer than one month 
since the topic of "contaminants" had come up in a 
conversation, or that it never had. 

About the same number of people said they did pay 
attention to research done by scientists , than said 
they did not. Most said they feel it is sometimes in 
an accessible form and most believe what they 
hear from these people. 

An oveiwhelming majority felt that they needed to 
know more about contaminant issues. 

Where do Nunavummiut get their 
information ? 

Most people said they got their information on the 
environment and wildl ife from a family member or 
friend , the radio or an Elder. Most people said they 
got their health information from a Doctor or nurse, 
a family member or friend or the television. 

What's Next ? 
These are preliminary results from the survey. You 
will hear more from DIANO, NTI and ITK about 
what people in your region said and how 
organizations will use these resu lts to get you the 
information you want and in the ways you want to 
hear them in the near future. 

For more information on this survey or 
other research on environment and health 
issues contact : 
Eric Loring /TK 1-866-262-8181 
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Appendix 1-3. What do lnuvia luit want to know about the environment and their health 

..i t.t 
healtn r.({_J What Inuvialuit Want To Know About Their 
safe & s_lr• na l\"7{ Health and the Environment 

IRC-Hcalthand 
Lrn1ronment ~7t=~ Preliminary Results iJlllli!!!li '"' " 

What was the survey about ? 
A small survey was conducted face to face with 
a small number of people in each community to 
learn what people wanted to know and what 
they thought about the environment and their 
health. The survey was conducted by the IRC, 
in cooperation with ITK to help these 
organizations know what information 
communities want. 

Who participated ? 
A total of 70 people participated from the 
lnuvialuit Settlement Reg ion . Both men and 
women over the age of 18 answered the survey. 
A small number from each commun ity 
participated. The number that participated from 
each community was related to the total number 
of residents in that community . Fifty percent of 
participants were men and 50% were women. 
The average age of all participants was 36 
years old. 

Table 1 . Number of participants 
from each ISR community . 

lnuvialuit Community 
Aklavik 
Holman Island 
lnuvik 
Paulatuk 
Sachs Harbour 
Tuktoyaktuk 
Total 

in the survey 

Total 
9 
9 

21 
7 
4 
20 
70 

What did Inuvialuit say about their 
health , environment and food ? 

When asked if they were concerned about the 
health of the environment or wildlife around their 
community 70% of participants said "yes", 25% 
said "no" and the rest were uncertain. 

Common environmental concerns were: 
• Garbage in communities 
• Envi ronmental damage caused by 

development companies 
• Water quality 
• Pollution in the region including 

contaminants like PCBs and mercury 

E. Loring 

Nearly 70 % of participants also said they were 
concerned about their health or health of others in 
the community. Twenty seven percent said they 
were not and the rest were uncertain. 

Common health concerns were: 
• Cancer, diabetes and other diseases 
• Healthy behaviours - too many people 

smoking 
• Health of Elders 
• Access to good health services 

Participants also reported concerns they had 
about store foods and count foods the ate . 

70 
60 +-----------
50 +-----------

0 40 +-----------! 30 +-----o 
a"- 20 +------

10 +---- --
o -1------~ 

Don't Know No Yes 

Figure 1 . Percent of participants reporting they 
had concerns about store foods they ate . 

Concerns about store foods were : 
• Quality (colour, freshness , freezerburn) 
• Out of date foods in store 
• Food related diseases (botulism, madcow, 

etc) 
• Price 

Don't Know No Yes 

Figure 2 . Percent of participants reporting they 
had concerns about country foods they ate . 
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Concerns about country foods were : 
Availability 
Animal health (sores on animals etc) 
Contaminants (PCBs, mercury etc) in 
country foods 

Despite these concerns almost all 
participants reported knowing about 
the many benefits of eating country 
foods! 

Have Inuvialuit ever heard of 
"contaminants"? 

Yes No Do not know 

Almost all participants said that they have heard 
of "contaminants" before, as well as the terms 
"PCBs" and "mercury". 

When listing things they thought were 
contaminants participants also included garbage 
in the dump, oil drums on the land and other 
general environmental pollution. 

What have Inuvialuit heard ? 

The majority of people were aware that 
contaminants (things like PCBs and mercury) can 
be in people, their community , in the lnuvialuit 
Settlement Region, and in southern Canada as 
well. 

Most people were concerned about their health 
because of contaminants (things like PCBs and 
mercury). 

Most people said they thought it was possible 
to reduce the amount of contaminants (things 
like PCBs and mercury) they are exposed to 
and the amount getting into the environment. 

Most people stated that contaminants (things like 
PCBs and mercury) were more a concern for 
certain people. 

The majority of people stated that there were 
contaminants (things like PCBs and mercury) in 
both country and store foods; however, a greater 
number of participants thought that country foods 
had contaminants (65%) in them than store foods 
(50%). 

An overwhelming majority stated that different 
species (types of animals, fish , plants) have 
different amounts of contaminants (things like 
PCBs and mercury). 

Most stated that it had been longer than one 
month since the topic of "contaminants" had 
come up in a conversation. 

The majority of lnuvialuit surveyed stated that 
they pay attention to research done by scientists, 
feel like it 's in an accessible form of information 
and believe what they hear from these people. 

An overwhelming majority felt that 
they needed to know more about 
contaminant issues. 

What's Next ? 
These are preliminary results from the survey. 
You will hear more from the IRC and ITK about 
what people in your region said and how IRC and 
other organizations will use these results to get 
you the information you want and in the ways you 
want to hear them in the near future . 

For more information on this survey or 
other research on environment and 
health issues contact : 

Barbara Armstrong-/RC 
777-2737 or Direct Line-777 2072 
recvcle@northwestel.net 

Eric Loring ITK 1-866-262-8181 

E. Loring 
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Appendix 1-4. Our National Strategy: Communicating about Contaminants in Inuit Communities 

IC ommunicalion / Ed ucation Go als IObj cc livcs 
Developing) 

(Doing, Lcarning,IPrior ity Acli vi li cs (Projec ts or mandated 
activ it ies) 

I . Ac1 as a liaison and conduit for I. Develop genera l Inuit 
I. Inform and educate regional information between the communica tions materials and 

lnuir orga11i:ario11s abow rhe Northern Contami nants messages for key target aud iences 
Northern Co11rami11a11ts Program managers and and issues (e.g. health and 
Program and pertinent national scienti sts and Inuit regio ns contaminan ts issues for women of 
and i11tematio11al initiarives 011 child bea ring age) and make thi s 
A relic co11 1a111i11a11ts. 2. Provide in form ation to in fo rm mater ial accessib le through 

and educate NC P innovative and appropriate 
2. Inform and suppon scientisrs in resea rchers/scientists on needs methods at the reg ional. national. 

engaging com1111111ities 111 and issues of regional Inuit and international levels (meets Obj. 
mea11i11gf11I co11s11/ta1io11. 1he organizations. and appropriate I, 4. 5). 
responsible relllrn of research forms of consultation. 
resul!s and feasible modes of commu nication and capac it y 2. Conduct work to identify 
capacity development in bu ilding in Inuit regions; appropriate national and regionally 
concert ll'ith research acti11ities. specific contexts for con taminant 

3. Facilitate and support the messagi ng and in formation. 
3. Faciliuae the exchange and effective management of Inu it Ident ify and where appropria te. 

coordill(lfion of ac1ivities and specific aspects of the utili ze the assoc iated for mal and 
i11for111arion among /1111it Northern Contaminants informal patlrnays for 
orga11i=atio11s al 1•ario11s levels Program (e.g. Inuit block communicating contaminants 

within Educations and information in context (meets Obj 
4. Ensure tlw1 the NCP Communica tions enve lope) I, 5). 

incorporates and addresses and support the understandi ng I 
Inuit specific co 11cernslneeds and incorporation of Inuit 3. Conduct eval uative work to 
related ro co11 ta111i11011ts issues in all aspects of the increase In uit organi?at ion's 
research. program; knowledge of\\ hat NCP 

researchers and assistants and I 
5. Facilitale 1he awareness of and 4. Act as a liaison and facilitator graduate st udents want and need to 

access ro general i11for111otio11 to bring together all Inuit knO\\ in order 10 conduct 
011 COIIIOlllilltlllfS a111011g fnuil representatives in\olved in the meaningful consu ltation. 
C0//11/lllllities. NC P 10 exchange in formation communication. and capacity 

and coordinate com muni ca tion bu ild ing wit h Inu it com mu nities 
related ac tivities; and regions via research funded 

under the NCP (meets Obj. JJ 

;i\'lcasurcment of Success 
Timclin e lc Eva luation) 

I Ex istence of materials package 
2. Distribution of mate ria ls to region. 

community and interna tiona l levels 
3. Informal feedback 

YI - Y5 4. In VJ. conduct of evaluative survey 
or material spec ific eval uation (e.g. 
case study review) 

I. T he exis tence ofa nationa l 
dissemination tree 

2. Identificat ion and use ofne\, 
pathways for dissemination in 
assoc iation with related top ics 

YI-Y2 3. Deve lopment of ac1h ities to use and 
support informal communication 
llCt\\Orks 

I I The success/eva luations at workshop 

YI- Y4 



Effective Translation and Use of Inuit-specific CACAR-11 Data 
in International, Circumpolar, National and Local Fora 

Project leader: 

Stephanie Meakin M.Sc. Technical Advisor Inuit Circumpolar Conference (Canada) 170 
Laurier Ave West, Suite 504 Ottawa Ontario K1P5V5; phone: (613) 563-2642/ direct 
(6 13) 258-9471; fax (613) 565-3089/direct (613) 258-7621; email: 
smeakin@allstream.net 

Project Team Members: 

Sheila Watt-Cloutier, Chair Inuit Circumpolar Conference P.O Box 2099 Iqaluit, Nunavut 
X0A OHO; phone: (867) 979-4661 ; fax: (867) 979-4662; e-mail: icccan@baffin .ca; 
Duane Smith President P.O. Box 2120 lnuvik, NT X0E OTO; phone: (867) 777-2828; 
fax: (867) 777-2610; e-mail: inuvialuk@nt.sympatico.ca; Terry Fenge PhD Strategic 
Counsel to the Chair Inuit Circumpolar Conference 170 Laurier Ave West, Suite 504 
Ottawa Ontario K1 P5V5 ; phone: (613) 563-2642/direct (613) 722-7006; 
fax: (613) 565-3089; e-mail: tfenge7006@rogers.com; Eric Loring , Senior Environment 
Researcher Inuit Tapiriit Kanatami (ITK)170 Laurier Ave. Sui te 510 Ottawa, Ontario 
K1P5V5 ; phone: (613) 238-8181 x 234 ; fax : (613) 233-2116; e-mail: loring@itk.ca; 
WWW.ilk.ea 

Abstract 
NC P Priority Act ion Plan for 2003-2004 identifi es Inuit 
regions at highest ri sk of exposure to long-range transport 
of contaminants of concern. In identifying the new policy 
thrust priorities to address the hu man health effects of 
contaminants in the north , ·'the evaluation of whether 
the legal measures ofLRTA P and Stockholm agree ments 
are achiev ing the reductions in human ex posures in the 
Arct ic" was identified as an area of inte rest. In order to 
assess the per formance of international. circumpolar and 
regional initiatives and provide relevant and usefu l 
infom1ation on international activ ities to Inuit communities 
and the general pub lic, ICC Canada wil l undertake a seri es 
of nested activities. These act ivit ies and their products 
will ensure that the In uit specifi c resu lts within CACA R 
II and the data generated in Inuit communities is ful ly 
renectcd in international. circu mpolar and regio nal 
decision-mak in g and that the utilit y of th e data is 
effectively used to rev iew and move re levant initiatives 
forward. 

Key Messages 
The human health and environmental concern s of In uit 
regarding contaminan ts and long range transport were 
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we ll acknowledged and incorporated into global dec ision 
making in the final Stockholm Convention . Regional and 
intern ationa l pol icy in strum ents and act ivities are 
reduci ng th e amount of certain legacy contaminants to 
the Arctic . 

ew and emerging chemicals of conce rn in th e Arctic 
include brominated name retardants (PBDE and HBCD), 
nuorinat ed orga ni c compo unds (PFOS and related 
compounds), chl orinated industrial chemica ls (SCCPs and 
PCNs) and current use pesticides such as endosulfan. 

Objectives and Introduction 
The ove rarching objecti ve of thi s project has been to 
ensure In uit are aware of the globa l, circumpolar and 
national acti viti es and initiat ives regarding contaminants 
and are in a position to participate where most effecti ve. 
Further that the reg ional and international community are 
awa re of the In uit concern s and Arctic data generated 
from NCP and use thi s in negotiations and decision making 
acti vities. 

The long term goa l of thi s project has been to ensure 
Inuit ( reg ional , national a nd inte rnatio nal Inuit 
organ izations) have the appropriate inform at ion to make 
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inform ed deci sions, lo understand the re leva nce of the 
data in th e larger world , to ensure that Inu it a re e ffec ti ve 
when lobby in g fo r co ntaminants o f co ncern product ion 
and use reduction/control loca ll y, nationall y, c ircumpo lar, 
inte rnat ional. 

