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Foreword 
This report prov ides a summary of the progress 
to date of research and monito ring studies on 
contaminants in north ern Canada, and related 
education , communications and policy acti viti es 
that were conducted in 2003-2004 under th e 
auspices of the Northern Comam inants Program 
(NC P). The proj ects cover all aspects of 
northern contaminants issues, as outlined in th e 
NC P blueprints, including human hea lth, 
monito ring the hea lth of Arcti c peopl es and 
ecosystems and the effecti veness of internati onal 
control s (abioti c monitoring and modelling, and 
biotic monitoring), educa tion and 
communications, internat iona l po licy and 
program management. 

These projects were eva luated, as proposa ls, by 
external peer reviewers, technical rev iew tea ms, 
a soc ial /cu ltural review tea m, territori al/regional 
contaminants comm ittees and the NC P 
Manageme nt Comm ittee to ensure that they 
support the overa ll Northern Contaminants 
Program objecti ves. 

Further in formati on about the Northern 
Contaminants Program is avai labl e on the NCP 
website at www.a inc- inac.gc.ca/ncp. 

Preface 
Ce rapport resume l'ava ncement de recherches et 
d ' etudes de surveill ance portant sur les 
contaminants dans le Nord canadien, ains i que 
d 'acti vites connexes au suj et de !' educati on, de 
la communication et de la po lit ique qui 0 111 eu 
lieu en l' annee 2003-2004. Ces etudes e t 
acti vites ont e te menees dans le cadre du 
Programme de lune contre les contaminants dans 
le Nord (PLCN). Ces projets, te ls que decrit 
dans les pl ans d irecteurs li es au programme, 
representent tous les aspects po11ant su r les 
contaminants, incluant la sante humaine, la 
surveillance de la sa nte des habitants e t des 
ecosystemes de l'Arctique et de l'e ffi cac ite des 
mesures de contr61e internati onales (survei llance 
et modeli sati on milieux abiotiq ues, et 
surve illance - milieux biotiques), !'educati on et la 
communi cati on, la po li tique internationale et la 
gesti on des programmes. 

Ces projets ont ete exa mines par des pairs, des 
comites d 'examen techn ique, un comi tC 
d 'examen social et culture!. les comites 
territoriaux I regionaux sur les contaminants 
environnementaux , et le comite de gestion de la 
PLCN a fin de s'assurer qu' il s repondent iI 
!' ensemb le des obj ecti fs du programme de lutte 
contre les contam inants dans le Nord . 

Pour de plus amp les rense ignements au suj et du 
programme de lune contre les contaminants dans 
le Nord, visitez le site Web du PLC au 
www .a inc-inac.gc.ca/ncp. 
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Introduction 

The Northern Comaminanls Progra m (NC P) was 
estab lished in 199 1 in response to concerns 
about human exposure to e levated leve ls of 
contam inants in fi sh and wildlife spec ies that are 
important to th e traditional di ets of northern 
Aborig inal peop les. Early studi es indicated that 
there was a w ide spectrum o f substances -
persistem o rgani c po llutams, heavy meta ls, and 
radionuclides - many of wh ich had no Arctic or 
Canad ian sources, but whi ch were, nevertheless. 
reaching unexpected ly hi gh levels in the Arct ic 
ecosystem. The Program 's key obj ecti ve is to 
reduce and, \Vhere possible, eliminate 
contaminants in northern tradi1ional~y harvested 
(co11nt1y) foods while providing information thar 
assists informed decision making by individuals 
and communities in theirfood use. 

Under the first phase o f the NC P (NCP- 1), 
resea rch was focussed on gath ering th e data 
required to dete rm ine the levels. geograph ic 
extenl, and source of contaminants in the 
northern atmosphere, environment and its 
peop le, and the probable duration of the problem. 
The data enab led us to understand the spatia l 
patterns and tempora l trends of contam inants in 
the North , and confirmed our suspi c ions that the 
major sources of contaminants were other 
coumries. Th e data, whi ch included in fo rmation 
on the bene fits from continued consumptio n of 
traditio na l/coumry foods, was a lso used to ca rry 
out assessments of human health ri sks resu lting 
from contaminants in those foods. Results 
generated through NC P-1 are symhes ized in the 
Canadian A relic Con1aminan1s Assessment 
Report. 

Extensive consulta tio ns were conducted in 1997-
1998 to find the commo n e lements between the 
concern s and prio ri ties of northern communities 
and th e sc ientifi c needs identified as c riti cal fo r 
address ing th e iss ue o f conta mina ti on in 
Ca nada's North. As a result , prio rities for 
current and future resea rch are based o n an 
understanding o f the species that a re most 
relevant for human exposure to contaminants in 
the North , and geographic locatio ns and 
populat ions that a re most at ri sk. 

In 1998-1999, the NC P began its second phase 
(NC P-11 ), whi ch continued until 2002-2003. 
Results of thi s phase are synthesized in the 

Canadian Arctic Con1ami11a111s Assessmem 
Report II (CA CA R II). NC P-11 supports research 
des igned to answer questi ons abo ut the impacts 
and ri sks to human hea lth that may result from 
current levels of contamination in key Arcti c 
food species. To ensure a ba lanced assessment 
of the ri sks, an emphasis is pl aced on 
characterizing and quantifying the benefits 
assoc iated with traditional diets. 
Co mmunications act iviti es are a lso emphas ized 
and supported under NC P-11. Under the 
leadership o f the no rthern Aboriginal 
organizat ions, the dialogue between northerners 
and the sc ient ific communi ty, whi ch was 
initiated in NC P-1 , cominues to build awareness 
and an understanding o f contam inants issues. 
and helps to suppo ,1 the ab ility to deal wi th 
specific contam inant issues at the loca l leve l. 

In additi on, the NC P effort to achi eve 
internati onal controls of contaminants remains 
strong in NC P- 11. The lega lly binding POPs 
protocol, under the United ations Economi c 
Commiss ion fo r Europe (U ECE) Convent ion 
on Long-range Transboundary Air Po ll ution, has 
been successfull y negotia ted and was signed by 
34 co untri es (inc luding Canada) at the UN ECE 
Mini ste rial Conference in A rlrns, Denmark in 
June 1998. Canada ratified this agreemem in 
December 1998. Negot iati ons fo r a lega lly 
binding g lobal instrument o n POPs under the 
United Nation s Environment Programme have 
now a lso been completed with the s igning of the 
POPs Convention in Stock ho lm, Sweden, May 
23, 200 I. The Convemi on has been s igned by 
more than I 00 countri es; Ca nada has signed and 
rat ified the Convention. Cooperati ve acti ons 
under the Arctic Council. inc luding the 
circumpolar Arctic M onitoring and Assessment 
Programme (A MAP} and the Arct ic Counci l 
Act ion Pl an ( formal ly launch ed in October 
2000), a re continuing. NC P- 11 continues to 
generate the data tha t al lows Ca nada to play a 
lead ing role in these initi ati ves. 

The NC P is directed by a managemem 
committee that is chai red by the Department of 
Indian Affai rs and No rth ern Deve lopment, and 
whi ch includes represemat ives from fo ur 
northern Aborig inal o rganizations (Counci l of 
Yuko n First Nations, Dene Nat ion, Inuit Tapiriit 
Kanatami , and Inuit C ircumpolar Conference), 
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the Yukon, Northwest Territories and N unavut 
Territorial Governmems, Nunavik , and fo ur 
federal departments (Envi ronment, Fisheries and 
Ocea ns, Health, and Indi an Affa irs and Northern 
Development). The management committee is 
responsible for establ ishing NC P policy and 
resea rch priorities and for fina l decisions on the 
a llocatio n of fund s. Three te rritoria l 
contaminants commi ttees in the Yukon, 
Nonh west Te rritories and Nunavut (establi shed 
in May 2000), and a regional co ntam inants 
committee in N unavik support this nationa l 
committee. Fundi ng for the NC P- 11 ' s $4.4 
million annual resea rch budget comes from 
INAC and participating federal departments. 

The NC P Operationa l Manage ment Guide, 
developed in 2000-2001 , and avai lab le on the 
NC P website (www.a inc- inac.gc.ca/ncp), 
prov ides a summary of the managemem 
structures and review processes used to 
e ffecti vely implement the NC P. The Guide 
explains the overall management structures 
currentl y used, the proposa l review process and 
outlines a protocol to be used to publ icly 
di sseminate health and harvest information 
generated by the NC P. Background information 
on a ll NCP commillees and review teams is a lso 
provided. 

In 1998, the NC P Management Committee 
redesigned the NC P-Phase II for appli catio n 
under the 1999-2000 fu nding year. The two 
main initiat ives underta ken were: I) the 
developmem of b lueprints that represent the 
long-term vision and strateg ic direction for NC P-
11 ; and 2) the implementat ion of a more open and 
transparent proposal review process. This new 
management structure is designed to ensure that 
the NCP remains sc ien tifi call y defensible and 
socio-culturally aware, while at the same time, 
achieving real progress in te rms of the Program ' s 
broad policy objectives. 

Blueprints were developed for each of the four 
main NCP subprograms: i) Human Hea lth , ii) 
Monitori ng the Hea lth of Arctic People and 
Ecosystems and the Effectiveness of 
Internati onal Control s, iii) Internationa l Policy, 
and iv) Education and Com muni catio ns. Th e 
blueprints are used to provide th e necessary 
guidance to project proponents for the 
development of proposals as we ll as to peer 
reviewers, review teams and the NC P 
Management Committee for eva luat ing 
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proposa ls. They are evolv ing documents that a re 
rev iewed at least annual ly. 

Under a revamped proposa l rev iew process, the 
NC P Technica l Committee was replaced with an 
ex terna l peer review process fac ilitated by 
rev iew teams. Th e review of proposa ls is a two-
pronged approach in volving a sc ient ifi c rev iew 
by ex te rnal peer rev iewers, faci litated by 
techn ical rev iew teams, and a soc io-cu ltura l 
rev iew faci li tated by the regional and Terri tori a l 
Contaminants Committees (TCCs). Both sets of 
recommendations are considered by the 
Management Committee in making final fund ing 
dec isions. Proposa ls submitted under th e 
Educat ion and Communicati o ns subprogram are 
eva luated by th e TCCs. All peer reviewers, 
review teams and T CCs use eva luat ion criteria 
and the bluepri nts to rev iew and rate proposa ls. 
Written consent fro m the appro priate northern 
community authority or natio na l- level 
Abo ri g ina l o rganization is required for al l 
proj ects in volving fi e ld work in the North and/or 
analyses of samples as a condit ion of approva l 
for fund ing. 

This report prov ides a summary of the progress 
to date of resea rch and act iv iti es fund ed by the 
Northern Contaminants Progra m in 2003-2004 . 
It is a compi lat ion of reports subm itted by 
project tea ms, emphas izing the resu lts of 
resea rch and re lated act ivi ti es that took place 
during the 2003-2004 fi sca l yea rs. Th e report is 
d ivided into chapters that re fl ect the broad scope 
of the NC P: Human Hea lth ; Mon itoring the 
Hea lth of Arctic People and Ecosystems and the 
Effectiveness of Internatio nal Contro ls 
( including abiotic monitorin g and b iotic 
monitoring) , Educati on and Communications, 
Interna ti onal Po licy, and Program Coordinat ion. 
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Perinatal Organochlorine Exposure in Rats: Effects on 
Humoral and Cellular Immune Parameters 
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Abstract 

Inu it peopl e are exposed to unusual ly high doses 
of severa l o rganochlorines (OC) through their 
tradi ti ona l diet. Ep idemiolog ica l studies 
conducted in N unav ik revea led that prenatal 
exposure to OC was assoc iated with increased 
incidence of acute otiti s medi a in Inuit in fa nts. 
We assessed the effects o f in 111ero and 
lactational exposu re to an OC mi xture, s imila r to 
that fou nd in sea mam ma l fat consumed by the 
Inuit , on speci fic e lements of the immune system 
in 90-days-old F I male rats. In last yea r's 
synopsis, we reported that ex posure to the 
mixture ind uced acti vation-l ike changes in 
surface markers of spleni c dend ri tic cells (DC). 
Here we report an increase in the express ion of 
IL-I B, IL- 18 and IL- 10 in spleni c DC from rats 
belong in g to the medium dose gro up compared 
to contro ls. Th e C3 co mponent of th e 
complement system was a lso decreased by the 
OC trea tment. Cytok ine expression pattern is 
coherent wit h an inappro pri ate s timul at io n o f DC 
that may lead to their premature de letio n, a ltered 
survival o f T ce lls and dysregulation of the 
immune system. 

P. Ayotte 

Key Project Messages 

I . /11 1//ero and lactational exposure of rats 10 
the environmentally-relevant organochlorine 
mix ture induces a pattern o f cytoki ne 
express ion tha t is indicati ve of inappropri ate 
acti va ti on o f dendritic cells. These ce ll s are 
invo lved in initiating normal immune 
response fo llowing ex posure to an anti gen. 

2. A ltered dendritic ce ll ac ti vati on may 
represent a novel mechani sm by whi ch 
deve lopmental exposure to organochl orines 
induces immunosupresssion. 

Objectives 

I) To assess the e ffect on the immune system of 
ra ts fol lowing developmental exposure to a 
compl ex o rganoch lorine mi xture, simi lar to 
that fou nd in th e Arcti c aquatic food -chain , 
by meas urin g: 

a) cytok ine gene express ion in sp leni c DC 
and peripheral blood mononuclea r ce ll s: 

b) complement system co mponents C2 and 
C3. 



2) To determine the effects of the OC mi xture 
and its main components on the expression of 
specific maturation markers (CD86, MH CII , 
CCR6 and CCR7) in a monocyti c ce ll line 
(THP-1). 

Introduction 

Because of the ir hi gh consumption of sea 
mammal fat. the Inuit people liv ing in unavik 
display a body burden of organochlorines (OC) 
that exceeds that of inhabitants of outhern 
Quebec. In both laboratory animal models and 
human studies. members of the organochlorine 
compound fam ily have been shown to affect 
reproductive neuroendocrine and immune High 
incidences of in fec tious diseases have been 
reported in Inuit in fa nts of Nunav ik. These 
include meningiti s, broncho-pulmonary 
in fections and middle-ear infecti ons (Dufour 
1988; Duva l and Theri en 1982; Proulx 1988). 
Otitis media is a serious problem in this 
popu lation since hearing loss in one or both ea rs 
is observed in as many as 25% of school age 
children (Ju lien et al. 1987; Proul x 1988). While 
genetic and lifestyle facto rs may be implicated in 
thi s unusua lly high susceptibil ity disp layed by 
Inuit infants to infecti ous diseases, we 
hypothesized that developmenta l exposure to OC 
could suppress immune system fun cti on and 
decrease res istance 10 infec ti ous di seases. 
Indeed, a fi rst epidemiologica l study conducted 
by ou r group in Nunavik showed that the ri sk of 
otitis medi a increased with prenata l ex posure to 
some orga nochlorines (Dewaill y et al. 2000). 
This assoc iation was again noted in th e course of 
th e infant developmenl study also conducted m 
Nu nav ik (Dall aire et al. , 1111p11blished dara). 

In order to increase the biolog ica l plausibi lity of 
thi s associat ion and in vesti gate poss ible 
mechanisms of action, we init iated experimental 
studies in animal models featuring 
developmental exposure to an organochlorine 
mixtu re des igned to approximate that fo und in 
marine mammal fat consumed by Inu it people. 
The composition of the OC mixture is presented 
in Table I. Using a vacc inat ion protocol against 
A4vcoplasma hyopneumoniae in pigs ex posed to 
thi s OC mi xture in utero and through lactation, 
we observed a low antibody producti on in piglets 
from the hi ghest exposure group compared 10 
animals in the other treatme111 gro ups, indicating 
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that the humora l immune response was affected 
by deve lopmental exposure to th e mi xture 
(Bilrha et al. 2004). These findings are in 
agreeme111 wit h those of a study in rats showing 
that perinatal diox in exposure was assoc iated 
with suppress ion of speci fi c antibody response 
(Ross et a l. 200 I). 

Dendrili c ce ll s (DC) have the capac ity to induce 
the primary immune response to a fo reign 
antigen and therefo re are importanl in generating 
the im mune response to infec tion (Bancherau et 
a l. 2000). DC are the most effective antigen-
presenting ce lls (A PC) to promote acti vati on of 
cytotox ic T cells and natu ra l ki ller ( K) cells. 
Because the cytotox ic cell s are implicated in the 
defence system aga inst microbes, DC function 
constitutes a criti ca l endpo int to be measured in 
the immunotoxicologica l eva luation of 
xenobiotics. 

When exposed to an antigenic stimulus, DC are 
induced to migrate 10 the spleen or dra ining 
lymph nodes and 10 undergo a maturation 
process (Banchereau et al. 2000). Mature DC are 
able to up-regulate a variety of cytokines and 
ultimately promote the diffe renti ati on of Th I vs 
Th2 ce lls. Foll owing xenobioti cs exposure, 
disruption in DC mat uration coul d have a 
predominant effect on regulation of humora l and 
ce ll-mediated immunity. 

Severa l immunotox icity studi es have foc used on 
the effects of 2,3, 7 ,8-tetrac h lorodibenzo-p-d iox in 
(TCDD), which induces specifi c responses 
medi ated through binding to the aryl-
hydroca rbon receptor (Whitlock 199 1 ). II was 
shown that TCDD induced a lower res istance to 
in fectious di seases, supprc sion of cell mediated 
and thymus-dependent humora l response in mice 
(Kerkv liet and Burleson 1994). More recently, it 
was also shown that although treatment of mice 
with TCDD lead to a lower leve l of DC in viva, 
increased express ion of !CA M- I, B7.2. CD40 
and IL-12 was ob erved (Vorderstrasse and 
Kerkv liet 200 I). Since ac ti va tion of naive T 
cells is initiated primarily by DC. as mentioned 
ea rlier, th ese ee l Is represent a potential target fo r 
dioxin- li ke compound im munotox icity. Diox in-
like compounds arc important consti tuents of the 
OC mi xture found in th e Arcti c aq uatic food 
web. 

In the present study, we examined the effect of 
prenatal and lactati onal ex posure to the OC 
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mi xture on the ex press ion of cytok ine genes in 
DC-enri ched spleni c cel ls and on comp lement 
system components invo lved in humora l 
response. We a lso began testing the capac ity of 
th e OC mixture to ac tivate the monocyti c ce ll 
line THP- 1 in vitro. 

Activities 

In 2003-2004 

Fi ve-week-old Sprague-Dawley female rats were 
housed , two per cage, in a un iversity fa c ility with 
12 h light cycl e (6 :45- 18:45), 22± I °C 
temperature and 46± 10% humidi ty. After 10 
days o f acc limati zation, the rats were randomly 
ass igned to fo ur gro ups ( I O per groups) and were 
admini ste red the o rganochlorin e mixture thrice 
weekly by gavage (corn o il as vehic le) to yie ld 
the fo llowing daily doses o f po lychlorinated 
biphenyls (PC Bs): 0 (contro l group), 0.05 , 0.5 , 5 
mg kg" 1 body weight (BW) day"' Doses o f other 
OC that a re part o f the mi xture can be ca lcul ated 
from co mposit ion data presented in Tabl e I 
A fte r fi ve weeks of treatment , each pair was 

Table 1. Composition of the organochlorine mixture. 

Compo und CAS number 
PCB mi xture' 
Techni ca l chlordane 57-74-9 
p,p'- DD E 72-55-9 
p,p'-DDT 50-29-3 
Techni ca l toxaphene 8001-35-2 
a- HC H 3 19-84-6 
Aldri n 309-00-2 
Di eldrin 60-57- 1 
1,2 ,4,5-tetrach lorobenzene 95-94-3 
p,p'- DDD 72-54-8 
~- HC H 3 19-85-7 
Hexac hl orobenzene I 18-74-1 
M irex 2385-85-5 
y- HC H 58-89-9 
Pentach lorobenzene 608-93-5 

housed w ith an unex posed ma le for I O days . 
Mating was confirmed by the presence o f a 
vag inal plug. OC admini strati on continued 
throughout gestati on until parturition. 

Male pups were sacrifi ced at PND90. Blood was 
collected by cardi ac puncture in a tube 
conta ining heparin and PB MC were isolated 
using Fico ll-hypaq ue grad ient ce ntr ifuga tion. 
The serum was stored at - 70°C for comp lement 
ana lys is. Functional titrations of comp lement 
components C2 (classica l pathway) and CJ 
(c lass ica l and al ternati ve pathways) were 
performed accord ing to establ ished methods 
(Rapp and Borsos 1970; Wagner et a l. 200 I). 

DC were enriched from spleens usi ng the 
method described by Vorderstrasse and Kerkvliet 
(200 I). Briefly, spl enic ti ssues were d igested 
with co llagenase D (Boehringer Mannh eim) at 
3 7°C fo r 45-60 min to re lease DC from the 
capsule and to in crease recovery. Ce ll 
suspensions were then diluted in Ca-/Mg- free 
HBSS and pelleted. Recovered ce lls were spun 
over a bovine serum albumi n gradient and ce ll s 
in th e low-density fract ion were co llected. RNA 
was ex tracted fro m these fres hly iso lated DC-
enri ched popul at ions and PBM C. Total ce llula r 

% weight 
32.59 
2 1.3 
19.24 
6 ,79 
6.54 
6. 17 
2.52 
2.09 
0.86 
0.49 
0.46 
0.35 
0 .23 
0. 20 
0 . 18 

a. Mixture containing 2,4,4'-trichlorobiphenyl (320 mg), 2,2',4,4'-tetrachlorobiphenyl (256 mg), 3,3',4,4'-
tetrachlorobiphenyl (1.4 mg), 3,3',4,4', 5-pentachlorobiphenyl (6.7 mg) , Aroclor 1254 (12.8 g) and Aroclor 
1260 (19.2 g). 
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Abstract 

Traditional foods of Northern aboriginal 
populations are persistentl y contaminated with 
endocri ne-disrupting PCBs and chlori nated 
pest icides. The tox icity of these organochlorines 
on human health, reproduction and deve lopment 
remains unc lear. The fetus is panicularl y 
sensiti ve to organoch lorines, since much 
reproducti ve deve lopment occurs during 
gestation. Our work ing hypothesis is that in 
utero and lactacti onal exposure to a mixture of 
organoch lorines that contam inates the Arctic 
food chain harms the deve lopment and post-
puberta l function of the reproductive system. 
Our current study has used the ra t as a model and 
our foc us was on reproductive health. Marked 
adverse affects on the male reproduct ive system 
were apparent, including a reduced percentage of 
male pups born , delayed puberty, reduced sperm 
moti lity, impaired spermatogenesis and 
abnormal weights of the reproduct ive organs. 
We also observed unexpected effects on the 
development and function of the female 
reproductive system, includ ing de layed puberty, 
abnormal estrous cycles, reduced ovu lation rates 
and abnormal oocyte development. Moreover, 
we were surpri sed to observe direct affects on 
the treated dams manifest as reduced ferti li ty and 
gestat ional growth ra tes. 
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Key Project Messages 

Our rat study showed that exposure to 
environmenta lly- relevant leve ls of an 
organochlorin e mixture induces: 

• Smal ler offspring size at birth; 

• Reduced weights of testicles and accessory sex 
glands in male offspring; 

• Impaired sperm mot ility in male offspring: 

• Reta rded and abnormal oocyte maturation m 
fema les; 

• Abnormal hormonal profi les in ma le and 
fema le offspring. 

These data support the hypothesis that this 
organochlori ne mixture has adverse effects on 
reproducti ve deve lopment and funct ion in animal 
models, supporting concerns that human hea lth 
might also be impacted by dieta ry and materna l 
exposure to simi lar compounds. 

Objectives 

Si nce 2002, our overa ll object ive was to 
determine the effects of in 11/ero and lactat ional 
exposure to the environmental ly re levant 



organochlorine mixture on the reproducti ve 
omogeny and functi on o f male rat pups. We 
have a lso exa mined the impact o f such ex posure 
on female offspring in 2003-4. Our object ives 
from 2002 th rough 2004 were to: 

Indicate the impact of th e organochlorine 
mixture on fe mal e reproducti ve fun ction 
( i.e. mate rnal competence); 

Demonstrate th e effect of the mi xture on 
foetal development ( e.g. foe tal size, 
anogenita l distance, sex rat io, presence of 
nipp les); 

Assess the impact of the treatmems on 
offspring growth and onset o f puberty; 

Determine effects of the organochl orines on 
the reproductive parameters of post-puberta l 
ma le rats (sperm quality); 

In 2003-4, to determ ine the effects of the 
organoch lorines on the reproduc ti ve 
parameters of post-pubertal female rats 
(oestrous cycl e patterns, oocyte number and 
quality); 

In 2003-4, eva luate the hormone pro fil es on 
the dams and pups (thyroid hormone leve ls, 
pro lactin, sex steroids and gonadotrophins); 

In 2003-4, conduct histo log ica l evaluati on of 
reproducti ve organs (testi c les, ep ididymis, 
seminal vesicles in the mal es an d ovaries in 
the fema les). 

Introduction 

The trad itional di ets o f No rth ern populat ions a re 
pers istently comaminated wi th a complex 
mi xture of organochlori nes. Consequentl y, this 
unusuall y high ex posure has e levated the leve ls 
of these compounds in vari ous body ti ss ues. 
Pers istent organochl orines fo und in hi ghl y 
exposed human popu lations conta in a vari ety o f 
compounds, including substances with 
estrogenic (e.g. o,p '-DDT, 13-HCH), ami -
estrogenic (e.g. di ox in-like po lychlorinated 
biphenyls, PC Bs) o r ami-androge ni c capac iti es 
(e.g. p,p '- ODE). These enviro nmema l 
contaminants alter the normal fun cti on o f 
endocrine and reproductive systems by 
mimicking or antagonizi ng endogenou s hormone 
act ion, modul ating the synthes is and metabolism 
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of endogenous ho rmones, o r altering ho rmone 
receptor producti on (Sonnenschein and Soto, 
I 998). Si nce ste ro id ho rmones regu late the 
development and maimenance of reproducti ve 
ti ssues, rea l-Ii fe mixtures composed o f numerous 
compounds can inte ract wi th diffe rent receptors 
in vol ved in cell differentia ti on, growth and affect 
reproducti on. 

In men, dec lining sperm co unts, testicul ar 
ca nce r, hypospadias, crypto rchodi sm and small 
penile size have a ll been re lated to endocrine 
di sruption by organochl orin es (reviewed by 
Cheek and Mclach lan , 1998). In a study by our 
group. we showed that non-occupati onal DDT 
exposure was assoc iated w ith poor sperm 
motility. abnorma l sperm morpho logy and 
incomple te sperm DNA packaging in men fro m 
rura l Mex ico (de Jager et a l. , 2002). Similar 
findin gs were reported for men preseming at a 
Bosto n fe rt ility clinic (Hauser e t a l. , 2002). A 
recent in ves tigation of youn g Swedi sh men 
showed that se rum leve ls of 2,2 ',4 ,4' ,5,5' -
hexachlorobiphenyl was negati ve ly corre lated 
wi th sperm motility and free testosterone leve ls 
(R ichtho ff et al. , 2003). 

In women, Trapp e t a l. ( 1984) reported the 
presence of va ri ous organochlo rine compounds 
in human fo llicula r nuid . Ex pos ure of the 
gametes and the embryo/ fetus to these endocrine 
disruptors is assu red by the presence of 
environmental contaminants in the female 
reproducti ve trac t and amniot ic 0uid (Foster et 
al. , 2000). Gran ul osa ce ll s, whi ch surro und the 
oocytes, are hi ghl y susceptibl e to endocrine 
di sruplo rs (Campagna et al., 200 1). In various 
species, in vitro oocytc maturation , fertili sation 
and embryo deve lopment a re co mpromi sed in 
the presence o f certain organochlorines 
(Kholkute e t a l. , 1994; Lindenau and Fi scher, 
1996; Kho lkute and Dukelow, 1997; Alm et a l, 
1998; Campagna e t a l. , 2002). Fina lly, an 
increased ri sk o f spo ntaneous abortion is 
associated with mate rn al serum DO E levels 
among tex til e workers in China (Korri ck et al. , 
200 1). 

Reproducti ve abnormaliti es in Northern animal 
populations that are important traditional food s 
a re concerning. Backlin et al. (2003) speculated 
that the developmem o f ute rine leiomyomas in 
northern sea ls is assoc iated with o rganoch lorines 
and low reproduc ti ve ac ti vity and as ea rly as 
1986, Reijnders repo rted reproducti ve fa ilure in 
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sea ls in Northern Eu rope was lin ked 10 pol luti on. 
Polar bears have alarming body burdens of 
organochl orines and it was suggested that the 
Svalbard po lar bear populations are threatened 
by co111amina111-rela1ed effects leading to 
reproducti ve impai rment of females, lower 
surviva l rates of cubs, or increased mortality of 
reprod ucti ve fe males (Derocher et al. , 2003). 
Moreover, ex tensive observati on of kill er whale 
pods showed that the dominant males who mated 
most frequentl y had the highest body burdens of 
organochl ori nes (Yl italo et al. , 200 1), which 
could lead lo male-medi ated effects on th eir 
offspring or reduced populati on growth shou ld 
these males be less fertil e than 11011-co111am ina1ed 
males. 

Therefore, an increasing body of literature 
indicates that ex posure 10 organochlorines 
negatively impacts male and female reprod ucti ve 
functi on. However, litl le data is avai lable on the 
impact of orga nochl orines on the reproductive 
parameters of people (or animal species that 
serve as trad itiona l foods) in North ern 
Aborigi nal popu lations. 

Table A. Composition of the organochlorine mixture . 
Co111pou11d 

PCB mi xture" 
Technica l chl ordane 

p.p'- DD E 

p,p'- DDT 

Technica l LOxaphene 

a-HCH 
Aldrin 
Dieldrin 
1,2,4,5-tetrach lorobenzene 

p.p'-DDD 

13- HCH 
Hexachl orobenzene 
Mi rex 

y- HCH 
Pentachl orobenzene 

Activities 

In 2003/2004 

The present study was carried out 10 test the 
hypothes is that in ,aero and lac1a1io nal ex posure 
of rats to an env ironmenta ll y relevant mixture of 
organochlorines modulates their reproducti ve 
deve lopment and function . The sllldy was 
initiated in 2002 and completed in 2004. The 
organochlorine mixture was designed to correlate 
10 the levels found in Ringed Seal blubber from 
Northern Quebec. Organochlorine compo unds 
and techni ca l mixtures were disso lved in corn oil 
10 give the proportions li sted in Table A. 

Maternal rat treatment, mating and gestation 

Five-week-old female Sprague-Dawley rats were 
housed two per cage in a room wi th 12 h light 
cyc le (6:45 -1 8:45), 22± I C temperature and 
46± I 0% humidity. Animals were given free 
access 10 food and chl orinated water ad libidum. 
Animal ca re and handling were in accordance 
with the guidelines of the university committees 
for animal care, chemical sa fety and ethics. 

CAS number % weight 
32.59 

57-74-9 21.3 
72-55-9 19.24 
50-29-3 6,79 

800 1-35-2 6.54 
3 19-84-6 6. 17 

309-00-2 2.52 
60-57- 1 2.09 
95-94-3 0.86 
72-54-8 0.49 

3 19-85-7 0.46 

118-74-1 0.35 
2385-85-5 0. 23 

58-89-9 0.20 

608-93-5 0.18 
a - Mixture containing 2,4,4'-trichlorobiphenyl (320 mg), 2,2',4 ,4'-tetrachlorobiphenyl (256 mg), 
3,3',4,4'-tetrachlorobiphenyl (1 .4 mg), 3,3',4,4 ', 5-pentachlorobiphenyl (6.7 mg), Aroclor 1254 
(12.8g) and Aroclor 1260 (19.2 g). 
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After 1 0 days of acc limati zation , the rats were 
weighed , randomly assigned to four groups 
(n= l 0) and dosed th e organochlori ne mi xture 
thrice weekly by gavage with equa l vo lume of 
vehicle (1 ml corn oi l/ 100 grams body we ight) to 
give the fol lowing three dai ly intakes of PC Bs: 
0.05 mg/kg body weight, 0.5 mg/kg body weight 
and 5 mg/kg body weight. The daily intakes of 
the other organochlorines ca n be ca lcu lated fro m 
propo1iions listed in Tab le A. The fo urth gro up 
of rats was fed an equal vo lume of o il and used 
as control s. After 5 weeks oftreat mem, each pai r 
of fe male rats was housed with an unexposed 
male rat for 10 days and mating was confirmed 
by the presence of a vagi nal plug. 
Organochlori ne treatment continued through 
mating and gestation until terminated at 
parturition. 

Parturition and weaning 

The day of the partu riti on was considered to be 
postnatal day (PND) 1. On PN D2, dam and pup 
body weights, numbers of li tter, li tter size, sex 
ratio and the percentage o f live offspring were 
determi ned. Rats were left with their litters unt il 
PND2 l , at which time termi nal body we ight was 
recorded and blood sa mples were co llected from 
the dams by cardiac puncture after been 
anest het ised with ketam ine and xylazi ne. Serum 
and plasma were separated by centrifugation at 
900 g for 30 mi nutes and kept frozen at - 20 C 
until the time o f organochlo rine ana lysis. Rats 
were then sacrificed by cervical di slocation and 
their livers, spleens, uteri and ovaries were 
col lected, cleared from the surrou nding fa t and 
weighed. The number of implantation sites in the 
uteri was also counted. 

Developmem of male offspring 

This next portion of the study was, therefore, 
carried out to test the hypothesis that in 11/ero 
and lactational exposure o f male rats to an 
environmental ly re levant mixtu re of 
organochl orines modulates their reproductive 
development and functi on. 

The day o f parturition was considered to be 
postnatal day (PND) 1. On PND2, pup body 
weights were determined, and litters of more 
than 10 pups were cu lled to 10 (ma le and fema le) 
and those wi th less than 7 pups were excluded. 
Because onl y two o f the dams from the 5 mg 
PCBs treatment retai ned some of their live pups 
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on PND2, th e ma le offspri ng from thi s gro up 
were statistica lly excluded from this study. Pups 
remained with their mothers unt il weaning 
(PN D2 l ), at which time blood sampl es were 
co ll ected from some of the males . Serum and 
plasma were kept fro zen at - 20°C until the time 
of hormon e and o rganochlorine ana lyses. Their 
li vers, spleens, testes and epididymides, ventral 
prostates and semina l ves ic les were co llected, 
c lea red from th e surrounding fat and we ighed. 
Preputial separat ion in the remaining male rats 
was exa min ed da ily from PND35. Ha lf of these 
were ki ll ed on PN D60 and the remainders killed 
o n PN D90. Aga in , blood samples were co llected 
for hormone and organochlori ne analyses, and 
li vers, sp leens and reproducti ve organs were 
removed and we ighed. The right ca uda 
epididymides from some of th e rats we re used 
for exa mining sperm mot ility and mo rpho logy. 

Development of fe mal e offspri ng 

A third portion of study was conducted in 
paral le l to the mal e rat pup development to test 
the hypothesis that in Ulero and lactational 
exposure to an environmentall y re levant 
organochlorin e mi xture affects reproductive 
deve lopment and function in female offspri ng 
usi ng the rat as a mode l. 

Together wit h th e mal e pups, th e fe mal e pups 
remained wi th their mothers until weaning 
(PN D2 l ), at whi ch time b lood sa mp les we re 
co llected from some of the fema les by cardiac 
puncture. Th ese ra ts were then sacrificed by 
cerv ica l di s location and their livers, sp leens, 
uteri and ovaries were co ll ected. T he vaginal 
o penings of the remaining fema le rats were 
examin ed da ily after PND26. Half of these rats 
were sacrifi ced o n PND60 and the remainders 
were ki lled o n PN D90. Blood samp les were 
co ll ected fo r hormo ne and orga nochlorine 
ana lyses, and li vers, spl eens and reproducti ve 
organs were removed and we ighed. 

Starting o n PN D50, the estrous cyc le of the 
fema le pups was examined da ily by vag inal 
smea rs for 25 days. The stage o f th e cycl e was 
identifi ed by th e ce ll type found in th e vaginal 
nu id. The number of days spent at each stage of 
the cycl e was recorded. 

Ovu latio n rate was examined between PN DS0 
and PN D90. On the mo rnin g of estrus, as 
identifi ed by vag ina l smea rs, rats were ki lled and 
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ova ri es and oviducts were re111oved. The ovary 
and ov iduct were separated and cumulus-
enc losed oocyes were di ssected out of the 
oviducts, coumed, and the 111orphology of 
cu111ulus cell s was exa111i ned with a phase 
contrast 111icroscope. Oocytes with partial or full 
degree of expans ion were considered expanded. 

Results 

Effect of treatmem on the reproductive 
co111pelence of the da111s and neonatal para111eters 

No significant differences in the mating, fertility 
and pregnancy indices were observed between 
th e treated and untreated rats (Table I). The 
hi ghest level of exposure (5 111g PCBs) reduced 
th e nu111ber of pups per liner and th e percemage 
of live offspri ng (P<0.05). Male pup weigh t on 
PND2 was signifi caml y lower in the 0.5 and 5 
111g PCBs groups than the cont rol (P<0.05). 
Si111il arl y, all fe111ale pups fro111 rats receiving the 
organochlorines (at a ll levels of exposu re) had 
lower body we ights than the comro l (P<0.05). 
Posti111p lamation 111ortal ity was also higher in 

rats fro111 5 111g PCB gro up than the comrol 
(P<0.05). No significa nt differences in the 
nu111ber of i111pl antati on sites, sex ratio and 
duration of gestation were observed a111ong 
treat111ems. None of the fe111a les has died umil 
the termination of the ex periment. In sum, it 
appears that there was no apparent direct affect 
of the 0.05 and 0.5 111g treat111ents on darn 
reproducti ve fun ction. although pup 
deve lop111em (weight) was reduced. As 
di scussed later, phys iolog ical para111eters of the 
da111s treated with 5 mg PCBs indicate a direct 
toxi c response, resulting in reduced fertility. 

There was no di fference in the body weight gain 
of da111s after 5 weeks of lreat111ent, but 5 mg 
PCBs treat111ent reduced the body weight ga in al 
the ti111e of parturition (P<0.05; Fig. I). The 
111aternal body we ight ga in was also reduced al 
the time of weaning with all levels of 
organochlorine treat111ent (P<0.05). 
Rats exposed to 5 111g PCBs had relatively hi gher 
we ight of liver and signifi ca ntly lower spleen 
we ight in comparison to the control (Fig. 2) 
suggesting acute toxic effects of the 111ixture at 5 
111g: 

Table 1. Fertility data of the rats orally exposed to the organochlorine mixture. 

Treat- No. No. No. l111planl- Posti111- Gestat ion Fe111ale 

ment No. 111ated litters Pups per 
ati on 

plant. length % live % males Male pup pup 
dams preg. liner pupsd weight (g)" we ight (111g/kg) (%)' (%)" (%)' sites d morl. (days)" (%)" (o)" 

0 10 9 (90) 9 9 10.1±2.2' 12.6± 1.5 19.02 22.4±0.7 92±2.2' 43 .2±0.2 7.32±0.08' 7.23±0.08' (90) (100) 

0.05 10 9 (90) 9 9 10.6± 1.9' 12.4± 1.7 15.01 22.0±0.0 98±0.1 ' 53.5±0.2 7 .21 ±0.09'b 6.64±0.06b (90) ( 100) 

0.5 10 10 9 9 12.4±2. 1' 13.9± 1.5 9.8 22.1 ±0.3 97±0.2' 55.9±0.1 6.99±0 09h 6.64±0.07b (100) (90) (100) 

10 8 (80) 8 8 6.3± 1.0h 11± 1.9 39.21' 22.0±0.0 73±0.3b 42±0.1 6.0±0.09' 5.8±0.09' (80) (100) 
• Mating index 
' Fertility index 
' Pregnancy index 
' Data are means±SEM 
'·'·' Different superscripts within the same column are significantly different (P<0.05). 
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Figure 1. Oral treatment with organochlorines reduces the body weight gain of the dams. Data are means ± SEM; letters 
indicate SD due to treatment (P<0.05; n = 9). 
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Figure 2. Relative (g/kg body weight) and absolute (g) weights of livers (A) and spleens (B) from female rats treated with 
various levels of organochlorines and sacrificed after weaning. Values are means+SEM. Letters indicate significant difference 
due to organochlorine treatment (P<0.05). 
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No differences in the uterine or ovarian weights 
,vere observed as a result of the organochlorine 
treatment ( data not shown), suggesting no direct 
affect of the subchronic exposure on 
reproducti ve ti ssues. 

The concentration s of vario us organochlorines 
and their metabo li tes in plasma samples 
co llected from dam s on PN D2 I were assayed. 
Aroclor 1260, and congeners IOI , 138, 153 , 170, 
I 80 and I 87 as wel l as p,p' -ODE and 
hexachlorobenzene were detected in plasma 
samp les from the control group (Table 2): 

A ldrin , a lpha-eh lordane, hepta-chlorepoxide, 
pentachloro-benzene, toxaphenes, and PCB 
congeners 28 and 52 were not detected in any 
sample. With the excepti on of alpha-HCH and 
hexachl oro benzene, the plasma leve ls of a ll 
other de tected orga nochl ori nes increased wi th 
treatment in a dose-dependant manner (Table 3). 

Development of male offspri ng 

On ly three rats from th e 5 mg PCB treatment 
group survived beyond PN D2, and we fee l that 

thi s dose induced acute tox ic ity. Therefore, 
observations of thi s group aft er PND2 were not 
included in the statistical ana lysis. Data from thi s 
group. however, are presented separa tel y in 
Table 4. 

Tab le 5 presents the effect of organoc hl orine 
exposure on th e anogenita l di s tance measured on 
PN D2, the number of retained nipples co unted 
on PND 13 , the age of preputial separation and 
body growth of the male pups. Anogenita l 
di stance (AG O) was shorter in rats from the 5 
mg PC Bs (P<0.05), but the relative AG O 
(AG O/body weight) was not different among 
gro ups. Nippl e retention was a lso not affected by 
th e o rganochlo rine exposure. However, the age 
o f preputial separati on, th e primary indicator of 
puberty, was effecti ve ly delayed in ra ts exposed 
to the organochlorines (P<0.05). The weight o f 
the pups exposed to the organoch lorine mi xt ure 
at 5 mg PC Bs was lower than that o f th e oth er 
groups when recorded o n PN D2 (P<0.05). The 
body growth of the pups the reafter was not 
affected by th e organochlorin e ex posure. 

Table 2. PCB congeners levels (µg/L) in plasma of female rats exposed lo organochlorines' 

Control 
0.05 mg PCB/kg 0.5 mg PCB/kg 5 mg PC B/kg bw/day bw/da bw/da 

Aroc lor 0.2 1±0. 13 14.98± 13.26 68.6±49.68 2272.6± 152 1 .5 1260 
28 N D ND ND ND 
52 ND ND ND ND 
99 ND 0.2 1±0.32 1.33± 1.78 47.3±39.83 
10 1 0.004±0.009 ND 0.06±0. 14 2. 14± 1.76 
105 N D 0. 1±0.23 0.29±0.48 14.76± 11.7 1 
11 8 N D 0 .34±0.6 1 1.42± 1.63 52.54±41 .46 
128 N D 0.07±0.15 0.41 ±0.29 18.94± 14.54 
138 0.02±0.0 1 1.1 6± 1.10 5.36±4.34 188.4± 129.0 
153 0.03±0.02 1.74± 1.49 7.88±5.21 248.8± 163.95 
156 N D 0.41 ±0.2 1 1.06±0.7 1 32.82± 23.98 
170 0.0 1±0.0 1 0.66±0.40 3.84±2. 13 83.00± 50 88 
180 0.07±0.07 1.63±0.87 9. 18+4.12 186.8± I 06.5 
183 ND 0.4±0.23 2.34± 1.14 47.4±26.9 
187 0.02±0.0 1 0 .99±0.63 5.24±2.4 1 11 3.8±63.6 

ND: nol detected. 
'Values are means± SD; n=5 
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The effect of the organochlorine treat111ent on the 
development of male reproductive organ as 
indicated by their relative we ights (g/kg body 
weight) is shown in Fig. 3. On PND2 I, testes 
weights were higher in pups exposed to 0.5 111g 
PCBs (P<0.05) but not on PND60 or 90. P D60 
ventral prostate weights were lower with the 0.5 
111g PCBs exposure (P>0.05). As we ll , PND90 
weights of the epididy111ides, ventra l prostate and 
se111inal vesicle were effecti vely decreased with 
organochlori nc ex posure (P<0.05). As for the 
li ver and spleen, the on ly significant effect was 
an increase in the P D2 I weight of liver fro111 
rats exposed to 0.5 mg PCBs (P<0.05; data not 
shown). 

The effect of the organochlorine exposure on the 
111otility of the caudal epid idymal sper111 is 
presented in Fig. 4. When exam ined on PND60. 
the percentages of 111otile and progressively 
111otil e sper111 were not signifi cant ly affected by 
orgnochlorine exposure. At PND90, however, 

the percentages of 111otile and progressively 
111ot ile sper111 were decreased in rats ex posed to 
the organochlorine 111 ixture (P<0.05), which 
migh t reduce th e fert ility of the males, though 
this was never in vest igated. For the 0.05 111g 
PCBs group, the decrease was significa nt after 
60 111inutes of incubat ion. The decrease was 
appa rent at all tested ti111e periods for rats fro m 
the 0.5 111g PCBs group. Among the other 
examined para111e ters, ALH and BCF were 
higher in ra ts fro111 th e 0.5 mg PCBs trea t111ent 
group (P<0.05 ; data not shown). The 
morphology of the sper111 was not affected at any 
leve l of organochlorine exposure (data not 
shown). 

The effects of the organochl orine exposu re on 
male rat serum hormones are presented in Fig. 5. 
Rats from the 0.5 mg PCBs treat 111ent had 
re lative ly low levels of serum testosterone than 
the control , however, 

Table 3. Concentrations (µg/ml) of various organochlorines and their metabolites in plasma of female rats exposed orally to 
the or~anochlorine mixture' 

Control 0.05 111g PCB/kg 0.5 mg PCB/kg 5 111g PCB/kg 
bw/da:z: bw/da:z: bw/da:z: 

p,p '-DDT ND 2.58±2.74 12.78± 11.99 232.8 1 ± 146. 13 
p.p '-DDD D ND 0.26±0.58 16.44± 19.3 1 
p,p '-DDE 0.13±0.12 6.44±7.02 15 .34±9.45 1259±949.04 

Aldrin ND ND ND ND 
Dieldrin ND 0.1 8±0.4 1 0.22±0.09 27.2±45.79 
Lindane ND ND ND ND 
Mirex ND 0.44±0.13 2.92± 1.03 41.2+2 I +55 

Alpha-chlorodane ND ND ND ND 
Ga111ma-ch lorodane ND ND D 0.47±0.57 

Oxy-chl orodane ND 0. 11±0.24 0.2±0.4 1 33.73±37.4 
Hepta-chlorodane ND ND D 3.38±4.54 

Alpha-BHC ND 0.09+0.13 ND 9.47± 16.65 
Beta-BI-IC ND ND ND 12.57± I 0.06 

Cis-nonachlor ND D ND 0.42±0.94 
Trans-nonach lor ND D ND 8.84± 19. 1 

1-l epta-chl or- epox ide ND ND ND ND 
Hexa-ch loro-benzene 0.01 ±0.01 0.12±0.19 0.07±0. 17 20.42± 19.42 
Penta-eh lorn-benzene ND ND ND ND 

Toxaphenes ND ND ND ND 
ND: not delecled. 
'Values are means± SD; n=5 
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the differences were not signifi cam al any tested 
time. Serum FS I-I , LI-I and thyroxi n leve ls we re 
not affected by th e o rga nochlo rine treatmem at 
a ll tested ti mes (not shown). 

Fig. 6A shows th e testicular hi stology. Testes 
from 0.05 and 0.5 mg PCBs grou ps were 
morpho log ica ll y sim il a r to the contro l, and had 
100% seminiferous tubules show ing 
diffe renti ating germ ce ll s. So me of the 
seminiferous tubu les fro m th e 0.5 mg PCBs, 
however, had relati ve ly fewer sperm in the 
lumen th an the comro ls. In comrast, severe 
hi sto log ica l changes were observed in testes 
from rats exposed to 5 mg PC Bs. In these testes, 
germs ce ll s appea red to be degenerated as al l had 
large pyknot ic nucle i and were 
und istingui shable. A hi gher percentage of 
smalle r size tubul es, fewer Seno li cell s, and 
severa l vacuoles were also some features o f 
testes fro m the 5 mg PC Bs. Add iti onal ly. the 
\umen s of the semi ni fe ro us tubul es were 
depri ved o f sperm and coma ined fibri ns. 

The morphology of th e epididymides a lso 
appears normal in rats from 0.05 and 0 .5 mg 
PCBs g roups compared to the comro l with the 
except ion th at sperm in epididymal lumens from 
0.5 mg PC Bs treatment a re less abundant , 
confirming observations of the seminiferous 
tubul es (Fig. 6B). However, epididymal 
morphology was apparentl y affected by ex pos ing 
lo 5 mg PC Bs; changes include reduced tubu le 
size, absence of sperm , and the presence of 
fibrin s and ce llular debris in the lumen. 

The concemrati ons of various organochlorines 
and thei r metabo lites in blood plasma sampl es 
co llected from the male rats on PND2 l , 60 and 
90 a re prescmed in Tab le 6. Aroc lo r 1260, and 
congeners 105, 118, 128, 138, 153, 156, 170. 
180, 183 and I 87 as we ll as p.p ' -DDT. p,p' -
DD E, oxychl orodane and hexachlorobenzene 
were detected in plasma sa mpl es from the 

Table 4. Reproductive and developmental data of rats from the 5 mg PCBs group 

Characters 

PND I 3 Nippl e retention 

Age at preputial separation (days) 

PND2 I body we ight (g) 

PND60 body we ight (g) 

PND90 body wei ght (g) 

Li ver weight (g/kg body weight) 

Spl een we ight (g/kg body we ig ht) 

Testi s we ight (g/kg body weight) 

Epididymis we ight (g/kg body weight) 

Ventral prostate we ight (g/kg body we ight) 

Se min al ves icl e we ight (g/kg body we ight) 

% Motility' 

% Progressive motilit / 

% Normal s e n11b 

Relati ve organ weights were measured on PND90. 

Values are means±SD (n=3) 

Values 

1.00± 1.00 

57.0±3.74 

33 .9±3.00 

I 65±33.2 

241 ±35.8 

24. 1± 1.50 

2.88±0.33 

2. 18±0.77 

0.70±0.10 

0.26±0.02 

1.3 1±0.88 

0 

0 

0 

' No of sperm counted was 32, 29 and 17 for the fi rst , second and third rat, respectively. 

' No of sperm examined was 18, 16 and 15 for the first, second and third rat, respectively. 
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control group. Aldri n, die ldrin , lindane, alpha-
chlordane, gama-chlordane, heptachlor, alpha-
BHC, cis-nonachlor, tra ns-nonach lor, hepta-
chlorepoxide, pentachl oro-benzene, and PCB 
congeners 28 and 52 were not detected in any 
sample. Plasma leve ls of al I detected 
organochlorines increased wi th treatment, and 
drasti ca ll y decreased with the age of rats. 

Deve lopment of fe male offspring 

As mentioned for the male rat pups, onl y 2 rats 
from th e 5 mg PCB lrealmenl group retai ned 
some li ve pups beyond PND2, therefore, 
observati ons of thi s group recorded aft er PND2 
were not included in the stati sti ca l ana lysis. 
Table 7 presents the effect of organochlorine 
exposure on some of the deve lopmental traits in 
female pups. Anogenital distance in the fe male 
pups was not affected by the ex posure. The age 
of vag inal separation was effecti vely delayed in 
rats exposed to the organochl ori nes (P<0.05). 
Vaginal separat ion is an indicator of puberty; 
therefore, as observed for the males, even the 
lowest treatment doses effecti vely interrupted 
puberty in these animals. All levels of 
organochl orine ex posure significantly reduced 
PND2 body we ight compared to the control 

(P<0.05), a likely consequence of the poor 
gestational weight ga in of th e dams (F ig. 1 ). Rats 
from the 5 mg PCBs group had even lower body 
we ights than the 0.05 and 0.5 mg PCBs groups 
on PN D2 (P<0.05). The body growth of the pups 
thereafter was 11 01 affected by the orga nochlorine 
ex posure, so a direct tox ic effect of the ex posure 
was unlikely. 

Uterine, ovari an and spl een we ights were not 
affected by the organochlo rine ex posure at al l 
ages tested (data not shown). For the li ver 
weights, the onl y significant difference was an 
increased we ight due lo th e 0.5 mg PCBs 
lreatmem on PND2 l (P<0.05 ; data note shown). 

Organochlorine ex posure di srupted th e estrous 
cycle of the fema le offspring. Rats from the 0.5 
mg PCBs group spent significantly more days in 
di eslrus stage of the cycle than those from the 
control and 0.05 mg PCBs groups (P<0.05; Fi g. 
7). On the other hand, both leve ls of 
organochl orine exposure (0.05 and 0.5 mg 
PCBs) signifi cantly shortened the duration of the 
estrus (i.e. sexual receptive and ovulatory) stage 
relative lo controls (P<0.05). 

Table 5. Developmental data of male rats exposed in utero and during lactation to the organochlorine mixture 

Parameters Control 0.05 mg PCBs 0.5 mg PCBs 

Anogenita l di stance (111111*) 2.49±0.06" 2.45±0.05" 
AG O/body we ight* 03 4 0.34 
Nipple retention** 0 0 

Age at preputial separation (days)*** 42.05±0.25" 43. 14±0.25b 

PND2 body we ight 7.32±0.08" 7.2 1±0.09" 
PND2I body we ight 54.03±0.65 53.68±0.69 
PND60 body we ight 3 I I .49±4.55 308.27±5.05 
PND90 body we ight 374. 14±9.93 365.38 
Values are mean±SEM. 
• PND2 (n=37,51,52 and 13 for control , 0.05 mg and 0.5 mg PCBs groups, respectively) . 
.. PND1 3 (n= 37, 51 , 52 for control , 0.05 mg and 0.5 mg PCBs groups, respectively). 
*** n=20 
1 n=37, 51 and 52 for control , 0.05 and 0.5 mg PCBs groups, respectively. 
2 n=33,42 and 51 for control, 0.05 and 0.5 mg PCBs groups, respectively 
3 n=16,18 and 20 for control, 0.05 and 0.5 mg PCBs groups, respectively 
4 n=8,11 and 11 for control , 0.05 and 0.5 mg PCBs groups, respectively 
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As shown in Table 8, organochlorine ex posure 
had no effect on ovulation rate of the female rat 
offspring. The number of the co llected oocytes 
per ovulated rat was also not altered by the 
organochl orine treatment. In contrast, the process 
of cumulus ex pansion was severely affected in 
oocytes co llected from the ex posed rats as 
indicated by th e signifi cantly low percentage of 
oocytes that had ex panded cumu lus ce ll s 
(P<0.05; Table 8). Figure 8 shows the 
morphology of the oocytes, indicat ing that the 
0.5 mg group has very condensed cumulus 
relative to the others. 

Estradio l (E2), thyroxin (T4), fol licle st imulating 
hormone (FS H), luteini sing hormone (LH) and 
prolactin were measured by radioimmunoassay. 
As shown in Fig. 9, at PND2 I, se rum E2 leve ls 
of the trea ted rats did not differ from leve ls in the 

untreated controls. On P D60, however. serum 
E2 level sign ificantly declined in rats exposed to 
the organochlorine mixture (P<0.05). On 
PND90, concentration of serum E2 aga in did not 
differ among treated and control rats. Serum 
FSH, LH and pro lactin was not affected by 
orga nochl orine exposure at al l ages tested (not 
shown). Fig. 7 shows also that female rats from 
the 0.5 mg PCBs group had significant ly lower 
serum T4 concentration than the other groups on 
PND2 1. In contrast, PND60 and 90 serum T4 
leve ls of the treated rats were not different from 
those of the control rats. 

The concentrations of various organoch lorines 
an d their metabolites in plasma samples 
col lected from the male rats on PND21 , 60 and 
90 are presented in Table 6. 

Figure 3. Development of reproductive organs from male rats exposed in utero and during lactation to an organochlorine 
mixture at PND 21 , 60 and 90. Data are shown as absolute organ weights/body weights (glkg). Values are means±SEM. 
Different letters indicate significant differences due to treatment within each PND (P<0 .05; n=12, 10 and 10 for PND21 , 60 
and 90 respectively). 
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Discussion and Conclusions 

The data obtai ned fro m this study clearly 
indicate that in utero and lactational ex posure to 
organoch lori nes designed to mimic rea l-life 
contaminants in the Far North adverse ly affect 
neonatal characteristics, pube rty and 
reproductive fu nction in the rat model. At 
present, there is no evidence of fert ility problems 
in Northern popu lat ions because it has never 
been studied, but th ey might start to be observed 
over the next severa l decades. Moreover, 
reproductive problems in the affected food 
sources (sea ls. polar bea r. and beluga) have been 
documented and might result in future di ffi culty 
for the huma n populations in obtaining these 
nutritiona lly and cul turally important tradit ional 
food sources (Reijnders, 1986; Ylitalo et al. , 
2001). 

The treatment doses are pertinent 

The lowest mi xture dose used in thi s study was 
based on the results of our prelim inary 
experiment (not shown) in whi ch fe male rats 
were exposed to the mixture for fi ve weeks at a 
da ily intake ranging fro m O to I O mg 
PCBs/kg/day. Pl asma Aroclor 1260 ( 48 ,1g/l) and 
DDE ( 15 µg/1) leve ls in these rats ex posed to the 
mixture at a da ily intake of 0. 1 mg PCBs/kg 
body we ight were in the ra nge of what has been 
reported in Inui t in Greenl and (Bjerregaard et al. , 
200 I). Therefore, half of this dose (0.05 mg 
PCBs) was se lected to be th e lowest dose in our 
pri nc ipal study. Concentra ti ons of other 
organochl orines in thi s lowest dose were in the 
ranges or below levels that have been associated 
wit h low or no tox icity in an imal studi es, such as 
no observab le adverse effect leve l (NOA EL) and 
the lowest observed adverse effect leve l 
(LOAEL). Moreove r, the lowest dose of the 
mix ture used in the present study generated mean 
values of pl asma organochlorines in male rat 
offspring comparab le (PND2 I DDT; 5.5 ,,g/1) or 
fa r lower than the hi ghest va lues recent ly 
reported in Arctic populations (But ler et a l. , 
2003). Spec ifi call y, concentrations as hi gh as 60 
µg/1 Aroclor 1260, 21 µg/1 sum of other 14 
congeners similar to those used in thi s study, 
3,ig/1 DDT, 34 µg/1 DDE, 0.8 µg/1 mirex, 6 µg/1 
oxychl orodane, 38 µg/1 beta-B HC and 4.5 ,1g/l 
hexachlorobenzene were detected in maternal 
blood of women from Arctic Canada . These 
va lues are also hi gher th an what we obse rved on 
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P D60 and PND90 in the rats treated with 0.5 
mg PCBs in the present study. However, on 
P D2 I, rats from thi s group had th ree-fold 
higher PCBs, I 0- fo ld higher DDT, two-fold 
higher DDE and fou r-fo ld higher mirex plasma 
levels than what was reported for the Arcti c 
maternal blood leve ls. As well , PND90 plasma 
PC Bs and mirex mean concentrations in mal e 
rats from the hi ghest level of ex posure grou p (5 
mg PCBs) in this stud y were fi ve- and two-fo ld 
higher than the hi ghest leve ls reported in the 
Arctic study (Bu tler et a l. , 2003). Other detected 
plasma organochl orines in thi s gro up were eith er 
around the same leve l (DDT and DDE) or less 
(oxychl orodane and hexachlorobenzene) th an 
those of the Arctic (But ler et al. , 2003). In 
addit ion to what has been reported in Arctic, as 
hi gh as 47 , ,g/1 and 95 ,,g/1 of Aroclor were 
detected in human blood from Montrea lers of 
Asian origin (Kosatsky et a l. , 1999) and 
Greenland (Bjerregaa rd and Hansen, 2000). 
These observations ind icate that th e mixtu re used 
in thi s study generated blood concentrations of 
organochl orines in the male rat offspri ng 
comparab le to the leve ls in the blood of highly 
exposed humans. Therefore, the treatment used 
can be considered to be environmental ly relevant 
to human populations. 

Im pact of treatment 011 the dams and li11er 
pa,·a1nete1·s 

The 5 mg PCBs treatment reduced the body 
weight ga in of dams at the time of parturi tion 
(Fig. I). The maternal body weight gain was 
also reduced at the time of weaning with all 
levels of treatment. Insuffi cient weight gai n in 
humans during pregnancy is assoc iated with 
prematu re de li very and reduced natal we ight (as 
observed in Table I), which are in tu rn lin ked to 
va ri ous other deve lopmental issues (Ehrenberg et 
a l. , 2003). 

Va rious ferti lity outcomes were negative ly 
altered by the treatment of the dams, including 
the numbers of pups per litter, pup weight and 
postnatal surviva l. The altered spleen and li ver 
weights in the dams led us to suspect a sli ght 
acute tox ic affect of th e upper treatments on 
these fema les. However, taken together, these 
data show that ex posure of adult female ra ts to 
an environmenta lly relevant organochl ori ne 
mi xtu re alters their reprod ucti ve performance, 
suggesting a poss ible reproductive health hazards 
for human and other animals. 
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Figure 4. Percentages of motile and progressively motile sperm from rats at PND60 (n=10) and PND90 (n=10) that had been 
exposed in utero and during lactation to the organochlorine mixture. Cauda epididymal sperm were incubated in TCM-199 at 
38C in CO2 for 15, 30 or 60 minutes, at which time motility was assessed using a Hamilton-Thorne analyser. Values are 
means±SEM. Letters indicate significant differences due to treatment with in each incubation period (P<0.05). Sperm motility 
was not affected due to treatment at PND60 (P>0.05). 
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Despite the decli ning organoch lorine levels in 
th e North, the children that were exposed in 
111ero and during lactation to the highest leve ls of 
contaminants are just approaching puberty. 
However, it is clear that an increas ing body of 
literature shows that exposure to organochlorines 
negatively impacts male and female reproducti ve 
function and severa l lines of evidence support 
the hypothes is tha t organoch lorines negative ly 
affects reproduct ive fu nction . Firstly, there is 
overwhelmi ng amounts of data from our and 
other labs (So lomon and Schettler, 2000; 
McLauch lan, 2001 ; Cam pagana et a l. , 200 1, 
2002; AMAP, 2002; Adeeko et a l. , 2003 and 
references with in th ese documents) indicating 
tha t env ironmental ly releva nt leve ls of 
orga noch lorines (ind ividua l pol lutants or 
mixtu res) found in the Arctic disrupt s 
deve lopment ( for exampl e birth size, sex ra ti o, 
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gestational we ight gain which is in turn linked to 
comp lica tions) and reproductio n (for examp le 
age a t puberty, hormone dynamics. conception 
rate, gamete quality). Secondly, numerous 
reports show that exposure to simi lar pollutants 
in other areas of the world have negative effects 
on reproductive development (for example 
Solomon and Schettler, 2000; Longnecker et al. , 
200 I; Hauser et al. , 2002; Rogan et al. , 2003; 
Swan et a l. , 2003). As we ll. other health effects 
in Arcti c peoples such as neurodevelopmental 
delays, osteoporosis and immunosuppress ion 
have been suggested to occur via molecular or 
hormona l a lteration s due to organochlorine 
ex posure. To suggest that reproductive 
development, which is intri cate ly regulated by 
steroid hormone dynam ics during foetal , 
perinata l and peripuberta l development. wou ld 
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Figure 5. Serum testosterone from male rats exposed in utero and during lactation to organochlorine mixture and sacrificed 
at PND21 , 60 and 90. Values are means+SEM (n=4 for PND21 , and 7 for PND60 and 90). No significant differences were 
observed due to the organochlorine exposure. 
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Figure 6. Histology of the testicular seminiferous tubules (panel A) and epididmal ducts (panel B) from male rats at PND90 
that had been exposed in utero and during lactation to the organochlorine mixture. From upper left clockwise are from 
control , 0.05 mg, 0.5 and 5 mg groups. (n = 10 for all groups but 5 mg where n = 2). 
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Table 6. PCB congener and organochlorine levels (,,g/L) in plasma of male rats exposed in utero and during lactation to 
or anochlorine mixture 

0.05 0.5 
Comrol (mg PCBs/kg body weight/day) 

p 0 21 PND60 PND90 PND21 PND60 PND90 PND2 1 p 060 PND90 

,roclor 1260 2.57± 1.70 0.24±0.3 0.32±0.20 19.3±2.52 2.36± 1.4 7 1.20± 1.10 183± 18.9 29.8± 12.9 17.0±3.32 

5 

PND90 

277± 121 

99 ND ND ND 0.52±0.14 ND ND 5. 18±0.60 0.95±0.58 0.2 1 ±0.30 4.83± 1.82 

101 ND ND ND 0. 16±0.14 ND ND 0. t 7±0.19 ND ND 

105 0.04±0.04 D ND 0.34±0.03 ND ND 2.40±0.20 0. 16±0.16 ND 

I 18 0.1 1±0.08 0.0 1±0.0 1 ND 0.8 1±0.1 1 ND ND 7.00±0.72 0.80±0.34 0.43±0.08 

128 0.03±0.02 ND ND ND D ND 1.43±0.2 1 ND ND 

138 0.21±0. 14 0.02±0.02 0.03±0.02 1.53±0.21 0.2 1±0. 13 ND 14.5± 1.00 2.52± 1.1 8 1.32±0.26 

153 0.28±0.20 0.02±0.03 0.03±0.02 2. 17±0.31 0.29±0.08 0. 13±0. 12 21.0±2.45 3.24± 1.32 1.96±0.39 

156 0.03±0.02 ND ND 0.15±0.14 ND ND 1.98±0.22 0.24±0. 15 ND 

170 0.09±0.06 ND ND 0.68±0. 10 ND ND 6.40±0.57 0.97±0.40 0.56±0.10 

180 0.20±0. 14 0.0 1±0.02 0.03±0.02 1.47±0.21 0.10±0.14 ND 13.5± 1.29 2. 16±0.78 1.36±0.26 

183 0.05±0.04 ND ND 0.42±0.07 ND ND 3.90±0.39 0.54±0.2 1 0.34±0.07 

187 0. 13±0.09 0.0 1±0.01 0.06±0.08 1.02±0.16 0.04±0.09 ND 9.23±0.69 1.45±0.54 0.94±0.18 
p,p'-DDT 0.86±0.9 1 ND 0.02±0.04 5.47± 1.79 0.60±0.35 ND 29.3±5.68 3. 12± 1.10 2.36±0.31 
p,p'-DDD ND D ND ND D D 1.15± 1.33 D ND 
p,p'-DDE 1.62± 1.1 3 ND 0.07±0.10 11 .0±0.00 0.63±0.40 0.13±0.29 72.3± 15.3 2.62±0.77 1.42±0.55 

Mirex 0.03±0.03 ND ND 0.29±0.06 ND ND 3.00±0.54 0.31 ±0.09 0. 14±0. 13 
Oxy- 0.04±0.04 ND ND 0.36±0.02 ND ND 2.28± 1.10 0.10±0.14 ND :hlorodane 

8-BHC ND ND ND ND ND ND 1.48±0.31 ND ND 
lexachlorob 0_05±0_04 ND ' D 0.24±0.03 ND ND 2.05±0.42 0.09±0.12 ND enzene 

ND: not detected . Values are arithmetic means±SD (n=5 for the control , 0.05 mg and 0.5 mg PCBs groups, and 3 for 5 mg 
PCBs group). 
Male rats were exposed in utero and during laclalion to the organochlorine mixture and plasma samples were collected at 
PND21 , PND60 and 90 . Aldrin , dieldrin , lindane, alpha-chlordane, gama-chlordane, hepta-chlorepoxide , 
pentachlorobenzene, Cis-nonachlor, alpha-BHC, heptachlor, trans-nonachlor and PCB congeners 28 and 52 were not 
detected in any sample. 

11 0 1 be affected by these chemicals wou ld be 
mislead ing 10 th e Northern communiti es and 
other ex posed populations until solid research 
demonstrates otherwise. 

Trea1111e111 adverselv affected male offspring 
development 

The age of preputial separation was later in all 
rats exposed to the organochlorines, indicating 
that puberty was effecti ve ly delayed due to 

J_ Bailey 

treatment and is suggestive of endocrine 
abnormali ties or a retarded acti vati on of the 
hypothalamo-hypophoseal-testicu lar ax is. 
Alt hough Figure 5 shows no signifi cant 
difference in serum testosterone among the 
groups. our previous pig study revea led reduced 
testosterone leve ls in juveni le male offspri nge. 
However, we are re lucta nt to conclude that the 
endocri ne systems of these male rat s are 
unaffected because the pulsatility of reproduct ive 
hormones makes it difficult to accurately 
compare animals. In retrospect, we should have 
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sampled at least I O to 15 males per age group to 
have made a more precise comparison, although 
we did not have enough anima ls to have 
conducted such an assay. Furthermore, as shown 
in the next sect ion, the female offspring (i.e. the 
sisters of these males) have disrupted endocrine 
responses due to maternal treatment. Moreover, 
the significant ly decreased weigh ts of the 
androgen-dependent organs (Figure 3) renect 
abnormal androgen fu nction or a femi nisation 
(due to the estrogenic innuences of the 
organochlorines). 

Adult male offspring from the 0.05 mg and 0.5 
PCBs groups showed poorer sperm moti l ity 
compared to control s, which could indicate 

poorer fert ility in the ma les. However, the 
moti l ity decline m igh t not be mani fest as 
reduced fert i l ity, since the number of sperm per 
ejacu late (not measured in this study with rats) 
would l ike ly compensate fo r a moderate decline 
in quality. Some o f the semini fe rous tubules 
from the 0.5 mg PCBs, however, had re latively 
fewer sperm in the ep ididymal lumen than 
contro ls or 0.05 mg group, w hich cou ld more 
conce ivab ly resul t 111 reduced fertili sing 
efficiency re lative to control s. 

Table 7. Developmental data of female rats exposed in utero and during lactation to the organochlorine mixture. 

Treatment* Anogenital Age at vagina l Body we igh t (g) 

Distance (mm) ' opening ( days )2 PND2 1 PND2 I 3 PND604 p D905 

Contro l 1.13± 0.03 31.64± 0.23" 7.23± 0.07' 52.5± 0.63 185.7± 2.29 238.4± 3.55 

0.05 mg PCBs 1.13± 0.02 33.36± 0.32b 6.64± 0. 10b 49.7± 0.69 18 1.2± 3.36 243.8± 5.99 

0.5 mg PCBs 1.1 ± 0.03 33.93±0J2b 6.64± 0.10b 50. 1± 0.53 177.6± 3.24 232.1 ± 3.52 

Values are means±SEM. Different superscripts within the same column are significantly different (P<0.05). 
1 n=51 , 44 and 49 for the control, 0.05 and 0.5 mg PCBs groups, respectively. 

2 n=14; 3 n= 34; •n=14; 5n=7. 

Figure 7. Effect of in utero and lactational exposure to organochlorine mixture on estrous cycle duration. Rats were daily 
examined for 25 days for their cycles and the number of days spent in each stage of the cycle was counted. Data are 
means±SEM (n=7). Different letters indicate significant differences due to treatment within each stage (P<0.05). 
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Table 8. Ovulation rate, number of oocytes collected and oocyte cumulus expansion in female rats exposed in utero and 
during lactation to the organochlorine mixture. 

Treatment* No. of examined No. of ovu lated No. of oocytes/ovulated rat % of oocytes wit h cumu lus 
rats rats ex ansion 

Control 4 3 I 5.5±0.3 77.8' 
0.05 mg PCBs/kg/day 3 3 15.3±0.3 80.7' 
0.5 mg PCBs/kg/day 3 3 14.7±0.3 19. lb 

,., Different superscripts within the same column are significantly different (P<0.05). 

Figure 8. Oocytes from female rats exposed in utero and during lactation to organochlorine mixture and sacrificed at PND90 
(n=4). From upper left clockwise are oocytes from control , 0.05 and 0.5 rats. 

Also of interest was the altered pattern of sperm 
motility observed in the treated rats. The 
elevated AL H and BCF are suggesti ve of 
premature sperm activation and might result in 
red uced fert ility, as has been observed in other 
cases of precoc ious sperm activation (Cormier et 
al., 1997). ln add ition, the few su rviv ing ma les 
from the 5 mg PCBs group were clearly 
negative ly altered by materna l exposure to the 
organchlorines as noted by severe ly abnormal 
testes and lack of sperm in the cauda epidiym is. 
Aga in the mechanism of such dysfunction is 
like ly attributab le to endocrine disruption. 

J. Bailey 

Adverse affects o(treatment on female offspring 

Striking similarities between ma le and fema le 
development were observed. Vaginal 
separat ioni s an indicator of pube1ty in female 
rats and as for the males, even the lowest 
treatment doses effectively interrupted puberty 
because the age of vaginal separation was 
de layed in rats maternally exposed to the 
organoch lorines. The mechanism underlying the 
de lay is also likely related to endocrine 
abnormalities or a retarded activation of the 
hypotha lamo-hypophoseal-ova ri an axis. Indeed, 
estrogen levels of the pubertal females (PND60) 
were reduced due to treatment, whi ch might 
expla in the retarded puberty. The reduced T4 
levels might ind icate a ce11ain degree of 
hypothyrodoism, although we did not have the 
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Figure 9. Serum E2 (estrogen) and T4 (thyroxin) from female rats exposed in utero and during lactation to organochlorine 
mixture and sacrificed at PND21 , 60 and 90. Values are means±SEM (n=4 for PND21, 7 for PND60 and 4 for 90). Different 
letters indicate significant differences due to treatment within age (P<0.05). 
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resources to conduct cotl1p lete thyro id hortl1one 
profiling (inc luding th yroid stil1lul ating horl1lone 
assays). Hypothyroid isll1 froll1 infa ncy in 
hul1la ns. if unt reated, de lays pu berty (La rsen et 
a l. , 1998). 

Organochlorine exposure di srupted the estrous 
cyc le of the fe l1lale offspring, resu lting in longer 
d iestrus and shorter est ru s phases. An il1lpact of 
a longer d iestrus period cou ld be increased 
oocyte apoplosis or reduced oocyte col1l petence 
due lo il1lproper DNA structure shorter. 
Likewise, a shorter estrus phase could reduce 
fertil ity, s il1lpl y because the nu tl1ber of tl1alings 
perl1l irted by the fel1lale would be lil1l ited relati ve 
to comrols as estrus is the period of sex ual 
recept iv ity. 

Organochlori ne exposure had no effect on 
ovul at ion ra te of the fe l1l ale ra t offspring, 
however, the tl10rpho logy of the ovulated 
oocytes was abnortl1a l. The nortl1a lly ex panded 
cul1lu lus was tl1a rkedl y inh ibi ted in the 0.5 mg 
group. T hese resu lts are strik ingly similar to 
what we have prev iously o bserved with pi g 
oocytes in vitro (Ca mpagna et a l. , 200 I, 2002). 
The degree of cul1lulus expa nsion is known to be 
related to the competence o f the oocyte Lo 
develop into a hea lthy etl1 bryo. Therefore, the 
ab ili ty o f these fe l1lale rats to prod uce a 
cotl1petem embryo is questionabl e, a ltho ugh we 
did not directl y test the ir fertility in vil'O. 

Co11c/11di11g remarks 

To th e best of our know ledge, no data a re 
ava il abl e on the impact of orga nochlo rines on the 
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reproduc ti ve para meters o f people (or ani mal 
species that serve as traditi onal foods) in 
No11hern Aborig inal populatio ns. One 11l ight 
speculate that reproducti ve function has never 
been studi ed beca use no one fee ls that it is a 
probl em. However, some sex ual development 
data a re being co llected in an on-go ing cohort 
study in Nunav ik . Moreover, th e European 
Commi ss ion has initi ated th e rN UEN DO to 
decipher th e e ffect of environmental ex posure lo 
o rganochlo rine cotl1pounds with ho rmone-like 
acti ons on human fe rtility. They a re conducting a 
series of interre la ted studies in In uit and 
European populati ons with a high contrast of 
ex posure test thi s hypothesis. The Arctic 
Monitoring and Assessmem Progra tl111le (2002) 
a lso recognises that subtl e effects on human 
hea lth a re occurring in the Arcti c due to 
ex posure and that foeta l and neonatal 
deve lopment is o f grea test co nce rn . Fina ll y, it is 
imerestin g to note th at th e Canadi an Institute of 
Child Hea lth re leased a study in 2002 enti tled 
The f-lealth of Ca11ada 's Children, which 
concluded that "Today's children are bo rn with a 
body burden of syntheti c, persistem organ ic 
po llutants - the consequences of whi ch w ill not 
be know for another 50 yea rs or so.'' 
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Abstract 

It is been shown that some Inuit populations are 
exposed to higher leve ls or methy lmercury. It is 
important to characteri ze the ri sk by studying 
whether other components or the Inuit diet may 
offer protective effects aga inst the 
methylmercury toxicity. Thi s project is a rollow• 
up study on the effects or nutrients on tox icity of 
methylmercury using ra t as an animal model. 
Our prev ious study fo nded by 1CP 11 has shown 
that nutrients such as vitamin E and se lenium 
may have protect ive effects against the toxicity 
or the methy l mercury on the newborn ra ts. Th is 
fo llow-up study is to in vesti gate wheth er vitamin 
E and/or se lenium, or phytate, a dietary fibre, 
will affect the accumulation or orall y ingested 
methylmercury in different organs or change the 
toxic effects or methy lmercury. Thi s is a 
laboratory-based tox ico logy experiment and a 
co llaboration between researchers from the 
Centre for Indigenous Peoples ' utrition and 
Environment at McGi ll Un iversity and the 
Toxico logy Research Div ision, Bureau of 
Chemica l Safety of Hea lth Canada. Results of 
the study wil l help to characteri ze the risk of 
mercury exposure from the consumption of the 
traditional Inuit diet. 

Objectives 

To study the effects of dietary factors on 
methylmercury toxicity. 

L. Chan 

Specific Objectives (2003-2004): 

I . To complete the pathology examination 
of rat ti ssues from the previous 
experi ments studying the effects of 
protein and li pids on methylmer~ury. 

2. To study the effects of se lenium on 
methy lmercury kinetics and toxicity in 
adult rats. 

3. To study the effects of vitamin E on 
methylmercury kinetics and toxicity in 
adult rats. 

4. To study the effects of phytate on 
methy lmercury kinetics and toxicity in 
adult rats 

5. To use state-of-the-an endpoint 
measurements to characterize the 
toxicity of methy l mercury. 

Introduction 

Northern Contaminants Program (NC P) Phase II 
concluded with the re lease of the Canad ian 
Arctic Contaminants Assessment Report II 
(CACAR I I) that there is a need to characterize 
the risk of Hg exposure among Inuit 
commun ities because some Inuit populations are 
exposed to higher leve ls of methy lmercury. A 
recent repo rt publ ished by the United States 
Nati ona l Research Counc il (US N RC) on the 
toxicological effects of methylmercury 
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conc luded that dietary nutrients and supplements 
might protect against tox icity of meth ylmercury 
(US NRC, 2000). Moreover, intra-indi vidual 
differences can be exp lai ned, in part , by 
nutritiona l factors that might exacerbate or 
allen uate the effects of mercu ry tox icity in th e 
host (ibid.). The main sources of mercury in the 
nonhcrn diet, such as fish and marine mammals, 
are also rich sources of fi sh protein, 
polyunsaturated fa tly acids, se lenium, vitamin E 
and fibre. 

It is important. therefore, to characteri ze th e risk 
by studyi ng whether other components of the 
Inuit diet may offer protect ive effects against the 
methylmercury tox icity. This project was a 
follow-up study on the effects of nutri ents on 
toxicity of methylmercury using rats as an 
animal model. Our previous study funded by 
NCP 11 has shown that nutrients such as vi tam in 
E and selenium may have protect ive effects 
aga inst the tox icity of the methyl mercu ry on the 
newborn rats. This fo llow-up study was to 
investigate whether vitamin E and/or se lenium, 
or Phytate, a dietary fibre, will affect the 
accumulation of ora ll y ingested methylmercury 
in different organs and/or change the tox ic 
effects of methy lmercu ry. This is a co llaborati on 
between researchers from the Centre for 
Indigenous Peoples' Nutrition and Environment 
at McG ill University and th e Tox icology 
Research Division, Bureau of Chemical Safety of 
Health Canada. Thi s study was a laboratory-
based tox ico logy experiment. Results of th e 
study will he lp to characterize the ri sk of 
mercury ex posure as we ll as benefi cial effects 
from the consumption of the traditional Inuit 
diet. 

Activities 

In 2003/2004 

The Contribution Agreement for CP Funding 
for thi s project which was to be completed in the 
fi sca l year April , 2003 to March 3 1, 2004 was 
signed effective November 2 1, 2003. However, 
th e funding was not received at McG ill 
Uni ve rsity unti l mid-Janua ry, 2004. In add ition, 
th e fo rmat of the Agreement did not al low a 
portion of fu nd to be tra nsferred lo Toxico logy 
Resea rch Di vision, Food Directora te of Healt h 
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Canada ( I-I C) for the wo rk that was goi ng to be 
done at I-IC. Thus. a lot of energy was spent in 
fi guring out the financial aspects before the diets 
and oth er materi als could be purchased and 
pl anned studies could begin. Despite th ese set 
backs, th e fo llow ing ac ti viti es were undertaken: 

I. Completion of patholog ica l examinati on of 
rat ti ssues from the prev ious ex peri ments 
studying the effects of dietary protein and 
li pids on methylmercury toxic ity. 

2. Completi on of ex perimental design and 
preparati on of diets, and dosi ng so luti ons. 
Commencement of animal treatments, and 
sample co llecti ons and analyses to study the 
effects of se len ium, vitamin E, and phytate 
on methylmercury kinetics and tox icity in 
adult rats. 

Results 

I. Pat/10/ogica/ Fi11tli11gs fi·om the Previous 
Study: 

Tissues for microscopic examination, fixed in 
10% neutra l buffered forma lin were embedded in 
Paraplast wax , secti oned at 4 mi crons and 
stained with hematoxy lin and eos in. Kidney. 
li ver, and spleen were eva luated for any 
pathologica l changes. In addition a few random 
secti ons of thyro id from vehi cle and high dose 
animals were examined. The hi stopathology 
examinat ion is complete and a patho logy report 
has been genera ted for inclusion in a publication 
that is current ly in prepara1io11. Data on the 
kidney lesions have been s11b111i11ed for 
di scuss ion among patholog ists at a web 
conference organi zed by the Reg istry of 
Toxicolog ic Patho logy for Animals. Armed 
Forces Institute of Pathology, Washington , DC. 

Focal mild les ions of chroni c nephritis were 
observed in the vehi cle treated rats in all diet 
groups. Such lesions are consistent with the 
common spontaneous disease, chron ic 
progress ive nephropathy (Chandra e/ al., 1993). 
Mild subclinica l hydron ephrosis was al so 
observed at a low incidence spontaneously in 
these rats as previously been shown to occur in 
Sprague Dawley rats (Chandra e/ al., 1993). One 
of the vehicle trea ted rats had sma ll numbers of 
basoph ili c tubu les in the OSOM , sim ilar to those 
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in mercury treated rats. Genera lly among the 8 
diet groups for both doses ( I and 3mg/kg/day) 
the lesions of methylmercury nephrosis were 
very simil ar in extent and severi ty. The I 
mg/kg/day fi sh protein group had s light ly milder 
kidney les ions than the other I mg/kg/day 
groups. Overa ll the 8 differe nt di ets d id not 
signi fi cantl y alter the morpho log ic ex press ion of 
methylmercury nephros is at the light 
m icroscopic level. 

No signifi ca nt liver lesions were seen. Mild 
th yro id fo llicular hypertrophy and hyperp las ia 
were seen in a few vehicle treated rats in the fish 
and whey prote in di et groups; th is non-speci fi c 
lesion is ev idence of a mi ld go itrogeni c effect 
caused by some dietary components (Gopinath et 
al. , 1987). The sa me thyro id changes were 
widespread among al l diet g ro ups treated w ith 3 
mg/kg/day MeHg. Rats with these thyroi d 
lesions may or may not be cl ini ca ll y 
hypoth yroid. In spl eens th ere was mild atrophy 
of B- and T-dependent reg ions in al l diet groups 
receiving I mg/kg/day MeHg; qualitat ively 
si mil ar but s lightl y more severe combined 
atrophy occurred in a ll diet groups rece iving 3 
mg/kg/day MeHg. 

II. Progress o fthe Follow-Up S1tul J1: 

Two of four gro ups of anima ls have been treated 
10 st udy the effects of selenium, vita min E, and 
ph ytate on methylmercury kinetics and tox ic ity 
in adult ra ts si nce March 29, 2004. The first set 
of necropsies occurred on May 11-13 , and 
tissues, urine, and blood were co llected fo r 
analys is of various toxico logica l parameters. The 
treatments of other groups of animals will occu r 
on June 7 and June 28 and be comp leted by 
August 12, 2004. Ana lysis of tissue, urine, and 
blood has commenced as these were coll ected, 
and are ex pected to be comple ted by December 
3 1, 2004. 

Expected Completion Date 

The ex pected project compl eti on date is now 
December 3 I, 2004 instead o f the proposed date 
of March 3 1, 2004. Th is is due to late receipt o f 
NC P fund s (See above under (8)). A request 10 
ca rry over the NCP fu nds imo th e new fi sca l year 
was rejected by FN IH B, which mea nt that a ll of 
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th e NC P funds received had to be spent by 
Ma rch 3 1, 2004. These funds were used 
wherever poss ible to purchase the reagents 
required to complete the toxicologica l analys is. 
However, the animal ma intenance costs could 
not be paid in advance and will now have to be 
covered as part of the in kind contributi on by 
Heal th Canada. 
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Abstract 

Previous study has shown tha t Inuit in Nunavut 
may be exposed to e levated levels of mercu ry 
th rough traditi ona l food consumption. Thi s study 
seeks lo characteri ze the ri sk to human hea lth by 
examining th e relationships between diet and 
body burden of mercury. Study in the next two 
years wi ll further study effects of dietary 
contam inants and lifesty le on early a lterati ons of 
health and qual ity of li fe within the target 
communities. The key resea rch questi ons are: I) 
What is the best approach to measure mercu ry in 
the body and its effects in the Inu it communities? 
2) Are there indi viduals who have mo re than 
acceptabl e levels of mercury in their body? 3) 
Which tradi ti onal food items are the main 
sources of mercury of these individual s? 4) What 
a re the e ffect s o f contaminant exposu re on the 
health and lifesty le of the indi viduals? 5) ls it 
possi bl e to maxim ize the use of traditional food 
and minimize toxic ri sk by dietary intervention? 
A pilot study was conducted in 2003-2004 to 
address the first 3 questi ons. A fo ll ow up study 
will be conducted in the fo ll ow ing years to 
address questi ons 4 and 5. Thi s pil ot project will 
deve lop methodo logy and resea rch partnership 
that ca n be used to measure contaminant 
ex posure and hea lth effects that a re cu ln, ra lly 
acceptab le. Every e ffort will be made to take 
into account the Inuit traditional knowledge and 
to integrate community needs and va lues into the 
resea rch partners hip . 
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Objectives 

The overall goa l of the project is to develo p a 
resea rch and management paradigm to maximize 
bene fits of traditional food eating pract ices and 
minimize the risks of mercury exposure in Inuit 
communit ies in N unavut by integrating 
trad itional and sc ient ific knowledge. 

long Term Objeclives: 

I . To characte ri ze the risk o f mercury 
exposure in Nunavut communities 

2. To identify potential protective factors 
such as fatty ac ids and vitamins in the 
traditional diet. 

3. To develop indicators of wel l being of 
the communities. 

4. To deve lop management options to 
minimize the ri sk mercury exposure and 
maximizing the benefits of tradi tio nal 
food consumption. 

Shari Term Objeclives (2003 -2004): 

I. To deve lop with the communities 
cu lturall y acceptable protoco ls for the 
collection of hair and toenail sa mp les 
for biornon itoring of mercury. 

2. To est imate di eta ry intake leve ls of the 
part icipants. 

3. To corre late Hg burden w ith di etary 
intake. 
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4. To explore th e feas ibility of obtaining 
blood samples to measure mercury and 
potential benefit nutrients such as fatty 
acids, vitam in E and selenium. 

5. To report test results to each partic ipant 
and di scuss the potential hea lth 
implications. 

6. To discuss with the community 
representatives on the fo llow-u p stud y. 

Introduction 

There have been extensive st udi es of popu lation 
groups, including general populat ion, indigenous 
peoples, and fi shermen, on ex posu re and effects 
of mercury (Hg), ranging from the ini tial work in 
Minamata and Niigata, Japan in the 1950s 
(Tsubaki and lrukayama I 977) to wo rk among 
remote population groups in the Amazon in the 
I 990s (Kehrigh et al. I 997; Lebel et al. 
1996, 1997). Long-term exposure to either 
inorganic or organic Hg can permanently 
damage the brain, kidneys, and developing 
foetu s (A TSDR 1999). Methylmercu ry (MeHg) 
that is ingested through the consumption of 
contaminated fish may cause greater harm to the 
brain and developing foetus because MeHg 
read ily crosses the placenta and the blood-brain 
barrier and is neuroloxic. The deve loping foeta l 
nervous system is especiall y sensi ti ve to Hg 
effects. 

Prenatal poisoning with hi gh dose Mel-lg causes 
mental retardation and cerebra l palsy. The 
acceptab le limits for steady-stale ex posure to 
Me Hg is considered to be between 0.1 to 0.5 
ug/kg-body we ight/day (ATS DR, 1999). Resu lts 
of the dietary study conducted by CINE on 18 
Inuit communities show that the average intake 
of Hg is 0.6 ug/kg-body we ight/day (n= l 875) 
and the 95'" percentile ex posed group have 
intake leve l at 3.0 ug/kg-body we ight/day 
(K uhnlein et al, 2000). It is clear that some 
sectors of th e populations are exposed lo hi gher 
than desirable leve ls of Hg in thei r diet. The 
major contributors to Hg intake are ringed sea l 
meat and organs, caribou meat and organs, lake 
trout, beluga and narwhal muktuk , arcl ic char 
(Kuh nl ein et al. 2000). It is, therefore, 
important to characteri ze the ri sk of Hg exposure 
in the Inuit communities by measuring body 
bu rden directly and co rrelate the data wi th 
estimate dieta ry exposure fo llowed by 

34 

neurobeha viou r testing of th e subj ects (if 
warranted). Dewaill y et a l. (1999) repo11ed the 
mean Hg concentrations in hair samples 
co llected in 1999 in Sal lu il reg ion to be 5.7 
mg/Kg. No simi lar data were co ll ected by NCP 
in Nunavut. 

Recentl y, a case- comrol study conducted in 
eight European countri es and Israel (684 men 
with a first diagnosis of myoca rdi al in farction 
and 724 men as comrol) showed toenail Hg level 
was directly associated with th e ri sk of 
myocardial infarcti on, and hi gh Hg content may 
dimini sh the ca rdioprotecti ve effect of fi sh intake 
(Gua\lar et al. 2002). However, another study 
publi shed in the same issue of the journal 
reported contradictory results and found no 
association between Hg in toenail and risk of 
coronary heart diseases using a nested case-
comrol study with 33,737 male health 
profess ionals between 40 to 75 years of age 
(Yosh izawa et al., 2002) . Further studies are 
clearly needed. However, th ere are no data on 
toenail Hg leve ls avai lab le in Arcti c Canada fo r 
comparison. 

Ne urobehavioral studi es have shown that subtle 
changes in performance, measured in exposed 
populations, represent not on ly warn ing signs of 
possib le increased risk fo r future illness, but just 
as more important, dimin ished capaci ty with 
potential long lastin g effects (ex. inc reased lead 
exposure in utero is assoc iated with decrease in 
children's intellectual ab ility and increased 
del inquent behav iour as ado lescents (Needleman 
et al. 2002). Hea lth studies on Hg have 
recognised the importance of not onl y looki ng al 
illness as a outcome, but also ea rl y changes in 
ph ys iological functions, notabl y in relat ion lo the 
nervous system whi ch is th e initi al target organ 
of methyl Hg toxicity (Mahaffey, 2000). Cross-
sect ional studi es of children and adults have 
observed dose- related deficits in nervous system 
functions in re lation lo meth yl Hg ex posure 
throu gh fi sh and marine mammal consumption 
(Gra ndjean et al , I 999; Dolbee et a l, 2000: 
Cordi er et al , 2002; Weihe el al , 2002 ; Grandjean 
et al, 2003). Batteries of test ing for 
neurobehavio ral outcomes have been shown 
useful to detect ea rl y effects of Hg in adults and 
children; subt le changes in nervo us system 
functions can ha ve important repercussions on a 
community in terms of learnin g capacities. 
behaviour and adaptation lo stress. 
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Activities 

In 2003/2004 

Extens ive consultations were made with the 
Niq iit Avatittinni Comm ittee o n the need, 
methodo logy and the choice of commu nities. 
The proj ect was endo rsed by the Niqi it 
Avatitt in ni Committee o n June I 0, 2003. 
Hi storica l data on Hg in ha ir coll ected from 

unavut between 1975- 1985 were obtained from 
the First Nation and Inui t Health Branch of 
Hea lth Ca nada (FN II-I B). Based on the range of 
the hi stori ca l data and th e recommendati on by 
the Niqiit Avatittinni Committee, the community 
of lg loolik and Repul se Bay were selected as the 
participating communities. Both communiti es 
agreed to participate and research agree ments 
were signed. The protoco l and procedures were 
approved by the McGill Human Research Ethics 
Committee. Human ha ir sa mples and food use 
pattern data will be co llected from about 160 
partici pants in the 2 commun ities. A M.Sc. 
student Partr icia So lomo n has been recruited as 
the project coordinator. At least two research 
ass istants have been hired in each of the two 
communiti es. Data have been co llected in 
lg loo lik and Repu lse Bay, and sa mp les were sent 
to C INE fo r Hg analysis. Dietary Hg exposure 
will be estimated us ing food frequency 
questionnaire and body burden of Hg w ill be 
assessed by measuring toenail and hair sampl es. 
The re lat ionship be tween di etary patt erns. Hg 
concentrations in food s and in humans will be 
studied . Temporal trend of Hg body burden will 
be exp lored. We plan to discuss th e resu lts and 
hea lth imp licati ons with the communiti es in 
Dece mber 2004. 

Expected Completion Date 

The expected projec t completi on date is now 
December 3 1, 2004 in stead of the proposed date 
o f Ma rch 3 1, 2004. Thi s is due to the pro longed 
period of the review of the human ethics review 
process. 
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Abstract 

This study compared the effects of a chemical 
mixture (based on Arct ic maternal blood 
profi les) aga inst effects of major components of 
the mixture. Rats were ex posed in ,aero and 
during lactation to the mi xture (0.05 and 5.0 
mg/kg), meth ylmercury (MeHg: 0.02 or 2.0 
mg/kg), PCBs (0.0 I I or I . I mg/kg) or 
organochlorine pesticides (OCs: 0.0 19 or 1.9 
mg//kg). Blood mercury leve ls were comparable 
in mixture and Mel-lg-exposed animals. Hi gh 
dose mixture or MeHg compara bl y decreased 
materna l and offspring body we ight with no 
recovery of weight loss in mixture-exposed 
an imals. On ly fema le offspring recovered from 
high dose MeHg- induced we ight loss. MeHg 
increased post-weani ng mortal ity in males but 
this mortali ty was eliminated when Mel-l g was 
pa rt of the mixture. Mixture-induced 
hyperacti vity can be att ri buted to MeHg but 
Me Hg masked the decreased act ivity produced 
by PCBs and OCs. The mi xture-i nduced 
decrease in neuromuscular fun ction in young rats 
re fl ects th e combined impact of all mi xture 
components while increased start le in high dose 
mixture offspring is not assoc iated with any 
mixtu re component or addi ti ve effect s of the 
components. These results ind icate that some 
spec ific mi xture effects can be attributed to 
spec ifi c mi xture components whil e other effects 
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are unique ly associated with combi ned exposu re 
to mixture components. 

Key Project Messages 

I. Th is study compared the toxicity of a 
chemical mixture based on blood 
contaminant profiles in Canadian A rct ic 
populations with toxic ity of major 
components of the mixture of chem icals 

2. Maternal weight loss and reduced body 
we ight in young offspring produced by the 
mi xture can be accounted fo r by the 
methylmercu ry component of the mixture 

3. Persistent body weight reductions after 
ex posure to the mi xtu re can be accounted 
fo r by methylmercury only in ma le offspring 

4. Exposure to methylmercu ry alone increases 
post-weaning mortal ity in male offspring but 
methylmercu ry as part of the mixture 
produces no post-weaning mo rtality 

5. The role of spec ific components of th e 
mi xture in mediating the effects of th e 
mixwre on neurobehavioura\ function 
depends on the specific behav ioura l funct ion 
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6. The mi xture prod uces neurobehavioura l 
effects that are not ev ident after ex posure to 
single components of the mixture and 
neu robelrnvioural effects of speci fie 
components of the mixture are not always 
evident after exposure to the mixture. 

Objectives 

I. Compare the neurotoxicity of a chemica l 
mixture based on profi les of these chemica ls 
in blood of Arctic populations aga inst the 
toxicity of major che111ica l components of 
this mixture (PCBs, organochlorine 
pesticides and methy l 111ercury). 

2. Deter111ine if deve lopmental , syste111ic and 
neurotox ico log ical effects of the che111 ica l 
mixture can be attributed to specific 
components of the chemica l 111i xture. 

3. Deter111ine if concurrent ex posure to all 
co111ponents of the mi xtu re alters the tox icity 
of specific co111ponents of the mixture. 

Introduction 

Canadian Arcti c populations are exposed to a 
range of persistent env iro11111ental po llutants and 
many of these pollutants are suspected of 
producing neurotoxicologica l effects. Studies in 
human popu lations have identified relationshi ps 
between exposure to persistent organi c po ll utants 
and neurological and behavioural di sturbances in 
in fants and children (Jacobson and Jacobson, 
I 997;Koopman-Esseboo111 et al. , I 996;Stewart et 
al. , 2003). Studi es in ani111al s have confirmed 
that contaminants like po lychlorinated biphenyls 
(PCBs), 111ercury, and organochl ori ne (OC) 
pesticides can disrupt a va ri ety of 
neurobehavioura l function s. Exa111p les include 
PCB-induced defi cits in 111otor activity (Hany et 
al., 1999), learn ing (Lilienthal and Winneke, 
1991 ), me111ory and attention (Schantz et al. , 
1997) , neuromuscular development (Bernhoft et 
al. , 1994), and sensory functions (Crofton and 
Ri ce, 1999). 

Whil e Canadian Arctic populations are ex posed 
to environmental contaminants similar to other 
populati ons, th e ex posure profil e differs from 
southern popu lati ons and there is relative ly litt le 
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toxico logical data on the effects of combi ned 
exposure to the mi xture of che111i cal s found in 
this popul at ion. Prev ious work that we have 
conducted (Bowers et al. , 2003) examined the 
tox icologica l effects in rodents of in 111ero and 
lacta ti onal ex posure to a 111 ixture of26 chemicals 
(PCBs, organochl orine pesti cides and 111ethyl 
mercury) fo und in 111aternal blood of Canadian 
Arctic populati ons. Results indicated that the 
chemical 111ixture altered growth and 
development, appearance of early 
neurodeve lopmental measures , and prod uced 
changes in behavioural performance in young 
and mature ani mals. The mixture also reduced 
both matern al and offspring serum thyroid 
hormones T4 and T3 levels. Dosing with the 
mi xtu re produced dose-dependent increases in 
blood mercury concentrations in both pregnant 
rats as we ll as their offspring and the lowest 
mi xture dose produced offspring blood mercury 
leve ls ( 13 ug/L) that approximated 
concentrations of mercury fou nd in umb il ical 
cord blood in Arcti c infants (22.7 ug/L). 
Analysis of organochl orine res idue leve ls in 
maternal blood revea led that the chemica l profile 
in maternal blood was comparable to the original 
dosing mixtu re which was based on blood 
profiles from Arctic materna l blood. 

Epidemiological studies in th is population has 
provided some ev idence suggestin g that specific 
neurobehav ioural di sturbances may be 
differentiall y correlated with specific 
contam inants. For instance, (M uckl e et al., 
2003) have reported preliminary results that 
prenata l PCB levels are negat ively co rrelated 
with infant performance on tests of memory 
(visual recogniti on memory test) but prenatal 
methyl mercury leve ls are negati ve ly correlated 
with a separate measure (the A-not-B test) th at is 
thought to refl ect ea rl y executi ve functioning. 
Further, while PCB 153 is correlated with 
reduced birth and a small decrease in gestat ion 
period , lead appears to be correlated wi th 
measures of information process ing speed. 
Though intriguing, these correlat ions between 
spec ifi c chemi ca ls found in maternal blood and 
speci fi c neurobehavioura l measures in in fa nts 
cannot di ssoc iate the impact of other chemicals 
fo und in maternal blood. Laboratory studies, 
however, can con trol chemi ca l exposures and 
thus can di rectl y eva luate the rela ti onship 
between spec i fi e components of the chemica l 
mi xture . found in Arctic materna l blood and 
spec ific behav ioural funct ions. The current 
study was designed to determine if speci fic 
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Table 1: Blood Mercury levels in offspring dosed during gestation and lactation (ug/L whole blood) 

Days of Age 

Dose 5 22 30 
Vehicle I 0. 72 ( I .46) 3.9 14 (0.43) I 1.241 (0.93) 
0.02 Hg 328. 12 (3 1. 87) 22.59 ( I. 79) 20.27 ( 1.57) 
0.05 Mix 267.33 (20.07) 23.64 (3.45) 17.42 ( 1.41 ) 
2.0 Hg 46894.12 (8142) 3447.54 (587.9) 1402.7 (3 15.5) 
5.0 Mix 30757.00 (8249) 2976.07 (708 .3) 1402.4 (392. 7) 

toxico log ica l e ffects of the chemical mi xture that 
mimics Arctic maternal blood profiles are 
associated with specific components o f the 
chem ical mi xture and w hether concurrent 
exposure to al l components of the mi xture can 
modify the toxicity of major components of the 
mixtu re. Thi s study compared th e effects of the 
complete mi xture with the effects of three major 
components of the mi xture (the PC B co mponent, 
the organoch lorine pest icide component, and the 
met hy l mercury component). 

Activities 

In 2003-2004 

The animal phase of the study has been 
co mpleted and a ll ti ssues co llected for 
subsequent analysis. Rats were dosed 
throughout gestat ion and lactat ion with corn oi l 
veh ic le , the complete mi xture (0.05 o r 5 mg/kg) 
or equi va lent doses of its th ree major 
components: methyl mercury (MeHg- 0.02 or 2 
mg/kg) , PCBs (0.0 I I or I. I mg/kg) or 
organochlorin e pesticides (OC - 0.0 19 or t.9 
mg/kg). Offspring were dosed in ,11ero and via 
lactation and were never directl y exposed to the 
chemical s. Subsets of animals wi thin each litter 
were sacrificed at post-natal day (PND) 4 , 22 , 
30, I 00 and 175 and blood, bra in and liver 
coll ected for residue analysis, neurochemi stry, 
and li ver enzyme analysis. Dams were sacrifi ced 
immed iately after weaning and blood, brain and 
li ver were co llected for res idue ana lys is, 
chol inesterase act ivity and live r enzyme ana lys is. 
Behav ioural tests were conducted on subsets of 
offspring starting at PN D I O and with the final 
test at PND 160. Behav ioural tests included: 
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grip strength (PND 12 and 15), motor activity 
(PN D 16 and 51 ), rota rod testing (PND 29), 
acoust ic start le with prepu lse inhibition (PN D 21 
and 49), visual discrimination learning (PND 
I 00-130) and Morris Water Maze spatial 
learning (PN D 70- 100). Only a limited set of the 
behavioural data is available and presented he re. 

Results 

Blood mercury levels in contro l and low-dose 
mixture animals is comparable to prev iously 
reported results using this chemical mixture and 
dosing reg imen (Bowers et al. , 2003). Table I 
shows that blood levels of Hg were comparable 
in offspring exposed to e ither Hg a lone o r Hg as 
part of the chemical mixture. As expected, 
increas ing doses of Hg increased blood levels of 
Hg with a I 00-fo ld increase in dose increasing 
blood leve ls by 120-140 fold at PND 5 and 22 , 
w here dosing terminated. By PND 30, a I 00 
fo ld increase in maternal dose produced a 70-
fold increase in offspring blood levels. Blood 
Hg levels drop rapidly from PND 5 to PND 22 
independent of w hether Hg was del ivered alone 
or as part of the mixture. While the rate of 
decli ne in blood Hg levels did not differ between 
dose groups from PN D 4 to PND 22 (90% 
decrease), they did differ between dose levels 
between PND 22 and 30. In low dose groups 
blood levels decreased about I 0% between PN D 
22 and 30 w hile in high dose groups blood Hg 
levels decreased about 50% between PNO 22 
and 30. Res idue leve ls for organochlorine 
chemi cals are not ye t ava ilable. 

Reproduction and Growth 

No treatment altered maternal weight gains 
during gesta ti on, though there was a small non-
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Figure1. Body weight gain in female (top) and male (bottom) offspring from weaning to maturity. 
(Mean weight± s.e.m). 
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signifi cant decrease in maternal weight gain near 
parturition. Both th e hi gh mixture dose and the 
high MeHg dose decreased maternal body 
weight du rin g lactation and these losses persisted 
until dams were sacrifi ced. Simil ar to dams, 
offspring we ight ga in was reduced in animals 
exposed to the hi gh doses of the mi xture and 
Me Hg (see Figure I ). The reduced body we ight 
persisted into adulthood in mi xture-ex posed 
offspring. Exposure to MeHg produced 
co111parable reductions in body we ight ; however, 
while reduced body we ights persisted into 
adulthood in 111ale offspring, female offspri ng 
had recovered by PND 40-50. No other dose 
was assoc iated with altered body weight. The 

hi gh mixtu re and MeHg doses also produced 
s111all increases in offspring 111orta lity ra tes ( 15-
18%) in the early post-natal period (up to PND 
5) . Post-weaning 111ortalities are very unusual in 
our laboratory and we observed no 111orta lities in 
any dose group except offspring ex posed to the 
high dose of Me Hg (9% morta lity ra te). 
Moreover, these mortalities occurred pri111ari ly in 
111ale offspring, and occurred even after ani111als 
reached 111aturi ty. 

Testing of neuromuscular strength (grip strength) 
revea led that the high dose of the mi xture 
decreased grip strength at PND 12 and 15 

Figure 2. Grip strength at PND 12 and 15 (Mean {log 10 transformed) grip time (± s.e.m). 
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Figure 3. Motor activity counts (mean ± s.e.m) in anima ls at PND 16. 
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(Fig ure 2). Indi vidual components o f th e 
mixture a lso decreased grip strength. The hi gh 
dose of MeHg produced a decrease in grip 
strength comparable to the high dose of th e 
mi xture o n PN D 12 but had a lesser effect at 
PN D 15. The hi gh doses of the PCB and OC 
components also decreased grip strength. In 
addit ion the low PC B dose produced a decrease 
in grip strength at PN D 15 that was compara ble 
to the e ffects of the high dose of MeHg. No sex 
differences in grip strength were detected 

As shown in Figure 3, the hi gh doses of Me Hg 
and the mixture both produced hyperacti vity 
while the PCBs and OCs com po nents both 
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produced hypoacti vity. Further, o nl y the hi gh 
doses of the mixture and Mel-l g altered activ ity 
whi le both doses of the PCBs and OCs decreased 
ac ti vity. The hi gh dose of the mi xture and 
Mel-l g affected act iv ity primaril y in th e 2"d half 
of the test session whil e the PC B and OC 
components a ltered ac ti vi ty across th e entire test 
sess ion. Thi s d ifference in time-dependent 
effects o n act ivity be tween th e hi gh dose mixtu re 
and MeHg and the PC B and OC components 
suggests that these may exert different impact on 
non-assoc iative learnin g. The sim il ari ty betwee n 
the effects of Mel-l g and th e mixture on moto r 
activity suggest that the e ffect of the mi xture is 
associated primari ly wi th Me l-l g and MeHg 
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appears to complete ly mask the effects of the 
PCB or OC components of th e mi xtu re on motor 
activ ity. It is unlikely that these effects are 
pri 111a ril y related to di sturbances in 111oto ri c 
capac ity since a separate test of 111otor function 
(rotarod testing) did not detect any treat111ent-
related effects. 

Acoust ic start le testing prov ides a 111easure of 
sensory reacti vity to sound and prepulse 
inhibi tion of startle provides a measure of brain 
process ing in vo lved in the integrati on of 111ultiple 
sensory inputs. Figure 4 shows that the high 
dose of the mixture increased startle respond ing 
at the two highest start le intensit ies whil e the low 
dose of the 111i xture had no impact. In contrast, 
the low dose of MeHg increased stanle 
respondi ng at the two hi ghest startle intensit ies 
while the hi gh dose of Mel-lg had no effects. 

The hi gh doses of the PCBs and OCs produced 
small, marginally significant reductions in startle 
responding. Prepulse in hibition was not affected 
by any dose. 

Analys is of plas ma butylcholinesterase acti vity 
from PND 4 offspring revealed on ly a small 
decrease in enzyme activity in the low-dose 
MeHg-ex posed animals. Simi larly bra in 
acety lcholinesterase was not affected by any 
treatment. These resu lts are not surpri sing as the 
cholinergic syste111 has not completely deve loped 
at PND 4. Because cholinergic systems appea r 
ea rl y in brain development and are thought to 
play an i111po11ant role in the deve loping nervous 
system, these data suggest that none of the 
treatments produce any signs of overt al terations 
in the develop111ent of chol inergic neural tissues. 

Figure 4. Acoustic startle response magnitude at PND 49 (mean ± s.e.m) at each intensity of the 
startle s timulus. 
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Discussion and Conclusions 

One of our objecti ves was to determine if 
specific toxicologica l effects of the chem ica l 
mixture coul d be a11ribu1ed to spec ific 
components of the chemical mi xture. The 
pre li mi nary data reported here indi ca te that 
different components o f the mi xture appea r to be 
assoc iated with separate toxicologica l outcomes 
while some outcomes ca nnot be eas ily attributed 
to any sin gle componem. For instance, the 
decreases in maternal body weight and body 
we ight in young offspring after exposure to the 
chemical mixture can be attributed to the Mel lg 
component of the mixture. However. there was 
no indication that mixtu re-exposed offspring 
recovered body weight losses as they approached 
maturity while MeHg-exposed females did 
recover from body weight losses. Thus, at least 
for fe males, the Me Hg componem of the mixture 
ca nnot acco unt for th e pers istent decreased body 
we ight in fe males after exposure to the mi xture. 
S imila rl y, there was no post-wean ing mo rta lity 
in any mixt ure exposed offspring yet the hi gh 
dose of MeHg increased post-wean ing mortal ity 
in male . It is not c lea r how concurrent exposure 
to the other mixture componems blocks the 
lethality associated wi th the high dose of MeHg, 
particularly since blood Hg levels are 
comparable between the mixture and MeHg-
exposed groups. 

Behavioural measures a lso illustrate that 
components of the mixture are associated w ith 
d ifferent disturbances in behavioura l fun ction 
and that the contr ibut ion of separate components 
of the mixture to d isturbances produced by the 
mi xt ure depends on the behavioura l fu nct ion 
under considerati on. For instance, the effect o f 
the high dose of the mi xt ure on grip strength 
appea rs to renect the additi ve impact of the 
mixture components. This does not appear to be 
the case for motor activity where the impact of 
the mixture seems 10 be due to MeHg and Me Hg 
antagonizes or blocks the effects of the PCB and 
OC components. Further, the temporal pallerns 
of effects on motor activity produced by high 
doses of the mixture and MeHg differ from the 
pa11ern produced by the PCB and OC 
components suggesting different effects on non-
assoc iati ve lea rni ng mechani sms. Finally, 
acoustic s ta rt le data indicate that the high 
mixture dose increases react ivity in juvenile rats 
and thi s can not be easi ly allributed to any sing le 
component o f the mixture or to the additi ve 
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effect o f the mixture componcms. Indeed. it 
appears that concurrent exposure to a ll 
components of the mixt ure at the low dose 
blocks the ability of the low dose of Mel-l g to 
increase startle responses. 

Taken together, these data suggest that 
dcve lopmemal and neurotox ico log ica l e ffects of 
a chemica l mi xtu re that was based on blood 
contaminant pro fil es in Arcti c po pula tions may 
not be adeq uately predi cted from the e ffect s of 
components of the mix ture. I ndced, for so me 
measures the rel at ionship between specifi c 
components (e.g., Me Hg and mo rta lity) is a lte red 
when exposure occu rs as part of the compl ete 
mixture while fo r other measures (e.g .. start le) 
the effects of the mixture would not be expected 
based on results fo r any of th e components 
tested. 
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Abstract 

Ongoi ng swdi es at Hea lth Canada have provided 
tox ico logica l data fo r chl o rdane-re lated food 
contaminants fou nd in traditional foods. Based 
on these rodent studies the hea lth effects of 
trans-nonach lor, c is- nonachlo r and oxychlo rdane 
hm e been characterized in re lation to the level s 
in fat and other ti ssues. The proposed research 
will address the question of how these 
contaminants cause changes in tissues tha t lead 
to adverse hea lth e ffects. DNA Mi croa rray 
technol ogy used to exa min e mu lt iple 
transcript ion events is a recent innovation that 
allows toxicolog ists to exam ine many cel lul ar 
events si multaneous ly in a sing le tissue and has 
been termed " toxicogenomi cs''. Us ing thi s 
technology, archi ved tissues from ra ts treated 
with chlordane, trans- nonachl o r, cis-nonachlor 
and oxychlorda ne w il l be surveyed for re lative 
changes in gene exp ression. The project w ill lead 
to a better understanding of the act ion of 
ch lordane and some of its major constituents i11 
1•ivo and will co nseq ue ntl y contribute to an 
understandi ng o f how hea lth e ffects in rodent 
stud ies may re la te to e ffects on humans in gest ing 
these co ntami nants in foods. 

Key Project Messages 

Although microarray experiments and data 
analys is are in progress, the study w ill address 
th e fo ll ow in g questions in the future: 

I. What differences in gene expression are 
observed in rodent li vers treated with a dose 
of 2.Smg/kg BW of ch lordane, tran s-
nonachlor, cis - nonachlor chl o rdane, 
oxychlo rdane versus contro l sa mples' 

2. Are there cha nges in expression for unique 
genes wh ich wou ld explai n the highe r 
toxi ci ty of trans-nonachlor observed in 
female rats than in male rats. 

3. Do observed changes in gene expression 
corre late to the re lat ive toxicity of chlordane 
and its components? 

4. A re there changes in expression for in 
groups of genes or unique genes for each 
compound or metabo lite which wou ld aid in 
profiling and identi fy ing potential 
biomarkers of eh lordane effects fo r poss ibl e 
appli cations in biomon itori ng o f North ern 
popu lat ions? 

5. Is gene express ion affected at a leve ls lowe r 
than NOEL 's previous ly reported for these 
compounds? 

I. Curran 47 



Objectives 

Short-term: To assess changes in gene 
express ion in archived li ver tissues caused 
by the ex posure of male and female rats to 
2.5 mg/kg/day chl ordane, trans-nonachlor, 
c is-nonachlor o r oxychlordane by gavage fo r 
28 consecuti ve days. 

Long-term: To prov ide data th at will c lari fy 
the mechani sms by which chlordane-re lated 
food contaminants cause adverse hea lth 
effects. The data could a lso prov ide a 
fi ngerprint o f effects on ti ssue leading to 
characterizat ion or molecular changes 
typica l of ex posure to chl orda ne and 
chl ordane contaminants fo r future 
identificati on. Thi s in fo rmati on wi ll be used 
to interpret the resu lts of rodent tox ico logy 
st ud ies, ensuri ng that regulatory dec isions 
regarding safe leve ls of chl ordane 
contami nants in human foods are based o n 
an understanding or how these chemica ls act 
on mammalian cells 

Introduction 

In Canada, current concern s about chl ordane 
focus on human expos ure to chlordane-re lated 
contam inants in foo ds deri ved fro m the Arc ti c 
marine food chain (A ndersen et a l. 200 I , 
Kuhnl e in e t a l. 1995 , Muir et a l. , 1988). Most 
chl ordane tox ic ity studi es (U.S. OH HS, 1994) 
util ize the parent mi xture regardless o f the 
possibility that a spec ific res idue may be 
substantia lly more or less tox ic than re lated 
res idues. Studi es do ne at Hea lth Canada for the 
Northern Contamin ants Program have focused 
on the re lati ve tox icity o f the most abundant 
chl ordane-re lated res idues found in foods, 
specifica ll y c is- and trans-nonachl or and 
oxychl ordane, in compari so n to th e technica l 
chl ordane mixture (Bondy et a l. 2000, Bondy et 
a l. 2003, Bondy et a l. 2004) These studies 
identified physio log ica l and hi sto-pathologica l 
changes in th e li ver, thyroid and immune 
systems of treated rats and confi rmed th at th e 
nonachlors and chl ordanes were metabo li zed to 
the mo re tox ic and bioaccumul ati ve 
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oxychlo rdane. Fema le rats were more sensiti ve 
to these contaminants than males and 
accumul ated hi gher res idue leve ls in the ir 
adipose tissues (Bondy et a l. 2003). The cellular 
effects o f c is-nonachl or, trans-nonachlor or 
oxychl ordan e o n li ver ti ssues from mal e and 
female treated rats will be fo ll owed by 
monitoring changes in gene express ion using 
oligonucleotide microarrays . 

In prev ious studi es mal e and femal e ra ts received 
purifi ed trans-nonachlor, oxychl ordane or trans-
chl ordan e by gavage for 28 consecutive days 
(Bondy e t a l. 2000, Bondy et a l. 2003) 
Pre liminary studi es us ing arch ived li ver ti ssue 
from fema le rats dosed with 25 mg/kg/day tran s-
nonachlo r o r c is-nonachl o r indi cate that 
o li gonu cleotide microarrays ca n identify cellula r 
changes in ti ssues from rats treated with th ese 
co ntaminants (1. Curran unpubli shed data). The 
results showed a g reater than 2-fold increase in 
mRNA ex press ion in se lected genes in vol ved in 
cellul ar tran sport , cellul a r metabo li sm, signal 
tra nsducti on, ce ll cyc le and xenobioti c 
metabo li sm. Based on thi s work, the practica l 
aspects of appl ying o li gonucleot ide mi croarray 
techno logy to ti ssues from tox icolog ical studi es 
have been addressed producing enco urag ing 
results. 

Proposed work in vo lves isolat ion o f tota l RN A 
fro m archi ved li ver ti ssues from male and femal e 
Sprague- Daw ley rats treated w ith 2.5 mg/kg 
trans-nonachl or, c is-nonachl o r or oxychlordane 
fo r 28 consecuti ve days. Purified c DNA wi ll be 
prepared from tota l RNA sampl es and converted 
into c RNA by in v itro transcript ion . Bio tin-
labelled c RNA probes will be hybridi zed to rat 
oli go mi croarrays ( I 152 genes and EST's) from 
Mergen Ltd . Data from mal e and fe male rats and 
from trans-nonachlor, cis-nonachlor and 
oxychlordan e treatment groups wil l be compared 
fo r diffe rences in the ex pressio n I, 152 rat genes 
covering a ll aspects of cellul a r fun cti on. For 
se lected genes showing a minimum 2- fo ld 
increase/decrease in gene express ion in treated 
li ver samples re lati ve to control li ver samp les, 
microarray resul ts will be ve rifi ed using RT-
PC R. Changes in prote in ex press io n for se lected 
gene products will be analyzed using weste rn 
blots o f prote in ex tracts from li ver tissues . Data 
from these anal yses will prov ide insight into the 
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Table 1. Complete list of genes that show a >2-fold increase in mRNA expression in oxychlordane treated liver vs. control 
liver as determined by Micro-array analysis rat chip (Mergen RO1 ). 

Cenebank Unigene Description 
# X5666 I Rn .10316 gastrin-releasing peptide receptor 

X7234 I Rn.22609 potassium inwardly-rectifying channel, subfam il y J 
D14839 Rn .25 174 fibrob last growth facto r 9 

# M224 l2 Rn .9734 1POtass ium (K+) channel protei n, slowly activat ing (lsk) 

U2988 I Rn. 5887 low affinity Na-dependent glucose transporter (SGL T2) mRNA, 
complete eds 

# 10270 1 Rn .8925 A TPase Na+/K + transporting beta I pol ypeptide 
Z30663 Rn. 10339 chl oride channel (putative) 23 I 3bp 

# D83044 R11 . I 0555 organi c ca ti on transpo11er OCT2r 
M37828 R.n .1 0034 cytochrome P450 mRNA, complete eds 
M77345 R.n . 111 96 solu te carri er fam il y 3, member I 
Ll3257 R.n .375 19 so lu te carri er fam il y 17 (sodium/hydrogen exchanger), member 2 

& 

& 
# 
# 

AB0 l0467 

X70497 
AF00 l898 

X66494 

X67948 

D63 I 49 

Rii .29977 

Rn .9808 
Rn .6 132 

Rn. 10336 

R.n.161 8 

R.n .2593 

multidrug resistance-associated protein (M RP)-like protein-2 
(M LP-2), complete eds 
amiloride sens iti ve Na+ channe l protein 
aldehyde dehydrogenase I (phenobarbitol inducible) 
choline transporter 
aquaporin I (aquaporin channel forming integral protein 28 
CHIP)) 

Jproton-coupled peptide transporter PEPT2, complete eds # 
# AJO I 0750 Rn. 2 1667 Castrati on Induced Pros ta tic Apoptosis Related protein- I (C l PAR-

& 

# 
# 

D00680 
M34452 
M23995 
D 13906 
D63772 
X77932 
U22424 

R.n . 1491 
Rii.2287 
R.n .6 132 

Rii .44378 
Rn .6384 
Rn .9807 

R.n.10186 

I) 
Jplasma gl utathi one peroxidase precursor, complete eds 
cytochrome P450, 2b 19 
aldehyde dehydrogenase I (phenobarbitol inducible) 
aquaporin 2 
so lute ca rri er fa mil y I A I (bra in glutamate transporter) 
sod ium channe l, nonvo ltage-gated I, beta (epithelia l) 
hydroxysteroid dehydrogenase, I I beta type 2 

# AF0587l4 Rn.10821 sodi um-d icarboxylate cotransporter SDCT I mR.NA, complete eds 
L35 108 Rn . 111 09 water channel protein (AQP3) gene, complete eds 

AF022247 Rii .3236 intri nsic fac tor-B 12 receptor precursor (CUB! LIN) mRNA, 
complete eds 

# AF0228 l9 Rn.42895 putative potassium channel TW IK mRNA , complete eds 
# X70062 R.n. 6700 gamma subunit of sodi um potassium ATPase 
# Total liver RNA analyzed via RT-PCR for gene expression changes using gene specific primer pairs 
& Previous micro-array experiments with chlordane, trans-nonachlor or cis -nonachlor (25mg/kg BW) have detected 

changes in mRNA expression of these targets. 

re la1 ionship between cl inical toxi ci1y and ce llular 
responses. These data wil l be used 10 elucida te 
the s1ruc1ure-func1 ion differences observed 

be1wecn rela1ed chlordane coniaminants and 10 
more closely examine pa1hways assoc ia1ed wi1h 
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sex-re lated differences in response to the 
nonach lors and oxychl ordane. 

Activities 

In 2003-2004 

The proj ect began in October of 2003 with the 
iso latio n of RNA from archi ved ti ssues. Briefly, 
total RNA was iso lated from archi ved liver 
tissues from male and fema le Sprague- Dawley 
rats (11=6) treated wi th 2.5 mg/kg trans-
nonachlor, cis-nonachl or, or oxychlordane for 28 
consec uti ve days. Total RNA sa mpl es were 
poo led for analys is (n=6). RNA fro m each poo l 
(20 ug) was convened to double-stranded c DNA 
using an o li go-dT primer containing a T7 
promoter Followi ng ph enol/chloroform 
extraction, purified cDNA was converted into 
c RNA. Biotin- labe lled CTP was used to label the 
cRNA sa mples/probes. Labelled probes were 
chem ica ll y sheared into fragm ents of < I00bp 
and hybridi zed to Mergen Ex pressChi p TM 
(Mergen LTD) overnight in a 30°C hybridi zation 
chamber (one samp le per s lide) . Experiments 
were repeated in tri pli cate and pairwise 
comparisons were made between treated and 
co ntrol slides o n the bas is of median normalized 
signals. Verifi cati on of microarray gene 
ex press ion results was accompli shed by reverse 
tran scriptase-polymerase chain reaction (RT-
PCR). Primers were designed fo r a subset o f 
genes that ex hibited a minim um 2-fo ld increase 
in the treatment vs. contro l grou ps. Usi ng 
poo led sa mpl es of tota l RNA which had been 
DNase l treated to remove poss ib le DNA 
contam inati on, RT was performed fo llowed by 
PCR amplifi cation o f target sequences using Taq 
polymerase. Optimal conditions fo r each primer 
set were dete rmined by cycle and temperature. 
Semi-quanti ta ti ve ana lys is of gene expression 
was obta ined by comparing relati ve amounts of 
c DNA prod uced by gene spec ifi c primers to the 
cDNA produced for the hou sekeeping gene, 
G3PD H. 

Preli minary data ana lysis on gene ex pression has 
bee n completed for microarray ex periments on 
oxych lordane treated sampl es vs contro l 
samp les . Ana lysis of data from Mergen 
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rni croarray chips for chlordane, trans-nonachlor, 
and cis-nonachlor are continui ng. 

Results 

Microarray analys is of poo led RNA fro m 
oxychlordane treated ma le and fe male rat livers 
found 2.6% (3 0/ 11 52) of genes screened had a 
>2-fold change in gene express ion (Table I). 

Ana lys is using RT-PC R fo r re lat ive gene 
ex pression of 16 of the 30 de tected genes by 
mi cro-array, found 4 genes to be changed in 
mal es and 3 ge nes in females. PEPT2 and 
SDCT- 1 were e levated in ma le rats livers whi le, 
ga mm a A TPase and TW I K levels were 
depressed (Fi g. I). Female livers ex pressed 
higher leve ls of SDCT- 1 and ga mma A T Pase, 
whi le PEPT2 ex press io n was repressed 
signifi cantl y vers us control leve ls. The affected 
genes were primari ly involved in ion and so lu te 
transport, and xenobiotic metabo lism (Tabl e I, 
Fi g \ ). 

Fig. I Changes in gene expression from genes 
indi cated in Tabl e I . Film negative images of 
EthBr sta ined 2.5% agarose ge l of RT-PC R 
products to spec ifi c primer pairs. 

Previous microarray stud ies with chlordan e, 
trans-nonachlor or cis-nonachlor dosed at 
25mg/kg BW ( I 0 fo ld h igher dose) had fo und 
gene express ion affected in the 12 genes listed in 
Table 2. RT- PCR ana lysis wit h gene spec ifi c 
primers for these previously affected genes 
fo und only 3 genes to be a ffected in 
oxychlordane treated male rat livers and 5 ge nes 
were changed in oxychl ordane treated femal e ra t 
livers (Fig.2). The genes effected were a ll 
invo lved in xe nobiot ic metaboli sm with the 
exception oflGF-BPI. 

Fig. 2 Representitive negati ve images o f RT-
PC R prod ucts ge nerated using gene spec i fi e 
primer pa irs. These targeted genes were observed 
to change in chlo rdane, tra ns-nonachlo r or c is -
nonachlor trea ted ra t livers (high dose, 25mg/kg 
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Table 2. Rat liver transcript levels monitored via microarrays previously observed to be affected by treatment with chlordane, 
trans-nonachlor or cis-nonachlor which are precursors to oxychlordane. 

p450M D p450M D cytochrome P-450 
Gl ucagon R 
HIP 

glucagon receptor mRNA, complete eds 
heat shock related protein 

i 7beta HSD I I 
Bra inDigCP 

17-beta hydroxystero id dehydrogenase type 2 
brain digox in carri er protein mRNA, complete eds 

ALD I-I aldehyde dehydrogenase I (phenobarbito l inducib le) 
IGF-BP I insulin-like growth factor binding protein I 
Thioredoxin th ioredoxin reductase (TrxR2) mR A, nuclear gene encoding 

mitochondrial protein 
ML P-2 multidrug res istance-assoc iated protein (MRP)-like protein-2 

(M LP-2) , complete eds 
CYP3 A 

D A topo ll 
CYP2 B19 

CY P3 
mRNA 
D A topoisomerase 11 
cytochrome P450, 2b 19 

BW) and were used here to assess effects of 
oxych lordane. 

The induced metabolic genes ALD I-I, CY P3A 
and CY P2B 19 were observed to be primarily 
microsomal and respond in what has typ ica ll y 
been class ifi ed as a phenobarbito l-type response. 

Discussion and Conclusions 

Severa l genes were observed to be gender 
specific in their response to the ch lordane 
metabolite, oxychlordane. The transcripti on of 
P450MD and IGF-BPI were observed to be 
repressed in female rat livers, while no change in 
ex pression was observed in male rat li vers. 
Conve rse ly, gamma A TPase was eleva ted in 
fe male ra ts and repressed in males. The opposi te 
effec t is observed in PEPT-2 expression as 
fe male transcripts decreased and male leve ls of 
transcript increased. The gene TW I K was also 
depressed in male rat li ve rs while no change was 
seen in fema le rats. Previous observations 
indicate that there are differences in enzyme 
inducti on profi les and res idue leve ls found in 
li vers of male and female rats, probably as a 
resu lt of sex-related metaboli c differences 
(Bondy et al.(2000). Bondy et al. (2003). Bondy 
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eta l. (2004)) The differences in transcript 
induction/repress ion observed in li ver genes of 
male and female rats to the metabolite 
oxychlordane give a insight into potential 
mechanisms of act ion of these compound s. 
Further investigation is required to assess 
whether the changes in transcription obse rved 
with gamma ATPase. PEPT-2. P450MD, IGF-
BPI and TWIK for both males and females 
translate into simi lar changes in protein levels. 

M icroarray methods can be used to su rvey and 
screen thousands of genes to determine changes 
in gene transcript levels as a resu lt of trea tment 
wi th persistent organic pollutant (POP) such as 
chlordane and its metabolite oxychlordane. 
These changes may potentially be used 10 form a 
fingerprint for identifying and classifying 
various tox ins and POPs. Further conc lusions 
based on this study await completion of the 
microarray data analysis of ch lordane, trans-
nonachlor, and cis-nonachlor samples. 

Expected Project Completion Date 

Microarray analysis: September 2004. 
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RT-PCR verification of ta rgeted genes: 
Nove111ber 2004. 

Data su111111ary and statistical analysis: January 
2005. 
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Abstract 

The aim of th is study was to identify an 
association between prenata l exposure to OCs 
and acute respiratory in fect ions during the first 
five years of li fe . We rev iewed the medica l chart 
of 343 inuit children fro m Nunav ik to evaluate 
the incidence rate of ac ute respiratory infections 
during the first 5 yea rs of life. Using Poisson 
regression, we computed the association between 
prenatal ex posure to PCBs (PCB congener 153 
concentration in cord blood) and the rate of 
respirato ry infect ions. We observed th at children 
in the higher qua ,i iles of exposure had a 
significa ntl y higher incidence rate of outpatient 
visits fo r acute otiti s media (AOM) and lower 
respira tory in fect ions (LRTls), but not for upper 
respiratory infections (URTls). The association 
between AOM and exposure to PCB adopted a 
dose-response pattern. If the assoc iat ion 
observed in this population is causa l, exposure to 
OCs during deve lopment wo uld be responsible 
fo r a signifi cant proportion of respiratory 
infect ious episodes in these children. 

Key Project Messages 

I. This study investigates possib le detrimental 
e ffects on the immune system of Inuit 
preschool ch ild ren that may be induced by 
prenatal exposure to persistent 
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environmenta l contam in ants such as 
organoch lorine compounds. 

2. Children exposed to higher level of PCBs 
during their deve lopment had more episodes 
of ot iti s and lower respiratory tract 
infections, such as bronchitis and 
pneumonia , compared to children exposed to 
lower leve l. 

3. High exposure to PCB during pregnancy 
cou ld be responsible for a signifi cant 
number of acute childhood infections in thi s 
population. 

Objectives 

Main objective 

The main objective of thi s project is to eva luate 
the effect of exposure to organoch lorines on the 
infectious diseases incidence of Inuit preschool 
chi ldren. 

Specific objectives 

I. To determine the incidence of infectious 
diseases during the first 5 yea rs of life. 

2. To assess the impact of prenatal exposure to 
OCs on the inc idence of infections. 
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Introduction 

It is we ll known that Inuit children from Ca nada, 
United States and Greenland suffer from a hi gh 
incidence of resp iratory infections, and many 
authors have idemifi ed higher rates of ea r 
in fections and lower respiratory tract infections 
(L RTl s) in Inuit , compared 10 control Caucas ian 
popul ations (Ba ne,j i et al. 200 I , Blueslone 1998; 
Butler et al. 1999; Curns et a l. 2002; Davidson et 
al. 1994 ; Hol man et a l. 200 I , Karren e t a l. 1999; 
Koch e t a l. 2002; Ling et al. 1969; Lowther e t al. 
2000; Wainwright 1996), Among the factors 
suspected 10 be involved in thi s phenomenon , 
perinata l exposure 10 persistent organic 
pollutants has been incriminated (Dal la ire et a l. 
2004b: Dewaill y et al. 2000). Indeed, some 
organochl orine compounds (OCs), such as 
2,3,7,8-1e1rachlorod ibenzo-p-dioxin (TCD D) and 
po lychlori nated biphenyls (PCBs), produce a 
well known immunotoxic effect in animals and 
human s (Bel les- Isles e t al. 2002 ; Chang et a l. 
1982; Esser and We lze l 1993; Hoffma n e t al. 
1986; Holsa ppl e et a l. 1984: Lu and Wu 1985; 
Neubert et al. 1992; Safe 1994; Tho mas and 
Hinsdill 1979; Tryphonas et a l. 199 1a; 
Tryphonas et a l. 199 1 b; White et al. 1986). 

In 2000, we publ ished a fi rst sllldy show ing an 
association between perinatal exposure 10 OCs 
and acute otitis media in Nunav ik Inuit infant 
(Dewa ill y et al. 2000). To confirm thi s 
associat ion, we then investigated the relation 
between maternal OCs concentra tions and acute 
resp iratory and gastro- intestinal infecti ons in a 
cohort of 199 in fa ms of th e same popul at ion (see 
the oth er paper on infections and OCs in this 
synopsis). We fo und that OCs concenlrati on in 
maternal plasma were positively associated with 
the incidence of acute infections during the first 
6 month s of li fe, but 1101 afterwards. Th e number 
of subjects was however sma ll , and the 
assoc iations were 1101 a lways s1a1i s1i ca ll y 
significant. In order 10 c la ri fy the possible link 
between prenatal exposure 10 OCs and infections 
in th is popu la ti on, we report here the associa ti on 
between PCB concelll ration in umbili ca l cord 
b lood and incidence rate of acute respiratory 
trac t infections in a third cohort of preschoo l 
Nu nav ik children. 
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Activities 

In 2003-2004 

We first fini shed the ga theri ng and rev iew of the 
medica l charts. We 1hen proceeded lo data entry 
and programming to ex tract the incidence ra tes, 
as wel l as other slal isti ca l ana lyses. We the n 
interpreted the results, and wrote 1he fi rst draft of 
a scient ifi c art ic le. This project wil l be 
compl eted in June 2004 . Most res ul ts are now 
ready 10 be presented. 

Results 

Participants 

Four hundred ninety-one wo men were inc luded 
in 1he initial cord blood monitoring program. 
Fifty chi ldren were init ia lly exc luded beca use 
contaminants concentrations in plasma were not 
avai lable, or because there was not enough 
information in our database to trace the charts. 
Of the 441 remaining part ic ipams, it was 
imposs ibl e 10 get th e chart of 43 (9.8%) chi ldren 
for va ri ous log isti ca l reasons. Among the 398 
ava ilab le charts . 28 (7.0%) were incomplete, 17 
(4.3%) fa milies moved o ut o f Nunav ik during 
fo llow- up, 7 ( 1.8%) chi ldren di ed and 3 (0.8%) 
children were exc luded because they suffered 
from a seriou s chroni c di sease . The final 
ana lyses included the 343 rema ining children . 

To be e ligibl e for th e 5-yea r follow-up interv iew, 
children had 10 be aged 5 yea rs, and had 10 be 
under the ca re of their biologica l mothe r. We 
excluded 47 children because they were out of 
the age limit when our team tra ve led to their 
village, and 84 children because they were 
adopted. Out of 1he 2 12 e li g ible children fo r th e 
5-year interview, we were un ab le 10 contact 68 
mothers. and 7 children/mo1hers were o ut o f 
town at the time of th e vis it. We thus co111ac1ed 
137 mothers. Only one mother re fu sed 10 
pa11icipale lo the imerv iew, bu1 I O did 1101 show 
up lo lhe appoin1men1. Fi na lly, it was imposs ibl e 
lo imerview 32 mot hers, ma inl y beca use of 
tra ve l prob lems be tween lhe commu ni ties. We 
were thus able 10 inte rview 94 mothers. Table 1 
shows the characteri stics for al l pa rl ic ipanls, and 
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Table 1. Characteristi::cs:..o::::f_,p:.:a::.:rt:.:ic:.i:iPc::a;,;,nt:::s ____________________ _ 

Characteristics 

Children 
Sex (male) 
Given to adoption 
Year of birth 

1994 
1995 
1996 

Hos pi ta l of de livery 
Puvirnituq 
Kuujjuaq 

Gestati onal age 
Mean gestationa l age 
Preterm (< 37 weeks) 

Village of residence 
Ku ujj uaraapik 
Umi ujak 
lnukj uaq 
Puvirn ituq 
Ak uli vik 
lvujivik 
Salluit 
Kangiqsujuaq 
Quaqtaq 
Kangirsuk 
Tas iujaq 
Kuujj uaq 
Ka ngiqsualujjuaq 

Birthweight (g) 
Length (cm) 

Moth ers 
Age 
Parit 

Mean value (STD) or 
percentage 

All infants 5-year 
interview 

(n = 343) subgroup 
(n = 94) 

490% 45.7% 
24.6% 0%' 

37.3% 26.6% 
32. 1% 42.6% 
30.6% 30.8% 

48.7% 54.3% 
51.3% 45.7% 

39.1 weeks 39.1 weeks 
5.3% 4.3% 

4. 1% 0% 
1.2% 2. 1% 

11.8% 24.5% 
15.6% 18. 1% 
5.6% 4.3% 
2.9% 4.3% 
7.7% 1. 1% 
5.9% 3.2% 
6.7% 5.3% 
5.6% 2. 1% 
0% 0% 

21.5% 24.5% 
10.6% 10.6% 
3494 g 3526 g 
51.5 cm 51.1 cm 

23.7 years 2-1.5 years 
2.1 2.2 

' Adoption was a exclusion criterion during the selection of the 5-year 
interview subgroup. 

for those included in th e 5-year interv iew 
subgro up. 

Contaminants concentrations 

Deta il ed contaminants concentrati ons in cord 
blood for these children have been publ ished 
elsewhere (Dewa il ly c l al. 1998). On a lip id 
basis, the geometric mean of the concent ra ti on of 
sum of the 14 PCB congeners (L PCBs) in co rd 
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blood was 323.5 rig/kg. The geomet ric mean of 
DOE concentrat ion was 379,2 µg/kg. The PCB 
congener 153. the lllOSl abundant. had a J11ean 
concentration of 93.6 ,1g/kg. Based on the 
quarti les limi ts of PCB 153 in cord blood, the 
mean concent ra tions for the four qua11i les of 
OCs prenata l exposure were 147.8 ,1g/kg. 26 1.8 
rig/kg. 395.4 ,1g/kg, and 708.9 µg/kg for HCBs. 
163.0 rig/kg. 314.9 ,1g/kg, 473.5 ,1g/kg. and 
841.9 rig/kg for ODE, and 38.5 rig/kg, 77.7 
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Table 2. Incidence rate of acute otitis media and respiratory infections during the first 5 years of life 
Infection Incidence rate 

All respiratory infections 
Acute otitis media 
Upper resp iratory tract infections 
Lower respiratory tract in fections 

< I car old 
5434 (5066 - 5803) 
2 128 ( 1932 - 2324) 
1974 ( I 799 - 2 I 49) 
1332 ( 1171 - 1493) 

ftg/kg. 120.8 ftg/kg, and 229.2 rig/kg for PCB 
153. 

Infection incidence rates 

The medical chart rev iew of the 343 participants 
allowed us to idemify 5 354 ou1pa1ie111 visits that 
lead to a diagnosis of respiratory infections 
before the age of five years. Annual ized 
incidence rates of acute 01i1is media (AOM), 
upper respiratory tract infections (URT/s). and 
lower respiratory tract infect ion (LRT/s) are 
shown in Table 2. In children aged < 2 yea rs, 
acute 01i1is media was the most frequently 
diagnosed infection, followed by URT/s and 
LRT/s. In children aged 2 years or more, URT/s 
were more freque111 than AOM. Hospitali za tions 
were frequem as 17.4% of outpatient vis its fo r 
LRT/s led to an admission. The rate of 
hospitali zations for LRT/s was 303.2, 145.8, and 
36.0 hospitalizations per I 000 chi ldren-years for 
chi ldren aged 0-11 months, 12-23 months. and 2-
5 yea rs, respectively. See chapter 4 for a 
complete pot1rai1 of ou1pa1 ie111 visi ts and 
hospitalization rates for these infa111s. 

Prenata l exposure and incidence of 
resp iratory infections 

Tab le 3 shows the association between prenatal 
exposure to OCs and respiratory in fections 
(incidence of URTls, LRTls and ea r infect ions 
combined). In the unadj usted model , the 
association reached stati stical significance for the 
second (RR = I. I 0) and forth quartiles 
(RR = 1.16). The continuous model yie lded a 
posi ti ve, but non-significalll association (2.3% 
increase of the incidence ra te for each log 
increase of the concentrat ion of PCB 153, 
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(events per 1000 children-yea r) 
I to 2 ca rs old 

4466 (41 19 - 48 14) 
2087 ( 1885 - 2290) 
1487 ( 1338 - 1636) 
892 (769 - 10 I 5) 

2 to 5 ea rs old 
1908 ( 1732 - 2083) 

697 (6 14 - 779) 
888 (786 - 99 1) 
323 (276 - 369) 

p = 0.24). In the adjusted mode l A, the 
associations were signifi cant for the three hi ghest 
quartiles of exposure (RRs = 1.12, 1.11 , and 
1.26). In the continuous model A. the association 
was also significam (6.4 % increase for each log 
increase of PCB 153, p = 0.005). In the adjusted 
model B, the assoc iation was sign ifi cant for the 
second and fourth quartiles (RRs = 1.38 and 
1.3 7, respectively). 

Prenatal ex posure and AOM 

Table 4 presents the assoc iation between OCs 
ex posure and AOM, URTl s, and LRTls. In the 
unadjusted model , prenatal exposure to OCs was 
associated with AOM incidence rates in a dose-
response fashion (RRs = 1.13. 1.1 8. 1.25 for Q2, 
Q3 and Q4, respect ive ly). In th e unadjusted 
continuous model , we observed a 6.5 % inc rease 
of AOM rates for each log increase of PCB 153 
conce111ra1ion. When adjusted accord ing 10 
model A, we observed stronger and more 
significant assoc iations, compared 10 that of the 
unadjusted mode l. In model B, the assoc iat ion 
was significant onl y for the fourth quarti le 
(RR = 1.35. p = 0,04). 

Prenatal expos ure and URTl s 

For URTls, we did 1101 observe significam 
associat ions in neither model (Table 4). We 
observed a sl ight negat ive associa tion between 
URT ls and prenatal ex posure to OCs, espec iall y 
fo r children in the 3'd quartile of exposu re. In the 
unadjusted continuous model , the associat ion 
was negative. However, thi s trend became 
weaker when adju stment for confounding was 
performed (RR = 0.98 111 mode l A, and 
RR = 1.0 I in model B). 
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Table 3. Incidence rate ratio of respiratory infection according to prenatal exposure to organochlorines 
Prenatal ex posure model Rate ratio (95 % Cl) 

Unadjusted model (11 = 343) 
Contin uous (for each log increase) 
Categories 

QI (l ess ex posed) 
Q2 
Q3 
Q4 (most ex posed) 

Adjusted model A (n = 330) 
Contin uous (for each log increase) 
Catego ri es 

QI (less exposed) 
Q2 
Q3 
Q4 (most ex posed) 

Adjusted model B (n = 90) 
Continuous (for each log increase) 
Categori es 

Q I (less ex posed) 
Q2 
Q3 
Q4 (most ex posed) 

Prena ta l ex posure and LRTls 

The strongest assoc iations were seen with LRT ls 
(Table 4). Rate rat ios ranges between 1.21 and 
1.40 in the unadj usted model , and between 1.61 
and 2.7 1 in adjusted model B. All associations 
were signifi cant. except in the continuous model 
B ( 16.2 % rate increase fo r each log increase in 
PC B concentration , p = 0. 13). Although the 
cont inuous models were strongly positive, a 
dose-response pattern was not obv ious in the 
categorical models. 

Prenatal exposure and hospitalization for 
LRTls 

Assoc iat ion between prenatal ex posure to OCs 
and hospital ization rates for LRTI is shown in 
Ta ble 5. We fou nd no statisti ca ll y signi fi can t 
association. Rate rat ios were above 1.0 fo r the 
second and third quart ile, but not for th e fo urth 
quart ile. We observed a nega tive association in 
the conti nuous model, bu t it did not reached 
statisti ca l signi fi cance. As stated in the methods 
section , when analyses w ith model B ,vere 
performed, there were not enough episodes in 
each categories and the model was unstable . 
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1.023 (0.985 - 1.064) 

I .00 (referent) 
I. I O ( 1.02 - I 19)* 
1.06 (0 .98 - I 15) 
1. 16 ( I .08 - 1.26)* 

I .064 ( I .0 19 - I I I 0)* 

1.00 (re ferent) 
1.12 (1.03 - 1.21)* 
I. I I ( I .02 - 1.20)* 
1.26 ( 1.16 - 1.3 7)* 

1.048 (0.955 - 1.150) 

I 00 (referent) 
1.38(1. 15- 1.65)* 
1.04 (0.86 - 1.26) 
1.3 7 ( I. 15 - 1.64)* 

Therefore, only the resu lts from mode l A are 
shown. 

Discussion 

The aim of thi s study was to identi fy an 
assoc iat ion betwee n prenatal ex posure to OCs 
and acute respiratory infections during the first 
fi ve yea rs of life. We observed that child ren in 
the hi gher quart iles of exposure had a 
signifi cantly higher incidence rate of outpatient 
visits for ot iti s media and LRTls. but not for 
URT ls. Th is is the third study in which a positi ve 
associati on is observed between OCs and 
respiratory infecti ons incidence or prevalence in 
this population. In a cohort of 98 breast- fed 
infants aged < I years recruited in 1989-90, we 
first observed that infants with higher exposure 
to OCs through breastfeeding had a hi gher 
prevalence of recurrent otit is media compared to 
that of in fants in the lowest ex posure grou p 
(Dewa il ly et a l. 2000). In a second cohort of 199 
infants aged < I year, we fo und that the 
incidence rates of ear infections and LRTls were 
pos iti vely assoc iated with PCB 153 and DOE 
concentrat ion in maternal blood (see the other 
paper on infecti ons and OCs in thi s synopsi s). In 
the later study, the assoc iat ion was present onl y 
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Table 4. Incidence rate ratio of otitis media, upper respiratory tract , and lower respiratory tract infe ctions according to 
prenatal exposure to organochlorines 
Prenatal exposure model 

AOM 

Unadjusted model (11 = 343) 
Continuous (for each log 1.065 ( 1.002 - I. 13 I)* 

increase) 
Categories 

QI (less exposed) 1.00 (referent) 
Q2 1.1 3 (1.00- 1.28)* 
Q3 II 8 ( 1.04 - 1.33)* 
Q4 (most exposed) 1.25 (1.10 - 1.41)* 

Adjusted model A (n = 330) 
Continuous (for each log I. I 03 ( 1.03 1 - II 80)* 

increase) 
Categories 

QI (less exposed) I 00 (referent) 
Q2 1.16 (1.02 - 1.32)* 
Q3 I .23 ( 1.08 - I .40)* 
Q4 (most exposed) 1.36 ( 1.20 - 1.56)* 

Adjusted model B (11 = 90) 
Continuous (for each log 1.052 (0.904 - 1.225) 

increase) 
Categori es 

QI (less exposed) 1.00 (re ferent) 
Q2 1.09 (0.8 1 - I .47) 
Q3 0.95 (0. 70 - I .29) 
Q4 (most exposed) 1.35 ( 1.0 I - 1.8 1 )* 

during the first 6 months of Ii fe. The present 
study con firms the assoc iations previous ly 
observed. Fu11hermore, it shows tha t the relation 
between OCs and respiratory infectio n seems to 
persist passed the first months of life. 