Activities 
In 2004-2005 
Th e NC P programme is o f central impo rtance to ICC 
Canada for it provides the inte llectual backing and project 
spec i fi e resources fo r our work on the inte rnational stage 
with the Arctic Council and North America n Com mi ss ion 
on Environ menta l Co-o peration. ICC cont in ues lo sit o n 
the National Hazardou s Air Po llution (HA Ps) Working 
Group as we ll as th e Stockho lm Conventi on, Nat ional 
Im pleme ntation Plan Work ing Group , as a means of 
b ri nging fo rward Arcti c a nd Inuit co nce rn s abo ut 
contaminants to non-governmental organi zations and 
governm ent agencies and fulfillin g Canada 's obligations 
under Stockho lm. 

ICC Canada has promoted the g loba l acceptance of the 
fo llow ing language - Inu it and the A relic is a " barometer" 
of the hea lth of g loba l environmem and indi cators of 
g loba l environmenta l cha nge. And has co ntri buted 
s ig nifi ca n t ly to the p re pa ration s for Stock ho lm 
Co nvention CO P I in Uruguay. 

ICC Canada using CA CA R II has contributed to the A CA P 
Mercu,y Program, the UNEP G lobal Mercury Progamme 
and orth American Free Trade Agreement (NAFTA ) 
Commi ssion for Environment Cooperation (CEC) Mercury 

o rth American Reg iona l Acti on Plan ( ARAP). 

ICC Ca nada has compa red Inuit s pec ifi c CACA R 
co ntamin ant data (exposure leve ls, effects) with g loba l 
data fro m other indigenous peop les and communities al 
ri sk from similar exposure levels, as wel l as, assess ing the 
regiona l population specific contamin am leve ls and the 
acti viti es and g uideli nes other reg io ns and coumries 
empl oy lo monitor exposu re. 

Speci fi c int e rn ational fac t s hee ts we re updated o n 
Stockho lm, and the CEC Lindane Task force . 

ICC co ntinu es to deve lop the CACAR meth ods and 
ex perience in to in formati o n packages to be used by other 
countries in deve lo pin g their National Im plementati on 
Pl ans (N !Ps) under Artic le 7 o f the Stockholm Convention. 
ICC helped pl an and participate in the Nat io nal N IP 
Consultati ons. 
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ICC Canada continues to ensure Inuit data generated in 
CA CA R are considered in int ernat iona l poli cy dec is ions/ 
ac ti viti es including but not limited lo the Un ited Nati o ns 
Econom ic Commi ssion for Eu rope (UNECE) Convemion 
o n Lo ng- Range Transboun ary Air Po lluti o n (L RTA P) 
pe rs iste nt orga ni c po ll utants (POPs) heavy metals 
protocols. Stockhol m Co nve nti o n. the UNE P G loba l 
Merc ur y Programme , th e A rc ti c Co un c il Arct ic 
Contaminants Action Pl an (ACA P) Mercury proj ect, and 
the No rth American Free Trade Agreement Commi ssion 
on Env ironmental Cooperation (NAFTA ) Nonh American 
Regiona l Act io n Pl a n on me rcury, li ndane, PCBs. 
chlo rdane. 

ICC Ca nada cominues to publi sh the quarte rl y policy 
journal Sila,juali riniq March 2004 renecls, "Arctic Sc ience 
and Research Acti viti es" in cludin g the NC P. 

Results/ Discussion and Conclusions 
• Stockholm Convention 
ICC has undertaken s ign ifi cam imernational advocacy 
throu gh lellers, speec hes, presentation s and pe rsonal 
communication with countri es to encourage rat ificat ion. 
ICC parti ci pated in the Nat iona l Implementation Pl an 
Stakeho lders meetings in Onawa in February and offered 
commems on the drfat. ICC continues to prepare for the 
Confe rence of the Parties in Uruguay in 2005 and will co-
host with AMA P, RA I PON and NC P a lunchtime s ide 
eve n t ' ' Resu lt s, C apa c it y Deve lopm e nt a nd Th e 
Im portance Of Indigenou s Involvement in lmplememing 
o f the Stock ho lm Convention: The Russia n PTS Report". 

• Arctic Council 
ICC cominues to be acti ve wi thin the Arctic Cou nci l. ICC 
cominues to participate w ith AMAP and the Ru ss ian 
Assoc iation o f Indi ge nous Peo ples o f th e No rth 
(RA I PON) lo conclude comam inams in coumry food and 
matern al b lood proj ect in fo ur Ind igenous peop les in 
northern Russia. The results of thi s three-year project are 
to be made public earl y in the New Year. 

• Mercury 
Renectin g the NC P's conclusions o n mercury, whic h acts 
in the Arct ic very much in the same way as PO Ps, we a re 
represented o n the Mercu ry Wo rking Group of t he Arctic 
Cou ncil 's act ion p lan on po ll ution. Thi s invo lvement is 
likely to prove important in coming months and years for 
it provides a base for us to monito r and participate as 
best we can in the mercury initiat ive of Canadian Counc il 
of Mini sters of the Enviro nm em (CCME) Ca nada-Wide 
Standard s for Me rc ury; UNE P 's Globa l Me rc ury 
Programme; and the Arctic Comaminams Action Plan 
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(ACA P) Me rc ury Working Group. Our int e nt is to 
tran slate Arctic sc ience into lega ll y-bind in g emi ss ion 
control arrangements. ICC wou ld like to become more 
ac ti ve on thi s fil e and is seekin g add itional resources and 
ex perti se to contribute. 

• North American Commission for Environm enta l Co-
operation Task Force on Lindane 
ICC was represented on the North American Commi ss ion 
fo r Environmental Co-operation Task Force on Lindane-
a pest icide of real concern to Inuit. The draft report is 
avai lab le thro ugh the CEC. 

Communications 
ICC Canada 's web site has been improved and new 
material is being added regul arly, inc luding al l speeches 
de li vered by the Chair. Sheila Watt-C lout ier was awarded 
the 2005 UNE P Champion of the Earth and the 2005 Sophie 
Prize for ICC work on POPs and c limate change. ICC 
presented the impo rta nce o f Arctic Sc ience to the 

orthern Strategy meetings on Ottawa March 21-22, 2005. 
Shei la Watt-Cloutier has spoken at various cities includ ing 
Toronto, Ottawa, New York , Washin gton, Winnipeg, 
Vancouver, Miami and San Francisco o n the effects of 
global contam in ants on the Arctic and she is now the 
acknow le d ged politica l s pok esperso n for Arctic 
perspectives on climate c han ge and tra nsbounda ry 
contaminants. Sheila attended the 2005 February U EP 
Governin g Cou nc il meeting to rai se awareness of Arctic 
environmental issues. 

Expected Project Completion Dates 
Ongoing 
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Northwest Territories Environmental Contaminants Committee 
(NWTECC) 

Project leader: 

Northwest Territories Environment Contaminants Committee (NWT ECC). Chair: Chris 
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(Corresponding Author): Michele Culhane, Indian and Northern Affairs Canada , 
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Project Team Members: 
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Abstract 
The North west Territories Env ironmemal Comami nan l s 
Co mmittee (NWTECC) se r v i ces the North ern 
Contaminants Commillee (NCP) as one of four territorial 
conlaminams commillees. It is a multi-party commillee 
that is supported by NCP funding to, amongst other tasks. 
pro v ide reg ional coordination for th e NC P in the 
Northwest Territori es. There are o fficially I 6 members on 
th e committee represeming fed era l , territ ori al and 
aboriginal governments. Several guest organi zati ons also 
regularl y participate in committee meetings. Col lecti vely 
the WTECC brings a varied perspecti ve (socia l, cultural , 
env ironmental , techni ca l) to questions re lated to the 
occurrence and effects of contaminants in th e north. 

The NCP's current focus is to understand the relationship 
between human health effects and exposure to long range 
contaminants. In thi s regard the N WTECC undertook a 
spec ific project to ensure hea lth r isk assessments for 
mercury leve ls in fi sh in N WT lakes and ri vers are 
regionall y releva nt. Sci entific research studi es and 
assessments continue lo form the basis of communicati on 
and education act iv ities for N WTECC membership, with 
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an emphasis on meaningful two-way communicat ion with 
Northerners. The N WTECC provides information to all 
northern ers on the presence and possib le effects of 
contaminants in Denendeh and the lnuv ialuil Selllemelll 
Reg ion (see summary reports from each reg ion on 
comm unication/ education activities). The N WTECC 
facili tates the communication of northern priorities to NC P 
Secretari at and sc ienti fic researchers. The N WTECC 
produces reg ionally relevant communications materi als. 
Thi s year the comm inee produced a poster promoting 
traditional foods and outlining contaminams research. 
For the second year, the NWTECC has attracted funding 
from Environment Canada, Northern Ecosystem Initiati ve. 
Co ntaminants Partn er I ss ue Tabl e, to fund Loca l 
Contam inant Conce rns (LCC) projects. T he NWT ECC 
reviews and approves LCC proposals throughout the year. 
In 2004-2005, the N WTECC held ten monthly conference 
ca lls and two in-person meetings. 

Key Project Messages 
I. The N WTECC provided a forum for discuss ion and 

two-way transfer of contaminants-related in formati on 
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among aborigina l. territorial and federa l government s, 7. To act as a ce ntral re pos it o ry for e nviro nm ental 
res idents of the NWT, and contaminants researchers. contaminants in forma tio n. 

2. The NWTECC a ided in proposa l development and 8. To provide advice on appropriate funding sources. 
reporting for regional members in o rder fo r them to 
fu lly participate in the NC P. 9. To review proposa ls re levant to the NC P fo r social 

3. The NWTECC ass isted researchers and community 
members with inforn1ation to meet fundi ng requirements 
and add ress contaminant concerns/questio ns. 

4. Th e N WTECC a d v ised th e NCP Man age ment 
Committee of the resu lts ofN WTECC social /cultura l 
review process results. 

5. The NWT ECC lead a project to undertake hea lth ri sk 
assessments for mercury level s in fi sh in NWT lakes 
and rivers and ensure results are regio nally re levant. 

6. Th e N WTECC deve loped a poste r promo ting th e 
consumption of trad iti onal foods and hi ghlightin g 
ongoing contam inants researc h in the NWT. 

Objectives 
. To build capac ity in the N WT to work o n the important 

issues re lated to long range contaminants in trad iti onal 
foods and their human hea lth effects. 

2. To faci litate th e effort s of no rth erners to add ress 
concerns arising from environmental contaminants in 
the NWT an d identify comm,mit y priori ti es an d 
information gaps. 

3. To provide a fo rum for the two-w ay tran s fer of 
con tamin a nt s information in t he N WT betwee n 
abo ri gi nal , terr itori a l and federal gove rnm e nt s, 
res idents, and resea rchers. 

4. To bridge the NC P with other contamin ants re lated 
prog ram s in th e NWT. i.e. ort hern Ecosys tem 
In itiative Loca l Contaminants Concerns. 

5. To serve as a communica ti o ns ne twork to ensure 
Northerners are inforn1ed and in volved in contaminants 
related ac ti vities ( e.g. NWTECC poster develo pment). 

6. To id entify pri oriti es and information gaps re lated to 
environmental contaminants research in the NWT ( e.g. 
mercury hea lth risk assessment project) 
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cu ltural conte nt. 

Introduction 
Fo llowi ng fo urtee n yea rs of research the NCP has 
provided northerners with a va luab le ba lance of hum an 
health , e nv ironm e nt a l trend s a nd ed ucati on 
communi ca ti on research pe rtai nin g to long-range 
contaminants in the North . The N WTECC has taken a 
leading role in NC I' educati on/ communi cation research 
and com municat ion e ffort s in a ll Inuit, Dene and Meti s 
reg ions of the NWT. Thi s has highlighted the need to 
have a centra l coordi nat ing body (t hrough the Yellowknife 
o ffi ce of Indi an and North ern Affairs Canada) to ensure 
the hi ghest quality contam in ants information is being 
conveyed in an effi cient and timely manner. The NWTECC 
stimu lates important resea rch initi a ti ves by drawing on 
the ex perti se of the members. The N WTECC elects a 
Chair and Co-C ha ir an nua lly, who are responsibl e for 
o rga ni z in g mee tin gs, ac ti v iti es an d di s trib utin g 
information ; however, the committee uses a consen sus 
style decis ion making approach a llowing al l to speak. For 
2004-2005 , the C ha ir/Co-C ha ir were the No rth west 
Territory Meti s Nati o n (chair) and Indian and orthern 
Affa irs Canada, NWT Region (co-cha ir). 