In the sc ient ific li terature, hi gher rates of 
resp iratory and ear infections have been reported 
in chi ldren born to mother accidentall y or 
occupationally exposed to PC Bs, compared to 
controls (Chao et a l. 1997, Hara I 985, Rogan et 
al. 1988) . For environmenta l ex posure, the 
ev idences of an harmfu l effect of OCs on 
in fect ions incidence in chi ld ren is not yet c lea r, 
as both an assoc iat ion (Karma us e t al. 200 1, 
Smith 1984, Weisglas-Kuperus et al. 2000) and 
an absence of assoc iatio n (Rogan et al. 1987 , 
Weisglas-Kuperus et al. 1995) have been 
reported. 
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Rate ratio (95 % Cl) 
URTls LRT ls 

0.943 (0.887 - 1.002) 1.1 09(1.019-
1.208)* 

1.00 (referent) 1.00 (referent) 
0.96 (0.86 - 1.08) 1.37 ( 1.1 5 - 1.63)* 
0.90 (0.80 - 1.02) 1.2 1 ( 1.01-1.44)* 
1.00 (0.89 - 1.12) I .40 ( I. 18 - 1.67)* 

0.984 (0.920 - 1.053) I 148 (1.045 -
1.262)* 

1.00 (re ferent) I .00 (referent) 
0.98 (0.87 - 1. 11 ) 1.37 ( 1.1 5 - 1.64)* 
0.94 (0.83 - 1.06) 1.26 ( I .05 - I .52)* 
1.09 (0.96 - 1.24) I .47 ( 1.22 - 1.77)* 

1.005 (0.866 - I 166) I 162 (0.958 - 1.411 ) 

I 00 (re ferent) I 00 (referent) 
1.24 (0.94 - 1.64) 2.7 1 ( 1.77-4. 14)* 
0.92 (0.69 - 1.22) 1.61 ( 1.03 - 2.52)* 
1.23 (0.94 - 1.63) 1. 83 ( 1.20 - 2. 79)* 

In fecti on incidence ra te in chi ldren ca n be 
affected by many fac to rs, whi ch make the 
co ntrol for confou nding di ffi cult. In this study, 
some important potentia l co nfo undin g factors 
were availab le for onl y a subgrou p of subjects. 
Because of the small number o f participants 
in vo lved in thi s subgroup, the reg ress ion model s 
were less stable an d the RR s were a little more 
e rratic between the exposu re g ro ups. However, 
in genera l, we observed that adjus tment for 
confo unding sli ghtl y increased the magnitude of 
the assoc iat ions, both in model A and B. Thi s 
was a lso true in our previous study, in whi ch 
many facto rs were avai lable fo r most subjects. 
We thus can conc lude that in thi s population. the 
potential facto rs that have been considered so far 
d id indeed confo und th e assoc iat ion by pul ling 
the RRs towards 1.0. Therefore, unadju sted 
assoc iations between OCs and infection rates fo r 
thi s popu lati on were like ly to be sli ghtl y 
underestimated. 
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Table 5. Incidence rate ratio of hospitalization for lower respiratory tract infections according to prenatal exposure to 
organochlorinc:e.;;;s _______________________________ _ 

Prenatal ex posure model Rate ratio (95 % Cl) 

Unacy·us ted model 
(n = 343) 

Adjusted model A 
(n = 290) 

Continuous (for each log increase) 
Categories 

0.920 (0.752 - 1.127) 0.976 (0. 768 - 1.240) 

QI (less exposed) 
Q2 
Q3 
Q4 (most exposed) 

1.00 (referent) 
1.32 (0.88 - 1.97) 
I .25 (0.83 - I .87) 
0.94 (0.6 1 - 1.45) 

1.00 (referent) 
1.30 (0.80-2.11) 
I .45 (0.91 - 2.33) 
1.00 (0.59 - 1.70) 

In this study, we used a rev iew of the medica l 
charts to eva luate incidence rates. There is only 
one health center in each community included in 
th is study. Participants almost always go to that 
hea lth center when they seek medical attention , 
and copies of consultations done elsewhere are 
routine ly requested to complete medica l cha rts. 
We are, therefore, confident that we ha ve 
rev iewed a majority of outpat ient visi ts sough t 
by the participants. Nevertheless, we did not 
atte mpt to verify every diagnosis, nor did we try 
to inqu ire about infections for which medical 
attent ion was not sought by the parents. It is 
therefore important to keep in mind that the 
incidence rates reported here is an 
underestimation of the true incidence. Although 
the magnitude of this underestimation is difficult 
to evaluate, we can assume that it will be related 
to both the severity of the symptoms and the 
parent ' s perception of the di sease (Saunders et 
al. 2003). We cannot exclude the possibility that 
the propensity to seek med ical attention when 
resp iratory symptoms are present was assoc iated 
wi th traditional lifestyle, which in turn is known 
to be associated with OCs concentration in 
maternal blood (Muckle et al. 200\a). Should 
thi s happen with our part icipants, the direction of 
the bias that would be introduced would be 
unknown. We find it improbab le, however. that 
Inuit famil ies with traditiona l life-style would 
increase their freq uency of medica l contacts in 
such a way that the ful l ex tent of the observed 
associa tion would be so lely due to thi s bias, if 
any. 

The env ironmenta l ex posure to OCs fo r most 
populat ions, including that of Inuit from 
Nunavik, consists in a complex mixture of 
persistent lipophi lic chlori nated substances. 
Because plasma concentrations for most of them 
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are close ly corre lated with each other (M uckle et 
al. 200 I b), it is impossible to determine whi ch of 
these compounds - or wh ich combinati on of 
them - is responsible for the assoc iation . In a 
previous study, DOE concentrat ion in materna l 
plasma was found to be more close ly associated 
wi th infection incidence rates, compared to PCB 
153 concentrati on (Dallaire et al. 2004b). In the 
present study, results fo r DOE exposure are not 
shown, but were in general similar to that of 
PCB 153. Although our analyses were done 
usi ng the congener PCB 153 as a proxy of OCs 
exposu re, the potential harmful effect on the 
immune system could be due to any of the 
correlated compounds. 

Our initi al hypothesis stated that ex posure to 
OCs could innuence the severity of respiratory 
infections, thus lead ing to an increase of 
hospitali zation rates fo r LRTl s in groups of 
higher exposure. Similarly to what was 
previously observed in the same population 
(Dallaire et al. 2004b), we did not find an 
assoc iation between OCs and hospitali zati on rate 
for LRT\ s. The stat ist ical power was limited, but 
the R.Rs close to 1.0 observed in the continuous 
models seem to indicate that no clear link was 
presen t. If thi s interpretation is right, it wo uld 
mean that the increase incidence rate for LRT\s 
outpatient vis its did not translate into an increase 
number of admissions, meaning that the episodes 
of LRT ls that could be ex plained by OCs 
ex posure were fortunately not severe. Had it 
been the case, we wo uld have observed 
equiva lent RRs for LRTls outpatient and 
inpatient events. Further studies are needed to 
clarify this important issue. 
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Inuit chi ldren from Nunavik are burde ned by a 
high rate or respiratory infect ious diseases. The 
medical charts review performed in this study 
allowed us to show that LRTl s infections were 
far more frequent in Nunavik compared to other 
Canadian populations, and that hosp italizations 
rate for LRTl s in Nunav ik was one of th e highest 
ever reported in recent sc ientific literature 
(Da llaire et al. 2004a). If the association between 
resp iratory infection and prenatal ex posure to 
OCs observed in this population is causa l, 
exposure to OCs during development wou ld be 
responsible for a significant proportion of 
respiratory infect ious ep isodes in these chi ldren. 
The biologic mechanism underlying this effect in 
humans environmentally exposed is st il l obscure. 
Other studi es are needed to identify which 
immune pathways are affected in exposed 
children. Ri sk-benefits assessments regarding th e 
consumption of contaminated food items in the 
perinatal period should also be initiated. 
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Abstract 

The Inu it popu lat ion of Nunavik is exposed to 
im munotoxic organochlorines (OCs) mainly 
through th e consumpt ion of fi sh and marine 
ma mmal fat. The effect of prenata l exposure to 
se lected OCs on the incidence of acute infections 
in Inuit infants was investi gated. The medica l 
charts of a cohort of 199 Inuit infants were 
rev iewed during the first 12 months of Ii fe. 
Inc idence rates of upper and lower respiratory 
tract infect ions, ot iti s media, and gastro intestinal 
infections were evaluated. Maternal plasma 
duri ng delivery and infant plasma at 7 months 
were sampled and assayed for polych lorinated 
biphenyls (PCBs), dichlorodiphenyl 
dich loroethylene (DDE) and other persistent 
chlorinated pesticides. Prenatal exposu re 
(maternal blood concent rations) to PCBs and 
DDE was positi vely assoc iated with incidence of 
acute infections during the first 6 months of li fe, 
but not afterwards. The assoc iation was strongest 
for DDE exposu re. The assoc iat ion was no 
longer present with postnatal exposure (i nfant 
blood) . These results support th e hypothesis of 
an adverse effect of prenatal exposure to OCs on 
susceptibility to infection in Inuit infants, 
pa11icul arly during the first 6 months of life. 
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Key Project Messages 

This stud y investigates possible detrimenta l 
effects on the immune system of Inuit 
infants that may be induced by prenata l and 
postnatal exposure to persistent 
environmental contaminants such as 
organochlorine compounds and heavy 
metal s. 

2. A tota l of 199 infants' med ica l charts were 
reviewed to assess infectious disease 
incidence rate during the first 12 months of 
life. 

3. It was shown that environmental prenatal 
exposure to OCs is associated with a higher 
inc idence of infections, mainly du ring the 
first 6 months. A I though the associations 
were not always sta ti stica ll y significant, 
infants in the hi gher quarti les of ex posure to 
PCBs and DDE had systemat ically more 
epi sodes of infections than their counterparts 
in the first quarti le of expos ure. 

Objectives 

The main objective of thi s project is to examine 
the effects of prenatal and postnatal exposure to 
organochlorines (OCs) and mercury on the 
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immune system of Inuit infants from birth to 12 
months of age. The specific objecti ves include: 

I. Assessment of the prenatal and postnatal 
ex posure to OCs and mercury. 

2. Measurement of some immunolog ica l 
parameters (humoral and cellu lar immunity). 

3. Determination of th e incidence of infecti ons. 

Introduction 

Exposure to most OCs produces a wide va ri ety 
of immunotox ic effects in animals and humans. 
OCs that have a chemica l structure similar to 
2,3. 7 .8-tetrach lorod i benzo-p-d iox in , such as 
di ox in congeners and coplanar PCBs, are 
espec iall y immunotox ic. Alterations of T-ce ll 
subsets, or scrum lgA and lgM concentrations, 
of delayed-type hypersensibility. and of 
complement function. have all been documented 
in rode nts, primates and human (Bell es- Isles et 
al. 2002, Chang et al. 1982, Esser and Welzel 
1993, Hoffman et al. 1986. Holsapple et al. 
1984, Lu and Wu I 985, Neubert et a l. I 992, 
Thomas and Hinsdi ll 1979. Tryphonas et al. 
199 1a. Tryphonas et al. 199 1b, White et al. 
1986). The deve lopment of th e immune system 
in wero an d during infancy is parti cularl y 
sensitive to immunotoxic agents. High exposure 
during ea rl y li fe could lead to permanent defects 
in th e immune system and thus decrease 
res istance to infecti ous agents (Badesha et al. 
1995). 

The high incidence of acute in fec ti ous di seases 
in infants and children fro m Nunavik has been 
known for many years (Bruneau et al. 200 I; 
Dufour 1988: Proulx I 988; Theri en 1988). In 
thi s context, we hypothes ized that the incidence 
of infecti ons among Inuit infants was related in 
part to the hi gh maternal body burden of 
imm unotox ic food-chain contaminants during 
pregnancy. In 2000, we published a first study on 
suscepti bility to infection in Inuit infants 
recruited between 1989 and 1990 (Dewaill y et al. 
2000). We found that the ri sk of acute otiti s 
medi a and recurrent otitis media was positi ve ly 
assoc iated with prenatal ex posure to OCs. 
However, postnatal ex posure was not considered, 
and some potenti al confounding factors could 
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1101 be evaluated. In order to confirm the 
association observed, we in vestigated the 
association between exposure to OCs and the 
incidence rate of acute infections during the first 
yea r of life in a second cohort of 199 Inuit 
infants recruited between 1995 and 200 I. 

Activities 

In 2003/2004 

In 2003-2004. we performed the final stati stica l 
analys is. We al so double-checked the statistica l 
models used. We then wrote the final dra ft of a 
scientific paper. The project is now completed. 

Results 

Recruitment and participation 

During the stud y period , 4 17 pregnancies were 
identified in the targeted communiti es. Of them, 
we exc luded 47 pregnant women ( 11.3%) who 
had already been enroll ed in the study during a 
prev ious pregnancy and three women (0.7%) due 
to miscarri age. We were unable to contact nine 
women (2.2%). Three hundred and fifty eight 
eli gible women were thus asked to parti cipate 
and I 10 refused (30.7%). Of th e 248 wo men 
willing to parti cipate, we were unable to review 
th e medica l charts of 43 infant s. Finally. we 
exc luded six (2 .4%) parti cipants because no 
biological samples were available fo r ex posure 
analys is. A total of 199 participants were 
included in th e final anal yses. 

Population characteristics 

Mothers included in the analys is were mostl y 
from Pu vimituq (45.4%) and lnukjuaq (39.3%). 
The mean age at deli very was 25.2 years, and 
most of the them smoked during pregnancy 
(9 1.4% reported smoking at least one ciga re1te a 
day, mean ~ I 0.6 cigarettes/day). Only 2.6% of 
the infants were not ex posed 10 second-hand 
smoke during their first year of life. The mean 
pa rity was 2.1. There were more males than 
females (57.6%) and the mean birthweight and 
length were 3454 g and 50.3 cm, respecti ve ly. 
Breastfeeding was very common and only 12.2% 
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were not breastfed. Adoption was th e main 
reason fo r exc lusive bottle-feeding (83.3%). 

Incidence of infections 

Incidence proporti ons and rates of va ri ous 
infections are detail ed in Table I. Otiti s media 
was the most frequent in fect ion diagnosed wi th a 
mean of 2.8 episodes per in fa nt-year, fo llowed 
by URT ls with 2.4 epi sodes per infant-year. 
Almost all infants had at least one episode of 
otitis (96.0%), and 17. 1 % had 5 episodes or 
more. LRTls and urinary tract in fections required 
hospita li zation in 3 1.4% and 26.3% of cases, 
respecti vely. More than hal f of the in fant s 
(56.8%) were hospitali zed at least once during 
the ir first year of life. On ly in fecti on categori es 
with a mean inc idence rate hi gher than 1.0 
ep isode per in fan t-year yielded suffi cient 
stat istical power to be included in fu rther 
ana lyses. 

Contaminant burden in plas ma 

Table 2 shows the concentrat ion of contaminams 
in maternal and in fa nt plasma. The geometri c 
mea n concentra tion of the sum of the 14 PCB 
congene rs in maternal plasma was 308 ,1g/kg 
rang ing from 60 µg/kg to 195 1 µg/kg. The 
concentration of the sum of the PCB congeners 
was highly correlated with that of PCB congener 
153 in maternal plasma (r = 0.99). The 
correla ti on between co rd plasma and maternal 
plasma was also very high both for the sum the 
PCB congeners and fo r PCB congener 153 
(r= 0.95 and 0.94, respecti vely). The geometric 
mean concentrat ion fo r DDE in maternal plasma 
was 294 ,1 g/kg rangi ng from 54 ,1g/kg to 2269 
µg/kg. The correlation between cord and 
maternal plasma samples for DDE was also very 
strong (r = 0.94). PCB congener 153 and DDE 
were detected in a ll samples anal yzed. Mean 
concentrations of PCBs and DDE were sli gh tly 
lower in infant pl asma th an in maternal plasma. 
Means concentrat ion in infant plasma was 259 
µg/kg and 256 ,,g/kg for th e sum of PCBs and 
DDE, respecti ve ly. 

Prenatal exposure to PCBs and infection s 

The relat ions between prenatal exposure to PCBs 
and incidence of infections are shown in Table 3. 
In preliminary ana lyses, we fo und that the 
assoc iations between OCs and incidence rates 
were somewhat stronger during the first 6 
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months of life. Although thi s study was des igned 
for a 12-month fol low-up, we also present the 
results for the fi rst 6 months of li fe. Regard ing 
in fecti ons during the first 6 months of life and 
prenata l ex posure to PCBs, we observed 
stat istica lly signifi cant assoc iations onl y fo r 
LRTls (3 '' quartil e; RR = 1.54 and 1.68 fo r th e 
unadj usted and adjusted models, respecti ve ly). 
Although not stati sti ca ll y significant, al most al l 
other RRs were above the unity. When the fo ur 
types of in fec ti ons were combined (labeled "a ll 
infections" in the tables), the relative rates 
ranged from 1.19 to 1.20 in the unadjusted 
model , and fro m 1.17 to 1.27 in the adjusted 
mode l. The trend was stat isti ca ll y signifi cant in 
the adjusted model (p = 0.04) . 

Compared to th e first 6 momhs of life, most 
assoc iations were weaker when the first 12 
mo nths of li fe were considered, and onl y GI 
infections stil l pointed toward s a positi ve 
association. The associat ion was significant for 
the 3'' quart ile in the adjusted model only 
(RR = 1.59). Globa ll y, the relations were simila r 
in the unadjusted and adj usted models, and fo r 
oth the 6-month and 12-momh fol low-ups. 

Prenatal ex posure to DD E and infections 

The relation between incidence of infections and 
prenatal ex posure to DDE (Table 4) were 
stronger than that observed fo r exposure to 
PCBs. For the first 6 months of life. we detected 
significant associa tions with ot iti s (RR = 1.63 , 
3'' quani le) and LRTls (R R = 1.52, 2"d quarti le) 
in the unadj usted model , and with URT ls 
(R R = 1.56, 2nd quanile) and oti tis (RR = 1.83, 
3'd quartile) in the adjusted mode l. The trend was 
sign ificant fo r otiti s in the unadjusted model 
(p = 0.04) and borderline significant in the 
adj usted model (p = 0.07). When the fo ur types 
of infections were combined. we observed 
significant associa tions for the 2"d quart il e (RR = 
1.49) in th e unadjusted model , and for the 2"d 
(RR = 1.38) and 3'd (RR = 1.33) quarti les in the 
adjusted model. As observed for PCB ex posure. 
almost al l RRs were above the unity. 

When the first 12 months of li fe are cons idered 
we observed significant assoc iat ions for GI 
in fec tio ns (RR = 1.49, 2nd quart ile) in the 
unadjusted model, and fo r URTl s (RR = 1.34, 2"' 
qua rtil e) and GI infections (RR = 1.59, 2"' 
quartile) in the adj usted model. For all in fect ions 
combined, the assoc iation reached statistical 
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significance onl y for the 2"' quartil e in the 
unadjusted model (R R = 1.17). 

Postnatal ex posure to OCs and infections 

We used OCs concentrations in infant plasma to 
eva luate the effect of postnatal exposu re on 
incidence of infecti ons (sampling done at a 
media n age of 7.0 months). Tab le 5 shows the 
incidence rate rat ios for all fo ur types of 
infection s combined accord ing to postnata l 
exposure 10 PCBs and DDE. Results are shown 
for the three different time periods (first 6 
months of life. from 7 to 12 months. and for the 
ent ire 12-month period). We observed no 
obvious associat ion between postnata l ex posu re 
and the incidence of infectio ns. The on ly 
sionificant association was for PCBs in the 
ur~adjusted model ( 12-month fol low-up. 2"" 
quanile, RR = 1. 19). but the stati stical 
signifi cance was lost when we adjusted for 
confounding. No association was fou nd for 
postnata l exposure to other OCs. 

Parameters of immun e system fun ction 

Parameters of immune system funct ion were 
assayed usin g interleukine( IL)- 10, tumor 
necros is factor (TNF), and com plement 
components (C3 and C4) in cord blood and 
infant blood (Tab le 6). Unfo rtunately, we were 
not able to eva luate these markers in a great 
proponion of th e samp les because the vo lume of 
blood collected was insufficient. Pearson 
correlat ion ana lys is yielded stat istica lly 
significant resul ts for I L-1 0 and HCB in cord 
blood and fo r C4 and HCB in infa nt blood. 
However, corre lations with I L-10 and C4 were 
not constant across th e different contaminants. 
These results are hard to interpret because of the 
small number of samp le involved and furt her 
studies are needed to identify the effect of 
contaminants on immune biomarkers in this 
popu lation. 

Discussion 

Evidence of an effect of envi ronmental ex posure 
to OCs on suscept ibili ty to infecti on in ch ildren 
is scarce and inconsistent . To our know ledge, the 
first study addressing this question was 
conducted 111 the Great Lakes area. The 
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Wisconsin Maternal/Infant Cohort was des igned 
to eva luate the effect of PCB di etary ex posure on 
in fa nt hea lth status. The authors obse rved that 
fis h consumpti on during pregnancy (a proxy of 
PCB exposure) was posi tively associated with 
co ld s, earaches, and nu symptoms in in fa nts 
(S mith \ 984). Between 1978 and 1982. Rogan et 
al. ( 1987) fo ll owed 900 fa mili es in North 
Carolina (USA). They rev iewed the medi ca l 
charts of the children and did not find any 
evidence of ha rmful effects of PCBs or DDE 
during the fi rst yea r of life. In the eth erlands, 
Weisglas-Kuperus et al. ( I 995) observed no 
association between PCBs and the number of 
ep isodes of rh initis, bronchiti s, tonsilliti s, and 
otiti s during the fi rst 18 mon ths of li fe. However, 
the sa 111e group of ch ildren was seen at 42 
months and cu rrent PCB bu rden was associa ted 
wit h a higher preva lence of recurrent midd le-ear 
infections and of chicken pox (Weisg \as- Kuperus 
et al. 2000). Kannaus et al. (200 1) also observed 
a hi gher risk of otitis media, but the relat ion was 
onl y present with the combined ex posure to 
DDE and PCBs. Fina lly, our group prev iously 
reported that exposed Inu it infa nts had a hi gher 
risk of acute otiti s media during the fi rst year of 
life (3'd teni le of exposure co111pa red to the first). 
The relation was signi ficant with exposure to 
DDE and HCB but rema ined above the un ity for 
PCBs, d ieldrin and mirex (Dewa ill y et a l. 2000). 

In this study, we showed that prenata l ex posure 
to some environmental OC contam inants was 
associated with a higher inc idence ra te of 
in fections du ring the first 6 months of life. 
Al though the associa tions were not always 
stat istica ll y significa nt because of li111 ited 
stati stica l power, infa nts in the hi ghest quartil es 
of PCBs and DD E exposure had syste111ati ca ll y 
more ep isodes of infecti ons than thei r 
counterpa rts in the first quan ile of exposu re. 
This was mostly observed during the first 6 
months of Ii fe , and the associatio n was much 
wea ker when in fec tions during the first 12 
1110111hs of life were considered. Postnatal 
ex posure to OCs was no longer assoc iated wi th 
infect ion incidence. 

Because 111ethods of eva luat ion of both exposu re 
and frequency of infect ious episodes va ri ed 
among studi es, it is difficult to di rectly compare 
prev iously pu bli shed results with ours. 
Nevertheless, our results support the hypoth esis 
that i111111 unotox ic propert ies of OCs could affect 
the hea lt h status of prenatall y ex posed children, 
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as did so111c of the above-men1i oned studi es 
invo lving acciden1al (Chao et a l. 1997; Rogan et 
al. 1988), occupational (Hara 1985), and 
enviro11111e111al (Kannaus et a l. 200 I; S111it h 
1984; Weisg las-Kuperus cl al. 2000) exposure. 
In the literatu re, 111iddle-ear infecti ons are th e 
most consistent ly reported infections associated 
with prenata l ex posure to OCs. In our stud y, the 
strongest dose-response relat ionship was seen 
with ea r infecti ons. However, it is likely th at 
OCs' insults on the developing i111111une syste111 
wou ld result in the increase of incidence of many 
differen t types of acute infections, and not only 
ear infect ions. Cons istelll with that assu111ption , 
our results showed a higher incidence rate for the 
four 111os1 freque111 infections in infants in the 
higher ex posure groups, and the rate ratios were 
si111ilar to that observed for ot iti s. Fur1her111ore, 
" hen these four types of in fections were 
co111b ined, the association was 111ore stable and 
the 111agnitude of th e dose-response relat ionship 
was increased, co111pared to that of the four types 
of infection taken separately. 

We also observed th at the effect of prenatal 
ex posure was 111os1l y preselll during the first few 
months of li fe and that thi s effect seemed to 
vanish after 6 months of life. Further111ore. we 
found no effect of postnatal ex posure 10 OCs 
with infections. It has already been suggested 
that the i111111unc system is vulnerab le to 
immunotox ic compounds during its 
de,elop111en1 , and that high maternal burden 
during pregnancy and lactation could lead 10 
per111anen1 defects on the infant' s i111mune 
syste111 (Badesha et al. 1995; Barnell et al. 1987). 
Our results support th e hypothesis of a stronge r 
effec t during early in fa ncy, but we were unable 
to clea rly identify any harmful effect persisting 
after the age of 6 1110111h s. After a few months of 
life, cumulati ve environmen tal innuences on the 
im111 une sys1e111 may begin to play a larger role, 
thus increas ing the variability of responses to 
infections. Furthermore. contributions of the 
OCs exposure via breast milk , entangled wit h the 
bene fi cial effect of breast-feeding on infecti ons. 
might have 111asked the effect. This could ex plain 
in pan the di screpancies in results of other 
stud ies on OCs and infections because the age of 
children during di sease and exposure assessme nt 
vari ed considerably between studies. Further 
studies arc needed to clari fy the ti111e peri od 
during which environme111al ex posure to OCs 
has a det ri111ental effect on children hea lth . 
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In this population, plasma concentrat ions of111ost 
of the OCs included in thi s analysis are strongly 
correlated. Muckle et a l. (200 I) already 
published correlation anal yses for a subgroup of 
infants included in this cohort. They showed that 
PCB congeners and chlorinated pesticides are 
hi ghly correlated with each other, and that 
concentrations in cord plasma, 111aternal plasma, 
and breast milk sa111ples are also strongly 
correlated. It is, th erefore, not poss ible to 
attribute the effect observed to one spec ific OC 
compound , nor are we able to unrave l the 
speci fi e con1ribu1ion of each substance studied. 

We used a review of the medical charts to 
eva luate di sease frequency. There is onl y one 
hea lth center in each of the three Inuit 
communities included in this study. Parti cipants 
almost always go to that heal th ce111er when they 
seek medica l anen1i on, and copies of 
consultations done elsewhere are routinely 
requested 10 complete medical charts. We are, 
there fore, confident that we have reviewed a 
111ajori1y of the 111edica l consultations sought by 
th e panicipallls. Neverthel ess, we did not attempt 
to veri fy every diagnos is. nor did we try to 
inquire about infections for whi ch 111ed ica l 
attelllion was not sought by the parents. 
Further111ore, we did 1101 find a suitab le proxy for 
the propensity 10 go to the cl inic when symptoms 
were present. Our results are. therefore. likely to 
be an underes1i111a1 ion of the true incidence, 
espec iall y for benign infections. It is possible 
that this underestimation was assoc iated with 
traditional lifestyle, and thus with OC exposure. 
but the direct ion of the bias is unknown. 
However, if such a bias was presen1, we could 
assu111e that it would have persisted beyond 6 
111onths of age. Si nce RRs fo r the I 2- 1110111h 
follow-up are close to unity, it see111ed 10 have 
little effect on our results. 

Because of the re lati ve ly sma ll nu111ber of 
subjects involved (n = 199). ou r resu lts 111us1 be 
regarded with caution. Many factors can greatly 
influence the rate of acute infect ions. We have 
assessed many potential confo unding fac tors . but 
unknown factors 111i gh1 still be present. 
Specifica ll y. we cannot rule out the poss ibility 
that the infa111s in the lowest exposure group 
(first quartile) had berter general hea lth due 10 an 
unknown cause or si111pl y due to chance. Thi s 
would have resulted in RRs above the unity for 
the three highest quartil es o f exposure withou t 
any dose-response relation, whi ch is similar 10 
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what we observed. This needs to be kept in mind 
in the interpretati on of our resul ts. 

The high rate of in fec tious episodes in young 
Inui t chi ldren has been observed in Nonhern 
Canada, the United States (A laska), and 
Greenl and (Banerji et al. 200 I; Holman et a l. 
200 I; Koch et al. 2002; Proul x 1988; 
Wainwright 1996). Many cultural , 
environmenta l, and economica l factors 
contribute to thi s sit uati on. Our study population 
is no except ion, with a mean of almost nine 
infection-related medica l consultations per in fa nt 
during the first 12 months of life. In the contex t 
of such a high ra te of infecti ons, ra te ra tios of 
around 1.25, li ke th e ones observed in thi s study, 
could have a tremendous impact on publi c hea lth 
in this popul at ion. Th is is the second study 
identifying an increased suscepti bility to 
infections associated with prenatal exposure to 
OCs in Nunavik. However, th e relati vely small 
number of subjects ra ises the poss ib ility of an 
assoc iation that could be due to chance. To 
fw1 her clari fy the potenti al contributi on of 
persisti ng contam inants in the hi gh infecti on rate 
of these children, we are current ly conduct ing 
another study in whi ch a third cohon of Inu it 
chi ldren from the same populat ion is fo llowed 
during the fi rst five years of life. In the 
meanti me, awareness and preca utions regarding 
the selecti on of marine food items befo re and 
during pregnancies, such as the ones of 
Environnement Quebec (Environnement Quebec 
2003), are wa rra nted. 
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Abstract 

The first objective of the project was to add a 
more precise eva luation of th e In uit di et and 
contaminant exposure in lhe framework of th e 
Nunav ik Hea lth Survey that wil l be conducted in 
la te summer 2004. The second o bj ecti ve was to 
support th e preparation and the e labo ration o f the 
pilot study in order to field test the survey 
methods and d ieta ry assessment too ls. Hence, 
acti vities in 2003-2004 consisted of the 
elaborati on o f di etary questi o nnaires and of the 
env ironmenta l sa mpling des ign (quantity of each 
tissue and nuids, storage methods) that will be 
used fo r laboratory analyses of contaminants. 
Dietary data will be obtained during th e Nuna vik 
Hea lth Study us ing a food frequency 
questi onnai re and a 24 -ho ur d ieta ry reca ll. The 
pi lot study was conducted in April 2004, in 
Kuujjuaq amo ng 30 In uit. The pilot study 
perm itted to veri fy the accuracy of dietary 
questionnai res and to improve th em in order to 
maintain the va lidity o f questi ons. The 
information that will be coll ected in the 
fra mework of the Nunavik Health Survey wil l 
help publ ic hea lth autho riti es in N unavik to 
ta rget and design e ffecti ve food protect ion and 
promotio n strateg ies fo r the consumption of 
trad itiona l/country foods among the Nunavik 
popu lati on. 

P. Ayotte 

Key Project Messages 

I . A detai led eva luat ion of the Inuit diet wi ll 
permit to assess precisely how dietary 
intakes and patterns are in vo lved 111 

contaminant exposure. 

2. The extensive 2004 Hea lth Survey will 
prov ide to the Inuit of Nu nav ik the 
in formation needed to update informed 
deci sions on thei r traditiona l/country food 
use. 

Objectives 

- To add a mo re prec ise eva luati on o f the Inuit 
di et and contami nant ex posure in the 
framework of the Nunavik Hea lth Survey that 
wil l be conducted in summer 2004. 

- To support the prepara tion and the e laboratio n 
of a pilot study in Nunavik in order to fi e ld test 
the survey methods and di etary assessment 
too ls. 
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Introduction 

Inu it populations are ex posed to environmental 
contam inants by eating traditi onal/country foods. 
Durino the last decades, dietary patterns evolved 
durin;the lifetime wi th regard to th e ava il ability 
of ga~e, the accessi bility of traditional food for 
fam ilies, the use of different tissues and organs 
of the ani mals, the avai labi li ty of store-bought 
food and the contaminant exposure have become 
increasingly important in the di scussion about 
food safety in the Arct ic. The Sante Quebec 
Health Survey conducted in 1992 provided 
numerous data about the contaminant exposure 
through trad itional/country food consumption 
(Sante Quebec 1994, 1995). This informatirn1 
was used extensive ly by ou r team to detenrnne 
exposure levels of the Inui t, to ta rget sub-groups 
who were more exposed, to measure contaminant 
intakes to define socio-demogra phic factors, 
dietary ' behaviours and perceptions influencing 
contaminant and nutrient in takes etc. (Dewai ll y 
et al. 1994, 1996, 1998, 200\a, 200 \ b, 200\c, 
2003a, 2003b; Furga l et al. 2003; Blanchet et al. 
2000, 2002; Ayotte et al. 1997; Sandau et al. 
2000). Moreover, since the sample size of the 
Sante Quebec Health Survey was sufficient, it 
was possible to verify exposure levels of 
contami nants and dieta ry intakes between age 
groups, thus providing information about 
generational trends. 

The determi nation of adve rse health effects 
caused by contaminants is difficul t since other 
factors such as lifestyle (alcohol intake, smoking, 
drug use, etc) diet, soc ioeconomic sta tus and 
geneti c factors play an important ro le in the 
etiology of severa l diseases among the Inuit 
popu lations. In add ition, changes in lifestyle and 
di etary patterns have been observed among Inuit 
popu lations during the last decades. Because of 
the rap id soc ietal transition , a shi ft away from 
traditional lifesty le and diet was observed in 
these populations (Labbe 1987; Hodgins 1997; 
Bjerregaard and Curti s 2002; Kuhnlein and 
Receveur 1996; Pars et al. 200 I; Nobman n et al. 
1992). This suggests the need to establi sh hea lth 
surve illance systems in Arctic area to examine 
the sign ificance of the environment, diet and 
li ving cond itions for the development of chroni c 
di seases. Hence, an ex tensive hea lth survey (The 
Nunavik Health Survey: Qanuippitaa9 , How are 
we?) will be conducted in Nu nav ik in summer 
2004. The 2004 Nu nav ik Health Survey, which 
is fu nded by the Ministere de la Sante et des 
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Serv ices Sociaux du Quebec, will perm it to 
ga ther recent in fo rmat ion regarding the hea lt h of 
the Inui t popu lat ion. Moreover, this survey wi ll 
be the starting poi nt of an intern ational Inuit 
cohort study whi ch wil l permit to assess the 
impact of risk fac tor emergence and lifestyle 
changes on subsequent morbidity and mortality 
for the major chronic diseases among Inuit 
popu lations of Canada, Gree nl and and Alaska. 
The target popu lati on of the Nu na vik Hea lth 
Survey wil l compri se all permanent ad ult 
residents of Nunav ik. The participants will 
constitute a stratifi ed probability sample of th e 
Nun av ik popul at ion and will be se lected in th e 
14 coasta l vi llages. The sample size has been set 
at 600 households. In Canada, 3,880 Inuit are 
expected to partic ipa te in the cohort study. From 
this Canadian sa mple, about 1,000 Inuit (men 
and women) wil l be se lected in Nunavi k . 

In the fra mework of the Nunavik Hea lth Survey, 
our team proposed a detailed eva luation of the 
Inuit diet in order to eval uate prec ise ly how 
dietary intakes and patterns are involved in 
contaminant exposure, providing clearer 
in fo rmat ion for ri sk communication. The 
updated in fo rmat ion on contaminant exposure 
will be also compared wit h those obtained in 
1992 durin g the Sante Quebec Hea lth Survey 
and will permi t to verify temporal trends. The 
monitoring of co ntaminant ex posure and dietary 
habits in the course of the international Inuit 
cohort study wil l permit to co llect information 
necessary for the study of the effects of 
contaminant on chronic di seases. In addition to 
veri fy whether similar effects may be occur in 
other arcti c reg ions characte rized by hi gh 
ex posures, the large sa mple size of the cohort 
study will permit to swdy th e significance of the 
environmenta l contaminants, diet and living 
conditions for the development of chron ic 
diseases among the Inuit. 

Activities 

In 2003/2004 

Act ivi ti es in 2003-2004 consisted of the 
elaborati on of dietary questi onnaires in order to 
assess 111 detail traditional/cou ntry food 
consumption and contaminant intake and 
ex posure. Dieta ry data will be obta ined using a 
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food frequency qu estionnaire and a 24-hour 
dietary recal l. The food frequency questionna ire 
will be admi ni stered to adult women an d men 
and wi ll measure th ei r consumptio n of 
tradit ional/co untry food fo r all fo ur seasons 
during the year be fore the survey. 
Tradit iona l/country food wil l refer lo food items 
deri ved from fi shing and hu nt ing (including 
severa l parts of marine mammals such as meat, 
fat, skin, liver). Add itional questions regardi ng 
the consumption of speci fi c foods will asked to 
the participants in order to document some Inuit 
prevalent nutriti onal defi ciencies such as 
anaemia, or in contrast, elevated consumpt1on or 
some less nutriti ve foods such as sweet and fa tty 
foods. The 24-hour di etary recal l will permit to 
calculate the mean and median in ta kes of energy 
and nut ri ents, the colllribut ion of foods or food 
groups 10 nutrien t imakes, th e im portance of 
tradit ional/coun try foods and store-bought foods 
wi ll also be assessed and thi s, acco rding Lo 
soc io-demographic factors. Questions about food 
security, accessibility, personal va lues, di etary 
attitudes, perceptions and beli efs of 
trad itiona l/country and store bought foods were 
elaborated in order to better understand Inuit 
dietary intakes. In partic ul ar, questions about 
perception and knowledge of food chain 
con tamination , as we ll as changes in lifestyle 
associated with perception are also included in 
the questi onnaires of the survey. The 
environmemal sampling des ign (qualllity of each 
tissue and fiuids) and th eir long term storage 
methods that will be used for laboratory analyses 
of contaminants have been deve loped. The 
fo llow ing contaminants were selected Lo be 
measu red: PCBs, pestic ides, heavy metals 
including total and inorganic mercury fracti on , 
and new contaminants such as PFOs and PBDEs. 
Ten ( 10) ml of blood will be co llected fo r 
contam inant anal yses. 

Consullations were made among Inuit people 
and representatives of Nu nav ik to verify th e 
accuracy of food items li sted in the food 
frequency questi onnaire. Numerous di scuss ions 
were also effected with researchers of the 
international Inuit coho rt stud y in order to 
ascertain that environmental and dietary 
questionna ires will be comparab le for fu ture 
compari sons. Finall y, act ivi ties in 2003-2004 
compri sed the preparation of the pi lot study Lo 
pre-lest th e survey too ls. The pil ot study was 
conducted in early spring 2004, in Kuujjuaq . For 
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the rea lization of the pi lot study, ou r team made 
colllacts wit h Inu it represelllati ves of Kuujjuaq 
fo r the samp ling of Inu it participants and of Inuit 
interviewers. The pilot study in vo lved also the 
preparation of training documents fo r 
in terviewers. 

Results and Discussion 

Questionnaires 

The li st of traditional/country foods that were 
se lected for the food frequency questionnaire is 
shown at Table I. As mentioned above, coumry 
food refers to food items deri ved from fi shi ng 
and hunting (including severa l parts of marine 
mammals such as meat, fat , skin , li ver). The li st 
of traditional/co untry foods is more exhausti ve 
than that used in 1992. Since the consumption of 
tradit ional/country foods va ries according to 
season, the respondents will answer for each 
season. With help of the local interviewers, we 
will prepare for each community an "Events 
Ca lendar". This " Events Ca lendar" wi ll li st a few 
well-recogni zed events that have taken place in 
the community one yea r ago from the time the 
survey is being done in th at community. This 
" Evelll s Ca lendar" wi ll be usefu l fo r helping 
respondents apprec iate the pe riod of time that 
they need 10 consider when reca lli ng foods eaten 
over th e last year (traditional/co untry foods). The 
quantiti es of foods eaten as usual serv ing wiU be 
asked to the parti cipants. Models of standardi zed 
porti ons wi ll be used to help the interpreter belier 
define and descri be amounts of food eaten by the 
respondents. These food models are based on 
day-to-day tableware (i. e. containers of various 
sizes). 

Examples of quest ions about food security, 
access ibili ty, personal va lu es, dietary attitudes, 
knowledge, percept ions and bel iefs of food chai n 
contaminat ion, as wel l as changes in lifestyle 
assoc iated wi th these percept ions were included 
in the questi onnaires of the survey. Table 2 
shows some examples of these questions that 
will permit to assess more accurately the impact 
of perception of hea lth ri sk in ea ting habits. 
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Table 1. List of traditional/country foods selected for the Food Frequency Questionnaire. 

Ma rin e mammals: 

Beluga meat 

Beluga misirak/bl ubber 

Beluga muktuk 

Dried be luga 

Sea l meat 

Seal parts (liver, kidney, 
etc .) 

Seal misirak/bl ubber 

Fish: 

Arcti c char 

Cod 

White fi sh 

Lake trout 

Salmon and othe r trout 

Other fi sh 

Dried fi sh 

Walrus meat, raw Clams, mussels, sca llops 

Walrus meat, cooked 

Wa lrus misirak/blubber 

lgunak (seal) 

Land mammals: Birds a nd wildfowl : 

Caribou meat Ptarmigan 

Dried caribou meat Goose 

Ca ri bou li ver or kidney Pintail 

Arctic hare Other birds (tern , duck, etc.) 

Other land animals: Wild bird eggs 

Wild berries 

Pilot study 

As mentioned above, the pilot stud y was 
conducted in Kuujjuaq in early spring 2004. The 
pilot study began by a training session for Inuit 
and professional interviewers. The training 
sess ion concern ing di etary data co llecti on 
com prised oral presentation foc using on the 
objecti ves of the dietary part of the survey, a 
detailed presentat ion of di etary questi onnai res, 
the use of food models, etc. Oral presentat ion 
was followed by si mulations and practi ca l 
exercises. Procedu res of interviewers were 
checked and adj usted. 

Thirty (30) lnu its part icipated 10 the pi lot stud y. 
Interviews were conducted at home or in the 
office of the Nunavik Regional Board of Health 
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and Soc ia l Serv ices. Results obtained from th e 
pilot study reveal ed that Inu it pa11ic ipants 
perce ived the food frequ ency questionnaire as 
being long to answer. After check in g the 
questionna ire, we dec ided to shorten the li st of 
store bough t food items. Rega rding the 24-hou r 
di etary reca ll , Inu it partic ipan ts perce ived thi s 
questionnaire eas ier to fill ou t. Once data was 
co llected and the questi onnaires were checked, 
th e lack of any incongruity in results was 
verifi ed and correct ions were applied in order to 
maintain th e va lidity of questions. 

Conclusion 

The 2004 Health Survey wi ll provide to th e Inuit 
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Table 2. Examples of questions elaborated in order to assess knowing of food contamination, perceptions and attitudes 
influenci ng contaminant intakes and the level of hunting/fishing practice . 

I. Have you ever hea rd of country food contamination, e.g., th e presence of pollutants or chemica ls in 
count ry foods? 

2. Can you tell me if any of the fol lowing items are contaminants or pollutants that could be fou nd in 
country foods? (mercu ry, lead, PCBs, cadmium ) 

3. I lave yo u modifi ed your eating habits since you heard about contamination in country foods? 
4. If yes, can yo u te ll me some of th e changes you have made? 
5. What is it you like about eating country food? 
6. In the past 12 months, on average, how often did you go hunting or fi shing? 
7. Do you usuall y share your catch with you r fa111i ly or frie nds? 
8. Do yo u rece ive country food s from yo ur fri ends or relat ives outside your house? 
9. Do yo u get country foods from the co111111unity freezer? 
10. lfno, why don't you get food from the co111muniry freezer? 

of Nunav ik the infor111ation needed to update 
infor111ed deci sions on their food use. 
Furthermore, since numerous data on nutrient 
intakes and contaminant ex posure will be 
collected and biolog ical indicators of nutritional 
intakes will be measured (n-3 fatty ac ids, 
se len ium). it will be possib le to balance potentia l 
hea lth risks re lated to contaminant exposure with 
nutritional benefits. 

Project Completion Date 

Activities proposed for 2003-2004 have been 
comp leted. The Nunav ik Hea lth Survey wi ll be 
conducted fro111 August to October 2004. 
Labora tory anal yses. codi fi cati on and data entry 
questio nn aires wi ll be perfo r111ed fro111 
Nove111ber to August 2005, and wi ll be fo ll owed 
by data analyses and report 
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Abstract 

The Inuit are exposed to a w ide range of 
env iron mental contaminants through their 
tradit ional diet, which includes significant 
amounts of fi sh and sea mammal fat. During the 
past fifteen years, several studies monitored the 
exposure o f N unav ik ' s Inuit lo persistent organ ic 
po llutants and heavy metal s. More recently, 
increased emphasis was put on hea l th effects 
stud ies in relation to exposure to polychlorinated 
bipheny ls, chlorinated pesti cides, mercury and 
lead in the Hudson Bay area. The main objecti ve 
of this project is to set the bases to allow spat io-
temporal trends assessmen ts in contaminants 
ex posure in N unavik, including emerging 
contam inants for w hich increas ing 
concentrat ions in wi ldlife and human sa mp les 
have been reported. Thi s is being achieved by I) 
integrating data gathered in past studies; 2) 
determin ing th e ava ilability of archi ved samples 
for the analysis of emerging contaminants: 3) 
generating new data to obta in an update on 
current exposure leve ls, and 4) va lidate the use 
of a newly developed analyti ca l methods 
allowing the measurement of severa l analytes in 
a small vo lume of plasma ( includ ing the former 
suite of POPs and emerg ing contaminants). A 
sample collecti on was set-up in th e Ungava 
reg ion and analyses of these samples are being 
carried-out using both methods used in past 
studies, and a newly deve loped procedure. As 
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well. databases from earlier stud ies are being 
standardi zed and merged, and the availab ility of 
archived samples from earli er projects is also 
being assessed.. Thi s pilot study wi ll set the 
bases for a larger study on spatial and temporal 
trends of exposure to env ironmental 
contaminants in Nunav ik . 

Key Project Messages 

I . A pilot study on spatio-temporal trends of 
contaminants in maternal and umbili ca l cord 
blood has been set-up in the Ungava reg ion 
of Nunavik, in co llaborati on with the 
Ungava Tulattavik Hea lth Center. This 
study in volves recrui ting women at 
Tu lattavi k in order to collect matern al and 
umbili cal cord blood for analyses . Thi s 
sa mpl ing is ongoing and wi ll be pursued 
during the nex t 5 yea rs. 

2. A new ana lyti ca l method has been 
developed in the Tox icology Laboratory of 
INSPQ, which allows the measurement of a 
larger number of contaminants in a smaller 
vo lume of plasma. Thi s method is currently 
being compared and va lidated agai nst 
methods formerly used to measure POPs in 
plasma. 
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3. An inventory of archi ved sampl es is being 
done in order to determine the ava il ab ility o f 
a rchived cord and maternal plasma tha t may 
be ana lysed for emerging contaminants such 
as BDEs and PFOS. 

4. In tegration of contam inants data in cord and 
maternal blood fro m past projects is ongo ing 
and a harmoni zed database wi ll be ava il ab le 
shortly for fu rther spat io-tempora l trend 
assessments. 

Objectives 

I) To integrate data gat hered in past studi es 
regarding contam inants levels measured in 
umbilical cord plasma / blood and maternal 
plasma / blood; 

2) To determ ine the availab ili ty of archived 
samples for the analysis of emerging 
contami nants; 

3) To generate new data on conta minants 
exposure in order to obtain an update on 
current exposure leve ls to the trad it ional 
sui te of contaminants measured in previous 
projects si nce the mid-80s (polych lorinated 
biphenyls (PCBs), organochl orine (OCs) 
pesticides, mercu ry (Hg) and lead (Pb)) , as 
we ll as emerging contami nants such as 
perfluorooctanesulfonate (PFOS) and 
brominated diphen yl ethers (BDEs). 

4) To va lidate the use of a new ly deve loped 
analyt ical met hods allowing the 
measureme nt of several analytes in a smaller 
vo lume of plasma (i ncluding the forme r 
suite o f POPs and emerging contam inants). 

Introduction 

Early work conducted on Baffin Island and in 
Nunavik has demonst rated that because o f the ir 
traditional dietary habits, In uit people are 
exposed to unusually high quantities of 
environmental contaminants, mainly heavy 
metals and organochorines (OCs) (Kinl och, 
Kuhn lei n et al. 1992; Dewailly, Bruneau et a l. 
1993 ; Muckle, Ayotte et a l. 200 I). OCs form a 
c lass of pers istent o rga ni c poll utants (POPs) 
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includi ng po lychlo rina ted dibenzo p-diox ins 
(PC DDs), po lychl orin ated dibenzo furans 
(PC DFs) , po lychl orina ted biphenyls (PCBs) and 
vario us chlo rinated pest ic ides or industrial 
products. Most ep idemi o logica l and 
experimental studi es on hea lth e ffe cts re lated 10 
heavy meta ls (Pb, Hg) and OC ex posure (main ly 
PCBs) suggest tha t prenatal life is the most 
susceptibl e pe ri od for ind ucti o n o f adverse 
e ffects on phys ica l and neu ro log ical 
deve lopment. Indeed, severa l studi es have 
reported different developmental , immu ne and/or 
cogniti ve deficits in new bo rns exposed to OCs 
d uring prenatal and/or postnata l develo pment, 
with some of these defic its persisting in late r 
ch ildh ood (Rogan, G laden et a l. 1986; Tay lor, 
Stelma et a l. 1989; Dewa ill y, Brunea u et a l. 
1993 ; Guo, C hen et a l. 1994; Koopman-
Esseboom, Morse et al. 1994; Guo, Lambert et 
al. 1995; Jacobson an d Jacobson 1997; Patandin , 
Koopman-Esseboom et al. 1998; Winneke, 
Bucholski et al. 1998; G laden, Ragan et al. 
2000).. As we ll , prenata l expos ure to 
meth ylmercu ry (Me Hg) has a lso been li nked to 
developmenta l and cognitive defi c its in infancy 
and childh ood (We ihe, Hansen et a l. 2002). 

However, studies focusi ng on temporal trends of 
these POPs in the Arctic have identified a 
decreasi ng trend during the last decades in 
severa l species (M uir, Fisk et al. 200 1; Mui r, 
Kock et a l. 200 I). Decreases in body burden of 
these co mpou nds in northern human populations 
have been reported, fo r in stance in Sweden 
(Noren and Me iro nyte 2000) and in Canada, on 
the Lower North Sho re of the St. Lawrence Ri ver 
(Dal la ire , Dewa ill y et al. 2002) and in Nunavik 
In uit res id ing in the Hudson Bay area (Dalla ire, 
Dewa illy et al. 2003). However, time trend data 
are not avai lab le fo r Inui t popu lat ions liv ing in 
the eastern part of Nunav ik , in the Ungava Bay 
area. 

Whi le these POPs might be of lesser concern in 
the Arct ic if decreas in g time trend s a re 
con firmed, several new compounds have 
emerged as potent ial threats to the Arct ic. 
Organobrornine compounds are among these 
emerg in g contaminants, including brominated 
fl ame retardants (BFR) such as brom inated 
dipheny l ethers (BDEs), common ly added in the 
composi ti on o f e lectroni c eq uipments, p las ti cs 
an d textiles. BDEs share so me ph ys ico-chemi cal 
and toxicological pro pert ies w ith OCs, but 
contraril y to the latter for whi ch prod ucti o n, sa le 
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and use genera lly tend s to decrease, BDEs use 
and environrnenlal occurrence has dramatica lly 
increased sin ce the 1980s (Me iro nyte, Noren et 
al. 1999; Noren and Mei ro nyte 2000; lkonomou, 
Rayne et a l. 2002) .. Few stud ies ha ve addressed 
the tox ic e ffects o f BDEs, bu t the ir structura l 
sim ilarity to other polyha logenated aromati c 
hydrocarbons and the evidence of tox ic ity 
gathered until now suggest that they may exert 
sim ilar tox ic effects through common 
mecha ni sms wi th PCBs, PCDDs and some other 
OCs (i.e. embryotoxic ity, interference with 
thyroid hormone signall ing, neurotoxic effects, 
etc. ) (Darnerud, Eriksen et al. 200 I; Zhou , 
Tay lor et al. 2002). 

The main object ive o f th is project is to set the 
bases to a ll ow assessments of spatio-temporal 
trends of contaminants exposure in Nunavik, 
inc luding eme rging contaminants for which 
increasing concentrat ions in wildlife and human 
samples ha ve been reported. This is being 
achieved by integ rating data gathered in past 
studies and compari ng the latter to newly 
generated data that provide an update on current 
levels of exposure. As we ll, exposu re levels to 
emerging contaminants are being assessed and in 
order to de ri ve spati o-temporal trends for these 
contam inants as we ll, the ava ilabi lity of a rchi ved 
samples fo r the anal ys is of emerging 
contam inants is be ing determ ined. Addi tional ly, 
the use a newly developed analytical methods 
allow ing the measu rement of several analytes in 
a small volume of p lasma (i nclud ing the former 
suite o f PO Ps and emerging contaminants) is 
being va lidated. 

Activities 

In 2003-2004 

A sample collection was set-up in the Ungava 
region and analyses of these sam ples is being 
carried-out us ing methods formerly used and the 
new ly developed procedure. As well. databases 
from earlier studi es are bei ng integrated and the 
availab il ity of arc hi ved sa mpl es from earlier 
projects is also being assessed. An inventory of 
archi ved sa mpl es is cu rrent ly being condu cted in 
order to de termine the ava il ability of samples for 
analyses of emerg ing con tam inants in cord 
and/or materna l b lood co llected in ea rlier studies. 
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Th is pilot study will set the bases for a large r 
study on spat ial and tempora l trends of exposure 
to environmenta l contami nants in N unavik. 

Recruitment and sample collection 

Sampl ing of maternal blood and umbilical cord 
blood is cu rrently ongoing at the Ungava 
Tulattavik Hea lth Center, Kuujjuaq. Women are 
informed of the project during their prenatal vis it 
to the Hea lth Center at 36 weeks of pregnancy, 
and the nurse in charge of pregnancy fo llow-up 
solicits their participation to the study. If the 
woman accepts to be part of the study, the nurse 
in charge explains the consent form to the 
participant and obtains her signature. The 
consent form is then kept in her medical fi le and 
a note is made on the obstetrical li st in o rder to 
inform the ph ysician that the pati ent participates 
to the research proj ect. 

After delivery, blood is drawn from the cord 
before it is di sca rded. A blood sa mple from the 
mother is co llected 24h after birth during a 
standard procedure consisting in collecting 
maternal blood after de li very for hematocrit 
analyses. At thi s time, a short questionnaire is 
administered to document paramete rs that may 
affect contaminants in maternal and/or cord 
blood. After collection, blood samples are 
transferred to the hospital laboratory to be 
a liquoted. and processed to collect plasma . A ll 
samples are then fro zen and shipped to the 
Tox icology laboratory at INS PQ. 

A11alv1ical methods 

Contaminants measured in maternal and cord 
blood or plasma include the traditional suite of 
organoch lorines (OCs) and heavy metals 
measured in previous projects since the mid-S0s 
(14 polychlorinated biphenyls (PCBs) congeners, 
11 OCs pestic ides, mercury (Hg) and lead (Pb)), 
as we ll as emerging contam inants such as 
perfluorooctanesulfonate (PFOS) and 
brominated diphenyl ethers (BDEs). 

For organochlorine measurements. two different 
methods are being compa red: the conventional 
method used in the framework of ou r past studies 
(extens ively descri bed in (M uckle, Ayotte et a l. 
200\a: Muckle, Ayotte et al. 200 1 b)) and the 
new SACEMF method (Se mi -Automated 
Comprehensive Extraction Mu ltiple Fract ion), 
wh ich allows the measurement of several 
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analytes of halogenated hydrocarbons in a 
smaller vol ume of biological sample ( I to 5 ml) . 
This method was va lidated using conventional 
laboratory standards and va lidation methods, and 
it is currently being compared to earlier, 
conventional methods in cord and materna l 
plasma sampl es from N unav ik in order to ensure 
analytical met hod comparability in the 
framework of time trend analyses. 

The SACEMF method is based on a first 
fractionation of the plasma extract leading to two 
fract ions (FI and F2), fo llowed by different 
extract ion, fractionation and derivati zation 
methods on FI and F2 , finall y lead ing to the 
separation of three extracts, containing 11 0 11-

po lar, non-planar compounds (FI a), non-po lar, 
planar compounds (F I b) and po lar compounds 
(F2). Using thi s sample preparation, PCBs, OC 
pesticides, and brominated compounds such as 
BDEs, as we ll as other compou nds can then be 
measured by mass spect rometry. The ex tracti on 
method theoret ica ll y allows the separation of up 
to 145 analytes. However, the measurement and 
quant ificati on of the latter require different mass 
spectrometry procedures. The INS PQ laboratory 
has currently validated th e SAC EMF meth od 
fo ll owed by MS procedures to measure at least 
14 PCB congeners, 33 OC pesti cides. and 8 
PBDE congeners. Development and va lidati on 
is ongoi ng for the detection of more analytes, 
including toxaphene congeners, hydroxylated 
PCBs, hydroxylated PBDEs, 
brominated/chl orinated phenols, methyl-
sul fony l-PCBs/DDE and polychlorinated 
naphtalenes congeners. 

Analyses of PFOS are being carried out 
accordin g to a method recently va lidated by th e 
INS PQ human toxicology laboratory. This 
method is based on alk ali ne extracti on of PFOS 
with meth yl- ten butyl ether and 
tetrabutylammonium hydrogen-sul fate , fo llowed 
by elect rospray LC-MS-MS analysis. 

Meta ls are analysed using conventional methods. 
Mercury is analysed by cold- vapour AAS, 
selenium by an HPLC- ICP-M S method, and 
other meta ls are assessed by an ICP-M S screen .. 
Isotope spec iati on of lead will be also assessed to 
better determine th e origin of ex posure (natura l 
sources or ammun itions) and thi s will contribu te 
to th e eva luation of the effi ciency of the lead 
shot ban in Ungava for locat ions where no data 
currentl y ex ists. 
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Da1abases and archived samples 

Before per forming statistica l anal yses to deri ve 
temporal and geograph ical trends for ex posure to 
environmental contaminants, an important step is 
to in tegra te all exposure assessment data 
avai lable from past stud ies. The comparab ility 
of variables from questionnaires and analytical 
methods used for the determination of 
environmental contaminants in different matri ces 
needs to be verified (semanti c data integrat ion). 
All comparable data need then to be merged into 
a unique, harmoni zed database, where each 
sa mp le is identified with a uniq ue identifi er, a 
geographical posit ion (v ill age of residence) and a 
sampling time (date of baby's birth). When 
analyt ica l data are ava ilab le, they will be 
included in thi s i111egra1ed database. 

In parallel, an in ve111ory of archived samples is 
currently being don e in order to determine th e 
avai lability of samp les for th e analyses of 
emerging contaminant s. As well , all arch ived 
samples can then be linked to they related data in 
the integrated database. Depending on 
ava ilab ility, remaining archi ved samples wi ll be 
analysed for emerging contam inants and this 
add itiona l data wil l be inc luded 111 the 
standardi zed database. 

Results/Discussion 

In order to proceed with the sample coll ection , 
documents pertaining to thi s proj ect were 
elaborated (questi onnaire, consent fo rm, 
in fo rmation letter) and we submitted the project 
to th e Laval Uni versity Ethics Comm ittee. 
Approva l was obtained in mid-February to begin 
th e project. Contacts were made in February 
with th e authoriti es of the Ungava Tulanavik 
Hea lth Center in order to set up the samp le 
co llection . 

Recruitmelll act ively started in ea rl y March 2004 
at th e Ungava Tulaltav ik Hea lth Center. To thi s 
date, fi ve partic ipants have been recruited and 
have given birth out of th e ten parti cipams for 
thi s pilot stud y (t he aim is to gather a tota l of 20 
samples, I O maternal blood sa mples and I O cord 
blood samp les). This low number of participants 
is due mostly to the low number of pat ients that 
gave birth in Kuujjuaq since recruitment bega n. 
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However, according to the nurse in charge of 
informi ng women and soliciting their 
partic ipation 10 the study, there seem 10 be a 
strong i111e rest from the women so licited and 
gii·en th e fact that the sampling procedure is 1101 

cumbersome. it is plausible that sa mpling w ill 
not pose a major problem in thi s area. 

Laboratory analyses a re current ly being carried 
out in the human toxicology laborato ry of the 
" lnstitut Na tional de Sa nte Pu blique du Quebec" 
( INSPQ), wh ich is accred ited by the Canadian 
Associatio n for Environmenta l Analytica l 
Laboratories and accredited ISO 17025. 
Analyses are ongoing and results will be 
a1ailable shortl y. 

The archi ved sa mple inventory and database 
integration were sta rted in early Fall and are 
current ly ongoing. Database integration is being 
achieved wit h the help of a stat ist ic ian as wel l as 
a spec ia li st in Geographi cal Information Systems 
(G IS) dedi ca ted to th e deve lopment of 
mult idimens ional databases and OLA!' systems. 
The framework of thi s database has been 
des igned and data from past studies have been 
collided into a unique nat fil e that will be 
integrated in thi s database. New data will be 
added in as soon as they are available and 
statistica l ana lyses w ill then be carri ed out. 
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Abstract 

The mechanism by which prenatal neurological 
damage occurs through maternal methylmercury 
(MeHg) ingestion (without apparent injury to the 
maternal nervous system) is not wel l 
characteri zed but the relative higher ti ssue leve ls 
in fetal blood and brain may be an important 
contributory factor. The current study -
incorpora ting a new stab le isotope approach -
uses an animal model to bener understand the 
nux of MeHg moving from mother to fetus, 
especial ly to characteri ze poten tial changes in 
tissue levels and endpoims in the pups. from the 
mother consuming period ic ('pu lse ' doses) 
intake of Mel-l g. Selected commerc ial ly-
available enriched isotopes of mercury have been 
purchased and se lection of the optimal 
formu lation (abundances of the differe111 isotopes 
that make up 'common ' or ·native' mercury) has 
occurred. prior to the planned test administration 
to mice via the diet. The enriched isotopes arc 
non-radioactive and are: 198 Hg, 200 1-lg and 202 !-l g. 
Spec iation of mercury using tradit ional 
extraction and separation techniques is time 
consum ing and costly, resulting in many studies 
rely ing on tota l mercury analysis when 
spec iat ion would be more appropri ate . An 
alternative to ear l ier methy lmercury methods is 
in si111 derivat1rtion fol lowed by headspace 
analys is. Our project focuses on the 
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development of a rapid and environmental ly 
friendly ( low solvent consumption) analytica l 
technique for methylmercury determination 
based on enzymat ic hydrolysis of biological 
tissue. in situ phenylation of methylmercury to 
mcthylphenylmercury and preconcentration by a 
new microextraction technique (MET). Isotopic 
su rrogate addition and high resolution mass 
spectrometry will allow accurate, sensit ive (low 
picogram) detection. Testing of a unique sol id 
state extraction procedure and sensiti ve High 
Reso lution-Mass Spectroscopy approach for 
distinguishing between the different isotopes is 
under development. In addit ion, a 
phys iologically-based pharmacokinetic model of 
methy lmercury developed for the rat, has been 
adapted for use in a mouse mode l. Such 
adaptati ons include the ab ility -in the currelll 
study - to incorporate generated key physiologic 
and analyt ical measurements of methylmercury 
in fetal and maternal tissues and fluids. During 
the first year of this project. design of a su itab le 
dosing regimen using enriched stable isotopes 
was establi shed. methodological deve lopment 
for isotope preparat ion and analysis explored and 
a PBPK mode l for th e pregnalll rat was adapted 
and modified for use with the mouse. 
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Key Project Messages 

I . Use o f enriched stab le isotopes o f mercury 
(non-radi oacti ve) o ffers th e opport unity to 
exp lore mechanisms behind the enhanced 
ri sks to the fe tus compared 10 the dam 
during Hg ex posure in pregnancy. 

2. A pract ica l alternative 10 liq uid- liq uid 
extraction o f methylmercury is in si111 
phenylation to meth yl phenyl mercury, 
resu lt ing in a rapid . simp le analyti ca l 
proced ure. The approach, combined with 
High Reso lut ion GC-MS analys is. offers the 
abi lity to distingui sh between inpact on the 
fetus of ·pu lse' doses of mercury ingested 
by the mot her, as compa red to ex posure 
from continuous · Jower- leve l' backgro und 
doses (steady state). 

3. Adaptation of an ex isting physio logica lly-
based pharmacok inet ic mode l of 
methylmercury in the pregnant rat . will be of 
much use fo r experimenta l deve lopment 
applicable 10 pregnancy in the mo use, which 
(for methy lmercury) is a preferab le animal 
model for comparison wi th human 
pregnancy. 

Objectives 

To increase the speed and accuracy o f 
methylmercury determinations in bi o logica l 
tissues and to synthesize and measure isoto pic 
meth ylmercury compound s in a form fo r feeding 
to ani mals. 

To deve lop a protocol and suitable methodo logy 
to understand the pharmacokineti cs and 
mechanism assoc iated w ith accumulation of 
methylmercury in the feta l mouse bra in and to 
explore the toxico logical significance to the fe tus 
of pulse doses of Me Hg admini stered 10 the 
mouse dams during pregnancy 
(neurobehavioura l changes in offspring). 

Introduction 

Methylmercury consumed in the diet and 
entering the maternal c ircul ation, passes read ily 
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through the placenta and can accumulate in the 
developing fe ta I bra in (WHO. 199 1 ). The 
increased se ns itivity o f the developing fe ta l 
nervous system to methylmercury (Me Hg) 
compared to the adul t has been know n for some 
time ( lnskip and Pi otrowski , 1986; W.H.O ., 
199 1; Cho i, I 989; and Lapham et a l. , 1995 ) but 
there are many questions which rema in 
(Watanabe and Sato h, 1996; Zheng, Aschner, 
and Ghers i-Egea, 2003). Among these are how 
the magnitude and du ra ti on o f ex posure a lte r th e 
tox ico log ica l impact o f MeHg on the nervous 
system at different times in pregnancy ( i.e., does 
a ' bo lus' or ' pu lse' ex posure o f the mother in 
early pregnancy or late pregnancy have an 
equi va lent e ffect o n bra in deve lopment? ( lnskip 
et a l.. 2003)). 

Thi s has relevance in communities or to 
indi viduals where fi sh /marine mammals are an 
important part of the d iet and where women may 
consume mea ls conta ining Me Hg du ring 
pregnancy in a periodi c fa shion, espec ia ll y, if the 
size and spec ies o f fi sh consumed indicate that 
the mercury concentra tio ns may be e levated . 

In o rder 10 ex plo re. in an appropriate small 
animal mode l. the kine tics of materna l:feta l 
transfer in volvi ng such ' pulse' o r ·bo lus· doses, 
a suitab le stra in of mo use (C57 BL/6) has been 
selected and a supplier identifi ed . As we ll as 
ex hibitin g c loser ph ys io logica l simila rity to 
humans than the ra t, thi s s tra in has a lso bee n 
shown in prev ious stud ies (Dore e t a l. , 200 I; 
Goulet e t a l. , 2003) to demonstra te subt le 
neurobehav io ura l e ffects in the o ffspring and at 
concentra tions o f Mel-l g in the intended 
concentratio n ra nges (ph ys io log ica ll y re levant to 
huma n ex posure regimes). 

An experimenta l pro toco l has been deve loped 
utili z ing a unique stab le isotope dos ing regimen 
whi ch will be adm ini ste red 10 the mice during 
pregnancy. The stab le isotopes used are 11011-

rodioacrive and da ta produced fro m app licati o n 
o f this method a ll ow inte rpreta tion in a simi lar 
manner to results fro m radi o isoto pi c tracers (for 
exa mp le, in the case o f lead isotopes, see: lnskip 
et a l. , 1996; Fra nklin et a l. , 1997; Hinte lmann et 
a l. , 1997). In nature, 'common' (or ' nat ive') Hg 
is made up o f a combi nation o f many separa te 
isotopes each w ith a di ffe rent a tomi c weight. 
Each isoto pe has its own part icula r atomi c 
abunda nce (1-linte lman n et a l. , 1997). 
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Figure 1. GC-ECD chromatogram of MeHgBr. 
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Using indi viduall y prepared mi xes of isotopes in 
which a particul ar one is artifi c iall y enriched (so 
that its relati ve abundance to the others is 
increased) means that this mi xture is now 
'unique' and has a recogniza ble ' isotopic 
fingerprint '. Consequentl y, when mercury with 
th is sa111e ' isotopic fingerprint' is 111easured in 
ana lyzed ti ssues - it can be recogni zed, and 
qua111ifted, thus 111aking it possible to 
differenti ate fro111 oth er 111ercu ry doses having 
differe111 ly fo rmulated isotopic fingerprint s. 

Many reported ex traction 111ethods fo r 
111ethyl111ercury fro111 biolog ica l ti ssue are based 
on acid-so lve111 ex tracti on (Lorenzo et al. , 1993 ; 
Madson and Tho111pson, 1998; Quevauvil ler et 
al., 2000) or co111plexat ion to cysteine to assist 
in iso lat ing the 111ethyl111ercu ry from other 
organi c coex tracti ves (New111an I 97 1 ). One of 
the success ful approaches using liquid-liquid 
extraction has been iso lating the 111et hyl111ercu ry 
as me1hyl111ercury ch loride or bromide using GC-
elcct ron capture detecti on but so111e difficulties 
re111a in with the chromatography, even with 
modern capillary co lu11111 s (Fo rsyth et al. , 2004). 
Also, a lthough effecti ve, these 111ethods are slow 
and use relative ly large amounts of solvents. 
Quantitation is genera ll y by gas chro 111atograph y 
with a variety of detectors reported, including: 
IC P-M S (1-linte lmann et al. , 1997), ECD 
(Cari cchia et al. 1997, Quevauvill er et a l. 2000, 
AE D (Madson and Tho111pson 1998). MS (Ca i et 
al., 2000; Yang et al. . 2003) or AFS (Cai et al., 
1997) 

M. lnskip 

8 

Time (min) 

A 111ore recent approach is to derivati ve the 
111ethylmercury to a dialkyl 111ercury compound, 
using sod ium tetraeth yborate (Ca i and Bayona 
1995 ; Martin-Doi111eadios et al. 2002), sodium 
letrapropylborate (C hen et al. 2004), or sodiu111 
tetraphen ylborate (Hu et al. 1997; Palmieri and 
Leonel 2000). Deri va tization greatly i111proves 
the chromatography than can be achieved when 
chro111atographing methy lmercu ry halides. If the 
derivative is then co llected fro111 the headspace, a 
very clean extract is rapidly ac hi eved. 
e liminating any further extract cleanup 
requ irements. 

Activities 

In 2003/2004 

Appropria te qua nt ities of three different enriched 
stable isotopes of 111ercury (198 Hg. ' 00Hg and 
202 Hg )have been purchased. Or. Forsyth has 
completed seve ral test syntheses of Me' 00HgBr 
from 200 Hg0 using 111ethylcobala111in as the 
methylating agent (Hintelmann 1999). These 
studies have examined the effect of reaction 
time, temperature and methylcoba lamin 
concentration on product yield . 

Two candidate in situ derivatizati on procedures 
(ethylation, pheny lation) for MeHgBr were 
exami ned in preliminary studies. Optimum 
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Figure 2. Surface response plot of effect of reaction pH and temperature ('C) on peak area response of MePhHg derivative. 

MS Results Response Surface 

reaction conditions (pH, temperature, time and 
[deri vati z ing reagent]) using sodi um 
tetraethy lborate and sodium tetrapheny lborate in 
water were investigated using multivariate 
experimenta l design. The appearance of the 
reaction product (methylethy lmercury or 
methylphenylmercury) was monitored by GC-
MS (selective ion mode). Remaining starting 
material (MeHgBr) was measured by GC-ECD. 

Test pathology materia l (bra in tissue) containing 
methylmercury have been provided for the 
development of the extracti on and GC-MS 
method , fo r developing ex perti se in micro-
dissection and for calcu lations o f requirements 
for pool ing of harvested fetal brain ti ss ues. 

Collaborating scienti sts from sister 
establ ishments have been consulted on protocol 
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design (Clarkson et al. , University of Rocheste r) 
and neurobehavioural testing procedures (D r F. 
Dore, Lava l Un ivers ity), and given the 
uniqueness of the isotopi c technique (as adapted 
to use wi th Hg stab le isotopes rather than lead) 
experts in the fi e ld have been contacted for 
spec ifi c advice on enrichment and mathemat ica l 
un-m ix ing proced ures (Dr W Manto n, Uni versi ty 
of Texas at Dallas and Dr E. Edwards, Toronto). 

Preliminary assessmen ts of the degree of 
enrichment of the se lected stable isotope which 
wil l be required to label the doses administered 
in pregnancy, have been carried out (lo be tested 
in a pil ot dosi ng study). 

Ensuring the integrity of the dosi ng strategy fo r 
the mice was considered very important g iven 
the need to est imate accurate ly the dose of 
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Figure 3. GC-MS chromatogram of MePhHg. 
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isotopes consumed. The choice of dose vehicle 
(inpregnation in supplementary diet (cook ies)) 
has been made based on tests in the laboratory 
and on other work ca rried out at Health Canada 
(C hu, 2003, person nal communication). 

An ex isting phys iologically-based 
pharmacokinetic (PBPK) model originally 
developed for the rat (Farri s et al .. 1993; Gray, 
I 995) has been modified us ing specific data 
avai lable in the literature for the mouse (Or E 
Edward s, Toronto) , and identified data gaps in 
physio logica l parameters which would be 
bene ficia l to imp rovement of the pregnancy 
model have been identi tied. 