Th e WT ECC pro vides a fo rum for researchers and 
regions/communiti es to di scuss contam in ants issues and 
propose acti v iti es to better understand p rob lems and 
concerns . N WTECC regu larl y inv ites g uests to di scuss 
important issues of concern to the members. Membershi p 
is composed of representa tives from th ree depa rtments 
of the fed era l governm ent and two te rritorial governm ent 
departments, as we ll as two natio nal Aborig inal partners, 
the e ight regional Abori gina l governmental organi zati ons, 
and o ne government resea rch institute. The committee is 
we ll suited to address resea rch priorities and in fo rmati on 
gaps in the NWT, and has undertaken act ivities in 2004-
2005 in thi s regard . 

Activities 
In 2004-2005 
The NWTECC met th rough a combinat io n of conference 
ca l ls a nd in-person m ee t ings to d isc uss va ri ou s 
co ntamina n ts re la ted iss ues and e d uca t ion an d 
communi cati on priorities (see Tab le I for summ ary of 
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meetings). Monthl y rou ndtable di scussions and updates 
he lped to keep contaminants workers in Abor ig inal, 
te rritorial and federal governments. in fo rmed of study 
re sult s, current activities , up co min g prop osa ls, 
wo rk shops, training o ppo rtuniti es, and conferences. 

The WTECC he ld a two day in-person meeting in Rae, 
NT (Nove mber 2004) to di sc uss primaril y th e NC P 
Denendeh education and communica ti o n strategy. A 
conference cal l was he ld during the meeting to inc lude a ll 
N WTECC me mbers in so me of th e di scussio n. The 
meetin g provided an opportunity for commi ttee members 
to learn from each other about th eir act iviti es and future 
projects withi n the NWT. 

As in prev ious yea rs, the Social and Cultu ral review of 
NC P projects re levant to th e NWT was co nducted in 
person in February 2005. Thi s meeting was scheduled to 
directl y fo llow a spec ia l workshop on mercury hea lth risk 
assessment lead by Lauri e C han of the Ce ntre fo r 
Indigenous Peoples' Nutriti on and Environment (C INE) 
to present hea lt h ri sk assessments on mercu ry in N WT 
fi sh to the committee members and guests. The NWTECC 
recei ved mid-year fundin g from the NC P to undertake this 
project and was fortunate to secure the serv ices of Laurie 
Chan from CfNE to see the project through, and maximized 
funding allocations by combin ing the workshop with the 
ann ua l proposal rev iew meeting (one day eac h). 

The NWTECC provided va luable com ments and input in 
designin g a poster titled "Traditional foods are good for 
you1" di stributed to a ll Abori ginal governments in the 
NWT, schoo ls, health centres as we ll as severa l other 
gove rnm e nts an d organizations. In additi o n, th e 
co mmittee continued to rev iew Loca l Co ntaminant s 
Co ncerns proposa ls fund ed by En vironment Ca nada's 
No rthern Ecosystem Initi a ti ve. They a lso so ug ht 
important in format ion on other funding sources such as 
Env ironment Canada's EcoAction fund and Building 
Environmental Aboriginal Human Resources (BEA HR) 
program. A presentation on the Indian and Nonhern Affai rs 
Canada Contaminated Sites program was made to c lari fy 
differences betwee n va ri ous contaminants related 
programs and answer questi ons of committee members. 

Results and Conclusions 
Th e NWTECC secured resources under the nat ional and 
regional coordinat ion enve lope of the NC P wh ich a ll owed 
the committee to meet in-person twice, and allowed for 
represe ntation a t th e NCI' Mana ge me nt Co mmittee 
meetings, and the deve lopment of an WTECC poster. 
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The funds rep resent a fract ion of the ac tua l costs, as 
many of the members contribute the ir representation in-
kind , causing a strain on represe ntatives and th eir 
o rgan izat ions. In additi o n, whil e participant fund s are 
provided to the Aborigina l govern ments participating at 
the N WT ECC, these funds do not represen t the fu ll costs 
of partic ipati on. 

As in 2003-2004 , the maj o rity ofNCP fundin g is being 
a ll ocated to hi gh ri sk reg io ns ex posed to inte rnati o na l/ 
transboundary contamin ants (these being regions with 
e levated consumption of mari ne mammals) in 2004-2005. 
In Denendeh the regions a re identifi ed as low to medium 
ri sk , and a re funded und er the De ne nd eh block fo r 
education/co mmuni cati on projects. In th e Inuvialu it 
reg ion communities are seen as medium to high ri sk, and 
are funded under the Inuit block. Dene Nation lead the 
deve lopment of the 5 yea r Denendeh Commu ni cat ion 
Strategy in Novem be r wh ich provided guida nce for 
deve loping proposals under the Denendeh block thi s year. 
The NWTECC co-cha ir has provided a great deal of 
ass istance in ensu ring Denendeh membe rs submitted 
proposals to the Denendeh block of funds. The Inuit block 
fundin g is managed through Inuit Tapiriit Kanatami and 
are not discussed in deta il at the N WT ECC. Resu lts of 
individual projects will be summarized in the educati on 
and communi cat ion sect ion of the NC P Synops is report. 
Capac it y building is a n o ut co me of the fund in g 
mechani sms, but the main goa l for capacity bui ld ing is to 
provide northerners with the best in format ion poss ible, 
in access ible and relevance ways, in order that northerners 
can make informed deci sions about their food choices 
(as they related to traditional/country foods and long 
range contamin ants). NWTECC continues to provide 
impo rtant informatio n and gu idance to the reg ions. 

The conti nued need to train and orient N WTECC members 
will be an important mailer for NC P to consider. Finding 
innovati ve ways to build capacity. incl udin g on-going 
training (i.e. Taiga lab training), will be a consideration in 
future yea rs. Th e fu ll cost to regions, governments, and 
al l partic ipants in the NWTECC shou ld be accounted fo r, 
demonstrated and communi cated. There is a very real 
depen dency on the NC P to fund a ll ac ti v iti es of the 
NWT ECC; however. as wi th the move to NE! funding of 
loca l contaminants concern s, there are contaminants 
related activ ities in the NWT that cou ld possibl y be 
funded from other sources. The NWT ECC co-c ha ir acted 
as a s uppo rt to regions co nduc tin g their ow n NC P 
e du ca tion / co mmuni cat io ns proj ec ts and Loca l 
Contaminants Concerns proposa l deve lopment (non-NC P 
fund ed). 
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Table 1. Meetings held by the NWTECC during 2004-2005 fiscal year. 

;\ l cc ting # Date Key agenda it ems 

53 April 22,2004 
Update on NCP Management Committee meeting proposal re, iC\\ 

Update on education/communication project funds 

NEI LCC projects from 2003/04 and 2004/05 update 

Roundtab lc Discussions 

54 May 25, 2004 
Update on rvlay meeting ofTCC chairs and Aboriginal p,u1ners 
Proposal for completing a long term strategy for cd/com 
Re, ie,, of terms of reference for N\VT ECC 

Elections for Chair/Co-chair 

Roundtab lc Discussions 

55 June 30. 2004 
Commillcc evaluation results 
NWT ECC poster 
Long term strategy for education and communication 
LCC projects - re, ie\\ of proposals submitted 
Roundtablc Discussions 

56 August 12, 2004 
Finalize NWTECC poster tex1 
NCP Edl1cation/cornrnunications projects updates 
LCC projects - brief updates 
Roundtab lc Discussions 

57 September 16, 2004 
Discussion on m~rcury resea rch in the NWT 
Discussion on upcoming NCP resu lts workshop Sept 28-30 
LCC projects - brief updates 
Roundtablc Discuss ions 

58 October 26, 200-l 
Denendeh communication strategy planning 
Guest from Building En, ironmcntal Aboriginal Human Resources (BEA HR) 
briefly introduced the program 
Summary ofNCP Management Commillec meeting Oct 19/20 
Summary of NCP results workshop Sept 28-30 

Roundtable Discussions 

59 No,ember 2-l. 2004 
Denendch communication strategy mee ting (in-person) 
Discuss ion of health risk assessments for mercury in fish - Laurie Chan. CINE 

(combination of conf NE I LCC projects - Dene Nation LCC communication project 
call and in person in Roundtable Discussions 
Rae. NT) 

60 December 15, 2004 
NC P call fo r proposals for 2005/06 
Contaminated si1es program - Sco\l Mitchell, INAC NT 
NC P Denendch Communication strategy update by Dene Nat ion 
NE I LCC projcc1s brief updates/ne,, projects 
Roundtablc Discuss ions 

61 January 17, 2005 
NC P call for proposa ls for 2005/06 
NC P mercury hea lt h risk assessment projec t upda te 
NE I LCC projects brief updatcs/ne\, projects 
Taiga lab training upcla1c 
Roundtable Discussions 

61 February 23, 2005 
NCP proposal review of human health and environmental trends proposals for 
social/cultural criteria 

(in-person. Discussion regarding upcoming NEI LCC projects 
Yello,, knife) (note: meeting follo,,ed mercury IIRA m~eting February 22) 

63 March 2-l, 2005 
NCP mercury health risk assessmem project update 
O,ervie,, ofNWTECC social /cultural proposal review 
NEI LCC project updates 
Roundtable di scussions 
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Meetings 
Monthly conference calls have kept communications 
fl ow in g amo ng reg ion s, sc ienti sts , gove rnm ent 
orga ni zations and Aboriginal partners. These meetings 
are important to di scuss media reports, scien tifi c research, 
sa mpl e c oll ec tion , wo rkshops , t ra inin g , and 
presenta tions. They are a good opportunity to meet and 
ta lk abou t hea lth advice, new contam inant findings, 
en vironmental issues, and community conce rn s. Minutes 
of each mee tin g we re p roduced by the co-c hai r 
summarizing the di scuss ions, activit ies, and decis ions of 
the Committee. Minutes are archived by the Contami nants 
and Remediation Directorate, INAC (Ye ll owknife) . 
Represe ntation by Aborig ina l Partners, such as Inuit 
Tapiri it Kanatami ( ITK) and Dene Nation, in the committee 
is esse nti a l to ensure e ffecti ve communi cati ons ofNCP 
inform ation to their reg ions. 

Soc ial/C ultural Rev iew 
During th e soc ia l/cultural review by the NWT ECC, the 
committee went through each proposal at a leve l of detai l, 
ranki ng proj ects based on the fo llow ing criteria: their 
in vo l ve ment w ith th e reg ions / co mmuniti es on 
communications, consultati on, capaci ty building/ train ing 
and prioriti es in the north . Th e review process increased 
the N WTECC understanding of the NC P, spec ific projects, 
a nd human hea lth resea rch. It a lso provided the 
com munit y me mb e rs g rea te r knowledge of the 
respo nsib ili ties and obli gations researchers are taking to 
the ir co mm unities. Thi s meet in g allowed for regional 
representat ives to comment on whether th ey fel t the 
resea rcher was fu I fi 11 in g their require ments and to 
comm uni cate th eir co mm ents to the M anagement 
Committee. These views were reinforced by the NWTECC 
co-c hai r and Aborig inal Partners participation in the 
rev iew process and they we re brought forwa rd to 
Management Comm ittee. 

Ed uca ti on and communi ca tion proposa ls we re not 
rev iewed by th e NWTECC. Fo r the first ti me an 
in dependent techni ca l review team set up by the NC P 
Secreta riat ensured an unbi ased forma l review of a ll 
educati on and communication proposa ls from every NC P 
region. The comments fro m this rev iew were well received 
by the Manage ment Committee . The NWTECC co-chair 
did ensure a coordinated approac h to Dene ndeh bl ock 
proposa ls was put forwa rd , thus strengthening the va lue 
of the proposa ls at th e tec hnica l review and ma nagement 
comm ittee level. 

Mercury hea lth ri sk assessment project 
The mercury hea lth ri sk assessment project funded with 
mid-year NC P funds was an extremely valuable NWT ECC 
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acti vity this year, and wil l continue to provide a basis for 
future di sc uss ions. The one day workshop lead by Lau ri e 
Chan , C INE, served as a tra ining oppo rtun ity for 
NWTECC members and guests. Laurie prov ided easy to 
understand ex planati ons of mercury, tox ico logy, benefit/ 
risk ba lance concepts, and summari es of mercury leve ls 
in fi sh in the contex t of fis h consumpti on by residents of 
the N WT. It is hoped that GNWT Hea lth and Social 
Serv ices wil l strongly consider the results of thi s project, 
and re-eva luate its present mercu ry health adv iso ri es in 
the NWT to ensure they are regiona ll y relevant. 

NWTECC poster 
The deve lopment of an NWTECC poster was a successful 
prod uct of the committee this year. Al l committee members 
prov ided input and comments at many stages in the poster 
deve lop men t process. Th e poster hi gh li ghted a positive 
message - that tradit ional foods are good fo r you. It was 
very widely distributed and has been spotted in band 
offices, schoo ls, and health centers. 