Test di ssecti ons of feta! mouse brains from 
patho logy materia l have been conducted in late 
gestation and at term. as we ll as calculat ions of 
the minimum quantities of tissues avai lable for 
the analyti cal extract ion technique. Dietary 
con tent of methylmercu ry in standard 
commercially avai lable mouse feed, have been 
investigated, given th e propensity of some 
commercially avai lab le di ets to comain 
background leve ls of methyl mercury. 
presumabl y from the inclusion of fi sh produce in 
their fo rmulation (Bowers, 2004. and Purina Inc. , 
2004, personal communica tion). 
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Results 

IN 2002-2003 

Me'00 HgBr Synrhesis 

The symhes ized Me' 00HgB r (Figure I) 
chromatogram showed few additional peaks. 
The reaction yield has reached 73% but further 
studies are underway with nat ive mercury to 
assess other react ion pathways/conditions to 
achi eve a higher yield prior to sca ling the 
procedure up in ant icipation of the amount of 
isotopic methy lmercury required for the feeding 
study component of the study. Further testing by 
GC-M S and NMR will be used to examine the 
final product. 

In Situ Derivatization Studies 

Reaction conditions that maximized the 
formation of MeEt Hg were 50°C. pH 5.0, 30 
min, t .5% (w/v) sodium tetraethylborate whereas 
for MePhHg the best conditions were 45°C, pH 
5.0, 20 min . 2% (w/v) sodium tetraphenylborate 
(F igure2). 
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Figure 4. GC-MS chromatogram of MeEtHg. 
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These parameter values may change when 
forming the derivative in the presence of a tissue 
matrix and will be reassessed. Derivatintion 
"ith sodium 1e1raphenylborate appears more 
promising than with sodium 1e1raethylbora1e. 
based on similar reactivity with 1el lg. 
simplified handling requirements (no g)O\ e bo~ 
required) and much lower reagent cost. Further. 
the MePhHg derivative chromatographs mu ch 
belier (Figure 3) than the more volatile MeEtl-lg 
compound (Figu re 4). 

Class-JOO cleanroom estahlis/1111e111 and 
/ahorato,:11 p,·ocedures. 

Due 10 the known potential for inter-isotope 
sample contaminat ion in research involving stable 
isotopes (lnskip et al.. 1996). and the ubiquity of 
gaseous Hg in laboratory environments. extensi, e 
efforts have been made in the area of 
contamination containment. A metal-free and 
Class- I 00 laminar air cabinet and preparation area 
have been dedicated to sample dissection and 
equipment treatment in the laboratory. In addition. 
according to the isotope mixtures to be used, 
separate sets of dedicated Tenon ware. dissection 
instruments and clean ing eq uipment have been 
ass igned. Precautiona,y air-testing of occupied 
laboratory areas for historical metallic mercury 
spills was can-ied out. 
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Discussion 

The synthesis procedure. "hen finali zed. will be 
used to produce three different isotopic 
methyl mercury compounds (Me 198 HgCI. 
Me")()HgCI and Me""J lgC I). Two wi ll be used 
in a feeding study to monitor chroni c (low level ) 
and bolus (high le, cl) dosage contributions to 
the overall mcthylmercury burden in mouse 
brain tissue . The third isotopic methylmercury 
compound wi ll be used for surrogate addition in 
the analyses. The mcthylcobalamin synthes is 
results are promising, but wil l need some further 
eva luat ion before synthe izi ng the remainder of 
th e isotopic methylmercury compounds needed 
for the study. The ethylation and phenylation 
derivatization st udies clearly demonstrated the 
feasibility of using the MePhl-lg derivative. 
Although the MeEtl-lg derivative has been 
reported extensively. it suffers from a number of 
drawbacks including cost and difficult handling 
of the sodium 1c1raethylborate reagent, and. at 
least in our studies to date, poorer 
chromatography. Additiona l changes 10 the 
derivati zat ion procedure arc anticipated when the 
phenylation reaction is tested in biolog ical 
tissues The complexity of choos ing the optimal 
isotopic dosing strategy (and the fact that th e 
isotopes are very expens ive) meam that a longer 
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time than anti cipated was required for the steps 
const ituting thi s part of th e study. 

Expected Completion Date 

31st Ma rch 2005 
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Abstract 

The traditional Inu it diet , ri ch in n-3 
po lyunsaturated fa tt y acids and se lenium, has 
been associa ted with lower mortality rate from 
ischem ic heart di sease. However, thi s diet is a lso 
contaminated by mercury, and polychlorinated 
biphenyls (PCBs), rais ing concerns about the 
potenti al harm fu l effects of these contaminan ls. 
Cons idering that mercury and PCBs could be 
sources of ox idati ve stress, and that se lenium is 
an essential element of severa l antiox idant 
enzymes, we have measured two biornarkers of 
ox idative stress, plasma homocystei ne and 
ox idized LDL, and three g lu tathione cycle 
ind ices of anti ox iclati ve processes. Desp ite the 
high leve ls o f environmental contamin ants, In uit 
partic ipants had normal lipoprotein profiles, low 
oxidi zed LDL level s (-43%) and e levated 
glutat hi one perox idase (GPx) activi ty (+74%) as 
compa red to reference populations. The elevated 
leve ls of selenium, the upregu lated activi ti es of 
GPx and g lu tathione reductase and th e low 
concent ra ti ons of ox idi zed LDL suggest a 
decrease in the oxidative status as well as in the 
risk o f card iovascu lar d isease in thi s Inu it 
popula1ion , desp ite h igh exposure to potentia lly 
pro-ox idant contaminants such as mercury and 
PCBs. 

P. Julien 

Key Project Messages 

I. This study in vestigates the possib le 
det ri menta l effects of ox idative stress of the 
trad itiona l In uit di et is highly contaminated by 
mercury and polych lorinated bipheny ls (PCBs), 
although rich in omega-3 fatty ac ids and 
se lenium. 

2. Thi s study revea led that plasma level of 
oxidative st ress markers were low in Inuit 
despite very high exposure to potentially 
prooxidant contaminants such as PCBs and 
mercury. 

3. Other markers of oxidative st ress are current ly 
being assessed. 

4. This ongoing research project suggests that 
benefic ial effects of omega-3 fatty acids and 
selenium from the traditional diet 
counterba lanced the negative effects of PCBs 
and mercury. 

Objectives 

The aim of the present report was to eva luate, in 
Inu it ofNunavik exposed to high levels of MeHg 
and PCBs, two phys io logic markers of oxidat ive 
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stress, the plasma leve ls of ox idi zed LDL (ox 
LDL) and homocysteine. and th e status of three 
antioxidants. the acti vities or glu1a1hione 
peroxidase (GPx) and glutathione red uctase (GR) 
and the plasma levels of cellular glu1a1 hi one 
(GS H). 

Introduction 

Whet her or not contamination by mercury cou ld 
cont ribute lo cardiovascul ar di sease (CVD) has 
recentl y been the center of vigorous debates 
fol lowing recent publications showing that hi gh 
intake or methyl mercury (MeHg) cou ld be 
associated with hi gher risk or CVD in the 
European popula1ions1. ' Furthermore. Finnish 
sllldies ha, e suggested that high intakes of 
mercury from non-fatty freshwater fi sh and its 
subsequent tissue accumu lati on co uld be 
associa ted with an increased ri sk of acu te 
myocardial infarction as we ll as death from 
coronary heart disease3

• 
4 These studies have 

al so suggested 1ha1 such accumul at ion of 
mercury could be assoc iated with the induct ion 
or lipid peroxidation. The traditional Inuit diet 
consisted primari ly of marine mammals (white 
whale and sea ls). fi sh and caribou5 whi ch are 
known 10 be highly contaminated by Mel-lg6 and 
PCBs7

• 
8

, two potential ly pro-oxidant 
contaminants. as we ll as by se lenium. an 
antioxidant". This trad itional diet has also been 
found to be enriched in n-3 polyunsatu ra ted fa tly 
acids (PUFAs) and associated with lower 
mortality rate from ischemic heart di sease 
(IHD)9

. 

Oxidat ive stress is invo lved in the patho logy of 
numerous di seases including CV D and is tightly 
related 10 the production of reacti ve oxygen 
species (ROS), lipid peroxidation '0 and ox LDL, 
and, consequently, to the express ion or 
at herosclerosis11

· " . It has been shown that 
mercury can stimulate the production of oxygen 
radicals and promote lipid peroxidation " by 
interfering with the mitochondrial electron 
transport chain, ox idi zing the su!01ydry l groups 
of man y proteins and depleting GS H14 
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Activities 

In 2003/2004 

The present report presents th e research activ iti es 
carried out during the 2003-2004 peri od. 
Furthermore, th e present research project has 
also been presented at sc icnti fie meeti ngs: 

J- Belanger MC, Juli en I', Mi ra ult ME, 
Dewa ill y E. Le mercu rc dans la diete des 
inuits du Nunavik et le ri sque de maladies 
cardi ovascul aires. Journcc de la recherche, 
Faculte de medcc ine, Uni versitc Lava l, Ste-
Foy (2003). 

2- Belange r MC. Juli en P, Berthi au me L. oel 
M, Mirault ME, Dewa ill y E. Mercury, fi sh 
consumption an d the risk of ca rdi ovascular 
di seases in Inuit of Nun . The 56th Annual 
Meeting of th e Canadian Cardiovascu lar 
Society and Canadian Society of 
Atheroeleros is, Thrombosis and Vascular 
Biology, Toronto (2003); Can J Cardiol 19 
(S uppl A): 133- 134 (2003). 

3- Belanger M-C. Juli en P, Berthiaume L, 
Mirault ME, Dcwailly E. Effets de 
!'exposition aux contaminants 
envi ronnementaux sur des marqueurs 
phys iologiques d'oxydation chez des lnuits 
du Nu nav ik . Societe quebecoise de 
lipidolog ie, de nutriti on et de metabo li sme. 
Quebec, 2004; Medecine/Sc iences 20(3): 
IV (2004) 

Results 

This study has been carried out in the Northern 
In uit vill age of Salluit, Nu nav ik . on the Hudson 
Strait. In uit part icipants 1101 taking medicat ion 
affecting the metaboli sm or lipids. glucose. 
insulin or blood pressure have been randomly 
selected (n=99). Data related 10 their health 
status, current hea lth prob lems and use of 
medicat ion have been co llected. Parti cipants 
were then asked 10 come back the nex t morning 
after an overnigh t fa st for blood co llection. 

Among these parti cipants, five percent had type 
11 diabetes, nineteen percent had hypertension 
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whereas the majority o r th em (72.3%) we re 
smokers. The leve l of n-3 PUFAs in red cel l 
membranes was 11 %, in agreement with 
previous ly reported leve ls o r pl asma n-3 PUFAs 
in lnuit5. These data also reveal that these 
partici pants had signifi cantl y hi ghe r 
concentrations of Se, Hg and PCBs, levels fo und 
10 be 7 to 18-fold hi gher than reported 111 

Caucasian reference popu lat ions 15
· 

16
_ 

Multiva riate logisti c analyses (Figure I) were 
then perfo rmed to determine wheth er 
environme ntal contam inants (PCBs and Hg) 
contributed to changes in the levels of ox idative 
stress markers (oxLD L, oxLDL/LDL-C and 
homocysteine) and an ti oxidants (GS H, GPx and 
GR). This figure shows the contribution of age, 
BM I, 1-1 DL-C and LDL-C on the va ri ance of 
ox idative stress markers and antioxidants. These 
da ta revea ls that LDL-C, GS H and Aroclor 1260 
contributed to 26% of the increase in plasma 
ox LDL whereas the HDL-C contributed to its 
reduction (-8%). Age was an independent 
va riab le contributi ng to 16% increase in plasma 
homocysteine, whereas se lenium, n-3 PUFAs, 
HDL-C and BM I contributed to 20% decrease in 
plasma homocysteine. It is of interest to note that 
even though oxL DL and n-3 PUFAs had 
significant pos it ive effects on the leve ls of GSI-I 

and GPx, mercury, did not contri bute to their 
va ri ance. It is of interest to note that smoking 
nega ti vely influenced GR (-7%). 

Part icipants were then subd ivided into low and 
high plasma leve ls of oxLDL, using th e median 
val ue of the plasma ox LDL distribu tion (43.5 
U/L) in the overal l group. Tab le I reveals that 
even though age and BM I were not statisti cal ly 
different between grou ps, PCB and se lenium 
were found to be increased in subjects with hi gh 
concentrations of ox LDL. It is worth noting that 
the concentrations of n- 3 PUFAs and GSI-I were 
also significant ly increased in the hi gh oxLDL 
group. 

Discussion and Conclusions 

Th is study reveals that the concentrat ions of 
homocysteine in Inuit participants were si milar 
to those reported in Caucas ians whereas the 
leve ls of oxLDL in Inuit exposed to hi gh levels 
of mercury and PCBs were remarkab ly lower 
than those previously reported in heal thy 
controls17

· 18
. 

Figure 1. Multivariate analyses showing the contribution of various physiological markers on the expression of plasma 
oxidative stress markers (oxLDL and homocysteine) and blood antioxidants (GSH, GPx and GR). Percent contribution to the 
variance is indicated; the level of significance was p<0.05; Hg , mercury; Se , selenium. 
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The observations that hi gher levels of ox LDL 
were found in individuals with hi gher 
concentrations of PCBs, and that Aroc lor 1260. a 
mi xture of PCB congeners, contributed to 13% 
of th e variance of plasma ox LDL (F igure I), 
suggest that PCBs may have signifi cant ly 
contributed to the ox idation of LDL particles. 
However, it is worth noting that despite the 
potent ial effect of PCBs on LDL oxidat ion, the 
plasma concentrations of ox LDL remains lower 
in Inuit as compared to Caucas ians. Furthermore, 
it is important to note that ex posure to high 
concentrations of mercury did not affect the 
plasma levels of ox LDL. 

Blood concentrat ion of GSH, the required 
substrate fo r the acti vity of the scleno-G Px, was 
increased 111 Inuit ca rrying the hi ghest 
concentration in oxL DL. GSH has been 
proposed as a protective factor against vascular 
cndothe lium dysfuncti on induced by reacti ve 
oxygen and nitrogen species generated during 
th e atherosc lerotic process 19

. 

In conclusion, these find ings revea l that whil e 
the concentrat ion of pl asma homocysteine was 

with in the normal range in the Inuit populat ion, 
th eir plasma ox LDL was 43% lower th an 
previously reported in norma l non-obese 
Swedi sh ind ividuals and 49% lower than 
repo rted in obese Swedish subjects 17. Th is study 
thus suggests that oxidat ive stress is low in In uit 
despite high ex posure to PCBs and mercury. 
Furthermore, the higher GR and GPx act ivit ies 
combined with lower concentra ti ons in GS l-1 , 
proba bl y resulting from increased GPx activity, 
is ind ica tive of an eleva ted antioxidant status in 
this Inuit popu lation . This ongo ing research 
project suggests that beneficial effect s of omega-
3 fatty ac ids and se lenium from th e traditional 
diet counterba lanced the negati ve effects of 
PCBs and mercury. 

Expected Completion Date 

Other biologica l parameters, ox idi zed and 
reduced vitamin E, ub iqu inol-10 and ubiquinone-
10 are be ing eva luated. This project will be 
completed in Nove mber 2004. 

Table I: Comparison of environmental contaminants, oxidati ve stress and antioxidants markers 
between subjects with low and high oxLDL (Mean + SEM) 

Low OxLDL Hi oh OxLDL p 

49 50 

Age (years) 40.8 ± 1.8 45.6 ± 1.9 ll S 

BM I (kg/m1) 28.5 ± 0.9 29.5 ± 1.0 ns 
n-3 PUFAs (%) 10.5 ± 0.3 11.9 ± 0.44 0.02 
Environmental contaminants 

Mercu ry (nmoles/L blood) 88. 1 ± 11 .4 123. 1 ± 15.9 11 5 

Selenium (µg/L plasma) 547.6 ± 46.0 718.2 ± 60.1 0.0 15 
PCBs (,1g/L plasma) 

Aroclor 1260 18.4±2.6 32.7 ± 3.4 0.00 14 
Ox idati ve stress markers (p lasma) 

OxLDL (U/L) 31.5 ± I.I 56.8 ± 2.1 
homocysteine (µmoles/L) 7.4 ± 0.5 7.3 ± 0.4 llS 

Antioxidant markers (blood) 
GPx (U/g Hb) 76.7 ± 1.7 77.8 ± 1.8 llS 

GS l-1 (,,moles/g I-lb) 3.8 ± 0.2 4.5 ± 0.2 0.01 
GR (U/g Hb) 12.8 + 0.4 12.7 + 0.4 llS 
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Abstract 

The proposed project was lo eva luate the 
feas ibi l ity to expand the Nunav ik infant 
development study lO the Baffin region. Th is 
would substantia l ly increase the power of the 
resea rch design of the Nunav ik study, as wel l as 
increase our abil ity to generalize and expand our 
conclusions to other Canadian Inuit. Baffin was 
the region se lected since prenata l exposures to 
OCs and MeHg are th e highest withi n the NWT 
and the Nunavut territories, and similar to those 
observed in Nunavik. The feas ibil ity work was 
done jointly w ith Erica M yles, who conducted a 
feasi bi l ity study regard ing the implementation of 
a monitoring program of human exposure 10 
se lected envi ronmental contaminants. Health 
representati ves and co mmunity groups consulted 
were suppo11ivc of the study. The resu lls of the 
consu lta ti on process emphasize the need lo 
develop research procedures that w ill minim ize 
the so lic itati on of ex isting staff. The monitoring 
program of human exposure conducted during 
year 2004/2005 will prov ide the information 
missing 10 decide whether or 1101 it is feasible lo 
expand the Nunav ik in fant deve lopment study to 
the Baffin reg ion. 
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Key Project Messages 

I . Health representatives and communi ty 
groups consulted were supportive of the 
study. 

2. The results of the consultation process 
emphasize the need lO develop research 
procedures that will mI11ImIze the 
so licilalion of ex isting staff. 

3. The work accomplished this year provided 
significant information regarding the 
feasibility of conducting a prospective 
cohort study on infant development, but the 
feasibility analysis will be comp leted during 
year 2004/2005 with the implementation of 
the human monitoring program in the Baffin 
region. 

Objectives 

The objective for this year was to eva luate the 
feas ibil ity of conducting a prospecti ve cohort 
study involving pregnant women and infants 
from the Baffin region. This cohort study is 
des igned 10 study the effects of pre- and perinatal 
exposure to environmental contaminants. The 
long term object ives of the proposed project are 
lo increase the power of the cohort study 
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conducted in unavik. and to increase our ability 
to genera lize and expand our conclusions to 
other Canadian Inuit. foreover. the projected 
study represents an opportunity for public hea lth 
authorities to get significant information 
regarding the effects of certain lifestyle facto rs 
on the development of infants from this region. 

Introduction 

During the first and second phases of the 
orthern Contaminants Program, one 

longitudinal prospective cohort study in unavik 
aimed to look at detenninants of child heal th and 
de, elopment. especially prenatal exposu re to 
organochlorine (OCs) compounds and 
mcthylmcrcury (MeHg). Results from that study 
were presented to the Nunav ik popu lation during 
year 2002/2003, and to the Canadia n Arctic 
Contam inant s Assessment Symposium in Ma rch 
2003. Sc ientific publications arc in prepara tion . 
In order to substantial ly increase the power of 
th e research design of th e study conducted to 
date, as we ll as to increase ou r ability to 
generali ze and expand our conc lusions to the 

1una, ut Inuit, it would be interesting to expand 
the Nunav ik cohort study to the Bamn region . 
This region is selected s ince prenatal exposu res 
to OCs and MeHg are the highest within the 

unavut territory, and similar 10 those observed 
in Nun av ik. The work planned for year 
2003/2004 was to obtain all information required 
10 assess the feasibility of ex panding the 
Nunav ik infant development sllldy lo the Baffin 
region duri ng the th ird phase of the Nort hern 
Con taminants Program. 

Activities 

In 2003/2004 

The feas ibility study of conducting a prospect ive 
cohort study on Inuit infants from Baffin was 
conducted in conjunct ion with the feasibility 
study conducted by Erica Myles and 
co ll aborators. whic h focus on the monitoring of 
human exposure to environmental conta minants 
in the NWT and Nunavut. Work completed in 
2003/2004 mainly focused on project plann ing 
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and consultation. The fo llowing activit ies were 
conducted: 

I. A meeting was held wit h the Niqitt 
Avatittinni Comm ittee and several regional 
and terri torial health representat ives, 
inc lud ing NT I and the Nu navut Research 
Institute on October 8, 2003. The proposed 
infant development sllld y in Ba ffi n was 
presented and di scussed. 

2. With the help of the NAC lia ison, Ma ry 
Potyra la, the Chief Medica l Health Officer, 
Medi ca l Director of unavut, Hospital Lab 
Manager. Nurse in Charge of the In-Patient 
Ward and nurse in charge of the Prenatal 
Clinic were consulted on November 17. 
2003. Presentations were made jointl y with 
Erica Myles. 

3. A meeting was schedu led on November I 8'h 
with various Nuna vut heal th depa rt ment 
staff and the regional directors for all health 
regions in Nu navut, Q IA and NTI. Mary 
Bender, Clini ca l Nursing Supervisor for 
Baffi n was the only invited pa11icipant who 
was ab le to attend. and she joined by phone. 

4. On ovember 18, 2003. various unavut 
Hea lth Department staff and th e regional 
directors for a ll I lea lth Regions in Nunavut. 
QIA and TI were sent an introductory 
presentation to the planned infant 
development study. A follow up conference 
was held with the three regiona l Directors of 
the Baffin Region on December I 0, 2003. 

5. Severa l meetings were he ld with Erica 
Myles and Jocelyn Gagnon 10 di scuss 
potentia l co llabora tion between th e 
moni to ri ng program and the infa nt 
development stud y. It was dec ided that for 
the Bamn region, both stud ies wil l be 
conducted in co llaborati on to ensure that 
protocols will serve both the purpose of the 
monitoring program and the ex pansion of 
the Nunav ik infant development study. 

6. Consent forms for the in fa nt deve lopment 
study is currentl y under ethica l review by 
the unavut I lealth and Soc ial Resea rch 
Review Committee. 

7. Maternal in terview 10 be used with pregnant 
women who wi ll accept to parti cipate lo the 
in fant deve lopmen t study has been dra fted 
and disc ussed in a meeting he ld in Montreal. 
The parti cipants 10 this meeting were Erica 
Myles, Olivie r Rcceveur (University of 
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Montrea l), Mary Potyrala (NAC liai son), 
Jocelyne Gagnon (C HUQ Medica l Research 
Centre) and Gina Muck le (C HUQ Medica l 
Resea rch Centre/Lava l Uni vers ity) 
Discussions on recruitment strategies, 
instruments/questionnaires, data entry, 
tra ining on interview ing ski ll s and plans fo r 
nex t yea r were per formed. 

Results and Discussion 

During these consultation and work ing meetings, 
discuss ions were re lated to the goals and scope 
of' the proposed resea rch, the resea rch procedures 
to be deve loped regarding recruitment , selecti on 
of study participants and data co ll ecti on. Each 
pro fess ional consulted was supporti ve or the 
study, but some ex pressed reservati ons regarding 
the impact o r the study on their workl oad or th e 
work load or their staff. The results o r thi s 
consultati on process emphasize the need 10 
develop resea rch procedures that will min imize 
the so li citation or existing staff and will be 
conducted with separate staff for recruitment. 
materna l interviews and in fa nt testin g. This 
corresponds to the approach that was previously 
adopted in unavik . 

Following di scuss ions with Erica Myles, it was 
decided that resea rch 10 be conducted during 
2004/2005 under the monitoring program or 
human exposu re in the Baffin region would be 
coordinated to allow th e panicipants 10 be 
involved in the 2005/2006 infant deve lopment 
study. pecifical ly, the maternal prenatal 
interview to be conducted during 2004/2005 
wi thin the human monitoring program would 
assess al l vari ab les requ ired by the in fa nt 
deve lopmelll study, and mothers who provided 
biologica l samples at de livc,y for th e monitoring 
program wo uld be recruited for the infa111 
developmelll stud y so that their in fa111 would be 
tested at 6½ and 11 mo111hs of age in 2005/2006. 

The first yea r or the human monitoring program 
will prov ide signifi ca nt informat ion 10 assess the 
feas ibility of th e in fant deve lopmelll study. To be 
more spec ifi c, the number of women from Baffin 
to be recruited annuall y, the parti cipat ion rate, 
and the success o r blood and hair sampling are 
the key pieces or in fo rmat ion that arc needed for 
thi s proposed cohort ex pansion. Once these 
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parameters are known, it can be assessed 
whether the needed sample size fo r the infant 
development study co uld be reached with in 2-3 
years. 

Conclusions 

This project proposes coll aborati on between the 
human environmental contaminant trends 
monitoring program and the expansion or th e 
infa111 development study conducted in Nu navik . 
Materna l blood. cord blood and hair sam ples 
co llected in the Baffin reg ion will provide 
needed data for both studi es, as will the maternal 
prenatal interview. Recruitment and sampling 
protoco ls have been developed 10 serve th e 
purposes or both studi es and to ensure that 
fol low up with in fa 111s remains possible for 
fund ing yea r 2005/2006. The mon itorin g 
program or human ex posure conducted durin g 
year 2004/2005 will provide the informat ion 
needed to decide whether or not it is feasib le 10 
expand the Nunavik in fa nt deve lopment study to 
the Baffin region. 

Expected Completion Date 

Feasibility study 10 be completed in December 
2004. 
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was related to a delay or the visua l evoked 
potenti als. PCB plasma concentration at 5 
year or age, which refl ect th e 
bioaccumulati ve effects from both pre- and 
perinatal ex posures, is assoc iated with non-
optimal sensory process of visual 
in formation.Surprisingly, our results suggest 
that selenium intake during childhood may be 
high enough in this population to be 
assoc iated with sub-clini ca l effects on the 
visual system. All the negative and benefi cial 
effects reported here are very subtle and 
ca nnot ex plain why a part icular child 
experienced learning diffi culti es, behavioural 
problems, or is delayed in hi s or her 
development. 

Objectives 

The aim of thi s study was to document th e 
effects at preschoo l aged of prenatal and 
postnatal ex posures to PCBs, Hg and lead. I I 0 
preschoo l aged children from Nunavik were 
assessed regarding their neuro logical , gross 
motor and fi ne neuromotor deve lopment. 
Electrophys iolog ica l testing was used to assess 
the integri ty of the visual system as we ll as 
attent ional fu nctions. An eva luation of th e chi ld 
behav ioural and emotional status during testing 
was also obtained. 

Introduction 

Because fi sh and marine mammals represent an 
important part of the diet of th e Inuit , elevated 
levels of OCs and Hg are found in Northern 
Quebec Inui t newborns. Prenatal ex posure to 
OCs among Northern Quebec Inuit is two to 
three times hi gher than that observed in genera l 
populations in South ern Quebec and 
Massachusetts (USA) (Dewaill y et al. , 1996; 
Kerrick et al. , 2000; Muckle et al. , 200 I), whil e 
prenatal ex posure to Hg is hi gher than that 
observed in general population samples in 
Canada and the United States (Rhainds et a l. , 
I 999; Smith et al. , 1997). 

The tox icity of PCBs and related compounds 
was first recogni zed in two industrial acc idents -
one in Japan in the late I 960 's; the other in 
Taiwa n in the late 1970' s- when PCBs used as a 
heat transfer agent leaked into rice oil during its 
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manufacture. Ad ults who ate the contaminated 
oi l deve loped skin rashes and periphera l nervous 
system numbness and tingling (Hsu et al. , 1985). 
In fa nts born to women w ho had eaten the 
contami nated oil a lso had skin rashes and 
exhibi ted poorer intellectual fu ncti on ing during 
in fa ncy and childhood (Chen, 1992). 
Prospecti ve, longitudina l studi es of U.S. 
(Michi gan , North Caro lina, Oswego) an d Dutch 
children ex posed prenatally to PCBs have linked 
th is ex posure to poorer inte ll ectual fu ncti on in 
child ren exposed at the upper end of general 
popu lati on levels (Jacobson & Jacobson, 1996; 
Patandin et al. , 1999). The neurotox icity of 
methylmercury was first recognized in the 
I 950 's whe n res idents of Southern Japan ate fi sh 
from Minamata Bay that were highl y 
contaminated due to industria l pol lution . This 
expos ure led Lo mental retardation , motor 
damage, ataxia, and se izures in children born to 
women who ate the contaminated fi sh during 
pregnancy (Harada, 1995). The major 
neurobehavioral prospecti ve stud ies of fi sh-
eating populations ex posed to methylmercury 
concentrations somewhat above general 
population leve ls were conducted in Seychelles 
Islands, New Zealand and Faroe Islands. Whi le 
neurobehav ioral effects during chi ld hood were 
seen in the New Zeala nd and Faroe Islands 
cohorts, these effects were not seen in children 
from Seychelles Islands (Grandjean et al. , 1999; 
NRC, 2000; Myers et al. 1995). In these studi es, 
neuroph ysiolog ica l effects of PCB and Hg 
ex posures were not fu lly stud ied even if, in view 
of the ease of admi nistrat ion, re liabili ty, culture-
free nature, event related potential s (ERPs) and 
visual evoked potenti als (VE Ps) are likely to be 
sensiti ve enough to detect sub-clinica l effects o r 
neurotoxicants in a pedi atri c populati on (Otto, 
1981). 

Activities 

In 2003/2004 

Data analyses on neurological , gross motor and 
fine motor functions, and on visual evoked 
potenti a ls were completed. Anal yses performed 
with emotiona l/behav iora l endpo ints underlined 
the need to re-examine th ese data with more 
sophisticated beha viou ral coding system, which 
wi ll be perfo rm and submit for pub li cation 
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duri ng yea r 2004/2005. Results on neuro log ica l 
gros anf ine motor functi ons were submitted to a 
scient ifi c journal for publicati on. Results 
involving visual evoked potent ials were 
communi cated to the Teratology Society 
conference in June 2004; the manuscript 
involving these results wi ll be shortl y submi t for 
publication. All th ese results have been 
integrated and were presented to the Nunavik 
Nutrition an d Heal th Commillee (NN HC). 

Results and Discussion 

Results could not be presented in detail here 
since they are under rev iewed for publication in 
scientifi c journal s. However, the main results are 
described in the two fo llowing abstracts. 

Impacts of Pre- and Postnatal Ex posure of 
'.\1 ercury and Polychlorin ated Biphenyls on 
Bra in Development: A Visual Evoked 
Potentials Study. 

Since fi sh and marine mammal represent an 
important part of the di et of Inuit in No rthern 
Quebec (N unavik), e levated levels of mercury 
(I lg) and polychl orinated biphenyls (PCBs) has 
been reported in adu lts and newborns. Although 
behavioural stud ies have linked these 
contaminants to cognitive and sensory 
impa irments, litt le electro logica l ev idence of Hg 
and PCBs neurotoxi city is ava ilab le. Pattern-
reversal VEPs were recorded from Oz deri vation. 
Visual stimulation consisted of verti ca l gratings 
(3 cyc les/0

) presented at 3 contrast levels (95%, 
30%, 12%). Blood concentrat ions of Hg and PCB 
153 were measured at birth and at the time of 
testing (mean 5.44 years o ld). The 
re lationships between contami nant s and VEP 
components were assessed by 111ultiva ri ate 
regress ion anal yses tak ing into account severa l 
confounders such as seleniu111 and n-3 fatl y 
acids. 

Our results somewhat co rroborate a prev ious 
fi nding observed in an other fi sh eati ng 
populati on, since prenatal ex posure to Hg was 
re lated to a de lay of the visual evoked 
potential sBlood Hg concen1ra1ions co llected al 
tes ting time were associated with shorter 
la tencies of the ea rl y VE P co111pon ents (N75 and 
PI 00). This finding is so111ewhat surpri sing but 
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has been prev iously observed in animals and 
humans. Two hypotheses could account fo r this 
result. Fi rst, nor111al sensory process ing could be 
di srupted because of selecti ve da111ages to 
inhi bitory circuits by metallic tox icants. Second, 
since blood Hg concentrations are related to the 
nutri ents assessed here (Se and n-3 fatty ac ids), 
chi ld blood Hg concentrations may rather 
represent fi sh consumption and are likely to be a 
good proxy or surrogate fo r prote in intake in thi s 
populati on. Cord pl asma PCB concentra ti ons 
were not associated with VEPs. However, 
plasma PCB concentrations at testing time were 
related to latency and amplitude impairments. 
Due to the long half-l ife of PCBs and since the 
majori ty of the tested chi ldren were breastfed fo r 
a long peri od of time, PCB plasma concentra ti on 
at testing ti111e is more likely to refl ect 
bioaccu111ul ati ve effects from both pre- and 
perinatal ex posures.n-3 fat ty ac ids appears to be 
benefi cial for sensory processing either when 
absorbed during pregnancy or during chi ldhood. 

The expected benefi cial effect of Se was not 
observed. In stead, Se concentrations were re lated 
to a delay of the VE Ps. Se intake is very hi gh in 
Inuit populat ion and the hypothesis of Se tox icity 
should be considered.The high spati al reso lution 
and contrasts of the st im uli used in the present 
study appears to be sensiti ve enough to detect 
sub-clinica l effects in preschoo l aged chi ld ren. 

Ncuromotor function in Inuit preschool 
children exposed to Pb, PCBs and MeHg. 

The aim of thi s study was to exa111ine the effects 
of prenatal and postnatal chron ic ex posure to 
111eth ylmercury (MeHg), polychlorinated 
biphenyls (PCBs) and lead (Pb) on the 
neurologica l and motor development of 
preschool children. The study population 
consisted of 110 preschoo l Inuit children fro 111 
Nunav ik (Northern Quebec, Canada). MeHg, 
PCBs and Pb concentrations were 111easured at 
birth in um bilica l cord blood and from a blood 
sa mple co llected at the time of testing. Gross 
motor functi ons were eva luated and a 
neurolog ica l examination was perfo rmed. Fine 
neu romotor perfo rmance was assessed using 
computeri zed measures of postural hand tremor, 
reaction time, sway osc illations, alternatin g and 
po inting movements. Potential covariates were 
documented including demographic and fa mil ial 
factors, other prenatal neurotox ica nts (a lcohol. 
illic it drugs, tobacco), and nutrients (selenium, 
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omega-3 po lyunsaturated fatt y aci ds (n-3 
PUFA )). Hi erarchi ca l multivar iate regression 
analyses were performed, controll ing fo r 
signi licant covariates. 

Neurological and gross motor functions ,vere not 
linked to the contami nants assessed. However, 
significant associations were observed between 
postnata l Pb ex posu re and changes in reaction 
time, sway osc illations, alternat ing movements 
and act ion tremor. Negative effects of I-l g and 
PCBs on neuromotor development were not 
c lea rl y observed in thi s study. Beneficial effects 
of n-3 PUFA and selenium were not observed. 
These results suggest that Pb exposure during 
chil dhood (mean: 4.1 µg/dl) has sub-c lini ca l 
effects o n fin e neu romotor funct ion of Inuit 
chi ldre n. 

Conclusions 

The work proj ected fo r year 2003/2004 was 
accompl ished successfu ll y and the results of the 
study conducted under the Northern 
Contaminants Program w ill be ava il abl e in 
scient ific literature shortl y. Moreover, these 
results were presented to the Nunavik Nutrition 
and Hea lth Committee (NN I-IC). 

Expected Completion Date 

March 3 I, 2005 
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Abstract 

In May 2003 the Human Health Steering 
Committee under the onhern Contaminants 
Program (NC P) met in Ca lgary and di scussed th e 
need 10 conduct a feasibility study 10 establi sh 
trend s for human environmental contaminants in 
the NWT and Nunavut. The proposed study 
would act as fol low up 10 the Human 
Environmental Contaminants Exposure Base line 
conducted between I 995 and 200 I and would 
in volve the co llecti on of maternal blood samples 
and in fo rmation on lifesty le and diet from 
pregnant women in the ln uvik Region of th e 
NWT and Baffin region of Nunavut. In 
September of 2003. the feas ibility study began 
with the goa l of determining leve ls of capac ity, 
interest and support to conduct repeat monitoring 
studi es in the lnuvik and Baffin reg ions. 
Consultation was a key component of the 
feas ibi lity study, and consultation acti vities 
included meetings wit h and presentations to: 
territoria l health departments and regional hea lth 
staff, regional hea lth authoriti es, territorial 
environmental contaminants and health 
committees, reg ional hospital staff, reg ional and 
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national aboriginal organi zations, communiti es 
and federa l government . 

A I though there were some concerns ex pressed 
by stakeholders, re lated to capac ity and 
communication, interest and support for the 
study was expressed by all those consulted. 
Based on the success of the feas ibility stud y, a 
proposa l was submitted to the NC P in January of 
2004, for Year 2 of the program. Yea r 2 of the 
program will include parti cipant recruitment, 
tra ining of loca l hea lth staff and community 
representati ves, coll ection of hair and blood 
samples and lifestyle in formati on. and ongoing 
co mmunication with part icipants. stakeholders, 
and team members. 

Key Project Messages 

I . A feasibility stud y for th e temporal trends 
monitoring program began in September 
2003 
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2. Work completed in 2003 main ly focused on 
project plann ing and consultation 

3. In terest and support for the study was 
expressed by all stakeho lders consulted. Key 
issues identified du ring consultati on 
included issues related to capacity building 
and communication. 

4. A proposa l for Year 2 of the program was 
subm itted to th e NC P and funded. The 
project will be conducted in co ll aborati on 
with Dr. Gi na Muckle (for the Baffin reg ion) 
and serve lo collect preliminary informat ion 
for the expans ion of the Nu nav ik in fa nt 
deve lopmelll cohort to that region. 

Objectives 

Short Term Objectives: 

Assess the feasibi li ty of establi shing a 
temporal trend for maternal expos ure to 
select organochl ori ne and meta l 
contam inants in N WT and Nunavut. 
To establi sh a communication network with 
terri tori al and reg ional hea lth depa rtmellls, 
communities and Aboriginal organi zations 
To deve lop recru itment and sam pling 
protoco ls that will be 
compatible/comparable to the Nu nav ik 
maternal sampling program and with the 
base line sampling program in the Baffi n and 
lnuvik Regions. 

Long-term objectives: 

eva luate temporal trends of maternal 
ex posu re to selected orga nochlorines and 
metal contaminants in the NWT and 
Nunavut using blood and hair as biomarkers 
describe re lationships between contaminant 
ex posu re and frequency of consumption of 
tradi tional/country foods and select lifesty le 
factors 

• contribute to other inte rnati onal blood 
monitoring programs and to meet Canada's 
comm itment to the Global Monitoring Pl an 
under the Stockholm Convention 
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co llaborate with other NCP researchers on 
both study design and sample co ll ection 

Introduction 

In May 2003 the Human Hea lth Steering 
Commitlee under the Northern Contaminams 
Program (NCP) met in Ca lgary and di scussed the 
need to conduct a feas ibi lity stud y to estab lish 
tempora l trend monitoring programs of human 
environmental contam inant s in the NWT and 
Nunavut. The proposed study wo uld act as 
fol low up to the Human Env ironmental 
Contaminants Ex posure Baseline conducted 
from 1995-200 I. The main purpose of 1he 
proposed study wo uld be to establ ish a rime 
trend of human ex posure to spec ifi c environme111 
con taminants 1hrough the collecti on and analys is 
of human blood and hair samples. The proposed 
projecl would also co llect in fo rmat ion on dietary 
habi ts and describe relationships between 
contaminanl ex posure an d frequency of 
consumption of 1radi1ional/country foods and 
se lecl Ii fe style fa ctors. 

The feas ibility stud y was parlly proposed in 
response to study resu lts from the Public Hea lth 
Research Unit at the CHUL/CHUQ Research 
Centre th at showed benefic ial effects of 
tradi 1i onal/count ry food consumption on infant 
deve lopment as wel l as some subile negati ve 
effects rela1ecl to comaminalll ex posure. The 
monitoring program would be va luable in 
Canada's effort to meet its internati ona l 
obl iga1i o11 to 1he Persistent Organic Pollutants 
(POP) and Heavy Meta ls Protoco ls of the United 
Nati ons Econom ic Commiss ion for Europe 
(UN/ECE) Long Range Transboundary Air 
Pollution (LRTAP) Convemion. The program 
would contribute data to the Global Monitoring 
Pl an created under the Stockholm Conve111i o11 
1hat includes human blood as a biomarker. 

The Baffin and lnu vik regions were selected as 
target reg ions fo r sam ple collection. The Baffin 
region was a priority as it had the hi ghest 
maternal and cord blood leve ls of most 
contaminants 111 th e NWT and Nunavut 
environmenta l contaminants base line study. In 
contrast, th e ln uvik reg ion had the lowest levels 
of most contam in an ts in Inuit matern al samples, 
and overa ll was in th e middle to low range of 
ex posure leve ls. The lnu vik region also had the 
highest recruitment ra tes and the most detail ed 
dietary study of all regions. Data collected fro m 
the lnu vik reg ion wi ll allow co mpari sons 
between ethn ic groups, as it is home to Dene, 
M etis, lnuvialuit and Caucasian women. 
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A proposa l for the feas ibility study was 
subm illed to the NC P and approved in Jul y 2003. 
A workp lan outl ining activiti es for the feasibi lity 
study was prepared and approved by the NC P 
Hu man Hea lth Steering Commit1ee. 
Consultation activ iti es formall y began 111 

September 2003. 

Activities 

In 2003/2004 

The feasib il ity in vo lved meetings with a va ri ety 
of stakeholders 10 di scuss project feasibi lity and 
planning. Meetings held in 2003/2004 are 
su mma ri zed in the list be low: 

I) Territo ri al and reg iona l stakeholders were 
contacted in September and October 2003 
to set up project introductory meetings and 
presentat ions. 

2) A presentation was made Lo the iqin 
Avati t1in ni Commi11ee ( AC) on October 
8, 2003 . Plans fo r collaborative efforts with 
Dr. Gina Muck le at CHUL/CHUQ Resea rch 
Centre were di scussed. Territorial hea lth 
depart ment staff idemified a mo re detai led 
list of stake hold ers. 

3) A project research team meet ing was held in 
Momreal on October I 0, 2003 where the 
questionnaire needs fo r both Baffi n and 
lnuvik reg ions were discussed. The need to 
test a questi onnaire in the Baffin reg ion was 
ident ified. 

-1) With the help of the AC liaison, Mary 
Potyra la, presemations were made to the 
Chief Medica l Hea lth Officer. Medical 
Director of Nu navut. Hosp ital Lab Manager, 
Nurse in Charge, In- Patient Ward. and 
Nurse in Charge - Prenatal c linic on 
November 17, 2003. Presen1a1ions 10 Baffin 
stakeho lders were made joint ly with Gina 
Muckle from C I-I UL/C HUQ Research 
Ce nter. 

5) A presen1 a1 ion was made to the WT ECC 
on November 28, 2003. Meet ings were held 
with th e Chief Medica l Hea lth Officer of the 
NWT and the Territorial Epidemio log ist. 

6) Presentat ions were made 10 the lnuvialuit 
Regiona l Corpora ti on ( I RC); the CEO. 
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Environ mental Hea lth Officer and Manager 
of Community Hea lth Cen tre operations of 
the lnuvik Reg ional Health and Social 
Services Authority; and the Gwich'in Triba l 
Council on December I and 2, 2003. 

7) A meeting was held with th e Aurora 
Research Institute 10 discuss consu ltation 
and licensing issues in the NWT on 
December 2, 2003. 

8) A conference cal l was held with Regional 
Nursing Directors for the Baffin region , 

unavut, December I 0'", 2003 

9) Ongoing consu ltat ion and teleconference 
meetings were he ld wit h the NC P Hea lth 
Steering Committee. Ongoing consu ltat ion 
updates were di stributed , an in-person 
meeting was held in Ca lgary on November 
6, 2003, and a Consul tat ion Summary report 
submitted to the Commit1ee on December 
18, 2003. 

I 0) Presentations were made to communities in 
the ln uv ialuit Se11lement Region from 
January 19'"- 27'h

• 2004 during the 
lnuvialuil Health and Environment Tour. 

I I ) A proposal for Year 2 of the study was 
prepared and submitted to the NCP on 
January 26'", 2004. 

12) Appl icati ons for research licens ing were 
prepared in February 2004 . 

13) A work ing group meeting was held in 
Montreal on Ma rch 29th and 30th

, 2004 10 
review project consent forms, maternal 
interview quest ions, and recru itment scripts. 

Other Consultation/Planning Activi ties inc luded: 

A sample size paper was developed by 
Hea lth Canada outlining the stati stica l 
power of a variety of samples sizes for the 
study. 

Consu ltations with Dene Nat ion and Inuit 
Tapiriit Kanatami with regards to reg ional 
se lect ion within the territories. 

Questions on study design and reg ional 
statistics were sent 10 both the Nunavut 
Hea lth Departmelll and lnuvik Reg ional 
Hea lth and Social Services Authority. 

Several meetings were held with Dr. Gina 
Muck le and Jocelyn Gagnon of Lava l 
University 10 discuss potent ial co llaborati on 
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between the monitoring program and infant 
development study fo r assessments of 
feas ibility and for study des ign in the Baffin 
reg ion. 

Permi ss ion fo r access to the base line 
contaminants database was requested from 
GN Hea lth and GN WT Hea lth was 
confirmed on December 10, 2003 . 

Results 

Al l unavut stakeholders th at parti cipated in 
meetings, di scuss ions and confe rence call s were 
support ive of th e study. In general , stakeho lders 
were aware of the base line program and 
understood th e importance of conducting the 
trend moni tor ing study. There were no 
organi zati ons that were opposed to th e study and 
rea ll y no significant concern s ex pressed about 
the feas ibility of conducting a maternal blood 
mon itori ng st udy in the Baffin region over th e 
next two years. There were severa l signifi cant 
comments and concerns related to study design, 
th e most significant of which were; minimizing 
any additi ona l wo rk to community hea lth sta ff 
and building communi ty capacity in the region. 

All lnuvik reg ion and NWT stakeholders that 
part ici pated in meetings, di scuss ions and 
confe rence ca ll s were supporti ve o f the study. In 
genera l, stakeholders were aware of the baseline 
program and understood the importance of 
conducting the trend monitoring study. There 
were no organi zations that were opposed to the 
study and no significa nt concerns ex pressed 
about the feasi bility o f conducting a trend 
monitoring study in the lnu vik reg ion. There 
were severa l significant comments and concern s 
re lated to study des ign. These included; the 
incl usion of other Dene communiti es in the 
program, ad mini strati on of project coordinator, 
the communication of results and building 
co mmunity ca pac ity in the region. 

Other key issues identifi ed during consultati ons 
included: 

11 0 

Commu ni cation materi al s should be 
deve loped co llaborati ve ly and conta in clear 
messages related to public health and 
healthy pregnancies. 

The need for a we l I developed 
co mmunication plan for results that included 
fo llow up with any women who had blood 
level s above guidelines. 

Visual and ora l communication materi als for 
participants and communiti es are preferred . 

Lifestyle and dietary in fo rmation co ll ecting 
during the prenatal interview is of 
signifi ca nt in terest from a publ ic health 
perspecti ve. 

Discussion 

Based on the success o f the feasibility study, a 
proposal was submitted to th e NCP in January of 
2004, for Year 2 o f the program. Key iss ues 
ra ised by stakeholders were incorporated into 
study des ign where poss ibl e. The study will 
in vo lve the recru itment o f pregnant wo men from 
the ln uvik region of the NWT and Baffin reg ion 
o f Nunavut. Consultati ons on project planning 
res ulted in the establi shment of a recruitment 
goal of I 00 women from each region . Program 
Coordinators will be hired to manage the project 
in each region. Participants will be interviewed 
prior to pregnancy to assess di et and lifestyle 
during pregnancy, and be asked to sign a consent 
form agree ing to prov ide blood and hair sa mples 
for the study. 

For the Baffin region, yea r 2 o f the progra m 
proposes co llaborati on between the human 
environmental contaminant trends mon itoring 
program and the ex pansion of the infant 
development study to unavut. Maternal blood , 
cord bl ood and hair sa mples coll ected in the 
Baffin reg ion will prov ide needed data for both 
studi es, as will th e materna l in terviews. 
Recruitment and sampl ing protoco ls will be 
coll aborati ve ly developed to serve the purposes 
of both studies and to ensure that fo llow up with 
infants remains possible for the nex t funding 
year. Spec ifical ly, maternal interviews to be 
conducted during 2004/2005 would 
comprehensive ly address a ll vari ables required 
by the in fa nt development study, and mothers 
who provided biologica l samples at deli very fo r 
the monitoring program would be recruited for 
the infant deve lopment study so that the ir infant 
would be tested at 6½ and 11 months o f age in 
2005/2006. 
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Expected Completion Date 

March 2006 
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Abstract 

As an indicator of contamination in the Canadian 
A rctic marine environment , seabird eggs have 
been used to monitor changes in concentrations 
of a number of contaminants since 1975. The 
most recent collection of eggs from three species 
of seabirds in 2003 from Prince Leopold Island 
111 the Canadian High Arctic show that 
concen trat ions of most of the legacy 
organochlorines continue to decrease in the 
Canadian A rcti c. Concentrations of total 
mercury, however, continue to increase 
suggesting that the Arctic marine environment 
continues to be a sink for global Hg. A 
collection of thick-bi lled murre eggs from Coats 
Is land in northern Hudson Bay ex tends the 
contami nant data set started for that Low Arctic 
colony in 1993. Eggs of northern fu lmars were 
collected from a second co lony at Cape Vera on 
Devon Island al lowing, for th e first time, 
comparison of data for thi s species from two 
Canadian Arctic co lonies. 

Key Project Messages 

I. Concentrati ons of most of the legacy 
organoch lorincs continue to decrease in 
Canadian Arctic seab ird s. 

2. Concentrati ons of ~- HCH continue to be the 
major fraction con tributing to total 1-!CHs 
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and appear to be increasing in black-legged 
kittiwakes and northern fulmars. 

3. Concentrations of tota l Hg continue to 
increase in three Canadian A rcti c seabircl 
species suggest ing that the Arctic marine 
environment cont inues to be a sink for 
globa l Hg. 

Objectives 

I. To collect eggs of five seabird spec ies from 
Prince Leopo ld Island for analysi s of 
chemical residues in order to determine if 
levels of contaminants in seab ird eggs. as 
representati ve of th e marine environment of 
th e Canad ian Arctic, are changing. 

2. To co llect eggs of thick-billed mutTes from 
Coats Island in order to continue the 
monitoring program for the eastern Low 
Arctic started there in I 993. 

3. To collect eggs of northern fulmar from Cape 
Vera on Devon Island so that resu lts fo r 
northern fulmars from Prince Leopold Island 
might be corroborated. 

Introduction 

The Canadian Wildlife Service (CWS) has been 
monitoring contaminants in eggs of thick-billed 
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Figure 1. Mean concentrations(± standard error) of l:PCB (mg ·kg·1 wet weight) and total Hg (mg ·kg·' dry weight) in eggs of 
black-legged kittiwakes (BLKI), northern fulmars (NOFU) and thick-billed murres (TBMU) collected between 1975 and 2003. 
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murres (Uria /omvia) , northern fu lmars 
(Fulmaris glacialis) and black- legged kiltiwakes 
(Rissa 1ridaC1yla) from Prince Leopo ld Island 
(74°02 'N, 90°05 ' W) in th e Canadian High 
Arcti c since 1975 (Braune e/ al.. 200 I ) to 
provide an index of contamination in the A rcti c 
marine ecosystem and poss ib le imp I ications for 
seabird health. Seabirds breeding in the High 
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Arctic are contaminated with a similar suite of 
organic contam inants as those breeding in 
temperate reg ions (Nob le and Elliott 1986). 
Tempora l trends for contaminants and stab le 
isotopes in seab ird eggs co l lected from Prince 
Leopo ld Island between 1975 and 1998 have 
been described in Braune e1 al. (200 I , 2003). 
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Due to the high costs and logist ica l diffi cu lties of 
access ing Arcti c seabird co lonies, co ll ections of 
eggs fo r Arctic seabirds have been opportu ni st ic 
in the past but, with the support of the Northern 
Contaminants Program, the co ll ecti ons have 
been standard ized to every fi ve years (i.e. 
1993, 1998, 2003). Starting in 1993, black 
gui llemots (Cepphus g,ylle) and glaucous gull s 

Figure 2. Contributions of a-HCH, B-HCH and y-HCH to 
mean l:HCH concentrations (mg ·kg·1 wet weight) in eggs 
of black-legged kittiwakes (BLKI), northern fulmars 
(NOFU) and thick-billed murres (TBMU) collected 
between 1975 and 2003. 
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(larns hyperbareus) were added as monitoring 
species to make the Canadi an program more 
compatible with other monitoring activiti es 
under the international Arctic Monitoring and 
Assessment Program (AMA P). Thick-billed 
murre eggs have been col lected from Coats 
Island (62°30'N, 83°00'W) in northern Hudson 
Bay since 1993, as we ll , establi shing this 
location as a Low Arcti c monitoring colony. 
Additiona lly, northern fulmar eggs were 
collected for the first time in 2003 from a colony 
at Cape Vera (76°18'N, 89° 18'W) on Devon 
Island as part of a new initiative to study the 
bio logy of this species in the Canadian Arctic. 
Previous data have suggested increases in 
concentrations of mercury (Braune et al., 200 I) 
and polybrominated diphenyl ethers (PB DEs) 
(Braune et al., 2003) in no11hern fulmars as we ll 
as hi gh toxic equiva lent (TEQ) values (Braune 
and Simon, 2003). 

Activities 

In 2003-2004 

Sample callectionlretrieval: In 2003, co llections 
of eggs were made fo r four species (northern 
fulmars (n= 16), thick-billed murres (n= l5), 
black- legged kittiwakes (n= t 3). and glaucous 
gul ls (n= l5)) from Prince Leopo ld Island, NU. 
Eggs were collected by hand on the basis of one 
egg per nest. Due to logi sti cal problems, the 
planned collecti on of black gui llemot eggs was 
not made from Prince Leopold Island in 2003 but 
a second attempt will be made in 2004. A 
col lect ion of northern fu lmar eggs (n= t 5) was 
made from Cape Vera on Devon Island and a 
collection of thick-billed murre eggs (n= 18) was 
made from Coats Island. In addi ti on to the 
northern fulmar and thick-bil led mu,i-e egg 
samples collected from Prince Leopold Island in 
2003, archi ved egg samples from thi ck-bi ll ed 
murres from 1976. 1977 and 1988 have been 
retrieved and issued to the lab fo r ana lyses of 
polychlorinated dibenzo-p-diox ins (PCDDs), 
polychlori nated dibenzofura ns (PCDFs), non-
ortho PCBs and PBDEs to improve the temporal 
trend data series for those compounds in the 
murres. 

Che111ical Analyses: Eggs were analyzed for 
total mercury (Hg), seleni um (Se) and 
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Table 1. Mean concentrations(± standard error) of organochlorines (mg·kg·1 wet weight) and total Hg (mg·kg·1 dry weight) in 
pooled egg samples (N) of black-legged kittiwakes (BLKI), northern fulmars (NOFU), thick-billed murres (TBMU) and 
glaucous gulls (GLGU) collected from Prince Leopold Island, Coats Island and Cape Vera in 2003. Trends for concentration 
data from 1975-2003 are indicated for black-legged kittiwakes, northern fulmars and thick-billed murres from Prince Leopold 
Island as follows: L decreasing, j increasing, ~ no change. 

Species N % 
Li id 

Prince Leopold Island 

BLKI 4 9. 1 
± 0.2 

Trend 

NOFU 

Trend 

5 I 0.5 
± 0.4 

TBMU 5 12 .8 
± 0.5 

Trend 

GLGU 5 7.8 
±0.4 

Coats Island 

TBM U 

Cape Vera 

NOFU 

12. 1 
± 0.6 

5 10.6 
± 0.3 

I: PCB' 

0.177 
± 0.026 

L 

0.167 
± 0.016 

L 

0.120 
±0.022 

L 

1.592 
± 0.345 

0.114 
± 0.008 

0145 
± 0.0 14 

I: DDT 

0.043 
± 0.007 

L 

0. 124 
± 0.0 13 

L 

0. 103 
± 0.008 

L 

0.901 
± 0.204 

0.1 16 
± 0.006 

0.112 
± 0.010 

I:CBz 

0.018 
± 0.00 1 

L 

0.014 
± 0.001 

L 

0.032 
± 0.001 

L 

0.064 
± 0.0 13 

0.029 
± 0.002 

0.014 
±0.00 1 

I:CHL Dieldrin 

0.045 0.005 
± 0.004 ± 0.0003 

L L 

0. 11 2 
± 0.008 

0.007 
± 0.00 1 

0.03 1 0.009 
± 0.002 ± 0.00 I 

L 

0.400 0.0 13 
± 0.069 ± 0.00 I 

0.031 
± 0.002 

0.005 
± 0.0003 

0.105 0.007 
±0.0 I O ± 0.0004 

I: Mirex 

0.005 
± 0.00 1 

L 

I: HCl·I 

0.008 
± 0.001 

i 

0.007 0.006 
± 0.0005 ± 0.00 I 

0.003 
± 0.00 1 

0.046 
± 0.009 

0.003 
± 0.0001 

0.0 11 
± 0.00 1 

0.043 
± 0.006 

0.009 
± 0.00 1 

Total 
_!!g__ 

0.82 
±0.047 

i 

1.4 1 
±0.05 

i 

1.33 
± 0. 13 

i 

2.57 
± 0.22 

0.56 
± 0.03 

0.006 0.004 1.57 
± 0.0004 ± 0.0004 ± 0. 12 

,PCB - Sum of 67 congeners; ,CHL - Sum Chlordanes (oxychlordane, cis- & lrans-nonachlor, cis- & lrans-chlordane, 
heptachlor epoxide); lMirex - Sum Photo-mirex & Mirex; ,CBz - Sum Chlorobenzenes (tetra-, penta- & hexachlorobenzene); 
rnCH - Sum Hexachlorocyclohexanes (o-, P-& y-HCH). 

organochlorines including PCBs as pooled 
(composi te) samples of three eggs each. 
Chemical residue analyses were carried out at the 
CWS/NWRC laboratories at Carl eton University 
in Ottawa, ON. Organochlorine analyses for the 
legacy POPs were ca rr ied out by gas 
chromatography using a mass selective detector 
(GC/MSD) operated in Selected Ion Monitori ng 
(S IM) mode according to CWS Method No. 
MET-CH EM-OC-04D. Total Hg was analyzed 
using an Advanced Mercu ry A nalyzer (AMA-
254) equ ipped with an ASS-254 au tosamp ler for 
sol id samples accordi ng to CWS Method No. 
MET-CH EM-AA-03E. T he method employs 
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di rect combustion of the sample in an oxygen-
rich atmosphere. Se len ium was ana lyzed by 
graphite furnace atomic absorpti on 
spectrophotomet ry (GFAAS) using a Perk in-
Elmer 3030B AAS equipped with deuteri um 
background co rrector, HGA-500 graphite 
furnace and AS-40 autosampler accordi ng to 
CWS Method No. MET-CH EM-AA-02E. The 
fulmar and murre egg samples were also 
analyzed for PCDDs, PCD Fs, cop lanar PCBs 
and PBDEs as poo ls of fi ve eggs each using 
HRGC/H RMS SIM accord ing to CWS Method 

o. MET-CH EM-PCDD-O I C. QA/QC was 
monitored by CWS Laboratory Services, 
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NWRC, Ottawa, ON, whi ch is an acc redited 
laboratory through the CAEA L-SCC and has 
pa11icipated in the NCP's QA/QC Program. 
Stable-nitrogen isotope ana lyses were carried out 
through CWS in Saskatoon with isotopic 
measurements made at the Department of for 
2003. Concentrations of total PCBs ( PCB), 
DDT metabo li tes ( DDT) and chl orobenze nes 
( CBz) continued to decrease in eggs of thick-
billed murres, northern fu lmars and black-l egged 
ki ttiwakes collected between 1975 and 2003 
fro m Prince Leopold Island (Table I, Figure I). 
So il Science, Uni versity of Saskatchewan, SK. 
All samples have been archi ved in the CWS 
Specimen Bank. 

Results 

Ana lyses of the legacy organoch lorin es and total 
I lg fo r th e eggs co llected in 2003 have been 
completed but we have not yet rece ived results 
for the PCDD/Fs and PBDEs in thick-billed 
murres , or the stable isotope data In the 
ki ttiwakes , concentrations of total chlordanes 
(ICHL), die ldrin , and total mirex(IM irex) also 
conti nued their dec lining trend as did di eldrin in 
the murre eggs. Concentra ti ons of ~- HCH 
cont inue to be the major fracti on contributing to 
to ta l HCHs (I HCH) and .appea r to be increasing 
in black-legged kitti wa kes and northern fulmars 
(Figure 2). In 2003, concentrations of I HCH, 
dieldrin and total Hg in eggs of thick-billed 
murres differed signi ficant ly (t-tests, p<0.05) 
between Prince Leopold Island and Coats Isla nd 
(Table I). Concentrations of I HCH al so 
differed signifi cantly (t-test, p<0.05) in eggs of 
northern fulmars from Prince Leopold Island and 
Cape Vera (Tab le I). 

Discussion and Conclusions 

The pattern of organochl orine decl ines 
documented to date in th ese migratory seabird 
species most likely renect overall lower 
contamination of the food chain in their ocea ni c 
wintering areas resulting from restricti ons placed 
on the use of many of these compounds in the 
1970s and 1980s (Braune e1 al., 200 I). The 
increas ing concentrations of P-HCH in seabirds, 
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however, are consistent with the reca lcitrant 
nature of thi s isomer as reflected by the 
increas ing proportions of ~- I-I CH fou nd in other 
marine ani mals such as ringed sea ls and po lar 
bears (Fisk el al. , 2003). The lower 
concentrations of organochlorine contaminants 
such as dield ri n and IHCH in the Coats Island 
murre eggs compared with Prince Leopold Island 
in 2003 is consistent with results for these two 
co loni es in 1998 but differs from the 1993 data 
suggesting a continuation of the differing rates of 
change between the two co lonies as discussed by 
Braune e/ al. , (2002). The pattern of increase of 
total Hg in al l three seabird spec ies suggests that 
the Arctic marine env ironment continues to be a 
sink for global Hg. The lower concentrations of 
total Hg in th e Coats Island murre eggs 
compared with Prince Leopold Island in 2003 
parall els the pattern seen in 1998 and 1993 
possibly suggesting a latitudi na l pattern between 
the Low Arctic (Coats Island) and High Arct ic 
(Prince Leopold Island) co lonies (Braune e/ al. , 
2002). Given the historical contaminants data 
ava ilable for Arct ic seab irds, continuation of the 
seabird egg data sets will provide va luable 
in formation aga inst whic h to compa re the 
effecti veness of more recent internat ional 
agreements such as the 1998 UN ECE LRTAP 
Protocols on Heavy Meta ls and POPs, and the 
200 1 Stockh olm Convention on POPs, as well as 
contribute to the UNEP Global Mercu ry 
Assessment. 

Expected Project Completion Date 

December 3 I, 2004 
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Abstract 

An updated tempora l analys is of polychl orinated 
bi phenyls (PCBs) and organochlorine pesti cides 
(OCs) measured in Arctic air at the Canadi an 
High Arcti c site of Alert, Nunavut (82°30'N, 
62°2Q ' W), is presen ted. Long-term trends 
developed using th e digital fi ltrat ion technique 
(OF) with 5 yea rs of data ( 1993-1997) did not 
di ffer signifi cantly from those determi ned wi th 7 
years of data ( 1993- 1999). This implies that 
with the OF technique, consistent long-term 
trends can be deve loped with less tha n I O years 
of data. An acce leration in the decline of OC 
and PCB air concentrati ons was noted in 1999 
fo r some compound s, al though the reason fo r 
th is is unknown. 

Spat ial compari sons of OC seasonal ity at Alert, 
Tagish, Ounai and Kinnga it show elevated air 
concentra ti ons of some compounds in spring. 
Elevated spring concentrations, however, were 
observed fo r different compounds at different 
sites. Potential causes are di scussed. Further 
investigati on of th e atmospheri c fl ow pattern in 
spring, which is responsible fo r the transport of 
POPs into the Arcti c, is required. 

Seasonall y averaged air concentrations of y-
hexachlorocyclohexane (y- HCH) and va rious 
po lyc hl orinated biphenyl (PCB) congeners 
measured from 1993 to 1999 at Alert, were 
compared over the same time peri od to North 
Ameri can surface air temperatures and indices 
that refl ect the strength of the Paci fi e North 
Ameri can (PNA) pattern . The PNA is an 
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atmos pheric circulati on te leconnection pattern 
strongly associated with cl imate variations and 
air fl ow patterns in North Ameri ca. The 
potential influence of climate vari ations 
occurring in temperate North America on the 
long-range transport of POPs to the Canadi an 
Arcti c is explored. 

Key Project Messages 

I. Long-term time trends of OC and PCB 
concentrat ions in Arct ic air deve loped by the 
digital filtration technique are consistent 
using 5 or 7 yea rs of moni toring data. 

2. The decl ine in air concentrat ions for some 
compounds was acce lerated in 1999 for no 
apparent reason. 

3. Spring QC concentration maxima in A rctic 
air may be the result of a combination of 
environmental factors. Further investi gation 
in the atmospheric fl ow pattern, which 
controls the movement of pol lu tants into. 
through , and out of the Arctic in spring, is 
requi red. 

4. Strong links between POP concentrat ions (y-
HCH and various PCB congeners) in Arctic 
air and springtime indices of the Paci fi c 
Nort h American pattern (PNA) suggested 
that increased surface ai r temperatures 
enhanced re-vo latili sation of hi stori cal 
residues in temperate North Ameri ca, whi ch 
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was followed by favourab le atmospheric 
transport to the Arctic. 

Objectives 

I. To measure and understand the occurrence 
and trends of se lected OCs and polycycli c 
aromatic hydrocarbons (PAHs) in the Arctic 
atmosphere and to determine whether 
concentrat ions are changing in response 10 
national and internat iona l initiatives. 

2. To provide insight into contam inant 
pathways (sources, transport. tra nsformation 
and removal processes) to the Arcti c 
environment. 

3. To enable val idation of models of toxic 
chemicals in the Arctic environment ,vith 
atmospheric observations. 

4. To operate a major long-term trend 
measurement station at Alert, Nu na vu t (in 
operation since 1992), that will contribute to 
ongoing Northern Contaminants Program 
and Arctic Mon itoring and Assessment 
Programme assessments, and provide advise 
to Canadian negotiators in preparing 
contaminant contro l st rateg ies 

Introduction 

Long-te rm trends were deri ved fo r th e air 
concentrati ons of PCBs and OCs at Alert using a 
digital filtration method in previous Synopses of 
Research (2000/01 , 2001 /02). An update of 
these trends is given here with addi tional data up 
10 the end of I 999. 

Atmospheric measurements of POPs, including 
herbic ides, pesticides, synthetic industri al 
compounds and PAHs, have been made on a 
week ly basis in the Canadian (Alert , Tagish, 
Lillie Fox Lake, Kinngait [Cape Dorset)) and 
Russian Arctic (Dunai , Amderma) since January 
1992. Kinnga it and Alert in Nunavut , Tagish in 
Yukon and Dunai Island in Ru ss ia were 
operating simultaneously from March 1994 to 
April 1995. In the prev ious Synopsis of 
Research, elevated air concentrations of vari ous 
PCBs and OCs measured in Arctic air during thi s 
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co-sampling period was noted in spring. Factors 
which may lead to these '"S pring Max imum 
Events•· are di scussed. 

A preliminary in vesti gation on the influence of 
the Pacific orth American (PNA) Pallern on the 
air concentra tions of y- HCH measured at Alert 
was given in the prev ious Synopsis of Resea rch. 
The relationship between PNA and the transport 
of POPs to the Arctic is further ex plored here, 
using air concentrations of 9 PCB congeners 
measured at Alert. 

Activities 

In 2003-2004 

I. Regular weekly atmospheri c measurements 
of OCs and PAHs continued at Alert. This 
invol ved th e co llection, ex traction and 
ana lys is of air samples. 

2. The site of Lillie Fox Lake, Yukon, whi ch 
was act iva ted in July 2002 to quantify trends 
in the western Canad ian Arctic by 
compari son wit h observat ions made earli er 
at Tagish (December I 992- March 1995), 
was decommissioned in Jul y 2003. 

3. As part of a decision 10 integrate ana lytica l 
activities within Environment Canada. 
chemica l analyses have been moved from 
the Fresh Water Institute (F WI ), Winnipeg, 
which is a laboratory of the Department of 
Fisheri es and Oceans, to the Nationa l 
Laboratory for Environmental Testing 
(N LET), an Environment Canada laboratory. 

LET is an acti ve participant in major 
national and internati onal interlaboratory 
performance-testing programs. A thorough 
compari son between FW I and LET is 
currently underway to ensu re that all quality 
assurance requirements are met and that data 
comparab ility is not compromised. 

4. The chemica l li st has been revised to include 
14 polybrominated di phenyl ethers 
(PBDEs), endosulfan II and 2 methyl-
naphthalenes. These compounds are of 
growing internation al concern and are, or 
may be, impacting the Arct ic environment. 
Seven chl ordane related compounds, ei ther 
components of technical chl ordane or 
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Table 1. Halfiives of selected PCBs and OCs at Alert 

Alert (93-99) Alert (93-97) Alert (93-99) Alert (93-97) 
PC Bs I½ I / ½ ( I oc / ½ ( ) R' / ½ (y) I 

28 10 0.55 12 0.58 o.- HCH 9. 1 0.80 17 0.79 
3 1 6.9 0.86 6 0.87 y-HCH 5.7 0.86 4.9 0.88 
52 4.0 0.86 3 0.86 Oxych lordane 4. 1 0.90 3.5 0.84 
IO I 7.3 0.53 II 0.73 /-ch lordane 5.5 0.67 8.3 0.48 
105 II 0.2 1 N D" 0.021 c-chlordane 6. 1 0.70 4.1 0.71 
118 ND" 0.03 N D" 0.093 t- nonach lor 6.2 0.73 6.2 0.71 
138 ND" 0.01 ND" <0.0 1 c-nonachlor 6.6 0.55 7.9 0.29 
153 79 0.01 17 0.18 Dieldrin 13 0.21 N D" <0. 10 
180 4.2 0.76 4 0.78 endosulfan 1 38 0.06 N D" 0.25 

heptachlor 
8.3 0.70 6.3 0.72 e oxide 

Compounds that do not show a consistent declining trend (i .e. greatly fluctuating or steady or slightly increasing trends) are 
indicated as ND= Not Determinable. In such cases, r2 is the linear regression coefficient of the slope of In P versus time. 

Table 2. Spearman rank order correlations between spring mean air concentrations of selected compounds and PNA indices 

HCHs PCBs 
o.-HC H y-HCH 28 3 1 52 IOI 105 I 18 138 153 

rs 0.43 0.86 0.68 0.79 0.75 0.68 -0.1 t 0.11 0.64 0.82 
p 0.34 0.01 0.09 0.04 0.05 0.09 0.82 0.82 0.12 0.02 

' rs = Spearman correlation coefficient, p = Spearman p-values 
Statistically significant correlations with p<0.10 are shown in bold types. 

chlordane 111etabol ites. as we ll as 
photoheptachlor and photo111irex , wh ich 
have always been fou nd below detect ion 
li111its have been re111oved fro111 the che111 ica l 
li st. 

5. Data analysis has been progressi ng we ll. 
A nalys is of 1992-2000 data fro111 Alert, 
1993-1995 data from K inngait. Tagish and 
Dunai, as we ll as more recentl y obtained 
2000-2002 data from Kinnga it is st ill 
ongo ing. 

6. An arti cle summari sing findings under thi s 
proj ect reported in the Canad ian Arctic 
Contaminants Assessment Report 11 
(CACA RI I) has been submitted to the 
Sc ience of Total Environment for 
considerati on of publ ication in th e 
CACA RI I Spec ial Issue. 

7. In co llabora ti on w ith Ors. Y . F. L i. J. M. 
Ma, S. Venkatesh and R. W . M acdonald, an 
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article describing a mass balance model to 
est imate the histori ca l budget of o.-
hexachlorocyc lohexane (o.- HCH) in the 
Arct ic Ocean has been publi shed in Science 
of Tota l Environment (L i et al.,, 2004). 

8. An investigation on the innuence of climate 
variation patterns, e.g. North At lant ic 
Osc illation (NAO) and the El Nirio-Southern 
Oscillat ion (E SO), on PO P mr 
concentrations measured under NC P and 
IAD 1 (co l laboration with Dr. Jianmin Ma at 
MSC) has resulted in an article published in 
the journal of Environmental Science and 
Technology (Ma et al .. , 2004). 

9. A nother art icle w hich investi gates in detail 
the relationship between PNA and the air 
concentrations of the 
hexachlorocyclohexanes (HCl-l s) and PCBs 
in Ale11 air is curren tly under preparation. 
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Figure 1. Trends and seasonal cycles of (a) t-chlordane and (b) PCB 101 
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Results and Discussion 

Update of PCB and OC Trends at Alert 

The seasonal cycles and trends ( 1993-1997) of 
se lected PCB and OC concemrati ons measured 
in Alert ai r were derived by the OF technique 
and reported in th e Synopsis of Research in 
200 1. 

Additional years of data are now avai lab le up to 
the end of 1999 and new trends are deve loped 
and presemed here. Examples of the trends and 
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seasonal cyc les derived fo r /-chl ordane and PCB 
IOI are shown in Figure I . The gas phase ai r 
concentrat ion is ex pressed as the natura l log of 
pa rti al press ure (P). Tab le I shows the estimated 
appa rent first order halfli ves (t½) determined 
fro m the regression slope (m) of the OF trend 
lines as fo ll ows: 

In 2 
1112=- ( I ) 

111 

The halflife of a compound is the time required 
for the concentration of the compound lo 
decrease to half its original va lue. Halfli ves 
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determined with data from 1993 to 1999 are 
sim il ar to those fou nd using data from 1993 to 
1997. Except di eldrin and endosulfa n I, whi ch 
did not show a dec line in trends when data from 
J 993 to 1997 were used, showed hal n ives of 13 
and 38 years, respective ly, with the two 
addi tional yea rs of data. For di eldrin , thi s is the 
resul t of a downturn in air concentrati ons starting 
early in 1998 and continued until the end of 
I 999. Before then, di eldrin leve ls in Alert air 
had been fairl y steady between 1994 and 1997. 
For endosul fa n I, the level also dec lined from 
mid- 1998 to end of 1999 but th e ex tent was not 
as signi fica nt as that observed fo r di eldrin . The 
concentration of endosul fa n I in the Arcti c has 
been re lati vely steady throughout the sampling 
period. This may be because endosulfan is a 
current-use pesti cide, but die ldrin and aldri n. 
which converts quickly to dieldrin in the 
environment, have been banned in most western 
industri a li zed countries. Similar to di eldrin , 
many PCBs and OCs showed acce lerated decl ine 
in air concentra ti ons in I 998/99 with no apparent 
reason. Further in vestigation is required to 
determine the cause of thi s acce lerated decli ne. 