Expected Project Completion Date 
The NWTECC will continue to meet througho ut 2005-06 
by monthl y conference ca ll s and twice in person. The 
role and terms of reference for the committee will conti nue 
to evo lve. 
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Yukon Contaminants Committee 2004 

Project Leader: 

Pat Roach , Chair, Yukon Contaminants Committee, Department of Indian Affairs & Northern 
Development , Whitehorse, Yukon; phone: (867) 667-3283; fax: (867) 667-3341 ; 
e-mail : RoachP@inac.gc.ca 

Project Team: 

Yukon Contaminants Committee: DIANO; Council of Yukon First Nations; Environment 
Canada; Yukon Environment; Yukon Health and Social Services; Yukon Education; 
Yukon Conservation Society; Yukon College, and Yukon Education 

Abstract 
The Yukon Conta min ants Co mmitt ee (YCC) was 
estab li shed in 1992 to direct research in the Yukon and to 
coord in ate th e comm unication of informat ion on 
contaminants. Since that time the Committee has produced 
a large number of communicati ons vehicles: inc ludi ng 
fact sheets, v ideos. ed ucat iona l materia l , booklets, 
brochures, rad io and telev ision ads. In 2004 . the 
Comm itt ee focussed on deve l opi ng a five year 
communications st rategy, worked w ith CHUL and Yukon 
Educat ion on a schoo l survey of the Contaminan ts Found 
Me curr icu lum , updated the Yukon Con taminants 
Database. and produced a workshop "package" fo r 
delivery in th e communities over the next fi ve yea rs. 

Key Project Message 
The Yukon Contam inants Committee has reviewed th e 
results of NCP research and Internati onal contaminants 
studies and communicates this information to th e Yukon 
public in a culturall y appropriate manner. 

Objectives 
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Produce a five years communicat ions strategy for 
the Yukon: 

Review the Contaminants Found Me curriculum for 
relevance through a survey of students and teachers 
exposed to th e mater ial ; 

Produce a package of materi al to be deli vered Ill 

Yukon communiti es over th e next fi ve years; 

Rev iew and upd ate th e Yu kon Contamin ant s 
Database; 

Communicate the results of contaminants research 
to the Yukon peop le in a cultural ly appropriate and 
relevant manner. 

Introduction 
The YCC produces and deli vers communications for the 
NCP in the Yukon in cl ose cooperati on w ith CYFN. Th is 
has been the case for the ex istence o f the NCP and it 
co ntinu es to be an effec ti ve and cos t effec ti ve 
relationship. The Committee is composed of a di verse 
gro up o f stak eho ld er representati ves, who provide 
perspecti ve from across the Yukon cultural and politi cal 
landscape. The Council of Yukon First Nations is a 
member of the Y CC and it insures cultural concepts are 
included in the communications process and provides 
inva luable contact w ithin the Abori ginal communities 
wi thi n the Yukon. While the Y CC and CYF often 
undertake separate initiati ves, they are w ith the full 
knowledge of both partners. 

Activities 
In 2004 
Th is year the Co mmitt ee co nce ntrated on th e 
development o fa fi ve year communications strategy. 
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Five Year Strategy 
Short Term Goa ls 
As always, o ur short term goa l is to assure the Yukon 
that our trad itiona l foods continue to be monitored. so 
that we can confidently say they are safe to eat. Finding 
no, c l and effective methods of communicating the 
monitori ng program results and keeping the Yukon current 
o n o ur know ledge of contaminants from NC P and 
Inte rn a tional research arc the primary sho rt te rm goa ls. 
Rathe r than lim it ou rse lves to defi ned compo nents, the 
YCC wil l seek to find new methods and take advantage of 
communication opportunities as they arise. This has been 
our focus in the past and we have achieved some success 
with thi s approach. The primary messages arc: tha t we 
arc mon itoring; that our traditional foods are safe 10 eat: 
and that we are here to contact for information. Our 
strength as a Commi11cc has been our close assoc iation 
w ith CYFN in communicating these messages. 

Long Term Goals 
The long term goal is to add detail to the short te rm efforts 
of promot ing the traditional food s as safe to cat. Thi s will 
inc lude rais ing th e level or und erstandi ng wit hin th e 
Yukon on what contam ina nts are and why traditiona l foods 
remain a hea lthy and sa fe choice. Inc luded in the long 
term component is participation as a Territoria l component 
of NCP that feeds into International initiati, es. This is 
the way we can l,a\·e an impact on insuring that our 
traditiona l foods remain safe to eat. Inherent 10 the success 
of the long term strategy is the information obtained 
through the 2003 surveys, by YCC and CYFN. The suney 
results were not definitive, but provided a "indo\\ on 
what the strengths were in our past communications, and 
where we were not successful. 

It a ppears th at we have effectively communicated 
messages on contaminan ts and that trad itional foods arc 
safe. What we have not been effective at is the direct 
con nection to the NCI' and that the YCC is a prime sou rce 
of information on contaminants in the Yukon. The suncy 

Table 1. Yukon Participation in the Survey 

Female 
FH Colins 36 
Tanta lus 9 

Vanier 20 
Watson Lake 18 

Total 83 
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method will be used again in fi ve years to compare results 
and judge progress. 

Results 
School Su rvcy 

W hat do Yuko n stud ents kn ow about th e environm ent 
and their hea lth'? 

Random. stratified samp le 
I 0 Questions - total of 31 specific responses 

20 quantitati,e responses 
11 qualitati, e responses 
presented as a sun ey on e1n ironment 
and health issues no t spec ifi ca ll y o n 
contaminants 

Soc io-demogra phic da ta 
Age, ge nder, grade. schoo l. reception 
of contaminants teaching, interest in 
sc ience c lass 

Issues included in the S urvey 

Concerns on food, health and en, ironment 
Sources of information 
Awareness of basic contaminant concepts 
Risk perception of rood safe ty iss ue s and 
contaminants 
Comprehension or basic contami nant s 
information 
Qualitative explanations 

Basic G roups of Data 

Male 
27 
2 
28 
11 
68 

Perception or food, heal th , envi ro nment issues 
Awareness of issues 
Comprehension of iss ues 

No 
Response Total 

12 75 
1 12 
8 56 
2 31 

23 174 
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Figure 1. Education Levels of Survey Participants 
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Figure 2: Response to the Question "Have you heard of contaminants?" 
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Figure 3: Response to the Question "Have you heard of PCBs?" 
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Figure 4: Response to the Question "Have you heard of mercury?" 
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Figure 5. Response to the Question "Have you heard of the NCP?" 
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Perception / Awareness - Contaminants 

Table 2. Response to the Question "Do you think there are contaminants in the Yukon?" 

Female Male NR Total N 
No 3,704 4.478 4,348 4,094 7 

Don't Know 17,284 8,955 39,13 16,959 29 
Yes 79,012 86,567 56 ,522 78,947 135 
Total 100 100 100 100 

N 81 67 23 171 

Table 3. Response to the Question "Are there local sources of these contaminants?" 

Female Male NR Total N 
No 5,085 2,174 0 3,333 4 

Don't Know 35,593 30.435 53,333 35 ,833 43 
Yes 59,322 67,391 46 ,667 60 ,833 73 
Total 100 100 100 100 

N 59 46 15 120 

Perception and Comprehension - Contaminants and Health 

Figure 6. Response to the Question "Do you think wild life in the YK have contaminants in them?" 
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Figure 7. Response to the Question "Do you think there are contaminants in store bought foods?" 
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Figure 8. Response to the Question "Do you th ink that different species and animals have different levels 
of contaminants in them?" 
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Communications Package for Workshops 

As part of the fi ve yea r strategy, a com muni cati ons 
package was deve loped fo r the YCC that could be 
de li vered in the communit ies as a stand-alone unit and 
modified to suit eac h community. Th is pac kage is 
currentl y under review and rev ision by the YCC. 
As usual the YCC prov ides answers to co mmuni ty and 
First Nation queries re lated to contaminants and traditional 
foods and acted as a source for fac t sheets and other 
communications commodities. 
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Yukon Contaminants Database 

During the update of the database, a number o f en o rs 
and problems with the search engine were encountered, 
whi ch has led to essentiall y recreating the database from 
the raw data sets. Thi s is a current wo rk in-progress. 

Discussion and Conclusions 
There ha ve been no projects under NC P for the Yukon 
whi ch have not originated w ith the YCC in conjunct io n 
with CY FN. Co mmunicati o ns by th e Committee a lso 
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includes prov iding information for Yuko n State of the 
Environment reports, local media , sc hoo ls, and 
communities. Rece ntly, the YCC has been invo lved w ith 
o ur neighbours in Alaska, and provided an asso rtment of 
comm unications materia ls for their use as they in itiate 
their own Contami nants program. 

Expected Project Completion Date 
This project is on-go ing . 
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Katigsuiniq: A Compilation and Review of lnuktitut 
Terminology Relating to Environmental Contaminants 

Project Leader 

Jamal Shirley, Manager, Research Design and Policy Development, Nunavut Research 
Institute, Box 1720, Iqaluit NU , X0A -0H0; phone: (867) 979-7290; 
fax : (867) 979-7109; e-mail: jshirley@nac.nu.ca 

Project Team Members 

Carrie Grable, Communication Research Consultant, Ottawa; Lena Evie and Eva Aariak, 
lnuktitut Language Specialists , Pirurvik Centre , Iqaluit; Members of the Niqiit Avatitinni 
Committee 

Abstract 
lnuktitut in terpreter-translators (ITs) enable virtually all 
di a logue and informati on exchange between Inuit 
residents of Nunavut and Nunavik (who speak lnukt itut) 
and CP research ers and managers (who speak Engli sh 
or French). Over the course of the NC P, ITs have translated 
thousands of pages of tex t, and have provided hundreds 
of hours of simultaneous interpretat ion (at works hops, at 
meetings). However, there has never been any formal 
assessmen t und e r th e NC P of how effec ti ve ly 
contaminants terminology is translated to lnuktitut, nor 
any examination of the ro les played by ITs in NC P 
communication efforts. Contaminants terminology is 
highl y technical, abstract and very difficult to translate 
accurate ly and consistentl y in lnu ktitut. The Nun avu t 
Researc h Institut e initiated a project to compi le a range 
of ex isting sources of lnuktitut terminology, and to 
identify sources of translation error (and how to minimize 
them). I I sources of lnuktitut terminology were identifi ed 
and I 80 terms compi led in a reference glossa ry fo r 
interpreter translators. ln ukt it ut terms in 3 widely used 
g lossa ri es we re back translated to Engli sh reveali ng 
num erous err or s and in co nsistencies. Grammar 
differences between Engli sh and lnuktitut , translators' 
fa miliarity with Eng lish and sc ientifi c terminology, and 
tra ns lators pre co nce pti ons and op ini ons abo ut 
contam inant s emerged as key potenti al sources of 
translat ion error. Thi s stud y recommends that NC P 
representati ves so liciting translation and/or interpretation 
take measures to min imize tran slat ion error. lnuktitut 
translations shou ld be proof-read and back translated 

J. Shirley 

(from I nukt itut to English) to detect and correct any errors 
corrected , prior to dissemination. There is also a need fo r 
lnuktitut language experts and NC P researc hers and 
managers to collect ive ly develop a standardi zed set of 
environmental contaminants terminology in lnuktitut. 

Key Messages 
Tra nslated information should not immediatel y be 
assumed to be accurate. Simple measures can be employed 
to detect and minimize translation errors. For example, 
translated documents should be back translated ( from 
lnu ktitut to Eng lish) and carefu lly rev iewed for quality 
prior to circ ul at ion. Presen ters shou ld meet wit h 
interpreters to cla rify terminology prior to beg inning 
simultaneous 

A forum is needed for collect ive di scuss ion among 
lnuktitut language specia lists and contaminants sc ientists 
leading to the development of standardi zed lnuktitut 
contaminant s tenninology (with appropriate provis ion for 
di alect differences). 

Objectives 
The objectives of the project are to: 

I )Identify and com pile sources of lnuktitut termino logy 
re lated to environmental contam inants and make these 
resources avai lab le to ITs who cu rrent ly support NCP 
initiati ves: 
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2) Re view the quality of lnu kt itut con tamin a nt s 
terminology to identify sources of translati on error; 

3) Identify potential measures to improve the accuracy 
and precis ion of lnuktitut interpretati on and trans lati on 
in the context of the NC P. 

Introduction 
In communit ies of Nunavut and Nunavik , virtua ll y all 
forms of communi cation between NC P sc ient ists and Inuit 
residents must be processed and relayed by inte rpreter 
trans lators ( ITs) who are literate in both languages and 
ab le to relay complex terms and concepts between 
ln ukti tu t and Eng li sh. Over the course ofNC P, ITs have 
translated lit e ra ll y thousa nds of pages of written 
information in various formats (project proposals. fact 
sheets, posters, brochures. resea rch results, advisori es, 
etc.) to lnuktitut, and have provided hundreds of hours 
of simultaneous interpretation at NCP train ing courses, 
workshops and meetings. ITs are litera ll y th e cross-
cu ltural co mmunication be tween In uit an d NC P 
researchers and managers, and without their support, 
communication wou ld be impossible. Their job is far from 
easy. Much of the terminology surrounding contaminants 
is abstract and complex, and very difficu lt to tra nslate to 
lnuktitut. Certain basic concepts have no equiva lent in 
lnu ktitut and when tra nslated to lnuktitut can eas il y lose 
their intended meaning. For example, the lnuktitut word 
for ·contamina nts' can easi ly app ly to parasites, diseases, 
and garbage - th in gs that fa ll we ll outside the scope of 
contaminants as defined by the CP. Recent surveys in 
Nunav ut ha ve revea led th at loca l understand in g of the 
risks of co ntam inant s in country food is affected by 
language gaps between Eng li sh and lnu kt itut and 
amongst ln uktitut speakers, and by the lack of consistent 
ln uktitut termino logy for sc ientific concepts (Myers and 
Furga l 2004 ). 