Spatial Variations of QC Seasonality in 
Arctic Air 

It was noted that the air concentra ti ons of many 
OCs measured at Alert showed elevated ai r 
concentra tions in spring. Similar to that of 1-
chlordane shown in Figure I a. To determine 
whether this is a unique phenomenon observed at 
Alert. OC gas phase air concentrat ions from 
Alert, Tag ish, Dunai and Kinnga it measu red 
during the 1994-1 995 co-sampling peri od are 
plotted aga inst months of th e year fo r 
compari sons. As an example. Figure 2 shows 
the box-and-whi sker plots of 1-chlordane air 
concentrations at Alert. Tagish and Dunai (left 
panel). For Alert , data fro m 8th March, 1993 to 
24th April , 1995 (same as sampl ing period at 
Dunai ) are used in the plots. Since th ere are very 
few data for Kinn ga it during this co-sampling 
period, as most samples we re analyzed as fou r-
week composites, a scatter plot of all data is 
given in Figure 2d. Also shown on Figure 2 are 
the box-and-whi sker plots of the week ly 
averaged temperatures at the sites (ri ght panel). 
For Kinn ga it. the tempera tures are week ly 
averaged when 7-day samples were taken and 
fo ur-weekly ave raged when four-wee k 
compos ites were analyzed. 
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Spring peaks occurred for air concentra ti ons of 
c-chlordane and endosulfan I at Alert, Kinngait 
and Dunai but not at Tagish; 1-nonachlor at 
Ki nngai t and Dunai onl y; o,p'-DDE at Alert 
onl y; o,p'- and p,p'-DDT at Alert and Dunai 
onl y; octac hl orostyrene at Dunai onl y; and 
tetrac hl oroveratro le at Alert and Tag ish onl y. 
Most transformat ion/ metabol ites of parent 
pesticides, i.e. oxychl ordane, heptachlor epoxide 
and dield ri n, genera ll y do not show spring peaks. 
Rather, they fo llowed the seasonal temperatu re 
cyc les and reached highest air concentrat ions in 
Arcti c air in the summer. 

Potential factors that may be responsib le for 

spring OC concentrati on max ima in Arctic air 

include: 

I) Spring appl ication of current-use pestic ides. 
e.g. li ndane (y- HCH). However, elevated 
spring ai r concentrations were also observed 
for banned pesticides, e.g. ch lordanes, and 
industria l by-products e.g. octachl orostyrene 
and tetrachl orovera tro le. 

2) ·'Spring pul se". which is defined as the 
spri ngt ime revo latilization of chemica ls 
trapped in snowpack duri ng winter as a 
resu lt of snowmelt. rendering elevated 
spring air concentrat ions (Gou in e1 al .. 
2002). However, loca l ice/snowmelt (T>0 
°C, Figure 2 right panel) did not occur until 
May in Ki nnga it and June in Alert and 
Dunai, not co inciding with the spring OC 
concentrat ion peaks. Except Tagish where 
the temperature reaches 0 °C in March. 
However, chemicals released from 
snowpacks at southern latitudes during 
snowmelt might be transported to the Arctic 
result ing in higher Arctic air concentrat ions. 

3) Increased atmospheric removal in late 
spring/su mmer. Removal rates of OCs by 
photodegradation and deplet ion reactions 
with OH radicals wou ld increase after polar 
sunri se, result ing in a decrease in air 
concentra ti ons during the summertime. Y et, 
if this was the only reason in effect. the 
·spring max imum event' should occur at all 
sites. 

Scavenging ofOCs by fores ts along the transport 
path way to the Arctic during th e growing season. 
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Figure 2. t-chlordane seasonality and temperature at (a) Alert, (b) Tagish, (c) Dunaiand (d) Kinngait.Centre box of box-and -
whisker plots, is bounded by the 25thand ?Sthpercentile with the horizontal line representing the median. Outliers ('1 .5' 
interquartilerange) are represesntedby a .Figure 2. t-chlordane seasonality and temperature at (a) Alert, (b) Tagish, (c) 
Dunaiand (d) Kinngait.Centre box of box-and -whisker plots, is bounded by the 25thand ?Sthpercentile with the horizontal 
line representing the median. Outliers ('1 .5' interquartilerange) are represesntedby a •. 
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At leaf burst in late spring, the waxy cutic le on 
the new leaves would adsorb sem ivo latile 
organic compounds in ai r in the vicinity of 
forests. This process would reduce the amount 
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of chem icals in air avai lab le for transport to the 
Arctic, resulting in a decrease in Arctic air 
concentrations in late spring/summer.It is 
currently not possible to exp lain why on ly 
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certai n OCs showed e levated concentrati ons in 
spri ng and o nl y at some s ites but not o thers. 
This is probably the result of a comb ination of 
the above factors. Spring is a sensiti ve time of 
the year when va ri ous acti viti es resume in 
Arctic as wel I as at southern latitudes. 
de termine th e influence of each of 

th e 
To 
the 

abovementioned factors on the 'spring maximum 
event' of d ifferent OCs at different locations, 
fu rther investigati o n in the atmospheric fl ow 
pattern in spring, whi ch control s the movem ent 
of pollutan ts into, th ro ugh and out of the Arctic, 
is required . 

Influence of PNA on POP Air 
Concentrations at Alert 

The PNA is characterized by atmospheric flo w in 
which the west coast of North America is out of 
phase wi th the Eastern Paci fie and Southeast 
United States. During its pos iti ve phase, wavy 
flow occurs over th e continent with increased 
tempera tures and decreased storminess in the 
Northwest and cold temperatures in the 
Southeast (NOAA-CIRES Climate Diagnostic 
Centre, 
http ://www.cdc. noaa.gov/Teleco nnection s/pna .ht 
ml). Roughl y reversed conditions occur over the 
same geogra phi cal reg ion during the negati ve 
phase. In the prev ious Synopsis of Resea rch. it 
was reported that spring y- HCH air 
concentration s at Alert showed a statist ica lly 
significant positi ve co rre lation with the 
sta ndardi zed Pac ifi c North America n (PNA) 
Index (Wa ll ace and Gu tzler. 198 I). Further 
investigation has revea led similar correlations 
between the air concentrations of se lected PCBs 
and the PNA Index (Tab le 2). The se lected PC Bs 
are 9 co ngeners whi ch constitutes the AMAP 
(Arctic Monito ring and Assessment Program) 
subset (PCB 28, 31 , 52, IO I, I 05, 11 8, 138. 153 
and 180) (excluding PCB 156. since 96 % of all 
sam ples were be low meth od detection limit fo r 
this congener). 

Gamma-HC H, PCBs 28, 3 1, 52 , IOI , 153 and 
180 showed stati st ica lly significant Spearman 
correlatio ns wi th the PNA index at 90 % 
confidence leve l (p<0.10) (Table 2). For those 
compounds wh ich showed statist ica ll y 
sign ificant corre lations w ith PNA, their air 
concentrat ions at A lert increased with increas ing 
PNA index ( ind icated by positive va lues of rs), 
i.e. towa rds the pos iti ve phase of the PNA. 
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During the positive PNA phase in spring, higher-
than-normal surface a ir temperature (SAT) (or 
posi ti ve SAT anomal ies) occurred across 
Ca nada, Alaska and the northern U.S.A. 
Enhanced re-vo latilization of organic chemica ls 
from rese rvo irs, accumulated due to past and 
present usage, may occur. At the same time, 
weaker than normal zona l fl ow at 700 hPa 
occurred throughout the U.S.A. and so uthern 
Canada during the posit ive PNA phase. Thi s may 
enhance atmospheric mass exchange between 
polar and mid- latitude reg ions, favoring transport 
of pol lutants fro m temperate North America to 
the Arctic during the positive PNA phase. 

Stat istica ll y signifi cant correlatio ns between the 
PNA index and the springti me air concentrations 
of -HCH and vari ous PCB congeners meas ured 
at Alert implied that cl imate variations in 
tem perate North Ameri ca may result in enhanced 
pollutant transport to the Arctic region. In the 
comi ng year, air monitoring for POPs at Alert 
wi ll continue to provide us with mo re 
information to determine temporal and seasonal 
variab iliti es of these compou nds in Arct ic air. 
Air conce ntration data obtained from Kinnga it 
between 2000 and 2002 are now available and 
are cu rrent ly under data ana lysis. Th is dataset 
w ill provide us with information o n POP air 
concentrations in the eastern Canadian Arctic. 
Longer time seri es of POP air concentrati o ns 
will enab le the development of forecasting 
methods to predi ct che mica l fate and how 
changes in the physical environment, e.g. climate 
variat ion. would affec t thei r distribution. 
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Abstract 

Atmospheric transport is considered a major 
pathway for pcrsis1e111 orga ni c pollutants (PO Ps) 
lo en ter the Arctic environment. Under CP, air 
mon itor ing for POPs has been conducted in the 
Canad ian and Russian Arctic since 1992 using 
the conventional, active air sampling method. 
This technique rel ies on a pump to pull air 
through the sampler which traps the compounds 
of interest. This approach, however. is 
ex pensive, labour i111cnsive and is limited to 
sampling locations where electricity is a,ailable. 
II is thus difficult to sample in the remote arctic 
and the hi gh cost prevents simultaneous 
sam pling at multiple locat ions. Under this 
project. two types of passive air sampling 
devices for POPs that are suitable for use in cold. 
remote loca tions, such as the Arctic, have been 
deve loped. These pass ive air samplers require 
nei ther the use of a pump nor elect ri ci ty, but rely 
on the devices' capabil ity to directly take up 
contaminants from the atmosphere. Prototypes 
are currem ly being built and are to be tested in 
the fie ld. 

Key Project Messages 

I. A conceptual design of a now-through 
passive air sampler has been developed 
which can potenti all y increase the sampling 
ra tes of pass ive air sampling by directing air 
through the sampling medium. 
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2. The existing design of polyurethane-foam-
disk-based passive air sampler has been 
sca led up to increase sampling rate. 

3. The scaled-up sampler is currently being 
tested in the field. 

Objectives 

I. To test the performance of passive air 
samplers (PAS) in preparation for their 
routine use in arctic air monitoring. by: 

2. 

a) optimiz ing and increasing air sampl ing 
rates of PAS with the assistance of nuid 
now analysis; 

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

c) deploying PA alongs ide active air 
samplers at Alert 10 test for sampling 
accuracy and to quantify POP uptake 
kinetics under arctic conditions. 

The long-term objective is to develop a PAS 
suitable for use under arctic conditions to 
supplemem or to use in place of active air 
sampling in future arctic air moniloring 
network(s), and to increase spa ti al definition 
of persistenl organic pollutalll (POP) air 
concentrations 111 the arctic. Such 
monitoring programs wou ld gather POP air 
concentration data in support of the Long 
Range Transboundary Air Pollution 
(LRTAP) and Stockholm conventions. 
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Introduction 

Under the NC P, a ir concentrations of POPs ha ve 
been measured in the Ca nadian and Russ ian 
Arct ic since 1992. Thi s is ma inl y because a ir is 
the major transport pathway for these pol lutants 
to ente r Arctic ecosystems. POPs ca n be 
1ranspo11ed over great distances and tend to 
bioaccumul ate and b iomagnify thro ugh food 
chains resulting in unu sually hi gh ex posure of 
no rthern peoples who consume a hi gh fat die t. 

The conventi ona l tec hnique used to determine ai r 
concentration s of POPs involves active 
sa mpling. Thi s tec hnique re li es o n a pump 10 
pass a ir through the sampler whi ch traps the 
compo unds of interes t. The limitation of this 
approach is that ii is ex pensive, labour intensive 
and is limited 10 sa mpling at locations where 
e lectricity is available. II is thus difficult 10 
sa mpl e in the remote Arctic and the h igh cost 
prevents simultaneous sa mpling at multipl e 
locations. In the past few yea rs various pass ive 
sampling techniques have bee n deve loped 10 
assess atmospheric leve ls of POPs. These are 
simple, cost-effecti ve air samplin g techniques 
that req uire neither th e use of a pump no r 
electri c ity, but re ly on the devices' capab ility 10 
directly take up contaminants from the 
a tmosphere. 

Various des igns of pass ive air sa mplers (PAS) 
are currently ava ilable. Various housing designs 
and sa mpling media have been explored in recent 
years. Co mmon samp ling media inc lude se mi-
permeable membrane devices (S PMD) 
(Ockenden et al. , 1998; Ockenden et al. , 1998; 
Shoeib and Harner, 2002), polyurethane foa m 
disks (PUF d isks) (Shoeib and Harner, 2002), 
polymer-coated fibre s (Khaled and Pawliszyn. 
2000), orga ni c-rich so il (Shoe ib and Harner, 
2002), pol ymer-coated glass ( POG ) (Wilcockson 
and Gobas, 2001; Harn er et al., 2003) an d XAD-
res in (Wania et al. ,, 2003). Whil e some sa mpl ers 
are c learly unsuitable for use under Arct ic 
cond itions, PAS based on XAD-resin (Wania et 
al. , 2003) and PUF di sks (S hoeib and Harner, 
2002) have been tested under Arcti c co ndit ions 
(these PAS were depl oyed at A lert in 2002-2003 
fo r initial testing). 

Passive sa mplers are promisin g lo add ress the 
need for spatially resolved atmospheric 
concentrations of POPs in the a rctic, because of: 
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their capabi lity of time-integrated sa mpling 
over ex tended pe ri ods of time. The 
deploymen t len gth is limited by the sa mpl er 
uptake capac ity, whi ch for so me sa mpl ers 
has been shown to be in the range of 
decades and longer. Thi s makes it possib le 
to use fewer sa mples to characteri ze long-
term atmospheri c contaminati on of a loca le. 

• their independence from power suppli es and 
regula r maintenance. 

• the ir re lative ly low product ion and operating 
cost. 

their simp li c ity of construc tio n and 
fun ct ionality that al lows them to fu nction 
under extreme weather conditions, such as 
extremely low tem perature, and blowing 
wi nd and snow. 

The ca pability of PA S lo provide information on 
the large scale varia bility of atmospheri c POP 
concentrat ions has been shown through the 
results of a network o f 40 station s across North 
America (S hen et al., 2004). However, in order 
to reach their ful l potential , the fol lowing 
limitations of ex istin g PAS des igns need to be 
overcome: 

low sampli ng rates of exist ing pass ive air 
sampling designs. POP air conce ntrati o ns in 
remote arctic reg ions are often low, 
necess itating large a ir sa mpling vo lu mes in 
the o rder of 500 111

3 and higher. PAS mu st 
therefore e ither have h igh sampling ra tes o r 
be dep loyed for long period s. For in stance, 
PUF di sk samp ling rates are approx imately 
3 m3/day (Shoeib and Harner, 2002) and 
XAD-based PAS ha ve sampling ra tes of less 
than I m3/day (Wa nia et al.,, 2003), which 
req uires deployment periods of about o ne 
yea r at the cu rren t analyt ica l detect ion limits 
and ambient air concentration s in the arctic. 
Therefore, seasonal va riat ions in a ir 
co ncentrati o ns are diffi cult to reso lve with 
the current PAS techniques. 

limited characteri zat ion of the prec is ion and 
accuracy of PAS. A number of ex periments 
on the precision and accuracy of XA D-based 
pass ive sa mpl ers were conducted under 
arct ic condition s (Wan ia et al., 2003), but 
more work is required. Such studi es have 
not been performed under arctic cond itions 
for other types of PAS thus far. 
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inability to di stinguish between POPs in the 
gas and particle phases. Exi sting PAS are 
des igned for sampling POPs in the gas 
phase. However, at cold arcti c 
temperatures, a larger fraction of POPs is 
present in the parti cle-sorbed state than 
under typica l temperature conditions of mid-
latitudes, and sampling only the gas phase 
may unclerestimate the true ex tent of 
atmospheric contamina ti on by POPs. 

Jn the current project, we attempt to overcome 
the first and second limitati ons li sted above by 
des igning and developing pass ive air sampling 
techniques suitable for use under cold 
environments such as the Arctic. 

Activities 

In 2003-2004 

I. Sca led up P F-disk-based PAS to increase 
sampling rates. Field tests are currentl y 
underway (see Results and Discuss ion 
Secti on) . 

2. Developed a conceptual design of a now-
th rough PA S whi ch increases the sampling 
rate by directing air through th e sampling 
medium. 

3. Conducted wind tunnel experiments to 
assess pressure drop over two types of 
sampling media to be used as sampling 
insert in (2): PUF di sk and po lymer-coated 
aluminium honeycomb. 

Results and Discussion 

Two designs of PAS are under deve lopment : 

(A) One des ign is a sca led-up version of the 
sa mpler using polyurethane foa m disks (PUF 
disks) as th e sampling medium (Shoeib and 
Harner, 2002). Owing to the low air 
concen trations typical of arctic locations. the 
ex isting PUF disk PAS (referred to as original 
PAS hereaner) which samples at a ra te of 
approximately 3-4 111

1/day is being sca led-up to a 
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unit that is capable of sampling 15-20 m3/day 
(referred to as sca led-up PAS). Thi s larger 
sampl ing rate would al low integrated samples at 
remote arctic locations to be coll ected on a 
seasonal basis (every I to 3 months) with 
effecti ve sa mple air volumes on th e order of 750-
3000 m3. Shorter integration times may also be 
possible. The sampling ra te is enhanced by 
increas ing th e surface area of the sampling 
medium available for ca pturing chemica ls. The 
larger sampling rate of the scaled-up PAS will 
allev iate some of the current detection 
di ffi cult ies. 

Characterization of both the orig inal and scaled-
up PAS is cu rrently underway: 

I) Sampl ing rate assessment : A sca led-up PAS 
prototype has been constructed and is currentl y 
dep loyed in the fi eld to assess sampling ra tes. 

2) Gas-phase versus parti cle-phase pa rtiti oning: 
It is important to understand what component of 
the air burden is being sampled by the PAS. 
Ea rly results with the origina l PAS ind ica te that 
the gas-phase is predominant ly sampled. These 
resu lts are be ing confi rmed in a winter-time fi eld 
deployment study (Jan- Mar 2004) that will 
incl ude separate conventiona l pumped 1-l iVo l air 
samples of the gas-phase and partic le-phase 
components for PCBs (po lyc hl orinated 
biphenyls) and PBD Es (po lybromi nated di phenyl 
eth ers). The deployment will also test the 
sca led-up PAS as we ll as several stainless steel 
meshes used as wind barriers. 

3) Depuration Compounds: The fi eld study 
described above is employ ing dcpu ra tion 
compounds to further confi rm the PAS sampling 
rate. Depurat ion compounds are spi ked to the 
PUF medium prior to deployment. These 
compounds do not exist in the atmos phere 
natura ll y. Since uptake and loss of chemica l by 
the PAS is air-side contro lled for our target 
chemica ls. their loss during the sampling period 
(in re lati on to their physical-chemica l properti es. 
namely octanol-air partition coeffi cient . Ko.x) 
can be used to assess and confirm the effecti ve 
air sa mple volume. 

-l) Air Flow Characteri zati on: A hot wire 
anemometer has been purchased and is being 
used to deve lop wind profil es inside the original 
and sca led-up PAS chambers. These results 
combi ned wi th an indoor, wind-field uptake 
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Figure 1. Conceptual design of a flow-through passive air sampler (PAS). 
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study using PUF disks wil l be used to bette r 
descri be the uptake rates (mass transfer 
coeffi cients) under different wi nd scenari os. 

(B) In addition to the scaled-up efforts, a 
concepllla l design of a now-through PAS, wh ich 
directs a ir thro ugh the sampl er by turning 
towards the d irect ion of the wind, is being 
developed (Fi gure I). The vo lume of a irn ow 
through th e sa mpler is recorded by a sma ll 
tu rbin e-co unter unit mounted at the ex it. T hi s 
enables accurate q uantification of PO P air 
concentrations sampled by the PAS. 

To select a suitabl e materia l as the sampling 
medium, wind tun nel studies were conducted to 
dete rmine the now resistance of two types of 
sampl e insert, namely a ¼" PUF-di sk (same as 
those used in PUF-di sk-based PAS) and an 
a lumin urn ho neycomb structure with I /8" ce ll 
size. The latter con fi guration showed much 
lower resistance to a ir now and was, th ere fore , 
selected . Multip le units of the a luminium 
honeycomb (length : 2 in ches each) will be 
coated wi th a po lymer, eth y lene viny l acetate 
(EY A), whi ch is the materi a l used to coat POG 
sampl ers, and wi ll be mounted ins ide the hous ing 
as shown in Figure I . 
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The sampling rate is improved by increasing the 
vo lume of a ir pass ing over th e sa mpling 
medium. Th e nuid fl ow dynamics of thi s 
sampler is currentl y being anal yzed by Prof. G. 
W. John ston, a nuid fl ow spec ia li st at th e 
Uni versity o f Toronto Institute for Aerospace 
Studi es. A prototype of this sa mpler wi ll be built 
and tested in a wind-tunnel. Sampling rates and 
e ffic iencies wi ll be determined by co-sampling 
in the fi e ld with a conventional pumped Hi Yol 
sampler. 

Diffe rent samplin g media types and 
co nfi g urations wi ll be ex plored and tested in 
o rder to improve the sampling efficiency of the 
two newly deve lo ped PAS des igns and to 
minimize the possib ility of contaminati on during 
sample change and shipment. 
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Abstract 
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Simon Wilson; AMAP Secretariat 

The project " Digital Arctic for Environ111ental 
Study (DAFES)" is to integrate all arctic data 
produced fro111 NC I' and AMAP progra111s into 
one GIS (Geographic Information System) based 
and web based database. The AMAP grid system 
was created 10 be a platfo r111 to allocate all the 
data. The AMA P Grid is a po lar stereographic 
projection grid sys1e111 with the pole as the origin 
and ce ll size of around 25 km by 25 k111. A 
database based on AMAP grid was developed , 
and so111e datasets were deve loped. These 
datasets include concentration data for so111e 
persistent organic pollutants (POPs) in various 
compart111ents along with population and landuse 
data. A G IS package was also developed for 
, isua li zation of the data. 

Key Project Messages 

A GIS based database system, the Digita l 
Arctic for Environmental Study (DAFES), 
was created 10 bring as much arct ic data as 
possib le into one place. This includes 
concentration data for contaminants in 
va ri ous co111par1111ents along wi th population 
and landuse data . 

The data in the syste111 can be easily 
searched , queried, and downloaded. It can 
also be displayed using a GIS tool. 

Y. Li 

Objectives 

Since the arctic environ111en1 is such a 
co111p lex syste111, the study of different 
pollutants in different areas of the syste111 
should not be carried out in the absence of 
other existing information. The objective is 
of this project is to gather as much Arct ic 
infor111ation as possible into one GIS based 
syste111 that will assist wit h systemat ic and 
comprehensive Arctic research. 

To create a platfor111 that brings the public 
(Aborigina l people in particular). policy 
111akers, and scientists together, and through 
which communications may become more 
efficient and transparent. 

Introduction 

Environmenta l contam inants are a global 
problem. Their presence and ro le in the Arctic 
reflects the environ111ental and soc ial 
characteristi cs of the region, as well as the way 
the Arctic interacts with the rest of the world . 
Current concern about Arctic conta111 inants 
began with discoveries of high levels of 
persistent organic pollutants (POPs) in the arct ic 
envi ron111ent. Subsequent research confirmed 
that Arctic animals have elevated leve ls. posing a 
threat not on ly to the an i111als and their 
ecosyste ms, but also to the people who eat them. 

The year 2002 was the last yea r of Phase 11 for 
both NCP and AMAP. As a result, a huge set of 
data arising from these programs is and wi ll be 
111ade availab le to the sc ientific co111111unitie and 
public. A new concept of Digital Arctic For 
Enviro nmental Study (DAFES) is suggested to 
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Figure 1. Population for the Arctic region with the AMAP Grid system. 
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integrate al l Arcti c data produced from AMAP 
and NCP, and other programs under the Arctic 
Counci l. Data such as inhabitant popu lati on, 
vegetation, land use, ice cover, temperature, and 
contam inant levels in both bioti c and abiotic 
media, will be combined into one GlS based 
database. To bring all this informati on into one 
place is the main purpose of the project. The 
database will be created in such way that when 
one chooses any location in the Arctic, a ll 
availab le in fo rmat ion re lated to that location will 
be disp layed simultaneous ly, from the land cover 
to the concentration of pollu ta nts. Also, specific 
informat ion (co ntaminati on leve l in wildlife, for 
example) fo r a given time period can be shown 
fo r the entire Arcti c reg ion. This database wi ll be 
very useful for Arct ic researchers, pol icy makers, 
and publ ic interest groups. 
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Activities 

In 2003-2004 

The AMAP Grid System, was created 
speci fi ca lly fo r th e allocation of a ll arcti c data. 
The AMA P Grid is a po lar ste reographic 
projecti on grid system with the pole as th e 
orig in , ori en tation of Greenwich meridian 
(LONG=0°) being the pos itive x-ax is, and 
LONG = 90°E bei ng the posi tive y-ax is. The 
grid ce ll size is 25 by 25 km at 60° N. 

The fo llowing non-concentrat ion datasets have 
been created with the AMA P Grid system: 

The fol lowing tab le li sted some concentration 
datasets for some contaminants in va ri ous 
compartments wit h th e AMA P Grid system: 
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Figure 2. Concentration of I HCH in seawater with the AMAP Grid system. 

Cone. or Total HCH In Sea Water 
(Unit: ngll) 

3 to 6 

1.5 to 2.5 
0.5 to 1.5 
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Concentrations (ng/L) of PCBs. CBs, a-
HCH, !3-HCH, y-H CH, Z:: HCH, CHLs. 
DDTs and HCBs in seawater (see Figure 
2) 
Concentra tions of PCBs. CBs, HCl-ls. 
CHLs, DDTs in suspended particu late 
matter (ug/g). 

Concentralions of HCBs. HCHs, DDTs. 
PCBs (ug/g dw) in sediments. 

Concent rations of CBs, HCHs, CHLs. 
DDTs. PCBs, Toxaphene. Dieldrin. Mirex 
in marine in vertebrates. (ng/g ww) 

- Concent ra tions in ng/g ww of CBs. HCHs. 
CHLs, DDTs. PCBs, Toxaphene. 
Dieldrin , Mirex in fi shes. 

- Concentrations of a- and y- HCH (pg/m3) 
in Ai r. 
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Concentrations of DDT, HCHs. PCB in 
human milk (mg/kg ppm. ug/kg ppb. 
mg/kg fat). 

Concentrations of DDT. HCl-l s, PCB, t-
Chlordane and HCBs in depos ition 
(ug/m2). 
Concentralions of DDTs. HCHs, PCB, t-
Chlordane and HCBs in snow (ng/L). 

Concentrations of Endosul fa n. Die ldrin , 
Mirex. Endrin, Toxaphene, DDTs, HCHs. 
t-Chlordane and CBs in Atmosphere 
(pg/m3). 

A GIS package was developed for visuali zat ion of 
these data in the Arctic. This package docs not include 
any commercial GIS software 
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Discussion and Conclusions 

The DA FES project was sta rted last fiscal year. 
The mai n purpose of thi s project is to bring all 
arctic informat ion produced from NCP and 
AMAP programs and other arct ic programmes 
into one system. The G\S based and web-based 
database can be used as a powerful information 
source for integral and systemati c arctic resea rch , 
and a lso a conveni ent and sophi sticated 
communi cation too l for aborigi nal people, Arctic 
resea rchers, and policy makers. By usi ng thi s 
system, people can query and search the data, 
discuss the data, and express their op inions very 
easil y and e fficiently. Thi s system wi ll also be 
fl ex ible enough so that it earn be used for 
different purposes. For exa mpl e, an arct ic 
education system can be produced from DA FES 
for the use in hi gh schoo l. Millions of dollars 
have been used to col lect and comp il e arctic 
in format ion , however, if the data cannot be used 
in a convenient and effic ient way, much of thi s 
money and effort will have been wasted. 

Expected Project Completion Date 

March 2005 - A PC-based so ftwa re package 
including a powerful re lationa l database 
management, a geographic informat ion system 
(G \S) visualizing the data, and an interface 
linking the GIS AMA P grid system and the 
database together. 

March 2006 - Web-based DAFES syste m 
availab le on the Internet 
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Abstract 

This project determined new chemica l 
contaminants in A rctic animals which are 
important food sources for northern people, e.g. 
ri nged sea ls, beluga whales, and seab ird eggs. 
Unlike the pers istent organ ic pol lu tants (POPs) 
measured in most previous NCP projects, most 
of the chemica ls determin ed in this study are in 
everyday use as name retardants, stain repellents 
and lubri cants but they have the potential for 
long range transport to the Arct ic and 
accumulat ion in top predators. Four major 
groups of chemica ls were investi gated, 
brominated n ame reta rdants (BFRs), short and 
med ium cha in chlorinated paraffins (SCCPs) , 
chlori nated naphthalenes (PCNs) and 
pernuorinated ac ids (PFAs). SCC Ps were 
detected in almost all sea l and beluga blubber 
samples. SCCP/MCCPs were not detectable in 
seabird (Northern fulmar) eggs and MCCPs were 
not detectable in any spec ies. Two major BFRs, 
brominated dipheny l ethers (PBDEs) and 
hexabromocyc lododecane, we re present in all 
be luga and ringed sea l b lubber samples. 
Concentrations of PBD Es were highest in ringed 
seals from Hudson Bay and Hudson Strai t 
compared to other locat ions. PFAs were 
detectab le in li ver o f all spec ies. Pernuorooctane 
sulfon ic ac id (PFOS) along wi th its possible 
precursor, pernuorooctane sul fonamide, were the 
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predominant PFAs, part icularl y in beluga. A lso 
detected were pern uorocarboxylic acids and 
perfluorotelomer acids. Future work will 
examine tempora l trends of these chemicals in 
ringed sea ls and seab irds. 

Key Project Messages 

I . A seri es of brominated, fluorinated and 
chlorinated chemica ls which have not been 
measured extensively by NCP, were 
detected in Arctic biota. 

2. Samples from Hudson Bay genera l ly had 
higher concentrat ions of brominated name 
retardants and perfluorinated acids. 

Objectives 

1. Determine the geographic/spatial trends of 
new or emerging chemical contaminants 
(such as brominated name retardants 
(BFRs). chlorinated naphthalenes (PCNs), 
short and medium chlorinated paraffins 
(SCCP/M CCPs), nuori nated sul fonic and 
carboxy l ic acids, as we ll as tox ic meta ls in 
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Arctic biota which are important food 
sources for northern people, e.g. ringed 
sea ls, be luga. 

2. Determine the temporal trends of these new 
contaminants in A rctic biota for which we 
already have good data for " legacy" POPs 
e.g. seabird s, ringed sea ls, and beluga. Do 
they differ regiona ll y within the Ca nadia n 
Arcti c? 

3. Ident ify and prioritize other new 
contaminants that are enteri ng the A rctic 
marine and freshwater environments 
including, if necessary appropri ate anal yt ica i 
methodo logy. 

4. Contribute information to Canad ian and 
Internati ona l assessments of new cand ida te 
POPs. 

Introduction 

The recent Canad ian Arct ic Assess ment Report 
and the AMA P repo,1 on Persistent Organic 
Po llutants (POPs) have summari zed information 
on a seri es of new chemica l contaminants in the 
Arctic environment (A laee et al .. 2003 ; Fisk et 
al. , 2003 ; deW it et al., 2003). These 
contaminants include brom inated fl ame 
retardants (BF Rs), perfluorooctane su lfonic acid 
(PFOS), sho11 and medium cha in chlorinated 
paraffins (SCC P/MCCPs), and po lyc hlorinated 
naphthalenes (PCNs). With the exception of 
PCNs, these che mi ca ls a re w idely used in 
consumer and indust rial products in Ca nada and 
throughout the world. PCNs are no longer in 
commercial use however they are combust ion 
byproducts and can, like ch lo rinated diox ins and 
-fu rans, be emitted from many sou rces. The 
presence of these commercia l chemica ls and 
byprod ucts in the Arctic illustrates the 
vulnerabi lity of polar reg ions to contam ination 
by persistent, semi-vo latile organic chemica ls, 
part icularly those that are used or emitted in 
relative ly large volumes. 

NC P Phase II su ppo11ed several projects whi ch 
measured "new chemi ca ls" in ai r (A laee et al., 
2003) and biota (B idl eman et al., 1999; 2000; 
Martin et al.. 2003;Tomy and Helm 2003). 
PBD Es and SCCPs were detected in arch ived 
extracts of Arct ic a ir co llected in 1994 at Alert 
(NU) on northern Ellesmere Island and at Tagish 
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in southern Yukon (Alaee et al.. 2003). PBDEs 
were determi ned in ringed sea ls at Holma n (NT) 
and were found to be increasing d uring the 1980s 
and 1990s with a do ubl ing time of 4 to 5 yrs 
( lkonomou et al., 2002). Leve ls of the total 
PBD Es were also found to ha ve increased 
significa ntly in the beluga fro m Cumberland 
Sound over the peri od o f 1982 to 1997 (Ste rn 
and lkonomou 2000), in sea bi rd eggs (Bra une 
and Simon 2003a), burbot live r (Ste rn et al. , 
200 I) and land locked Arc ti c cha r (Mui r and 
Koch 2003). PCNs as we ll as SCCPs were 
detected in beluga and ringed sea ls from 
C umberland Sound (He lm er al., 2002; Tomy et 
al., 2000). Fluorinated acids were de tected in 
liver samples from ringed sea ls, polar bears, 
no rt hern fulmars and mink (Mart in et al. , 2003). 
On th e other hand , other potential pers istent, 
bioaccu mu lat ive and toxic (PB&T) Arct ic 
contaminants, tributy l tin and synthet ic musks, 
were near or at detection limits in ri nged sea ls 
and Arct ic char fro m Northern Quebec (M ui r et 
al. , 2000;B idl eman et al., 2000). 

Whi le much was accomp lished under NC P II 
there a re numero us knowledge gaps. Good 
tempo ra l trend data was deve loped onl y for 
PBD Es. Other BFR.s such as hexabro mo-
cyclododeca ne (1-1 BC D), a chemi ca l that is 
replacing some PBDEs in Europe, were not 
de termined. PCNs, SCCPs and perflu orinated 
ac ids were determ ined only in a very limited 
number of sa mp les. Measurements of toxic 
heavy metals in most species (except in ca ribou , 
land locked char and seabird eggs and li ver) we re 
limited to mercury, cadmium, lead, and 
somet imes z inc and arsen ic. No informati on was 
fo und fo r tha llium, n icke l, vanadi um and oth er 
toxic metals for marine mammals or most 
freshwater fi shes. In fo rmati on on geographic 
variation o f al l o f these new co ntaminants was 
genera lly not ava ilabl e for any spec ies. 

Are these the onl y "new contaminants" like ly to 
be fo und in th e Arctic? Thi s question was 
recently stud ied by Wan ia (2003) who examined 
the characte ristics fo r "Arctic contamination 
potential " (AC P) us ing the G lobo-POP mode l 
(Wania and Mackay 1999) and informat ion on 
phys ica l propert ies of se lected chemica ls. Wan ia 
noted that the chemica l mu st reach the 
atmosphere in signi fi cant quantities, e ither by 
be ing directly emitted into air or by evaporating 
into the atmosphere . The chemi ca l must be 
transported usual ly over a cons iderable distances 
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through the atmosphere to the Arcti c reg ion and 
be sufficientl y persistent in the atmosphere, with 
the actu al level of persistence required 
depending on the di stance to be trave led and the 
atmospheric travel time. The transported 
chemica l must have the potential to be 
significan tl y deposited in the remote reg ion in 
order to be detectab le in the loca l ecosystem. 
Alternative ly, the chemica l can undertake the 
long di sta nce migrat ion with ocean currents or 
major ri vers, which requires it to be suffi cientl y 
water so lu ble and very persistent in the aq ueous 
phase. Chemicals resembling chlorobenzenes, 
HCH and lower chl orin ated PCBs in their 
phys ica l properties are shown to have highest 
ACP. 

Activities 

In 2003-2004 

Sample coll ection: Ringed sea ls were used as 
the major bioindicator fo r spatial trends of new 
contaminants. O ur reasoning was that there are 
lots of samples ava ilable (b lubber and liver) and 
levels of new contaminants have been only 
bare ly ex plored in them - mainl y the pernuoros 
(smal l number of samples; Martin et al., 2004) 
and PBDEs ( I locat ion; lkonomou et al. , 2002). 
Ri nged sea l samples were obtained by Hunter 
and Trapper Orga nizati ons at Arviat and 
Reso lute. The samples from Arv iat arri ved too 
late for use thi s yea r so archi ved samples were 
used instead. 

Seabird (northern fulmar) li ver, blood and egg 
samples were obta ined from the CWS tissue 
ba nk. They were from Prince Leopo ld Island and 
Cape Vera on Devon Island. Beluga blu bber and 
liver samples from Nunavik were obtai ned from 
Michae l Kwan of th e Nunav ik Resea rch Cemre. 
La uri e Chan prov ided extracts from human 
dietary studies of Arctic communities fo r BFR 
ana lysis. 

A11al)1tical methods: 

The analyti ca l methods used fo r each chemica l 
group are outlined in Tab le I. Blubber and eggs 
were ana lysed for non-po lar halogenated 
compounds and li ver for pernuoro ac ids and 
metals. For the non-polar analytes (BFRs, 
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SCC P/MCCPs) we used ex isting extracts for 
most seal samples and extracted be luga blubber 
and seab ird eggs. Variabi li ty for seab ird egg 
samples was reduced by use of pooled samples 
(a standard CWS protocol; Braune et al., 200 I), 
however, indi vidual seabird liver samples were 
ana lysed fo r mu lti -element analysis and PFAs. In 
brief, blubber and eggs were Soxhl et extracted 
and I ipid was removed by ge l-permeati on 
chromatography (G PC). Additiona l cleanup and 
iso lation was accomp li shed using sili ca-ge l 
col umn s. PCNs were subjected to an additiona l 
isolation step using carbon co lumns (Helm et al. , 
2002). PCNs and PBDEs were quantifi ed by gas 
chromatography-low resolution mass 
spectrometry (GC-LRM S) in negat ive ionizati on 
mode. SCCP-M CC P were quantified by GC-high 
resolution mass spectrometry (HRM S) in 
negative ionization mode. PFAs were ex tracted 
by the method of Hansen et al (200 I) and 
quantified by liquid ch romatography-tandem 
mass spectrometry (LC-MS/MS) using electro-
spray negative ionization mode. Hexabromo-
cyclododecane was extracted along with other 
BFRs and quantified by LC-MS/MS and by GC-
LRMS (Stuttaford et al., 2004). Trace elements 
were extracted by ac id digestion in a hi gh-
pressure microwave oven and analysed by 
inductively coupled plasma-I-I RMS (ICP-MS). 

Results 

Brominated name retardants: PBDEs (Br2-

Br7BDEs) and HBCD were present at low ng/g 
(lipid weight) concentrat ions in ringed sea l and 
be luga blu bber (Table 2). Significantly hi gher 
(Students t-test of geomeans) concentrations 
were fou nd in samples from lnukjuaq in eastern 
Hudson Bay and at Quaqtaq on Hudson Strait 
than in the centra l archipelago and western 
Arcti c. As the results are al l from females they 
are unlike ly to be affected by differences in age 
of the seals. HBCD concentrations were simila r 
or slightly hi gher than total PBDEs. HBCD 
consisted mainly of the. a-isomer, althoug!i a-
and y- isomers were also present at low 
concentrations (Figure I). PBDEs (Br,-
Br7BDEs) and HBCD were present in beluga 
blubber from samples col lected at Hudson Strait 
(Kangiqsujuaq) and East Hudson Bay 
(Nastapoka Ri ver) (Tab le 2). HBCD had not 
been prev iously reported in beluga whales. 
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Table 1. Analytical methodology for the new chemicals determined in samples for 2003-2004 
New chemi ca l Tissue Extraction/isolation method Quantificatio n method 
BFRs (Br2-Br8- PBDE, Blu bber, Soxhlet/ASE. GPC to remove lipids. GC-LRMS and 

HPLC/MS/MS HBCD) egg 
SCCP/MCCP blubber, Soxh\et/ASE. GPC to remove lipids. 

e 
GC-HRMS (Negati ve ion 
mode) 

PCN blubber, 
eo 

Soxhl et/ASE/Ball Mill. GPC to remove 
Ii ids. 

GC-LRMS (Negative ion 
mode) 

Pernuoro acids and 
neutra l recursors 

liver Homogeni ~ation with ion pairing reagent HPLC/MS/MS ES I 

Metals li ver Microwave Acid digest ion ICP- hi res MS 

Table 2. Average concentrations (±standard deviation) of brominated flame retardants in female ringed seal blubber (ng/g 
Ii id wei ht 
Species Location N Sex HBCD Tota l PBDEs ' 

Mean SD Mean SD 
Beluga whale Kangiqs ujuaq 4 F 2 1 ± 12 3 I ± 18 

7 M 17 ± 14 30 ± 9.3 
Nastapoka 7 F 8.7 ± 4.3 26 ± 13 

3 M 12 ± 5.0 41 ± 4.4 
Ringed sea l Sachs Harbour 10 F 4.7 ± 2.8 4.2 ± 2.6 

Grise Fiord 7 F 3. 1 ± 1.4 5.3 1.3 
Reso lute 5 F 1.3 ± 0.7 2.9 
Pangnirtung 12 F 2.8 ± 1.0 5.2 ± 3.9 
lnukjuaq 8 F 30 ± 15.7 
Hudson Strait' 12 F 13 ± 5.7 

1 Sum of Br,-Br,BDEs 
' Combined results for Kangiqsujuaq , Quaqtaq and Kangiqsualujjuaq 

Chlorinated paraffins: SCCPs were present in 
ringed and be luga blubber but were undetectab le 
(< \ ng/g) in fulmar eggs (Table 3). MCCPs were 
undetectable (< 10 ng/g) in all sam ples. 
Concentrations of SCCPs in both ringed sea ls 
and be luga varied wide ly among individual 
animals. Higher concentrations were seen in 
males than in fema les fo r sa mp les col lected at 
Pangnirtung. Comparing fema les, ringed seals at 
Pangnirtung had higher concentrat ions than 
those fro m Grise Fiord or Resolute. 

The profile of the C I 0-C 13 chloroa lkanes with 5 
to I O chl orines in ringed sea l and beluga is 
shown 111 Figure 2. Hexach lorodecanes, 
undecanes and dodecanes predominated, 
especia lly in beluga blubber. Dodecanes (C l6-

Cl8) accounted for the highest propo11ion of 
SCCPs in both spec ies . 
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Polyc hlorinated naphthalenes (PCNs). PCNs 
we re determined in blubber from ringed sea ls 
and beluga whales and in nol1hern fu lmar eggs 
(Tab le 4). Concentrations of IPCN (tri- to octa-
CN) ranged 0.03-0.60 ng/g lipid weight (lw) in 
ringed sea l blubber, 0.07-0.89 ng/g lw in be luga 
blubber, and 1.02- 1.92 ng/g lw in Northern 
fulmar eggs. The concentrations fo und in ri nged 
sea l were hi gher than the 0.035-0.071 ng/g lw 
found in 6 ani mals from Pangn irtung sampled in 
1993 (Helm et al. , , 2002). Concentrations in 
beluga in thi s study compared well to the 0.036-
0.383 ng/g lw determined in Kimmirut be luga 
from 1994 (Helm et al. , , 2002). PCNs were not 
detected in seab ird eggs in a recent study in 
whi ch detect ion limits were hi gh (~2 ng/g ww) 
(Braune and Simon, 2004). Some geographical 
va ri ations were apparent with IPCN 
concentrations lowe r in fema le ringed sea l from 
Sachs Harbour than from the eastern arct ic 
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Figure 1. LC-MS/MS chromatogram of hexabromocyclododecane isomers in ringed seal blubber from Pangnirtung (2002). 
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samples (p < 0.0 I; t-test). Male belugas from the 
Hudson St rait had sign ifi cantl y higher 
concentrations (p < 0.05; I-test) than males from 
Nastapoka in 1-ludson·s Bay, although with a 
limited sample size. Dioxin toxic equiva lents 
(TEQ) resulting from PCNs were ca lcu lated 
us ing relative potencies fo r several of the PCN 
congeners (Kannan e1 al. , 2003). The hi ghest 
TEQ concen trat ions were fo und in the seabird 
eggs, fo l lowed by the be luga, then ringed sea l 
(Table 4). Simil ar to previous findings , the 
ringed sea ls tend to have a PCN homolog 
di stribution which favo urs the tri- and tetra-CNs 
compared to the beluga, which have more of the 
toxic penta- and hexa-CNs (Helm e1 al. , 2002). 
The lalter is also true for the N011hern fu lmar 
eggs. The 0.5 ng/kg lw TEQ va lue for PCNs is 
cons iderably lower than the 936 ng/kg lw TEQ 
concent rat ions in northern fu lmar eggs resu lting 
from PCDD/Fs and dioxin-like PCBs using 
World Hea lth Organization tox ic equ ivalency 
fac tors (Bra une and Simon, 2003b). In contrast. 
PCNs contributed 11 % of the TEQ in be luga 
blubber relati ve to the di oxin- like PCBs (Helm e1 
al., 2002). 

Pertluorinated compounds. Perfluorinated 
carboxy li c ac ids (PFCAs), perfluorosulfonic 
ac ids, PFOSA and telomer ac ids were 
determined in liver samples from ringed seals, 
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be luga wha les and northern fulmar (Table 5). C7 
to C14 PFCAs were detectable in al l three 
species. In seals, C8-C 11 PFC As were the 
predominant components. Perfluorooctanoic acid 
(PFOA) "as the major PFCA in seal liver from 
Grise Fiord and Sachs Harbour. while 
perfluorodecanoic and -undecanoic acid 
predo111inated in samples fro111 lnukjuak (Eastern 
Hudson Bay). In be luga wha les. 
perfluorodecanoic and -undecanoic acid were the 
predo111inant PFCAs whi le in northern ful111ars 
perfluoro-nonanoic and decanoic acid were the 
111ajor PFCAs. The fluorinated telo111er ac ids, 
heptadecafl uoro-2 ,3-decenoic acid or 8:2FTCA. 
heptadecafluoro_-a.P-decenoic ac id (8)FTUCA), 
unadecafluoro-a.p~dodecenoic acid or 
I 0:2FTUCA) were detectable in 111os1 samples 
and were particularly pro111inent in li vers of 
northern ful111ars. These che111icals are precursors 
in the 111icrobial biodegradation and atmospheric 
breakdown of fluorinated 1elo111er alcohols (El lis 
e/ al. , 2004; Dinglasan e/ al .. 2004). 

Mu lti-element analysis: Seal livers fro111 4 
locations were ana lysed for 32 elements of whi ch 
all except uran ium, palladium and ga llium were 
detectable in almost al l samples (Ta ble 6). With 
the exception of mercury, se len ium, arseni c, 
cadmi um, lead. and zinc, and the essent ial 
element s such as iro n and copper, these elements 
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Table 3. Average concentrations (±standard deviation) of chlorinated paraffins in ringed seal and beluga blubber and seabird 
(Northern fulmar) eggs (ng/g lipid weight). 

Species Locat ion Sex N seer MCCP 
Ri nged sea l Grise Fiord F 7 46 ± 33 < 10 
Blubber Reso lu te F 5 19 ± 15 < 10 

Pangnirtung M 6 248 ± 166 < 10 
Pangnirtung F 12 79 ± 24 < 10 

Beluga whale Nastapoka F 6 62 ± 99 < 10 
Blubber Nastapoka M 4 150 ± 190 < 10 

Hudson Stra it F 3 358 ± 28 1 < 10 
Hudson Strait M 7 232 ± 89 < 10 

Fulmar eggs' Pr. Leopo ld Is Egg 5 < ] < 10 
Cape Vera Egg 5 < I < 10 

12 locat ions x 5 poo ls of3 individuals 

Figure 2. Profile of chlorinated paraffins in ringed seal and beluga blubber. 
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have not been reported prev iously in ringed sea l 
liver. The elements in addit ion to iron and 
copper, potass ium, chrom ium, manganese, 
mol ybdenum, se lenium, tin and zinc are all 
essential elements (Puls 1994). Among th e 20 
other elements the most prominent were 
rubidiu m which was present at concentrations 
ra nging from 2. 1 to 4.3 ug/g wet wt (Tab le 6). 
Rb is a naturally occurring alka li metal that is 
considered to be a biochemi cal analog fo r the 
essentia l element potass ium (Peters e/ al., 1999). 
At the sub-ug/g concentratio n range, silver 
(0.007-2 .8 ug/g), vanadium (0.019-0.689 ug/g) 
and strontium (0.039-0.28) were relati ve ly 
prom inent Campbell et a l (2004) have noted that 
silver, barium, lanthanum, lithium, antimony, 
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uranium, pa lladium, an d strontium were higher 
in marine zooplankton than in sea ls in their study 
of metal bioaccumulation in the arcti c marine 
food web. Thus many elements are not 
accum ulated by sea ls. 

Discussion and Conclusions 

This study has identi fied severa l new 
halogenated contaminants in Arctic biota. These 
include HBCD, an addi ti ve BFR that is used in 
ri gid polystyrene foa m. There have been a 
grow ing number of measurements of HCBD in 
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Table 4. Average concentrations (±standard deviation) of polychlorinated naphthalenes in ringed seal and beluga whale 
blubber and Northern fulmar seabird eggs and average (+standard deviation) PCN TEO in each species (ng/g lipid weight). 
Spec ies Locati on Sex N PCN PCN TEQ 
Ringed sea l Gri se Fiord F 7 0.277 ± 0.149 0.023 ± 0.012 
(Blubber) Pangnirtung M 2 0.126-0.537' 0.0006-0.0 I 2' 

Be luga whale 
(B lubber) 

Northern Fu lmar2 

(Eggs) 
1 Range for two an imals 

Pangnirtung F 12 0.240 ± 0.112 00 16 ± 0.025 
Sachs Harbou r F I O 0.072 ± 0.053 0.0002 ± 0.0004 
Hudson Strait M 8 0.421 ± 0.258 0.288 ± 0.12 1 

Nastapo ka 

Pr. Leopo ld Is 
Cape Ve ra 

F 3 0.248 ± 0 275 0. 187 ± 0.133 
M 4 0.160 ± 0.043 0 184 ± 0.032 
F 6 0.156 ± 0.094 0. 109 ± 0.074 

5 1.33 ± 0.38 0.524 ± 0.143 
5 I .40 ± 0.1 0 0.562 ± 0.078 

' 2 locations x 5 pools of3 indi vidua ls 

Table 5. Perfluorinated acids in liver of ringed seals, beluga whales and Northern fulmars (ng/g wet weight) 
Species Locati on N Tota l PFCAs Total PFSAs PFOSA Telomer acids 

Ringed seal Gri se Fiord II 
Sachs Harbour II 
lnukjuak I I 
Pangnirtung II 

Be luga whale Eastern Hudson Bay 19 
Fu lmars Cape Vera, Devon Is. 10 

Prince Leopold Is. 5 

the environment but none prev iously in Arctic 
biota. Whi le the C9-C l5- PFCAs were reported 
for th e fi rst time in Arctic biota in a prev ious 
NC P repo rt and in a paper by Martin e1 al. 
(2004), this study has added to the li st with the 
detecti on of the fluorin ated telomer (FT) acids. 
The FT acids are degradat ion products of the FT 
alcohols. These compounds have been detected 
in the North American atmosphere (Stock et al., 
2004) and were recent ly detected in air al 
Reso lute NU (N. Stock, Uni versity of Toronto. 
Dept of Chemistry, unpubli shed data). The 
detection of the FT ac ids thus provides support 
fo r the hypothes is that the majority of PFCAs in 
arctic biota are deri ved from degradation of the 
fl uorin ated telomer alcohols. This study also 
reports about 20 elements in rin ged sea l li ver that 
have not been measured prev iously. The most 
detail ed prev ious mu lti-element study was by 
Braun e and Simon (2004) who determined 24 
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Mean ± SD Mean ± SD Mean ± SD Mean ± SD 
65 ± 28 48 ± 33 1.4 ± 0.5 
61 ± 41 48 ± 33 2.8 ± 1.4 
97 ± 52 126 ± 67 3.0 ± 2.2 
14 ± 13 13 ± 10 1.6 ± 0.5 
64 ± 17 17 ± 12 145 ± 53 
13 ± 11 1.9 ± 1.5 0.7 ± 0.9 

8.2 ±2.3 1.9 ± 1.0 0.7 ± 1.0 

elements in seabird eggs and li vers using the 
same analytica l methodo logy used here. 

The lack of detection ofMCC Ps, which are C l4-
C 17 chlorinated n-a lkanes, in blubber of sea ls 
and beluga , and in fulmar eggs, was surprising 
considering that th e C 13- chl orinated n-alkanes 
are detectab le albeit at low concentrations. 

The study has also contributed the fi rst 
information on spatial trends of several new 
chemi ca ls including the PBDEs and SCCPs in 
sea ls, the PFAs and the PCNs. In general lower 
concent ra ti ons of severa l of these contaminants 
were found in western and high Arctic seals 
compared to Hudson Bay (Nunav ik) anima ls. 

Future wo rk will foc us on temporal trends of 
PBD Es. SCCPs, HBCD, PFAs and PCNs in 
ringed sea ls and seabirds. 
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9. 1 ± 8.9 
6.2 ± 7.3 
2. 1 ± 3.5 
7.5 ± 6.4 
14 ± 10 
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25 ± 6.8 



Table 6. Concentrations of 32 elements (ug/g wet wt) in ringed seal liver from four locations 
:.: Grise Fiord Sachs Harbour Pangnirtung Inukjuag 0, 

Geomean min max Geomean min max Geomean min max Geomean min max 
A lum in ium Al 0.059 0.030 0.1 10 0.687 0.020 42.3 0.13 1 0.070 0.450 0.360 0.080 42.3 
Ant imony Sb 0.008 0.003 0.021 0.006 0.002 0.0 18 0.006 0.002 0.024 0.011 0.005 0.029 
Arsenic As 1.66 0.840 3 01 0.8 16 0.332 1.70 0.4 I 2 0.198 0.605 0.772 0.238 3.44 
Bari um Ba 0.004 0.003 0.050 0.027 0.007 0.503 0.0 1 I 0.003 0.044 0.008 0.003 0.066 
Bery llium Be 0.001 <0.00 1 0.00 1 <0.001 <0.00 1 0.00 1 0.000 <O 001 0.001 <0.001 <0.00 1 0.00 1 
Bismuth Bi 0.002 <0.00 1 0.010 0.006 <0.001 0.957 0.001 <0.001 0.030 0.033 0.00 1 0.540 
Cadm ium Cd 2.57 0.08 8.45 1. 56 0. 18 15.50 5.2 1 0.44 2 1.90 6.86 1.59 5 1.9 
Cesium Cs 0.028 0.019 0.039 0.023 0.0 19 0.037 0.021 0.016 0.040 0.035 0.020 0.059 
Chromium Cr 0.003 0.001 0.040 0.009 0.00 1 0.071 0.003 0.00 1 0.0 15 0.005 0.001 0.032 
Cobalt Co 0.0 14 0.009 0.029 0.027 0.0 11 0.199 0015 0.0 10 0.022 0.022 0.009 0.034 
Coppe r Cu 5.35 2.74 15.3 11.2 4.47 37.4 12. 1 5.49 27.7 8.34 4.11 19.1 
Gall ium Ga <O 00 1 <0.001 0.001 0.00 1 <0.001 0.007 0000 <0.00 1 0.001 0.00 1 <O 00 1 0.009 
Iron Fe 30 1 117 1468 93 1 246 3760 225 82.4 448 555 97.7 2330 
Lanthanum La 0.005 0.000 0.045 0.003 0.000 0.088 0.003 0.000 0.036 0.042 0.001 0.205 
Lead Pb 0.006 0.002 0.02 1 0.020 0.007 0.127 0.022 0.007 0. 167 0.027 0.0 12 0.250 
Lithium Li 0.140 0.020 0.6 10 0.025 0.005 0.140 0.006 0.005 0.0 10 0.005 0.005 0.005 
Manganese Mn 3.69 2.3 1 5.38 3.96 2.70 5.55 4 .99 3.50 6.54 4.21 2.79 5.8 1 
Mercury Hg 5.50 0.39 26.60 8.72 0.72 240 1.63 0.27 7.44 23.71 0.56 146.00 
Molybdenum Mo 0. 783 0.531 1.050 0.773 0.335 I. 18 0.8 19 0.657 0.984 0.744 0.5 17 1.020 
Nickel Ni 0.0 10 0.003 0.070 0.030 0.0 13 0.064 0.0 17 0.003 0.269 0.030 0.007 0. 125 
Pa lladium Pd <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 
Platinium Pt 0.006 <0.005 0.050 0.050 0.050 0.050 0.006 <0.005 0.050 <0.005 <0.005 <0.005 
Potass ium K 3594 3070 4410 335 1 2700 4 190 3632 29 10 4320 3395 3020 3830 
Rubidium Rb 2.46 2.1 1 3. 11 2.70 2.09 4.29 3.45 2.75 4.07 2.2 1 1.43 3.20 
Se lenium Se 4.53 1.26 12.3 6.7 1 1.33 67. 1 2.11 1.02 5.35 13.0 1.84 44.0 
Silver Ag 0.283 0.027 1.20 0.243 0.037 1.44 0.039 0.007 0. 146 0.445 0.079 2.780 
Stron tium Sr 0.076 0.039 0.123 0. 143 0.088 0.277 0.137 0.073 0.257 0.132 0.057 0.254 
Thallium TI 0.001 <0.00 1 0.002 0.003 0.001 0.009 0.003 0.00 1 0.0 14 0.003 0.002 0.007 
Tin Sn 0.0 14 0.010 0.030 0.020 0.010 0.030 0.050 0.030 0.300 0.096 0.030 0. 180 
Uranium u <0.00 1 <0.00 1 <0.001 <0.00 1 <0.00 1 0.002 <0.001 <0.001 0.00 1 <0.00 1 <0.00 1 0.00 1 

i i Va nadium V 0. 11 2 0.037 0.360 0. 144 0.028 0.685 0.064 0.0 19 0.256 0.324 0.07 1 0.689 
Zi nc Zn 46.8 37.4 56.0 46.6 29.5 63.4 50.0 38.9 59.3 47.3 34.3 65. 1 
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Abstract 

This study has examined temporal trends of 
mercu ry and oth er trace elements in landlocked 
Arctic char from lakes near the community of 
Qausui tt uq (Resolute) by analysis of annual 
sample col lections since 1997. In 2003, arctic 
char samples were co llected from Amituk , Char. 
and Reso lute Lakes as we ll as fro m Lake Hazen 
in northern Ellesmere Island. To asse s tempora l 
trends. resu lt from 2003 were combined with 
previous data and, in the case of Lake Hazen, 
archived samples were analysed. Concent rat ions 
of mercury in the char in Reso lute Lake we re 
fo und to have increased sli ghtly from 2002 to 
2003 and overa ll have not decli ned significantly 
from I 993 to 2003. Higher concentrations 
conti nued to be observed in char from Char and 
Amituk Lakes in 2003 compared to samples 
fro m the early 1990s. For Char Lake. marginally 
significant higher concentrations (P=0.097) in 
samples from 2000 compared to 1993 using fish 
in th e size ra nge of 200- 1000 g. For Amit uk 
Lake, length adjusted mercury concentrations 
were higher in 2001-2003 than in 1989-1992. 
however, the differe nces were not statist ical ly 
signifi cant. At Lake Hazen, mercu ry 
concentrat ions were not signifi cantl y di fferent in 
2003 (0. I06±0.0 18 ug/g wet wt) than in 1990 
(0. 11 8±0.056 ug/g wet wt) for fis h in the size 
range of 290 to 375 111111. However, higher 
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concentrat ions were found in this size class in 
archived samples from 1992 and 2001. This 
indicates that there may be considerable year to 
year variation in mercury which must be 
careful ly accounted for when determining 
temporal trends. 

Key Project Messages 

I . Mercury concen trations have not declined 
significantly in landlocked cha r from 
Resolute lake from 1993 to 2003. 

2. Mercury concentrations ha, c increased 
marginally in char from Char and Amituk 
Lakes over the same period. 

3. At Hazen Lake in northern Ellesmere Island, 
mercury concentrations in char have also not 
changed overall but appear to show year to 
year variation which is probably related to 
diet. 

Objectives 

I . Determine tempora l trends of mercury (Hg) 
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and other metal s in landl ocked Arctic char 
in from lakes in the Canadia n high arc tic 
islands by ana lysis o f annua l samp le 
co ll ect io ns. 

2. Investigate factors influencing contam inant 
levels in land locked char such as the 
influence of sampling time, water 
temperature and di et. 

Introduction 

The assessment of contaminants conducted by 
the NCI' (Jensen e/ al .. 1997) found that there 
was limited in fo rmati on on temporal trends in 
fi sh espec ia ll y in the eastern and High Arctic. 
This study was des igned to he lp fil l that 
knowledge gap. The Northern Contamin ants 
Program ' s "B luepri nt" for mo nito ring of hea lth 
of arctic peoples and ecosystems" a lso 
recommended that freshwater fis h be inc luded in 
a comprehensive a reti e contaminants 
biomoni toring program. Lakes in the high Arctic 
receive significant fracti ons of the ir water 
budgets in the form of snow melt runoff each 
year. Changes in deposition of contam inants to 
lake surfaces and watersheds , especia lly those 
scavenged from the atmosphere by snow. are 
reflected relatively q ui ckly in changes to levels 
in water and top predator fi shes, compared to the 
vast marine environment. We know thi s to be 
the case from the sedimentary record of POPs 
and mercury in small arct ic lakes (Muir el al., 
1996; Lockhart e1 al. , 1998; Diamond e1 al., 
2003). 

Sma ll h igh arctic lakes a lso show major changes 
in water temperature during the sho rt o pen water 
period of the Arctic su mmer. Because 
temperature affects conta minant uptake due to 
increased gi ll venti lation by fish , there may be 
seasona l differences in contaminant levels. 
Other factors such as increased lipids from 
hi gher productivity during summer may a lso 
influence levels of contaminants, espec iall y 
PO Ps in fi sh. Kock e/ al, (200 I) have fo und 
increased accumul at ion of cadmium by char in 
Resolute Lake over the summer pe ri od. Kock e1 

al. ( 1996) have prev ious ly shown tha t lake water 
temperature was a major fac tor in e levated 
cadmium and lead accum ul at ion by landlocked 
char in hi gh mountain lakes in Austri a. 
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Results from o ur prev ious study o n contam inants 
in char wh ich was fu nded from 1999-2003 in 
Phase i'1 of the ort hern Co ntam inants Program, 
have shown that mercury leve ls have increased 
in Arctic char fro m Char and Amitu k Lakes and 
dec lined in Resolute Lake over a 9-10 year 
pe ri od (M uir e1 al. 200 I; 2004, Muir and Kock, 
2003). Th e slow dec lining trend in Reso lute 
Lake suggests that these trend s ca n vary widely 
among lakes. Differences in wa ter res idence 
time and watershed characte ri sti cs may help 
expl ain thi s. Additional lakes for which there is 
contam inant data fro m the early 1990s would 
help examine thi s q uesti on. 

Data on contaminants are ava ilable for char from 
Lake Hazen ( 1990 for PC Bs; 1992 for mercury) 
and cadmium in char li vers ( I 992) and members 
of our research team have been responsibl e for 
most of the previo us co ll ectio ns and analys is. 
Previous studies found average mercury 
concentration in char co ll ected fro m Lake Hazen 
in 1990 o f 0. 18 ug/g ww, sim ilar to lakes on 
Corn wa lli s Island (Muir an d Lockhart , 1994). 
Kock et a l (2004) measured cadmium in li vers 
of I O char from Lake Hazen and nearby smal I 
lakes (Lake A and Ekblaw Lake). Hazen Lake is 
of interest because it is fed by g lac ia l melt waters 
and has a lo ng water residence time. It could be 
particu larly vu lnerable to increased re lease of 
mercury from me lting g laciers as well as to 
deposi tion. Sa mpling of char in Lake Hazen in 
2003 was thus a pri ority for thi s project so that 
samp les could be obtained an d analysed fo r 
compari son with previous work . 

C limate wa rming and the destructi o n of the 
ozone layer could be res ultin g in increased 
ex posure o f biota to mercury in high arcti c lakes. 
Longer open water seaso ns and hi gher 
temperatures observed d uring the 1990s may be 
leading to increased phytop lankton prod uc ti vity 
thereby increasing the rate of mercury 
scaveng ing via sedi menting parti c les fro m the 
water co lum n into sediments (Macdonald e1 al. , 
2003 ; Outridge e1 al.. 2004). There are 
suggestio ns tha t thi s re lease o f mercury fro m 
terrestria l envi ro nments is a lready respons ible 
for increas ing concentrati ons in be luga feed ing 
in the Mackenzie delta and Ne lson River estuary 
(Lockhart et al, 200 I; Fisk e1 al., 2003). A 
second fac to r is th e reduction o f the ozone layer 
whi ch could be enhancin g the ox idat ion of 
mercury (Hg0 to Hg2+) in the atmosphere. In puts 
of Hg2+ to lake surfaces and catchments are 
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Table 1. List of Arctic Char samples analysed for mercury and other elements in high Arctic Lakes 

Lake Year Co llecleµ Ana lysed 
Amituk 1 1989 23 23 
Amituk 1 1992 t 5 15 
Amituk 200 I, 2002, 2003 5, 5, 6 5,5,6 

Char 1 1993 5 5 
Char 1999, 2000,200 1 3,3, 4 3,3, 4 
Char 2003 6 6 

Hazen 1 1990 35 35 
Hazen 1992 20 20 
Hazen 200 1 20 20 
Hazen 2003 20 20 

Reso lute 1 1993 7 7 
Reso lute 1997 40 10 
Reso lute 1999-2003 25 each yr 10+ each yr 

1 Amituk 1989, 1992, Char 1993, Resolute 1993, and Hazen 1990 samples not available. Used results from W. L. 
Lockhart's database 

occurring as a result of annual mercu ry depletion 
events (M DE) in spring time owing to 
interaction of sunlight and bromine ox ide (B rO) 
formed from bromine ernilled from th e Arct ic 
Ocean (Schroeder er al .. 1998; Lu er al., 200 I) . 
Th is phenomenon has been shown lo occur at 
high lat itudes across the Arctic and as fa r south 
as Hudson Bay. The ex tent to whi ch thi s 
deposition is contributing lo mercury 
contaminant leve ls is unknown but fi sh in high 
arc ti c lakes would be good sentinels for studi es 
of thi s process. The combination of sediment 
records for mercury whi ch are now ava il able fo r 
numerous arcti c lakes. as we ll as other published 
informati on such as diatom records in sediments 
an d changes in mean air temperatures, wi ll allow 
us to examine the innuence of climate warming 
effects on mercury trends in fi sh. The va lue of 
an nual long-term sampling fo r measu rement of 
temporal trends of contaminants has been 
recentl y confirmed in a study by Bignert er al., 
(2004) which used datasets for mercury from 
va rious AMAP-related projects. The study 
demonstra ted tha t only a few datasets such as 
those from Sweden had suffici ent power to 
detect annua l changes of 5% in mercury in fi sh. 
The authors concluded that annual sampling was 
criti ca l to obtaining the desired statist ical power. 
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This study, which began in 1999, was designed 
to continue ann ual sampling of char at Reso lute 
Lake and other lakes on Cornwalli s Island, as 
we ll as to study the trends of mercu ry and oth er 
meta ls in archi ved and newly coll ected samples 
from Lake Hazen for the first time since the earl y 
1990s. 

Activities 

In 2003-2004 

Sample collection 

Samples were success full y co llected in August 
2003 from Arnituk, Char and Reso lute Lakes, as 
well as from Lake Hazen. Co llection in volved 
the use of gill nets (net size 36 111111 and 42 111111 ) 

set perpendicular to shore in 1-3 111 depth water 
generall y for < 3 hrs. The sample numbers 
collected in 2003 and in prev ious yea rs are li sted 
in Table I. Samples (skin on fillet s) were frozen 
in Reso lute and then shipped to the National 
Water Research Institute (N WR I), Burlington, 

151 



Ontario and stored at -20°C until anal ys is. 
Subsam,ples were also shipped to J. Reist (DFO 
Winnipeg). Aging of the char was done by J. 
Babaluk (DFO Winnipeg). Data on mercu ry in 
char from Hazen La ke ( 1990) were provided by 
G. Stern of DFO Winnipeg from the original 
database created by L. Lockhart. 

Chemical analysis 

Mercury and other elements 

Arctic char muscle was subsa mpled and acid-
di gested in a high-pressure microwave oven. 
Mercury was analysed by cold vapour atomic 
absorption spectrophotometry (CV AAS), and 3 1 
elements (Ag, Al, 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 
detemined by inductive ly coupled plasma hi gh 
resolut ion Mass spectrometry mass spectrometry 
(ICP-HRM S). All ana lyses were performed by 

the Nat ional Laborato ry for Environmental 
Testing (N LET) at NWR I, Burlington. 

Stable isotope analyses 

Musc le from all fi sh analysed for mercury were 
ana lysed fo r stable isotopes of ca rbon (8 13C) and 
nitrogen (8 15N) at NWRI (Saska toon) in muscle 
samples using isotope rat io MS. 

Quality assurance (QA) 

Certified reference materia ls fo r heavy metals 
from th e Na tional Resea rch Council of Canada 
(DOL T-2, DORM-2 and TORT-2) were 
anal ysed with each batch of samples (N=2). The 
NLET metals labs is a parti ci pant in the NCP 
Quali ty Assurance Program and is accredit ed by 
the Standards Coun ci I of Canada through 

Figure 1. Relationships between mercury concentrations and 15N in arctic char muscle in 4 Arctic lakes. Vertical axes are log 
scaled 
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Canadia n En vironmental Analyti ca l Laboratory 
program to the standard CAN-P-4 D (ISO/ IEC 
17025). Average dev iations from certified 
va lues for th e 12 certifi ed elements in DORM-2 
(dog fi sh musc le) and 9 elements in TORT- I 
(lobster hepatopancreas) were 13% and 7.6%, 
respecti ve ly. 

Statistical analyses 

All statistica l analyses were conducted using the 
SYSTA T stati sti cal package (S PSS Inc. , 
Chicago, I L). on-detect concentrations were 
replaced with half the detection limit fo r 
calcu lati on of arithmeti c and geometri c means 
and standard deviat ions. Results for each 
co llection year were first tested fo r normality 
us ing skewness and kurtosis tests. Results for all 
elements were log I 0 transformed in order to 
reduce coeffi cients of skewness and kurtosis to 
<2. Analys is of cova riance (ANCOY A) was 
used to examine the effect of col lection yea r, 
length, and age and th eir interacti ons on 
concentrati ons of majo r elements as well as to 
examine differences in mean concentrations 
among lakes fo r samples collected over the 
period 1999-2003. The genera l model that was 
evaluated was: [e lement] = lake + P + P*Lake, 
where P = length. weight or age. Temporal and 
spatia l trend compari sons were conducted with 
fis h >200g and < 1000 g to in orde r to reduce 
lake* P interacti ons. Temporal trends for 
mercu ry and other elements were exam ined 
us ing ANCOY A and Tukey 's post-hoe multip le 
means test on least squared mean concentrati ons. 

Results 

Mean concent rations of 16 elements in 
la ndlocked Arctic char muscle from Reso lu te, 
Am ituk. Hazen and Char Lakes fo r 2003 are 
presented in Table 2. Of the 31 elements 
routinely determined , these 16 were detectab le in 
most samples and 9 (Hg. Cu. Mn, Ni. Rb, Se, Sr, 
TI, Zn) were above detection limits in all 
samples. Mercu ry (log transformed) was 
strong ly co rrelated with fi sh length. weight and 
815N, as we ll as with thallium (TI) (P<0.05) in al l 
lakes, but not consistently wi th any of the other 9 
ele men ts. Mercury was also signifi cant ly 
correlated (P<0.05) with Rb in Hazen and 
Reso lute lakes (data not shown). 
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The range of 815N in char musc le from the 2003 
co llecti ons varied from 1.8% in Amituk to 5. lo/oo 
in Lake Hazen. Di ffe rences of > 3.5 o/oo in 815N 
indicate that some char were a full trophic· level 
higher than others assuming increases of about 
3.5 % with each trophic leve l (Peterson and Fry, 
1987). 815N was posi ti ve ly corre lated (P<0.05) 
with length and we ight of char in Char and 
Hazen Lakes but not in Reso lute or Amituk 
Lakes (data not shown) . Thus larger char were 
feeding at a hi gher trophic leve l. Mercury was 
sign ifi ca ntly correlated (P <0.05) with 815N in 
char from all lakes (F igure I) and signifi cant 
positive corre lati ons with 815N were also found 
fo r TI (a ll 4 lakes), Rb (Hazen only) and Se 
(Am ituk on ly). The resu lts for mercury versus 
815N (Figure I) suggest that biomagnification of 
mercury is generally occurring due to pi sc ivory, 
however, the presence of some individ ual s wi th 
hi gh Hg and re lative ly low 815N in Char Lake 
suggests that differences in feed ing could also be 
important. Hobson and Welch ( I 995) assoc iated 
815N va lues of 13. 7% with pi scivory in char. 
They also found a significant increase in the 
o' N of these fi sh wi th size which they att ributed 
to canni bal ism within the population. 

The results for mercury from 2003 are combined 
with previous results fo r mercu ry in landlocked 
arctic char from Resolute, Char. Amituk and 
Hazen Lakes in Figure 2. Hi gher concentrations 
continued to be observed in char from Char and 
Am ituk Lakes in 2003 compared to samples 
from the ea rl y 1990s. For Reso lute Lake. 
Tukey 's multiple means test was applied using 
geometri c means concentrations of mercury in 
char from 1993-2003. Results indicated no 
significant trends over this period (P>0. 10), 
although mean concentrations of mercury were 
abou t 20-25% lower in 200 I through to 2002 
than those from 1993 and 1997 (Figure 2). For 
Char Lake, Tukey' s test indicated a marg inally 
significant higher concentra ti ons (P=0.097) in 
samples from 2000 compared to 1993 using fi sh 
in the size range of200-I000 g (Figure 2). 

For Amituk Lake we calc ul ated length-adj usted 
mean concentrat ions in char using A COY A. 
This was not possible for Char Lake and 
Reso lute Lakes because of lack of data on the 
length of fish co ll ected in 1993. Usi ng samples 
lim ited to fish >200 and < 1000 g, yea r-length 
interactions were not significant, thus a simple 
model of [log ,a Hg] = Year + length was used 
and length-adjusted least square mean 
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Figure 2. Mercury concentrations (geometric means± 95% confidence interval) in landlocked char from Char, Amituk, 
Resolute and Hazen Lakes (early 90s-2003). Sample numbers given below each date. Results for Ami tuk Lake are length 
adjusted using analysis of covariance (Muir et al., 2004). Results from Lake Hazen are for char of size range of 280 to 375 
mm. 
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concentrations were ca lcu lated. While length 
adjusted mercury concentrat ions were higher in 
2001-2003 than in 1989-1992 (Figure 2), 
Tukey's test ind icated that the differences were 
1101 s1a1is1ical ly significant (P>0.10). Thi s was 
due lo small sample size for the period 2001 -
2003 af"ler eliminating two larger fish. Without 
length adjustment and w ith these larger char 
( I 000-1500 g) included, significamly higher 
mercury is observed for the period 200 1-2003 as 
has been reported in a recent assessment report 
(Fisk et al., 2003). However, given the strong 
corre lat ion of mercury w ith length , and its 
significance as a covariate in the ANCOVA , the 
adjust 111en1 for length seems appropriate. 

For Lake Hazen, two size classes of char were 
consistemly sampled ( 1990, 1992, 200 I and 
2003). One group from 280-375 mm length 
generall y had 815N of 9- 12 %0 while th e larger 
size class (375-680 111111) had 815N > 13 %0 in 
samples from 1992, 200 I and 2003. To compare 
among years we calcu lated arthimetic mean (± 
95%Confidence interva l) concemrations of 
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mercury for the group of fish in the size range of 
280 to 375 111111. M ean concentra tions were not 
significantl y d i fferent in 2003 (0. 106±0.0 18 ug/g 
wet wt) than in t 990 (0. 11 8±0.056 ug/g wet wt) 
(F igure 2). However, higher concentrati ons were 
found in thi s size class in 1992 and 200 I. This 
ind icates that there may be considerab le year 10 
year va ri ation in mercury. The larger age class 
had much higher and more variable mercury 
concentrat ions, with means ra nging from 
0.24±0.08 ug/g wet w t in 1990 10 0. 72 ±0.28 
ug/g wet wt in 200 I . 

Discussion and Conclusions 

Considerab le lake to lake variati on is observed in 
the concentrations and tempora l trends of 
mercury in the landlocked char. Mercury 
concemrations declined in Reso lute Lake from 
1993 10 2002 although overa l I trends from I 993 
10 2003 were not significant. Mercury 
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Table 2. Geometric and arithmetic mean concentrations and ranges of length, weight, age, stable isotope ratios and major elements (uglg wet wt) detected in muscle of landlocked Arctic 
char from Lakes in the Canadian Arctic archipelago collected in 2003 

Lake Stat Length Weight Age As Ba Ccl Co Cr Cu Mn Mo Ni Pb Rb Se Sr T I Zn Hg o"c o"N 
(c m) (g) (y r) 

Amituk GM 46 696 19 0.0 1 0.0 I 0.000 I 0.0090 0.02 0.3 0.09 0.0005 0.34 0.047 0.82 1.65 0. 18 0.022 4.3 1.77 -20.7 11.7 
N=5 Mean 46 728 19 0.01 0.0 I 0.000 I 0.0094 0.03 0.3 0.09 0.0005 0.94 0.064 0.83 1.66 0.26 0.023 4.3 1.86 -20. 7 I 1.7 

m1n 40 398 18 0.0 1 0.00 0.000 I 0.0070 0.0 I 0.2 0.05 0.0005 0. 10 0.020 0.66 I .40 0.02 0.015 3.9 1.21 -20.2 I I. I 
max 50 926 20 0.02 0.02 0.000 1 0.0 150 0.08 0.5 0.15 0.0005 3.78 0. 120 1.10 2.00 0.42 0.032 4.9 3.09 -21 .3 12.7 
Detects (%)1 100 100 0 100 100 100 100 0 100 100 100 100 100 100 100 100 

Char GM 50 1068 25 0.06 0.0 I 0.000 I 0.0044 0.02 0.3 0.08 0.0008 0.09 0.0 I I 0.7 1 0.50 0.05 0.007 3.7 0.48 -24.0 I 1.4 
N=6 Mean 5 I 1286 26 0.06 0.0 I 0.0002 0.0048 0.03 0.4 0.08 0.0021 0. 13 0.060 0.72 0.50 0. I 0 0.009 3.7 0.53 -24.0 11.5 

rnin 40 399 21 0.05 0.00 0.000 I 0.0020 0.0 I 0.2 0.06 0.0005 0.03 0.001 0.47 0.40 0.0 I 0.002 3.5 0.23 -22.9 9.0 
max 62 2320 32 0.08 0.02 0.00 I 0 0.0080 0. 13 0.5 0. I I 0.0 I 00 0.29 0.2 10 0.85 0.60 0.3 7 0.0 13 4.0 0. 76 -25 .1 13.0 
Detects(%) 100 100 17 100 100 100 100 17 100 67 100 100 100 100 100 100 

Resolute GM 40 494 2 1 0.02 0.0 I 0.000 I 0.0026 0.02 0.3 0.08 0.0007 0.06 0.0 18 0.64 0.60 0.04 0.006 4.0 0.17 -22.0 11.6 
N= I0 Mean 40 50 1 22 0.02 0.0 I 0.00 I 0 0.0028 0.02 0.3 0.08 0.0015 0.07 0.023 0.65 0.60 0.08 0.007 4.0 0.18 -22.0 11.7 

min 38 39 1 15 0.0 1 0.00 0.000 I 0.00 I 0 0.0 I 0.3 0.05 0.0005 0.03 0.0 10 0.54 0.50 0.0 I 0.003 3.5 0.1 1 -2 1.2 I I. I 
max 43 665 29 0.QJ 0.03 0.0 I 00 0.0040 0.1 0 0.5 0. 12 0.0 I 00 0. 13 0.070 0. 76 0. 70 0.25 0.015 4.4 0.28 -22.9 13. 1 
Detects(%) 100 100 10 100 100 100 100 10 100 100 100 100 100 100 100 100 

Hazen GM 44 526 18 0.02 0.02 0.000 1 0.0146 0.01 0.3 0.07 0.0005 0.06 0.002 0.97 I .20 0. 16 0.009 4.2 0. 16 -2 1.0 I I.I 
N=20 Mean 45 748 19 0.02 0.04 0.0002 0.0 153 0.02 0.3 0.08 0.0005 0.07 0.005 1.04 I .23 0.23 0.0 I 0 4.3 0.2 1 -2 1.1 11.3 

111111 34 177 9 0.00 0.00 0.000 I 0.0090 0.0 I 0.2 0.04 0.0005 0.03 0.001 0.47 0. 90 0.04 0.003 3.4 0.06 - 17.7 8.5 
max 67 2560 29 0.04 0.25 0.0030 0.0330 0.04 0.5 0.18 0.0005 0.20 0.02 1.5 2. 1 0.63 0.0 18 5.3 0.555 -24.4 13.54 
Detects (%) 100 100 10 100 100 100 100 0 100 40 100 100 100 100 100 100 

'Frequency of detection based on sample numbers. Detection limit ranges from 0.001 - 0.0001 uglg wet 
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concentrations have increased in Char Lake and 
Amituk Lakes over the same period and mean 
concentrations are above guidelines for 
subsistence consumption of 0.2 ug/g wet wt. 
The 2-3 fold increases in mercury in Arctic char 
from Char and Amituk lakes arc within the range 
seen in seabirds and ringed sea ls in the anadian 
Arct ic arch ipelago during th e 1990s (Fisk et al., 
2003). The slow declining trend in Reso lute 
La ke suggests that these trends can va ry widely 
among lakes. Reso lute Lake has a much hi gher 
sedimentation rate than the two other lakes, and 
hi storical mercury inputs appear to have been 
greater in the 1960s than in more recent decades 
(Muir et al.. 2003). Of the four study lakes, 
Resolute Lake is the one most influenced by 
anth ropogenic activity due lo a road from the 
I lam let of Resolute to the airpon. 

The elevated mercury in char from Amituk Lake 
relati ve lo other lakes in th e reg ion ca nnot be 
readil y ex plained by the ava ilable information on 
lake characteri stics. Semk in Cl al (2004) 
deve loped a detai led mass balance of mercury in 
Amituk Lake and concluded that bedrock 
weathering was an important source of mercury 
due to the dolomite limestone bedrock in th e 
watershed. alt hough anthropogen ic sources, e.g. 
from atmospherically depos ited mercury, 
predominated by a facto r of 2.6 in the ea rl y 
1990s. This bedrock also underlies Char, orth 
and Resolute lakes and is likely equa ll y 
imponant as a source to those lakes because of 
very limited soil s and large areas of exposed 
bedrock. Mercury concentrations in Amituk 
La ke surface sediments (0-1 cm) we re 0.05 ug/g 
(dry wt), in a core co ll ected in 200 1, wh ich was 
hi ghe r than surface slices in Reso lute Lake 
(0.019 ug/g dw) but within the range fo r other 
small lakes in th e Canad ian arcti c archipelago 
(Mui r et al. , 2003). Additional study of the food 
web of Am ituk Lake is needed lo understand the 
reasons for elevated Hg in char from thi s lake. 

The presence of small and large char 
morphotypes (distinctive forms of different size 
and feed ing habits) has been previously reported 
fo r Lake Hazen (G uiguer er al., 2002; Reist et 
al., 1995). Guiguer et al (2002) showed that 
large Lake Hazen cha r (394-642 111111) we re 
feeding al a higher lroph ic level than smal ler 
char, mainly on juvenile char ( 113-252 111111 

length) . Our i5 15N for char of375-680 111111 agree 
with those reported by Guiguer et al.. Fur1her 
analysis of th e data will be required lo separate 

156 

the ''juvenile" and "small " morphotypes 
observed in Hazen, which have similar i5 15 but 
quite different diets based on the carbon isotope 
signatures (Guiguer et al. . 2002). Separating the 
two may help identify tempora l trends in 
mercury and other contaminants. 

The lack of signi fi can l change in mercury 
concentrations in Lake Haze n is consistent with 
the large size of thi s lake relative to th e other 
study lakes. St. Louis (2003) found IOI, 
concentrations of total mercury in snow al 23 
sites on Ellesmere and Devon Islands and 
concluded that littl e of the spring-time oxidized 
mercury entered lakes via snowmelt due to 
vo latilization and photochemical reduction. 
Thus even if atmospheric mercury deposition is 
increasing it is dimcult to detect due to 
competing processes occurring in th e snowpack. 
Smal l lakes such as those in the Reso lute area 
that we have been studying since 1997 are best 
suited to detect changes in mercury inputs due 10 
faster response than large systems such as Lake 
Hazen. 
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Abstract 

Mercury is a tox ic po llutant of great concern to 
the Arctic envi ronment. Since I 995, 
atmospheri c mercury concentration 
measurements have been made at A lert, 
Nunavut. Continuous measurements of gaseous 
elemental mercu ry (GEM) have shown a di stinct 
repeatab le seasonal/annual pattern . Between 
1995 and 2002, there is no statisti ca lly 
signifi cant trend (95% Cl) in the annua l median 
of GEM concentrat ion at Alert. However, 
prel iminary results suggest a change over the 
past 8 yea rs in the amount of Hg retu rn ed to the 
atmosphere in the summert ime relat ive to the 
springtime. Research cominues illlo 
understanding the process and im pact of 
atmospheric mercu ry dep letion (M DEs) in the 
spri ngt ime. An internat ional research campaign 
in Ny -Alesun d, Svalbard was undertaken in the 
spring of 2003 to address ga ps of knowledge 
about measu rement and chemical processes 
occurring durin g MDEs. 

Key Project Messages 

I. Nine yea rs of atmospheric mercury 
measurements have been made at Alert, 
Nunavut s ince 1995 

2. Continued imensive studies of mercury 
deplet ion/depos ition ep isodes and thei r 
impact on the A rct ic environment were 
undertaken 

A. Steffen 

3. Resea rch into the measurement, fo rmat ion 
and the fate of the various reactive mercu ry 
spec ies has colllinued 

4. Further in sight into the cycling of mercu ry 
in the Arctic has been gained but a complete 
understandi ng of the cause, effects and 
impl ications of the depletion/deposit ion 
events are still pending. 

Objectives 

The objectives of this project are to establish 
base li ne atmospheric mercury concelllral ions and 
to study the behaviour of mercury in the 
Canadian high Arctic. By collecting informatio n 
on ambient air concentrat ions of gaseous 
elemental mercury (GEM), temporal variabi li ty, 
transport events and long-term trends can be 
estab lished. This information will be crucial in 
the deve lopmelll of Canad ian strategies for 
nationa l and international pol lution control 
objectives. The behaviour of atmospheric 
mercury in the high Arctic in the spri ngtime is 
complex and thi s project aims 10 fun her 
el ucidate the chemical and physical aspects of 
atmospheric mercury deplet ion and deposition 
events after polar sunrise and the resulting 
polentia l link 10 enhanced Hg concentrations in 
the Arct ic environment. 
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Introduction 

Mercury is a toxic metal that has been identified 
as a priority pollutant of concern in the Arctic 
environment. Several lines of ev idence strongly 
imply post-industri al enh ancement of mercury to 
the environment and the Arcti c appea rs 
part icularl y vulnerable to these inputs 
(Macdonald el al., 2000). Gaseous element al 
mercury (GEM) has a long atmospheri c 
residence time. whi ch al lows it to be transported 
from emission sources to remote regions such as 
the Arctic . GEM measurements have been 
ongo ing in the Canadian Arctic at Alert. 
Nuna, ut. since 1995. Annua l time series of 
GEM have been produced and show repet iti, e 
distinct seasonal cycling of this pollutant. 
Because of these measurements. significant 
ad, ances in our knowledge of atmospheric 
mercury cycling in thi s environment ha ve been 
made. It was di scovered that , a substant ial 
amount of reacti ve mercury is present in the air 
and on particles during the springtime when 
leve ls of GEM in the air are ve ry low (Ste ffen el 
al.. 2003). A portion of these reacti ve mercury 
spec ies remain in the air and whi le a large 
amount is deposited onto the snow and ice 
surfaces. It is very likely that thi s conversion of 
mercury (and subsequent deposi tion) afte r polar 
sunri se may provide a pathway by which these 
more reactive (potentially bioa,ai lab le) mercury 
species are introduced into th e Arctic 
envi ronment and thus may be impacting large 
areas of the orthern Hemisphere (L u e1 al., 
200 I). This project, wit hin the Northern 
Contaminants Program, provides long term data 
on the spat ial variability and temporal trends of 
mercury in the Arctic env ironment as we ll as 
information concerning the behaviou r of mercury 
that may have a signifi cant impact on the Arct ic 
environment. Results from this project have 
created international interest and have resulted in 
sim ilar measurements being made in countri es 
throughout the circumpolar area and in the 
Antarctic (Schroeder el al., 2003). These data 
(Canadian and other) will provide important 
information on the atmospheric transport , 
transformation and deposition processes of thi s 
pri ority pol lutant throughout the Polar Regions. 
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Activities 

In 2003-2004 

Ground-based atmospheric GEM measurements 
continued at Alert. Additionally, measurement 
of mercury spec ies (RGM and PM) cont inued. 
During the spring o f' 2003, an in ternat ional inter-
comparative and processes fi eld campaign was 
held in Ny- Alesund , Sva lbard where experts in 
the mercury community from 6 different 
countries combined knowledge and 
instrumentation to furt her understand mercury 
dep let ion events in th e Arcti c. 

Results 

Ground-leve l concentration measurements were 
contin ued for GEM in ambient air at Alert. The 
data to the end of 2003 have been quality 
assured. There are currentl y 9 years of GEM 
concentrati on data from 1his site as shown in 
Figu re I. Recent analys is of the 1995-2002 data 
set show that there is no statisti ca ll y sign ificant 
trend (either increasi ng or dec reasing) in the 
annua l median mercury concentration. Although 
there is no annual trend there are distinct 
seasonal trends observed each year at Alert. In 
addition. it was fo und that between I 995 and 
2002, progress ive ly less mercury lost from the 
atmosphere in the spri ng appears to have been 
retu rned to the atmosphere in the summer. 

Inter-compara tive result s from the Ny- Alesund 
campa ign indica te that whi le GEM 
measurements compare we ll , current reacti ve 
gaseous mercury (RGM) and part iculate-phase 
(PM) methodologies compared poorl y (Temme. 
persona l communication). While we can 
differen tiate between hi gh and low 
concentrati ons (fract ions) of these mercury 
species, furth er investi gat ion into this resu lt is 
warranted. Four different MDEs occurred during 
thi s fi eld campaign. By combin ing the various 
data sets coll ected during thi s study each of these 
MDEs could be characterized. The di stribution 
of different spec ies of mercury during M DEs can 
aid in understanding the impact these events may 
have on the surrounding environment during 
varying meteoro log ica l conditions. 
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Figu re 1: Gaseous elemental mercury (GEM) measurements at Alert from 1995 to 2002. Ongoing measurements of GEM 
from 1995 to 2003 [ng m-3] (top panel). Box and whisker plots of annual GEM concentrations 1995-2002 (second panel from 
top); winter GEM concentrations (third panel from top); spring GEM concentrations (forth panel from top); summer GEM 
concentrations (second panel from bottom) and fall GEM concentrations (bottom panel). The middle line in the box is the 
median concentration , the boundary of the box closest to zero indicates the 25th percentile and the boundary of the box 
farthest from zero indicates the 75th percentile . Whiskers above and below the box indicate the 90th and 10th 
percentiles. 
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Discussion and Conclusions 

Overall, no statisticall y significant trend in the 
annual med ian GEM concentrat ion can yet be 
estab lished from the data from Ale11 fro m 1995-
2002. These results are consistent with similar 
measureme nts undertaken in Sva lbard (Berg et 
al., 2004). These results indicate that 8 years of 
data is st ill not sufficient to eva luate temporal 
trends for mercury in th e Arctic atmosphere. 
H ence. long term continuous measurements 
potentially spanning decades, are required i,; 
order to eva luate the overal l fate of mercury in 
the Arctic. Figu re I shows box and wh isker 
plots of the annua l and seasonal hourly averaged 
GEM concentrat ions at Alert from 1995 to 2002. 
From this plot, th e summer peri od appea rs as the 
onl y season to show a sli ght decrease in med ian 
concentrat ion. To further in vestigate potential 
trends of mercu,y at Alert , ca lculations were 
made to assess any changes over 8 yea rs of the 
high summer GEM concentrat ions relati ve to the 
low GEM in the springtime. Results from thi s 
ca lculati on indicate that from I 995 to 2002, 
progressively less mercury lost from the 
atmosphere in the spri ng appears to have been 
returned to the atmosphere in the summer. 
While we are not suggesting that all the mercu ry 
that is deposited in the spring is emitted in th e 
su mmer, we note that th ere is a change in the 
seasona l behaviour of mercury in the Arctic that 
warrants further investigat ion. 

The goa ls of the Ny-A lesu nd study were to both 
inter-compare sampling and analysis methods 
and to further our understanding of processes 
relating to MDEs in the Arcti c. Whi le results 

found that GEM measurements compared well, 
the RGM and PM measu rements compared 
poorly. Curre ntl y, there is considerable research 
being undertaken on the specia ti on of mercury in 
th e atmosphere and these results demonstrate 
that we should be prudent in reporting and 
interpreting thi s spec iati on data. At present, 
there is no standard reference material avai I able 
to veri fy methodolog ies fo r RGM and PM and 
th us establi shing such references should be a 
focus of future resea rch. 

Since the distribution of mercury, between 
species in the air, during MDEs is not well 
understood at thi s point, a closer look at the 
characteri sti cs of these events was undertaken. It 
was fou nd that different environmental and 
mete_oro l_og ica l conditions yield va rying 
d1stn bu11 011s of mercury. Tab le I summari ses 
the characteri sti cs of each of the 4 events 
recorded during thi s study. These resu lts show 
that when the winds are higher we genera ll y see 
hi gher number of parti cles, hi gher PM th an 
RGM and larger recovery of mercury in the air. 
When the winds are lower, there is less number 
of particles in the air, there is hi gher RGM than 
PM and the amount recovered is less. 
Additionall y, RGM and PM are removed from 
the air when there are wet snow events since 
both RGM and PM are low, th e number of 
particles is relati ve ly low and the percent 
recovered is very low. Samples of mercury 
concentrati on in the surface snow were co llected· 
resu lts are expected soon and wi ll help asses~ 
how much of the mercury has been deposited 
from the air. 

Table 1: General Summary of MDEs during Ny-Alesund Field Campaign from 4 groups. 

Event Winds RGM PM Particles* Hg Recovered in Observed 
(eg m"') (eg nf3

) (#/)) air(%) Conditions 
med. low low ~6000 <20 wet blowing 

(<20) (<40) snow 
2a high med med ~ 10000 50-60 blowing snow, 

(< /0 80) (< /0-/50) wi nd y 
2b hi gh med/hi gh med/high ~ 10000 25-90 windy 

(< /0-200) (10-225) 
3 low med/hi gh med ~5000 10-40 sunny, low 

(<20-300) (<20-80) winds 
4 low hi gh low ~6000 20-50 

(< /0-225) (<50) 

Averaged particle counl - only 0.3-0.5 mare reported 
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This characterization of events demonstrates that 
the di stribu ti on of mercury differs during vari ous 
meteorolog ica l situations. Current specul ation is 
that RGM prod uced during a MOE can easi ly 
associate to parti c les if they are present in the air. 
If the concentration of PM measures hi gher 
during a dep letion event relati ve to RGM , thi s 
may ind icate that the RGM produced during a 
MOE has assoc iated LO part icles. The hi gher PM 
and elevated winds therefore indicate that a 
depletion occu rred elsewhere and was 
transported to the measurement site. Converse ly. 
if the distribution of mercu ry species is higher in 
RG M than PM , th e ox id ized mercury has had 
Jess opportu nity LO associate to particles and can 
thus be an indication of a more loca l event 
(Steffen et al., 2003). The results shown in 
Table I from thi s campaign agree well wi th thi s 
specul ation . Understanding the differing 
cha racterist ics of MDEs during various 
conditions will help to understand and 
potentia lly predict the impact of depleti on events 
to the Arct ic environment. 

Expected Project Completion Date 

ongoing 
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Abstract 

Detecting and demo nstra ting bioaccumulation of 
current use or "new" chem ica ls in the Arctic 
environment is critical in the context of 
restricting such compounds under global 
agreements such as the Pers istent Organic 
Pol lutants protoco l of the Convent ion on Long 
Range Transboundary Air Pollution and the 
Stockholm Convent ion on POPs. For thi s 
reason, and because of concerns about exposure 
of Arctic peop les to these chemical s through 
trad itional di ets, po lybro111inated diphenyl ethers 
(PBDEs) were studied in the li vers of 111arine 
111a111mals fro111 th e Canadian Arctic. The highest 
levels of PBDEs were found in beluga 5.7 ng/g 
(su111 of BDE-47, 99, I 00, 153 and 154; lipid 
bas is) from Baffin Island. PBDE leve ls in ringed 
seal from Baffin Island were 1.2 ng/g (su111 of 
47 , 99, I 00, 153; lipid basis. PBDEs were below 
detect ion li111its in wal rus (Foxe Basin) and 
na rwhal (Baffin Island). No 111etabo lites of 
PBDEs or PCBs were detect ing in any of the 
111a111 mals. Thi s is perhaps due. in part, to the 
low levels of the parent compound in the 
an imal s. 

Key Project Messages 

I. PBDEs were hi ghest in beluga li ver fro111 
south eastern Baffin Island; 
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2. Le vels of LPBDEs (sum of at least 4 
congeners) ranged from non detect in wa lrus 
(Foxe Bas in) and Narwhal (Baffin Island) to 
low ng/g leve ls (lipid basis) in beluga and 
ringed seal (Baffi n Island) ; 

3. Metabolites of PBDE and PCBs were be low 
detection li111its in all an imals. 

Objectives 

I. Invest igate leve ls of metabolites of PCBs 
and PBDEs in 111arine 111a111111als fro111 the 
eastern Arcti c; 

2. To estimate biotransfor111at ion rates from 
concentra tions of parent chemi ca ls and their 
identified 111etabolites. 

Introduction 

Polych lori nated biphenyls (PCBs) and 
polybrominated diphenyl ethers (PBDEs) are 
industrial products that have beco111e ubiquitous 
in the environ 111ent. PCBs were used pri111ari ly 
as dielectri cs. but their manu facture has been 
banned since the early 1970s, and environ111ental 
concentrations are decreasing (Huestis et al. 
1996). However, PBDEs continue to be used as 
flame retardants in a variety of consumer 
product s, and concentrations in the environment, 
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including humans and their food. are increas ing 
(Luross el al. 2000: Noren & Meironytc 2000). 

Elim ination of halogenated organic contaminants 
from the body requires their conversion to more 
polar compounds. Phase I biotransformation 
occurs via the cytochrome P450 
monooxygenases, and usually in volves the 
add iti on of a hydroxy l (OH) group to the 
xenob iotic molecule. Further biotransformation 
by more sophisticated pathways (phase 11 
reactions) can produce methyl su lfony l 
(SO,C H3) substimted metabolites (Letcher e / al. 
2000). Methy lated (OCH3) metabolites may be 
formed in a two-step process: hydroxy lati on of 
the xenob iotic by phase I reactions fo ll owed by 
methylation by microorganisms in the intestine 
( I laglund e1 al. 1997). 

Despite the addition of polar fu nctional gro ups, 
some metabo lites remain sufficiently 
hyd rophobic to persist in ti ssues. Metabolite 
half-lives va ry with chl orine number and 
posit ion as well as the posit ion of the polar 
functional group (Kannan el al. 1995). 

Although PCBs and PBDEs arc general ly 
believed 10 influence endocrine systems 
indirectly through induction of enzyme systems, 
their metabolites interact direct ly with endocrine 
systems. and may exhibit higher toxicity than the 
parent chemicals themselves. The mechani sm of 
action for some metabolites is not wel l known: 
they may bind to proteins (Klasson-Wehler e1 al. 
1998), which prevents natural compounds that 
perform important signal ing duties in the body 
from doing so. The accumulation of th ese 
prote in-bound chemica ls can di srupt normal 
organ functions. Hyd roxylated metabolites 
structurally resemble the thyro id hormones T3 
and T4 and have high affinity for transthyretin 
(TTR), a transport protein . They may therefore 
disrupt the thyroid transport system of exposed 
organisms (Brouwer & van den Berg 1986; 
Meerts el al. 1998; Marsh e1 al. 1998). 
Relationships between OH-PCBs and some 
indices of th yro id status have been found in polar 
bears (Sa ndau 200 I). There is also some 
speculation that hydroxy lated metabo lites of 
PCBs decrease plasma ret inol (vitamin A) leve ls 
(Brouwer el al. 1986). Vitamin A is an essential 
nutri ent that plays a key role in embryo 
development and is a good indicator of ex posure 
to xenobiotics. 
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The formation of OH-PBDEs has been 
demonstrated in rat li ver (Meerts el al. 1998; Orn 
& Klasson-Weh ler 1998). but little is knm\11 
about th e abil ity of different marine mammal 
species to biotransfo rm PCBs and PBD Es and to 
eliminate metabo lites. A vari ety of halogenated 
metabolites have been found in fi sh (Asplund er 
al. 1999), birds (Klasson-Wehl er el al. 1998), 
marine mammals (Letcher er al. 2000; Sandau er 
al. 2000b) and humans (K lasson-Wehl er e/ al. 
1997: Sandau el al. 2000a). In the Canadian 
Arctic. CH3SO2-PCB have been identified in 
onl y a few marine mammals and terrestrial 
animals. LCH 3SO,-PCB concentrations (µgig, 
lipid we ight) in ringed sea ls blubber (n = I I) 
ranged from 0.007 to 0.02: in polar bear li ver 
(11 = 18) and fa t (11 >20) concentra tions ranged 
from 1.2 to 4.0 and 0. 1 to 0.8, respecti vely 
(Letcher el al. 2000). Mean concentrations in 
male beluga blubber from the western Hudson 
Bay ranged from 12 1 10 185 ng/g (lipid we ight). 

There ha ve been no reports of methoxylated 
PCBs or PBDEs in marine mamma ls from the 
Canad ian Arctic . This study will be the first 
comprehens ive in vest igati on of a variety of 
metabo lites in several marine mammal species in 
the Canad ian Arcti c. The increase in the number 
of ava ilable standard allows metabolites that 
were previously on ly detected to be ident ified 
and quantitat ively determined. Examining 
relat ive concentrations of parent chemicals and 
metabolites will a ll ow an assessment of 
metabolic capac ity and identify areas of conce rn . 

Activities 

In 2003-2004 

Archived liver samples from marine mammals 
were be ana lyzed for PCBs and PBDEs and their 
persistent metabolites (OH-, OC H,- PCBs and 
PBDEs) in marine mammals from the Canad ian 
Arct ic. The animals ana lyzed include: be luga 
(n =4, Baffin Island), ringed sea l (11 = J, Baffin 
island), narwhal (11 =3, Baffin island ) and wa lrus 
(n = l , Foxe basin). Mamma l samples were 
obta ined th rough Fisheries and Oceans co ll ect ion 
programs and sponsored by the NWMB. 
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Results and Discussion 

PBDEs. Total (I) PBD Es, reported here as the 
sum of 4 or more congeners, ranged from non 
detect (wa lrus and narwha l) to low ng/g leve ls 
[5.7 ng/g (sum of BDE-47, 99, I 00, 153 and 
I 54) lipid basis] in beluga. I PBD Es were also 
low in ringed sea l liver [ 1.2 ng/g (sum of 47 , 99, 
100, 153) lipid bas is] from Baffin Is land. 

Metabolites. Be lugas, whi ch contained th e 
highest leve ls of PBD Es, were first screened fo r 
PB DEs metabolites. Non de tectable leve ls of 
OH-PB DEs were fou nd in th ese animals. No 
further atte111pts were made to quantify leve ls in 
the oth er animals. S im ila r observations were 
made fo r PCB (OC H3) metabolites: non 
detectable leve ls were present in beluga. 

When present, IPBDE levels in ani111al s from the 
Canadian Arctic were in th e low ng/g range. 
Considering th e low levels of the parent 
compou nd in the anima ls (both PBD Es and 
PC Bs) , it is not surpri s ing that the ir metabolites 
were undetected. Because of th ese results no 
in formation could be g leaned ' on 
biotra nformati on rates in the animals. 

The non-de tect of the PBD E and PCB 
metabo lites in the animals sho uld be viewed with 
some caution. First , th e recovery of our internal 
standard s used for recove ry correction (4 '-OH-
BDE- 17 and 4'-O H-C B-72) were consistentl y 
low (<30%). Second, our method for PBDE 
metabolite analysis was limited to 15 congeners 
(MeO-BDEs) as this was a ll tha t was 
co mmerc ia ll y avai lab le. Further work ,s 
warranted to address the current limitat ions in 
the analyti cal method fo r the analys is of po lar 
PBDE metabolites. 
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Abstract 

The lnuv ialuit Set1le111ent Region ( JSR) is 
concern ed about the new in fo r111ation fro111 the 
Canad ian Arctic Conta111 inants Assess111ent 
Report I I (CACAR II ) report. Much of this 
infor111at ion is good news for the people li v ing in 
the JSR because it shows that leve ls of certain 
Persistent Organic Pol lutants (POPs) and Heavy 
Metals are be low so111e of th e Heal th Canada 
guidelines. However, the report also shows 
so111e potent ial ly di sturbing results, espec ially 
concerning the people w ho eat a lot of 111arine 
111a111111als. In the JSR 111ost co111111un iti es are 
dependent on marine mammals as a nutriti ous 
source o f food and require the infor111ation 
co111i ng fro111 CACA R II to 111ake infor111ed and 
educated dec isions. In order for the ISR to be 
infor111ed about wise food choices we needed to 
be coo rdinating our efforts between Northern 
Conta111inants Progra111 (NCP) resea rchers, Inuit 
Tap iriit Kanata111i ( ITK) , th e North west 
Territories Environmental Contaminants 
Com111ittee (NWTECC) our communi t ies. Thi s 
years past proposa l enab led the JSR to participate 
in a Pan Inu it Survey and to cont inue the 
communication, research and liai son acti viti es 
necessary to effectively communicate 
information on contaminants in the food chain 
an d the environment. This in fo rmation ,,\/as used 
to enable Inuit in the ISR to make informed 
dec isions in regards to their diet. T hrough this 
network, stronger communication links among 
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communities, schools, the NCP, and industry 
have been built. The Regional Coordinator 
organ ized th e lnuvialuit Community Tour in 
January 2004_ which visited all ISR communities 
offeri ng successfu l and informati ve classroom 
presentations and community open houses/ 
workshops. In genera l, all communities had 
quest ions about contaminants in their food chain 
in our and other reg ions, global warming, 
cl imale change and the oil and gas 
industry/deve lopment. Apprehension, mistrust 
and alarm over contaminants information among 
commun ity members have been somewhat 
mitigated, because someone from their region 
explained the NCP role and long-range 
contaminant issues in a plain language format. 

Key Project Messages 

Participation with the initial Inu it Population 
Survey was very successful and the I RC 
looks forward to further participation as thi s 
study moves forward wi th the ana lys is and 
dissemination of these results. 

2. Communiti es with in the ISR have a broad 
range of concerns re lated to contaminants 
and their effects on wildlife and human 
health in the JSR. It is important that there 
be an ongoing, coordinated exchange of 
in formation and research results among 
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resea rchers, project managers and 
commun ity members. 

3. School curriculums have been req uested 
from all our community educators as we ll as 
undated and o rganized nutritional foo d fact 
sheets and public informatio n that re lates to 
the consumption and benefits and sa fety of 
consu ming o ur traditional diets. 

Objectives 

I. Achieve an appropriate level of 
understanding among the lnuvialuit about 
the presence of contaminants w ithin the ISR, 
how they enter the food cha in and the ir 
effects on wi ldlife and the hea lth of the 
lnuvia lu it populat ion. 

2. Understand the questi ons and concern s 
lnuvialu it have in relat ion to contaminant 
issues wi thin the ISR and beyond. 

3. Fac ili tate interactions with in and among 
ln uvialuit communities w ith regard to 
contaminant issues and, in turn, to faci litate 
interactions among communi ties, the NCP 
and research program managers. 

4. Build ca pac ity and pa rtnership at the 
community leve l to effectively co mmuni cate 
community concerns and priorities, with 
regard to contam inants, to dec ision-making 
bodies at reg ional , nat iona l and international 
leve ls. 

Introduction 

There is a hi story in lnuvia lui t com muniti es of 
miscommunicat ion regard ing contaminant 
iss ues, and such instances have led to 
unnecessary a larm, apprehen sion and mi strust. 
Language and cultural barri e rs have been major 
obstacles to effecti ve com muni cat ion. Pro mi si ng 
comm unications stra tegies have now been 
deve loped at the community leve l and there has 
been increased commu nication at the regional 
and inter-regional leve ls. 

lnu via luit who consume large 
trad itional/cou ntry foods a re 
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amou nts o f 
continually 

requesting in formation o n the levels of 
contaminants present in th eir area and their 
potent ia l impact o n people and the environment. 
Ma ny of these requests have led to wo rkshops 
dedicated to contam in ants in formati o n, which 
are able to summari ze and communicate 
information from past and present contaminants-
re lated resea rch, such as the Centre for 
Indi genou s Peoples' N utriti on and Enviro nment 
(C INE) d ieta ry benefi ts/r isks study (Ku hnl ein et 
a l. 2000), the lnu vik Regio nal Human 
Contaminants Monito ring Progra m (To ffl emi re 
2000) and the status of contami nants in fi sh and 
mar ine mamma ls in th e !SR (Macdo nald 2000). 

Activities 

In 2003-2004 

Barbara Arm strong fi ll ed the Reg ional Hea lth 
and Enviro nmental Coordinators posit ion fo r the 
past two years. Act ivi ti es inc luded: , 

• Ongoing communi cati ons took p lace in a ll 
ISR com muniti es th ro ugh memos and 
quarter ly reports, I RC Board presentat ions 
and subm iss ions. 

Public meetings on contaminants w ith 
community co rporations, hunters and 
trappers co mmittees, and loca l schoo ls were 
he ld d uring an a ll-community to ur, whi ch 
took place in January 2004. 

A seri es of Contaminates and Hea lthy 
Co,rntry Food Posters were di stributed to all 
!SR commu nit ies; 

Working re lati o nships were esta bli shed w ith 
research institutions, government 
departments/agenc ies, and lnu via lui t co-
management boards. 

Partic ipat ion 
workshops, 
Territories 

at reg iona l and nationa l 
and mo nthl y Northwest 

Enviro nmenta l Contam inants 
Committee meetings. 

Ongoing conso lati o ns w ith Roger Conn ell y-
1 RC, Rob in Fonger- lGC, DIANO 
Ye llow knife-N WT ECC, Eri c Lorin g- lTK, 
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Simon Smith-NCP 

Recommendat ions 
produce the 2003 
Mapping Project 

and consultations to 
Hi stori ca l La nd Use 

• Prepared and rev ised several CP proposa ls, 
budgets and work pl ans for 2003 Projects 

Several te leconference ca ll s and pre survey 
tasks relating to the- Inuit Population 
Survey- Dr. Furga l and staff. Completed 
Survey in ou r reg ion 

Worked on CACA R II communications, fact 
sheets 

Attended ' Ri sk Management Meeting in 
Iqaluit ' 

Training for Annie Goose to be the 
Commun ity Health Liai son 

Attended meetings in Iqalui t wi th Annie 
Goose 

Prepared I RC Board updates and the future 
workp lan 

Completed mid-term , year end NC P repon s 
and crea ted 2004-2005 proposa l fo r funding. 

Attended and gave a presentation regarding 
success ful projects and ca pacity building to 
NE \ (Northern Ecosystems Init iates), 
Environment Canada 

Completed second year of ·'Frontline 
Training Progra m' wit h the NWTECC. 

Consultations regardin g the 2005 Blood 
Monitoring project-potential NC P project 

Completed the Hea lth 
En vironment-Community 
l 9'"-28'" - 04 

and 
Tour-

Your 
January 

Contin ued giving High School classroom 
presentati ons after the tou r 

Created a post-tour poster. severa l Country 
Food promot iona l items and di stributed 
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them to all communities in the JSR during 
and after the community tour 

Accompa ni ed resea rches in region whi le 
presenting all research acti vates re lating to 
long-range contaminants issues at th e 
community level. 

Results and Discussion 

The Regiona l Coordinator has been act ing as a 
conduit for a two-way informat ion exchange 
between communiti es and th e NC P, and has 
brought contaminants issues to the attention of 
various indi viduals and agencies. lnuvialuit 
have been informed that contaminants are 
present in tradi ti ona l/country foods but at low 
leve ls, and thus monitoring should continue but 
that the benefits of consuming th eir country 
foods outwe igh the ri sks. A speci fi c priority 
remains and should continue to be monitored 
rega rding heavy metal s (methylmercury) in 
mari ne mammal s. 

ln uvialuit communiti es expressed health-related 
comments and concerns during the lnuvialui t 
Communi ty Tour. A vari ety of CBC and 
Newspaper interviews were given. In genera l, 
all communities had questions about 
contami nants that genera ll y stayed focu sed on 
NC P re lated acti vities. which ex pressed th e 
needed progress to educate our community 
members on NC P related in fo rmation. Spec ifi c 
concern s of the communities are listed below. 

Hea lth and Enviro nme nt Comm uni ty Tour 

From January IS'h to 27'". we had our JSR 
Community Tour. offering information on 
Hea lth Monitoring Studies. the benefits of 
Country Foods and the NC P results from 
CACAR II (a summary of the past 5 years of 
research). We hosted open community meetings 
in the evenings 1 offering a plain language 
presentati on of the CACA R II results. and gave 
presentations to the communi ty schoo ls du ring 
the day. The presentations remained 
informative, upbeat and not overly sc ientific. 
with a focus on the imponance of healthy 
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li festyle choices that incorporated hea lthy 
country foods. 

School Visits/Presentations and 01>en House 
Worships 

School Visits 

Barbara Armstrong made the arra ngements and 
then acco mpa ni ed Simon Smith on a 20- 30 
minute Power Point Presentations in each of the 
community schools. Ann ie Goose oft en 
allend ing the presenta ti ons, as we ll. These 
school vis its were very successful and the 
students asked very good questions. Country 
Food, Conta minants and Hea lth Canada Posters 
were put up during the presemati ons and 
se lections of each were left for the schools and 
classrooms. Everyone was in vited to allend the 
earl y evening workshops with their fri ends and 
fa mili es. 

Open House/Workshops 

All events sta rted al 5 o' clock with a feast of 
Country Foods. Stew (Cari bou or Muskox or 
both) and Bannock and or Esk imo Donu ls, Quak 
(Arct ic Char), Mu ktuk, Whitefish, Dry Ca ri bou 
Meat, Fresh fruits. berries and vegetables were 
served. Coffee. tea and fru it j uices were also 
provided, as wel l as a selecti on of dessen cups 
and cookies. Many adults and various children 
allended the mea l and presentati on whil e some 
people left after eating and taking home handouts 
and giveaways. 

Each open house offered a table with give away 
and informat ion handouts and had a va ri ety of 
Hea lth , Contaminant and Country Food Posters 
on the wa ll s. The Joi nt Secreta ri at donated a few 
pens, organizer ca lenda rs and key chai ns for 
each community. ITK donated posters and 
fridge magnets with the Hea lthy Safe and Strong 
Country Food Message. The NWTECC sem 
Food and Species Fact Sheet sets and holders, 
Newslellers and CACA R II inserts. NCP offered 
Highlight books and summaries, pamphlets and 
summary bookl ets. Dene Nati on sent posters 
from a prev ious poster contest. 

When people were j ust about fi nished eating, we 
began the presentations and a community 
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bless ing. An elder from each community was 
asked to say a praye r either before dinner or 
before the presentati on or Annie Goose 
volunteered this in both languages. 

Annie Goose and Barbara Armstrong started the 
event with introducti ons and we lcomes to the 
communities. Simon Smith presented first on 
th e NCI', result s from CACAR II and Country 
Food Messages. Eri ca Myles th en offered her 
presentati on on th e past and potentia l futu re 
Blood Monitoring projects. The presentati ons 
evo lved during the tour. making changes when 
needed and al so to incorporate pictures from the 
prev ious community open houses. Simon Smi th 
also created a slide show during the tour that 
played during the mea l that had a very ni ce 
collecti on of pictures of people and acti viti es 
from across th e North . When required, Ann ie 
Goose offered translati ons and offered additional 
positi ve country food messages, in both 
languages. People asked quest ions during the 
presentations and then aga in after each presemer 
was fini shed. 

Questi ons that were often repeated were: 

• If yo u can' t see or smell or taste 
comaminants, how do you rea lly know 
about them? 

• What effect di d Chernobyl and Russ ian 
nuclear subs have on contaminants in 
Canada? 

What about comaminants and hea lth 
warnings in oth er regions in the Arcti c? 

Are foods from the south also contaminated? 

Can our people get sick from eating sick 
animals? 

Whal is go ing to happen to our Polar Bears? 

• Will trimming fa t away from our Marine 
Mammals rea ll y protect us from 
Contaminants? 

• Do contaminants ki ll animals, and what 
effects do they ha ve on th em? 

• What are the leve ls in Greenl and? How does 
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Ca nada rate internati onall y with 
contaminants? 

Is internati onal acti on work ing to reduce 
contaminants? 

Do we test men as we ll as women fo r 
contamin ants leve ls, o r older people as well 
as young mothers? 

The event fi nished o ff wi th a Thank-you from 
Barbara Armstro ng ror attending and then door 
pri ses were offered. Everyo ne was offered a 
cera mi c mug and c lot h bags wi th the Country 
Food ('still hea lth y sa fe and strong ' message), 
while suppl ies lasted. The to ur a lso gave away a 
va ri ety of Northern Food g ift certifi cates, 
cand les, boxes and or tin s of chocolates, popcorn 
g ift boxes, coffee and recycle bins and bags. 
Quak was a lways offered to the Elders to take 
home. A gi ft was left fo r o ur hosts and a set o f 
posters put up at each accom modat ion that we 
stayed at. 

Conclusions 

The impo rtant rol e of th e Reg ion al Coordinator 
in the JS R is to bridge th e ga p between 
community members and NC P sc ienti sts and 
management and a ll ty pes o f research activities 
re lat ing to long-range contam inants in our region 
tha t has been successful in the past and needs to 
continue into the future. Over th e years, we have 
also lea rned that many community concerns 
focus on local sources of contamination. but this 
does not fal l within the NCP mandate . To build 
tru st and respect. it is impo rtant 10 be abl e to 
address more of these no n-specific NC P 
concern s. Moreover. it is fel t that in o rder to 
communicate NC P informa tion, we mu st also be 
aware of the bi g env ironmental pi cture in hi s 
region, in parti cular, knowing who is responsi bl e 
for specific loca l issues of a variety of 
contaminant issues, includ ing water or waste 
management problems an d what is and or can 
be ing done about them. Therefore, in order to be 
e ffec ti ve, the Regiona l Coordinator must be 
aware of and work towards so lutions that address 
issues both wit hin an d ou tside th e NC P mandate. 
The Regiona l Coordinator and a ll the proj ect 
partners urge the NC P 10 co ntinue to keep up 
the ir monitoring effo rts. especial ly fo r marine 
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mamma ls and our wil dlife spec ies which are at 
risk or long range contaminant issues for both 
the spec ies themselves as we ll as for a ll our 
co mmunity members who depend on the 
consumpti on of their cou ntry foods as an 
impo 11an1 se lf sustai ning way of life. 

Expected Completion Date 

The 2003-2004 proj ects have been compl eted. 
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Abstract 

In respo nse to Ca nadi an Arct ic Contam inants 
Assessment Repo11 (CACA R) II , the Nu navut 
Env ironmental Contaminan ts Committee 
evolved to fo rm the Niqi it Avat ittin ni Committee 
(NAC) to re fl ec t the need to focus on human 
health related concerns in Inuit communities. 
The NAC set o ut to consi der the resea rch 
presented in CACAR 11 , and to " tran slate" this 
informati on into usab le publ ic hea lth informatio n 
and dietary recommendat ions for N unavummiut. 
Fo ll owi ng discussions with researchers, 
community members, and hea lt h ca re 
professiona ls, a public hea lt h message was 
created ent itled "Country food: Nutrition & 
Safety". This message was shared throughout 
H&SS, as we ll as shared with communities 
during the Niqiit Avat ittinn i Tours, January to 
March 2004. As we ll as the publ ic health 
message, significant community nutrition 
educat ion was undertaken during the tours to put 
the contam inant in fo rmation into an appropriate 
contex t, as well as faci litate understa nding of the 
pub li c hea lth message. 

Key Project Messages 

I. In re lation to the Nunavut publ ic health 
message, the key messages were: 
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2. 

a. The benefits of country food for 
Nu navumm iut out-weight the ri s'ks of 
contam inants. Country food provides 
excel lent nutriti on for energy and growth of 
ch ildren and adults. 

b. NAC and H&SS agree that , considering the 
best know ledge avai lab le, contaminants are 
not present ly a conce rn fo r people of 
Nu navut, with one exception. Special care 
should be taken to protect our unborn 
child ren because these chi ldren a re o ur 
future. 

c. To g ive unborn ch il dren the best fut ure, 
mothers in Nunavut should stop smoking 
and drinking during pregnancy, and ensure 
their diet consists of a variety of nutriti ous 
foods. We recommend pregnant women 
should chose more cou ntry foods known to 
be high in nutrition and lower in 
contaminants. like caribou, char, sea l meat 
& muskox. We recommend pregnant 
women choose less of those foods hi gher in 
contami nants, including fat from sea l, wha le 
and polar bear, and seal li ver. 

d. Mother of newborns need to know that 
breastfeedi ng is the best cho ice for thei r 
babies, no matter what they eat. Breast milk 
is the safest, cleanest, most nutritious and 
healt hi est choice fo r newborn children. 
Following the communication of the 
community tour, the key messages were: 

a. There is evidence from the community tours 
and communications exercises that there 
remains uncertainty with the contaminant 
message. Efforts are needed to work 

177 



towards cl ari fy ing confusion that ex ists 
between "good" and '·bad" fa ts, and the 
bene fi ts and pro tective effects of coumry 
food. 

b. Nunavum miu t a lso wam 10 know what the 
risks are to themse lves from contaminants. 

Objectives 

I . Acqu ire and main ta in experti se fo r Nunav ut 
to develop pub lic hea lth messages and 
communications strategies. 

2. Eva luate CACA R II hea lth & diet re la ted 
results, in particular the un avik Coho rt 
Study. 

3. Provide Nu navummiul spec ifi c in fo rmati on 
about CACA R II d ie t & hea lth re la ted 
information in N unavut. 

Introduction 

In response to CACA R II , 
Environmental Contaminants 

the unavut 
Commi 1tee 

evolved to form the Niq iit Ava1 i1t inni Comm i1tee 
(NAC) 10 re fl ect the need to focus on human 
hea lt h re lated concerns in Inuit communiti es. 
The NAC set out to consider the resea rch 
presented in CACA R II , and lo " translate" thi s 
informat io n into usabl e pub lic hea lth info rmati on 
and dietary recommendations fo r N unavummiut. 

To begin , th e NAC inv ited resea rchers and 
comm ittee member to attend a meeting October 
2003 to d iscuss the CACA R II fin di ngs, di sc uss 

unavik Coho rt Study results, and deve lop a 
pla n to com municate th e informati on to 
Nu navum miut. Fo ll ow ing di scuss ions w ith 
researchers, community members, and hea lth 
care profess ionals, a pub I ic hea lth message was 
created ent it led "Country food: Nutritio n & 
Safety" 

Giving people in Nunavut thi s message in an 
appro pri ate context was esse nti a l, and was the 
des ire of the NAC. Thi s message was shared 
throughout H&SS, as well as shared with 
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communiti es during th e iqiit Avatittinni T ours, 
January to March 2004. On to p o f th e publi c 
hea lth message, signifi cam community nutrition 
educati on was undertaken during th e to urs to put 
the contaminant in formati on into an appropriate 
context, as we ll as fac il itate understanding of the 
publi c hea lth message. Meetings with health 
center sta ff, C I-IR s and community health 
workers we re also carried out before, during and 
a ft er th e co mmunity to urs. 

Activities 

In 2003-2004 

• Face-to-face NAC commillee meeting October 
2003, which inc luded a ll proj ect members 

• Gina Muckl e presemed lo committee the 
N unav ik Cohort Study 

• Cont rac ted Mary Poty ral a fo r support and 
g uided publi c hea lth message deve lopmem 

• Deve loped pu bli c hea lth message, "Coumry 
Food: utr iti on & Safety". includ ing 
approx imate ly I O meetings of comminee 

• Parti c ipated in deve lopment and 
implementa tion in NAC lead Niq iit Avatittin ni 
To ur. January 10 Ma rch 2004 to share 
informati on w ith N unavummiut 

• Di sse minated the pub lic hea lth message 
thro ughout Nun avut 10 hea lth pro fess iona ls 

Results 

• Overa ll , the presentati o n o f the public hea lth 
message hi ghlighted the need 10 continue to 
evo lve th e communicatio n of hea lth and 
contaminant messages. In genera l, many 
people lacked the bas ic princ ipl es needed in 
order 10 understand hea lth and contaminant 
messag ing. 
It was o bserved thro ughout the 
communicati o n o f the results, and th ro ugh 
the questi o ns posed durin g the eva lu ati on, 
that the majo rity o f confusio n and questions 
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centcrcd on human hea lth , nutriti on and the 
effects of contaminants to the body. 
It wa obse rved tha t people were not c lea r 
on the diffe rences between environment 
contaminants found in their food and 
contamina ted si tes, such as DEW line sites, 
and how each o f these impacts their hea lth . 
Communication exercises are necessary to 
cla ri fy confusion th at ex ists between "good" 
and "bad" fat s, and the benefit s and 
pro tecti ve e ffects o f country food. 
Confusion ex ists a ro und the spec ific 
recommendati ons around contaminants and 
prenata l hea lth and breastfeeding. 

Discussion and Conclusions 

Based on the above results, an obvious direct ion 
fo r furth er communi catio n stra tegies has been 
establi shed. It is necessary to work immedi ate ly 
to: 

I) C larify the confusion th at exists. espec ia lly 
around spec i fi e recom mendati ons fo r prenata l 
women 

2) C lari fy the confusio n around breastfeeding. 
incl uding ed ucation regardi ng the benefits 
and safety o f breastfeeding fo r both mothers 
and babi es 

3) Focus o n communication tha t puts the 
contaminam message into a context that 
al lows Nunavummiut to make in fo rmed 
cho ices about country food, including 
educati on and messagi ng a round the benefit s 
o f eating country foods. and c la ri fica ti on 
a ro und th e di ffe rences in country foods and 
store foods (i.e. c la rify the ' good · fats. 'bad· 
fats si tua tion) 

Expected Completion Date 

Th is communi ca tion proj ect is schedul ed to 
continue through commun icati ons acti vit ies 
within G N I l&SS, as we ll as wi thin th e contex t 
o f th e NC P. Thi s wo rk is o ngo ing. 
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Abstract 

Since the inception of the Northern 
Contaminants Program there have been 
nu merous workshops and studies in the Yukon 
on environmental contaminants. People began 
as king questions about contaminants and thei r 
healt h effects. A Yukon-wide dietary study was 
conducted which included an analysis of the 
ri sks and benefit s of traditi ona l foods. While the 
results of this study showed that the benefit s of 
consuming traditional foods far outweigh the 
risks, there continued to be concerns exp ressed. 
We continue to communicate the benefits of 
traditional food in the Yukon and to continue to 
support NC P research that show that our foods 
are sa fe to eat. 

In order to better understand what people are 
hea ring and retaining through ou r efforts to 
communicate, we organized an in-depth survey 
of Yukon communiti es. We want to know if the 
messages "Our Traditional Foods Are Safe to 
Eat" are getting ou t, and that the training and 
workshops that we have conducted over the 
yea rs have been benefi cial. It is important th at 
as we enter NC P Phase 11 1 we have a clear 
understanding of what the communities are 
saying and what they know about th e Northern 
Contaminant s Program. 

Key Project Messages 

I. What is known about the No rth ern 
Contaminants Program? 

2. What does contam inants mean to a Yukon 
community member? 
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3. Are there any concerns about contaminants 
in Yukon communiti es 

Objectives 

To better understand Yukon communi ty 
knowledge of the Northern Contaminants 
Program in order to plan for NCP phase 111 

To enhance the confidence of Yukon First 
Nati ons (YFN) in making informed 
decisions about traditional food 
consumption and other health-related 
factors. 

Introduction 

Fo r several years, there has been substantial 
informat ion on contaminants and re lated issues 
disseminated to the Yukon communities, and the 
First Nati ons peop les through workshops, 
confe rences and training. Communications and 
educa ti on continues to be the top priority as 
questions and related concerns conti nue to 
surface. Also withi n the past I O years the YFN 
peoples have witnessed an increase in cancer and 
other chronic diseases. This has created 
concerns that needed to be addressed. Many 
were wondering if the increase in cancer 
incidence were related to contaminants of a loca l 
or long range nature. In an attempt address these 
and other related concerns, a Yukon wide dietary 
st udy was conducted which included an analys is 
of the ri sks and benefit s of tradit ional foods. 
While the resu lts of thi s study showed that the 
benefits of consuming traditional foods fa r 
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outweigh th e risks. there contin ued to be 
concern s. 

In the Yukon . long-range contaminant sources 
are low and traditional foods such as caribou and 
moose are safe to eat. Our communicat ion 
effo rts include workshops. rad io shows, posters, 
presentations, poster contests, curriculum 
deve lopment and front-li ne trai ning courses. As 
we enter NC P Phase Ill , a survey of Yukon 
communit ies on the NCP has been conducted to 
enhance and help shape Yukon prioriti es. 

Activities 

In 2003-2004 

Surveyed 173 students and 5 teachers in 4 
schools throughout the Yukon. 

Results 

The reports received indicated that 111ost 
co111111u nities are interested in hosting 
co111munity based workshops on contaminants 
and other related issues. People in vo lved in the 
NC P survey want answers and most participan ts 
want so111eth ing to be done about the questions 
that were brought forward. 

The surveys still need to be analyzed. 

Discussion and Conclusion 

The survey was well rece ived in the 
com111uniti es. Over 300 people responded. Most 
wanted co111munity based work shops. 

Expected Completion Date 

March 2005 
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Abstract 

In response to the initia l results from the Inuit 
infa nt coho rt study cond ucted in th e Nu navik , 
which found so me subt le e ffect s on in fa nt 
neurodevelopment fro m in 11/ero exposure to 
environmenlal conlaminants the Nunav ik 
Nutri tio n and Hea lth Committee conducted a 
seri es of communicatio-n activi ti es in the sprin g 
of 2003. Du ring the past year fo llow-up and 
eva luati ve activi ti es took p lace to ensure that 
co mmuni cations goa ls were met. Si nce the 
community vis its, personal contact with 
pa rt icipants , radio cal l- in programs and in itia l 
communicat ions materia ls were distri buted in the 
reg ion, the NN HC has adapted and finali zed the 
communication materia ls associated with the 
findings of thi s sllldy, cond ucted a short survey 
with women in the three part icipat ing 
communit ies and incorpora ted findings into th e 
Inu it Tapiriit Kanatam i genera l nev,.ispaper on 
comaminanls and Publi c Service 

Announcements that were aired on th e radio in 
the region during the past year. As well. 
questions from the sta ndard Inuit and Yukon 
survey on communications and information 
needs were adapted and worked into the 
upcom ing Nunav ik Inui t hea lth Survey to be 
conducted in the fall of 2004. Initial resu lts of 
the su rvey conducted in the three Nunavik 
co mmuniti es shows a low level of recall of the 
messages released in spring 2003 an d some basic 
conceptual misunderstandings with regards to 
contaminants information among women of 
child bea ri ng age. 
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Key Project Messages 

I . Key messages on co ntaminants and infant 
deve lopment in Nun avi k have been re leased 
in va rious formats (community visits. radio 
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ca ll -i n prograrns, fact sheet. radio PSAs, 
general In uit newspaper); 

2. It is important to place research messages in 
th e proper pub lic health and cultural context 

3. It is essential to evaluate communicat ion 
acti viti es to ensure goals were met; 

4. There is a need to conti nue lo learn more 
about message reception, understanding and 
th e factors that influence communicati ons 
on th ese issues in Nuna vik and other regions 
of the North . 

Objectives 

The genera l objecti ve of thi s proj ect was to 
add ress the bas ic reg ional communicati on needs 
in relat ion to the February 2003 release of 
contarni nants and health informati on related to 
infam deve lopment and th e consumption of 
country foods. Spec ifi ca lly, th e objecti ves of 
thi s study were: 

I) To fo ll ow-up on comrnunications acti viti es 
conducted to present the results of th e 

unavik infant cohort stud y on coumry 
foods and in fa nt deve lopmem released in the 
region in the spring of 2003 ; 

2) To assess th e reception and comprehension 
of key publi c health messages related to thi s 
project arnong the target group (wornen of 
child-bea ring age) in three cornrnuniti es; 

3) To assess cornprehension and percept ion of 
contaminants iss ues among the general 
Nunav irnmiut popu lati on in cooperat ion 
with a survey being conducted in oth er Inuit 
reg ions; 

4) In fo rm future approaches lo 
communicati ons on contaminants 111 

Nunav ik with the general populati on and 
target audiences. 

Introduction 

In late 2002 the Nunavik Nutrition and Health 
Committee (NN HC) received th e first set of 
results from the Nunavik in fa nt deve lopmem 
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study, a cohort study conducted on infams at 6 
and I I momhs of age in Nunavik in vestigati ng 
the impact of va ri ous pre and post-natal factors 
on infant development. The results at th is ti me 
showed that there were some subtl e effects on 
child deve lopmem associated with in lllero 
ex posure to heavy metal s and organochl orine 
contaminants. the major source of which were 
th e mother's country food consumption. In 
consultation with the lead researcher on th is 
srudy, Dr. Gina Muckl e, the NN HC deve loped a 
seri es of basic findin gs and publ ic health 
messages to help ex plain the results of thi s study 
in the proper cultural and pub lic health comext 10 

unav immiut (see Appendix I). In th e late 
winter of 2003, a seri es of communication 
acti vit ies were carri ed out to deli ver th is 
information to the Nunav ik population, 
beg inning with the study parti cipants, their 
fam il ies, the population of th e 3 engaged 
commun iti es, and final ly the general Nunavik 
popu lat ion . In February of 2003 an initi al 
communi ty tour was conducted to return and 
di scuss the results o f thi s study with the 
population of th ree communiti es directly 
engaged in the study for the previous 7 years 
(Kuujjuarapik , lnukjuak and Puvurnituq). A 
va ri ety of communica tion acti vit ies took place 
during and aft er this tour. The communicati on 
acti viti es included th e foll owing: 

• A tour to each of th e three engaged 
communit ies by a team compri sed of publi c 
hea lth offi cials, NN HC members, 
resea rchers leading th e study and In ui t 
organizati on representati ves; 
o Deli ve ry of personal letters to th e study 

participants and famili es explai ning the 
results; 

o Closed door community meetings to 
present and di scuss findings and their 
meaning; 

o Spec ial meetings with imerested groups 
(e.g. health centre staff 111 the 
communities); 

o Loca l community radio ca ll-in program; 
Region-wide radio ca ll-in program (at th e 
time of release and 2 weeks later); 
Distribut ion of a press release and 
inforrnation package (key findin gs, fa ct 
sheet, plain language newspaper); 
Development and airing of Public Service 
Announcements at the community and 
reg ional leve ls. 
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Due to the importance of the findings, and their 
sensilive nature, it was deemed important to 
assess the success of the communicati on 
activities to ensure that the target audiences 
rece ived and understood th e messages and that 
fina l communication material s took into 
cons ideration key information needs of th e 
population in response to these complex and 
sensiti ve finding s. It was fo r thi s reason that the 
NNHC conducted a seri es of follow-up activities 
to the communicat ions events surrounding th e 
Nunavik infant cohort study results in 2003-04. 

Activities 

In 2003/2004 

In associati on with the community visits and 
communication acti vities surrounding the re lease 
of the initial results from the in fa nt deve lopment 
study a report was prepared documenting the 
question s and concern s raised by community 
res idents attending or participating to th e 
communication events in thei r communiti es or 
during informal conversations with mem bers of 
the visiting team of public hea lth offi cials, Inuit 
organi zation representati ves and researchers. 

Th is documentation of questions and concerns 
was rev iewed and incorporated into the 
development of a final fact sheet to communicate 
the basic results and public hea lth context around 
the findings of thi s study. This fact sheet was 
then d istributed to all hea lth centres and 
hospi tals in the region in spring 2004 and is 
be ing inserted in the Nunavik genera l 
contaminants package being deve loped in 2004-
05 and being di stri buted via the Nunav ik Inuit 
Hea lt h Survey in the fall of 2004. Similarly, this 
ma teri al wi ll be included in a genera l 
contaminants information package being 
deve loped for Nunav ik in preparation for the 
Nunavik Inuit Health Survey. As well. these 
messages were included in the ITK contaminants 
information newspaper and the Inuit general 
radio PSAs aired in thi s and other Inuit regions 
this winter. The newspaper was translated in 
Nunav ik dia lect lnuk titut and di stributed 
throughout th e region. 

A short eva luative survey was deve loped to 
assess recognition, recall and comprehension of 
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th e basic pub\ ic hea lth messages that were given 
in association with the resu lt find ings in th e three 
communities last sprin g (lnukjuak , Pu virnituq , 
Kuujjuarapik) . The survey was conducted face 
to face in each community during the period 
March 21-3 1, 2004, with randomly se lected 
women of ch ild bearing age from th e community 
population li sts (as in Babbie, 1990) with the aid 
of a loca l research assistant / interpreter-
translator in Engli sh or lnuktitut (Table I). 

In cooperation with the team developi ng the Inuit 
and Yukon communications survey, th e NN HC 
adopted core questions from thi s larger survey 
for inclusion in the Nun av ik Inui t Health Survey. 
These questions will be applied with a randomly 
se lected sample of community residents in all 
Nu navik communities as part of the regional 
hea lth survey to be conducted thi s fa ll (2004). 
The questi ons will represent the first group of 
comparable data of thi s nature from all In uit 
regions and the Yukon and will be used in 
establi shing regional communi cation prioriti es. 

Results and Discussion 

The multi -stakeholder membership of the 
Nunav ik Nutrition and Hea lth Comm ittee 
ensured that the initial messages deve loped for 
the release of th e resul ts from the infant cohort 
study were put in the appropriate cu ltura l and 
public hea lth contex t. Material s and messages 
used in the initial release and subsequently 
reviewed in light of the documented community 
questions and concerns did not significantl y 
change in the development of th eir final 
versions. However, the 2-stage approach to 
materi al and message development with pre-
testing and adaptat ion based on community 
feedback still proved to be a va luable process in 
that the reaction to the sensiti ve and as 
previous ly thought, alarming results, was quite 
ba lanced and not a strong negative response from 
the community , as thought potentially might 
happen. The preliminary analysis of the survey 
shows that the post-test or eva luation fol lowing 
communicat ion acti viti es is essential to ensure 
that communication goals are met and that 
assumptions of reception and comprehension 
should not be made. The preliminary analysis 
shows a relatively low recall of the public hea lth 
messages th at were deli vered in the community 
nearly one yea r later and a number of challenges 
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Table 1. Number and age of community part icipants in evaluative survey. 

Com muni No of 
Puvi rnituq 
ln uk"t,ak 
Kuujjuaraapik 
Total 

re lated to the comprehension of basic 
contaminant concepts used in the delivery of 
these messages. It is for these reasons that 
survey work such as that being conducted here 
and studies such as that by Bruneau et a l. (200 I) 
aimed at understanding how this informati on is 
incorporated with Inuit knowledge on 
contam inants and food safety issues are critical 
in helping understand why these misconceptions 
remain desp ite sign ificant communicat ion efforts 
on these issues. Si mil arly, reasonab le targets 
must be estab li shed afte r better understanding 
the ro le of thi s fo rm of communication (resea rch 
related resu lts) in the genera l pub lic 's 
understanding of these issues related to food and 
health. Despi te fo llowing lessons lea rned from 
studies in the region on these issues in the past 
(e.g., O'Ne il et a l. , 1997; Poirier and Brooke, 
1997; Grondin and Carron, I 999) and in other 
regions (Lampe et al., I 999) a lack of recall and 
understand ing appears to pers ist regarding basic 
contaminant messages. Greater work needs to be 
conducted in eva luation of cu rrent and past 
communication efforts and gain ing a better 
understanding of the factors that innuence 
recept ion, comprehension and circu lat ion of th is 
information in Inuit communities. 

Expected Completion Date 

The analysis of the three community survey wi ll 
be completed in earl y summer 2004 and results 
will be returned to communiti es in fa ll of 2004. 
the Nunavik Inuit Hea lth survey, whi ch includes 
bas ic quest ions on contaminants perspecti ves 
and information needs similar to those conducted 
in other regions in 2003-04, will be conducted in 
fal l 2004 and analysed in winter 2004-05. 
Results will be returned to communiti es in spring 
of 2005. 
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20 29.6 
23 26.3 
14 29. 1 
57 28.3 
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Appendix 1 
Exce111t oftextji-0111 NNHC Public Hea/tl, Messages released i11 associatio11 wit!, 

the N wwvik lnft111t Cohort study results 

NUNAVIK INFANT DEVELOPMENT STUDY 
PUBLI C HEAL TH SUMMARY 

A recent study supported by the Public Hea lth Department (PI-ID) of th e Nunav ik Reg ional Boa rd of Health 
and Social Serv ices and the Nunav ik Nutriti on and Hea lth Committee (NN HC) in vestigated th e ro le that 
nutrients from tradit iona l food, life hab its during pregnancy, environmental contaminants and other factors 
have on infant development in Nunav ik. Almost 300 mothers and th eir in fa nts from Puvirnituq , lnukjuak 
and Kuujjuaraapik pa rt ic ipated in the study. 

Key findings of th e research: 
Fatty acids were fou nd to be benefi cia l fo r infants' birth we ight, vision, ability to communicate or 
solve problems, ab ility to sit, stand and wa lk. 
Prenatal exposu re to PCBs had some negati ve effects on bi rth we ight, duration of pregnancy and visual 
memory. This exposu re did not resul t in an increased num ber of low birth we ight bab ies or premature 
births. Prenatal fa tty ac id ex posu re parti all y reduced the adverse effects assoc iated with PCBs. 
The on ly effect assoc iated with prenatal ex posure lo mercury was a decrease in the in fa nt 's abili ty to 
mainta in attention. 

• Prenatal exposure to lead was assoc iated with slower processing of in fo rmati on in to memory. 
• Smoking and alcoho l cons umption were both assoc iated wi th some nega ti ve e ffects on in fa nt 's growth 

and/or development. Both alcohol and smok ing have th e same negati ve impact as PCBs were fo und to 
have on bi rth weight in this study. 

• Maternal stimul ation has a pos itive effect on in fa nt 's menta l deve lopment. 

Public health perspectives: 
Some exposure to conta minants has decreased substanti all y over the years in Nunav immiut (PCBs, 
lead). 
The PHO suggests that wo men of childbearing age ( 13-45) must fi rst ensure to eat a va ri ety of 
nutritious foods in an adequate amou nt. Whenever poss ible, we suggest that women se lect country 
foods that are ri ch in fatty ac ids and less contaminated with PCBs (A rcti c char, mis iraq made from seal 
blubber instead of be luga). 
Reduction of smoki ng and alcohol use during pregnancy and improvement of the quality of maternal 
stimu lat ion may rap idly have significant posi tive impacts on in fa nt and child deve lopment. 

• The NN HC and the PHO strongly be li eve that country food is generall y the best food for 
Nunav immiu t. Country foods are nutrit ious, bind communi ties together and reduce the ri sk fo r severa l 
diseases such as hea rt di sease and diabetes. 

• It is not clear if adverse effects fo und at 11 months of age will signifi cantl y impact on future chi ld 
deve lopment and day to day fun ct ions at schoo l age. It is therefore important to continue to fo ll ow 
children from Nunav ik to monitor thei r deve lopment and its infl uencing facto rs. 
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Provision of Technical Survey Support for the Design, 
Development and Application of a Common Northern 
Communications Survey in Inuit Regions 

Project leader(s) 
Chris Furgal, Nasivvik Centre for Inuit Health and Changing Environments; Public 
Health Research Unit, CHUQ-CHUL, Ste Foy, QC; phone: (418) 650-5115 ext 5260; 
fa x: (418) 654-3132; e-mail: Christopher.Furgalcrchul.ulaval.ca 

Project members 
Regional organizations in Labrador, Nunavik, Nunavut, the lnuvialuit Settlement 
Region, and ITK 

Abstract 

The activiti es conducted under thi s proj ect were 
aimed at prov iding technica l support to the 
regional survey initiati ves taking place in 
Labrador, Nunavi k, N unavut, the lnuvialuit 
Settlement Reg ion and the Yukon in 2003-04. 
Surveys were lead by regiona l organizations to 
ga in a better understanding of at what le, el 
residents in these regions were aware of 
contaminant issues and what their perception and 
understanding of these issues was in order to 
support the development of regional and national 
co111munication strategies for the future and 
address th e identified need w ithin th e NCP 
(CACA R II , Knowledge in Action) for 
eva lualion of com municati on activi ties and 
messages. Reg ional surveys were deve loped and 
conducted in each of the regions by regional and 
loca l staff w ith a random sa 111ple of the 
co111munity population s. Surveys wil l be 
ana lysed and results wi ll be reported to the 
regions and com111unit ies during 200-1-05. 

Key Project Messages 

I. Regional Inuit organizati ons and 111embers 
of the Yukon Conta111inants Com111ittee 
developed eva luati ve surveys to assess 
contaminants awareness, perception and 
in formati on needs among thei r populations: 

C. Furgal 

2. These surveys were conducted wi th a 
representati ve sa 111ple of their populations in 
2003-04 or are being conducted via th eir 
inclusion in the Nunav ik Inuit Hea lth Survey 
in 2004; 

3. Surveys are being analysed and results w ill 
be used to help develop regional and 
national strateg ies for communicat ions in 
2004-05; 

4. Technical assistance for the development of 
these surveys was prO\ ided by C Furgal. 

Objectives 

The acti vi ties under thi s project: 

Provided technical assi stance to each of 
the Inuit regional and Yukon 
communication survey initiati\ es: 

Advised these initiati,es as to the 
design and methodological approaches 
used for regional sun eys: 

Helped coordinate surveys to ensure 
inter-regional comparability for a core 
group of questions in each survey so 
that the resulting data has va lue both at 
the regional and nati onal leve ls. 
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Introduction 

The Northern Contamina nts Program has 
generated a significant amount of informat ion in 
the past fi ve years under Phase II. One of the 
objectives of the program is to provide 
information to 11011herners to support their 
informed deci sion making on contam inant and 
country food issues. Therefore, it has been 
important to di sseminate the genera l messages 
resu lting from the research conducted under the 
program in an appropriate. accessible and 
integrated manner. Although regiona l nuances 
have adapted some messages for deli very in 
specific locations, many genera l messages ha ve 
been delivered throughout the North that are very 
much the same. However, little evaluat ion of the 
awareness of these messages, their reception or 
the understanding of them has been conducted 
previous to 2002. Recent work conducted by 
Furgal, Myers and Powell (2003) in Baffin and 
Labrador communities identified evidence 
indicative of potential misunderstandings or 
misinterpretations of basic contaminants 
messages prev iously released by NCP 
representatives. 

As the Northern Contaminants Program begins 
anoth er phase of research and action on 
contaminant issues in the orth, and with recent 
research results showing some of the most 
cri tica l results for northerners to date (i.e. subtle 
effects on infants from matern al PCB and Hg 
exposure) it is important to conduct eva luati ve 
work at thi s time to help identify communication 
prioriti es and needs at the regional and national 
sca les. For the regions and national 
orga ni zations and program committees to get the 
needed information from these acti viti es, they 
must be conducted in a reliable, standardi zed and 
rigorous manner. Further, to ensure inter-
regional comparability, survey design, core 
questions, and methods used fo r the application 
of the surveys and ana lys is of data must be 
standard ized across regions. This project 
provided technica l assistance to each of the 
regional survey initiatives to deve lop, implement 
and coordinate their surveys in 2003-04. 
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Activities 

In 2003/2004 

The project lead met with each group 
individually to help deve lop reg ional 
surveys and deve lop survey methods 
app li cab le to their region, communities and 
objectives; 

Regiona l teams developed the surveys 
cons idering the advice of the project lead 
and inc luded questions and issues of concern 
to their unique commun ities and context; 

Regional surveys were developed in which a 
core group of questi ons and the way they 
were app lied was comparable across 
regions; 

• Development was conducted in a way to 
support rather than lead reg iona l survey 
development, so that reg iona l teams gained 
experience in both question and survey 
preparat ion; 

All surveys were conducted by reg ional and 
loca l staff. 