Over the past I O yea rs, a va ri ety of g lossa ri es, word li sts 
and oth er reference material have been developed 
through the Northern Contaminants Progra m to help 
northern community res ident s understand sc ient i fie 
te rminology and conce pts rel ated to contaminants 
research. However, these reso urces were never widely 
di stributed to interpreter-translators in Nunavut, nor were 
they made avai lable fro m a central locat ion. As a resul t, 
interpreter- translators who wo rk on con taminan ts issues 
may not be awa re that terminology resources ex ist and/or 
where they may be obta ined. 
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Results 
The project leader (J . Shirl ey) initi ated a contract with the 
project researcher (C. Grable) in ea rl y 2004 to identify 
term inology so urces and deve lop a master li st of terms. 
11 wri tten sources of lnuktitut contaminants terminology 
(g lossa ri es, wordli sts, and di cti onari es) were identifi ed 
and co llected. These documents were all produced within 
the past 15 yea rs by a wide va riety of age ncies - th e 
No,thern Contaminants Program, Nunavut Arctic Col lege, 
Nun avut Go ve rnment department s (E nvironm ent and 
Edu ca ti on) and th e Fede ra l Govern ment ( INAC). 
Terminology from these various sources was compil ed in 
a refe rence g lossa ry that provides one or more plain 
language definitio ns ( in Engl ish and lnuktitut) for 
approximately 180 tech nica l terms related to northern 
environmenta l contam inants and research. A vari ety of 
definitions we re in c luded to pro vi de int erp re ter-
translators with th orough, clear ex planations will reduce 
the need for guesswo rk or specul at ion in the choice of 
appropriate ln uktitut terminology to define Engli sh terms. 
To help ensure its utility, the glossa ry is being di stributed 
directly (in electro ni c and hard copy form) to interpreter-
trans lators who currentl y support NC P research in 
Nun av ut. The document is a lso meant to se rve as a 
reference tool for future workshops ai med at develop ing 
and refine lnuktitut contaminants terminology. 

Th e range of age ncies and in stituti ons th at have 
de ve loped ln ukt itu t contaminant s terminology was 
broader tha n a nti c ipa ted, and so me ve ry useful 
terminology was identifi ed from unlikely sources (e.g. 
generi c lnu ktitut di cti onaries). The content and format 
of these documents va ried. In some, both th e terms and 
definitions were translated, in others, the definitions were 
provided in one language on ly (E ngli sh or lnuktitut). In 
one source, the Eng li sh back-translati on of the lnuktitut 
trans lation was prov ided in additi on to th e Engli sh 
defin iti on. Th e reg io na l dialect of the lnu ktitut 
translati ons was also not identi fied in most sources. 
Engli sh definiti ons fo r key terms were fa irly consistent 
between glossaries. 

The reference g lossa ry is being produced as a spiral 
bound hard copy and as a PDF document on CD ROM by 
AtiGo multimedia; an Iqaluit based, Inuit owned multi -
media production compan y. An electron ic version of the 
fina l proof will be saved fo r potential reprintin g/ 
recircu lation. 

In late 2004, ln uktitut language special ists in Iqaluit were 
contracted to rev iew the accuracy and preci sion of 
lnuktitut translations of contaminants terminology in the 
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CACA R 11 g lossa ri es , and un avut Arc ti c Co ll ege 
Environmental glossa ry. Terms we re "back-translated" 
to assess how closely the lnu ktitut translations matc h 
the original English definiti ons, and sources of trans lati on 
error we re iden tifi ed. Result s of the assess men t arc 
di scussed below. 

Discussion and Conclusions 
Our assess ment of the lnuktitut terminology identifi ed 
several impo11ant sources of trans lat ion error that warrant 
further in vesti gation . The most basic errors involved 
bas ic spelling mistakes in the sy llabic text, and the use of 
incorrect lnuktitut terminology (e.g. in the CACAR II 
glossa ry. ·•Ji vcr" was incorrectl y translated as ·'kidney"). 
These erro rs rcn cct poor understanding of lnuktitut 
term inology on the translators· part . Formatting errors in 
the conversion of sy ll abic font are also important. When 
documents created usin g one sy ll abic font arc converted 
to a differen t font. errors often appear in the syll ab ic text. 

Grammatica l and linguistic variation between lnuktitut and 
English were a far rnore significa nt source of error in 
translati on. Sent ences arc constructed d ifferentl y in 
lnukt itut than in Engli sh. and as a result. word fo r \\Ord 
tran slations arc meaningless. 
In part becau se lnuktitut gra mmar is so prec ise and 
spec ific. the "rong lnu ktitut term is often chosen for 
concepts that have no exist ing terminology in lnuktitut 
(e.g. chemica l is translated as liquid in the CACAR 11 
glossa,y). Litera l interpretati on of English terms was also 
an importan t source of error. especially where the English 
term is itsc l fan analogy for an abstract process ( e.g. "half 
life'' was translated to mean "partly human"). One of t he 
language spec iali sts reviewing the CACA R 11 glossa ry 
remarked " I thin k the main issue was {the lnuktitut 
translati ons} were so litera l that you cou ldn 't make out 
th e meaning until you saw the Engli sh, whi ch is ve ry 
typical of a translated version in genera l". Translators 
must often apply their judgment and di screti on to find 
appropriate ways to express term s in lnuktitut: someti mes 
terms lose their intended meaning in thi s process. In 
some cases, translated term s assumed new meanings and 
connotations that mi ght renect the translators· personal 
perceptions and opinions about the subject matter. In 
the CACAR II glossary fo r example. rad ionucl idcs. were 
tran slated as •·burning thin gs th at 111 0, e around". 
however. th e corresponding Engli sh defi nition contained 
no reference to heat or burning. 

It may be impossible to create concise ( 1-2 word) I nuktitut 
names fo r abstract concepts like brominated. fl ourinatcd. 
biphcnyl. etc. In thi s case transliterating / borrowing 
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English terms but translating the defini ti ons is sometimes 
more appropriate than creating a ne" lnuktitu t "ord. 
Defin itions 'explanations translate more accurately and 
consistently than terms (less need for "guesswork" by 
indi,idual translators). In many cases a single generic 
fnu ktitut term is used to categori ze classes of substances 
(e.g. qupiruijaup - meanin g somet hing to remove bugs -
is used in one glossa ry to describe both to,aphcne and 
chl ordan c). Use of gener ic term ino logy is often too 
imprecise to allow for necessary differentiation among 
different concepts. 

Discussions with interpreter translators during the course 
of this research ha,e identi lied simple but effecti, e means 
by which errors in translation and interpretation of 
contaminants information can be minimiLed. Just as 
scient i fie articles arc peer-re, ie" ed prior to publ ication, 
written lnuktitut translations of contaminants information 
should be revie\\ eel prior to finali,ation by a translator 
(not th e same person "ho prepared th e o ri gina l 
tra nslation). One effective means for detecting errors in a 
translated document is to back-trans late from lnuktitut to 
Engli sh, and compare to the ori gi nal English version. Well 
prior to utilizing sirnultancous interpretation. resea rchers 
should meet with interpreters to re, ie,, the content and 
expla in any techn ica l terminology. Copies of presentation 
sli des, and a" ritte n transcript oft he presentation. shou ld 
also be pro, ided to the interpreter in ad, ance. The 
Nunavut I ntcrpreter Translator Society recommends that 
people using simultaneous fnuktitut interpretation to 
present technical information should: 

speak s low ly. clearly. and directly in the 
microphone (pause e,ery couple of sentences 
to let the interpreter catch up) 
use simpl e, straightforward Eng li sh with 
complete sentences 

• avo id usin g wo rd s that req uire ex planatory 
definit ions, and a, oid using puns. idiomatic 
expressions. ap hor isms, and acronyms (this 
applies to written documen ts also) 

• budget for two interpreters if the presentation 
wi ll exceed half an hour; simultaneous 
interpreters cannot interpret for more than 30m in 
at a time accurately. and its unfair to expect them 
to do so 

There is also a need for fn uktitut language experts and 
NC P researchers and managers to coll ectively develop a 
standardiLcd se t of environ ment al con tamin ant s 
te rminology in ln uktitut. 
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Expected Project Completion Date 
The ln uktitut translation assessment com ponent of thi s 
project wi ll be complete by August 2005. In Oct/Nov 
2005 a series of info rm al telephone interviews will be 
conducted with severa l interpreter-translators who have 
received the glossary, to determ ine if and how the g lossa,y 
has been used , to and ho w it should be revised or 
improved in future editions. A detai led on the terminology 
assessment, and feedback received during the eva luati on 
w ill be re ported to t he NC P manage rs, the NAC 
membersh ip, and other interested pa rties in Nov 05. 

References 
Myers and Furga l, 2004. Long range transfer of 
Information: are Arc1ic residents gelling the message 
about contaminants? Presentation to the 14th annual Inuit 
Studies Conference, Ca lgary A lta, Aug. 2004. 
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Abstract 
The Akaitcho Territory Go vernm ent co nt inues to 
parti c ipate in th e N WT Env ironmenta l Contaminants 
Committee monthl y meetings and in-person meetings. The 
Committee is responsib le for prov iding informati on to 
North ern ers on th e presence and poss ibl e effec ts o f 
contaminants in th e environment and the Dene traditional 
l i festy le and consumption. Fi nal ly, the A kaitcho Territory 
Governm ent continues to support , foster and build on 
relat ionships and partnerships between all Akaitcho Dene 
First Nations and th e NC P-NWTECC by partnering wi th 
th ei r respecti ve part ic ipants in continuing to improve 
g reater und ersta ndin g throu g h internship s and 
comm unication strategies directl y speaking to ou r First 
Nations. 

The purpose ofmy role in the NWTECC is: 
to represent the interest o f the A kaitcho people 
for th e Chiefs of th e Akaitc ho Territ o ry 
Government, 

• to make known the Akaitcho's issues, concern s 
and projects in te rm s of contaminants as it I. 
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To promote the results of CA CAR 11 and recen t 
r e l ates to our trad iti onal l ifestyle and 
consumption, 
t o participate in th e rev iew and 
recommendations of contam inants proposa ls to 
the Management Comm ittee ofNCP. and 
to report the activi ti es and projects of the 
N WT ECC to t he C hiefs of t he Akaitcho 
Territory Government. 

Key Project Messages 
The Akai tcho Territory Government provided 
information to its Dene First Nat ions about the 
results ofCACAR II and recent NC P research. 
and general in formati on on contaminan ts. 

The Akaitcho Territory Government attended 
NWT En vironmental Contaminants Committee 
meetings to bring forward contamina nt s 
concern s and proposals from the Akaitcho and 
to review Northern Contam inants Concerns 
proposals and other information. 
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The Akaitcho Terr ito ry Gove rnm ent initi ated 
and partnered with NWTECC participa nts to 
scie ntific res ults back to Akaitcho Dene First 
Nations. 

Objectives 
• To promote the results o f CACA R II and recent NC P 
resea rch through the use of the NWT fact sheets an d 
olher communication avenues. 
• To assist Akaitcho Fi rst Nations to ide ntify concern s 
related to env ironmenta l contaminants. 
• To inform and educate the public about conta minants 
in the Akaitc ho te rritory. 
• To coordinate regional and First Nation contaminant 
studies. 
• To review NWT Proposa ls re lated to the NC P. 
• To coo rdinate and faci li ta te the Akaitcho 's in tern ship 
with the Nationa l Water Research Inst itute . 
• To partic ipate in Dene Nat ion NC P Communi cation 
Strategy development. 

Introduction 
The focus of the Northern Contaminants Program (NC P) 
is to address issues su rround ing co ntaminants in 
traditiona l/country foods in the Ca nad ian Arct ic (e.g. 
persistent organ ic pollutants, mercu ry, d iox in s, etc.). The 
long-term goal of the NC P and ultimate solution to the 
contaminants issue is controls on chem ica l re leases that 
reach the Arct ic from sou rce countries aroun d the worl d. 
However, the immed iate concerns o f the program, which 
must be add ressed now. are associated with the ri sk of 
current human exposures to contaminan ts in the Arctic 
food chain. 

A key NCP objective is to ensu re that Northerners have 
the appropriate information on the risks and benefit s c iated 
with contaminants and trad it ional/cou ntry foods so that 
they can make informed decisio ns about harvesting and 
consumpt ion. The Akaitcho Terri to ry Government a lso 
s trives to p rovide the best informat ion possib le on 
contam in ants to its Dene First Na ti o ns t h roug h 
partic ipation in the NC P and NWT ECC. 

Activities 
In 2004-2005 
G iven, the description of the ro les of the NWT ECC as it 
relates to NC P and the partnerships wi th the Akai tcho 
Territory Government, fu ndi ng was secured fo r the 2004-
2005 fiscal year. With this fund ing, we have been and wil l 
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conti nue to be busy do ing the fo ll owi ng, as identi fi ed in 
my Aka itcho Summary o f Act iv ity submi ss io n to the 
No rth wes t Te rri to r ies Env iro nm e nt Con ta m inants 
Comm inee for 2004 -2005. 

I. Mon thl y conference call s. 

2. In - person meet ing in Ye llow kn ife (Februa ry 22-24 , 
2005) .. 

3. NWT ECC Results Wo rkshop in White Rock, B.C. 
(September 28-30, 2004) . 

4 . NWTECC De ne Na ti o n Co mm uni cati o n Strategy 
sess ion (November 22-24, 2004) 

5. Th is yea r 's fi na l repo rt and nex t years wo rk pl an and 
budge t. 

6. Pro pos in g, fac il itating and repo rting th e Denim, Kue ' 
lnte rnshi p proj ect. 

7. Pro pos ing, fa c ilitating and repo rt ing the Den in u Kue ' 
Berry proj ect (Loca l Contaminants Concern s project). 

Results 
The Deninu Kue ' First Na tion in partnership with the 
Akaitcho Territory Governm ent, N WT ECC and Marlene 
Eva ns of the Nationa l Water Research Institute (NWRI) 
proposed and fac ili ta ted and a Denim, Kue' lntern ship. 
We have identified Mauri ce Boucher an Aka itcho Member 
to go thro ugh an intern sh ip with the NWR I. They will 
ass ist and tra in him o n inte rpre ting, deve lo ping and 
presenting (i n a p la in lan g uage summary) a ll the results 
th e N WR I have in the Akaitcho Territo ry (in te rm s of 
Co ntaminants). Beca use of sched uling diffi culti es we 
have sla ted thi s to begin in th e first week o f April 2005. 
Subseq uent reports will then foll ow. 

The North west Territories Enviro nment Contaminants 
Committee in part nership with th e Dene Nation he ld a 
Communicati on Strategy Sess io n a t Rabessca Reso urces 
ca mp near Fort Rae on No vember 22-24 , 2004. The 
A kaitcho Territo ry Gove rn ment se nt th eir N WT ECC 
rep resentative Patrick Simon to participate, support and 
ass ist in the development o f thi s stra tegy. Thi s session 
was successful in supporting Dene Natio n to co mpl ete a 
Denendeh Communi cation Strategy fo r the NC P. 

The Northern Contaminants Program (NCP) held the ir 2004 
Results Work sho p in Wh ite Rock, Br iti sh Colomb ia on 
Se pte mbe r 28 - 30 , 2004. The A ka itc ho Te rr ito ry 
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Government sent the Cumulative Effects and Management 
Steering Comm ittee Representative, Maurice Boucher and 
the NWTECC Representative , Patrick Simon to th e 
N WT ECC 2004 Res ult s Workshop as registered 
parti c ipants. Patri ck Simon presen ted the results of the 
2003/04 NC P educat ion and communication project by 
the Akaitcho Territory Government. 

Other activ iti es: 

Acted as a point of con tact fo r contaminant s 
concern s in th e Akai tcho territory. 
Learned about CA CARii through the NWT Fact 
sheets and CA CA RI I reports and he lped provide 
thi s information to Aka it cho community 
members. 

• Prov ided input to the WT ECC on Akaitcho 
contam inan ts concerns. 

• Provided input to the development of the NWT 
ECC Traditional Foods are Good For You poster. 
CoordinateAkai tcho proposals to the NWT ECC 
and act as their liaiso n. 
Report to the Aka itcho Territory Government 
and the Denim, Kue' First Nati on on the NWT 
ECC 
Conducted an No rthern Ecosystem Initi ati ve 
local con tam inants concern project approved by 
the NWT ECC on heavy metal levels in berries 
and soil near Fort Resolution (Deni nu Kue ' First 

ation in partnership with Akaitcho Territory 
Government , WT ECC and Ce ntre for 
Indigenous Peoples ' Nutriti on and Environment 
(CINE)) 

Discussion and Conclusions 
I feel that thi s yea r we took a little more advantage of the 
bene fit s of the No rth west Territories En viron ment 
Contaminants Committee and the Northern Contaminants 
Program. We began by attending, participating, reporting 
and promoting the NWTECC in the ann ual Aka itcho 
Assembl y and Exec uti ve Meetings. Our First Nation of 
Deni m1 Kuc' was invo lved with a berry contaminants 
project. The Akaitcho Territory Government took part in 
the Dene at ion 's communicat ion strategy. The Aka itcho 
Territory Government initiated an Akai tcho Contaminants 
Resu lts lntern ship . Final ly, the Akaitcho NWT ECC and 
CEAMF representatives parti c ipated in the NCP annual 
results wo rkshop. 

We stil l need to look at and cont inue to work at improvi ng 
co mmuni cat ions and understandi ng between the 
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NWTECC and the Akaitcho Dene First Nati on. As the 
Akaitcho Dene become more aware of the potenti al of 

WTECC and NCP partnerships then we can reap the 
benefits, as well as address ing th e issues and concern s 
in our respective First Nations as it relates to Contaminants 
and our traditional lifestyles and consumption within the 
Akaitcho Territory. This year we struggle with our projects 
in terms oftimelines and deadlines, it seems that given all 
the act iviti es and issue on all our First nation 's plates th e 
NWTECC seem to be a low priority. I fee l that if we 
continue to make known opportunities and benefit s of 
the NWTECC then more emphasis will be put on thi s 
relationship. Good communica ti ons and good benefits 
make for more willingness to buy into thi s partnershi p. 

Expected Project Completion Date 
The Akaitcho Territory Gove rnment will continue to be 
represented on the WT-ECC, and address concerns and 
communicate information relating to co ntaminants in the 
Aka itcho Territory until thi s program/committee has 
ended. The Akaitcho Territory Government has submitted 
a proposal to NCPs education and communi ca ti on 
envelope for 2005/2006. 
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Sahtu Dene Council Participation with the Northwest Territories 
Environmental Contaminants Committee (NWT ECC) and 
Translating NCP Public Service Announcements into Kahsho 
Gotene 
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Bella T'Seleie on behalf of the Sahtu Dene Council, P.O. Box 155 Deleine, N.T. X0E 
0G0; phone (867) 598-2148; fax: (867) 598-2148; e-mail: tracey_orbell@gov.deline.ca 

Project Team Members 

Sahtu Dene Council , the members of the NWTECC 

Abstract 
The Sahtu Dene Council focused this yea r o n the 
following areas: 
I. Participation in the NWTECC. Th is committee 

represents the com munications network fo r obta in ing 
contamina nt concern in formation and relaying 
community concerns to governing bodies, sc ientists 
commit ted to Northe rn research and the resea rch 
institutes in the NW T. The committee is also 
responsible for approving research ca rried out un der 
the NC P, as it relates to proper co ns ul tation a nd 
communications of results. 

2. Public service announcements in Kahsho Gotene related 
to the NC P. These announcements encou raged people 
in the NWT to eat more cou ntry foods. 

Key Project Messages 
Environmenta l contaminant concerns brought to the 
attention of the Sahtu Dene Counci l Executive Di rector 
wi ll be discussed with other regions, sc ient ists and 
governm ent worke rs to address in any mean s 
allowable. 

2. Any informat ion prov id ed to th e Salm, Dene Co unci l 
Executive Director from the NWTECC will be shared 
with the communi ties 
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Objectives 
I. To provide two-way tran s fe r of co nt a min ant s 

informat ion between Sa htu com muniti es, NWTECC, 
researc hers, th e Northern Contaminants Program 
(NC P) and other contam inants related programs. 

2. To establish a comm unications network that ensures 
communities are informed and involved in contaminants 
related acti vit ies that occur in their area. 

3. To facil itate the effo rts to address co ncern s ar ising 
from environment al contaminants in Sahtu. 

4. To ide ntify priorities and inform at io n ga ps re lated to 
envi ronm ental contaminants resea rch includi ng 
consultation and communities in Sahtu. 

5. To act as a ce ntral repo s ito ry fo r environm ental 
contaminan ts information in Sahtu. 

6. To review NWT research proposa ls for soc ia l/cultu ra l 
content an d provide acce ptance/denial on behalf of 
the co mmuniti es in Sahtu . 

Introduction 
The Sahtu Dene Co unc il office in Deline has received 
research documentati on and other related contaminant 
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information that is ava il ab le to Sahtu people. The office, 
at this time, represe nt s the point of main comact for 
information and literature regarding contaminant issues. 
It is a known fact that contamina nts are slowly but surely 
gell ing in to the northern food-chain. The question that 
everyone is asking is : how much? Research tell s us that 
comami nan ts in the no rth ern food-chain are low in the 
De nend e h a rea. Most o f th e co ntamin ant s found in 
northern wi ld life do 11 0 1 exceed health guidelines. Smoking 
cigarcltcs causes many more toxins in the body than eating 
co untry foods. The project for 2003-2004 was to convey 
thi s info rm at io n to the public, using the dialect Kahsho 
Gotene. The Kahsho Gotene is one of four dialects used 
in the Salm, reg ion. Unfortunately. majority of public 
service announcemems tend to only use the , eye Gotenc 
dialect. wh ich neglects to convey information lo the all 
people in the ahtu. 

Activities 
In 2004-2005 
• Allc nded severa l monthl y meetings of the NWT ECC 

by phone and two in -person meetings (November 2004 
in Ra e to discuss the Dcnendeh Communi ca ti on 
Strategy and February 2005 in Yel lowk ni fe 10 review 
NC P proposal s). 

• On-going communication of the results from the CACAR 
11 as we ll as the NWT Fact Sheets. This will be on 
going in 2005-2006. 

• Continued to transfer information from Sahtu 
commu niti es to the NWT ECC. which wi ll relay major 
concerns to the NC P management committee and vice 
versa. 

• A mid -year report of ac ti vi ti es was subm illed to the 
NCP fo r 2004/05. 

• A proposa l was s ubmilled to NCP for con tinu ed 
part ic ipa ti on of th e Sa htu Dene Co un ci l in NCP 
activities and the NWT ECC in 2005/06. also workin g 
w ithin th e Language terminology project. 

• A pub I ic service announcement in Kahsho Gotenc was 
developed and delivered to al l the regions in the 
Mackenzie Val ley. This PSA informed the public that 
coum ry foods are good for you. and encouraged the 
consumption of traditional foods. 

Results 
Parti c ipatio n in the NWTECC meeting 

Prov id ed a to-way tran s fe r o f information to/ fro m the 
NWTECC and communiti es wit hin Sa htu . Lea rm abou t 
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the programs background and focus for the future in order 
to become more affecti,·e in participation and proposa l 
development for the region. 

Translation of CP Public Sen ice Announcement 
The PSA were delivered to the Macke111ie Valley region. 
A compact disc with all the informatio n used for the PSA 
was se nt to the Sahtu Dene Council. 

Discussion and Conclusions 
Workin g for the Contaminants program in the Sahtu 
reg ion means that there arc long periods of time "hen 
there is no money. and it is a job that is hard 10 keep up 
unless the person has a long term commitment 10 their 
land and people. The \\Ork is based on pcople·s 
commitmem to keep our e,n ironmenl health) and clean. 
The work is slow. sometimes at a snail's pace, and the 
results and efforts are not always easy to see. The 
communication gaps between scicnti ts, researchers and 
commun iti es are stil l an issue; the language terminology 
project wil l help in addressing the ga p of translation. 
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Dehcho First Nations: Communicating and Filling the Gaps of 
CACAR II 

Project Leader 

Lee Maria Thom, Dehcho First Nations, P.O Box 89, Fort Simpson, Northwest Territories; 
phone: (867) 695-2355; fax: (867) 695-2038; e-mail lee_thom@dehchofirstnations.com 

Project Team 

Northwest Territories Environment Contaminants Committee Dehcho Fi rst Nations 

Abstract Objectives 
The Dehcho First Nat ions hi red a member as the Loca l • 
Contam inants Coordinator to communicate and fil l the 
gaps ofCACAR II and Contaminants in the Dehcho 11. • 
The coordi nator presented information on the presence 
of contaminants in trad itio nal foods, address comm unity 
concerns and identified research pri ori ties in the Dehcho. 
In add ition , the coo rdinator was trained in a variety of • 
environmental activities and participated in reg ional 
workshops. 