Results 

Surveys were conducted in the fall , winter and 
spring of 2003-04 under the authority of the 
reg iona l organizat ions. Table I provides an 
overview of the numbers of part icipants to the 
surveys in each region. 

Survey development and application went wel l 
in 2003-04 as is ev idenced by the num bers 
achieved (see Table I). Council of Yukon First 
Nations utili zed a sli ghtly different method of 
participant recruitment and was ab le to obtain a 
much larger sample size than original ly 
identified. All compensation for participation 
was approved by the regional organizat ions and 
not used to recruit individuals. Surveys are 
being encoded, entered into a data spreadsheet 
and coded for qualitati ve and quantitati ve 
ana lys is thi s yea r (2004). Analysis is being 
conducted by th e project lead in cooperation with 
the regional survey teams to prov ide experi ence 
in survey ana lys is and interpretation . 
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Table 1. Summary of responses to regional and community contaminant surveys in 2003-04 
conducted by regional organizations. 

Region Tota l Surveyed # of Participating Communities / 
Schools 

Labrador 60 5 
Nunavik* 58 3 
Nunavut 20 1 17 
lnuvialu it 70 6 
Yukon 382 22 
Yukon Schools 173 - students 4 - schools 
Survey 5 - teachers 4 - schools 

• Two surveys are being conducted in Nunavik: 1. regional wide survey as part of the Nunavik Inuit Health Survey 
(being conducted in 2004 with over 700 participants in 13 communities); 2. Cohort evaluation survey with women in the 
3 communities participating to the Inuit Child Cohort study (numbers reported here). 

Expected Completion Date 

Surveys arc being encoded and analyzcd in 
summer / fa ll of 2004 and results are being 
communicated in fal l / winter 2004 . This project 
will be completed by March 2005. 
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North Slave Metis Alliance Contaminants 
Communications and NWTECC Partici ation 

Project leader(s) 
Kris Johnson Lands & Resource Coordinator North Slave Melis Alliance PO Box 340 
Yellowknife , NT X1A 2N3; phone: (867) 873-91 76; fax 867-669-7442; e-mail: 
kris@nsma.net 

Project members 
Robert Turner; Kris Johnson; Corinne Paul ; NWT ECC; NSMA Board of Directors 

Abstract 

Indi genous Metis of the North Slave Reg ion 
depend on the land and waters of thi s region for 
food, medi cine, and spi ritual and cultural 
surviva l. As deve lopmem in the No rth Slave 
region continues the No11h Slave Metis Alli ance 
(NS MA) communi ty has ra ised concern s abo ut 
contaminams in their main food source, caribou 
and fis h, and as a result many members have 
decreased consum ption of these tradit ional 
foods. The NS MA are worki ng diligently to 
dispe l the myth that there are signi fica nt health 
threatening conta minants in the NSMA 
communi ty 's trad itional foods. It is on ly with 
the much needed fundi ng and our part icipation in 
the Northern Contaminants Program th at the 
NSMA has mai mained act ive in dispelli ng this 
myth and been ab le to provide accurate, up-Io-
date information abou t contaminants to our 
membership. 

The No,th Slave Mel is Alli ance 's Land & 
Resources Department rece ived funding fo r 
2003-4 via the Northern Comaminams Program 
(NCP) to part icipate in the NWT Enviro nmenta l 
Contaminants Commi ttee (N WTECC) and to 
commun icate and rece ive feedbac k fro m the 
NS MA communi ty rega rding contaminants 
information discussed in NWTECC meetings 
and prov ided in Canad ian Arctic Contaminants 
Assessmem Report II (CACA R 11). The 
fo ll owing report, "The Myth of Contaminants in 
Country Foods," conducted by the Land & 
Resources Department of the NSMA outlines the 
parti cipation of the NSMA in the NWTECC and 
describes the community consultation events. 

K. Johnson 

Key Project Messages 

I. The NSMA ' s participat ion on the NWTECC 
is integra l to effectively communicat ing and 
receiving feedback from the NSMA 
communi ty regard ing contaminant sources, 
im pacts and methods of reduct ion. 

2. Traditiona l Nonh Slave Metis foods are 
healthy, nutrit ious and contaminants levels 
are low enough not to pose a threat 10 Metis 
health. 

Objectives 

To ensu re the NSMA community has a 
liaison person available to answer questions 
and provide feedback to the NSMA 
communi ty, NWTECC and NCP regard ing 
contaminants impacting the NSMA 
community. 

2. To ensu re the North Slave Met is are 
co 111 inually consulted and in fo rmed on all 
relevant contaminant issues. 

3. To increase the capac ity of the NSMA to 
deal with contam inants issues. 

4. To ensure 
Envi ronmental 
(NWTECC) 

pa rt icipation on NWT 
Conta minants Committee 

conference call s, Front line 
trai ning, socio-economic proposal reviews, 
Local Contaminant Concern proposa l 
rev iew, discuss ions rega rding contaminants 
in North ern ecosystems and in Trad itional 
Aborigi nal Foods. 
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5. Report to the NSMA Board and me111bership 
about the on-going wo rk or the NWT ECC, 
researchers conduct ing contaminants 
research , and contaminants information as 
laid out in CACAR II and other relevant 
publications. 

6. Conduct a NSMA Co111111unity 
Conta111 i11a11ts lnfor111atio11 Session to 
educate the NSMA membership abou t the 
results detai led in CACA R II , re-enforce the 
i111porta11ce of eating a di et high in 
Traditiona l Country foods and lo dispel the 
myth there are significant leve ls of 
contaminants in NSMA Traditional foods. 

7. To conduct community consultat ions to 
identify local co11ta111i11a11t concerns and 
research priorities. 

Introduction 

The NSMA were acti ve participants in the 
Northern Co11ta111i11ants Program (NCP) over 
2003-4. As such we have 111aintai11ed an open 
co111111u11icatio11 between our membership, the 
NSMA Board and NCP/ WTECC to ensure 
Melis in the region are provided wit h the 
sufficient information about contaminants lo 
make informed decision-making in regards lo the 
harvesting and consumpt ion of 
traditional/country foods and that NSMA local 
contaminant concerns are communicated to 
responsible auth ori ties. 

The NSMA community has identifi ed th e 
fo ll owing contaminan t concerns: 

• The Bathurst Caribou Herd that the NSMA 
relies on as a main food source has 
decreased in nu111bers and health. Concerns 
about conta111 inant levels. increased 
development and hunting pressures have 
been identified as sign ifi cantl y impacting 
the abi lity for caribou to thri ve. 

NSMA people are concerned that 
consuming contaminants 111 

traditiona l/country food is seri ously 
i111pacting the overa ll hea lth of th e NS MA 
com 111unity. As a resul t, me111bers have 
expressed their disinterest in eat ing 
traditional foods. 
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More i11ror111atio11 needs to be gathered on 
how contaminants impact fi sh, caribou and 
hu111an hea lth . 

NS MA 111e111bers identified the need for 
111ore Traditional Knowledge to be included 
in contaminants research as the 
community's reliance and presence on th e 
land gives them an ac ute awareness of how 
the enviro11111ent fu nctions and changes, they 
consequently are often th e first to point out 
changes lo ecosystem hea lth . 

There is a need to identify and eliminate 
long-range and loca l sources of 
contaminants to ensure contam inants don 't 
get into the North Slave Metis' food source. 

NSMA members are concerned that 
contaminants, specifical ly arsenic, released 
during Giant and Con Mine ' s operational 
yea rs are present in the soi ls and lake 
sed iments around Ye ll owknife, a North 
Slave Melis co111muni1y. These 
conta111in an ts have the potential to sur face 
when so ils are used for growing vegetables, 
or lake sedi 111 en1s are churned duri ng 
recreational boating and sw i111111in g. 

• Increased diamond and other 111i11eral 
exploration in the NSMA's traditional land 
use region is leaving cuttings fro111 drilling 
operations on the land , possib ility 
contaminating so il s and vegetat ion . No 
research has been done to date on the 
environmental i111pacts of leavi ng drill 
cuttings on the land however, during recent 
exp loration si te inspections NS MA 111e111bers 
docu111ented dead vegetation resu lt ing fro111 
drill cuttings and unsightl y di sco lorings or 
the so ils where cutlings were di scharged. 
The NS MA be lieve the cullings are a source 
of conta111 i11ants and are conce rned about the 
cumulati ve effects of 111ultiple ex ploration 
programs releasing conta111i11a1ed drill 
cullings. 

More infor111atio11 abou t contami nants needs lo 
be provided to th e NSMA community on an on-
going basis lo ensure the 111yt h of hi gh levels of 
conta111inants in NS MA traditional foods is 
di spelled. 

K. Johnson 



Activities 

The NS MA ' s parti c ipation in contaminants 
resea rch and communicati on was very limited 
due to rece ivin g insuffi cient funds to engage the 
NS MA community and conduct research on 
concerns identifi ed by the communi ty. As a 
result, the NSMA was only able to participate in 
NWTECC meetings, proposa l reviews, frontline 
tra ining and one community informat ion sess ion. 
Although th e NSMA contaminants liai son 
prov ided the NSMA Board of Directors with 
regular updates on the work of the NWTECC 
and NC P, the NS MA lacked the capacity to 
provide much of thi s rel evant informati on to the 
NS MA community on a regular basis as needed 
and requested by th e NS MA. It is hoped in the 
coming year Meti s' concerns about contaminant s 
are addressed equa lly as those of our 
counterparts in th e High Arctic and we will 
receive funding to properly consult within the 
NS MA community as those in the Hi gh Arctic 
receive. 

In 2003-2004 

• Participated in 12 NWTECC meetings 
which required reviewin g prev ious meeting 
materi a l, consulting wi th NS MA Boa rd or 
Directors and Executive about concerns and 
progress of th e NWTECC, 

• Partic ipated in NWTECC Frontline train ing, 

• Produced NWTECC partic ipati on proposa l 
and final report, 

Conducted community co ntaminants 
information session , "The Myth of 
Contami nants in Country Foods." The 
in fo rmation sess ion was conducted March 
24, 2004 to present relevant CACA R II 
information and to- re-enforce that country 
food s eaten by the NSMA are safe and 
nutritious. The presentation was well 
received and many participants requested 
thi s type of information sess ion happen on a 
regula r basis to maintain open 
communicati ons and provide updates. 

• Kept NS MA Executi ve and Boa rd up to 
speed on co ntaminants issues on th e North 
and how thi s impacts the NS MA 
membership, 

K. Johnson 

Provided the NS MA community with a 
reliab le point of contact to di scuss and 
answer questions rega rding co ntam inants in 
the North Slave Region. 

Assess and summari ze the information in th e 
Canadian Arct ic Contaminants Assessment 
Report (CACAR) II and repackage it into a 
fo rmat eas il y digested by the NS MA Board, 
membership and Meti s in the region. 

• Coordinated and facilitated an information 
session for NSMA members who li ve in 
Yell owknife, Rae and Edzo. This 
information sess ion provided a fo rum to 
communicate and gather information from 
Members about the CACA R II report and 
findin gs. 

Helped Mel is people access contaminants 
info rmation availab le to help them make 
healthy food cho ices for the ir families. 

• Re layed contaminants information between 
Metis Peoples and Dec ision Makers in order 
fo r in formed decisions to be made. 

Results 

The NSMA 's part icipation on the NWTECC is 
inval uable to the No rth Slave Metis. Although 
the NSMA have been limited due to fund in g as 
to the amo unt of time and effort we can provide 
to work on contaminants issues the wo rk the 
NSMA has conducted has been very effective at 
providing information to our membership in 
hopes that NSMA people are better informed to 
make hea lthy food cho ices and identi fy local 
contaminant concern s. 

Discussion and Conclusions 

During 2003-2004 the NS MA participated in th e 
NWTECC and NC P initiatives wi th limited 
capacity. Al though our involvement in the 
NWTECC meet ings, NSMA Board of Directors 
updates and Contaminants Information Session 
were very effective we feel our role in the 
NWTECC has been dim inished due to our 
increasing costs of participating in the program 
and our ever increasing concerns about the 
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cumulative impacts of contaminants in the 
environment impact ing the NS MA community. 
The feedback fro m th e NSMA community about 
our role in the NWTECC and identi fy ing and 
di scuss ing contaminants issues has been positi ve 
however members fee l more community 
consu ltat ions and informat ion sharing is 
necessa ry. 

Expected Project Completion Date 

The NSMA's participat ion on the NCP 
NWTECC is an on-going ro le des igned to 
maintain open communications between the 
NSMA Board of Directors, membership and th e 
NCP. We will continue in this endeavor to the 
best of our capac ity. 
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Tlicho Radio Talk Show & NWTECC Report 
Project leader(s) 
George J. Lafferty, Liaison Person, Tlicho Logistics. 

Project members 
Chris Paci, Environment Manger, Dene Nation; Chairman, NWTECC; Julie Ward, 
Contaminants Specialist, DIANO; Co-Chairperson, NWTECC; Brett Elkin , 
Contaminants Analyses, Rwed; Member, NWTECC; Jack Mackinnon, Human Health, 
Health; Member, NWTECC; Anne Gunn, Caribou Expert, Gnwt. 

Abstract 

A 2003/2004 Proposal was presented to the 
Northwest Territori es Environmental 
Contaminants Committee (N WTECC) regarding 
infor111ed dec ision 111aking about the harvesting 
and consu111pti on of tradit ional food. 

Tlicho Interpreter/Translator was hired to help in 
conduct ing the interv iew, co111p iling the data. 
translation into the Tlicho Language, and 
transferring it onto a cassette tape. Responsibi lity 
of ensuring appropriate language and 
understandab le to th e Tlicho public is the most 
i111portant part of thi s communicat ion process. 

Severa l 111e111bers of the NWTECC Committee 
were interviev,1ed about various aspects or the 
Northern Conta111inants Progra111 (NC P). These 
interviews wi ll be aired in both English and the 
TI icho Language. 

Key Project Messages 

To in form the Tlicho Pu bli c about th e Northern 
Contaminants Progra 111 and let the111 know the 
North west Territories Environmenta l 
Conta111inants Committee is working hard to deal 
with issues regarding contaminants in the Tlicho 
Region. Each me111ber brings to the committee 
unique ex periences, like the knowledge of 
ca ribou , capabilities of analyses, knowledge of 
human hea lth issues, and speciali st on 
tran smiss ion of contaminants to the Arctic 
Ecosyste111 from oth er parts of th e world. 

G. Lafferty 

With the co111pletion of the Talk Show we hope 
to receive some feedback fro111 the Tlicho public 
on what their concerns or questions are. Pl ans 
could be formed from public opinion on what 
types of commun icati ons would be useful in the 
future. 

The Project Leader, as me111ber of the NWTECC, 
cont inues to be acti ve in 111eetings through 
attendance of all 111eetings. 

Objectives 

To introduce some members of the 
orthwest Territories Enviro11111ental 

Contami nants Co111111 ittee to the Tl icho 
public. 

2. To bring to the Tl icho public knowledge on 
how contaminants are always present in our 
environ111e111. but also to infor111 the111 of 
har111ful conta111i nants that travel through ai r 
and water system to the co lder northern 
parts of the world . 

3. To hire an interpreter/translator to ensure 
what is interviewed is efficiently 
communicated so the Tlicho public wou ld 
understand the issues more clearl y. We hope 
here any feedback wou ld clear-up any 
misunderstanding or interpretations. 

4. Complete cassette tapes and/or CD di sk of 
translated interviews to be 111ade avai lab le to 
Tlicho publ ic through Band Offices. 

5. To continue to panicipate in activities of the 
NWTECC. including 111011thly meet ings and 
proposal reviews. 
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Introduction 

Effic ient communication to the Tl icho 
communiti es can usually become costl y, 
especial ly conducting interviews, completing 
presentations, or visiting with the pub lic and 
organizati ons. Once the interviews are fini shed, 
the information wil l be aired on CKLB in both 
the Engli sh and Tlicho Language. 

Three of the four Tlicho communiti es can on ly 
be access by air and winter road ; we hope to 
reach more people with our contaminants 
in fo rmation regarding traditional foods. 

Activities 

In 2003-2004 

James Rabesca , interpreter/trans lator, was hired 
to work wit h the Project Leader and to make 
available completes tapes fo r airi ng. Other 
interpreter/translators will be used as necessa ry. 

In terviews have been completed to-date with 
severa l NWT ECC members regarding different 
aspects of the Northern Contaminants Program. 

Interv iews will be aired on CKLB in Tlicho and 
Engli sh as airing time permits unti l al l interviews 
are completed. 

Results 

Interviews were des igned to capture the strengths 
of severa l NWTECC members. George Lafferty, 
NWTECC member representing Tlicho, 
provided an introduction in the Tlicho language. 
Dene Nati on provided some background 
information on the NCP and the WTECC. 
DIA ND described contaminants and how they 
arrive in the arcti c and affect the environment. 
Representat ives from GNWT Resources 
Wildlife and Economic Deve lopment were asked 
questions about contaminants and their 
relationship to caribou , fi sh and other wildlife. 
GNWT Hea lth and Soc ial Services was as ked 
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quest ions regard ing contaminants and human 
hea lth . 

Through continued part icipation on the 
NWTECC, projects such as these interviews can 
be completed with the help of other committee 
members. In addition , participat ion in th e 
committee ensures a contact person is ava ilable 
to vo ice contaminants concerns from Tlicho 
communities and engage in discu ss ion with 
sc ienti sts and NCP program coordinators to find 
answers. 

Discussion and Conclusions 

It takes time to transfer the in fo rmat ion from 
interv iews onto to tape without first havi ng the 
written information and it did not help when our 
interpreter 's time was demanded elsewhere. 
Following the first interviews, others were asked 
to complete their interview by answering 
questions in written form that can be taped, to 
make it easier for translati on. 

The translation of these interviews provides a 
so lid base of information on th e Northern 
Contam inants Program in th e Tlicho language. 
Through the use of radio, a very wide audience is 
reached. As the interviews are all sto red on tape, 
rebroadcasts can be made several times to ensure 
as many people as poss ible are reached. 

Expected Project Completion Date 

Interviews will be played during appropriate 
airing times on CKLB in the Northwest 
Territories. NWT ECC participation is ongoing. 

G. Lafferty 



Development of an Inuit Communications Strategy on 
Contaminants Guiding Activities in Inuit Communities 
(2004-2008) 

Project leader(s) 
Eric Loring Senior Environment Researcher Inuit Tapiriit Kanatami 170 Laurier Ave 
Ottawa, ON K1P5V5; phone: 613 238 8181 ext. 234; e-mail: loring@itk.ca 

Project members 
Inuit Circumpolar Conference-Canada; Niqiit Avatittinni Committee; NWT Environment 
Contaminants Committee ; Labrador Inuit Association Research Office ; Nunavik Nutrition and 
Health Committee; GN Health and Social Service; lnuvialu it Regional Corporation ; Nunavut 
Tunngavik Corporation; Makivik Corporation ; Kativik Regional Government 

Abstract 

The implications of poor communicat ion, 
regarding the Arctic food cha in contam ination 
risk and the potential hea lth impacts on Inuit, 
demonstrates the need to take an organized and 
rat ionale approach to work related to 
communicating these risks and benefits in Inu it 
regions. Thi s strategy paper provides the 
background for the beginning of a long-term 
planning process for Inuit Tapiri it Kanatami and 
Regiona l Inuit Organizations in relation to their 
ruture communications and educations act iviti es 
under the orthern Contaminants Program 
(NCP). 

Key Project Messages 

I . _Mercury concen trations have not declined 
significantl y in land locked char from 
Reso lu te lake from 1993 to 2003. 

2. Mercury concentrations have increased 
marg inall y in cha r from Char and Amituk 
Lakes over the same period. 

3. A t Hazen Lake in northern Ellesmere Island, 
mercury concentrations in char have also not 
changed overa l I but appear to show year to 
year variation which is probab ly related to 
diet. 

E. Loring 

Objectives 

• This project deve loped a general strategy 
process to help establish a path for the next 
5 years of Inuit communications activities 
under the Northern Contaminants Program. 
It is proposed to develop such strategies 
such that they can be easily integrated with 
the Indian and Northern Affairs - NCP 
Blueprints. 

The development of a common organized 
and coordinated Inuit strategy for learning 
about, conducting and increasing the 
capacity to communicate and support 
informed decision making by Inuit. 

Introduction 

The presence of contaminants in the Canadian 
Arctic env ironment has received increasing 
attention over the past few decades most notably 
due to the potential ri sks to human health from 
traditional/country food contamination 
(Canadian Arctic Contaminants A ssessment 
Report (CACAR) I 1997: CACA R II, 2003). The 
management and commun ication of the ri sks 
posed by environmental contaminants in the food 
chain of northerners poses significant challenges 
in Inuit regions. Some changes over the past two 
decades in the consumption of country foods in 
Inuit regions may be attributed. in part , to the 
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presence of industrial pollutants in the Arctic 
ecosystem. Some ri sk management and 
communication strategies in th e past have been 
repo rted to have resulted in fear and confusion 
among community res idents, and had signifi ca111 
direct and indirect socia l, economic, and hea lth 
impacts in the in volved communities. 

The review of communications material s and 
acti vit ies conducted during Phase 11 of the NC P, 
as reported in Knowledge in Action (CACA R 
2003) ide111 ifi ed the need fo r an organi zed 
approach to commu nicat ions activities and 
research. To date, various for111s of eva luation 
(for111a l and infor111al) have docu111ented va rious 
lessons at different ti111es and in unique reg ions 
regard ing methods of best practi ce or challenges 
faced in co111111uni cat ing about conta111inants and 
health in Inuit regions. Further, as more is 
learned about the pote111 ial effects of 
conta111i nants on Inuit hea lth (CACA R II Hea lth 
Report) the messages are in fac t becoming more 
co 111plex , requiring greater leve ls of detail to be 
co111111u ni cated and therefo re understood by Inuit 
in order to support trul y in formed decision 
making. In 1995, in response to a review of the 
ri sks and benefits of co111aminants in cou111 ry 
foods consumed by Inu it the genera l message, 
fol lowing consultat ion wi th sc ie111ific and 
northern experts alike was as fo llows: 

''This statement is made with the support 
and agreement of the leaders from 
Nu navut. Nunavik, Labrador and 
lnuvia luit regions ...... So far as we are 
awa re, the risks to public hea lth from 
cont inuing to eat beluga and sea l blubber 
are very small and are outweighed by the 
benefits to you of these foods. However, 
Inuit must judge for themselves what is an 
acceptab le ri sk for themselves and their 
fam ilies .. ,. 

President , ITC - Rosemari e Kuptana, 1995 

In 2003, in response to resu lts from the Nunav ik 
Inuit Child Cohort. the Pu blic Hea lth Director of 
that region re leased a public statement whi ch 
including the fo llowing: 

" ... the study results are interesting and 
very va luable to understanding the impact 
contamina111s may be hav ing on infa111 
deve lopment in Nunavik , but more 
importantl y, we must put these resu lts in a 
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greater pub li c hea lth co ntex t with the 
other things we know in nuence the heal th 
of young mothers and their babies". 

"The Public Hea lth Department suggests 
that women of childbearing age ( 13-45) 
must first ensure to eat a variety of 
nutritious foods in an adeq uate amount. 
Whenever poss ible, we suggest that 
women se lect country foods that are ri ch 
in fatt y ac ids and less co ntam inated with 
PCBs (A rcti c char, mi siraq 111ade from 
sea l blubber instead of beluga)." 

"The NN HC and the PI-ID strongly 
believe that cou111ry food is general ly the 
best food for Nunav immiut. Country 
foods are nutritious, bind communities 
together and reduce the ri sk fo r severa l 
diseases such as heart disease and 
diabetes. So yes, of course. they are still 
safe to eat. " 

NN HC and Public Hea lth Director, Nunavik , 
2003 

As the knowledge of the pote111ial effects of 
these contaminants on Inuit hea lth has increased 
the messages and acti viti es required to increase 
awa reness and understanding of th ese issues 
among Inuit has conseque111ly become more 
complex as is seen in the differences in these two 
messages. At the same time, with the 
establi shment of the Northern Contaminants 
Program as a permanent program w ithin the 
Indian and Northern Affairs organi zat ional and 
operational structure, the research program, in an 
attempt to ga in a better understanding of these 
issues. is beginning to focus greater attention 
spec ifi ca ll y on the issue of hea lth effects of 
contaminant ex posure among the most highly 
exposed group in the North : Inuit. 

Activities 

In 2003-2004 

Inuit Forum gro ups meets wit h all Terri torial 
Co111am inants Comm ittees (TCCs) to 
deve lop a coordinated approach to funding 
in the Inuit Block 

E. Loring 



Survey and tours conducted th roughout the 
yea r 10 identify and understand knowledge 
gaps 

Presented firs t draft o f strategy for review 
and comments to the NC P management 
committee in November 

Input from a ll Inuit reg io ns from the ITK 
Nationa l Inu it Committee Environment 
(N ICE) toward s educating and 
communicating contaminant in formati on to 
Inu it regions. Al thi s meet in g, pa n icipanls 
recommended : 

o Ongoing Dialogue: the need for an 
ongo ing region al and nati ona l di a logue 
on communicating about contaminants; 

o Need for Learning - need 10 document 
and have a strategy to lea rn in o rder to 
improve how communicati ons are done; 

o Coordination and regionaliza tion -
the need for cent ra l messages to be 
deve loped with reg iona li zed varia tions, 
the need 10 work together o n materia ls 
and messages whenever poss ib le to 
avo id dupli cati on and ensure e ffi cient 
use of resources; 

o Develop Capacity - the need to 
increase the chance of hav ing reg ional 
representat ives focuss ing on 
communi catio n and coordinatio n re lated 
to these iss ues via cooperati ve fundin g 
among research programs or other 
mechanisms; 

o Make Best Use of Existing Materials: 
th e need 10 bui Id on and use what has 
been done before and worked rather 
th an have each region produce new 
mate ria ls year a fter year (e.g .. update 
o ld materia l, tra nsla te good materia ls 
into reg ional dial ects, etc.); 

o Completion of all Initiatives - Carry 
through on past initiati ves, use good 
tools already deve lo ped , check lo see if 
they have been used and have work ed 
(e.g., PSA fo llow up survey and 
redi stribution) ; 

o Ensure Continuity - Establi sh a lo ng 
term vision with short and long term 
goals rather than reacting and changing 
directi ons from year to yea r. 

E. Loring 

Discussion and Conclusions 

In establi shing the strategy, regions, ITK and 
ICC mu st first dete rmine their specific pri orities 
and obj ecti ves re lated to communicating about 
contaminants and health. 

Wh at are your key issues and spec ifi c 
purposes o f communicating? 

What do people and don' t peopl e know 
abo ut this issue? How do you know thi s? 

What are perceptions and m isconceptions 
about thi s issue in your regi on? 

What are the key thin gs that people in your 
reg ion sho uld know? 

• What do they want and need to know? 

• Wh at a re you responsible lo make them 
aware of I provide access to? 

How is thi s best done? 

What do you need to know to do thi s better? 

What needs to be do ne to increase this 
abi li ty in the future? 

Upon setting these priorities. it is recommended 
to deve lop a stra tegy that provides a ba lance in 
pri ori ty ac ti viti es to su ppon return ing results and 
bas ic informati on. learning about how thi s can be 
improved and enhanc ing local capacity to 
co nduct these ac ti vities. It is therefo re 
reco mmended that priorities be orga nized under 
these three head ings: I . Comm unication 
Acti viti es: 2. Communi cations Lea rn ing; 3. 
Co mmuni cati ons Capac ity. 

Exa mples of ac ti viti es that were conducted thi s 
past year under the NC P Inuit Block fu nd for 
commun icati ons (orga ni zed by category) 
include: 

Comm1111icatio11 activities 

Communicati ons tours Ill lnuvia luit. 
Nunavut, Labrador 
Newspaper insert and fac t sheets deve loped 
PSA d issemin ation 
Health worksho p on Nunavut cohort 
Regiona l consultatio n and stra tegy processes 
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Communiclltions lellrning 

• Survey among Inuit regions on contaminants 
perspectives, knowledge, awa reness 
Health work shop on Nunavut cohort 

Building capacity for co1111n11nicatio11s at the 
regional or community /e1,els 

• Regional represematives involvement and 
direction of communication activities and 
research 

• Hea lth workshop on Nunavut cohort (inter-
regional exchange of experiences) 

Annual and Mid-Program Review 

As is expected that priorities and needs will 
change from year to year wit h results from new 
studies becoming ava ilab le and adapting our 
understanding of the issues re lated to 
contaminams and health , it is recommended to 
conduct an annual review of the strategies. An 
Inuit Communicat ions Working Group shou ld be 
convened lo review and adapt, as needed, 
reg ional , national and internati onal 
communications priorities to ensure that long 
term goals are being met and short term goa ls 
remain relevam. It is recommended that this be 
the same committee involved in the development 
of regional. national and internati ona l long-term 
plans and that thi s group meet mid-fal l of each 
year so that the most recent needs and priorit ies 
are renected in the NCP an nual ca ll for 
proposa ls. 

Further, in the development of th e long term 
strategy it is recommended that the Inu it 
Communicat ions Work ing Group incorporate a 
mid and end of strategy eva luation process at 
2006 and 2008. Appropriate indicators and 
evaluation processes should be deve loped and 
utili zed at this time to ensure goa ls and 
object ives are being met and to adapt future 
strategies for this work . 

Developing Priorities for 2004-2005: 

Comm1111icatio11 Activities (to include evaluatit1e 
co111po11e11t where possible) 
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General National Inuit messages with 
regional variations 

General In uit communications package with 
regional va ri ati ons 
Messages tailored to spec ific groups (e.g. 
highl y ex posed WCBA in Baffin, etc.) 

• Messages responding to misconceptions 
identifi ed in survey 

Co1111111111ications lellrning 

• Complete analys is and return of results for 
survey 
Development of indicators of 
« effect iveness » 
Deve lop rat ionale and framework for 
communica ting with W CBA on contaminant 
ri sks 

• Understanding informa l networks for 
communicati on in communities. 

Com1111111ications Capacity Building 

• In vestiga te feasibi lit y of establi shi ng 
reg ional communicati ons / coordination 
positions for co ntaminant issues 
Review feasibil ity to re-print educati onal 
materia ls on contaminants for use in Inuit 
reg ions 

• Rev iew feasibility of delivering 
Contaminants Front line Workers ' Training 
Workshop in Inuit regions 

The Planning Process: A Way Ahead 

Initia l Meeting to establi sh and in troduce 
communicati ons 
framework 

planning process and 

2. Reg ional, Nat iona l and Internat ional Pl an ning 
Processes lo set prioriti es and objecti ves 

3. Finalize and Coordinate Regional, ati ona l 
and Internat ional Strateg ies 

4. Translate Strateg ies into CP Inuit Block 
Blueprint 

5. Ensure Effect ive Review of Proposa ls 

6. Revisit Blueprint Annually 

E. Loring 



Developing the "Contaminants in the Deh Cho 11" 
Booklet 

Project leader(s) 
Kelly Pennycook Deh Cho First Nations, Box 89 Fort Simpson, NT XOE ONO; 
phone: (867) 695-2355/2610; fax : (867) 695-2038; e-mai:kellydcfn@Yahoo.ca 

Project members 
Ria Letcher, Deh Cho First Nations; Kelly Pennycook, Deh Cho First Nations ; 
Deh Cho First Nations Local elders; NWTECC 

Abstract 

The Deh Cho First Na tions communica tio ns and 
educations acti viti es for 2003-2004 focused on 
the deve lopment of the Con1a111i11a111s in 1he Deh 
Cho II book let 10 prov ide accurate in forma tion 10 
res idents of the Deh Cho on the presence of 
con1am ina111s in traditional foods. In addition, I-
shirts were prod uced with the key message that 
1rad itional/cou111ry foods are safe 10 eat. All Deh 
Cho communiti es were visi ted thi s yea r and 
co ntaminan ts information and CACA R 11 were 
discussed. 

The Deh Cho First Nat ions co111inued to 
parti cipate in the NWT Environme ntal 
Contaminanls Commi11ee monthly meet ings and 
in-person meeting. The Com mi11ee is responsible 
fo r providing informati on 10 Northerners on the 
presence and possible effects of co111amina111s in 
th e environment. 

Key Project Messages 

I. The Och Cho First Na tions Local 
Contaminants Coordinator provided 
in formation to communities about th e resu lts 
of CACA R II by community presentations 
(through the use of PowerPoi111, pamphl ets, 
questionnaires, I-shirts and the 
Co111a111 i11al1/s in 1he Deh Cho II booklet). 

2. The Loca l Co111amina111s Coordinator 
bri efed and updated th e Deh Cho First 

ati on's NWT Environmental Contaminant s 
Committee representative for meetings to 
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bring forward con1amina111s concerns in the 
Deh Cho and rev iew Northern Contaminants 
Program proposa ls and other information. 

Objectives 

The Deh Cho First ation provides two-way 
transfer of co111aminan1s information between 
communiti es and the No11hern Co111a minanls 
Program (NCP). 

I. To promote the results of CA CAR I I through 
the use of the Con1a111inan1s in 1he Deh Cho II 
booklet , pamphl ets. tours, and key messages 
on I-shirts 

2. To assist communiti es 10 identify concerns 
related 10 envi ronmental co111am in a111s 

3. To inform and educate th e public about 
co111am inants in the Deh Cho. 

4. To coordinate regional co111amina111 studies 

5. To review NWT Proposa ls related to the NCP. 

Introduction 

In this transition yea r fo ll owing Phase 11 of the 
NC P, the focus of the Deh Cho First Nations was 
the production of the Co111a111i11a111s in 1he Del, 
Cho II book let to aid as a communicati on too l 
for CACAR II. 

203 



DCFN also acti vely parti cipated in the NWT 
ECC through both monthl y conference ca ll s and 
an in-person meeting to rev iew NC P proposa ls. 
DCFN has acted as a cent ra l contact fo r th e Deh 
Cho for recei ving and communicating 
information pertaining to the NC P, Stockh olm 
convention, and CACA R II. This was 
accompli shed through community tours, where 
contaminants in formation was presented 
di scussed, as well as other environmental 
concern s. 

Activities 

In 2003-2004 

DCFN produced a boo kl et titl ed 
Conla111i110111s i11 the Deh Cho II as a foll ow 
up to the Co111a111inan1s in rhe Deh Cho 
book let produced aft er phase I of the NC P. 

DCFN conducted community tours of the 
Deh Cho communities where contaminams 
informat ion was di scussed and CACA R I I 
repo rts and fact sheets dis tributed. 

T-shirts were prod uced with the key 
message from CACA R II th at traditi onal 
foods are safe to eat. 

DCFN attended monthly meetings of the 
NWTECC by teleconference, and one in-
person meeting to review NC P proposa ls. 

Parti cipated in the NCP Frontline Training 
Sess ion by Dene Nation. 

• Prepared an NCP proposa l fo r the 2004-
2005 yea r. 

On-go ing communicati on of the results from 
the CACA R I I and WT Fact Sheets. 

Passed on community contaminants 
concern s to the NWTECC fo r discussion. 

Results 
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Distri buted the Cantaminanrs i11 rhe Deh 
Cho II booklet and the DCFN I-shirt to Deh 

Cho communities, the WTECC, the NCP 
Secretariat and any interested indi viduals. 

Acted as a point of contact for contaminants 
concerns in th e Deh Cho. 

Learned about CACAR II through th e NWT 
Fact sheets and CACAR 11 reports and 
helped provide thi s information to Deh Cho 
commun ity members. 

Prov ided input to th e NWTECC on Deh Cho 
contaminants concern s. 

Receive feedback from Deh Cho First 
Nati on gove rnments. 

Start compiling a contaminants resource 
data ba nk . 

Discussion and Conclusions 

The Deh Cho First Nat ions 2003-2004 educati on 
and communica tion proposa l provided a good 
solid base for th e NCP through which to 
education and communicate to the Deh Cho 
Territory people on contaminant facts and 
concerns. This project could not have happened 
at a beller time, as th e Dene people. espec ially 
elders, ex pressed great concern about their 
traditional foods. 

Expected Project Completion Date 

This proposal was completed in April 2004; 
audited linancials will be forwa rded as soon as 
clea red by leadership. 

The Deh Cho First Nat ions will continue to be 
represemed on th e WT-ECC, and add ress 
concern s and communicate in formati on relating 
to contaminants in th e Deh Cho. 
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Deliver CACAR II information to Labrador Inuit and 
Participate to the Common Northern Survey on 
Contaminants Communications 

Project leader(s) 
Jolyn Pijogge/Mary Denniston, Research Department, Labrador Inuit Association, 
P.O. Box 280, Nain , Labrador; A0P 1 LO; phone: (709) 922-2847/864; fax: (709) 922-
1040; e-mail: natsiq@nunatsiavut.com 

Project members 
Eric Loring , Senior Environment Researcher, Inuit Tapiri it of Kanatami ; Chris Furga l, 
PhD, Research Associate, CHUL Research Centre, Beauport QC; Labrador Inuit 
Heath Commission 

Abstract 

The Northern Conta111ina111s Progra111's (NCP) 
goa l is to reduce and wherever poss ible eli111inate 
con taminants in tradi ti onal foods. Supporting 
thi s goal are the NC P's priorit ies for providing 
people wit h the too ls and info r111ation for 111aking 
their own infor111ed deci sions, through education , 
commun ication, and community participation in 
the progra111. Hav in g reg ional staff work on this 
agenda helps ensure that thi s goal is being 111et 
by havi ng so111eone in place that is fa111 ili ar wi th 
and sensitive to the cultu re and peop le. 

In Labrador, th e duti es of the Labrador Inuit 
Assoc iation's (LI A) Researcher include acting as 
a liaison between fi ve 11 0 11 h coast communities 
and Upper Lake Melv ill e, acti ng as a liai son 
betwee n researchers and the co111111unity, 
co111 111unicatin g research resul ts on ri sks and 
benefi ts of wil d foods ii] plain language to th e 
co111111uniry residents in Labrador through 
va rious 111ediu111s, assisting in the del ivery of 
works hops, open-houses, and infor111at ion 
sess ions, and carrying out projects funded by the 
NCP in the region. 

Key Project Messages 

I. This project continues to enhance th e ab ility 
of the LI A Resea rch Offi ce to better dea l 
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wi th the issues related to 111an-111ade 
chemicals entering the environment which 
are a concern a111ong Labrador Inuit , and to 
provide information in a pla in language, 
translated, and accurate for111 in order to 
support Labrador Inui t in 111aking infor111ed 
dec isions about their hea lth and the 
env ironme nt; 

2. The LI A Research Office st ri ves to cominue 
its co111111un ication efforts, in a culturally 
relevant manner, on contaminants, research , 
and the environment; conduct research and 
pro111ote 111utually benefic ial relationships 
between the co111111uni ties of northern 
Labrador and outside sc iemists; 

3. Th is projec t has enabled th e Labrador Inuit 
Association Research Office to continue 
these communications, research and liaison 
activit ies, in order to effectively conduct 
research and communicate in formation on 
conta111inants in the food chain and the 
environment, enabl ing Labrador Inuit to 
make informed dec isions. 

4. This work is a contin uation of the Reg ional 
Contaminants Coord inator (RCC), Labrador 
Inuit Associat ion , to enhance decis ion 
making capac ity among Labrador Inuit, 
through the provision of infor111ation on 
risks and benefits relevant to the reg ion in an 
accurate, timely and access ible manner. 
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Objectives 

One objecti ve laid out by the onhern 
Contaminants Program (NCP) is to reduce or, 
wherever possible, elim inate contaminants in 
traditionally harvested foods while providing 
information that assists informed decision 
making by individuals and communities related 
to their food use. 

The Labrador Inu it Association Research 
Officer: 

o will continue to assist residents of Nai n. 
l lopedale. Postvi lle. Makkovik, Ri golct 
and Happy Valley-Goose Bay by 
providing information about risks. the 
means to reduce risks. and information on 
the benefits of tradit ionall y harvested 
foods to support residents in making 
in formed deci sions: 

o will continue to assist communiti es of the 
north coast of Labrador and the Lake 
Mel ville area in becoming in vo lved with 
contaminant issues and activities that 
affect the people and the region: 

o wi ll act as a research liaison with outside 
researchers conducting work in the region 
on these issues, supponing their work and 
aiding and ensuring that their work is 
conducted in an ethical , effective manner 
and that their results are communicated 
back to the population in a timely manner. 

Introduction 

Labrador Inuit are sustained by the animals, 
birds, fish and plants of the region. Resea rch has 
shown that contaminants are present in these 
food sources due to the environment being 
contam inated by varying sources of loca l and 
distant pollution which are then transponcd to 
the nonh via atmospheric and oceanic 
mechanisms. The levels of contaminants in 
these foods are of concern to the Inuit of 
Labrador because they sustain people in 
Labrador and may potentially affect the residents 
of the coasta l communiti es. Ev idence from 
Nunav ik has showed subtle effects on unborn 
child ren due to the consumption of wild foods. 
Just thi s past year, LIA and LI I IC, in coopera ti on 
with the Environmental Sciences group of 
Dcpanment of National Defcnse. released a 
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health advisory for the consumption of wild 
foods in the aglek area because of the potenti al 
for related health effects. Both of these issues 
are making it increasingly important to explain 
this information. the current state of knowledge 
on contaminants, and the rel ated benefits and 
ri sks of wild foods to the population of Labrador. 
In order for Labrador Inuit to be informed about 
wise food choices the LIA Resea rch Office must 
coordinate efforts between NC P researchers. 
Inuit Tapiriit Kanatami and researchers and our 
communities. Following the objectives of the 

orthern Contaminants Program. the LIA 's 
Researcher acts as a key resource person and 
provides information to the population in a 
culturally relevant and plain language format on 
contaminant-related issues. This is done by 
utili zing the guidelines developed through 
consu ltation with community individuals in the 
project Co111111y Food. N111ritio11 and Health: 
Developing f:..1fective Co1111111111icario11 Srraregies 
in Labrador conducted by LIA Resea rch and C 
Furgal (Lava l Uni versity) and Lorraine Craig 
(U ni vers ity of Wate rl oo). 

Activities 

In 2003-2004 

COMMUNI CATION 

Avativ11t f\fe wsletter 

This newsleller is a qua rterly publication that the 
LIA Resea rch Office has developed and used to 
communicate to the Labrador Inuit population 
about such things as the benefits and risks of 
wild foods, the most recent knowledge on 
contaminants, health and environmenta l issues 
and to update people on current research 
activities in the region. The existence of a 
regional person and their involvement in this 
publication has enhanced the LIA Research 
Office 's ability to communicate such information 
in a cu lturall y- relevant manner. Without thi s 
person, thi s newslclter would not be published. 
The ma in focu s of the Avativ ut newsletter is on 
the benefits of wi Id foods to stress that they arc 
st ill the most nutritious foods for Labradorimiut 
to eat. Additional updates of new and ongo ing 
research acti vities and relevant facts about health 
and environment issues in the region are also 
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prov ided in thi s news lelle r whi ch is printed in 
Engl ish and lnuktitul (Labrador Di alect) and 
d istri buted 4 times a year. A sectio n of the 
Avati vut News le11er is a lso set as ide for 
environmenta l news from each of the no rth coast 
communities, g iv ing each communi ty a chance 
to share the ir concerns and acco mp lishments 
with the coast regarding environ ment and hea lth 
issues. 

PCB C/ea11-up at Saglek, Labrador 

The LI A Resea rch Offi ce staff annuall y 
fac ilita tes the comm uni cation of in forma ti o n 
about the presence o f Po lyc hl o rinated Biphenyl 
(PCB) comamination in the Saglek Bay area. 
Information be ing communica ted to date on thi s 
topi c includes resu lts on the marine and 
te rrestri al pl ants and anima ls that have been 
contam inated by PC Bs at the site. The messages 
on effects th at PC Bs have o n humans through 
contaminatio n we re de livered thi s year, as we ll 
as up-to-date information about the clean- up 
acti vities of the comaminated so il at the site. 
Thi s past year Bennell Environment Inc. held an 
open house in Na in , Labrador pertainin g to the 
site c lean up activ ities. 

Jo lyn Pijogge ( LI A Resea rcher) worked with Dr. 
Chri s Furga l of Lava l Uni versity Hospita l Cemre 
(C H L-C HUQ) and Zou Zou Kuzyk o f the 
Environmenta l Sc iences Group (ESG) on 
communicating about contamination iss ues at 
Saglek thi s pas t year. Jolyn, Chris, and Zou Zou 
worked together to deve lop key hea lth and 
enviro nmem messages spec ifi c to th e Saglek Bay 
area. Thi s yea r, thi s included the joint LIA- LI I-I C 
release of a hea lth advisory perta ining to 
consumptio n of wi ld foods in the Sag lek Bay 
area. 

The informati o n compiled was di sse minated 
through a worksho p, an open ho use, and a cal l in 
radio show. A communications package of 
materi a ls was deve loped and used during the 
variou s communicati on acti vities. The package 
included posters for genera l publi c re lease, an 
o ffi c ia l press re lease, radio public serv ice 
anno uncemen ts. and fact sheets pertaining to the 
site's hi story, PCBs, the Sag lek Remediation 
Project, marine system, marine wi ldli fe e ffects. 
tradit io na l foods and health . 

Labrador Co1111111111ity Tour 

As part of the o ngo ing c ircumpolar effort to 
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"work to reduce and , wherever possib le, 
e liminate contamin ants in trad itiona lly harvested 
foods , wh il e providing information that ass ists 
in fo rmed decision mak ing by indi v iduals and 
commu niti es in their food use" (as per the 
mandate of the Northern Comaminants 
Program) , a commu nity to ur was organized fo r 
the Labrador north coast communiti es thi s year. 
The to ur started in the northernmost community 
(Nai n) and was to include Hopeda le, Makkovik, 
Postvill e and Rigole t. Due to the necessary 
postpo nement of severa l community v isits, a 
second phase of the tour was to occur in the 
Spring of 2004, v isit ing th e communities not 
reached in th e initial trip. This second phase of 
the tour did not take place thi s year, due to 
c ircumstances beyond ou r comro l. Na in served 
as the base for al l of the activities carried out in 
thi s phase of the to ur, though every e ffort was 
made to include the other communiti es wherever 
poss ible (e.g. via regional radio broadcasts). An 
open house, schoo l presentations. and ca ll-in 
radio show were conducted by the team , whi ch 
included representat ives from LI A. ITK, DI AN O 
( C P), Laval University and Dalhousie 
University. The tour materi a ls focused on 
delivering the sta te of the knowledge pertaining 
to contaminams in Labrador and other regions of 
the North as presented in the CACAR II reports. 

LIAISING/CONTACT PARTICIPATION IN 
RESEARCH PROJECTS 

What do Labradoria11s Kuow about Their 
E11 viro11me11t anti Health Survey? 

Thi s survey was conducted in 5 north coast 
communities, Nain. l-l o peda le. Postvill e. 
Makkovik and Rigo let this year under the 
direction of C Fu rga l (Lava l Uni versity). LI A 
field office staff filled the ro ll of com munity 
researchers to ra ndomly choose parti cipams in 
the comm unity fo r the survey and help them 
complete the questionnaire. Thi s survey was 
done to gather Inuit perspectives o n what In uit 
would like to know about the environmcm and 
how it influences their hea lth , with spec ial 
emphasis on contaminant related issues. After 
pre-testing the su rvey momhs before to ensure 
wording was accurate and understandable the 
survey was conducted w ith 60 participants 
among the 5 coastal communities. 
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~Vomen's Perspectives 011 Climate Change and 
Health 

Sandra Owens, a Masters student at Lava l 
University Public Hea lth Research Unit 
conducted a research project entitl ed Women's 
Perspect ives on C limate C hange and Hea lth. 
Th is project focused on women's perspectives on 
the effects that c limate and envi ro nmenta l 
changes have had from a women's point of viev.1• 

Sandra returned her results to the partic ipants in 
Nai n in Apri l 2004 to verify the in formatio n 
gathered and analyzed was accurate and 
understandable to the pa11icipants of the project. 
Sandra will now compile this in formati o n in a 
report fo rmat, wh ich will then be returned and 
sent to the Labrador In uit Assoc iation. 

Deter111i11a11ts of Food Choices i11 Labrador a11d 
Perspectives 0 11 Co11tami11a11ts 

Susie Bernier and Chris Furgal of Lava l 
University Public Health Research Uni t returned 
the results of their research projects on the 
Determinants of Food Choices in Labrador and 
an earlier survey on Na in and Makkovik 
residents ' perspecti ves on contaminants, 
respectively. These projects prov ided a better 
understanding of food preferences, att itudes and 
other factors innuencing food choice behav iour 
as well as some concerns and mi sconceptions 
individuals have on contaminant issues in the 
region. The results of these stud ies were returned 
to the Nain population via an open house and 
radio interview at the OK soc iety. The open 
house event was very we ll attended by the 
general public and school g roups. 

Participation i11 A CAD RE - Nasiwik Centre by 
LIA Research Office Staff 

The purpose of thi s program is to deve lop a 
network of supportive research env iro nments 
across Canada that w ill fac il itate the 
deve lopmem of capacity in Aborigi nal hea lth 
research. 

Mary Denni ston , LI A Resea rcher worked with 
the Susie Bernier, Coord inato r o f the Nas ivv ik 
Centre to find o ut the number of Inuit studems 
from the Labrador region that are attending post 
secondary programs wi th respect to env iro nment 
and health. The high schoo l was a lso comacted 
to see what science cou rses are offered to 
students who are at the stage in their li ves when 
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they are cons idering what they woul d like to 
pu rsue as a career. Thi s was do ne to help dec ide 
what actions the Nas ivv ik Centre wo uld take and 
what c ircumstances needed to be cons idered 
when making decisions about what 
criteria/g uidelines mu st be set in order to assi st 
Inui t in build ing capac ity in environmem and 
heal th . It is expected that these act iviti es and 
the init iat ives of thi s centre w ill a lso he lp in 
future yea rs of the NC P ac ti v iti es in he lping 
enhance regiona l ca pac ity in Labrador to conduct 
contaminant related research and 
communicat ion s. 

Ongoing Daily Comm 1111icatio11s And Research 
Coordination 

In additi on to these speci fi c acti vit ies, the LI A 
Resea rch Office staff fulfill s a number of 
ongoing com munication responsibi liti es. Daily 
activ ities of the Research Office inc lude 
respond ing to community concerns, providing 
info rmat ion to the Labrador Inu it Assoc iati on, 
communities, and indiv iduals on issues relating 
to contam inants, the environment and health , and 
acting as a liai son for th e various peop le 
propos ing to, and currentl y cond ucting research 
in the reg ion. Add itiona lly, the research staff 
acts as a lia ison for in teractions between the 
regional organi zations and ITK and the NCP. 
Th is involves regular da il y in teraction with 
va ri ous ind ividuals and ongoi ng communications 
efforts. 

Results 

The ex istence of this sta ff membe r has enabled 
and enhanced the ab il ities of the LI A to continue 
its mandate of prov idin g informat ion on 
environmental iss ues such as contaminants, 
research and the environment, acting as a liaison 
between communities and outside researchers, 
co nducting resea rch and act ing as a co-fac ili tator 
in de li ve ring workshops and training fo r 
com munity representa tives. The fin anc ial 
su pport provided through the NC P cominues to 
enabl e the LI A Resea rch O ffice staff to improve 
the way information is bei ng presented and 
del ivered to In u it com muniti es of no rthern 
Labrador by ut ili z ing the la test proj ect results for 
the region 111 deve lop ing e ffect ive 
com muni cation strateg ies. In add iti o n to 
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facili tating communications on contaminants 
informati on, thi s project enables the staff to 
anticipate and reduce th e poss ibi lity of 
misunderstandings and mistrust among 
commun ities, organizations, researchers and 
scientists in communications activities in the 
region. 

Discussion and Conclusions 

The LI A Research Office staff member 
contin ues to be a va luable addition to th e LI A 
Office. The LI A Office continues to educate and 
empower th e people of Labrador to better 
understand and dea l with contaminants in their 
environment and tradi tional foods, and be aware 
of research and genera l environmental issues. 

The Labrador Inuit Assoc iati on Research Offi ce 
continues to : 

• Support the acti viti es undertaken by LI A 
Research Staff in providing in fo rmation on 
research about contaminants, their effects on 
wild life and humans th rough consumpt ion 
of wild foods which are based on the varied 
language and geographic needs of 
individuals and communi ties of Labrador: 

• Enhance dec ision making abi lit ies of 
Labrador In uit th ro ugh the delivery of 
in fo rmati on on ri sks and benefi ts of 
contaminants and wild foods re levant to the 
region in an accurate. timely and accessible 
manner; Develop regionally re levant 
resource materi als in consultation with the 
coastal communities and appropriate 
agencies (i.e. Labrador Inui t Hea lth 
Commiss ion, DI AN D-NCP. ITK etc.). 
These materi als include educationa l 
materi als such as posters and a quarterl y 
news letter; all publ ications are produced in 
both lnuktitut and Engli sh; 
Use the research results from studies 
conducted in the reg ion. such as th e project 
Co 1111t1:i• Food. Nutrition and Health: 
Developing £.ffectil'e Co11111111nicatio11 
Strategies i11 Labrador to aid in effecti ve 
deli very of in fo rmat ion; 
Be responsible for interacti ng with and 
ass isting outside resea rchers with 
community consultations. This ass istance 
also includes negotiati ng research 
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agreements between resea rchers and 
commun ity organi zations and reporting 
project results to communiti es in a timely 
and responsib le manner. The Research 
Offi ce will determine, in consultation with 
community representatives who are 
responsible for communication of 
contaminants, hea lth and environment 
info rmat ion, which medium(s) best suit the 
informat ion needs of th e comm unity, etc. 
Those ut ili zed often include presentati ons 
and workshops del ivered in a plain language 
format. Th is person wi ll contin ue to assist 
co mm unities in identi fy ing and pri oritizing 
contaminants issues and assist in 

communicating commun ity concerns and 
priorities to appropriate authori ties. 
Take part in research projects and 
communication of research resul ts when 
appropriate. 

Expected Project Completion Date 

This is an ongoing project in Labrador 
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Abstract 

The Nunavut-wide Niqiit Avatittinni Community 
Tour, funded by the NC P, commenced in 
January 2004. The initial purpose of the tour 
was simply to di sseminate the findings of 
Canadian Arctic Comaminants Assessment 
Report II (CACAR II) and the public health 
message. However, at the last face-to-face 
meet ing of the AC in October 2003, the 
committee agreed that it wou ld be important to 
provide the information in a balanced, comext 
specific way. As a result , the committee decided 
the tour should also address nutritional and 
environmental health concern s to furt her help 
Nu navummiul to make balanced decisions about 
the consumption of their country foods for 
themselves and their families. The tour provided 
the initi al steps to inform Nunavummiut 
regarding what is presentl y known about the 
benefits and risks associated with country foods. 
The NAC are required to rema in vig ilant in 
mainlaining awareness and ensuring a consistent 
message to vulnerable groups and all 
Nuna vummiut. The tour presentations were 
in itiall y envisioned to be structured as a 
works hop. In th e initial planning. there were to 
be fou r segments within the content of the 
presentat ion. Through a se ries of subgroup 
meet in gs of NAC members, the co ntent of the 
Nutrition and Environmental Hea lth 
presentat ions were developed. Nineteen 
commun iti es were visited throughou t Nunav ut , 
allowing community members to be informed 
and ask questions of the tour presenters. 
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Key Project Messages 

I. It is important to meet Nunavummiut in 
person to di scuss contaminant issues 

2. Nun avut residents are concerned about 
comaminants in their traditional foods, and 
are appreciati ve of the efforts being made to 
communicate with them 

3. Much was learned about how to improve 
further tours, from the content and logistics 
of th e presentation, to the timing and 
advertising of them. 

4. The presentation audience was encouraged 
to complete a written eva luation (in English 
or lnuktitut) of the presentation at the end of 
the session. 

5. Twenty out of twenty- five communities 
were visited. The missed communities were 
Hall Beach, Arct ic Bay, Chesterfi eld Inlet, 
Baker Lake, and Sanikiluaq. 

Objectives 

To communicate the fol lowing information to 
the communities of Nunavut : 

N11tritio11 

Benefits of country food 
Iron (content. benefits. comparison of iron-
rich CF with other foods) 
Protein (content, benefits, compari son of 
protein-rich CF wit h other foods) 
Healthy fats vs. unhealthy fats 
Sugar 
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• Fat and sugar presenta ti on (hands on, ve ry 
visual) 

CA CA R II 

• Discussion of the basic concepts assoc iated 
w ith environmental contaminants 
Environmental contaminants fro m a 
Nunavut perspecti ve 
Hea lth benefit s of country food 

Keeping Country Food Safe (£1111iro11111e11ta l 
Health) 

• Animal farming practices and risks of 
contam inati on 

• Naturall y occurring contam ination in 
anima ls 
Trichinella 

DHSS/NAC Public Health Message 

Ri sk management foc us on the prenatal and 
breastfeedi ng women 
Breastfeedi ng and its bene fi ts 
Healthy Lifesty le during Pregnancy/In fa nt 
Development 
Promotion of adequate nutriti on in Nunavut 

Introduction 

The tradit ional workshop approach used to 
convey research resul ts and program information 
has in vo lved bringing se lected community 
representatives to a centra l location, prov id ing 
them w ith in format ion rega rding contaminants 
and the Northern Contaminants Program ( CP) 
and then sending them home. It had been the 
hope that these representa ti ves wo uld spread the 
information to the rest of the community. This, 
rea listica ll y, was an unfa ir bu rden to place on the 
communi ty representa ti ves as most of them were 
not in a position to ta lk to eve ry interested 
person, nor was it usuall y their job to do so. 
In fo rmati on overl oad and the potenti al for 
misinterpretati on o f th e results and in fo rmati on 
was also a potenti al problem. 

An alternati ve 
contaminant and 
send a sma ll 
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method for de li verin g th e 
NCP-related information is to 
knowledgeable team to a 

community for a va ri ety o f meetings. T his 
option was used in 1999-200 I and was fo und to 
be effective. The teams woul d genera lly consi st 
of a program representati ve, an Aboriginal 
partner, a hea lth spec ia li st and a scientist. While 
the primary means of communicati on would be a 
public meeting, the team would also take 
advantage of the time in th e commun ity to talk 
with high school science classes, th e Hunters and 
Trappers Assoc iation, the Hamlet Council and 
any other interested groups. 

The advantages of go ing to a communi ty rather 
than bringing a single representati ve to an 
outside meeting are numerous. Not only could 
more indi viduals be reached, but they would hear 
the message fro m the source ra ther than second 
hand, and the team wo uld be able to answer most 
questions immedi ately. By having the tea m in 
the community and hav ing more than j ust a 
public meeting, indi viduals have the opportuni ty 
to hear and comment about contaminants more 
than once. Also, a leve l of comfo rt would be 
afforded 10 the indi viduals since they would be 
with their famili es and neighbours, whi ch could 
help people fee l more comfo rtable to express 
opinions and concerns about th e program. 

Another benefit is the relati onship-building that 
goes on whil e in the communi ty. By go ing 10 
the community, community members have an 
opportunity to meet some of the individuals (i.e. 
sc ientists, Aboriginal organization 
representa ti ves) who arc working in their reg ion. 
This helps build relati onships between 
community members and sc ientists conducting 
research. 

A lesser benefit , but one th at should be 
considered, is the economi c benefit to the 
community. While in the community, the team 
inputs money into the loca l economy th rough 
accommodations and mea ls, log istica l support 
(e.g. meeting organizer, translati on services, hall 
rental) and souvenir shopping. 

Activities 

In 2003/2004 

From January 12, 2004-Marc h 26. 2004, the 
Niqiit Avatillinni Community Tour success full y 

G. Stephens/NAC 



visited and presented to 20 communi ti es of the 
25 idemified communiti es in al l three regions of 
Nunavut. The five communit ies that were not 
visited include: Hall Beach (cancel led due to a 
funeral) , Arcti c Bay (cancel led due to weather), 
Chesterfi eld Inlet (cancelled due to weather), 
Baker Lake (cancelled due to a public health 
co ncern) and San ikiluaq (no time or human 
resources remaining within th e fi sca l yea r). It 
must a lso be noted that the two largest 
communities in Nunavut had the poorest turnouts 
per capita. Rankin Inl et had a preselllation date, 
but no community members attended. The 
Iqal uit meetin g was quite well represented by 
hea lth and environment profess ionals, but 
otherwise very poorl y attended by Inuit from the 
community. 

Tour presemers and pa11ic ipants included 
representati ves by DHSS, DI AN O, ITK, NCP, 
NT I and/or a Regional Inuit Organization. 
Representat ion was 1101 always complete on the 
entire tour due to challengin g logistics. An 
interpreter/translator tra ve led with the group for 
conveni ence and to maintain th e consistency of 
the lnuktitul or English translati ons. DH SS 
fac ilitated the hea lth segments, whil e ITK or 
NC P communicated CACA R II. 

Two eva luation forms were used on the tour. 
The first eva luation form was in use for the first 
8 communiti es in the Qikiqtani Reg ion (Cape 
Dorset, Kimmirut, Grise Fio rd. Resolute Bay, 
Pangnirtung, Qikiqtarjuaq, Clyde Ri ver, Pond 
Inl et). Seven ty-seven eva luations were co llected 
th ese communities. This first eva luation form 
was des igned with linle input from th ose 
planning the tou r and it was fe lt that more useful 
information could be co ll ected. 

A second eva luation fo rm was then deve loped in 
co ll aboration with DIAND and DH SS over a 
very short time period. It was hoped the new 
form wo uld help eva luate whi ch detai ls were 
being retained and what segmen ts of the 
presentation were of grea test interest. This form 
was utili zed fo r th e rest of the tour The total 
number of eva luat ions co ll ected fro m the 
remaining 12 communit ies was I 05. 

A grand total of 182 eva luation forms were 
rece ived from all visited communiti es. These 
forms are tabulated and transcribed as th ey we re 
written in Appendix A (Evaluat ion Form # I) 
and Appendix B (Evaluation Form #2). Only a 
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very few forms were not translated into English 
from I nuk titut, however any comments from 
these forms are not recorded. 

Results and Discussion 

The evaluations and questions received during 
the tour clearly emphasize Nunavummi ut are 
concerned about thei r health. They are in terested 
in understanding what constitutes a healthy diet 
wheth er it be thei r country food or non-
traditional. They are anxious to understand if 
there are ri sks to their health associated with 
their country food , and what can be done about 
thi s. While regional centers and decentral ized 
communities are more likely to have ava ilab le 
resources, access to information in Nunavut is 
va ri able, and most definitely not eq uitable. The 
Niqii t Avatittinn i Community Tour was 
success ful in reachi ng out to 20 of the 25 
communities, prov iding an opportun ity for 
Nunavumm iu t to be in formed and ask questions. 

The tour may perhaps have been ambitious in 
attempting to provide a large amount of 
information in a sho11 presentation time. The 
necessity was ( I) to take advantage of limi ted 
opportunities 10 vis it the communities, as we ll as 
(2) the acknowledged need to ensure the lour 
was a we ll rounded approach lo healthy choices 
in the comext of the contam inant message. 
Many community members ex pressed the ir 
appreciat ion that the tour came 10 th eir 
communi ty. They fe lt the iss ues are importam 
and were very interested to come to upcoming 
NAC presenta ti ons. 

Conclusions and Future 
Considerations 

Future 1Viqiit A1,atitti1111i Community Tours 

It was recognized by al l in vo lved that 
preparation (content and logistics) for the Niqii t 
Avati ttinni Community T our was done over a 
very short time peri od. Allow ing more time for 
planning and preparation of the tour prior to its 
commencement wo uld likely have limited 
concerns about the length of the presentat ion as 
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well as the variability in advertising and ensuring 
the targeted groups were present. More time 
would a lso have been made ava ilable to identify 
and discuss key messages to be presented and 
re in forced , to fine tune the overal l presentation , 
arrange for trans lation, and di scuss concerns and 
suggested revisions with NAC input. Thi s was 
not really possible in the lead up to the tour. To 
compl icate matters , a fina l consensus on the 
Public Hea lth Message was agreed only severa l 
days before the beginning of the tour. 

After observation and di scussion with severa l 
tour part icipants regarding planning and logistics 
on the tour, the following suggestions may be 
considered in p lanning future events. 

A. Content 

It wou ld be usefu l to have ex perti se in 
environment, contaminants and health available 
for the enti re tour. to answer spec ifi c questions 
put fo rth by the comm unity. It would be 
recommended that the most knowledgeab le 
presenter or tour participant act as a resource to 
decrease the risk of confus ion and maimain 
accurate, Nunavut-specifi c respo nses. 

Given the signifi cant number of questions about 
the health of ani ma ls in the north , the inclusion 
of a participant/presenter with wildlife ex perti se 
would have been beneficial an d co uld perhaps be 
a consideration for a subsequent tour. 

8. logistics 

Consider arrangin g the Co mmuni ty Liai son 
Officer (CLO) o r anot her designate ( i.e. 
Regional In uit Organization Representati ve) 
involved in the p lanning of the presentation in 
their community. Thi s person cou ld be hired for 
I-day prior, and the day of the meet ing to: 

Arrange transportation in town other than 
taxi (whi ch is o ften slow and usually 
ex pensive) to meet gro up at the airport and 
bring to the meeting ven ue. 

• Ensure that eq uipment is ava ilable and ready 
to use. 
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Ensure that coffee and tea w ith assoc iated 
suppli es are avai labl e fo r the meeting. 
Ensure adequate adverti sing. 

C. At!,1ertisi11g 

Sustaining communication with communi ties to 
ensure message about meeting getting out was 
not always occurring. A rranging adverti sing 
from the Iqa luit office was not a lways feasible or 
success ful. Commun ity members complained in 
the evaluations about the limited advert ising, or 
that the meeting was not at al l what had been 
descri bed on the radio (Pangnirtung). A more 
concerted effort could be made to improve the 
advertis ing of the event fo r several days before 
the a rri va l of th e tour. Th ese e ffort s would keep 
the tour in th e fo refront of peo ples attent ion. 

A generic, co lou rful poste r that is laminated and 
sent to the co mmuniti es wo uld be a useful 
ad verti sing tool. 

There wo uld be space on these posters to 
enter the date and time of th e event in each 
particula r community. 

• These posters can be sent to the 
communiti es we ll ahead of time and be put 
up by the Regio nal Inu it 
Representati ve/C LO/other designate in 
places like th e HTO, Hea lth Center, schools, 
North ern , Coop, and e lders cente rs. 

As part of their contract, the NT I rep/C LO/other 
designate could a lso be made responsible for 
arranging advertis ing by other media: 

Scripted rad io PSA, C B announcement, 
messages on th e Co-op TV Station and 
arrang ing fo r information handouts to be 
placed in a ll mailboxes th e day before the 
event. 

D. During the Presentation 

A llow schedul ed time for a co ffee brea k and 
inform the meeting parti c ipants that thi s w ill be 
occurring. 

• To brin g people back to the meeting have a 
draw after the break. 

• In Arviat the co ffee and bannock ca me out 
just as Jim began giv ing hi s hea lth message. 
Most people headed fo r the co ffee tabl e and 
did not hear the information . 
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Perhaps reconsider the timing and fo rmat or the 
presentations. Evening presentations are likely 
a better option in the larger communiti es. 

The concern that an even ing presentation 
would result in a poor turnout proved not to 
be the case in Cora l Harbou r. 
lnuvialuit had evening presentations, which 
apparently went we ll. It mi ght be 
wo11hwhile speaking more with tour 
organi zers from that reg ion. 

• Given the poor turnout of community 
presentations in Iqalu it and Rank in In let, 
and the relatively la rge turnou t in Cora l 
Harbour for an evening presentation it 
would be worth considering loosen ing the 
initial NAC plan for afternoon sessions. 
This experience supports other comments 
made during the tour that if the tou rs were in 
the evening there would be more people. 

• Another suggesti on would be a ' hea lth fair' 
whil e wa iting for the feast to begin. This 
cou ld be a time to set up information tab les 
or give an educational talk whil e people are 
wa iting for the feast to beg in . 

Drawbacks 

Tra nsitioning from the feast to presentation 
can be tricky. 
The presentation cannot be too long. 

• Many children will be there whi ch will 
cause di stracti on as wel l as dictate the length 
of the event. 
May not reach the targeted audience 
identi fi ed by the NAC. 

Advt111tages 

Likely to have man y more people attending 
the even ing event tha11 one in the afternoon. 

Door pri zes are useful for attract ing more 
community members 

$200 per community; Gift certifi cates and 
donat ions from loca l business. 

• Additional pri zes fo r children (which focus 
on hea lth or deve lopment) might want to be 
considered. 

• All ow for breaks before each prize draw. 
This was al so mentioned in the eva luati ons. 
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As much as poss ible have Inuit giving the 
presentatio ns. 

• This not onl y builds capacity, but also 
several evaluat ions spec ifica lly commented 
on the importance of Inui t speaking abo ut 
country food. 

E. Eva/11atio11 For111s 

An evaluation form, which assesses community 
interest and information reten tion , co uld provide 
useful direction fo r planning further hea lth 
promot ion strategies. A better eva luation wou ld 
have been deve loped given enough time and 
thought. It is suggested that the eva luation form 
be considered earlier in the planning of the tour. 

A possible suggest ion for the next tour 
mi ght be to have the registrations and 
eva luations on the same fo rm. In this way 
the number of people who stayed for the 
entire presentation would be ab le to give the 
most valuab le feedbac k, and it would give a 
true reflection of participation. 

• Evaluation forms with the contributor 's sex 
and age would be informati ve for directing 
future health promotion acti vities and 
direction fo r NAC and NC P activities. 
In the future it may be more benefic ial to 
discuss with the NAC/NCP what the spec ifi c 
messages for the tour would be and have 
those reflected in the eva luation. 
Pre-test ing of the evaluation wo uld also be a 
benefic ial step if using the eva luations fo r 
future planning. 
Building translat ing of the 
eva luation/ registration forms into the 
contract terms for the in terpreter 
accompany ing the tou r will limit the 
problems ex perienced in attempting to have 
them translated for review afterwards. 

F. Registration For111s 

These forms could be used to estimate the 
attendance of aud ience members that the tour is 
hoping to reach. The use of check boxes (for 
each of the target groups) that the indi vi dual can 
fill in would make it eas ier and take out the 
guesswork 
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Expected Completion Date 

This project was completed on March 26, 2004 . 
However, severa l communiti es were mi ssed 
from the tour this year, and it is planned to vis it 
these communities in the near future 
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Appendix A: Evaluation Form #1 

(Total of 77 from 8 Communities) 

(Ca pe Dorset, Kimm irul , Grise Fiord , Reso lu te 
Bay, Pan gnirtung, Qikiqta ,juaq , C lyde Ri ver, 
Pond Inl et) 

I. Did yo u find the presentation/workshop 
understandable? 

The overall majority of co mments were very 
pos iti ve. Th e communiti es fo und th e 
prese ntati o n understandable and they learned a 
lot. One person compl ained that th e 
prese111a1io11 was 100 long (C lyde Ri ver) another 
did not apprec iate the presenters mov ing about 
so much (Pangnirtung), and a third commemed 
the dia lects we re diffi cult to understand (Cape 
Dorset). 

2. Did yo u find the presentation/workshop 
helpful ? 

Feedback was very pos iti ve as it was reiterated 
that their heal th is important to them. The 
nutrition and contaminants section were stated to 
be very use ful information. One person fe lt 
' more compari son between store bought food 
and cou ntry food shou ld be dea lt with especia ll y 
with s1Ude11ts a round ' (Grise Fiord) and another 
commented ·from now on I' ll know what he lps 
the baby g row' (Pond Inlet). Several others 
commented that the contami nants in format ion 
was important since it \vas becoming more of a 
prob lem in the north (Cape Dorset. G ri se Fiord). 

3. Do yo u ha ve an y questions concerning the 
topics discussed today? 

Most people seemed 10 understand the messages 
about country food consumption . One reported 
being confused as 10 what 10 eat now (Pond 
Inlet) . Questio ns ca me from every area of the 
presenta tio n: more in fo rmat ion o n Trichinella 
(G ri se Fiord), where do POP concentra te 
(Reso lu te Bay) and what level s are considered 
tol e rab le by Hea lth Canada (Pond Inlet)? 

4. Do yo u have any related concern s that 
were not addressed in this wo rkshop? 
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There were not 100 many answers stated here. 
Comments ranged from concern about nuclear 
fa ll out (G ri se Fio rd) and bombs (Pangnirtu ng), 
10 political act ion (Resolute Bay) and 
compensation for past co111am ina1i o n of loca l 
sites (Cape Dorset). 

5. Wou ld you feel comfortable contacting 
the Niqiit Avatittinni Comm ittee in the 
future about the topics talked about 
today? 

In genera l peop le fe ll comfortab le contacting the 
NAC. Severa l were not sure how to do thi s. 
Two comments from Po nd Inlet identified 
concerns to be put fort h 10 the AC: ( I ) More 
campaigns on poor habits, availability and 
quality of J,-esh produce-especially i11 wi11ter 
seasons. Social awareness campaign - esp. on 
effects of poor nutritio11. (2) I \\'ould like to know 
ll'hich foods are NO GOOD FOR YOU. A Grise 
Fiord resident suggested that contact deta il s for 
th e NAC be provided to a ll maj or organi zation s, 
including the Ham let and schoo ls. 

6. Would you attend another NAC Tour in 
the future? 

There was an overwhelming interest in coming 
10 another presentatio n. Req uests were made fo r 
be11er adverti sing prior to the next visit. 

7. Is there anything else that you would like 
to tell us? 

Most respondents thanked the tour fo r co ming to 
their communities, some wa nted to know when 
the next visit would be. There were di verse 
opinions about the appropriate length of the 
presentatio n; ' II is important th at the presenters 
keep their talk short and sweet and have onl y 
Inu it people make presentat ions on cou ntrv 
foods ' (C lyde Ri ver) was balanced with · Do not 
rush the sess ion wh ich would be great ' (Cape 
Dorset). There were suggest io ns that mo re be 
disc ussed about plants and berries (Cape Dorset 
& Qikiqtarjuaq). dry food (Kimmirut), and more 
e labora tion about sugars and fats (Reso lute Bay). 
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Appendix B: Evaluation Form #2 

(Total of 105 from 12 Communities) 

(lgloolik , Iqa luit , Whale Cove, Arviat. Repulse 
Bay. Cora l Harbour. Rankin Inlet (not allended), 
Kugaruk, Taloyoak, Gjoa Haven, Kuglu ktuk, 
Cambridge Bay) 

L What made you come to this worksho11? 