The coordinato r continues to develop a database and 
support materials, and to give advice to Dehcho members. 
These effo rts strengthen the message of the Northern 
Contaminants Prog ram fo r ta rget groups in the 
communit ies. 

The Dehcho First Nations continue to participate in the • 
Northwest Territories Env iron men tal Con tamin ants 
Committee's monthly meeti ngs. The Coordinator is 
responsib le for providing Dehcho members on the 
presence and possible effects of long- range transport of 
contaminants in the environment and tradit iona l foods. • 

Key Project Messages 
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Communicated resul ts of CA CAR II re levant to 
the Dehcho region 
Communicated that contaminants are low 111 

traditiona l foods 
• Pa rt icipated in monthly NWT ECC meeting 

To tra nsfer long-range environmental conta minants 
in formati on to traditi onal food consumers. 
To conduct community visits th at br ing relevant 
infor mati on to the co mmuniti es a nd provide 
opportunity for feedback regarding research priorities 
in the Dehcho. 
To co mm unica te tradi tiona l foo ds are low in 
contaminants, and the benefi ts of traditi onal foods 
still outwe igh the ri sks. 
To co-ordin ate North ern Contaminants Program 
Projects with the Northern Water Resea rch Inst itute 
and Renewable Wildl ife and Economic Development 
data bases and other Dehcho Tra ining, environmental 
monitoring and resource man agement initiati ves. 
To network partn erships with other governments' 
contaminants divisions. 
Communi cat ing an environmental contaminants 
program to th e Dehcho First Na ti ons comm unity 
governments and its' people. 
To ga th e r and orga nize co mmunit y feed back 
concerning contaminants. 
To di stribute resource materi als on contaminants, 
research and results. 
To identi fy research priorities 
To continue to act ive ly parti c ipate in NWTECC 
monthly meetings in traditi onal food and the poss ible 
effects of these contaminants on th e environment. 
Throughou t this proj ec t, Dehcho Firs t Na ti ons 
prov ided a two-way transfer of community concern s 
and th e NC P. The Dehcho First Nati ons contin ue to 
in fo rm and ed ucate its members about contaminants 
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through the participation on the Nort hwest Territories 
Environmental Contam inants Committee. 

Activities 
In 2004 - 2005 

Community Vi s it s to provide opportunit y for 
feedback on contaminants. 
Monthl y NWTECC conference call s. 
Presented Contamina nts in the Dehcho project 
results al th e NCI' an nua l workshop in While 
Rock, B.C, September 28 - 30. 2004. 
Trained at the Taiga Lab on wate r sampling and 
lab analys is 
Prepared the 2005/06 NCP proposa ls 
On-going communication with the communiti es 
Maintain filin g system on commu niti es and 
conce rn s. 
Communicati on with various agencies regarding 
community contaminants concerns 
Partic ipa ted in the Hg works hop wi th oth er 
NWTECC members 

• Ass isted in the design of the Tradit ional Foods 
is good for you poster 

• Reviewed Loca l Comaminanl Concern proposa ls 
as an NWTECC member. 

Results 
Co nt am inams in the Dehcho ga p anal ys is of 
CACA RI I 

• CD, Poster, lmernet site 
Interim a nd Final report to the No rthern 
Contaminants Program, DIAND 
Addre sse d comm unit y concerns a bo ut 
co ntaminants 

• Di stributed NWT ECC poster on tradi ti ona l 
foods as wel l as pham lets, fact sheet s, and 
re sea rch re sult s to the com muniti es of the 
Dehcho. 
Increase awareness of contaminant in Dehcho 
communiti es 
Provide input to the NWT ECC on Dehcho 
com munity concerns 
Res pond to local request for information on 
contaminants: 
Ensure that re levant regiona l/communit y 
organi zati ons arc kept informed . 

lntroducation 
The Dehcho First Na ti ons walll to ensure that its res iden ts 
are in formed about the possib le presence of contaminants 
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Partner ships with va ri ous goYernment 
department back to NCP 
Ass ist community/ regional organizations to 
de ve lop resea rch ideas and proposals for 
funding 
Provide upda tes on the NWTECC durin g 
meetings 
Provide information on the NCP at asse mblies. 
meetin gs and community visits. 
Develop reg ionall y- relevanl resource material s 
to communi cate NC P messages 
Allcnd and present regional report s at the annual 
fa ll NC P resu lts workshop 
Participate in monthl y NWTECC meetings 

Discussions and Conclusions 
The Dehcho First Nations has communicated CACAR 11 
and now is working on terminology with other Denendeh 
mem bers of the NWTECC. The community members 
continue lo be concerned about their traditional foods. 

Resources used to communicate are the internet , emails, 
and fil es. 
Deh Cho First Nat ions Staff and Resources, CACAR II , 
NC P Blueprints. NC P Frontline training course by Dene 
Nat ion, Synopsis of research 200 I 2004, NC P Summary 
of projects, NWT comam inant fact sheets. CACAR II 
Fact Sheets. NC P Minutes, and the resource people 
availab le through the orthern Contaminants Program 
and commu nity members of the De h Cho Region. 

Clients/Partnerships: 
- Indian a nd Nort hern Affa ir s Canada/ Northern 
Contaminants Program 
- Reso urces Wildlife and Econom ic Development. 
Government of the NWT 
- Northern Water Resea rch Institution. Environment 
Canada 
- Katlodeeche First Nat ion 
- Liidlii Kue first Nat ion 
- Pehdzeh Ki First Nati on 
- Jean Marie Ri ver Dene Band 
- Ka'a·gee Tu First at ion 
- Deh Gah Golie Dene Counci l 
- Nahan ni Bulle Dene band 
- Sam baa K 'e Dene Band 
- West Point First Na tion 
- Fort Simpson Met is Loca l 
- Fort Providence Meli s Loca \Acho Dene Koe First 
Nati ons 
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Gwich'in Tribal Council - Communication & Education of the 
NCP-CACAR II 

Project Leader: 

Tom Williams, Chief Operating Officer, Gwich'in Tribal Council , P.O. Box 1509, lnuvi k, NT 
X0E OTO; phone (867) 777-7900; fax (867) 777-7919 ; 
e-mail: twilliams@gwichin.nt.ca 

Project Team Members: 

John Edwards, Gwich'in Tribal Council; Forrest Kendi, Gwich'in Tribal Council; Brian 
Alexie, Gwich'in Tribal Council ; Designated Gwich'in Organizations, Gwich'in Renewable 
Resource Councils, NWTECC. 

Abstract 
The Gwich 'in consumes tradit ional/country foods as a 
main staple of thei r di et. Due to concerns from the 
Gwich ' in regards to contaminant s in the food chain , the 
Gwich'in Comm unity Liai son (GC L) position was 
establi shed. Thi s position enabled the Gwich ' in to be a 
member of th e N WT Environmental Contamina nts 
Commit tee and participate in resea rch prog ram s 
estab li shed by the Northern Contam inant s Program 
(NCP). 

The GCL has continu ed to promote d ialogue and 
information between the Gwich 'in communities, Gwich'in 
Organization s, NC P representat ives, and NCP sc ienti sts. 

The GCL has panicipated in monthly NWTECC meetings 
inc luding proposal reviews and communicati ons material 
reviews, and provided relevant contam inant in formati on 
materials to Gwich'i n communities and organi zations. The 
GCL also attended and made a presentati on at the NCP 
annual resul ts workshop held in Whiterock, BC, in 
September 2004. 

Key Project Messages 
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T he Gwich' in Community Liai son (GCL} has 
continued to promote dialogue and in formati on 
exchange between the Gwich' in communities, 
Gwich ' in Organizations, NC P representatives, 
and NC P sc ienti sts. 

The GCL had th e opportun ity to att end 
workshops (e.g. NCP resu lts work shop} and 
training cou rses to enhance capacity to carry 
out th e duties of th e GCL position. 

The GCL acti vely parti cipated in both in-person 
and conference ca ll meetings o f th e WT ECC 
throughout 2004/05. 

Objectives 
The objectives of thi s project are to facil itate th e process 
of co llaborat ive study. assessmen t and communica ti on 
of information to res idents o f the Gwich' in Sett lement 
A rea (GSA) about th e presence and poss ible effects of 
contaminants in the air, land, water and wi ldl ife. GCL goals 
are to: 

To promote the role of the Gwich ' in Tribal Council (GTC) 
as a partner in the NCP 

2. To assist the Gwich ' in Communit ies to identify research 
and deve lopment 

3. To inform and educate th e public about contaminants 
w ithin the GSA. 

4. To increase capac ity at the reg iona l / loca l leve l 

5. To coordinate reg ional contam inant studi es 
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6. To identify complementary environmental iss ues and 
fundin g sources 

7. To rev iew Local Contaminant Concerns proposa ls 
throughout the year as a member of the NWT ECC. 

8. To review NWT Proposals for the NCP for social/cul tural 
crite ri a prior to full techn ical reviews. 

9. To acti ve ly pa rticipate in al l NWT ECC meetings and 
related tasks. 

Introduction 
Thi s was the sixth year that the GTC has been 
actively invo lved in the Northern Conta111inants 
Progra111. Over the course of involve111 ent with the 
NC P the Gw ich ' in representati ve for the GTC has 
establ ished a very good track record. The Gwich' in 
are concerned about long range conta111inants and 
want to cont inue to be we ll infor111ed about levels of 
conta111inants in their traditional foods. Parti cipat ion 
in the NCP and NWT ECC provides a va luab le 
opportunity fo r two-way com111un ica ti on about 
conta111inants in the GSA and the NWT. 

Activities 
In 2004-2005 

The GCL attended severa l month ly meetings of 
the NWTECC by phone and two in-person 
meet in gs (November 2004 in Rae to di scuss th e 
Dene nde h Comm uni ca ti o n Strategy and 
February 2005 in Yellowkn ife to review NC P 
proposa ls). 

The GCL att en ded and mad e two po ster 
presentati ons at th e NCP results workshop in 
Whiterock , BC, in Septe111ber 2004 . One poster 
was on the pa11icipation of th e GTC in the NC P. 
and th e oth er poster was on the Martinhouse 
loca l contaminants concern project funded by 
Env ri onment Canada 's No rthern Ecosyste111 
Ini tiative. 

On-going communicat ion of the results from the 
CACAR II as we ll as the NWT Fact Sheets was 
initiated. This will be on-go ing in 2005-2006. 

Continued to re lay info rmati on to the Gwic h' in 
communit ies th rough the GCL and Abori gina l 
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partners to the NWT ECC, which will re lay major 
concerns to the NC P management committee and 
vice versa. 

• The GCL completed community tours during the 
week of March 7 - 11 , 2005 to discuss the NC P 
wi th the community members and to continue to 
re lay th e importance of the NCP to com111 unity 
members. Comm uni ties v isited were Fort 
Mc Pherson, Tsiigehtchic andAklav ik. A meeting 
was al so held with the Nihtat Gwich'in Council 
of lnu vik on March 14, 2005. 

A mid-yea r report of activities was submilted to 
the NCP for 2004/05. 

A proposal was sub111itted to NCP for continued 
participation of the GTC in NC P activit ies and 
the NWT ECC in 2005/06. 

Results 
In addition to the activ iti es out lined above, the Gwich ' in 
Community Liai son hi ghlighted several concerns from 
Gwich ' in communities and organizations .. These concerns 
ranged from long term monitoring of contam inant levels 
in i111porlanl traditional food s such as caribou, to local 
contaminants concerns and water qual ity issues, to 
relat ionships between contaminants and hu111an health 
concerns. 

The NC P poster prepared for the NC P results workshop 
in September 2004 is a lso available to the NCP and has 
been provided to the Indian and No11hern Affairs Canada 
office in Yellowknife. 

Discussion and Conclusions 
In 2004/2005, the GCL has continued to address concerns 
of the res idents of the Gwich ' in Se1tle111ent Area by 
gathering, organizing, and distributi ng information, and 
initiating research program s. The GCL attended 
workshops, and meetings to enhance hi s capac ity to carry 
out the duties of the GCL position. The GCL has had 
personnel turnovers during the 2004/2005 year, and the 
GCL continued to represent the GTC for the NC P and 
NWTECC. Further111ore, based on req uirements of the 
in formation by the residents of the Gwich ' in Se1tle111ent 
Area, it has been demonstrated that this position is an 
integra l part of the NC Pand the Gwich'in Senle111entArea. 
The GTC is confident that the GCL will contin ue thi s 
success ful re lationship in the future with NC P. 
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Expected Project Completion Date 
The GC L will continue to represent the Gwich"in 
Benefi ciaries by continuing to be a pan of the NWT ECC, 
and address concern s relating to Con taminants in the 
Gwich' in Settl ement Area. 

302 

F255 

1111111 11111111 11111111111111111 11111111 1111111111111 111 
000096434527 

DATE DUE SLIP 

ET'D MAk j l, ll !JI 

T. Williams 






	td182_4_n67_s95_2004_000
	td182_4_n67_s95_2004_001
	td182_4_n67_s95_2004_002
	td182_4_n67_s95_2004_003
	td182_4_n67_s95_2004_004
	td182_4_n67_s95_2004_005
	td182_4_n67_s95_2004_006
	td182_4_n67_s95_2004_007
	td182_4_n67_s95_2004_008
	td182_4_n67_s95_2004_009
	td182_4_n67_s95_2004_010
	td182_4_n67_s95_2004_011
	td182_4_n67_s95_2004_012
	td182_4_n67_s95_2004_013
	td182_4_n67_s95_2004_014
	td182_4_n67_s95_2004_015
	td182_4_n67_s95_2004_016
	td182_4_n67_s95_2004_017
	td182_4_n67_s95_2004_018
	td182_4_n67_s95_2004_019
	td182_4_n67_s95_2004_020
	td182_4_n67_s95_2004_021
	td182_4_n67_s95_2004_022
	td182_4_n67_s95_2004_023
	td182_4_n67_s95_2004_024
	td182_4_n67_s95_2004_025
	td182_4_n67_s95_2004_026
	td182_4_n67_s95_2004_027
	td182_4_n67_s95_2004_028
	td182_4_n67_s95_2004_029
	td182_4_n67_s95_2004_030
	td182_4_n67_s95_2004_031
	td182_4_n67_s95_2004_032
	td182_4_n67_s95_2004_033
	td182_4_n67_s95_2004_034
	td182_4_n67_s95_2004_035
	td182_4_n67_s95_2004_036
	td182_4_n67_s95_2004_037
	td182_4_n67_s95_2004_038
	td182_4_n67_s95_2004_039
	td182_4_n67_s95_2004_040
	td182_4_n67_s95_2004_041
	td182_4_n67_s95_2004_042
	td182_4_n67_s95_2004_043
	td182_4_n67_s95_2004_044
	td182_4_n67_s95_2004_045
	td182_4_n67_s95_2004_046
	td182_4_n67_s95_2004_047
	td182_4_n67_s95_2004_048
	td182_4_n67_s95_2004_049
	td182_4_n67_s95_2004_050
	td182_4_n67_s95_2004_051
	td182_4_n67_s95_2004_052
	td182_4_n67_s95_2004_053
	td182_4_n67_s95_2004_054
	td182_4_n67_s95_2004_055
	td182_4_n67_s95_2004_056
	td182_4_n67_s95_2004_057
	td182_4_n67_s95_2004_058
	td182_4_n67_s95_2004_059
	td182_4_n67_s95_2004_060
	td182_4_n67_s95_2004_061
	td182_4_n67_s95_2004_062
	td182_4_n67_s95_2004_063
	td182_4_n67_s95_2004_064
	td182_4_n67_s95_2004_065
	td182_4_n67_s95_2004_066
	td182_4_n67_s95_2004_067
	td182_4_n67_s95_2004_068
	td182_4_n67_s95_2004_069
	td182_4_n67_s95_2004_070
	td182_4_n67_s95_2004_071
	td182_4_n67_s95_2004_072
	td182_4_n67_s95_2004_073
	td182_4_n67_s95_2004_074
	td182_4_n67_s95_2004_075
	td182_4_n67_s95_2004_076
	td182_4_n67_s95_2004_077
	td182_4_n67_s95_2004_078
	td182_4_n67_s95_2004_079
	td182_4_n67_s95_2004_080
	td182_4_n67_s95_2004_081
	td182_4_n67_s95_2004_082
	td182_4_n67_s95_2004_083
	td182_4_n67_s95_2004_084
	td182_4_n67_s95_2004_085
	td182_4_n67_s95_2004_086
	td182_4_n67_s95_2004_087
	td182_4_n67_s95_2004_088
	td182_4_n67_s95_2004_089
	td182_4_n67_s95_2004_090
	td182_4_n67_s95_2004_091
	td182_4_n67_s95_2004_092
	td182_4_n67_s95_2004_093
	td182_4_n67_s95_2004_094
	td182_4_n67_s95_2004_095
	td182_4_n67_s95_2004_096
	td182_4_n67_s95_2004_097
	td182_4_n67_s95_2004_098
	td182_4_n67_s95_2004_099
	td182_4_n67_s95_2004_100
	td182_4_n67_s95_2004_101
	td182_4_n67_s95_2004_102
	td182_4_n67_s95_2004_103
	td182_4_n67_s95_2004_104
	td182_4_n67_s95_2004_105
	td182_4_n67_s95_2004_106
	td182_4_n67_s95_2004_107
	td182_4_n67_s95_2004_108
	td182_4_n67_s95_2004_109
	td182_4_n67_s95_2004_110
	td182_4_n67_s95_2004_111
	td182_4_n67_s95_2004_112
	td182_4_n67_s95_2004_113
	td182_4_n67_s95_2004_114
	td182_4_n67_s95_2004_115
	td182_4_n67_s95_2004_116
	td182_4_n67_s95_2004_117
	td182_4_n67_s95_2004_118
	td182_4_n67_s95_2004_119
	td182_4_n67_s95_2004_120
	td182_4_n67_s95_2004_121
	td182_4_n67_s95_2004_122
	td182_4_n67_s95_2004_123
	td182_4_n67_s95_2004_124
	td182_4_n67_s95_2004_125
	td182_4_n67_s95_2004_126
	td182_4_n67_s95_2004_127
	td182_4_n67_s95_2004_128
	td182_4_n67_s95_2004_129
	td182_4_n67_s95_2004_130
	td182_4_n67_s95_2004_131
	td182_4_n67_s95_2004_132
	td182_4_n67_s95_2004_133
	td182_4_n67_s95_2004_134
	td182_4_n67_s95_2004_135
	td182_4_n67_s95_2004_136
	td182_4_n67_s95_2004_137
	td182_4_n67_s95_2004_138
	td182_4_n67_s95_2004_139
	td182_4_n67_s95_2004_140
	td182_4_n67_s95_2004_141
	td182_4_n67_s95_2004_142
	td182_4_n67_s95_2004_143
	td182_4_n67_s95_2004_144
	td182_4_n67_s95_2004_145
	td182_4_n67_s95_2004_146
	td182_4_n67_s95_2004_147
	td182_4_n67_s95_2004_148
	td182_4_n67_s95_2004_149
	td182_4_n67_s95_2004_150
	td182_4_n67_s95_2004_151
	td182_4_n67_s95_2004_152
	td182_4_n67_s95_2004_153
	td182_4_n67_s95_2004_154
	td182_4_n67_s95_2004_155
	td182_4_n67_s95_2004_156
	td182_4_n67_s95_2004_157
	td182_4_n67_s95_2004_158
	td182_4_n67_s95_2004_159
	td182_4_n67_s95_2004_160
	td182_4_n67_s95_2004_161
	td182_4_n67_s95_2004_162
	td182_4_n67_s95_2004_163
	td182_4_n67_s95_2004_164
	td182_4_n67_s95_2004_165
	td182_4_n67_s95_2004_166
	td182_4_n67_s95_2004_167
	td182_4_n67_s95_2004_168
	td182_4_n67_s95_2004_169
	td182_4_n67_s95_2004_170
	td182_4_n67_s95_2004_171
	td182_4_n67_s95_2004_172
	td182_4_n67_s95_2004_173
	td182_4_n67_s95_2004_174
	td182_4_n67_s95_2004_175
	td182_4_n67_s95_2004_176
	td182_4_n67_s95_2004_177
	td182_4_n67_s95_2004_178
	td182_4_n67_s95_2004_179
	td182_4_n67_s95_2004_180
	td182_4_n67_s95_2004_181
	td182_4_n67_s95_2004_182
	td182_4_n67_s95_2004_183
	td182_4_n67_s95_2004_184
	td182_4_n67_s95_2004_185
	td182_4_n67_s95_2004_186
	td182_4_n67_s95_2004_187
	td182_4_n67_s95_2004_188
	td182_4_n67_s95_2004_189
	td182_4_n67_s95_2004_190
	td182_4_n67_s95_2004_191
	td182_4_n67_s95_2004_192
	td182_4_n67_s95_2004_193
	td182_4_n67_s95_2004_194
	td182_4_n67_s95_2004_195
	td182_4_n67_s95_2004_196
	td182_4_n67_s95_2004_197
	td182_4_n67_s95_2004_198
	td182_4_n67_s95_2004_199
	td182_4_n67_s95_2004_200
	td182_4_n67_s95_2004_201
	td182_4_n67_s95_2004_202
	td182_4_n67_s95_2004_203
	td182_4_n67_s95_2004_204
	td182_4_n67_s95_2004_205
	td182_4_n67_s95_2004_206
	td182_4_n67_s95_2004_207
	td182_4_n67_s95_2004_208
	td182_4_n67_s95_2004_209
	td182_4_n67_s95_2004_210
	td182_4_n67_s95_2004_211
	td182_4_n67_s95_2004_212
	td182_4_n67_s95_2004_213
	td182_4_n67_s95_2004_214
	td182_4_n67_s95_2004_215
	td182_4_n67_s95_2004_216
	td182_4_n67_s95_2004_217
	td182_4_n67_s95_2004_218
	td182_4_n67_s95_2004_219
	td182_4_n67_s95_2004_220
	td182_4_n67_s95_2004_221
	td182_4_n67_s95_2004_222
	td182_4_n67_s95_2004_223
	td182_4_n67_s95_2004_224
	td182_4_n67_s95_2004_225
	td182_4_n67_s95_2004_226
	td182_4_n67_s95_2004_227
	td182_4_n67_s95_2004_228
	td182_4_n67_s95_2004_229
	td182_4_n67_s95_2004_230
	td182_4_n67_s95_2004_231
	td182_4_n67_s95_2004_232
	td182_4_n67_s95_2004_233
	td182_4_n67_s95_2004_234
	td182_4_n67_s95_2004_235
	td182_4_n67_s95_2004_236
	td182_4_n67_s95_2004_237
	td182_4_n67_s95_2004_238
	td182_4_n67_s95_2004_239
	td182_4_n67_s95_2004_240
	td182_4_n67_s95_2004_241
	td182_4_n67_s95_2004_242
	td182_4_n67_s95_2004_243
	td182_4_n67_s95_2004_244
	td182_4_n67_s95_2004_245
	td182_4_n67_s95_2004_246
	td182_4_n67_s95_2004_247
	td182_4_n67_s95_2004_248
	td182_4_n67_s95_2004_249
	td182_4_n67_s95_2004_250
	td182_4_n67_s95_2004_251
	td182_4_n67_s95_2004_252
	td182_4_n67_s95_2004_253
	td182_4_n67_s95_2004_254
	td182_4_n67_s95_2004_255
	td182_4_n67_s95_2004_256
	td182_4_n67_s95_2004_257
	td182_4_n67_s95_2004_258
	td182_4_n67_s95_2004_259
	td182_4_n67_s95_2004_260
	td182_4_n67_s95_2004_261
	td182_4_n67_s95_2004_262
	td182_4_n67_s95_2004_263
	td182_4_n67_s95_2004_264
	td182_4_n67_s95_2004_265
	td182_4_n67_s95_2004_266
	td182_4_n67_s95_2004_267
	td182_4_n67_s95_2004_268
	td182_4_n67_s95_2004_269
	td182_4_n67_s95_2004_270
	td182_4_n67_s95_2004_271
	td182_4_n67_s95_2004_272
	td182_4_n67_s95_2004_273
	td182_4_n67_s95_2004_274
	td182_4_n67_s95_2004_275
	td182_4_n67_s95_2004_276
	td182_4_n67_s95_2004_277
	td182_4_n67_s95_2004_278
	td182_4_n67_s95_2004_279
	td182_4_n67_s95_2004_280
	td182_4_n67_s95_2004_281
	td182_4_n67_s95_2004_282
	td182_4_n67_s95_2004_283
	td182_4_n67_s95_2004_284
	td182_4_n67_s95_2004_285
	td182_4_n67_s95_2004_286
	td182_4_n67_s95_2004_287
	td182_4_n67_s95_2004_288
	td182_4_n67_s95_2004_289
	td182_4_n67_s95_2004_290
	td182_4_n67_s95_2004_291
	td182_4_n67_s95_2004_292
	td182_4_n67_s95_2004_293
	td182_4_n67_s95_2004_294
	td182_4_n67_s95_2004_295
	td182_4_n67_s95_2004_296
	td182_4_n67_s95_2004_297
	td182_4_n67_s95_2004_298
	td182_4_n67_s95_2004_299
	td182_4_n67_s95_2004_300
	td182_4_n67_s95_2004_301
	td182_4_n67_s95_2004_302
	td182_4_n67_s95_2004_303
	td182_4_n67_s95_2004_304
	td182_4_n67_s95_2004_305
	td182_4_n67_s95_2004_306
	td182_4_n67_s95_2004_307
	td182_4_n67_s95_2004_308
	td182_4_n67_s95_2004_309
	td182_4_n67_s95_2004_310
	td182_4_n67_s95_2004_311
	td182_4_n67_s95_2004_312
	td182_4_n67_s95_2004_313