This question was not very specifi c, though 
respondents were telling us that they are 
concerned about their health and wanted to know 
more information about contaminants and 
country food. Nearly half (43) of the 105 
eva luat ions stated they were in vitees to the 
meeting. 

2. Which information of the workshop did you 
find useful? 

' Keeping country food safe' garnered the highest 
number of checkmarks. However that number 
should be eva luated with considerati on of the 
progression of changes that occurred in the tour 
presentat ion. This part of the presentation 
ori ginally was planned to discuss contex t-
specific Env ironmental Hea lth (E H) concerns. 
As the tour continued and changes were made, 
EH concerns were vast ly shortened. The content 
was incorporated into the presentation, and not 
under a spec ifi c ' Keeping Country Food Safe' 
segment. Therefore it is unclear how th e 
respondents perceived this particular heading. 
The information about environmental 
contam inants and nutriti on are both highlighted 
as useful, and the hea lth messages a lilll e less so. 
The fat and sugar demonstration was an 
extremely effecti ve and popular hands-on 
educationa l too l that ga rnered a hi gh leve l of 
interest. 

3. How did the workshop benefit yo u? 

Most people provided an answer to this question. 
Many respondents felt they learned a great deal 
of new information about nutrition and 
environmental contaminants. They pointed out 
that they were more aware of making appropriate 
dietary choices, the nutritious va lue of their 
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country food, and better understand the issues 
associated with environmental co ntaminants and 
country food. Several communities stressed the 
need to make mo re effort to teach youth to make 
better food choices (Repul se Bay, Iqaluit, Whale 
Cove). One respondent stated ' I learned that 
count ry foods help prevent diabetes, too ' (Coral 
Harbour). It is difficult to know if thi s answer 
was given in understand ing that di et is only one 
aspect of the diabetes puzzle. 

4. What ca n a pregnant woman do to help 
their unborn child become hea lth y, smart and 
stron g'? 

Respondents in lgloolik , Iqaluit . Whale Cove 
and Cambridge Bay were ab le to li st the major 
prenatal act ivities that reduce ri sk to th e unborn 
chi ld (smoking, drinking, drugs, eat country food 
but reduce marine mammal fat consumpti on}, 
however breastfeeding was not mentioned. 
Arviat gave very limited responses (eat char, 
smoking, good nutrition), though perhaps thi s 
can be attributed to most people be ing diverted 
to the coffee and bannock that were put out at the 
beginning of the discussion on the public hea lth 
message. Repul se Bay, Taloyoa k and Kugl uktu k 
where the on ly communities to ment ion 
breastfeeding. A Taloyoak mother lamented the 
inab ility to breastfeed her adopted children, 
which was si mil ar to an experience that occurred 
in Arviat after the presentation was over. Peop le 
were VERY clear that arct ic char, caribou and 
muskox were excellent choices as they were low 
in contaminants, but there were NO respondents 
who mentioned limiting sea l li ver during 
pregnancy. 

5. Do you have any other questions about the 
issues ta lked abo ut toda y? 

Some respondents were not clea r what 
environmental contaminants wou ld do to their 
bodies (Coral Harbour, Iqaluit , Kuglu ktuk). 
Others were curious about environmental 
concern s such as toxin leve ls around 
garbage/dumps (Iqaluit, Repulse Bay), DEW line 
sites (lgloolik). and airline exhaust (Ta loyoa k) . 
Another respondent wondered how mining 
would affect the water quality (Kugluktuk). 
Many respondents aga in stated their appreciation 
fo r the tour and stressed the need to furt her reach 
out to the youth (Ta loyoak, Cambridge Bay) and 
prenatals ( Iqaluit). 
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Attemla11ce/ Registratio11 Forms (Kiva lliq and 
Qikiqtani) 

Since information was miss ing on a signifi cant 
number of registration forms th e ' identified' 
numbers do not equal the TOTAL. Registration 
forms and number of male/ female participants 
may not necessaril y add up. A fair number of 
forms had various partic ul ars mi ss ing such as 
sex, age and/or employment status. 

Sex and Age Bracket of those who completed 
registration forms in Qikiqtani and Kivalliq 
Regions 

It was clea r from personal observat ions that 
whi le many people registered for the 
presentation , they did not necessa ril y stay until 
the end. Registration numbers are therefore not 
necessaril y a true representation of the number of 
people in the community who were present from 
start to fini sh. A more noteworthy example 
fro m early in th e tour wou ld be Pangnirtung, 
where IOI persons registered but by th e end it 
was noted th at no more than 30 people were 
present. Over the months. as the presentat ion 
was shortened and became more concise thi s was 
likely less of a concern . Apparentl y in 
comparison to previous NC P tours, community 
participation has apparently increased 
substantiall y. 

A11eml<111ce by Target Groups (Kill{tl/iq and 
Qikiqtani) 

When planning for the tour, certain target 
audiences were identifi ed by the NAC as 
important gro ups to di sseminate the informat ion 
to. While the presentations were open to 
everyo ne, spec ifi c in vitation letters where sent 
out in hopes to raise the presence of 
HTO/Hunters, Hamlet workers, Elders, loca l 
representati ves of Inuit organ izations, hea lth 
practitioners, store workers, youth and educa tors. 

Because the registration forms did not include a 
section for elderl y, it is difficult to know how 
many Inui t seniors attended the presentation. 
Elder in thi s case is a (40+) di stincti on based on 
determined age brackets on the registration 
forms. 

Those who identified th emse lves on the 
registrat ion forms as targeted audience members 
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for the NAC Tour (Qikiqtan i & Ki va lliq regions 
only) 

Community Questions and Comments 

Not all communiti es had questions or comments. 
Qikiqtarjuaq sha red a few comments. 
Kugluktuk , Gjoa Haven , Arviat and Clyde River 
had no questions. The queri es from Repulse Bay 
and Cora l Harbour were reca lled after the 
presentations and it is li ke ly not a complete li st. 
Whale Cove, one of the smallest hamlets in 
Nunavut yie lded many questions, poss ibly due to 
the small grou p and intimate atmosphere of the 
venue. 

Most responses appear to focus primaril y on 
further clarificati on about environmental 
contaminants. People also felt it was important 
to provide more education and in fo rmation on 
nutrition to all unavummiut, most particularly 
the youth and prenatals. A woman in Taloyoak 
was concerned about the brevity of the 
presentation and stressed that an evening 
meet ing wou ld have drawn more of the 
community member. A review of the compil ed 
queries and comments identified these main 
issues: 

EnPironmemal Contamina111s 

Limitation of discuss ion on the safety of 
certain country foods (vegetat ion and birds): 
berri es, plants. sculpin , ptarmigan. musk ox. 
other birds etc. 
More elaborati on requested on the negati ve 
health impacts of env ironmental 
contaminants on humans. 
How to identi fy country food affected by 
environmental contamination. How to know 
if it is safe to eat? 
How does food preparation change the 
amount of contaminant intake. i.e. dry, 
cooked or raw? A Isa fu rther di stinction 
about the safety of the various kinds of 
mari ne mammal fats (misiraq, whale fat s, 
aged fa ts). 
Human hea lth risks from pollut ion of water 
sources and envi ronmental contamination 
from DEW line sites, heavy-duty equipment, 
diamond mines . paints etc. 

• Action by Canada to limit envi ronmental 
contaminants loca ll y and internationally. 
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• Interest in know ing whether southern food is 
a lso contaminated (a nimals, fruit and 
vegetab les. 

Nutrition 

Understanding the effects of sugar on the 
body and what is an acceptab le level o f 
intake (L ikely asked in consideratio n of the 
increas ing awareness of diabetes). 
Elaborati on on hea lthy and unh ea lthy fat/o il 
choices. and measures to improve di eta ry 
intake. 
Stress ing the need to ensure youth a re 
informed about appro pria te dietary choices. 
Increasing the number of youth (a nd 
prenata ls) at any future presentatio n. 
Increasing the accessibility and affordability 
of country foods. 

• Affi rmation of the hea lth bene fit s of country 
food. 
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Sahtu Dene Council Participation with the Northwest 
Territories Environmental Contaminants Committee 
(NWT ECC) and Radio Talk Show on Contaminants 

Project leader(s) 
Bella T'Seleie on behalf of the Sahtu Dene Council , P.O. Box 155 Deleine, N.T. XOE 
OGO; phone: (867) 598-2148; fax: (867) 598-2148, e-mail: bedavidson@shaw.ca 

Project members 
Sahtu Dene Council , the members of the NWTECC 

Abstract 

The Sahtu Dene Council focused thi s yea r on the 
fol lowing areas: 

I . Pa11icipation in the onhwesl Territories 
Env ironmemal Contaminants Comminee 
(NWTECC) - The commun icati ons netwo rk 
used for obtaining informati on concerned 
with contaminants and relaying communi ty 
concerns to governing bodies, sc iemists 
commined lo Northern research and the 
resea rch institutes. The committee also is 
responsib le fo r accepting or den ying 
research carri ed out under the Northern 
Contaminants Program (NCP}, as it relates 
to proper consultation and communicati ons 
of results. 

2. Radio talk show communications on 
contaminants related to the NCP. The goa l 
of the radio ta lk shows were to developmem 
an open dialogue between community 
members and the Contaminant Coordinator 
and to prov ide an opportunity for people 
express their contam inanl concerns. Also, 
the radio talk shows provided 
communication of NCP in both English and 
Slavey languages. 

B. T'Seleie 

Key Project Messages 

I. Env ironmental contam inant concerns 
brought to the anenti on of the Sahlu Dene 
Counci l Executive Director wi ll be 
discussed with other regions, scientists and 
governmem workers lO address in any 
means allowable. 

2. Any information provided to the Exec uti ve 
Director from the NWTECC wi ll be shared 
with the communities 

Objectives 

I. To provide two-way transfe r of 

2. 

3. 

4. 

contaminants information between 
Sahtu communities, NWTECC, 
resea rchers, the NC P and othe r 
comam inams related programs. 

To establish a communicat ions network 
that ensures communi ties are in formed 
and involved in contamina nts related 
activi ties which occur in their area. 

To facilitate the efforts to address 
concerns arising from environmental 
con taminants in Sahtu. 

To identify priorities and in forma ti on 
ga ps related to env ironmental 
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5. 

6. 

7. 

contaminants resea rch including 
consultation and communities in Sahtu. 

To act as a centra l reposito ry for 
environmental 
in fo rmati on in Sa htu . 

contam inants 

To review NWT research proposa ls for 
socia l/cullUral content and provide 
acceptance/deni a l on behalf of the 
communiti es in Sahtu. 

Radio Talk Show Objectives- to inform 
the publi c both young and old in a ll 
communiti es about contaminants in 
which to gather in formation regarding 
next steps, recommend, short and long 
term goals in order to enhance and 
develop what has a lready been 
impleme nted. 

Introduction 

The NC P is now in a transi ti o n year from the 
second phase to the third phase with more than 
twe lve years of research to date. The program 
has evolved to include NWT communiti es and 
regions ex tensively in research and 
communication efforts. Thi s has increased the 
need to have a central body that ca n coordinate 
contamina nts information and resea rch 
ini tiatives. 

The Salm, Dene Counci l office in De line has 
received research documentation and other 
related contaminant information that is ava il ab le 
lo Sahtu people. Th e offi ce, at this time, 
represents the point of main contac t for 
in format ion and literature regard ing contaminant 
iss ues. 

Activities 

In 2003-2004 

Pa11icipat ion in the NWTECC meeting 
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Included: 

• Parti cipati o n in monthl y conference ca ll s 

• In-person meeting in 
(November 26-28 , 2004) 

Yellowkni fe 

Parti c ipation in the NC P Frontl ine Traini ng 
Session (Ma rch 2-J'd) 

Socia l/C ultural Rev iew of N WT sc ientifi c 
proposa ls fund ed under the NC P (March 3-
4'") 

Proposa l preparation for nex t yea r 

• Final report ing 

Radio Talk Show 

Regular morning talk shows from 
communi ty radio station . 

In fo rmati on co mmuni cated in both Engli sh 
and Slavey language regarding contaminant 
research and sc ientifi c studi es a lready 
conducted in th e Sahtu. 

Invitations ex tended 10 community members 
to bring contaminant concern s to th e 
a ttention of the Sa htu Contaminant 
Coordinator. 

Th e radio ta lk show will a lso make it known 
that peopl e can approach the Sa hlu 
Coordinator with any concerns rega rding 
these type of issues. 

Results 

Partic ipati o n in the NWTECC meeting 

Prov ided a to-way tran sfer o f in format ion 
to/ from the NWT ECC and communiti es within 
Sahtu. Learnt about th e progra ms background 
and focus for th e fu ture in order to become more 
affecti ve in parti c ipa ti o n and proposa l 
deve lo pment for th e reg io n. 

Radi o Ta lk Show 

Regul ar radio ta lk show informati o n sess io n 
conducted . A number of contaminant issues 
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raised by community members as a result of 
these information sess ions. 

Discussion and Conclusions 

The Sahtu Comaminant Coordinated noted that 
there was ev idence to suggest major 
communicati on gaps where sciemists doing 
resea rch in th e north needed to take time to 
translate the resea rch results back to the 
communities and the coord inators do not have 
the training to interpret sc iemific information. 

Accordingly, there is a sense that more work is 
needed in the area of translating sc ientific 
information to community members, preferably 
both in Engli sh and Slavey languages. 
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Gwich'in Tribal Council 
Communication & Education of the NCP-CACAR II 

Project leader(s) 
Tom Wi ll iams, Chief Operating Officer, Gwich'in Tribal Council , P.O. 
Box 1509, lnuvik , NT X0E OTO; phone: (867) 777-7900; 
fax : (867) 777-7919, e-mail: twi lliams@gwichin.nt.ca 

Project members 
John Edwards, Gwich'in Tribal Council ; Designated Gwich'in Organizations , Gwich'in 
Renewable Resource Councils, NWTECC 

Abstract 

The Gwich' in consumes tradit iona l/country 
foods as a main staple of their diet. Due to 
concerns from the Gwich ' in rega rds to 
contaminants in the food chain, the Gwich 'i n 
Community Liai son (GCL) position was 
establi shed. This pos ition enabled the Gwich ' in 
to be a member of and panic ipate in resea rch 
programs establi shed by the Northern 
Contaminants Program (NCP). 

The Gwich ' in Community Lia ison will contin ue 
to promote dialogue and informat ion between the 
Gwich ' in communities, G,.v ich'in Organizations, 
NC P representati ves, and NCP sc ienti sts. 

Gwich' in Tribal Council (GTC) GCL has 
participated in month ly North west Territories 
Environmen tal Contam inants Committee 
(N WTECC) meetings, li aison of relevant 
contaminant information materi als, and joint 
Loca l Contaminants Concern s (LCC) with Julie 
Ward, DI AN O, Environ mental Special ist, 
Contaminants Di vision, Yell owknife, N.T., Ch ri s 
Paci , Manager, Land & En vironment, Dene 
Nation . Brett Elkin , Disease/Contami nant 
Specia li st, Department of Resources, Wildl ife 
and Economic Development . Barbara 
Armstrong: lnuvialu it Regional Contaminants 
Coordinator, 

Preliminary inve ntory of LCC mapping in 
the Gwich' in Settlement Area (GSA): 
Martin House 2004 
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Mon itoring th e Hea lth of Dene: A 
Preliminary assessment of Heavy Metal , 
Organoch lorines, and Rad ionucl ide leve ls in 
Boreal Woodland Caribou, Moose, and 
Dall ' s sheep 2003 

• Bootl ake Leachate Study 2002 

Member of the NWTECC Meetings . 

• Community Liaison of Canad ian Arct ic 
Contaminants Assessment Report (CACAR) 
II and NWT Contaminants Fact Sheets 

Key Project Messages 

1. The Gwich ' in Community Liaison wil l 
continue to promote dia logue and 
informat ion between the Gwich' in 
communi ties, Gwich' in Organi zat ions, NC P 
representat ives, NCP scienti sts. 

2. The GC L has attended workshops and 
training courses to enhance his capacity to 
carry out the duti es of the GCL position. 

Objectives 

The GCL wil l fac ilitate the process of 
co llaborative study, assess ment and 
communication of in fo rmati on to residents of the 
GSA about the presence and poss ible effects of 
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contaminants in the air, land, water and w ildli fe. 
Th e GCL 's goa ls are to: 

. To pro mote the role of the GTC as a partner in 
the NCP 

2. To assist the Gwich'in Communiti es to 
identify research & deve lopment 

3. To inform and ed ucate the publi c about 
contam inants w ithin the GSA. 

4. To increase capacity at the reg ional / loca l 
level 

5. To coordinate regional contaminant studi es 

6. To identify complementary env ironmental 
issues and funding sources 

7. To review Local Contaminant Concerns 
proposals throughout the year 

8. To review NWT Proposa ls fo r the NC P prior 
to full technical reviews. 

Introduction 

This is the fifth year that the GTC has been 
act ive ly involved in the NCP. Over the co urse of 
in vo lvement w ith the NC P the Gwich'in 
representative for the GTC has estab li shed a very 
good track record. The GTC is confident that the 
GCL wil l cont inue this successful re lationsh ip in 
the future wi th NC P. 

The fol lowing concerns have been identified: 

• Persistent organi c po llutant (POP) levels in 
caribou. Due to the importance of the 
Caribou to the Dene/ Gwich'in culture, 
conti nued long term monitoring of caribou 
hea lth is essential. Caribou should be 
sampled every few years, at a minimum. 
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Hea lth The relat ionship between 
conta minants in the food chain and the 
envi ronment and e levated incidences of 
cancer and diabetes in local co mmuniti es 
such as Fo rt McPherson and Aklavik. 

Local contaminants - The by-product of the 
oil and gas ex ploration in the past and w ith 
the recent activity for the future in th e GSA. 

• Water quality in Gwich ' in com muniti es. 
There is a concern of very poor water 
quality in Gwich ' in communiti es . 

• Uptake of contaminants in beaver and 
muskrat of the Mackenzie Ri ve r Delta. 
Beaver and muskrat meat in the Gwich ' in 
settl ement area is safe to eat and can 
co ntinue to form part of th e traditional diet. 

• Bootlake Leachate Study 2002 w/ ln uvialuit 
Contami nants Coordi nator 

• Monitoring the Health of Dene: A 
Preliminary assessment of Heavy Metal , 
Organochlorines, and Radionuclide leve ls in 
Borea l Woodland Caribou, Moose, and 
Dall 's sheep 2003 w/ Dene Nation and 
DREWD 

• Pre liminary in ve ntory of LCC mapping in 
the GSA: Martin Hou se 2004 w/ DIA ND 
and Dene Nation. 

Activities 

In 2003-2004 

Th e GTC-GCL attended monthl y meeting 
with the NWTECC by pho ne and in-person 
meetin gs . 

Identifi ed a LCC proj ect from a concerned 
Gw ich ' in Beneficiary in August 2003. The 
area of concern was in the Martin House 
Area, whi ch is located 65 km so uth of 
Tsii gehtchi c, N .T. on th e Arctic Red Ri ver. 
Went out in January 2004 to do So il and 
Water sa mpling, Analysis for the final report 
will be due in April 2004 so a draft report 
will handed in by March 3 1, 2004. 

On-going communicati on of the results from 
th e CACAR II as wel l as the NWT Fact 
Sheets, due to communication strategy 
breakdown, thi s w ill be on-going in 2004-
2005. 

Continue to re lay information to the 
Gwich'in commu nities through the GTC-
GCL and Abo ri g ina l partners to th e 
N WTECC, which wi ll re lay major concerns 
to th e NC P manage ment committee and vice 
versa. 
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Participated in a two da y in-person meeting, 
which was held by the NWTECC in 
November 2003. This meeting was to 
discuss communicati ons strateg ies and 
action plans for the communicati on of 
CACA R II. Discussions included the use of 
focus groups for key message testing for 
CACA R 11 , communicat ions material s 
including fact sheets, newspaper inserts, 
pub li c service announcements, and the NWT 
ECC newsleller. Also to rev iew 
Social/Cultural review and Educat ion and 
Communicati ons proposal review March 
2004. 

Results 

The Gwich ' in Community Liaison participated 
in th e fol lowing projects: 

Contaminant Sampling at Martin House 
2004 (Gwich' in Tribal Council ) Wil l present 
th e report results back to Gwich'in Tribal , 
the Local Renewable Resource Counci ls in 
the GSA, and onhwest Territories 
Environmental Contaminants Committee . 

A Preliminary assessment of Heavy Metal. 
Organoch lorines, and Radion uclide levels in 
Boreal Woodland Ca ri bou, Moose, and 
Dall ' s sheep 2003 (Dene Nat ion and 
DR EWD) Will present the report resu lts 
back to Gwich ' in Tribal , the Local 
Renewable Resource Council s in the GSA, 
and North west Territories Env ironmental 
Contaminants Committee. Contaminants 
sampling at the lnuvik Landfi ll (lnuvialuit 
Regional Corporation) Will present the 
report resu lts back 10 Gwich' in Tribal, the 
Loca l Renewable Resource Co uncil s in the 
GSA, and Northwest Territories 
Environmental Contaminants Commillce. 

Discussion and Conclusions 

In 2003-2004, the GTC-GC L has addressed and 
continues to address concerns of the residents of 
the Gwich' in Senlcment Area by gathering, 
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organiz ing, and distributing information. and 
initiating resea rch programs. The GTC-GCL has 
allended workshops, training courses. and 
meetings to enh ance hi s capacity to carry out the 
duties of the GCL position. 

Furthermore, based on requirements of the 
information by the residents of the Gwich'in 
Settlement Area, it has been demonst rated that 
this position is an integral pan of the NCP and 
the Gwich' in Senlement Area. 

Expected Project Completion Date 

The GTC-GCL wi ll continue to represent the 
Gwich'in Beneficiaries by continuing to be a part 
of the WT-ECC, and addressing concerns 
relating 10 Contaminants in the Gwich ' in 
Selll ement Area, and the Northern Ecosystems. 
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Effective Translation and Use of Inuit-Specific CACAR 
II Data in International Circumpolar, National, and Local 
Fora 

Project leader(s) 
Stephanie Meakin M.Sc. Technical Advisor Inuit Circumpolar Conference (Canada) 
170 Laurier Ave West, Suite 504 Ottawa Ontario K1P5V5; Phone: (613) 563-
2642/direct (613) 258-9471 Fax: (613) 565-3089 direct (613) 258-7621email: 
smeakin@allstream.net 

Project members 
Sheila Watt-Clouti er, Chair In uit Circumpolar Confe rence P.O Box 2099 
Iqaluit, NU XOA OHO; Phone: (867) 979-466 1; Fax: (867) 979-4662; E-
mai l: icccan@nunanet.com: Duane Smith President P.O. Box 2 120 
lnuvik , NT XOE OTO; Phone: (867) 777-2828; Fax: (867) 777-26 10; E-
mail : igc-c@jointsec.nt.ca ; Terry Fenge PhD Strategic Counsel to the 
Chair Inuit Circumpolar Confe rence 170 Laurier Ave West. Suite 504 
Ottawa ON K I P5V5; Phone: (6 13) 563-2642/direct (6 13) 722-7006; Fax: 
(6 I 3) 565-3089; E-mai l: tfenge7006@rogers.com; Eric Loring, Seni or 
Environment Researcher Inuit Tap iriit Kanatami (ITK) 170 Laurier Ave. 
Suite 510 Ottawa, 0 KIP 5V5; Phone: (6 13) 238-8 181 x 234 ; Fax: 
(6 I 3) 233-2 I 16; E-ma il : loring@itk .ca 

Abstract effecti ve ly used to review and move relevant 
initiati ves forward . 

The NCP Priority Action Plan fo r 2003-2004 
identified Inuit reg ions at the hi ghest risk of 
exposure to long-range transport of contaminants 
of concern . In identifying the new pol icy thrust 
priorities to address the human hea lth effects of 
con taminants in th e north , "the eva luat ion of 
whether the lega l measu res of Long-range 
Transboundary Air Pollution (LRTAP) and 
Stockho lm agreements are achieving the 
reductions in human exposures in the Arctic" 
was identified as an area of interest. Inuit 
Circumpolar Conference (ICC) Canada 
undertook a number of acti vities in orde r to 
assess the performance of international , 
circumpolar and regional initiati ves and prov ide 
relevant and useful information on internati onal 
acti vities to In uit communit ies and the general 
public. These acti vi ti es and their products were 
to ensure that the Inuit specific results wi thin 
Canadian Arctic Contamina nts Assessment 
Report (CACAR) II and the data generated in 
Inuit communities is full y renected in 
international , circumpolar and regional dec ision-
making and that the utility of the data is 
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Key Project Messages 

I_ The human hea lth and env ironmental 
concerns of Inuit regarding contaminants 
and long range transport were well 
acknowledged and incorporated into global 
decision maki ng in the final Stockholm 
Conven tion. 

2. Regional and international policy 
in struments and acti vities are reducing the 
amount of certain legacy contaminants to the 
Arctic. 

Objectives 

The overarching objective of thi s project has 
been to ensure Inuit are aware of the global. 
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circumpolar and national acti vities and initiat ives 
regarding contaminants and are in a posi ti on to 
part icipate where most effecti ve. 

The long term goal of this project has been to 
ensure Inuit (regional, national and international 
In uit organi zations) have the appropriate 
information to make informed decis ions, to 
understa nd the relevance of the data in th e larger 
world, to ensure that Inu it are effecti ve when 
lobbying fo r contaminants of concern product ion 
and use reduction/control loca lly, nati onally, 
circumpolar, internati onal. 

Activities 

In 2003-2004 

ICC Canada using CACA R II has contributed to 
th e Arctic Contami nants Action Plan (ACA P) 
Mercury Program, the United Nati ons 
Env ironment Programme (UNE P) Globa l 
Mercury Proga mme and Nort h American Free 
Trade Agreement (NA FTA) Commiss ion for 
Environment Cooperation (CEC) Mercury North 
American Regional Action Plan (NARA P). 

An Inuit spec ific mercury case study is under 
preparation; related to Inuit exposure, di et and 
health concerns for use in international, 
circumpolar and regional init iati ves. 

ICC Canada has promoted the globa l acceptance 
of the fo ll owing language - Inui t and th e Arcti c 
is a "barometer" of the hea lth of globa l 
environment and indicato rs of global 
environmenta l change. 

ICC Canada has compared Inu it specific 
CACAR contaminant data (exposure leve ls, 
effects) with global data from other ind igenous 
peoples and communities at ri sk from similar 
exposu re levels, as wel l as, assessing the 
regional population specifi c contaminant leve ls 
and the act ivities and guideli nes other regions 
and countri es employ to monitor ex posure. 

Spec ifi c internati onal fac t sheets were deve loped 
on Stockh olm, and th e CEC Lindane Taskforce 
process and were di stributed at the Nat ional In uit 
Envi ronment Committee meeting, th e CEC 
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Lindane Taskfo rce meet in gs, INC 7 in Geneva in 
July 2003 and th e Alaska Forum on the 
Environment in 2004. 

ICC continues to develop the CACA R methods 
and experience into in format ion packages to be 
used by other countries in deve loping their 
National Imp lementation Plans (N !Ps) under 
Art icle 7 of the Stockholm Convention. ICC 
helped plan and parti cipate in the National NIP 
Consultations. 

ICC Canada continues to ensure Inuit data 
generated in CACA R are considered in 
internat ional policy deci sions/acti vities including 
but not limited to the United Nations Economic 
Commiss ion fo r Europe (U ECE) Convention 
on LRTAP persistent organ ic po ll utants (POPs) 
heavy meta ls protoco ls, Stockholm Convention, 
the UNEP Globa l Mercu ry Programme, th e 
Arcti c Council ACA P Merc ury project, and the 
North American Free Trade Agreement 
Commiss ion on Environmental Cooperation 
(NA FTA) North American Regional Action Pl an 
on mercury, lindane, PCBs, chl ordane. 

ICC Canada continues to publish the quarterl y 
policy journal Si laijua lirin iq. 

Results/ Discussion and 
Conclusions 

• Stockholm Convention 

ICC has undertaken signi fi cant internat ional 
advocacy through leners, speeches, presentations 
and persona l communica tion with countries to 
encourage ratificati on. The Convention will enter 
into force May I 7, 2004. ICC continues to 
prepare for the Conference of the Part ies in 
Uruguay in 2005. 

• Arctic Cou ncil 

ICC continues to be active within the Arct ic 
Council. ICC continues to part icipate with 
AMAP and the Russ ian Assoc iat ion of 
Indigenous Peoples of the North (RAIPON) to 
conclude contam inants in country food and 
maternal blood project in fo ur Indigenous 
peoples in northern Ru ss ia. The results of thi s 
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three-year project are to be made public ea rl y in 
the New Year. 

• Mercury 

Renecting the NCP's conclusions on mercury, 
which acts in the Arctic very much in the same 
way as POPs, we are represented on the Mercury 
Working Group or the Arctic Council's action 
plan on pollution. Thi s in vo lvement is likely to 
prove important in coming months and years for 
it provides a base fo r us to monitor and 
participate as best we can in the mercury 
initiati ve of Canadi an Council or Ministers of the 
Envi ronment (CCM E) Canada-Wide Standards 
for Mercury; LJNE P's Global Mercury 
Programme; and the ACAP Mercury Working 
Group. Our intent is to translate Arctic sc ience 
into lega lly-binding emission contro l 
arrangements. ICC wo uld like to become more 
acti ve on thi s fi le and is seeking addi tional 
resou rces and expertise to contribute. 

• No rth A merican Commiss ion for 
Environmental Co-operation Task Force on 
Lindane 

ICC was represented on the orth American 
Commiss ion for Environmental Co-operation 
Task Force on Lindane- a pesticide or rea l 
concern to Inuit. 

• Communications 

ICC Canada's web site has been improved and 
new material is being added regularly, including 
al l speeches deli vered by the Chair. Ms. Watt-
Cloutier has given numerous interviews to both 
Canadian and in ternational medi a, including 
BBC, CNN, CBC, and newspapers including the 
Washington Post. New York Times, Los Angeles 
Times, and The Independent, and she is now the 
acknowledged po litica l spokesperson for Arcti c 
perspectives on climate change and 
transboundary contaminants. Sheil a Watt-
Clouti er wil l rece ive th e Canadi an Aboriginal 
Achievement Awa rd fo r the Environment in 
April 2004. 

S. Meakin 

Expected Completion Date 

Ongo ing 
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Abstract 

The unavik Nutrition and Health Committee 
(ori ginal ly named the PCB Resource Committee) 
was estab lished in 1988 to deal wi th issues 
related to rood, contaminants; the environment 
and hea lth in Nunavik. Since its' inception , the 
committee has broadened its' perspective to take 
a more holisti c approach to environment and 
health issues inclusive or both benefits and risks. 
Today. the committee acts as the authorized 
review and advisory body for health and 
nutrition issues in the region and includes 
representation from many or the organizations 
and agencies concerned with these issues, as well 
as those conducting research on them. The 
committee provides guidance and acts as a 
liaison for researchers and agencies. from both 
inside and outside the region, directs work on 
priority issues, communicates to and educa tes 
the publ ic on hea lth and environment topics and 
research projects, and represents Nunavik 
interests at the nationa l and international leve ls. 
A ll activ iti es arc conducted with the goal to 

protect and promote public health in unavik. 
through more in formed personal decision-
making. 

S. Bruneau 

Key Project Messages 

I . The Nunavik utrition and Health 
Committee is the key regional committee for 
health and environment issues in Nunavik: 

2. The comm ittee originated in 1989 and 
suppons the acti vities or the Public Hea lth 
Director in advising and educating the 
public on food and health issues, including 
benefits and ri sks assoc iated wi th 
contam inants and country food s 

3. The comm ittee continues to be act ive within 
the NCP, reviewing and supporting research 
in the region. liais ing with researchers, and 
helping in the communicat ion or research 
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results in a ·way that is appropriate and 
meaningful to N unavimmiut. 

Objectives 

• To provide th e population and hea lth workers 
with background in format ion to help them 
understand and contextualize environmenta l 
health , nutrition and contaminants research, 
objecti ves and results; 

• To compi le elements of public concern th at 
have not been addressed to date. and to steer 
and support research acti vities towards 
providing the data needed to address these 
concerns; 

• To undertake public communication of 
environmental health data, including results 
of Northern Contaminants Resea rch Projects, 
and help develop regional communicat ions 
and eva luations strategies for thi s 
information; 

• To prepare state of the know ledge summaries 
on th ese issues to assist in communicati on 
and intervention activities of loca l hea lth and 
env iron ment officials: 

• To faci litate research on environmental 
commu ni cat ions and risk perception issues; 

• To help researchers translate their data into 
meaningful information for the public: 

• To support partnerships in various research 
and intervention activ iti es related to country 
foods, nutrition and health. 

Introduction 

In Nunav ik , a group of individuals representing 
different organi zations concerned with hea lth , 
the environ ment. and nutrition issues formed to 
address these topics and communicate with / 
educate the public so that they may make more 
informed personal decisions. The grou p, th e 
Nuna vik Nutrition and Hea lth Committee, 
evo lved from the PCB Committee, created in 
1989 and later renamed the Food, Contam inants 
and Health Committee . The name has changed 
over the years as the group has learned of the 
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importance to not on ly foc us on negative impacts 
of contam inants, but the need for a more ho li sti c 
approach to nutrition , health and th e env ironment 
including benefits as wel l. On an ongo ing basis, 
the committee addresses a number of issues 
relating to food, con taminants, nutrition and 
health and the relationship to th e environment. 

This evo lu tion and recognition of the NN HC 
places it in an important ro le in address ing issues 
related to contaminants, food, hea lth and the 
env ironment in the reg ion . The Committee is 
therefore we ll positioned, and has the necessary 
capacities to support resea rch act ivities (th rough 
reviev,,, faci litation, and communication) related 
to these issues under the Northern Contaminants 
Program as a regional contaminants committee. 
This report represents a synopsis of the 
committee's activit ies for the 2003-2004 year. 

Activities 

In 2003/2004 

Committee meetings 

The committee meets regularl y through the year 
with specia l meetings being held (if needed) to 
respond to immediate issues. This past yea r the 
committee held 3 genera l meetings (K uujjuaq, 
Quebec, Montrea l). At these meetings the 
committee add ressed a number of issues: past 
and current business we re discussed as wel l as 
resea rch projects lead by the committee and 
di ssemination of results from other research 
projects. Furthermore, th e committee held two 
conference cal ls, the first to di scuss research 
results coming from a stud y conducted by Dr. 
Dewailly and hi s co llaborators and the other to 
eva luate projects submitted in 2004 to the NC P. 

Finally, the committee held a I ½ day special 
meeting in March at Mont-Gabriel , north of 
Montreal to discuss the orientati on and future of 
the NNHC. For thi s special occas ion, regular 
membership was increased to include 
Nunav immiut from differe nt organi sations 
(KRG , lnnulitsivik maternity wa rd, lnukjuak 
CLSC, Mun ici pal office of Kang irsuk , Northern 
Quebec Coop Federation), as we ll as nutritionists 
and a research nurse (CHUL Public Hea lth 
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research Unit and the Nunav ik Regional Board 
of I lcalth and Soc ial Services. 

Below, a summary of the issues di scussed and 
addressed at meetings, and acti viti es of the 
committee throughout the year is presented. 

Food safety and security 

The committee regularl y rev iewed updates of the 
botuli sm response and tri chinella detection 
programs opera ted by Nunavik Public Heal th 
Department in partnership with the Kati vik 
Regional Government (Hunters Support 
Program) and Maki vik Research Centre 
(laboratory testing of samples) . provid ing advice 
for communication of information and pu bl ic 
education strateg ies du ri ng hunting seasons. 

Trichinella 

An in fo rmation pamphlet on thi s issue is up-
dated every year and di stri buted to all 
communities and organizations. Furthermore, 
hunters parti cipate actively in the monitori ng 
program by sending samples fo r analys is to the 
research lab at Mak ivik. 

Bot11/is111 

Prevention of botuli sm is an important ongo ing 
issue for the committee. A Publi c Hea lt h 
representati ve docs a regul ar radi o-show each 
year to remind people of the importance of ag ing 
food in a very cool place and storing it in 
conta iners (not plasti c bags), to allow air to 
circulate around the meat. Additional ly, a 
prevention message is broadcasted regul arl y on 
the reg ional radio. 

Toxnplasmosis 

Toxoplasmosis infecti on is quite rare: however. 
as we still do not know a great dea l about vectors 
and cyc les of thi s di sease, it was recommended 
that antibodies conti nue to be screened at the 
beg inning of pregnancies. The Nuna, ik Clini ca l 
Prevention Committee is assuring the update of 
informati on for toxoplasmosis. 

S. Bruneau 

Research liaising 

N I-I C members acted as li aisons between 
researchers and spec ifi c communiti es to ga in the 
proper authorizati on and faci litate the conduct of 
appropri ate consultation wi th commun ity 
councils, hea lth offi cials, and potenti al 
parti cipants in the region. Similar support is 
provided by the committee for projects funded 
within the region and conducted by vari ous 
organi zati ons on priority environmental hea lth 
issues including those related to contami nant 
exposu re and human hea lth . The commi ttee also 
prov ided support in the fo rm of reviewing results 
and recommendations fo r communication / 
di ssemination acti viti es on many projects. 

In some cases, the committee also worked wi th 
resea rchers to suggest needed research projects 
in the fu ture to address identifi ed pri ority 
env ironmental hea lth issues. A project 
monitoring the effecti veness of the ban on lead 
shot in the reg ion was implemented as a result of 
th ese efforts. This intervention on th e use of lead 
pellets was deemed success ful in Nunav ik in the 
past year. The pu bli c awareness campaign has 
changed the practices of hunting in unavik. 
Recent data shows that the average blood lead 
leve l of the res idents of unavik is decreasing 
and wi ll probabl y cont in ue to decrease in the 
future. However. monitoring will be conducted 
to continue to make sure lead leve ls are sti ll low. 

Co111ami11t111ts in 1\11111a vik 

M onitoring new contaminants is now an 
important issues fro the NN I-I C. Results from 
recent co rd blood analys is shows th at 
contaminants that come fro m the utili sa tion of 
products like Scotch Guard (protecti on of 
fu rn iture tissues) and also name retardants 
(PFO's and PBD E"s. chlorophenols. Hydroxy 
PCB's and methylsul fonc PCB' s) fou nd in all 
electroni c devices arc increas ing in Nunav ik. The 
committee is closely fo ll owing results fro m cord 
blood moni toring studies to keep in formed and 
to educate 1unavimmiu t about these results. the 
poss ible hea lth effects and potenti al solutions to 
decrease or minimize exposure from these 
contaminants. 

Research Projects 

The committee continues to review, prov ide 
adv ice and encourage va luab le projects re lating 
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to environment and hea lth issues in the region 
such as the Food Security and Susta inable 
Deve lopment project, the Climate Change and 
Hea lth proj ect (both of which were fi na li zed thi s 
past year), and many of those conducted under 
NC P. 

Furthermore, the commi ttee had its own research 
project th is year. The project entit led "Nunavik 
Communicalions Survey on Return of Resulls 

J,-0111 rhe Jnfa111 Developmenl Srudy" was 
conducted to lea rn more about what 
Nunav immiut women have hea rd about the study 
done on country foo ds, mothers' and infants ' 
health (lnvesti go r: Dr. Gina Muckle) . A 
cons ultant was hired and travell ed to the three 
comm uni ties of Pu virn ituq, ln ukj uak, and 
Kuujjuaraapik in order to conduct the survey 
with women between the ages of 18-45. The 
survey was des igned to document if and what 
women of childbearing age (WCBA) hea rd about 
the results whi ch were returned in spring o f 
2003 fro m the 7 years of research done by the 
Public Hea lth Research Unit at La va l University 
on Nunavik mothers' and infa nt deve lopment. In 
all , we conducted su rveys with 58 Nunav immiu t 
women between the ages of 18 - 45: twenty (20) 
women fro m Pu virn ituq, twenty-fo ur (24) from 
lnu kj uak, and fourt een ( 14) from Kuujjuaraap ik . 

Analysis of the survey is presently underway and 
will be ava ilable soon. Through anal ysis, some 
major trends will be identifi ed, espec ia lly on the 
genera l statu s on awareness level of 
contaminants issues and on how few women 
have heard and/or remember the return of results 
on the infant deve lopment studies (as shown in 
prelimina ry rev iew f the data). The results will 
also determine if the women who did hear the 
resu lts or were engaged in the project have an 
increased awareness/knowledge o f the study and 
contaminant issues in genera l. 

Co111 111 1111icatio11 Activities 

The committee is active in communicati ng 
informat ion relating to health and nutri tion issues 
as we ll as prepari ng, rev iewing and support ing 
communication acti vit ies of researchers 
conducting work on these iss ues in the reg ion. 
Last year a tour of 3 com munities, set-up to 
commun icate research results from the infa nt 
cohort study con firmed the importance o f 
contin uously updating informat ion and 
disseminati ng bas ic info rmation on 
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contaminants, nutrition and health and research 
done in Nunav ik . Additi onally, last year's 
communicat ion of CACA R II res ults inspi red the 
comm ittee to develop a series of communicati on 
too ls for Nunav imm iut. 

The fo llowing too ls were developed and 
di stributed in a ll Nunavik comm uniti es: 

I - A CD-Rom containing a seri es of radi o 
Public Service Announcements (PSA 's) 
des igned to educate and info rm 
N unavummiut about global conta minants 
and wil dli fe in the ir area were sent to all 
loca l and regional radi o stations. These 
annou ncements were developed using 
fi ndings fro m the No11hern Contaminants 
Progra ms (NCP) Canad ian Arctic 
Contaminants Assessment Report (CACAR 
2) and the infa nt cohort study. The PSA 's 
are in English and Nunav ik lnu kt itut. These 
PSAs address a variety of aud iences such as 
pregnant women, youth and hunters and 
provide basic in fo rmati on on the results of 
research conducted in Nunav ik and other 
Inuit regions on conta minants in the 
environment, wi ldli fe and the ir relationship 
with human hea lth. 

Recently, all radio stati ons were contacted in 
order to see if the PSA 's were broadcast on 
a regular bas is. Surpri s ingly, many radio 
stations respondents to ld us they never 
rece ived the CD-Rom. We have dec ided to 
resend the CD-Rom to all loca l and regio nal 
radio stations and to ask the res pondent to 
broadcast the PSA 's regularl y for 2 months. 
A fo ll ow-up o f th is acti vity will be 
conducted again in the near futu re . The 
documentation o f key comm unity questions 
and concerns done at the time of the 
community visits to return resul ts about the 
Inuit in fa nt cohoti study was rev iewed and 
inco rporated in to the deve lopment o f a fi na l 
fact sheet to -comm unicate the basic results 
and publ ic hea lth contex t around the 
fi ndings of the study. Entit led: "Research in 
Nunavik: coun11 y foods, morher and inf anrs 
health " this fa ct sheet, deve loped in 
coll aboration with IT K, was sent to the 14 
communiti es' pu blic o ffi ces , local Health 
Centres and Hospita ls, Muni c ipa l Offices 
and Regiona l organi zations. Fu rthermore, it 
wil l be in se11ed in th e Nunav ik genera l 
contaminants package that will be 
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di stributed via the Nunavik Inuit Hea lth 
Survey in the fal l of 2004. The fact sheet 
presents plain language information about 
types of resea rch done on contaminants and 
hea lth , what is known about contaminants 
and babies hea lth , and what can moth er's 
do to be hea lthy. It also clea rl y di sseminates 
the following message: 'Ea1 co1111 11y food 
and be healihy ". 

2- A contaminants information newspaper 
originall y developed by Inuit Tap iriit 
Kanatami 's (ITK) Guide to the Canadian 
Arc/ic Contaminants Assessment report II 
was adapted for Nunavimmiut and prov ides 
in fo rmation spec ific fo r Inuit about Arcti c 
animals, nutrition, and contaminants in th e 
environment. 

3- Results of a study ca rri ed-out by Or. Eri c 
Dewailly and hi s coll aborators on subtl e 
effects of mercury exposure on th e ox idative 
status and neuromotor functi ons of 
Salummiut were di scussed al a commi ttee 
meetin g. It was recommended that a 
personal le11er in fo rming parti cipants about 
th eir results should be sent. Furthermore, 
since all results fro m part icipa nts were 
within "normal ra nges" only a rad io-show is 
being organi sed to inform the populati on 
about th e overall findings of th e study. 

Participation to Workshops 

The commillee members are active in allending 
workshops to promote the acti viti es of th e 
comm illee, lea rn of other regional and 
illlernati onal ini ti ati ves and communicate th e 
results of regional resea rch projects. This year, 
those conferences and workshops included: 

orthern Contaminants Sc ience Managers 
Meetings - rev iew of NCP prioriti es, 
feedback on proposa l rev iew. and prov ide 
reg ional perspecti ves on NC P resea rch 
Parti cipati on to Educati ons and 
Communica ti ons Committee meetings fo r 
NCP process 
Parti ci pati on 
communicati on 
meeting 

to CP 
strategy 

CACA R II 
deve lopment 

• Presentation by Minnie Grey at the l2th 
International Congress on Circumpolar 
Hea lth - Nuuk , September 2003 

S. Bruneau 

Poster presentation by Suzanne Bruneau on 
the NN HC project entitle "Evalualion of a 
risk 111anage111e111 s1ra1egy lo /HO iec/ 
pregnant women f rom contaminant exposure 
in Nunavik " at the l2th Intern ati onal 
Congress on Circumpolar Hea lth - uuk , 
September 2003 
Par1icipa1ion 10 Qanuippilaa 1-/ea /ih survey 
and 1he lnuil Diel and Hea/1h S111dy 
consultation meetings 

Conclusions 

The Nunav ik Nutrition and Hea lth Commillee is 
an acti ve body supporting and enhancing the 
reg ion's research and dec ision-mak ing capac ity 
related 10 environmental hea lth issues including 
exposure to environmental contaminants. This is 
done th rough a va ri ety of acti vi ties in whi ch they 
represent the interests of Nunavi k res idents. 
Th rough these acti vit ies th ey cooperati ve ly 
manage and di sseminate in fo rmati on to the 
public to support informed decision mak ing on 
issues of hea lth and nutrit ion. 

Expected Completion Date 

This is an ongoi ng project as the commi11ee is 
acti ve on these issues in the region an nually. 
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Abstract 

Northwest Territories Environmental 
Contaminants Commi11ee (NWTECC) is one of 
four territorial contaminants commillees in the 
service of the North ern Contaminants Program 
(NCP). The N WTECC is a multi-party 
comminee that is supported by the NC P to 
provide regional coord inat ion for the Northwest 
Territories; it contains more than 20 
representatives from federal , territorial and 
aboriginal governments. As a representati ve 
technical committee, co l lectively the NWTECC 
brings an interdisciplinary perspective to 
questions re lated to the occurrence and effects of 
long-range contaminants in the north. The 

WTECC meets monthl y lo di scuss 
contam inants in traditional/country foods. In 
2003-2004. ten conference call s and two 
meetings in-person were held. The second in-
person meet ing was a comb ination of Frontline 
training (see Dene Nati on summary of the 
Frontline training cou rse) and social/cu ltural 
rev iew of CP proposa ls for 2004-2005. The 
new focus of the NCP is to understand the 
relationship of human hea lth effects caused by 
exposure to long-range contaminants. and this 
has become the gu id ing focus for the NWTECC. 
Scientific research stud ies and assessments 
continue to form the basis of communication and 
education activities for NWTECC membership. 
NC P provides information 10 northerners on the 

NWTECC 

presence and possible effects of contam inants in 
Denendeh and the lnuvialuit Settlement Reg ion 
(see summary reports from each region on 
commun ication/ education act iv ities). The 
NWTECC facil itates the communication of 
northern priorities to NCP Secretariat and 
sc ienti fie researchers. Through the efforts of 
commillee members, the NWTECC has attracted 
funding from Environment Canada, No11hern 
Ecosystem Initiative, Contaminants Partner Issue 
Table, to fund Local Contaminant Concerns. 
Thi s year WTECC completed three LCC 
projects and were successful in securing N El 
funding for 2004-2005. 

Key Project Messages 

I . The NWTECC enabled 11 Aboriginal 
Governmental Organizations and 5 
Government Departments to focus and 
coordinate their activities related to long 
range contam inants. 

2. The NWT ECC provided a forum for 
discussion and two-way transfer of 
contaminants-rela ted information among 
Northerners (NWT}, governments and 
researchers. 
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3. 

4. 

5. 

The NWTECC a ided in proposa l 
deve lopment and repo rt ing for reg ional 
members in order fo r them to parti c ipate in 
NCP project co mpetitio ns. 

N WTECC ass isted researchers and 
community members with informat ion to 
meet funding requirements and address 
contaminant concern/questions. 

The NWTECC advised the Management 
Committee of other funding sources or 
train ing o pportunities. 

Objectives 

I. To build capac ity in NWT to work on th e 
important issues re lated to long range 
contaminants in tradit ional/country food and 
their human hea lth effects. 

2. To coordi nate a ll leve ls of government with 
the authority and responsibil ity for long 
range conta minants and human hea lth 
effects. 

3. To facil ita te the efforts of northern ers to 
address concerns a rising from environmental 
contaminants in the N WT. 

4. To provide a forum for the two-way transfer 
of contami nants information in the NWT 
between northerners and researchers. 

5. To bridge the NC P wit h ot her conta minants 
related programs in the NWT, i.e. NE I, 
AMA P. 

6. To act as a commu nicati ons network to 
ensure Northerners are informed of, and 
invo lved in, contami nants re lated acti vities. 

7. To ide nt ify prio ri ties and informat ion gaps 
re lated to environmental contaminants 
research in the NWT. 

8. To act as a centra l repository fo r 
environmental contaminants infonnation. 

9. To prov ide advice on appropri ate funding 
sources. 

I 0. To review NWT proposal s for the NC P fo r 
soc ia l/cu ltura l content. 
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Introduction 

The NC P has compl eted trans iti o n from the 
second phase to a renewed third phase. W ith 
more than twe lve years of resea rch NCP 
provides northerners w ith a ba lanced approach of 
th e ri sks and benefits of cou ntry/trad itiona l 
foods. The NWT ECC has taken a greater ro le in 
the communication and education of research 
and communi cati on efforts in each of the e ight 
reg ions. Thi s foc us has increased th e need to 
have a centra l coordinating body to ensure the 
highest qu ality contamin ants in format ion is 
being conveyed. The NWTECC stimulates 
impo rtant resea rch initiatives by drawing on the 
experti se o f the members. The Cha ir and Vice-
chai r, who are responsible to organize meetings, 
acti vities and di stribute informati o n, are e lected 
annua ll y. However, the committee uses a 
consensus-style decis io n-making approach 
a ll ow ing a ll to speak. Fo r 2002-2004, th e Cha irs 
have been Contaminants Di vis ion , Indi an and 
North ern Affa irs Ca nada (Yell ow kni fe) and 
Lands and Envi ro nment, Dene Nati on. 

Th e NWTECC provides a fo rum for researchers 
and regions/commu nit ies to d iscuss 
contam inants issues and propose acti vit ies to 
better understand prob lems. NWTECC regul a rl y 
in vites speakers (i.e., NWT Chi ef Med ical 
Officer) to di scuss important issues of concern. 
Membership is composed o f representatives 
fro m three departments of the federal 
government and two territo ri al government 
departments, as well as nat ional Abori g in al 
partners, the seven regional Aboriginal 
governmenta l organi zations, and one research 
institute. Th e committee is we ll su.ited to 
add ress research priorities an d information gaps 
in the NWT. 

Activities 

In 2003-2004 

The NWTECC met twe lve times to di scuss 
various contaminants related issues and 
educati on and communi cati o n prioriti es (Tab le 
I). Frequent roundtable di sc uss ions and updates 
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he lped to keep co ntami nants workers in 
government (Federal and Territori a l), regions 
and Aborig inal governmental organi zation s 
informed o f study resu lts, current activit ies, 
upcoming proposa ls, workshops, training 
oppo11unities, and conferences. 

The N WT ECC he ld a two day in-person meeting 
(Nove mber 2002) to di scuss the renewa l of the 
NC P and share communi cati ons in fo rmati on. 
Discuss ions included update o n current 
educatio n and communi cat ion projects: update 
on current C P funded research projects in the 
reg ions, d isc uss io n of b lock-funding pros and 
cons, and brainstorming fo r a future strategy for 
ed ucati on and communi cati ons. An act ion plan 
was deve loped for vario us communi catio ns 
approaches. In additio n, the meeting provided an 
o ppo rtunity fo r committee members to learn 
fro m each other abo ut their acti vit ies an d fu ture 
projects within the N WT. 

An eva lua tion component was added to the list 
o f tasks. At the end of the year the members 
were asked to evaluate the work o f the 

WT ECC, designed by Conta minants Di v ision. 
Th e evaluatio n w ill be re fin ed in 2004 to better 
allow th e chai rs to understand the needs of the 

WTECC. The level of partic ipation of 
co mmuniti es/ regions has been very hi gh. 
N WTECC wi ll need to revisit government 
pa11icipation to find ways to encourage all 
members to fully participate. In 2003 the abi li ty 
of the cha irs to process in formalion flowing to 
th e members was increased with better 
coordina tio n. 

Results and Conclusions 

The N WTECC secured resources under the 
national and regional coordinati on enve lope of 
th e NC P, whi ch allowed the committee to meet. 
In add ition , wh ile pa rtic ipant funds a re provided 
to the Aboriginal governments participating at 
the NWT ECC, these funds do not represent the 
ful l costs of parti c ipati o n. 

NWTECC 

A s ignifi cant change in NC P fundin g in 2003-
2004 was the distribution of ed ucatio n and 
communi catio n do ll ars to priority regio ns. The 
majority o f fundin g is being allocated to hi gh 
risk regions ex posed to international/ 
tran sboundary contaminants. Denendeh reg ions 
a re identifi ed as low ri sk. In the lnu via luit 
region communities are seen as medium to hi gh 
ri sk. In th e NWT, the ' block funding' approach 
to funding a ll ocation fo r the educat ion and 
commun ication enve lope has taken two path s, 
Denendeh and the Inui t block. NWT ECC has 
become the main fo rum fo r the al location and 
manage ment of the Denendeh b lock of fu nds. 
The Inuit b lock fund ing is managed through ITK 
and a re not discussed in any de tai I at the 
NWT ECC. Such changes were made relat ive ly 
late in the year caus ing funding deci sions for 
ed ucation and commun icati ons w ith in NWT to 
be made directly by the territorial contam inant 
committees (TCCs). The delay in ed ucation and 
com muni cation projects is reflected in the lag 
time it has taken to complete projects. 

This year was signifi cant in the NWT for the 
sh ift in priority funding, the reorientation from 
past investments (i.e., Regio na l Contam inan ts 
Coordinators) and a progression from 
Government- and Aborig ina l Partner- led projects 
to region-led ( i.e. , Deh C ho First Nations) 
projects. Dene Nation and the two Metis 
o rganizat ions were responsible for th e a llocation 
of funds , whi ch included secured panicipant 
funding for NWT Abori ginal membership. In 
this respect the NWT ECC Chairs (Lands and 
Environment/Contam inants Di vis ion) ac ted as 
suppo rts to regio ns conductin g th eir own 
communi cations projects. Overa ll results wi ll be 
summarized in the fo llowi ng paragraphs and 
spec ific proj ects w ill be reported by the regiona l 
participants separate ly. 

Education and Communica tion Project Decis ions 
for 2003-2004 

In total NWT requested $678,000.00, whi ch wi th 
Nunavut, Yukon and Nunavik , exceeded the 
fundin g limit of o ne million do ll a rs. In order to 
fac ili ta te funding di stributi on, NWT ECC was 
ea rmarked $ 140,000.00 to block fund education 
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Table 1. Meetings held by the NWTECC during 2003-2004 fiscal year. 

Meeti ng # Date 

4 1 May 8, 2003 

42 May 22,2003 

43 June 24, 2003 

44 July 22, 2003 

45 August 27. 2003 

46 September 24, 2003 

47 October 8, 2003 

48 November 3, 2003 

49 November 27&28, 
2003 (i n-person) 

246 

Key agenda i terns 

Ca ll for nominations for chair and vice chair 
Follow up on final reports (d ue March 3 1/03) 
Review of NCP 111anageme111 commillee meeting 
Health advi sori es 
Remai ning tou rs - YK, Ndil o, Detta h, and Rae 
Roundtab le Discuss ions 
Proposa ls 
Roundtable Discuss ions 
Update on NWT proposa ls 
Alternati ve funding for LCC's 
Roundtable Discuss ions 
LCC fu nding rev iew - From NEI (Carey Ogil vie) 
Update on NWT proposa l funding 
NWTECC memberships - ITK, lnu vialuit sea t (IRC or JGC) 
UNEP Draft Globa l Mercury Assess111en1 
Gian1 AsO3 removal motion from Dene Nati on and other 
environment related motions from Aklavik 
Roundtab le Discuss ions 

NWTECC memberships 
LCC funding rev iew 
Educati on and communicat ions funding 
Roundtab le Discussions 
Educati on and communica tion funding 
LCC proposa ls 
Roundtab le Discuss ions 
In-person meet ing - location, date, agenda 
LCC proposa ls 
Update on educati on and communicati on projects 
Roundtable Discuss ions 

LCC proposa ls 
Update on education and communication projects 
Roundtable Discuss ions 

Update on education and communication projects 
Expected deli verables for each project - 2004 
Funding method and adequacies 
Taiga Lab tour 
Con1a111inated sites database - Presentat ion (Regan Fie lding) 
LCC brainstorming and proposal development 
Erica Myles presents hea lth project proposa l 
Future and plans of NC P (Presented by Simon Sm ith - I AC-
HQ) 
Funding and projects for 2004-05 
Ed ucation and communications proposa l deve lopmen1 for 2004-
05 
Roundtable Discuss ions 
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LCC's 
50 January 7, 2004 NC P cal l for research proposa ls (Hea lth , Monitoring and 

Communicati on and education) 
Potenti al in-person rev iew and training session 
NE ! fundin g update 
Roundtabl e Discussions 

51 February I 3, 2004 
Dr. Corri veau addresses concerns regarding meningitis 
ISA Tour update 
LCC's (NE! update) 
HA Ps meetin g 
Edmonton PO Ps Consu ltation 
LCCs (GTC update, Sahtu [Colville Lake] , others) 
In-person meeting and training (review, time and locat ion) 
Roundtabl e Discussions 

52 March 2-5 , 2004 (in-
person) 

Frontline training 
Environmental Trends, Human Hea lth , and Education and 
Communicat ion Proposa l Soc ial/Cu ltural Review 

and co mmuni cati on acti viti es. Members who 
submitted proposa ls under education and 
communi cat ions (Dene and Meti s) requested that 
they decide on distributing fu nds in an equ itable 
mann er. The added time and resources needed to 
do this has subseq uentl y impacted a ll members 
of the NWT ECC. 

The ab ili ty of project leaders to successfull y 
carry out projects relied to various degrees on the 
support of Government (fNAC)/Aboriginal 
Partner (Dene Nati on). Reg ions formerl y wit h 
' reg iona l contaminant coord inator' (RCC) 
pos iti ons fo und additi onal support mechani sms 
to comp lement the pa rt ic ipant funds now 
provided to th e regiona l representat ives. 
Spec ific project fundi ng supplements the 
ac ti v ities of NWT ECC representat ives. 

The quest ion of funding support will continue to 
be a prob lem in regions that lack resources and 
capac ity to wo rk within the new NC P fu ndi ng 
structures, which focus on high-risk areas. The 
ability of each reg ion to communi cate and 
educate their members w ill be an important 
considerat ion fo r the NWT ECC, and fo r this 
reason we are developing a communi cations 
stra tegy. The goa l of the N WT ECC is to 
fac ilitate and netwo rk o rgani zati ons that are 
responsible and authori zed to communi cate 
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information about long range contam inants in 
tradit ional/country food. 

The continued need to train and ori ent NWTECC 
members wi ll be an important concern for NCP 
to cons ider. Find ing innovative ways to bui ld 
capacity, including on-go ing training (i.e. Front 
line tra ining course), will be an important 
consideration in future years. The fu ll cost to 
reg ions. governments, and al l participants in the 
NWT ECC shou ld be accounted fo r, 
demonstrated and com mun icated. 

Confe rence ca ll s and November in-person 
meeti ng 

Month ly conference ca ll s have kept 
communicat ions Oowing among regions, 
sc ientists. government organizations and 
abori gi na l partners. These meetings are 
important to discuss med ia reports, scientifi c 
research. sa mp le co ll ection. workshops, training, 
and presentations. They are a good opportun ity 
to meet and talk about hea lth advisories, new 
contaminant findings. environmental issues, and 
community concerns. Minutes of each meeting 
are prod uced summarizing th e di sc ussions, 
act iv it ies, and decis ions o f the Com mittee . 
Minutes are archi ved by the Contam inants 
Directorate, INAC (Yell owknife). 
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Representation by Aborigina l Partners, such as 
Inuit Tapiriit Kanatami (ITK), in the committee 
is essentia l to ensure effective communications. 

Socia l/Cul tura l Rev iew 

The social/cu ltural review process took place on 
March 3 and 4. In previous years, the NWT ECC 
reviewed a ll proj ects of relevance to the NWT 
and provided ra tings that went forwa rd to a 
separate Socia l/Cultural rev iew tab le. These two 
levels of rev iew then were forwarded to the 
Management Comm ittee. The reori entati on of 
soc ial/cu ltu ra l review to the NWTECC was wel l 
received by committee members. Because the 
added responsibility was not set-out in the 
project agreement. add iti onal resources were 
invested by the Secretariat so that each TCC 
cou ld be compensated. However, most members 
vol unteered time for thi s review and INAC 
regions absorbed assoc iated costs of tra ve l, etc. 

During the social/cultural review by the 
NWTECC, the committee went through each 
proposa l in detail , ranki ng proposal s based on 
the fo llowing criteri a: their invo lvement with the 
region s/communities on communications, 
consultation. capacity building/training and 
priorities in the north. The review process 
increased the WTECC understanding of the 
NCP, specific projects, and human healt h 
research. It also provided the community 
members greater know ledge of the 
responsibili ti es and ob ligations resea rchers are 
tak ing to the ir communiti es. 
allowed for the co mmunity 

Th is meet in g 
members ( our 

regional representatives) to comment on whether 
they felt the researcher was fulfi lling the ir 
requirements and to communicate the ir 
comments to the Management Comm ittee. 
These views were reinforced by the NWTECC 
C hair and Aborigina l Partners participation in 
the review process and bringing these views 
forward to Management Committee. 

At the TCC level, the soc ial/cultural rev iew was 
quite benefic ial , despite the ex tra time 
com mitment necessary from the reg ions. 
Howeve r, one observation by the NWT ECC 
C ha ir is that comments of the NWTECC made 
littl e impression in Management Com mittee 
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dec ision-mak ing. NWTECC fee ls that the 
soc ial/cu ltura l review comments are being 
somewhat dismi ssed over tech ni ca l review 
comments. For researchers who wish to 
conti nue to do work in the NWT and fulfi ll their 
ob ligations under Land Claim Agreements, and 
federa l leg is lat ion is c lear on thi s, a process must 
be put in pl ace whereby the territoria l 
committees soc ial/c ultu ra l rev iew comments wi ll 
become more relevant and hi ghl y regarded. 

Education and Communi cati on Rev iew for 2004-
05 Proposa ls 

The purpose of thi s rev iew was to prio riti ze 
proposa ls in o rder to recommend which ones 
should go forward to the management committee 
under the block fund. A tota l of $472 ,931.50 in 
projects was req uested. During th e rev iew it 
was dec ided that proposa l by Dene Na tion did 
not compl etely fit w ithin the block fund . Two 
were pan-northern but matched the NCP 
blueprints. A third proposa l on deve loping a 
communicat ion stra tegy was in direct complet ion 
with proposals from individual regions. Dene 
Nation choose not compete w ith their 
membership for funds. Other members reduced 
their funding requests to fit within the block. 

The review of project proposa ls by the 
NWTECC, before submi ss ion to the NC P 
Management Comm ittee, creates better proj ects, 
sounder budgets, and strengthens the NC P 
structures in the NWT . It gave co mmittee 
members a greater perspective on the amount of 
fu nds avai lab le, and th e type o f work/projects 
required. Such ins igh ts were essen tial for 
members in decreas ing the ir funding req uests. 

The ' b lock fund ' approach on ly partially worked 
fo r the WT. We know this because the 
in terna lly-ranked high priority proposa ls 
submitted to the NWTECC and Management 
Committee were rejected . The difference in 
proposal priority for the Management Co mmittee 
when compared to the N WT ECC is appare nt. 
The differences are due to lack of 
commun icati on, lack of a regiona l 
communicati ons stra tegy, and/or differences in 
interpret ing the educat ion and communi cation 
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blueprin ts. This issue is a concern fo r WTECC 
and wi ll be add ressed by drafting a long term 
territorial educa ti on and communication strategy 
in 2004. 

Evaluation Results 

An eva luation survey was created by the 
NWTECC Chair ( INAC- YK ), circul ated to al l 
NWTECC representatives. The survey was to 
capture feedback and identify areas fo r 
im provement. From the 17 members, 13 
provided comments. A summary of results of 
the rev iew follow. 

Conference Call: 

All respo ndents rated hi gh th e time of day, day 
of week , orga ni zation of agenda, fo llow- up on 
acti on items, va lue of items di scussed, and 
clarity of min utes. Some obse rved th e need to 
improve clarity of the ca ll (due to the problems 
with the phone system ea rlier in the year) and 
length of ca lls. Some ca lls went onto 2 ½ hours 
whi ch produced informant fa tigue in all. The 
length of meeting will be an issue for future 
meetings. One way to work on reducing the 
length of ca lls is to produce a side forum fo r 
issues requiring greater attention . Furthermore, 
co-chairs should consider ahead of time. agenda 
items being di scussed and time requirements for 
each. Because the committee fo llows a 
consensus style decision mak ing process it 
wou ld be wrong to limit di scuss ion . 

!?egional F1111di11g: 

Respondents noted that regional representation is 
well made in the NWTECC and that fund ing 
levels assigned for participation in conference 
ca ll s, including preparation and report ing, was 
high to medium . In addition proposa l 
deve lopment funding leve ls are sati sfactory to 
members. Some reported disappo in tment and 
lack of funds for soc ial/cultura l review: some 
were di sappoin ted wi th the level of educat ion 
and communicati ons proj ect fu nding. 
Development of an NCP communica tions 
strategy and looki ng in to funds outside the NCP 
wi ll aid in these issues. 
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In-Person meeting in November: 

Every respondent outside of Yell owknife was 
very happy with the meetings being hosted in 
Yel lowknife. Most respondents from 
Yellowknife noted that the meeting shou ld be 
conducted in other reg ions. Due to increased 
costs assoc iated with having the in-person 
meeting outside Yellowknife it is not feasible, 
unl ess additiona l funds are fo und . One option is 
to meet elsewhere when members are at another 
event to find cost-sharing opportunity. 

Social/Cultural /?eview: 

Most respondents noted th e time of year for the 
social/cultural review was a very busy time, 
other commitments and not knowing about the 
review ahead of time were major concern s. All 
respondents reported the review as va luab le, but 
one member fe lt it was not of high va lue or we ll 
organ ized. 

Chair's RevieH1: 

Most respondents fe lt th e chairs were provid ing 
necessary support . The questionnaire asked 
pani ci pants to li st high to low performance, but 
we wi ll need to eva luate the abi lity of thi s 
quest ion to answer what it is we are asking. 
There may be bias because informants are not 
confidenti al. Thus, no negative feedback was 
stated fo r the chair. There were howeve r, some 
good comments regard ing Dene Nati on's work 
load and inability to fu lly participa te. 

Commillee ·s general activities: 

Most respondents rated the Terms of Reference 
(TOR) high and felt they were not hard to 
understand. A number of respondents did not 
rate the TOR or the time of rev iew (May). 
Possible. the lack of results on thi s questi on is 
due to lack of understanding the qu estionnaire or 
the act ivity. When reviewing the TOR it seems 
mo re time is necessa ry in discuss ing its purpose. 

Most people highl y ra ted the last election when 
held (May) as fair. Others did not respond 
poss ible because they were not in vo lved in the 
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e lections last year. Some noted that electi ons 
shou ld be ca rri ed out a month or so before 
proposals are submitted to the management 
committee so that fundin g could be app lied to 
build capacity in the Cha ir. INAC has been the 
chair for th e past few yea rs and the full costs o f 
the Cha irmanship are unreported. Under NCP 
funding limited capac ity is provided to the Chair. 
N WT ECC should look to ways of improving the 
fairness of e lections and Contaminants 
Di vision/ I AC-Y K should find other ways to 
keep connected with the Management 
Committee. 

All respondents agreed th e overall purpose of the 
NWT ECC was important. One respondent took 
the position that the N WT ECC has not evo lved 
with changes to the NC P and needed to refocus 
its priorities. 

Involvement in the commiffee: 

Respondents were qu ite critical in their se lf 
eva luati on. Their in vo lvement will be reported 
on in their indi vidua l fin al reports under 
committee participation. 

Main reason for being on the co111111ittee: 

The main reason respondents reported 
participation in the N WTECC varied from region 
to region. In genera l, the northern regions 
(Gwich'in and lnuvialuit) where less concerned 
with contam inants from mine sources and the 
regions in th e so uth , Sahtu, T licho, Deh Cho and 
Akaitcho are more concerned w ith contaminants 
from mine sources, but are a lso concerned with 
long range contam inants. A ll reg ions were 
concerned with local contaminant concerns. 
Hea lth offi cia ls were conce rned mainly w ith 
contaminants in traditional foods. The research 
institute was concern ed wi th providing an 
advisory role. A ll participants regardl ess of 
region or o rgan ization were concerned with 
contaminants in traditi onal foods. 

Reasons for respondents being on th e committee 
are an important considerati on to assess future 
direction and identificat ion o f a ltern ati ve fund ing 
sources. It would be important particularl y in 
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South Slave for the committee to app roach other 
so urces or programs for funds, fo r exa mpl e 
industry or Contaminated Sites Progra m, which 
is particular to the ir main concerns. 

Expected Project Completion Date 

The NWTECC wil l continue to meet through 
phase three of NC P. The ro le and terms of 
reference for the committee wi ll continue to 
evo lve. The orientation of th e committee w ill be 
influenced on funding dec isions made by 
Management Committee and based on NC P 
priority areas. 
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Yukon Contaminants Committee Communications 
Project leader(s) 
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 members 
Yukon Contaminants Committee: DIANO; Council of Yukon First Nations; 
Environment Canada; Yukon Renewable Resources; Yukon Hea lth and Social 
Services; Yukon Conservation Society; Yukon College 

Abstract 

The Yukon Contaminants Comminee (YCC) 
was estab lished in 1992 and conlinues to 
coordinate research projects operated under the 
North ern Contaminants Program (NC P). It 
responds to inquiries by indi viduals, 
communities, research sc ientists, and others with 
an interest in the NCP or other environmental 
issues in th e Yukon. The YCC consists of 
representatives from government , the Counci l of 
Yukon First Nations, individua l First Na tions, 
non-governmental organizations, Yukon 
Co llege, and private industry. Membershi p has 
ahvays been "open" and the act ive members vary 
over time, with a core group th at has been 
involved since the inception of the Commillee. 
The YCC rev iews project submiss ions under the 
NCP, fo r scienlific and soc io-cultu ra l relevance 
to Yukon communities. It then makes 
recommendations to the NCP Ma nagers, on the 
suitabil ity of these project proposa ls. The 
Commillee often takes a leadership ro le in 
communica ting the results of research through 
directed publications, the provision of guest 
speakers. represenlation at professional 
workshops and conferences. and in the 
developmenl of materi als fo r use in education. 
This yea r the Committee concenlrated on 
advert ising the release of CACA RII and th e 
results of the last five years of Yukon CP 
research. In thi s role the YCC prov ides a lin k 
between the sc ienlifi c community and th e Yukon 
pub li c. The Commillee continues to grow wi th 
the NC P and re mains a di verse and act ive 
orga ni za tion in the North . 

P. Roach 

Key Project Messages 

The Yukon Contaminants Commillee has been 
active since 1992, provides represenlation for all 
stakeho lders to the NCP, direct ion for resea rch 
professionals, a Yukon perspecti ve at the NC P 
Manager's meetings and an outl et for directed 
communications. 

Objectives 

Ensure that the scientific research conducted 111 

Yukon under the Northern Contaminanls 
Program (NCP) meets the needs of the Yukon, 
whil e respecting the soc io-cu ltural needs of it's 
people . 

Communicate the results of NC P research to the 
Yukon people in a cu ltural ly appropriate manner. 

Introduction 

The establ ishment of the YCC came about in 
I 992. as a deve lopmenl of the Committee 
studyi ng the Lake Laberge toxaphene iss ue. It 
was created to provide the Yukon with an 
orga nizati on to review research projects planned 
for the Yukon, or whi ch would effect the Yukon 
publ ic. The Committee is composed of a 
di verse gro up of stakeho lder representat ives, 
who prov ide perspective from ac ross the Yukon 
cultu ra l and pol itical landscape. While the 
principle role fo r the YCC is for project review, 
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it has also taken a leadership role in 
communications des igned to educate the Yukon 
publ ic. It also provides an avenue fo r the pub lic 
to express concerns regard ing contaminants in 
the North . 

Activities 

In 2003-2004 

The YCC continued to review project proposa ls 
fo r the 2003-2004 progra m yea r. Committee 
members travelled to the Manager 's meetings, 
the NCP Sympos ium, contributed to CACA R 11, 
AMA P 11 , and the Educat ion and 
Communicati ons strategic planning for the fina l 
year of the second phase of th e NCP. 

The Comm ittee planned and init iated a number 
of directed comm unications strategies for the 
2003-2004 operat ing yea r An assortment of 
advert isements fo r CACA R 11 was completed . 
These included rad io and television ads that ran 
as public service announcements. A n insert in 
the Yukon News was produced to promote the 
Hi gh li ghts Report and the work completed in 
Yuko n during the past NCP terms. Brochures, 
posters, and fridge magnets were produced to 
communicate the safety of traditional foods and 
promote their consumption. A fo ldable "paper 
cruncher" was produced for school aged children 
to fold and then manipulate to read messages on 
traditional foods. 

Discussion and Conclusions 

The Yukon Contaminants Committee continues 
to provide a Yukon perspecti ve to the NC P 
Management Committee and wi ll continue to 
develop, produce, and distribute directed 
commu ni cati ons on NCP resea rch. 

Expected Project Completion Date 

This project is on-go in g. 
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